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Abstract

Wounds are an unavoidable part of life that can come through physical accidents that cause an opening or
break in the skin, as well as chemical sources. Many invading organisms find the wound region to be an
appropriate medium for manipulation. As a result, invasive microbial diseases can still invade the
wounded skin. Wound healing is a complex process of tissue repair and remodelling that happens in the
following of an injury. As a result, wound care's primary purpose is to prevent or reduce infection while
also promoting healing. Antibacterial medicines, among other materials and procedures, are used.
Phytochemicals are well-known for their ability to treat a variety of diseases and conditions. It also has a
lot of potential for discovering and developing new medications for a variety of human illnesses. Plants
and plant-derived elements have long been used to treat and manage many types of wounds. Plants and
plant-derived elements have long been used to treat and manage many types of wounds. The purpose of
this review is to compile a list of medicinal plants and phytoconstituents that have been shown to be
beneficial in the treatment of wounds.
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Introduction

For thousands of years, plant-derived medicines have been used in human treatment 3. A huge
portion of the world's population relies on plant-based medicine because of its broad
availability and lack of superior healthcare options. Many countries, including China, India,
and much of Africa, have relied on plant-based medications or herbal remedies to cure a
variety of ailments [?. The treatment of diseases, wounds, and burns in many nations is aided
by the use of plant extracts, mixes, decoctions, and pastes. For as long as anybody can
remember, many medicinal herbs and plant-based approaches have been widely recognised for
their beneficial effects on healing wounds and regenerating skin 21,

Wounds can be caused by both physical and chemical methods that open or break the skin [,
It is estimated that wounds affect millions of people's bodily and mental health, and they are
also a huge financial burden. Restrictions in physical activity can be caused by wounds. About
6 million people around the world are estimated to suffer from chronic wounds ™. Numerous
medicinal plants and their phytoconstituents have been reported to exhibit wound healing
activity and to be useful for wound care and infection prevention.

There are a number of phytoconstituents that have antioxidant and antibacterial activities as
well as the ability to trigger one or more reparative pathways in the body ®l. Wound healing
has been improved by using a range of plant extracts as a result . Antioxidant capabilities
have been discovered in a variety of wound-healing medicinal plants. In other dimensions,
various research conducted over the years have shown that plants have a tremendous potential
for boosting wound healing due to their high antioxidant content. As a result, the purpose of
this publication is to add to the current research on medicinal plants’ wound-healing abilities
and antioxidant capabilities.

The review article begins with a classification of wounds, then moves on to numerous
elements that affect the wound healing process, as well as the mechanism, explained in detail.

Methodology

I used the accessible electronic databases as a source and search approach. The search was
conducted with the help of a few well-known botanical names and keywords. Since 2001,
published publications on wound healing and antioxidant capabilities have been consulted
online.
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This study focused on wound healing plants that had been
treated with wound models and showed evidence of
antioxidant  capability. Researchers also looked at
phytoconstituents from plants that have been found to heal
wounds.

Literature review

Wound

Living tissue can be affected by a variety of physical,
chemical, thermal, microbiological and immunological factors
[, These factors can disrupt cellular, anatomical and
functional continuity.

A wound is a harm to the skin or the underlying tissue or
organ that results from this event. Wounds are described as
injury to or disruption of normal anatomical structure and
function [&.91,

Types of wound

Acute wounds

In acute wounds, tissue damage/injury occurs, which
normally follows an ordered and time-reparative phase that
recovers anatomical and functional integrity over time. Cuts
or surgical incisions are the most common causes of acute
wounds 1,

Closed wounds

When a wound is closed, blood leaks out of the circulatory
system, but remains inside the body. As a result, bruising is
more obvious.

Wounds that have not healed Blood pours out of a cut and
causes apparent bleeding. Depending on the origin of the
wound, the open wound can be further subdivided into many
categories.

Incised wounds

Only a small amount of tissue has been damaged in this
incision, which shows no tissue loss. Sharp objects, such as a
scalpel or knife, are the primary cause.

Tear or laceration wounds

Tissue loss and damage occur as a result of this non-surgical
injury, which often occurs in conjunction with other forms of
trauma.

Puncture wounds

These are the result of a nail or a needle puncturing the skin.
Infection is a common occurrence because dirt can penetrate
deep into the wound.

