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SUMMARY

The practice of plant derived traditional medicines are considered as one of the excellent tools to enhance the wound healing by
reducing healing time and financial burden to the affected ones. In recent years, attention on wound healing medicinal herbs
have tremendously improved with the incorporation of multidisciplinary systematic exploratory approach. It is known that many
bioactive principles are participated in the healing process with the participation of radical scavenging and anti-pathogenic
activities. Though numerous pharmaceutical formulations and preparations are in place and employed for wound repair
management, yet the search continues for efficient options, as certain existing therapeutic formulations produce undesirable
effects or absence of effectiveness. Phytochemical metabolites from various medicinal plants exhibited abundant ability on
various stages of the wound healing shown by numerous molecular mechanisms, thus they are designated as prospective drugs
or drug leads of traditional medicine source. Chromolaena odorata (CO) (L.) R.M. King and H. Robinson is recognised as a
neglected temperate weed plant. It demonstrated different medicinal properties, which include cytotoxic and other significant
actions against pyretic, inflammation, microbes, and analgesic. Besides, in many parts of world it is used for various ailments. To
understand its precise role in wound healing and its impact on reasonable health management, this herb requires scientific
evaluation based on the existing reports, which are vital for drug design and development. In conclusion, the current review
signifies the importance of CO derived phytocompounds for their wound healing potential especially on foot ulceration and
chronic wounds. This review highlights the importance and clinical significance of CO which may be benefit the drug screening

and pharmaceutical advancement in the field of human and animal medicine.
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INTRODUCTION

Wounds categorized either as open or closed wounds based on
their cause and healing A wound is an interruption of
morphological as well as functional continuity of the skin instigated
by physical damage Most wounds are commonly classmed by
their level of severity such as chronic or acute wounds®. In
agreement with the current wound forecast, there are 6-7 million
individuals worldwide that experience normal chronic wounds*®

According to Menke et al®, an acute wound is well-defined as
tissue damage that typically goes by sequence and prompt
renewal process that restores structural and functional integrity
over time. Chronic wounds, on the other hand, result in a state of
pathologic inflammation when they are unable to heal through the
normal stages. The most prevalent sources of chronic wounds
include hypoxic condition, injury, foreign agents, and systemic
problems like diabetes mellitus, food deficiency, immunodeficiency,
or pharmaceutical consequences67 Pressure ulcers, diabetic foot
ulceratlon and venous leg ulceration are few examples of chronic
wounds?®. There is currently no agreed system available for wound
classification, yet many kinds of wounds are registered, extending
from minor to fatal ones. In addition, wounds can also be identified
by their anatomical location, such as an axillary or abdominal
wound, as well as by the underlying etiology of the wound.

On the other hand, in the open type of wounds, hemorrhage
is noticeable as blood leakage from the affected parts. In accord
with Schultz ®, it is categorized as laceration, puncture, gunshot,
abrasions or superficial wounds and incised wounds. A scrape or
graze is called an abrasion "°. This form of wound usually involves
an apparent external wound including a part in the dermis as well
as in the epidermis. Friction injuries and falling off bikes are among
the major causes of this type of wound. "% Lacerations are defined
as wounds caused by blunt objects that frequently need significant
power. As the skin has been ruptured rather than sliced, the
borders of these wounds are typically split or ripped, leaving
ragged edges”. Following severe trauma, internal organs such the
liver, kidneys, and spleen may also sustain lacerations.

The other types of wounds are incised ones with cuts made
by sharp objects. These wounds typically have a clean
appearance. Deeper anatomical features like tendons, blood veins,

and nerves are examples of incised wounds'®. Often, puncture
wounds are falsely classified as little or penetrating wounds. They
are mostly produced with sharp or pointed items, and in addition,
infection is a risk, the edges may be sealed over bacterially
contaminated areas. Furthermore, puncture wounds have the
potential to penetrate down into vital structures like blood vessels
or bodily cavities™.

In addition, gunshot type of injuries is instigated by a bullet
or other similar projectile entering or passing through body parts,
whereas penetration wounds are produced by an item like knife,
inserting and exiting body mostly the skin'*"® . According to Ahmad
Khan et al®, fish-hook wounds are caused by fishhooks that are
embedded in soft tissue, whereas in closed wounds, blood leaks
the vascular system but stays in the wound "7 On the other hand,
crush injuries require the appllcat|on of a great deal of force over
an extended period to the skin'®

Further, contusion is usually known as an abrasion
instigated by a blunt blow, where covering skin is uninterrupted
however neighboring blood vessels and tissues are broken and
evident with discoloration '°. Besides, wounds can be categorized
into wounds with tissue Ioss (Ze .g., burn wounds) and absence of
tissue loss (e.g., in surgery) <. Avulsion is a wound W|th tissue
damage, which prevent gouge mduced wound closure 2!, whereas
stretching forces induced strain injuries to fasma/tendons and
muscles are few examples for without tissue loss® Strain injuries
are resolved mostly with rest and progressive mobilization, but the
sprain occurs to fibrous tissues and ligaments by excessive
movements®. Most of mild sprains are apparent with haematoma
formation and takes longer time to recover when compared with
strains.

Foot ulceration: A diabetic foot ulceration (DFU) is an open type
of sore/wound that occurs 15% of patients with diabetes and is
normally termed as foot ulcer or ailment of the lower limb and
recognized as a severe peripheral arterial disease (PAD), regularly
resulted in amputation by the combined complications of infection
and neuropathy. On the other hand, diabetic foot infection (DFI)
mostly seen with diabetics is defined as the invasion by pathogenic
microbes like P. aeruginosa, S. pyrogens, S. aureus, K.
pneumonia, P. mirabilis, E. coli and related injuries caused by
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them®??_ Besides, few anaerobic pathogens such as B. fragilis,

C. perfringens and yeast C. Albicans also involved in the DFI?.

The foot ulceration incidence has been observed among
diabetes mellitus (DM)Opatients 4-10%; but the complaint is severe
among elder ones®?* as 85% of amputations are witnessed with
them®" *. One of the most probable causes of foot ulceration is
from neuropathic origins and takes brief time (about 20 weeks) to
cure this type of ulceration than the neuro-ischemic types and they
take longer duration and mostly resulted in limb amputation”.
Pathophysiology and normal wound healing processes:
Vascular problems, interruption in the completion of healing at
distinct phases and failure are the main factors responsible for the
surge of DM cases world-wide ****. Many reports have established
that aberrations in the connective tissue are key factor accountable
either for the delay or inadequate wound healing as witnessed
mostly in the chronic ulcer and diabetes™® together with various
other contributing reasons like microbial infections, affected site,
nutrition, therapeutic drugs, and hormones diabetes®***. The
following well demonstrated overlapping wound healing processes
like hemostasis, inflammation, proliferation, and tissue remodeling
or restoration are involved*®*"*2, This tissue reparative machinery
requires the management of diverse immune cells, growth factors,
and immune molecules like cytokines”.

Although the precise pathogenesis of diabetic wounds is not
sufficiently addressed, however, the hindrance mechanisms have
been recognized**** like delay in collagen synthesis, angiogenesis,
and impairment in epithelial development especially in the
proliferative phase*>*4"*®, Moreover, reduced production of VEGF
and decreased nitric oxide synthase (NOS) activity was seen,
however increased protease enzyme activity***° was established in
various wound healing phases®"*® but not described in detail. Once
the inflammatory response begins, fibroblasts initiate proliferation
and travel into the injured area. Collagen and fibronectin are
consequently deposited in the wound bed, serving as a transitory
matrix, where epithelial cells migrate as groups®®*. Despite
advances made in the pharmacological industry, the quest for low-
cost drugjB and drug leads to treat wounds remains a
challenge®®**®. Numerous novel methodologies like therapeutic
gene treatment " and transplantation of tissue-engineered skin
substitutes have shown insufficient achievement and the current
option available is antibiotics only for remedy.

Foot ulceration therapeutic by medicinal plants: The
application of phytomedicine is one of the traditional approaches to
treat various kinds of wounds including foot ulceration®. Plant
derived secondary metabolites obtained from numerous herbs play
a key role in wound management The World Health
Organization (WHQO) has also recommended their application for
the treatment of diabetes/hypoglycemic activities % and recognized
in various tropical Asian as well as African countries as a reserve
basin ef for medicinal herbs ** ® % Ten to fifteen percent of
medicinal plants distributed all over the word but mostly found in
tropical and African and Asian nations, approximately “three
hundred thousand” species are well recognized for their
therapeutic attribution®®®>% 678 |t is known that diabetic foot
wound healing is one of the long awaiting scientific developments
in health care systems®”". Traditional medicine practitioners have
employed herbal extracts from plants to heal the wound to prevent
microbial infection and side effects’>’>™">7%"7 Some of the well-
recognized medicinal herbals are Aloe vera; korphad, Anredera
cordifolia, Madeira vines, Ixora coccinea, jungle geranium, Morinda
pubescens, Indian mulberrg; peacock chaste tree, Vitex trifolia,
Vitex altissima 7® 7% # 8" # |n this list CO also added and the
current review intent to elaborate the properties of C. odorata, as it
has diverse pharmacological activities, however, still a lot need to
be elucidated more in detail especially the wound healing potential.
Chromolaena odorata plant general description:
Asteraceae/Compositae is the major and best-known family of
flowering plants, comprising 1,000 genera with 15,000 species. C.
odorata (L.) King and Robinson is commonly termed Eupatorium
odoratum L. is an ornamental plant as well as one of invasive

environmental desert weed (Figure 1). This plant has various other
names like Eupatorium brachiatum Sw. ex Wiestr, Eupatorium
conyzoides Vahl, Eupatorium atriplicifolium Vahl but Osmia
odorata (L.) Schultz-Bip found in the Americas Hawaii region and
Guam®. France in Europe, African countries like Nigeria and found
in the roadsides of South Asia nations including Sri Lanka, India,
Nepal and in Southeast Asian (SEA) countries like Thailand,
Vietnam, and Malaysia®®*® and is generally considered for its
conventional remedial value and versatile pharmacologic actions
which include treating burns, wounds, skin infections and
inflammations®” (Table. 1).

