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Wound healing is one of the most complex and dynamic processes in the body of the human. Wound
healing is an essential biological development to sustain the integrity of skin after trauma, either by accident
or by a deliberate process. In the phases of hemostasis, inflammation, development, re-epithelialization,
and remodeling, this includes the spatial and temporal coordination of many cell types with different
functions. In understanding the mechanisms of normal wound closure, it is important to unravel the
functions of these cell types and their interactions with each other. Micro-environmental changes, including
changes in mechanical forces, levels of oxygen, chemokines, extracellular matrix, and synthesis of growth
factor, directly influence cellular recruitment and activation, leading to disrupted wound healing conditions.
Wounds are cured with different medicinal plants or from their extracts. Plants supply humans with different
medicines, and medicinal plants are the blessing of nature used to heal wounds with even lower side effects.
This systematic review aims to explain the physiology of the wound healing process, different cellular, and
molecular aspects, and to provide insight into the various plants that have possible wound healing properties
that could be valuable in healing practice.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and

reproduction in any medium, provided the original author and source are credited.

1. Introduction

In the human body, the skin is the largest organ by
surface area. It is the essential structure that shields
mechanical injury, ultraviolet radiation, microbial infection,
and intense temperature from internal tissues. Wounds
are serious cases of physical disability.! A wound
that is caused by human, biological, immunological,
microbial injury, or usually associated with lost function
disrupted tissue condition. It can lead to pain, discomfort,
inflammation, infection, and occasionally organ failure if
the wound stays untreated.> Wound healing is a complex
and complicated mechanism involving a sequence of
arranged events, including bleeding, clotting, initiation
of an acute inflammatory response to initial damage,
regeneration, migration, and proliferation of connective
tissue and parenchyma cells, as well as extracellular matrix
protein synthesis, remodeling of new parenchyma and
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connective tissue, and deposition of collagen. Finally, it
takes place in an orderly fashion to improve the wound
strength and culminates in the reconstruction of severed
tissues.>* It involves continuous cell-cell and cell-matrix
interactions that allow the mechanism to continue in diverse
overlapping phases and processes including inflammation,
wound contraction, Re epithelialization tissue, remodeling,
& angiogenesis granulation tissue formation.> In particular,
diabetic patients, the elderly, and patients with inherited
diseases such as sickle cell disease are predisposed
to irregular healing of wounds resulting in long-term
sequelae. The measures that exist, unexpectedly, have not
dramatically impacted the situation. Although there are
many treatments available for wound healing, these are
only marginally effective. There is thus a need for more
efficient wound healing therapies.® In the process of wound
healing, many medicinal plants have a very significant role.
Plants are more effective healers because they inherently
facilitate recovery mechanisms.” Plant-based treatment not
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only speeds up the process of regeneration but also preserves
aesthetics. More than 70% of preparation wound treatment
drugs are plant-based, 20% are mineral-based and the rest
contain animal products as their base content. The plant-
based materials are used as first aid — antiseptic coagulants
and wound wash. Therapeutic plants show wound healing
properties by the different mechanisms, such as wound
healing modulation, declining bacterial count, refining
collagen deposition, increasing fibrocytes and fibroblasts,
etc. In recent ages, the focus on plant researchers has
increased all over the world and a wide-ranging body of
evidence has been collected to show the immense potential
of medicinal plants used in various traditional systems.
More than 13,000 plants have been studied during the last
five years period.31°

Hemostasis Inflammation Proliferation Remodelling

Fig. 1: Phases of Wound Healing

1.1. Types of wounds

Wounds are categorized into 3 classes i.e. intensity of the
wound, based on the nature of the wound, and physiology
of the wound (Table 1).

2. Wound Healing Process

Wounding and wound healing occurs in all the body’s
tissues and organs. Many of these mechanisms of restoration
are prevalent in all tissues. While the healing process
is ongoing, to better explain the physiological processes
taking place in the wound and underlying tissue, it
is randomly separated into distinct stages.”* Healing
is a dynamic mechanism involving interactions between
different immunological and biological processes that are
co-ordinated. During different stages of the healing process,
it requires a cascade of closely and specifically controlled
steps and activities that coincide with the appearance of
different cell types in the wound bed. The multiple processes
in acute tissue recovery, which are caused by tissue damage,
can be united into a sequence of four time-dependent
phases viz. Hemostasis, Inflammation, Proliferation &
Remodelling (Figure 1 & Table 2).2>-26

2.1. Hemostasis

If the skin is injured, vasoconstriction of the vessel
walls is the automatic reaction to stop bleeding. Next,
two concurrent and mechanistically interconnected
pathways contribute to primary hemostasis and secondary
hemostasis.?” Primary hemostasis requires platelet
accumulation and the development of platelet plugs caused
by collagen exposure within the sub-endothelial matrix.