Abrasive or superficial wounds

Abrasion is caused by sliding on a rough surface. In this
period, the epidermis is scraped off, exposing nerve endings,
causing in pain and discomfort.

Penetration wounds
When a knife or other sharp item penetrates the skin, it leaves
a penetrating wound.

Gunshot wounds
A gunshot or other object that penetrates or enters the body is
the most common cause of these injuries.

https://www.phytojournal.com

Chronic wounds

Since they have not gone through the usual healing process,
chronic wounds are in a state of pathological inflammation.
(111 They take longer to heal.

Wound healing

The anatomical and functional structure and function of a
wound are preserved during the healing process. Repair and
regeneration of injured tissue is possible in all species,
including humans. Factors such as the patient's health and
immunity, the intensity and type of wounds they have, the
patient's habits (such as smoking, drinking, etc.), as well as
the disastrous nature of an assault-environment around a
wound site, and the potential for serious microbial infection
are all important to consider.

Mechanism/pathophysiology of wound healing

There are three steps of wound healing: allergic response,
propagation, and remodelling. During the inflammatory
process, the wound healing response propagates and blood
clotting and coagulation factors occur. Examples of cellular
activity include the infiltration of leukocytes and the release
of antibiotics and cytokines. Epithelium covers the wound
surface and granulation tissue forms to fill it in during the
proliferative process. Granulation tissue is formed by the
proliferation of fibroblasts, the deposition of collagen and
other extracellular matrix, and the development of new blood
vessels (41,

The remodelling process begins as soon as new tissue forms
inside the wound, restoring the tissue's structural integrity and
functional competency. Time-dependent rather than simple
linear methods, the three stages of wound healing constitute a
different storey. To describe acute wounds, such as a burn or
a significant trauma or an open wound from surgery, we use
the term "acute." Organized healing aims to produce tissues
that are structurally and functionally comparable to the
retained skin, but regeneration is a rare occurrence (with
significant exceptions, such as early foetal healing). As a
result, healing produces a physically and functionally
competent but not identical product. Various growth factors
and cytokines generated at the wound site tend to influence
wound healing processes. Tissue damage and delayed
recovery can occur when healing processes are disrupted %1,
Blood-borne cells including neutrophils, macrophages, and
platelets play key roles in the healing process' coagulation and
inflammation phases (A). For epidermal and dermal cell
recruitment, these cells provide the growth factors and
intermediate matrices that are required. The proliferative
phase (B) begins roughly 3 days after damage when
keratinocytes and fibroblasts respond to autocrine, juxtracrine,
and paracrine growth factors with increased proliferation,
migration, and ECM creation. This process also includes
angiogenesis/neovascularization.

The granular appearance of the tissue is due to the
involvement of blood vessels (granulation tissue).
Extracellular matrix remodelling begins in the granulation
tissue about 1 to 2 weeks after injury by differentiated
fibroblastic cells (my fibroblasts). Acellular scar development
is caused by extracellular matrix remodelling along with
resident cell death [*7 181,
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Fig 1: Mechanism of wound healing [6]

Treatment of wound

Wound care's main goal is to prevent or reduce infection
while also promoting healing. Unfortunately, particular
wound healing agents are not available in the allopathic
medical system, only antibiotics, anti-inflammatory drugs,
and analgesics are excepted from this general guideline. It is
for this reason that scientists are working to find new ways to
treat wounds. Wound healing treatments include topical
antimicrobial therapy with commercial antibiotics. One of the
most significant treatments for wound care is topical
antibiotic therapy. Chloramphenicol, penicillin ointment,
ampicillin and mebendazole are some of the most regularly
prescribed antibiotics. Various compounds, which are
routinely used as antimicrobials and disinfectants, are
effective in combating these illnesses. Antimicrobial therapy's

future effectiveness is, unfortunately, in question.
Antimicrobial agents are becoming increasingly resistant to
microorganisms, particularly bacteria. Furthermore, these
chemical agents are costly and have negative effects.

Wound Healing Potency of Plants

A variety of plants and plant-derived items have been used to
treat wounds for thousands of years. According to the
literature, a wide range of plants can heal wounds in a variety
of ways when tested in a variety of wound healing models.
Based on data from phyto-extracts collected over the
preceding two decades, an estimated 450 plant species have
wound-healing characteristics 21, To treat wound infections
as demonstrated in Table 1, plants have been used in the
scientific literature.