The wound healing potential of the leaves has been

examined using in vivo models so far, as there are no reports to
scientifically assess the claimed wound healing property of C.
odorata leaf extract in traditional medicine. An attempt was made
to discuss the supporting functions such as antibacterial and
antioxidant activities to obtain scientific evidence and understand
the healing mechanism of action of C. odorata.
Phytochemical constituents of C. odorata and their
pharmacological properties: Numerous pharmacological
investigations and validation reports have shown that plant extracts
from different plants expedite healing process than the standard
controls "> ®. Several natural products obtained from therapeutic
plants have proven to be active comgpounds involved in healing
mechanisms using animal models®®'. These metabolites can
influence multiple stages of the healing course®. Moreover, these
phytochemical profiling support identifying the compounds
responsible for the healing process.

Several studies have employed chemical analysis on C.
odoratum L and identified numerous chemical groups which are
hydrocarbons, triterpenes/steroids, monoterpenes, sesquiterpene
and alkaloids. The aqueous extract of the leaves contains
abundance of flavonoids like salvigenin, sakuranetin,
isosakuranetin, kaempferide, betulenol, 2-5-7-3-tetra-o-
methylkertetetin, tamarxetin, two chalcones and odoratin and its
alcohol components, essential oils (geyren, bornyl acetate and
beta-eubedene), saponin triterpenoids, tannins, organic acids,
phenolic compounds (protocatechuic, p-hydroxybenzoic, p-
coumaric, ferulic and vanillic acids) and many other trace
elements®™®. As on this date, 17 compounds have been isolated
and listed, they are 5aq,6,9,9apB,10-pentahydro-10B-hydroxy-7-
methylanthra  [1,2-d][1,3]dioxol-5-0one, 1,2-methylenedioxy-6-
methylanthraquinone, 3-hydroxy-1,2,4-trimethoxy-6-
methylanthraquinone, 3-hydroxy-1,2-dimethoxy-6-
methylanthraquinone, and 7-methoxy-7-epi-medioresinol.
Additionally, 12 more secondary metabolites obtained from this
medicinal herb have been identified, they are odoratin, 3f-
acetyloleanolic acid, ursolic acid, ombuin, 4,2'-dihydroxy-4'5',6'-
trimethoxychalcone, (-)-pinoresinol, austrocortinin, tianshic acid,
cleomiscosin D, (-)-medioresinol, (-), syringaresinol, and
cleomiscosin A%,

One of the main roles of CO in traditional curative practice is
treating wounds * ¥. It is well demonstrated that the wound care
comprised the following such as (a) preventing excessive blood
loss without compromising circulation at the injured place. (b).
averting or eliminating remaining microbial infection. Sc). promotes
the growth of fibroblast cells at the injured site®™® ®. In line with
this, C. odorata leaf extracts have been shown to promote
fibroblast proliferation and delay aging related symptoms like
wrinkles, _hyperpigmentation, etc' and exhibit antimicrobial
properties”*"1%.

Numerous investigations have established phytochemical
screening of CO using both ethanoic and aqueous extracts
revealed the existence of numerous secondary metabolites such
as anthraquinones triterpenes, tannins, saponins, and
flavonoids®?*%, The ethanol extract was rich in cardiac
glycosides, steroids, terpenoids, alkaloids and saponins in the
aqueous extract rather than quinones and betacyanins as they
present moderate amount in the ethanol extracts than in the
aqueous fractions. Besides, the leaf extract of CO'™ also contains
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flavonols and flavonones like quercetin 7, 4'-dimethyl ether,
naringenin 4'-methyl ether, kaempferol 4'-methyl ether, etc.
Several studies have obtained six to eleven types of flavonoids
from the CO leaves™ '™ Besides, phenolic terpenes detected
both in the ethanol and aqueous extracts 105 but found more in
the ethanol extract and accounted for antioxidant activity'®.
Tannins are known to prevent the growth of microbes by
precipitating microbial proteins and provide nutritious value . In
addition, flavonoids and terpenes are used as plant classification
indicators for the Asteraceae family'®. In fact, the predominance of
flavonoids in the CO leaves are attributed for their medicinal
properties'®. More importantly phytochemicals of the leaf extract
interaction with one another in various combinations produce
therapeutic effects as it is a common synergistic effect found in
herbal medicine'®. Thus, CO plant contains all the necessary
properties for effective wound management'”’.

The goal of wound management is to repair the injury or
wound in a short span of period, so that the affected persons
experience as little pain, distress and scarring as possible or
minimize unwanted consequences'®. Care should be taken to find
an agent that accelerates wound healing or as it progresses.
Treatment of wounds, especially those that are poorly healed, is a
complex and expensive program. The study of wound healing
using drug leads is one of the emerging fields of modern
biomedicine "' "', Phytochemical screening is now considered the
first step in finding useful drugs'*.

However, the major challenge still exists in wound healing
development is the molecular mechanism. Most of the previous
studies focused on plants wound healing effects only not
investigated their molecular mechanism of action. It is well
established that wound healing mechanism is a complex one with
the involvement of, various stages including inflammation,
epithelialization, protection from free radical and changes in
biochemical pathways (proline and hydroxyproline), granulation,
neo-vascularization, and wound reduction '"°. Therefore, this
comprehensive review aimed at improving the understanding of
the current data and available experimental evidence about a
neglected but an underutilized herbal weed plant CO and its
detailed molecular mechanisms both in vitro and in vivo. In
addition, we hope to strengthen and support the ethno
pharmacological rights and benefits of this tropical weed and
promote the global recognition of herbal wound remedies and their
rightful role as a gift of nature in wound healing ™.

CO is well-known for its various biological properties against
protozoa, trypanosome, fungus, bacterium, plasmodium,
hypertension, inflammation, and hepatotropic 5 Besides, CO is
recognized as an immunomodulatory "% and anti-cancerous agent
"7 1% Traditionally root extracts were used to reduce fever and
pain, whereas salt containing leaf extract is used to prevent throat
and cold diseases '®. Furthermore, few countries like Vietnam
uses decoction from fresh leaves to treat leech bites, soft injuries,
skin infections and rashes' and many occasions gummy bears
are conventionally applied b}/ the medical practioners into cuts or
wounds to prevent bleeding 2 n fact, a produce from this plant
called “eupolino” is already available for clinical use in Vietnam for
wounds and burns'*"'%,

Wound healing is a normal biological phenomenon in the
human body and is accomplished through four precisely
programmed stages of hemostasis, inflammation, proliferation, and
regeneration " ', Normally the healing mechanisms are well-
orchestrated cellular and molecular actions that led to the
formation and growth of new cells and repair of affected sites in a
specific manner with the incorporation of blood cells, immune
cytokines, and various growth factors that eventually restore the
damaged skin or tissue to a normal state®® "%,

The wound healing mechanism is promoted by several
natural products consisting of active substances such as
triterpenes, alkaloids, flavonoids, and biomolecules'® have free
radical scavenging propertiesm, which can support healing

process—by increased levels of antioxidant enzymes in
granulomatous tissues. These phytocompounds were proven to be
powerful antioxidants as evident from the 0protection of laboratory
cultured skin cells from the oxidative injury'®"'?.

Free radicals are normally harmful to the healing process
because they negatively affect the cellular structures and
absorbable synthetic biomaterials'?. In general, antioxidants play
a key role by creating a favorable environment and significantly
enhancing the repair mechanism to protect the cells and tissues
from the oxidative bombardment™®. Enzymes like superoxide
dismutase (SOD) and catalase are known to reduce free radicals.
It is evident now that some of the natural wound medicines
consisting of active substances such as triterpenes, alkaloids,
flavonoids, and biomolecules have also exhibited their
antioxidant effects'® and therefore can support wound
improvement. The increased levels of antioxidant enzymes in
granulomatous tissues may be responsible for this free radical
scavenging effect. Hence, compounds with antioxidant activity
isolated from natural plant sources including CO may be useful to
1p&event or modulate PMNL-derived ROS-related oxidative damage

Anti-microbial potency of CO: Infectious diseases are health
problems caused by microbial infections worldwide, especially in
developing countries because of poor living conditions, less
sanitation, overcrowding and deficiency of awareness'*?. Many
available reports are alarming that approximately 25% of the 57
million annual deaths are due to communicable infections'® and
most of pathogens have developed resistance to antibiotics **"*. It
is a known phenomenon that pathogen infected wounds restore
slowly as most of the living bacteria in the infected site secrete
exotoxins. These substances are poisonous and prevent normal
functioning of the surrounding cells and tissues including protein
synthesis. Antimicrobial therapy is one of the most important
wound care methods'®. Open wounds are more vulnerable to
infection, specifically for bacterial infections, as they are the point
of entry for systemic infection. This type of wounds heal more
slowly, often results in the production of unpleasant secretions and
toxins, as well as the death of regenerative cells. Antibacterial and
antifungal agents used in traditional medicine can prevent this
occurrence and provide a basis for their use in wound care™’.

Recently, bacterial skin infections have frequently been seen
with hospitalized patients, producing nosocomial infections'®'3%4,
The causative includes Escherichia coli, Staphylococcus aureus
and Pseudomonas aeruginosa'*®*'**'?_ According to FDA, the skin
infections are associated with S. aureus, B. cereus and B
subtilis™'. Many studies elaborated the antimicrobial activity of
medicinal plants'?'*3"4% along with wound healing potency'®*'*
have been reported. Plant derived antimicrobials are a huge
source of untapped pharmaceutics and further research on plant
antimicrobials is much required as they have enormous therapeutic
potential™"*®® |n this list, CO is reported to have good
antibacterial effect against Vibrio cholera', Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris,
Pseudomonas aeruginosa and Enterococcus faecalis™"'®. To
support further, Vijayaraghavan et al. ”® showed the multi-spectral
antimicrobial properties of CO leaf extracts against Staphylococcus
aureus, Bacillus cereus and Bacillus subtilis (Gram positive) and
Pseudomonas aeruginosa and E. coli (Gram negative) bacteria.
CO was bactericidal to all microorganisms but P. aeruginosa
among bacteria that often infect wounds'®. The antimicrobial
efficacy results of this study showed that CO leaf extracts showed
promising and powerful antibacterial activity against the five tested
bacterial strains. In clinical use, an aqueous extract of CO has also
been found to increase hemostasis'™'™®® and its astringent
properties, explaining its usage in the therapeutics of
wounds/injuries. The wound healing efficiency can be attributed to
the antimicrobial and hemostatic effects of CO.