Secondary hemostasis refers to the coagulation cascade
activation where soluble fibrinogen is turned into insoluble
strands that make up the mesh of fibrin. The platelet plug
and the fibrin mesh combine to form a thrombus that stops
bleeding, releases accompaniments and growth factors, and
provides a temporary scaffold for infiltrating cells that are
necessary for wound healing. >3

2.2. Inflammation

The inflammatory process occurs shortly after the injury,
which typically lasts between 24 and 48 hours and may,
in some cases last for up to 2 weeks. The inflammatory
phase initiates hemostatic pathways immediately to stop the
bleeding from the site of the wound. As a result, clinically
identifiable cardinal signs of inflammation, redness of
the skin, color, tumor, pain, and functio-laesa emerge.
Vasoconstriction and platelet aggregation to cause blood
clotting and consequently, vasodilatation and phagocytosis
to produce inflammation at the wound site are distinguished
by this process. >’

2.3. Proliferation

The acute wound moves toward tissue healing after
persistent damage has ceased, hemostasis has been reached
and an immune system has been successfully set in
place.3%3! The proliferative process begins the following
damage on the third day and continues for about 2 weeks
afterward. It is characterized by fibroblast migration and
newly synthesized extracellular matrix deposition, serving
as a substitute for the fibrin and fibronectin provisional
network. This process of wound healing can be seen at
the macroscopic stage as an abundant development of
granulation tissue. 2

2.4. Remodeling

The granulation tissue undergoes a slow declining
period in this last step of wound healing. The skeletal
muscle epidermis, dermal vasculature, nerves, and
myofibers are remodeled, developing functional tissue.>>
Vascular elements of the granulation tissue fibroblast
and myofibroblast are diminished and PBMC cells
undergo apoptosis or exit the wound. Similarly, there
is a decline in the amounts of glycosaminoglycans and
proteoglycans that play a structural and hydration role.3*
Collagen metalloproteinases produced by fibroblasts and
macrophages dissolve and replace Type III collagen of the
granulation tissue with Type I collagen, which is further
reorganized into parallel fibrils, producing a scar of low
cellularity. This last stage will last for months. 33-3¢
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Classification of Wounds

1.Based on the intensity of the wound

Simple Wound

In this type, the injury and impairment are only to the skin. !!

2.Based on the nature of the wound
Open Wound
An open wound is a disruption or breakdown on the surface of the

skin that can cause bleeding externally and allow bacteria to invade

the body, causing an infection such as abrasions, contusions,
incision, hematoma, laceration, etc. 12

3.Based on the physiology of wound

Acute Wound

Those wounds that are healed in a brief period and go through a
sequence of steps needed for wound healing to restore the

anatomical integrity of the wounded site, such as wound due to cut

& surgical injury. 14

Complex Wound
In this type, the wound comprises fundamental tissues,
tendons, muscles, etc. 1

Closed Wound
A closed wound occurs after a blunt force impacts the body,
such as lacerated, incised, crushed & piercing. 13

Chronic Wound

These types of wounds take a long time for their healing. For
example trauma, loss of oxygen supply, local infection,
diseases such as nutritional deficiency, diabetes, and
medication may contribute to the growth of chronic

wounds. 1>

Table 2: Phases of Wound Healing

S No. Phases Time of phase Cells involved Functions

1 Hemostasis Immediate Platelets Stop bleeding 16,17

2 Inflammation 2-5 days Some Neutrophils Elimination of cell debris and 18,19
cases (2 weeks)  Macrophages infection-causing agents