Table 1: List of plants used in treatment of wound

Plant Part used Phytoconstituents Mode of application Mechanism of action
Creates a protective layer on the damaged areas, speeding
Aloe vera L Glycoproteins, vitamins, . up wound healing and lowering the risk of infection.
L Liquid gel - Gel is used locally - AT
(Liliaceae) mineals Accelerates wound contraction, closure, and epithelization

[22, 23]

Hydrocarbons, phenolic
Oil compounds, terpenoids,
alkaloids, glycosides

Azadiracta indica
(Meliaceae)

Local application

Suppress inflammation, allowing for faster wound healing
and increased epithelization 24,

Calophyllum inophyllum
Linn. Guttiferae or
(Clusiaceae)

Flavonoids, tannins, saponins,

Seed oil, leaf steroids and triterpenes

Qil is used on burned wound

Increases tensile strength and hydroxyproline content while
stimulating wound contraction and decreasing
epithelialization time 125 26],

steroids, triterpenes, proteins

(Compositae),

cardiac glycosides

Calotropis procera W. T. | Leaf latex, . - |Latex of leaf is used on fresh| Collagen and epithelialization are increased, resulting in a
- p flavonoids, polyphenolic L . A o 27
Aiton (Asclepiadaceae) | stem bark injury to stop bleeding significant reduction in wound area 1,

hydrocarbons
Catharanthus roseus L. Leaf or . . Leaf paste and flower Wound breaking strength, wound contraction, and
Alkaloids, tannins RIS P [27, 28]
(Apocynaceae) flower extract are used on wound epithelization were all improved 7?8,
Alkaloid, tannins, steroids, Aqueous extract & . . N . .
Chromolaena odorata - - - Enhances hemostatic action, granulation tissue stimulation,
Leaf terpenoids, flavonoids and |decoction leaves are crushed

and the decoction used in

and re-epithelialization processes 2.
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treating skin wounds

Commelina diffusa
Burn. F Leaf
(Commelinaceae)

Ascorbic acid, R-carotene, | Aq
tannins to

ueous extract are used

; Antioxidant and antifungal activities %
pically on the wound

Pupalia lappacea Leaf and fruit]

Steroids, glycosides, saponins,| Paste of leaf and juice of

anthraquinone.

i i it i i ithelizati ion 31
(Amaranthaceae) Juice alkaloids, sugar, tannins, fruit is applied over the Wound epithelization and wound contraction
penol wound
Saponin, steroid, flavonoids,
Spathodea campanulata glycoside, alkaloids, phenol, .
. . Paste or aqueous extract is . 132,33]
Beav Stem bark tannin, terpenoids, 1 wound contraction **
. . - used on the wound
(Bignoniaceae) phlobatanin and

Tridax procumbens Flavonoids, alkaloids, tannins,

Stops bleeding and promotes epithelialization and collagen

(Compositae Leaf juice phytosterols, Leaf juice is given i.p. route synthesis B4,
Sida acuta Leaf and root|  Alkaloids, phytosterols, Leaf decoction is use_d to ftensile strength, quicker epithelialization, and wound
- - ? ; clean the wound root juice - 35, 36]
(Malvaceae) Juice tannins, flavonoids saponins, - contraction rate 1 %,
applied on the wound
Heliotropium indicum L Leaf Alkaloids, glycosides, tannins,|  Paste of leaf over the 1 in the weight of granulation tissue and the amount of
(Boraginaceae) flavonoids, saponins, affected area hydroxyproline &7

Phytoconstituents in wound healing

Compounds extracted from plants known for their wound-
healing capabilities have been used to help develop new
pharmaceuticals. When it comes to treating wounds,
traditional medicinal herbs have a unique perspective. These
plant-derived compounds' therapeutic usefulness is based on

their physiological impact on the human body. Alkaloids,
essential oils, flavonoids, tannins, terpenoids, saponins, and
phenolics are just some examples of these compounds 38441,
There have been numerous research on plant-derived
chemicals with antibacterial and antioxidant activities that aid
wound healing and skin regeneration.