It is established that the multi-spectral antimicrobial
attribution of the herbal plants is owing to the existence of variety
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of NPs like flavonoids, glycosides, phenols, saponins, alkaloids
and steroids'®"®". To substantiate the above, from like flavonoids
from CO can effectively inhibit bacterial growth by binding to cell
wall and inhibit biosynthesis of cell wall " "*®_ Similarly, another
compound tannins inhibit the growth of many other microbes like
fungi, yeasts, and viruses ™. Furthermore, the occurrence of
alkaloids and saponins in the leaf extract of CO also involved in
microbial inhibition "> "®. These the phytoconstituents screening
and identification of bioactive compounds from CO are beneficial
for the antimicrobial drug discovery and development'®’.

To support the above, previous reports have shown that the
extracts from Aloe Vera and H. rosasinensis played a key role in
wound healing process through various mechanisms like up-
regulation of transforming growth factor beta 1 (TGF-1), vascular
endothelial growth factor (VEGF), activation of nuclear factor-
kappa B (NF-kB) and interleukin-8 (IL8) and further the expression
of alpha-1 (type-1) collagen and increased iNOS activity "% "% 164,
It is well established that VEGF is responsible for
angiogenesis'®'®. This growth factor acts on the respective
receptors on keratinocytes and macrophages and performs various
vital functions during wound healing process. Inadequate
vasculogenic condition is generally apparent both in the chronic as
well as in the non-healing wounds'®’. Deferred wound amelioration
has been proven in diabetic animal models, where insufficient
vascularization is the cause of poor epithelialization, granuloma
tissue formation and delayed wound closure'®. It is known that
TGF- is one of the most vital players for cell proliferation and it
acts through intracellular serine/threonine kinase receptors using
SMAD pathway as it controls cell proliferation'®®. TGF-B stimulates
leukocytes to migrate into the damaged site””, consequently
monocytes become macrophages and involve in the clearance of
debris with the incorporation of TGF-$ and other necessary growth
factors, which in turn contribute to the establishment of
granulation'”".

On the other hand, the activation of phosphatidylinositol 3-
kinase (PI3K) leads to phosphorylation of Akt (serine/threonine
specific protein kinase) at serine 473 residue is also involved in
healing process as shown to be important for the precise guided
migration of corneal and dermal epithelial cells in response to
wounds or injury"*', Many medicinal plants like C. officinalis
tincture have been reported to stimulate wound healing process
through PI3K'™. Besides, aqueous extract of Korean red ginseng
also activates PI3-K/Akt pathways and stimulate angiogenesis in
vivo and in vitro'”.

NF-kB signaling plays a significant role in maintaining

immune homeostasis in epithelial cells'”®. Many reports have
shown the activation of NF-kB increases the expression of pro-
inflammatory mediators that orchestrate and involve in chronic
inflammatory processes leading to tissue damage both in immune
and non-immune cells"” 7% '°_"On the other hand, the inhibition of
NF-kB can have detrimental effects and can lead to inflammatory
diseases'®. The n-hexane extract of C. officinalis plant has been
reported to increase the activity of the transcription factor NF-«B in
immortalized human keratinocytes and skin fibroblast cells and
promote healing process'®"®".
Besides, increased synthesis of nitric oxide (NO) by Pang et
inducible nitric oxide synthase (iNOS) is reported in the
proliferative phase of the wound healing”"®*'® as it manages
keratinocyte proliferation, collagen formation,-and wound reduction
'8 To support the above, polysaccharide-rich extract of C. ferrea
increased the expression of iINOS™*'®® In addition, Rho family
GTPases such as Rac-1, Rho-A and Cdc-42 play a vital role in the
proliferation and migration of fibroblast cells ®®'®. Cell cycle
regulators such as cyclins and cyclin-dependent kinases 1 and 2
are involved in cytoskeleton formation in fibroblasts'®. In fact, C.
tamurana has been reported to increase the migration of
mammalian cells towards the injured area through activation of
Rac-1, Rho-A, Cdc-42 mRNA, Cdk-1 and Cdk-2 genes'®.

Much evidence indicates that an increased radical species
generation by neutrophils and myeloperoxidase enzyme (MPO)
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activity are responsible for long-lasting chronic wound damage by
producing cellular toxicity through oxidative stress and slows down
wound healing " ' The presence of various phytochemicals
possesses the antioxidant activity and promotes healing
mechanisms "®2. In support of this claim, topical application of L.
macrophylla ethanol extract (5% wi/v) in bio-adhesive gel increased
various scavenging enzymes like superoxide dismutase catalase,
and glutathione activity but decreased MPO activity'®.

The wound amelioration procedure consists of four well
integrated phases, such as hemostasis, inflammation, proliferation,
and remodeling’*'®. Hemostasis is primarily regulated by
thromboxane synthetase, which alters prostaglandin H2 to
thromboxane A2, a well-known effective vasoconstrictor and
platelet aggregator'®®. Furthermore, plasminogen activator inhibitor
type 1 (PAI-1) also affects hemostasis by preventing fibrinolysis197.
During inflammatory phase, heme proteins accumulate in the
wound site and neutrophils release radical species to target
bacteria'®. Heme and heme proteins have both pro-oxidative and
anti-inflammatory properties and induce adhesion molecules,
which leads to vascular permeability and leukocyte infiltration,
which initiates wound healing'®®. Heme oxygenase-1 (HO-1) has
anti-inflammatory and antioxidant effects and is responsible for
several wound healing functions including the conversion of heme
to iron, carbon monoxide and bilirubin and biliverdin®®. HO-1
overexpression promotes accelerated healing process by
attenuating inflammation, inducing cell proliferation, and protecting
endothelial  cells  from  apoptosis®.  Besides, matrix
metalloproteinase (MMPs) also plays a vital role in extracellular
matrix (ECM) remodeling in wound healing®?, and matrix
metalloproteinase (MMP-9) is a key effector among these
proteins®®,

To support the above, various investigations have shown
that Siamese herb extract which includes its biomarkers Scu and
stigmasterol accelerates hemostasis'®" thereby wound
healing?*?® and anti-inflammatory properties?”’. The phytoprofen
compound chromoic acid C-l was identified as a strong inducer of
the activity of the transcription factor of CO, NFE2L2 (Nrf2), which
is a key regulator of several genes with protective, anti-
inflammatory and detoxification functions®™.

In the healing procedure, inflammation is a part of acute
response as it permits the influx of neutrophils into the affected site
28 gnd these cells produce free radicals through their characteristic
"respiratory burst" 09, Non-phagocytic cells associated with the
wound also produce free radicals through processes involving the
nicotinamide adenine dinucleotide phosphate (NAD (P) HQ oxidase
is normally considered as a non-phagocytic machinery 10 at the
wound site. The abundant surge of oxygen and nitrogen radicals at
the wound site leads to DNA damage, enzyme deactivation and
lipid peroxidation. Topical administration of plant derived NPs
having ROS scavenging properties significantly improve the
healing process and defend the tissues from radical injury®'".

Inflammation  regulates  several  proinflammatory
enzymes like cyclooxygenase-2 (COX-2) and inducible nitric oxide
synthase (iINOS) and cytokines as they play a critical role in
inflammation 2'2. Proinflammatory enzymes produce mediators like
prostaglandin E2 (PGE2) and nitric oxide (NO), which in turn
activate the expression of tumor necrosis factor (TNF)-a and
interleukin (IL)-1B8. In line with this, CO is reported to have anti-
inflammatory effects both in vitro and in vivo '°* ™ especially the
metabolites like Scutellarein tetramethylether (Scu) (4', 5, 6, 7-
tetramethoxyflavone), Isosakuranetin and Stigmasterol have
exhibited these properties®® .

It is well accepted that wound restoration also involves
immune facilitated physiological mechanisms?'®.  Numerous
therapeutic plants employed in traditional medicine to treat various
skin diseases, comprising ulcerative lesions®'®. Similarly, enhanced
healing activity has been attributed for the increased collagen
synthesis and angiogenesis 27 brocess. Collagen plays a vital role
in wound repair as it is a part of connective tissue and provides
structural basis for tissue regeneration #®. In addition, in the
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granulation phase, angiogenesis increases blood flow at the
injured site to supply nutrients and oxygen as they require for re-
epithelialization21 process, which in turn stimulates epithelial cell
proliferation in the healing process®®. To support this, various
reports demonstrated that CO treated have shown significant
increase of fibroblasts®'*""", synthesis of collagen and
neovascularization, leading to augmented wound tensile strength
and healing process''®'®*#' whereas, the proliferative phase
usually follows and overlaps with the inflammatory phase,
characterized by epithelial proliferation and migration across by
creating the temporary matrix/re-epithelialization in the wound.
Many studies have demonstrated that CO is known to involve in
the growth and proliferation of skin fibroblasts and other cells like
endothelial and epidermal keratinocytes?®>**®#' and this may
partly explain the beneficial therapeutic properties observed in the
wound healing process.

Figure 1. Image of Chromolaena odorata plant (Ref: 37)

Table 1: General Description of the plant (Ref: 86)

C. odorata Synonyms Distribution
Kingdom Plantae - Plants Eupatorium  odoratum In North
Sub Kingdom Tracheobionta - | L., America,
Vascular plants Eupatorium sabeanum | various parts
Super division | Spermatophyta Buckley, from  Florida
- Seed plants Eupatorium and Texas to
Divison Magnoliophyta - | Stigmatosum Meyen & | Mexico and
Flowering plants | Walp., the
Class Magnoliopsida — | Osmia conyzoides | Caribbean.
Dicotyledons (Vahl) Sch.-Bip., Also found in
Subclass Asteridae Osmia divergens | tropical Asia,
Order Asterales (Less.) Schultz-Bip., west  Africa,
Family Asteraceas — Osmia floribunda | and parts of
Aster family (Kunth) Schultz-Bip., Australia.
Osmia graciliflora (DC.)
(Sunflower .
family) Sch._Blp.,
Osmiaodorata (L.)
Genus Chromolaena Schultz-Bip. Eupatorium
DC. | affine Hook & Arn.
thoroughwort Eupatorium brachiatum
Wikstrom,
Eupatorium  clematitis
Eupatorium conyzoides
M. Vahl,
Eupatorium  divergens
Less.,
Eupatorium floribundum
Kunth,
Eupatorium gracilifiorum
DC.
CONCLUSION

In summary, wounds specifically foot ulceration is a devastating
condition that significantly compromises the affected persons
quality of life. Though interest in foot ulceration increased recently
but the current available therapeutics are not effective as they
have produced a meagre clinical outcome. This is explained by
inadequate information of the causal molecular mechanisms and

treatments. Hence the complexity of foot ulceration must be
addressed by implementing multidisciplinary methods, which
include the adaptation of herbal medicines through a rigorous
research method and appropriate methods, which should bring
together all the necessary knowledge to optimally manage every
aspect of foot ulcer complications. Since wound care is one of the
most significant areas in clinical medicine, which is clarified in
various traditional and folk medicine practices. Plants have
enormous potential for wound healing and traditional medicine
practioners around the world use plants to treat wounds and burns.
The natural substances derived from medicinal plants promote the
healing and regeneration of lost tissue through various
mechanisms as these phytomedicines are not only cheap and
affordable but also safe.