3 Proliferation 3 daysto 2 Lymphocytes Formation of granulation 2021
weeks Fibroblasts tissue, angiogenesis

Keratinocytes

4 Remodelling 21 daysto 2 Fibroblasts Collagen formation & scar 2223

years maturation

3. Physiology of Wound Healing

The wound healing phase consists mostly of four steps viz.
hemostasis, inflammation, proliferation, and remodeling.
After the wound, hemostasis instantly begins which is
accompanied by inflammation. It includes constriction
of the blood vessels, migration of platelets to the
wounded site, blood coagulation by the release of multiple
factors such as platelet-derived growth factor (PDGF)
and transforming other growth factor-beta (TGF-f) and
other factors of chemo-attractant produced by injured
parenchymal cells. The inflammation is then accompanied
by a proliferative process.?’ It facilitates the proliferation
of cells such as fibrocytes, platelets, mesenchymal cells,
and endothelial cells required for tissue regeneration and
angiogenesis capillary regrowth (formation of new blood
vessels by endothelial cell construction) to increase the
blood supply to the injured cells. Angiogenesis, fibroplasia
& epithelisation are the repair processes at this period.
The final step of wound healing is the Maturation
& remodeling process leading to maturation & scar-
forming by generating MMP’s (Matrix metalloproteinases),
ECM (Extracellular matrix), and TIMP’s (Tissue inhibitor
of metalloproteinases). Myofibroblasts facilitate wound
contracting and the synthesis of all these steps results

in wound healing with the development of matured scar
(Figure 2).%8

4. Factors influencing wound healing

The two types of factors influencing wound healing- Local
& Systematic factors. 3’

4.1. Local factors

Local factors include infection by the organization of tissue
that interrupts healing, exposure to ultraviolet light facilities
curing, movement of the affected part of the healing delay,
poor blood supply which shows delay in healing, exposure
to ionizing radiation delay granulation, foreign bodies
including sutures interferes in healing. *°

4.2. Systematic factors

Systematic factors comprise diabetics are more prone to
infection and hence delay healing, wound healing is speedy
in young and slow in aged people, hematological aberrations
also disturbs healing, administration of glucocorticoids
(anti-inflammatory) interrupt healing, nutritional deficiency
of vitamin C and zinc delay healing.*!



Khanam / IP International Journal of Comprehensive and Advanced Pharmacology 2020;5(4):170-176

Mocrophoges &
neutrophils attrocted
into the wound

Platelets release growth
factors & cytokines
et Inflammatory

! Phase

Neutrophils & macrophages engulf bacteria;
Release growth factors, cytokines and proteases

Fibroblasts, epithelial
cells and endothelial
cells attracted into the
wound

L
n-u||.uii|||+u-u|||.u-ii|u++uuul-!un-uu|-rn-|||"1-uurl--l--r-ll----l--p-ln-‘

Epithelial cells, fibroblasts & endothelial
cells produce growth factors \

¥ :

[ Synthesis of extracellular matrix & new capillaries ]

Proliferation &
repair phase

---u++u--uu---u1------n-u--|+<-u--‘u-u-uu-u-u--u-uu-uuuu---u-u-unu-u [=

Fibroblasts orchestrate the remodelling of the scar by
producing extracellular matrix, matrix metalloproteinases
& tissue inhibitor of metalloproteinases

Remodelling

173

phase

Mature Scar

Fig. 2: Physiology of Wound Healing

5. Wound healing management by medicinal plants

For the management of wound healing, various treatments
are used. To assist wound recovery, multiple therapies
were used locally and systematically. Several agents
are used for wound healing, including antibiotics and
antiseptics, desloughing agents’ viz. hydrogen peroxide,
wound healing promoters, eusol and collagenase ointment,
some compounds such as extracts, minerals, vitamins, and a
variety of plant products. Medicinal plants heal the healing
process of wounds by facilitating blood clotting, combating
inflammation, and speeding up wound healing. Plants and
chemical agents collected from plants can be recorded to
facilitate care and maintain wound healing. Medicinal plants
demonstrate wound healing effects by various pathways,
such as wound healing modulation, reduced bacterial count,
enhanced deposition of collagen, increased fibroblasts and
fibrocytes, etc. 42

It has been documented that several medicinal plants
demonstrate wound healing activity. Extensive research has
been carried out in the area of medicinal plant wound
healing treatment. The following are several recent research

on medicinal plants with important wound healing activity
are recapitulated in the tabular form (Table 3).