Table 2: Plant derived products in wound healing

SL. No. Phytochemical class Compounds
1. Alkaloids Berberine
2. Cardinolides Calotropine
3. Coumarin Cleomescosin A,B and C
4. Cyanogenic glycosides Acalyphin
5. Flavonoids Kaempferol, Quercetin
6. Glycoside Morindin, Rutin
7. Polyphenol Curcumin, Chlorogenic acid, Ferulic acid, Caffeic acid
8. Sterol ampesterol, 3-sitosterol and Stigmasterol
9. Tannins Gallic acid, Tannic acid
10. Terpenes Asiaticoside_, Lupeol, Asia.tic acid, Jasmiljol, Madecagsic a}cid,
Cleomeolide, Scabertopin, Salograviolide A, Ursolic acid

Asiaticoside

It is well known that Asiaticoside, a triterpene glycoside from
Centella asiatica, has wound-healing characteristics, this has
been examined in the healing of normal and diabetic wounds.
Topically applying asiaticoside to the wound of
streptozotocin-induced diabetic rats resulted in an increase in
the strength of the wound's tissue, as well as an increase in the
protein and epithelialization of the wound. Asiaticoside was
applied topically to guinea pigs, resulting in increased
hydroxyproline levels, increased strength, and quicker
recovery. It was found that Asiaticoside stimulated
angiogenesis at 40 g/disk in the model of the CAM (chick
chorioallantoic ~ membrane).  Angiogenesis,  collagen
production, enhanced collagen matrix remodelling, and
increased glycosaminoglycan synthesis have all been linked
to Asiaticoside wound healing activities in wound chamber
models [6: 471, While Asiaticoside has been connected with
angiogenesis and collagen creation in rat wound chamber
models 16471 it has also been linked to an enhanced
glycosaminoglycan synthesis. Many researchers have studied
the impact of asiaticoside on the level of antioxidants in
wounds since antioxidants are critical to wound healing
(Figure 2). After being applied topically to cutaneous wounds
in rats, Antioxidants such glutathione peroxidase, superoxide
dismutase and catalase, Vitamin E, and Vitamin C were
enhanced by Asiaticoside (0.2 percent). While healing

wounds, asiaticoside was found to help increase antioxidant
levels in wounds at an early stage, according to studies.
animal activity in an experimental rat wound chamber model
[46. 471 All of these studies show that asiaticoside has a
considerable wound healing effect in both normal and delayed
healing models 81,

Curcumin

Studies show that curcumin has wound-healing and
antioxidant effects, as well as anti-inflammatory and
antimutagenic qualities. It has also been shown to be anti-
infective and anticoagulant. All of curcumin's wound-healing
properties are assumed to be attributed to its anti-
inflammatory, antioxidant, and anti-infectious properties, as
well as the inhibition of STAT, TNF-, cyclin D1, COX-2,
NFkB, IL (-1b, -6, -8), and MMP-8 production. Curcumin’s
ability to treat diabetic wounds has been demonstrated in
various studies 3. Collagen production, tissue remodelling,
fibroblast proliferation, granulation tissue development, and
vascular density are all promoted by curcumin ¥, Curcumin's
antibacterial properties are attributed to its ability to alter the
bacterial membrane. MRSA, P. gingivalis, P. intermedia, F.
nucleatum, T. denticola ¥, B. cereus, E. coli 7, S. mutants,
E. faecalis, P. aeruginosa, and B. subtilis 1 were all
inhibited by curcumin.
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Fig 2: Structure of Asiaticoside

Fig 3: Structure of Curcumin

Chlorogenic acid

Is Chlorogenic acid one of the most commonly found
polyphenolic molecules in our diet? As an antimicrobial
indicator of quality control for traditional Chinese medicines,
Chlorogenic acid is used in the majority of Chinese heat-
clearing treatments . Results from in vitro and in vivo
investigations show that Chlorogenic acid has predominantly
anti-oxidant and anti-carcinogenic characteristics compared
with other polyphenols. When compared to controls, rats
treated with Chlorogenic acid had significantly higher SOD,
CAT, and GSH activity and lower TBARS levels in
granulation tissue. As a result, Chlorogenic acid's antioxidant
action may help to wound healing efficacy. Its antioxidative
impact could potentially be responsible for its wound healing
boosting activity in excision wounds Figure 4 illustrates this
point. In the therapy of wound healing and the control of
abnormal healing, Chlorogenic acid, which is found in many
plants, may be a cost-effective therapeutic treatment [,
Chlorogenic acid could be used as an example of an
antioxidant wound healing method. The therapeutic benefits
of Chlorogenic acid supplementation on wound healing have
been studied 4, Chlorogenic acid has antioxidant and free
radical-scavenger effects on oxidative parameters and anti-
inflammatory effects on MMPs in wound tissues in addition
to improving capillary density and collagen synthesis.