Herbal medicines play vital roles in the management of
many diseases including foot ulceration caused by various
microbial pathogens and radical species because they are nature's
gift not only for wound healing but also for affordable health care.
Identification and isolation of NPs offers enormous opportunities
for better therapeutic use in the treatment of human diseases,
microbial complications due to infections. This is crucial for the
drug discovery and development with the inclusion of higher quality
research, not only in the field of foot ulceration, but also on every
field in the basic research till the clinical trial with the careful
consideration of batch-to-batch reproducibility of topical botanicals
used in the clinic. Despite the limitations of the scale and scope of
the use of phytomedicines for the management of foot ulceration, it
is still promising and may certainly provide an exciting therapeutic
opportunity for wound healing. However, additional investigation
and extensive scientific verifications are highly required to confirm
the safety and efficacy of certain herbs, their mechanisms of
action.

Ethics approval and consent to participate: Not Applicable.
Competing interests: The authors declare that they have no
competing interests.

Funding: Not applicable.

Authors’ contributions: MAS inscribed a major part of the
manuscript contributed to the guiding and configuring of the
manuscript. EM and AIAA contributed to the writing of the
manuscript in various segments. All authors have read and
approved the manuscript.

REFERENCES

1. Eming SA, Martin P, Tomic-Canic M. Wound repair and regeneration:
mechanisms, signaling, and translation. Sci Trans| Med. 2014; 6(265): 265sr6.

2. Jones JD, Ramser HE, Woessner AE, Quinn KP. In vivo multiphoton microscopy

detects longitudinal metabolic changes associated with delayed skin wound
healing. Commun Biol 2018; 1:198.

3. Strodtbeck F. Physiology of wound healing, Newborn and Infant Nursing Reviews,
2002; 1 (1): 43-52.

4. WHO. Global Reports on Diabetes. World Health Organization, Geneva,
Switzerland. Available from: http://www.who.int.org Last accessed on 12/12/2018.

5. Wound Management, Forecast to 2021. Established and Emerging Products,
Technologies and Markets in the Americas, Europe, Asia/Pacific and Rest of
World', http://woundcare-today.com/news/world-at-glance/projected-global-wound
prevalence-by-wound-types: March 2013.

6. Menke NB, Ward KR, Witten TM, Bonchev DG, Diegelmann RF. Impaired wound
healing. Clin Dermatol. 2007; 25(1):19-25.

7. Krishnan P, The scientific study of herbal wound healing therapies: Current state
of play. Current Anaesthesia and Critical Care. 2006; 17 (2): 21-27.

8. Oliver TI, Mutluoglu M. Diabetic Foot Ulcer. [Updated 2023 Aug 8]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2023
https://www.ncbi.nlm.nih.gov/books/NBK537328/

9. Schultz GS, Chin GA, Moldawer L, Diegelmann.RF. Principles of Wound Healing.
In: Fitridge R, Thompson M, editors. Mechanisms of Vascular Disease: A
Reference Book for Vascular Specialists [Internet]. Adelaide (AU): University of
Adelaide Press; 2011. 23. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK534261/

10. Shrestha R, Krishan K, Ishaq H, Kanchan T Abrasion. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2023 Jan-. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK554465/

11. Newman RK, Mahdy H. Laceration. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2023 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK545166/

12. Herman TF, Bordoni B. Wound Classification. In: StatPearls [Internet]. Treasure
Island  (FL): StatPearls Publishing; 2023 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK554456/

PJMHS Vol. 18, No. 07, July 2024 7



Therapeutic Potential of Chromolaena Odorata

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Presterl E, Schahawi MD-E, Segagni Lusignani L, Paula H, Reilly JS. Puncture
wounds and needle-related injuries. In Presterl E, Schahawi MD-E, Reilly JS,
editors, Puncture wounds and needle-related injuries. Springer Nature. 2019; 151-
153.

Kuhajda |, Zarogoulidis K, Kougioumtzi |, Huang H, Li Q, Dryllis G, Kioumis |,
Pitsiou G, Machairiotis N, Katsikogiannis N, Papaiwannou A, Lampaki S, Zaric B,
Branislav P, Dervelegas K, Porpodis K, Zarogoulidis P. Penetrating trauma. J
Thorac Dis. 2014; 6(Suppl 4): S461-S465.

Goldman, C., Shaw, N., du Plessis, D., Myers, J., van der Merwe, A., Venkatesan,
K. Gunshot wounds to the penis and scrotum: a narrative review of management
in civilian and military settings. Transl Androl Urol. 2021; 10(6):2596-2608.

Ahmad Khan H, Kamal Y, Lone AU. Fishhook injury: removal by "push through
and cut off" technique: a case report and brief literature review. Trauma Mon.
2014; 19(2):e17728.

Curchod P, Clerc D, Jurt J. Hubner M, Hahnloser D, Demartines N, Grass F.
Closed-wound negative pressure therapy dressing after loop ostomy closure: a
retrospective comparative study. Sci Rep. 2022; 12: 7790 (2022).

Rajagopalan S. Crush Injuries and the Crush Syndrome. Med J Armed Forces
India. 2010; 66(4): 317-320.

Barnes MJ, Lomiwes D, Parry DAD, Mackintosh S. An experimental model of
contusion injury in humans. PLoS ONE. 2022; 17(11): e0277765.

Markiewicz GA, Koziot M, Tobiasz M, Baj J, Radzikowska BE, Przekora A. Burn
Wound Healing: Clinical Complications, Medical Care, Treatment, and Dressing
Types: The Current State of Knowledge for Clinical Practice. Int J Environ Res
Public Health. 2022; 19(3):1338.

Matsumine H. Treatment of skin avulsion injuries with basic fibroblast growth
factor. Plast Reconstr Surg Glob Open. 2015; 3(4):e371.

Noonan TJ, Garrett WE Jr. Muscle strain injury: diagnosis and treatment. J Am
Acad Orthop Surg. 1999; 7(4):262-269.

Francis N, Ong A, Suhaimi H, Abas PE. Patent Landscape Review on Ankle
Sprain Prevention Method: Technology Updates. Invention. 2023; 8(2):53.
Chowdhary TA, Lasker SS. Complications and cardiovascular risk factors in South
Asians and Europeans with early-onset type 2 diabetes. Q J Med 2002; 95:241-
246.

White RJ, Cooper R, Kingsley A. Wound colonization and infection: the role of
topical antimicrobials. Br J Nurs. 2001; 10(9):563-578.

Williams DT, Hilton JR, Harding KG. Diagnosing Foot Infection in Diabetes, Clin
Infect Dis. 2004; 39 (2): S83-S86.

Al-Hegami MA, Alghalibi SMS, Al-Mamari A. Microorganisms Responsible of
Diabetic Foot Infection in Taiz City, Yemen. Int J Curr Microbiol App Sci 2016;
5(7): 431-441.

Citron DM, Goldstein EJC, Merriam CV, Lipsky BA, Abramson MA. Bacteriology of
Moderate-to-Severe Diabetic Foot Infections and In Vitro Activity of Antimicrobial
Agents. J Clin Microbiol 2007; 45(9): 2819-2828.

Lauterbach S, Kostev K, Kohlmann T. Prevalence of diabetic foot syndrome and
its risk factors in the UK. J Wound Care. 2010; 19: 333-337.

Hicks CW, Shalini S, Mathioudakis N, Sherman RL, Hines KF, Black JK et al.
Burden of Infected Diabetic Foot Ulcers on Hospital Admissions and Costs. Ann
Vasc Surg. Author manuscript; available in PMC 2018 Jul 17. Published in final
edited form as: Ann Vasc Surg. 2016; 33: 149-158.

Labro MT. Interference of Antibacterial Agents with Phagocyte Functions:
Immunomodulation or Immuno-Fairy Tales? Clin Microbiol Rev 2000; 13(4):615-
650.

Moxey PW, Gogalniceanu P, Hinchliffe RJ, Loftus IM, Jones KJ, Thompson MM.
Lower extremity amputations-a review of global variability in incidence. Diabet
Med. 2011; 28:1144 -1153.

Katsilambros N, Dounis E, Makrilakis K, Tentolouris N, Tsapogas P. Atlas of the
diabetic foot. 2. Oxford: Wiley-Blackwell; 2010.

Frykberg RG, Wittmayer B, Zgonis T. Surgical management of diabetic foot
infections and osteomyelitis. Clin Podiatric Med Surg. 2007; 24 (3): 469-482.
Bader MS. Diabetic foot infection. Am Fam Physician. 2008; 78(1):71-79.

Guo S, DiPietro LA. Factors Affecting Wound Healing. J Dent Res. 2010; 89(3):
219-229.

Vijayaraghavan K, Rajkumar J, Seyed MA. Efficacy of Chromolaena odorata leaf
extracts for the healing of rat excision wounds. Veteri Med. 2017a; 62: 565-578.

Ali Seyed. A Comprehensive Review on Phyllanthus derived Natural products as
Potential Chemotherapeutic and Immunomodulators for a wide range of Human
Diseases. Biocat Agricul Biotechnol. 2019; 17. 10.1016/j.bcab.2019.01.008.
Avishai E, Yeghiazaryan K, Golubnitschaja O. Impaired wound healing: facts and
hypotheses for multi-professional considerations in predictive, preventive and
personalised medicine. EPMA J. 2017; 8(1):23-33.

Gosain A, DiPietro LA. Aging and wound healing. World J Surg 2004; 28(3):321-
326.

Mathieu D, Linke J-C, Wattel F. Non-healing wounds. In: Handbook on hyperbaric
medicine, Mathieu DE, editor. Netherlands: Springer, 2006; pp. 401-427
Barrientos S, Brem H, Stojadinovic O, Tomic-Canic M. Clinical application of
growth factors and cytokines in wound healing. Wound Repair Regen. 2014; 22(5):
569-578.