6. Conclusion

Wound healing is a process that begins with trauma and
concludes with the formation of scars. Wound treatment
aims to increase the healing process and decrease the
risk factors. Plants are more potent healers because they
facilitate the repair mechanism naturally. This research
revealed that traditional medicines are still used by tribal
people and the importance of a large number of plants
used in tribal medicine, especially for wound healing,
is determined. Knowledge of plants for the treatment of
different diseases, including wounds, is still seemingly
uncertain. These natural plants are a rich focus on the
production of synthetic drug alternatives. With fewer
side effects, the synthesis of conventional and new
expertise will create stronger medicines for wound healing.
However, clinical confirmation, standardization, and safety
evaluations of conventional medicinal plants are required
before they can be approved for wound healing.
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Table 3: Medicinal plants with Wound healing activity

S. No
1

2

13

Medicinal plants
Aloe Barbadensis
(Aloe vera)
Artemisia pallens
(Davana,
Davanum)
Lawsonia alba
(Heena)

Pterocarpus
santalinus (Lal
Chandan)
Morinda citrifolia
(Indian mulberry)

Sesamum indicum
(Til)

Acalypha langiana
(Khokali)

Vernonia arborea
(Karana, Sadagai)

Cassia fistula
(bendra, lathi)

Abrus precatorius
(Gunchi, gunja)

Tragia involucrate
(bichchuti)
Alternanthera
sessilis (chanchi)

Allium cepa
(onion)

Curcuma longa
(Turmeric, Haldi)

Mimusops Elengi
(Bakul)

Family

Aloaceae

Asteraceae

Lythraceae

Fabaceae

Rubiaceae

Pedaliaceae

Euphorbiaceae

Asteraceae

Fabaceae

Fabaceae

Euphorbiaceae

Amaranthaceae

Liliaceae

Zingiberaceae

Sapotaceae

Part used

Leaves,
latex

Whole
plant

Leaf

Leaf, stem

Leaves

Roots

Leaves
Leaves,

bark

Leaves

Leaves

Roots

Leaves

Bulb

Rhizomes

Barks

Bioactive Constituents
Aloe-emodin, barbaloin.

Davanone, davan ether, davana,
furanand linalool.

Lawsonecoumarins, xanthones,
flavonoids, naphthoquinines,
steroids, fatty acid.

Phenols, anthocyanin, saponin,
triterpenoids, flavonoids, tannins,
glycerides, glycosides,
Scopoletin, catechin,
beta-sitosterol, damnacanthal,
alkaloids, lignans

Sesame seeds (up to 60% oil),
30% protein, vitamin E,
B-complex vitamins (niacin),
folic acid, magnesium,
phosphorous, calcium,
Acalyphine and triacetoneamine,
cyanogenic glucosides, and
alkaloids.

Alpha-amyrin acetate,
beta-amyrin, lupeol,
stigmasterol, beta-sitosterol
Anthraquinones, fistulic acid,
rhein, rheinglucoside,
sennosoides A and B,
phlobaphenes, lupeol, emodin,
chrysophanic acid,
beta-sitosterol and hexacosanol,
fistuacacidin,

Glycyrrhizin, Triterpene
glycosides, pinitol, and alkaloids
such as asabrine, hepaphotine,
choline and precatorine

Tannins, flavanoids, alkaloids,
saponins

Stigmasterol, campesterol,
B-sitosterol, a-stigmasteanol and
also contain
5-a-stigmasta-7-enol.
Kampferol, f3 -sitosterol, ferulic
acid, myritic acid,
prostaglandins.

Curcumin (diferuloylmethane),
turmeric oil or turmerol & 1,
77-bis, 6- hepta-diene-3, 5-Dione.
taraxerol, taraxerone, ursolic
acid,betulinic acid,
V-spinosterol, W-sitosterol,
lupeol, alkaloid isoretronecyl
tiglate & mixture of triterpenoid
saponins

Uses
Wound Healing

Cuts & wounds
Wounds

Cuts, wounds, boils,
inflammation

Wounds

Wounds

On external wounds

Wounds

Wounds

Cuts & wounds

Pain, wounds,
swellings, Eczema
Antibacterial, wound
healing

Enhanced wound
healing and

Antibacterial property

would healing and
regeneration

Stimulated wound
contraction; increase

the tensile strength of

incision

Ref
4344

45

46

47

48

49

50

51

52

53

54

56
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