HO

HO

Fig 4: Structure of Chlorogenic acid

Quercetin

Quercetin is a flavonoid component found in most plants,
Fruits and vegetables are included in this category. Anti-
inflammatory, cancer-fighting, and antioxidant characteristics
are attributed to quercetin. Enhances the synthesis of collagen
and fibronectin, which aids wound healing. Studies have
indicated that quercetin aids in the repair of nerve tissue
damage in skin wounds, therefore it's possible that it can help
with wound healing too. In comparison to the control group,
animals treated with a collagenous matrix containing
quercetin demonstrated improved wound healing, with
increased cell proliferation and wound contraction. A collagen
matrix containing quercetin has been shown to be an unique
dressing material for cutaneous wound healing (Figure 5) [,
A naturally occurring antifibrotic chemical called quercetin
has been found to lessen the production of scar tissue. Studies
on fibrosis and wound healing in mice and fibroblast cells
found that quercetin reduced fibrosis, fibroblast cell surface
integrin expression was found to be correlated with better
wound healing. For those who received quercetin as a
therapy, wound healing took 14 days. Since quercetin-treated
animals showed less wound fibrosis, it's possible that
quercetin regulates integrin expression to alter cell-
extracellular matrix interactions and, hence, reduce wound
fibrosis 4. Another study found that quercetin had a
significant impact on wound healing by influencing growth
factors, cytokines, and cells involved in the process. There
was a large time-dependent increase in wound closure, as well
as considerable upregulation of VEGF and TGF-1 expression,
while TNF levels were significantly lowered. Quercetin-
treated male Wistar groups had higher levels of IL-10 and
CD31 stained vessels, as well as increased micro vessel
density, accelerated fibroblast proliferation, regular collagen

deposition, and epithelialization compared to control groups
[65]

Gallic acid

In addition to its anti-oxidant and anti-inflammatory effects,
gallic acid also has anti-microbial, anti-cancer, and wound
healing properties as a polyphenolic molecule derived from
plants € Internal haemorrhage is treated with it as an
astringent. The antioxidant properties of gallic acid have been
found to increase the expression of antioxidant genes, which
in turn increase keratinocytes and fibroblasts cell migration in
both normal and hyperglycemic conditions, leading to the
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activation of wound-healing growth factors such as c-Jun N-
terminal kinase (JNK), focal adhesion kinases (FAK), and
extracellular signal regulated (Erk) growth factors [¢71. Gallic
acid can be utilised as a wound healing agent and as a
treatment for wounds caused by metabolic problems,
according to several research 6769,

OH

HO O
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OH
OH O

Fig 5: Structure of Quercetin

O

HO

HO
OH

Fig 6: Structure of Gallic acid

Conclusion

Wound healing has been a difficult clinical issue for wound
management since ancient times. Multiple cell types, Wound
healing depends on the extracellular matrix and soluble
mediators such as growth factors and cytokines. Wound care
has received a lot of attention in Ayurveda, with a focus on
innovative therapeutic procedures and the progress of acute
and chronic wound therapy treatments (herbal). Researchers
are testing new formulae, dressings, and medicinal plant
compositions in the hopes of establishing a cost-effective,
efficient, stable, and long-lasting wound management /
treatment system. Wound treatment is becoming more
effective and patient-centric as nanotechnology and
innovative materials become available. Newer technologies,
such as 3D printing, are also enabling the creation of new
wound treatment drug delivery devices. In the future,
improved wound healing systems may be achieved through
the use of tissue engineering and regenerative medicine.
Research in wound care management will be bolstered by
improved quality control processes for identifying, screening
and measuring herbal components as well as well-designed
preclinical and clinical trials.
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