Lan CCE, Wu CS, Huang SM, Wu IH, Chen GS. High-Glucose Environment
Enhanced Oxidative Stress and Increased Interleukin-8 Secretion From
Keratinocytes: New Insights Into Impaired Diabetic Wound Healing. Diabetes.
2013; 62(7): 2530-2538.

Patil MD, Uma G, Fontaine JL, Meneghini L. Does Improving Glycemic Control
Accelerate Healing of Diabetic Foot Ulcers? Diabetes 2018; 67 (Supplement 1):
2218.

Xu J, Wu W, Zhang L, Dorsett-Martin W, Morris MW, Mitchell ME et al. The role of
microRNA-146a in the pathogenesis of the diabetic wound healing impairment:
Correction with mesenchymal stem cell treatment. Diabetes. 2012; 61(11):906-
2912.

Tam JAC, Lau KM, Liu CL, To MH, Kwok HF, Lai KK. The in vivo and in vitro
diabetic wound healing effects of a 2-herb formula and its mechanisms of action. J
Ethnopharmacol. 2011; 134(3): 831-838.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Caskey RC, Zgheib C, Morris M, Allukiahj M, Dorsett-Martin W, Xu J et al.
Dysregulation of collagen production in diabetes following recurrent skin
injury:Contribution to the development of chronic wound. Wound Repair Regen
2014; 22(4): 515-520.

Snyder RJ. Treatment of non-healing ulcers with allografts. Clin Dermatol. 2005;
23(4): 388-398.

Mangoni ML, McDermott AM, Zasloff M. Antimicrobial peptides and wound
healing: Biological and therapeutic considerations. Exp Dermatol. 2015; 15(1):167-
173.

Perez-Gutierrez RM, Vargas RS. Evaluation of the wound properties of Acalypha
langiana in diabetic rats. Fitoterapia. 2006; 77(4): 286-289.

Kim LE, Lee JH, Kim SH, Jung Y. Skin regeneration with self-assembled peptide
hydrogels conjugated with substance in a diabetic rat model. Tissue Eng. 2018; 24
(1-2):1-15.

Attah MO, Jacks TW, Jacob A, Eduitem O, John B. The effect of Aloe vera on
cutaneous wound healing and wound contraction rate in adult rabbits. Nova J Med
Biol Sci. 2016; 5(3):1-8.

Oso BJ, Abey N, Oyeleke MO, Olowookere B. Comparative study of the in vitro
antioxidant properties of methanolic extracts of Chromolaena odorata and
Ageratum conyzoides use in wound healings. Int Ann Sci. 2019; 6(1):8-12.

Haque MM, Rafig SS, Ahmed Q, Mostofa M. Treatment of external wounds by
using indigenous medicinal plants and patent drugs in guinea pigs. J Biol Sci
2003; 11(5):1126-1133.

Nayak S. Influence of ethanol extract of Vinca rosea on wound healing in diabetic
rats. Online J Biol Sci. 2006; 6(2):51-55.

Clark RAF. Cutaneous wound repair', In: Biochemistry and Physiology of the Skin.
Goldsmith LA, ed., Oxford University Press, London. 1991; 576-601.

Rerth P. Collective guidance of collective cell migration. Trend in Cell Biol.
2007; 17:575-579.

Udupa D, Kulkarni R, Udupa SL. Effect of Tridax procumbens extracts on wound
healing. Int J Pharmacol. 1995; 33:37-40.

Ghosh AK, Yuan W, Mori Y, Chen SJ, Varga J. Antagonistic regulation of type |
collagen gene expression by interferon-gamma and transforming growth factor-
beta. Integration at the level of p300/CBP transcriptional coactivators. J Biol
Chem. 2001; 276: 11041-11048.

Barreto RS, Albuquerque-Junior RL, Aratjo AA, Almeida JR, Santos MR, Barreto
AS, DeSantana JM, Siqueira-Lima PS, Quintans JS, Quintans-Junior LJ. 'A
systematic review of the wound-healing effects of monoterpenes and iridoid
derivatives. Molecule. 2014; 19:846-862.

Petrie NC, Yao F, Eriksson E. 'Gene therapy in wound healing. Surg Clin North
America. 2003; 83:597-616.

Attah MO, Jacks TW, Jacob A, Eduitem O, John B. The effect of Aloe vera on
cutaneous wound healing and wound contraction rate in adult rabbits. Nova J Med
Biol Sci. 2016; 5(3):1-8.

Firdous SM, Sautya D. Medicinal plants with wound healing potential. Bangla J
Pharmacol. 2018; 13(1): 41-52.

Manisha M, Priyanjali D, Jayant L, Saroj G, Thomas PAD. Indian herbs and herbal
drugs used for the treatment of diabetes. J Clin Biochem Nutri. 2007; 40:163-167.
Ali-Seyed M, Vijayaraghavan K. Nutraceuticals for Wound Healing: A Special
Focus on Chromolaena odorata as Guardian of Health with Broad Spectrum of
Biological Activities. In book: Nutraceut Veteri Med. 2019a; pp.541-562.
10.1007/978-3-030-04624-8_36.

Oguntibeju OO. Medicinal plants and their effects on diabetic wound healing.
Veteri World. 2019; 12(5): 653-663.

Barrett M. The Handbook of Clinically Tested Herbal Remedies, 1% edition, CBS
Publishers and Distributers, New Delhi, 2007, pp. 3-6.

Bnouham M, Ziyyat A, Mekhfi H, Tahri A, Legssyer A. Medicinal plants with
potential anti-diabetic activity- Areview of ten years of herbal research (1990-
2000). Int J Diabet Metabol. 2006; 14: 1-25.

Gondwe M, Okoro PK, Juta R. Effect of diabetes on kidney. Diabetes. 2008; 52:
283-291.

Boulton AJ, Vileikyte L, Ragnarson TG, Apelqvist J. The global burden of diabetic
foot disease. Lancet. 2005; 366: 1719-1724.

Lankatillake C, Huynh T, Daniel A. Understanding glycaemic control and current
approaches for screening antidiabetic natural products from evidence-based
medicinal plants. Plant Method. 2019; 15: 105.

Neyrinck AM, Alligier M, Memvanga PB, Névraumont E, Larondelle Y, Préat V,
Cani PD, Delzenne NM. Curcuma longa Extract Associated with White Pepper
Lessens High Fat Diet-Induced Inflammation in Subcutaneous Adipose Tissue.
PLoS One. 2013; 8(11): e81252.

Atanasov AG, Waltenberger B, Pferschy-Wenzig EM, Linder T, Pavel Uhrin CW,
Temml V, Wang L, Schwaiger S, Heiss EH, Rollinger JM, Schuster D, Breuss JM,
Bochkov V, Mihovilovic MD, Kopp B, Bauer R, Dirsch VM, Stuppner H. Discovery
and resupply of pharmacologically active plant-derived natural products: A review.
Biotechnol Adv. Author manuscript; available in PMC 2016 Feb 10. Published in
final edited form as: Biotechnol Adv. 2015; 33(8): 1582—-1614.

Yuan H, Ma Q, Ye L, Piao G. The Traditional Medicine and Modern Medicine from
Natural Products. Molecule. 2016; 21(5): 559.

Vijayaraghavan K. Rajkumar J, Seyed MA. Phytochemical screening, free radical
scavenging and antimicrobial potential of Chromolaena odorata leaf extracts
against pathogenic bacterium in wound infections— a multispectrum perspective.
Biocat Agri Biotech. 2018; 15: 103-112.

Oubre AY, Carlson TJ, King SR, Reaven GM. From plant to patient: an
ethnomedical approach to the identification of new drugs for the treatment of
NIDDM. Diabetologia. 1997; 40: 614-617.

Mader JK, Haas W, Aberer F, Boulgaropoulos B, Baumann P, Pandis M et al.
Patients with healed diabetic foot ulcer represent a cohort at highest risk for future
fatal events. Sci Rep. 2019; 9(1): 10325.

Mathivanan N, Surendiran G, Srinivasan K, Malarvizhi K. Morinda pubescens JE
Smith (Morinda tinctoria Roxb) fruit extract accelerates wound healing in rats. J
Med Food. 2006; 9: 591-593.

8 PJMHS Vol. 18, No. 07, July 2024



M. A. Seyed, M. Eldomei, A. |. Alalawy

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Moura-Letts G, Villegas LF, Marcalo A, Vaisberg AJ, Hammond GB. In vivo
wound-healing activity of oleanolic acid derived from the acid hydrolysis of
Anredera diffusa. J Nat Product. 2006; 69 (6): 978-979.

Maenthaisong R, Chaiyakunapruk N, Niruntraporn S, Kongkaew C. The efficacy of
Aloe vera used for burn wound healing: A systematic review. Burns. 2007; 33:713-
718.

Manjunatha BK, Vidya SM, Krishna V, Mankani KL, Singh SD, Manohara YN.
Comparative evaluation of wound healing potency of Vitex trifolia L and Vitex
altissima L. Phytother Res. 2007; 21: 457-461.

Upadhyay A, Chattopadhyay P, Goyary D, Mitra Mazumder P, Veer V. Ixora
coccinea enhances cutaneous wound healing by upregulating the expression of
collagen and basic fibroblast growth factor', ISRN Pharmacology. 2014; 2014.
Article ID 751824, 9 pages http://dx.doi.org/10.1155/2014/751824

King RM, Robinson H. Studies in the Eupatoriae (Compositae). The Genus
Chromolaena. Phytologia. 1970; 20: 196-209.

GISD, 'Global Invasive Species Database online data sheet. Chromolaena odorata
(herb)' 2006, http://www.iucngisd.org/gisd/species.php?sc=47

Heywood VH, Harborne JB, Turner BL. Biology and Chemistry of the Compositae'.
Vol. 1. Academic Press, London: 1977.

Chakraborty AK, Sujit R, Umesh KP. Chromolaena odorata', An Overview, J
Pharmaceut Res. 2011; 43:573-576.

Ragupathy S, Steven NG, Maruthakkutti M, Velusamy B, Ul-Huda MM. Consensus
of the ‘Malasars’ traditional aboriginal knowledge of medicinal plants in the
Velliangiri Holy Hills. Ind J Ethnobiol Ethnomed. 2008; 4: 8.

Dawn TA, Jialin W, Zhihong J, Hubiao C, Guanghua L, Zhongzhen Z.
Ethnobotanical study of medicinal plants used by Hakka in Guangdong, China. J
Ethnopharmacol. 2008; 117: 41-50.

Dzobo K. The Role of Natural Products as Sources of Therapeutic Agents for
Innovative Drug Discovery. Comprehen Pharmacol. 2022; 2: 408-422.

Chaudhari M, Mengi S. Evaluation of phytoconstituents of Terminalia arjuna for
wound healing activity in rat. Phytother Res. 2006; 20 (9): 799-805.

Sumitra M, Manikandan P, Suguna L. Efficacy of Butea monosperma on dermal
wound healing in rats. J Biochem Cell Biol, 2005; 37: 566@573.

Karodi M, Jadhav R, Rub, Bafna A. Evaluation of the wound healing activity of a
crude extract of Rubia cordifolia L. (Indian madder) in mice. Int J Appl Res in Nat
Prod. 2009: 2(2):12-18.

Afolabi C, Akinmoladun EO, Dan-Ologe IA. Phytochemical constituents and
antioxidant properties of extracts from the leaves of Chromolaena odorata.
Scientific Research Essays. 2007; 2 (6):191-194.

Zhang ML, Irwin D, Li XN, Sauriol F, Shi XW, Wang YF, Huo CH, Li LG, Gu YC,
Shi QW. PPARYy agonist from Chromolaena odorata. J Nat Prod. 2012; 75:2076-
2081.

Heiss EH, Tran TV, Zimmermann K, Schwaiger S, Vouk C, Mayerhofer B,
Malainer C, Atanasov AG. Stuppner H, Dirsch VM. Identification of chromomoric
acid C-l as an Nrf2 activator in Chromolaena odorata. J Nat Prod. 2014; 77: 503-
508.

Suksamram A, Chotipong A, Tananit S, Boongird S, Timsuksai P, Vimuttipong S,
Chuaynugul A. Antimycobacterial Activity and Cytotoxicity of Flavonoids from the
Flowers of Chromolaena odorata. Arch. Pharm. Pres. 2004; 27:507-511.
Akinmoladun AC, Ibukun EO, Dan Ologe IA. Phytochemical constituents and
antioxidant properties of extracts from the leaves of Chromolaena odorata. Sci
Res Essay. 2007; 2: 191-194.

Iwu MM. Handbook of African Medicinal Plants. CRC Press, London, 1993; 183-
184.

Badoe EA, Archampong EO, da Rocha-Afodu JT. Principles and Practice of
Surgery: Including Pathology in the Tropics 3rd Edition', Ghana Publishing
Corporation; Accra, Ghana. 2000; 53-64.

Donovan RM. Skin Treatment Based on the Use of Chromolaena odorata. 2007.
http://www.freepatentsonline.com/EP1367988.html.

Phan TT, Wang L, See P, Grayer RJ, Chan SY, Lee ST. Phenolic compounds of
Chromolaena odorata protect cultured skin cells from oxidative damage:
Implication for cutaneous wound healing. Biol Pharmaceut Bull. 2001a; 24: 1373-
1379.

Pisutthanan N, Liawruangrath S, Bremner J, Liawruangrath B: Chemical
constituents and biological activities of Chromolaena odorata. J Sci Fac Chiang
Mai Univ. 2005; 32: 139 -148.

Ling SK, Mazura MP, Khoo MGH, Virmala S, Ong BK, Mastura M, Nor Azah MA,
Salbiah M, Siti Asha ABL and Rasadah MA. Chemical constituents and
therapeutic potential of the leaf extracts from Chromolaena odorata. In: Nik
Zanariah NM, Norhara H, Nor Azman H, Chan HT (eds): Highlights of FRIM’'s
IRPA Projects 2005. Identifying Potential Commercial Collaborations Project
Evaluation Meeting. Forest Research Institute Malaysia, Malaysia. 2005; 108-114.
Ling SK, Nor Azach MA, Mastura M, Khoo MGH, Saidatul Husni S, Salbiah M,
Abdul Rashih A, Mazura MP, Vimala S, Ong BK, Siti Asha AB. Chemical
constituents’ potential of the leaf extract of Chromolaena odorota (L.) King and
Robinson. 2007; Forest Research Institute Malaysia (FRIM). 51209, Kepong,
Selengor Daral eshan.

Okwu, DE. Phytochemical and vitamin content of indigenous spices of
Southeastern Nigeria. J Sustain Agricul Environ. 2004: 6: 30-34.

Thabrew MI, Hughes RD, McFarlane IG. Antioxidant activity of Osbeckia aspera.
Phytother Res. 1998; 12: 288-290.

Sirinthipaporn A, Jiraungkoorskul W. Wound Healing Property Review of Siam
Weed, Chromolaena odorata. Pharmacog Rev. 2017; 11(21): 35-38.

Evans WC. Pharmacognosy, 16th edition. Saunders Elsevier, Edinburgh, 2009: 3-
4.

Wound Management, Forecast to 2021. Established and Emerging Products,
Technologies and Markets in the Americas, Europe, Asia/Pacific and Rest of
World, http://woundcare-today.com/news/world-at-glance/projected-global-wound-
prevalence-by-wound-types.2013.

Morgan C, Nigam Y. Naturally derived factors and their role in the promotion of
angiogenesis for the healing of chronic wounds. Angiogen. 2013; 16: 493-502.

111,

112.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Majumder P. Taxo-cognostic, Phyto-physicochemical and Biological screening of a
plant: Taxo-cognostic, Phytochemical, Physicochemical parameters and Biological
screening of Zyziphus oenoplia (L.) Mill plant root. LAP Lambert Academic
Publishing. 2012.

Kameshwaran S, Senthilkumar R, Thenmozhi S, Dhanalakshmi M. 'Wound
Healing Potential of Ethanolic Extract of Tecoma stans Flowers in Rats.
Pharmacologia. 2014; 5 (6): 215-221.

Joshi A, Sengar N, Prasad SK, Goel RK, Singh A, Hemalatha S. Wound-healing
potential of the root extract of Albizzia lebbeck’, Planta Medica. 2013; 79 (9):737-
743.

Manju RS, Shailendra S, Vyas A, Vishal J, Deependra S. Innovative approaches in
wound healing: trajectory and advances. Artificial Cells. Nanomed Biotechnol.
2013; 41: 202-212.

Hanh TT, Hang DT, Van Minh C, Dat NT. Anti-inflammatory effects of fatty acids
isolated from Chromolaena odorata. Asian Pac J Trop Med. 2011; 4:760-763.
Taleb-Contini SH, Kanashiro A, Kabeya LM, Polizello AC, Lucisano-Valim YM,
Oliveira DC. Immunomodulatory effects of methoxylated flavonoids from two
Chromolaena species: structure-activity relationships. Phytother Res. 2006;
20:573-575.

Harun FB, Syed Sahil Jamalullail SM, Yin KB, Othman Z, Tilwari A, Balaram P.
Autophagic cell death is induced by acetone and ethyl acetate extracts from
Eupatorium odoratum in vitro: effects on MCF-7 and vero cell lines. Sci World J.
2012; 439-479.

Kouamé PB, Jacques C, Bedi G, Silvestre V, Loquet D, Barillé-Nion S, Robins RJ,
Tea |. Phytochemicals isolated from leaves of Chromolaena odorata: impact on
viability and clonogenicity of cancer cell lines. Phytother Res. 2013; 27: 835-840.
Vaisakh MN, Pandey A. The invasive weed with healing properties: A review on
chromolaena odorata. Int J Pharmaceutical Sci Res. 2013; 3: 80-83.

Wang L, Waltenberger B, Pferschy-Wenzig EM, Blunder M, Liu X, Malainer C,
Blazevic T, Schwaiger S, Rollinger, JM, Heiss EH, Schuster D, Kopp B, Bauer R,
Stuppner H, Dirsch VM, Atanasov AG. Natural product agonists of peroxisome
proliferator-activated receptor gamma (PPARYy): a review. Biochem Pharmacol.
2014; 92: 73-89.

Ayyanar M. Ignacimuthu S. Ethnomedicinal plants used by the tribals of Tirunelveli
hills to treat poisonous bites and skin diseases. Ind J Trad Knowled. 2005; 4: 229—
236.

Raina R, Prawez S, Verma PK, Pankaj NK. Medicinal plants and their role in
wound healing. Outline Veteri J. 2008; 3:1-7.

Bodeker G, Ryan TJ, Ong CK. Traditional Approaches to Wound Healing. Clinics.
Dermatol. 1999; 17: 93-98.

Burford G, Bodeker G, Ryan TJ. Skin and wound care: traditional, complementary
and alternative medicine in public health dermatology. In: Bodeker G, Burford G.
Traditional, Complementary & Alternative Medicine: Policy and Public Health
Perspectives, Imperial College Press, London, 2007.

Okuno Y, NakamuraBIshizu A, Kishi K, Suda T, Kubota Y. Bone marrowBderived
cells serves as proangiogenic macrophages but no endothelial cells in wound
healing, Blood. 117: 526415272

Saleem M, Aftab A. Tephrosia purpurea ameliorates benzoyl peroxide induced
cutaneous toxicity in mice: Diminution of oxidative stress. Pharm Pharmacol
Commun. 1999; 5:455(1461.

Lewis DA, Hanson PJ. Antiulcer drugs of plant origin. Program in Medical Chem.
1991; 8: 210@2229.

Srinivasa Rao K, Chaudhury PK, Pradhan A. Evaluation of anti@oxidant activities
and total phenolic content of Chromolaena odorata. Food Chem Toxicol. 2010;
48:729-732.

Yoshimoto H, Ishihara H, Ohtsuru A, Akino, K, Murakami, R, Kurodah, Nambah,
Ito M, Fujii T, Yamashita S, Overexpression of insulin like growth factor-1 (IGF-I)
receptor and the invasiveness of cultured keloid fibroblasts. Amer J Patholol.
1999; 154(3): 883-889.

Martin A. The use of antioxidants in healing', Dermatol Surg. 1996; 22: 156@160.
Ukwueze SE, Duru O, Shorinwa O. Evaluation of the cutaneous wound healing
activity of solvent fractions of Chromolaena odorata linn. IAJPR. 2013; 3:
331623323.

Hotez PJ, Molyneux DH, Fenwick A, Kumaresan J, Sachs SE, Sachs JD, Savioli
L. Control of neglected tropical diseases. The New Eng J Med. 2007; 357: 1018-
1027.

Morens DM, Folkers GK, Fauci AS. The challenge of emerging and re-emerging
infectious diseases. Nature. 2004; 430: 242-249.

Bandow JE, Brotz H, Leichert Lio, Labischinski H, Hecker M. 'Proteomic approach
to understanding antibiotic action. Antimicrobial Agent Chemother. 2003; 47: 948-
955.

Wenzel RP, Edmond MB. Managing antibiotic resistance'. The New Eng J Med.
2000; 343: 1961-1963.

Veerapur VP, Palkar MB Srinivasa H, Kumar MS, Patra S, Rao PGM, Srinivasan,
KK. The effect of ethanol extract of Wrightia tinctoria bark on wound healing in
rats. J Nat Remed. 2004; 4 (2): 155-159.

Houghton P, Hylands P, Mensah A, Hensel A, Deters A. In vitro tests
andethnopharmacological investigations, Wound healing as an example. J
Ethnopharmacol. 2005; 100: 100-107.

Nimer NA. Nosocomial Infection and Antibiotic-Resistant Threat in the Middle
East. Infect Drug Resist. 2022; 15:631-639.

Ahoyo TA, Bankolé HS, Adéoti FM, Gbohoun AA, Assavédo S, Amoussou
Guénou M, Pittet D. Prevalence of nosocomial infections and anti-infective therapy
in Benin: results of the first nationwide survey in 2012. Antimicrob Res Infect Cont.
2014; 3: 2-6.

Chang HH, Cohen T, Yonatan HG, William PH, Thomas F, O'Brien, Marc L. Origin
and Proliferation of Multiple-Drug Resistance in Bacterial Pathogens. Microbiol Mol
Biol Rev. 2015; 79: 101-116.

Bottone EJ. Bacillus cereus, a Volatile Human Pathogen. Clin Microbiol Rev. 2010;
23: 382-398.

Kigigha LT, Zige DV. Activity of Chromolaena odorata on enteric and superficial
etiologicbacterial agents. Amer J Res Commun. 2013; 1: 266-276.

PJMHS Vol. 18, No. 07, July 2024 9



Therapeutic Potential of Chromolaena Odorata

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

1563.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Stanley MC, Ifeanyi OE, Nwakaego CC, Esther 10: Antimicrobial effects of
Chromolaena odorata on some human pathogens. Int J Curr Microbiol Appl Sci.
2014; 3: 1006 -1012.

Yahya MFZR, Ibrahim MSA, Zawaw, WHAWM, Hamid UMA.Biofilm killing effects
of Chromolaena odorata extracts against Pseudomonas aeruginosa. Res J
Phytochem. 2014; 8: 64-73.

Alisi CS, Onyeze GOC, Ojiako OA, Osuagwu CG. Evaluation of the protective
potential of Chromolaena odorata Linn. extract on carbon tetrachloride-induced
oxidative liver damage. Int J Biochem Res Rev. 2011; 1: 69-81.

Vital PG, Rivera WL. Antimicrobial activity and cytotoxicity of Chromolaena
odorata (L. f.) King and Robinson and Uncaria perrottetii (A. Rich) Merr. extracts. J
Med Plants Res. 2009; 3: 511-518.

Akujobi C, Anyanwu BN, Onyeze C, Ibekwe VI. Antibacterial Activities and
Preliminary Phytochemical Screening of Four Medicinal Plants. J Appl Sci. 2004;
7(3):

4328-4338.

Akinpelu DA, Kolawole DO. Phytochemical and antimicrobial activity of leaf extract
of Piliostigma thonningii (Schum) Sci Focus J. 2004; 7: 64-70.

Janarthanam B, Sumathi E. Antimicrobial activity of Gymnema sylvestre leaf and
callus extracts. J Trop Med Plant. 2010; 11(2):143-147.

Atindehou M, Lagnika L, Guérold B, Strub JM, Zhao M, Dorsselaer AV, Metz
Boutigue, MH. Isolation and identification of two antibacterial agents from
Chromolaena odorata L. activity against four diarrheal strains. Adv Microbiol.
2013; 3: 115-121.

Anyasor GN, Aina DA, Olushola M, Aniyikaye AF. Phytochemical constituent,
proximate analysis, antioxidant, antibacterial and wound healing properties of leaf
extracts of Chromolaena odorata. Annal Biol Res. 2011; 2: 441-451.

Sukanya SL, Sudisha J, Prakash HS, Fathima SK. Isolation and characterization
of antimicrobial compound from Chromolaena odorata. J Phytol. 2011; 3: 26-32.
Cheesbrough M. District Laboratory Practice in Tropical countries Part 2, 2nd
Edition. Cambridge University Press; Cambridge, Great Britain. 2006; pp. 80.
Triratana T, Suwannuraks R, Naengchomnong W. Effect of Eupatorium odoratum
on blood coagulation. J Med Assoc Thailand. 1991; 74 283-287.

Bamba D, Bessiére JM, Marion C, Pélissier, Y, Fourasté |. Essential Oil of
Eupatorium odoratum. Planta Med. 1993; 59: 184-185.

Britto JD, Sebastian SD: Biosynthesis of silver nanoparticles and its antibacterial
activity against human. Int J Phar Pharmasci. 2011; 5: 257-259.

Ruchi T, Kumaragurubaran K, Rajneesh R, Yashpal SM, Kuldeep D, Sunil KJ:
Quorum Sensing Inhibitors/antagonists Countering Food Spoilage Bacteria-need
Molecular and Pharmaceutical Intervention for Protecting Current Issues of Food
Safety. Int J Pharmacol. 2016; 12: 262-271.

Lavanya G, Brahmaprakash GP. Phytochemical screening and antimicrobial
activity of compounds from selected medicinal and aromatic plants. Int J Sci
Nature. 2011; 2: 287-291.

Chung KT, Wong TY, Wei Cl, Huang YW, Lin Y. Tannins and human health: A
review. Crit Rev Food Sci Nutr. 1998; 38: 421- 464.

Vijayaraghavan K, Rajkumar J, Bukhari SN, Al-Sayed B, Seyed MA. Chromolaena
odorata: A neglected weed with a wide spectrum of pharmacological activities
(Review). Mol Med Rep. 2017b; 15: 1007-1016.

Doss A, Mubarak M, Dhanabalan R. Antibacterial Activity of Tannins from the
leaves of Solanum trilobatum Linn. Ind J Sci Tech. 2009; 2: 41-43.

Nicolaus C, Junghanns S, Hartmann A, Murillo R, Ganzera M, Merfort I. In vitro
studies to evaluate the wound healing properties of Calendula officinalis extracts. J
Ethnopharmacol. 2017; 196: 94-103.

Mirmalek S, Parsa T, Parsa Y, Yadollah-Damavandi S, Salimi-Tabatabaee S,
Jangholi E, Hosseini S, Ashkani-Esfahani S, Abooghadareh H, Haghighifard E.
The wound healing effect of Iris forentina on full thickness excisional skin wounds:
A histomorphometrical study. Bangla J Pharmacol. 2016; 11: 86-90.

Shen HM, Chen C, Jiang JY, Zheng YL, Cai WF, Wang B, Ling Z, Tang L, Wang
YH, Shi GG. The N-butyl alcohol extract from Hibiscus rosa-sinensis L. flowers
enhances healing potential on rat excisional wounds. J Ethnopharmacol. 2017;
198: 291-301.

Carmeliet P. VEGF as a key mediator of angiogenesis in cancer. Oncol. 2005; 69
Suppl 3:4-10.

Shibuya M. Vascular Endothelial Growth Factor (VEGF) and lts Receptor
(VEGFR) Signaling in Angiogenesis: A Crucial Target for Anti- and Pro-Angiogenic
Therapies. Genes Cancer. 2011; 2(12):1097-1105.

Johnson KE, Wilgus TA. Vascular Endothelial Growth Factor and Angiogenesis in
the Regulation of Cutaneous Wound Repair. Adv Wound Care (New Rochelle).
2014: 3(10):647-661.

Stallmeyer B, Pfeilschifter J, Frank S. Systemically and topically supplemented
leptin fails to reconstitute a normal angiogenic response during skin repair in
diabetic ob/ob mice. Diabetologia. 2001; 44: 471-479.

Klass BR, Grobbelaar AO, Rolfe KJ. Transforming growth factor beta 1 signalling,
wound healing and epiair: A multifunctional cytokine with clinical implications for
wound repair, a delicate balance. Postgrad Med J. 2009; 85: 9-14.

Baba AB, Rah B, Bhat GR, Mushtaq |, Parveen S, Hassan R, Hameed Zargar M,
Afroze D. Transforming Growth Factor-Beta (TGF-B) Signaling in Cancer-A
Betrayal Within. Front Pharmacol. 2022; 13:791272.

Behm B, Babilas P, Landthaler M, Schreml S. Cytokines, chemokines and growth
factors in wound healing. J Euro Acad Dermatol Venereol. 2012; 26: 812-820.
Vanhaesebroeck B. Charging the batteries to heal wounds through PI3K. Nat
Chem Biol. 2006; 2: 453-455.

Zhao M, Song B, Pu J, Wada T, Reid B, Tai G, Wang F, Guo A, Walczysko P, Gu
Y, Sasaki T, Suzuki A, Forrester JV, Bourne HR, Devreotes PN, McCaig CD,
Penninger, JM. Electrical signals control wound healing through
phosphatidylinositol-3-OH kinase-gamma and PTEN. Nature. 2006; 442: 457-460.
Dinda M, Dasgupta U, Singh N, Bhattacharyya D, Karmakar P. PI3K-Mediated
proliferation of fibroblasts by Calendula officinalis tincture: Implication in wound
healing. Phytother Res. 2015; 29: 607-616.

Kim YM, Namkoong S, Yun YG, Hong HD, Lee YC, Ha KS, Lee H, Kwon HJ,
Kwon YG, Kim YM. Water extract of Korean red ginseng stimulates angiogenesis

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

by activating the PI3K/Akt dependent ERK1/2 and eNOS pathways in human
umbilical vein endothelial cells. Biol Pharm Bull. 2007; 30: 1674-1679.

Waullaert A, Bonnet MC, Pasparakis M. NF-kB in the regulation of epithelial
homeostasis and inflammation. Cell Res. 2011; 21: 146-158.

Lawrence T. The nuclear factor NF-kappaB pathway in inflammation. Cold Spring
Harb Perspect Biol. 2009; 1(6):a001651.

Schuliga M. NF-kappaB. Signaling in Chronic Inflammatory Airway Disease.
Biomolecule. 2015; 5(3):1266-1283.

Liu T, Zhang L, Joo D, Sun SC. NF-kB signaling in inflammation. Sig Transduct
Target Ther. 2017; 2: 17023.

Tak PP, Firestein GS. NF-kappaB: a key role in inflammatory diseases. J Clin
Invest. 2001; 107(1):7-11.

Thangapazham RL, Sharad S, Maheshwari RK. Phytochemicals in Wound
Healing. Adv Wound Care (New Rochelle). 2016; 5(5):230-241.

Pang KL, Vijayaraghavan K, Al Sayed B, Seyed MA. Betulinic acid@induced
expression of nicotinamide adenine dinucleotide phosphateBdiaphorase in the
immune organs of mice: A possible role of nitric oxide in immunomodulation. Mol
Med Rep. 2018; 17 (2): 3035-3041. doi: 10.3892/mmr.2017.8262. Epub 2017 Dec
12. PMID: 29257292

Witte MB, Barbul A. Role of nitric oxide in wound repair', Amer J Surg. 2002; 183:
406-412.

Frank S, Madlener M, Pfeilschifter J, Werner S. Induction of inducible nitric oxide
synthase and its corresponding tetrahydrobiopterin-cofactor-synthesizing enzyme
GTPcyclohydrolase | during cutaneous wound repair. J Investig Dermat. 1998;
111: 1058-1064.

Pereira LDP, Mario RLM, Brizeno LAC, Nogueira FC, Ferreira EGM, Pereira MG,
Assreuy AM. Modulator effect of a polysaccharide-rich extract from Caesalpinia
ferrea stem barks in rat cutaneous wound healing: Role of TNF-a, IL-18, NO, TGF-
B', J Ethnopharmacol. 2016; 187: 213-223.

Guo F, Zheng Y. Involvement of Rho family GTPases in p19Arf- and p53-mediated
proliferation of primary mouse embryonic fibroblasts. Mol Cell Biol. 2004;
24(3):1426-1438.

D'Souza KM, Malhotra R, Philip JL, Staron ML, Theccanat T, Jeevanandam V,
Akhter SA. G protein-coupled receptor kinase-2 is a novel regulator of collagen
synthesis in adult human cardiac fibroblasts. J Biol Chem. 2011; 286: 15507-
15516.

Yoshizaki H, Ohba Y, Parrini MC, Dulyaninova NG, Bresnick AR, Mochizuki N,
Matsuda M. Cell type-specific regulation of RhoA activity during cytokinesis. J Biol
Chem. 2004; 279: 44756-44762.

Molist EC, Samain R, Kohlhammer L, Orgaz JL, George SL, Maiques O, Barcelo
J, Moreno VS. Rho GTPase signaling in cancer progression and dissemination.
Physiol Review. 2022; 102 (1): 455-510.

Mikhal'chik EV, Anurov MV, Titkova SM. Activity of antioxidant enzymes in the skin
during surgical wounds. Bull Exp Biol Med. 2006; 142: 667-669.

Song HS, Park TW, Sohn UD, Shin YK, Choi BC, Kim CJ, Sim SS. The effect of
caffeic acid on wound healing in skinincised mice. Korean J Physiol Pharmacol.
2008; 12: 343-347.

Pawar RS, Khan SI, Khan IA. Glycosides of 20-deoxy derivatives of jujubogenin
and pseudojujubogenin from Bacopa monniera. Planta Medica. 2007; 73: 380-383.
Joshi A, Joshi VK, Pandey D, Hemalatha S. Systematic investigation of ethanolic
extract from Leea macrophylla: Implications in wound healing', J Ethnopharmacol.
2016; 191: 95-106.

Reddy SJ, Rao PR, Reddy MS. Wound healing effects of Heliotropium indicum,
Plumbago zeylanicum and Acalypha indica in rats. J Ethnopharmacol. 2002; 79:
249-251.

Nguyen DT, Orgrill DP. Murphy GF. The pathophysiologic basis for wound healing
and cutaneous regeneration in Biomaterials for Threating Skin Loss, D. Orgill and
G. Blanco. 2009; 22-57.

Vezza R. Mezzasoma AM, Venditti G, Gresele P. Prostaglandin endoperoxides
and thromboxane A2 activate the same receptor isoforms in human platelets.
Thrombosis Haemostasis. 2002; 87: 114-121.

Aso Y. Plasminogen activator inhibitor (PAl)-1 in vascular inflammation and
thrombosis. Front Biosci. 2007; 122957-2966.

Fialkow L, Wang Ya., Downey GP. Reactive oxygen and nitrogen species as
signaling molecules regulating neutrophil function. Free Radical Biol Med. 2007;
42: 153-164.

Dutra FF, Bozza MT. Heme on innate immunity and inflammation. Front
Pharmacol. 2014; 5:115.

Ryter SW. Heme Oxygenase-1: An Anti-Inflammatory Effector in Cardiovascular,
Lung, and Related Metabolic Disorders. Antioxidants (Basel). 2022; 11(3):555.
Wagener FADTG, van Beurden HE, von den Hoff JW, Adema GJ, Figdor CG. The
heme-heme oxygenase system: a molecular switch in wound healing. Blood.
2003; 102: 5210-528.

Stamenkovic |. Extracellular matrix remodelling: the role of
metalloproteinases. The J Pathol. 2003; 200: 448-464.

Hirose Y, Chiba K, Karasugi T, Nakajima M, Kawaguchi Y, Mikami Y, Furuichi T,
Mio F, Miyake A, Miyamoto T, Ozaki K, Takahashi A, Mizuta H, Kubo T,
Kimura T, Tanaka T, Toyama Y, lkegawa S. A functional polymorphism in THBS2
that affects alternative splicing and MMP binding is associated with lumbar-disc
herniation. Am J Human Genetic. 2002; 82:1122-1129.

Wongkrajang Y, Thongpraditchote, S, Nakornchai S, Chuakul W, Muangklum K,
Jaiaraj P. Hemostatic activities of Eupatorium odoratum Linn: calcium removal
extract. Mahidol Univ J Pharmaceut Sci. 1994; 21:143-148.

Phan TT, Allen J, Hughes MA, Cherry G, Wojnarowska F. Upregulation of
adhesion complex proteins and fibronectin by human keratinocytes treated with an
aqueous extract from the leaves of Chromolaena odorata (Eupolin). Eur J
Dermatol. 2000; 10(7):522.

Phan TT, Wang, L, See P, Grayer RJ, Chan SY, Lee ST. Phenolic compounds of
Chromolaen odorata protect cultured skin cells from oxidative damage: implication
for cutaneous wound healing. Biol Pharm Bull. 2001a; 24:1373-1379.

Gabay O, Sanchez C, Salvat C, Chevy F, Breton M, Nourissat G, Wolf Jacques C,
Berenbaum F. Stigmasterol: a phytosterol with potential anti-osteoarthritic
properties. Osteoarthritis and Cartilage. 2010; 18: 106-116.

matrix

10

PJMHS Vol. 18, No. 07, July 2024



M. A. Seyed, M. Eldomei, A. |. Alalawy

209.

210.

211.

212.

213.

214.

215.

Parimala DB, Tamilchelvan N, Ramasubramaniaraja R. Inflammation and
medicinal plants-an ethnomedical approach. J Phytol. 2010; 2: 49-56.

Baboir BM. Oxygen dependent microbial killing by phagocytes (first of two parts).
New Eng J Med. 1978; 29: 629-668.

Griendling KK. NADPH oxidase: role in cardiovascular biology and diseases.
Circulation Res. 2000; 86: 494-501.

Thiem B, Grosslinka O. Antimicrobial activity of Rubus chamaemorus leaves.
Fitoterapia. 2003; 75: 93-95.

Kim JH, Kim DH, Baek SH, Lee HJ, Kim MR, Kwon HJ, Lee CH. Rengyolone
inhibits inducible nitric oxide synthase expression and nitric oxide production by
down-regulation of NF-kB and p38 MAP kinase activity in LPS stimulated RAW
264.7 cells. Biochem Pharmacol, 2006; 71: 1198-1205.

Park JW, Kwon OK, Jang H, Jeong H, Oh SR, Lee HK, Han SB, Ahn KS. A leaf
methanolic extract of Wercklea insignis attenuates the lipopolysaccharide-induced
inflammatory response by blocking the NF-kB signaling pathway in RAW 264.7
macrophages. Inflammation. 2012; 35: 321-331.

Dat NT, Lee K, Hong YS, Kim YH, Minh CV, Lee JJ. A peroxisome proliferator-
activated receptor-gamma agonist and other constituents from Chromolaena
odorata. Planta Med. 2009; 75: 803-807.

216.

217.

218.

219.

220.

221.

222.

Singer AJ, Clark RA. Cutaneous wound healing. N Engl J Med. 1999; 341: 738-
746.

Csupor D, Blazso G, Balogh A, Hohmann J. The traditional Hungarian medicinal
plant Centaurea sadleriana Janka accelerates wound healing in rats. J
Ethnopharmacol. 2010; 127: 193-195.

Shukla A, Rasik AM, Dhawan BN. Asiaticoside-induced elevation of antioxidant
levels in healing wounds. Phytother Res.1999; 13: 50-54.

Szabo S, Kusstatscher S, Sakoulas G, Sandor Z, Vincze A, Jadus M. Growth
factors: New endogeneous drug for ulcer healing. Scandinavian J Gastroenterol.
1995; 210: 15-18.

Buntrock P, Jentzsch KD, Heder G. Stimulation of wound healing. Using brain
extract with fibroblast growth factor (FGF) activity. Il. Histological and
morphometric examination of cells and capillaries. Exp Path. 1982; 21: 62-67.
Aliyeva E, Umur S, Zafer E, Acigoz G. The effect of polylactide membranes on the
levels of reactive oxygen species in periodontal flaps during wound healing.
Biomaterial. 2004; 25: 4633-4637.

Phan, TT, Hughes MA, Cherry GW. Effects of an aqueous extract from the leaves
of Chromolaena odorata (Eupolin) on the proliferation of human keratinocytes and
on their migration in an in vitro model of reepithelialization. Wound.Repair. Regen.
2001b, 9: 305-313.

This article may be cited as: Syed MA, Eldomei M, Alalawy Al: A Comprehensive Review on The Therapeutic Potential of Chromolaena Odorata for the
Management of Foot Ulceration and Chronic Wounds Pak J Med Health Sci, 2024;18(7):3-11.

PJMHS Vol. 18, No. 07, July 2024 11



