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Chromolaena odorata is a perennial shrub that grows abundantly in Asia and sub-Saharan Africa, where it has
been used in the treatment of many ailments and disease conditions such as diabetes, malaria, wounds,
inflammation and fever. Several studies have investigated the different biological activities of C. odorata
intending to validate its purported medicinal property and identify chemical components of the plants
responsible for such properties. Despite the studies carried out on the plant, there is still a dearth of knowl-
edge regarding the mechanism by which C. odorata constituents bring about the different biological activity
of the plant. The present review collated scientific reports on the antidiabetic, anticancer, anti-inflammatory,
antimicrobial, antiparasitic, antinociceptive, antipyretic and wound healing activities of C. odorata from Sco-
pus, PubMed, Google Scholar and Web of Science database. Interestingly, findings from these reports suggest
that C. odorata contains bioactive compounds such as flavonoids, fatty acids, saponins, and alkaloids, which
can act singly or synergistically to mediate different biological properties. Moreover, the bioactive com-
pounds act by modulating critical proteins of signalling pathways involved in the different health conditions.
The current review discusses the critical aspect of C. odorata biological activity, the likely mechanism
involved and possible roadmap for better outcomes in future research. Collectively, the mechanisms covered
in this article reveal biochemical pathways that may provide insight into potential targets that could be
explored in disease management.

© 2021 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Chromolaena odorata (L.) R.M. King & H. Rob. is a perennial shrub
of the Asteraceae plant family. It has different common names: Siam
weed, triffid weed, communist weed, devil weed, bitter bush, French
weed, and Siam marijuana (Ajay et al., 2021; Bamikole et al., 2004;
Ngozi et al., 2009). Chromolaena odorata or Eupatorium odoratum is
an invasive weed native to tropical and subtropical Americas
(Scott et al., 1998). Over the years, the plant has spread rapidly to
other countries in southern and western Africa, tropical eastern and
southern Asia, as well as Australia, where it has become one of the
dominant agricultural weed species (Yu et al., 2016). For instance, in
South Africa, C. odorata was described as the second most abundant
invasive plant species (Robertson et al., 2003), and documented
reports by Lowe et al. (2000) described it as a global worst weed
invader. Chromolaena odorata thrives well in diverse ecological
conditions, including those widely different from the plant's region of
origin. Interestingly, this ability of the plant has been ascribed to
some factors such as the plant high reproductive rate, high nutrient
assimilation rate, suppressive allelopathic effect on other plant spe-
cies, as well as growth versatility under different soil and climatic
conditions (Muniappan et al., 2009; Uyi et al., 2014). Two major bio-
types have been identified in Africa viz: the South African biotype
and the Asian/West African biotype (Zachariades et al., 2009) (Fig. 1).
While the former was first discovered in South Africa, the latter was
likely introduced from the Asian continent into West Africa
(Zachariades et al., 2011).

Morphologically, Chromolaena odorata is a shrub with straight
pithy and brittle stems having many branches and a capacity to grow
up to 2-3 m in height. The plant has leaves shaped like an arrowhead
(6-12 cm and 3-7 cm in length and width, respectively) with veins
having a folklike appearance (Sirinthipaporn and Jiraungkoor-
skul, 2017). Moreover, the leaves on the stem and branches are
arranged in opposite pairs, with about 15 -25 florets having colours
ranging from blue, pink, white or purple (Sirinthipaporn and Jiraung-
koorskul, 2017). The seeds have either black, grey or brown coloura-
tion with 5-6 mm long pale brown pappus, whereas the fibrous and
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Fig. 1. Leaves and flowers of Chromolaena odorata (a) South African biotype (b) Asian/West African biotype. Fig. 1a photo was obtained by Michael Hickman (Hlem, South Africa).
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narrow roots could reach 0.3 km into the soil (Sirinthipaporn and Jir-
aungkoorskul, 2017; Zachariades et al., 2009). Although the preced-
ing descriptions highlight the structural characteristics of C. odorata,
nonetheless, variations might be observed in leaf shape, flower col-
our, leaf scent, and overall architecture of the plant depending on the
vegetation in which it grows (Muniappan et al., 2009).

Despite its reputation as an invasive weed, traditionally, C. odorata
is valued for different medicinal properties. Local health practitioners
utilize the plant to treat dysentery, headache, toothache, diarrhoea,
stomach problems, fungal infection, coughs, skin infections, and
wounds (Omokhua et al., 2017). Although some of this folklore usage
has not been verified scientifically, available pharmacological evi-
dence indicates the plant possesses antimicrobial, anti-inflammatory,
anti-diarrhoea, anti-analgesic, anticancer, antidiabetic, antioxidant,
wound healing and haemostatic activities (Aba et al., 2015;
Akinwunmi et al., 2017; Hanh et al., 2011; Kouam�e et al., 2013;
Owoyele et al., 2013; Pisutthanan et al., 2006a; Sirinthipaporn and
Jiraungkoorskul, 2017; Suksamrarn et al., 2004; Thophon et al.,
2016). Consequently, characterization of plant materials obtained
from C. odorata has revealed several chemical compounds that may
account for the reported biological properties. Phan et al. (2001a)
described the presence of phenolic acids such as protocatechuic acid,
ferulic acid, vanillic acid, and mixtures of flavonoid aglycones like
sinensetin, rhamnetin, tamarixetin, kaempferide in column fractions
of C. odorata leaf ethanol extract. Joshi (2013a) reported that hydro-
distilled essential oil from the plant root contained bioactive constit-
uents, which mainly include himachalol (a sesquiterpene), 7-isopro-
pyl-1,4-dimethyl-2-azulenol, androencecalinol, and 2-methoxy-6-(1-
methoxy-2-propenyl) naphthalene. Additionally, acacetin, luteolin,
Isosakuranetin, persicogenin, 5,6,7,40-tetramethoxyflavanone, 40-
hydroxy-5,6,7-trimethoxyflavanone and some other chalcones were
isolated from dichloromethane extract of the flower
(Suksamrarn et al., 2004).

Chromolaena odorata is a source of lead compounds with impres-
sive in vitro and in vivo therapeutic properties. Some reports have
reviewed the plant's medicinal efficacy in Asia and sub-Saharan
Africa countries; however, little information exists on the mechanism
via which the plant exerts its pharmacological activities
(Omokhua et al., 2016; Vaisakh and Pandey, 2012). Therefore, this
review aimed to provide insights into the mechanism underlying the
medicinal efficacy of C. odorata. The presentation of these modes of
action may give scientific insights that will provide a better
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understanding of the therapeutic potency of the plant while also elu-
cidating biochemical pathways that can serve as potential targets in
drug discovery.

2. Biological activities

Chromolaena odorata is a rich source of bioactive compounds with
significant therapeutic effects on some pathological conditions (Omo-
khua-Uyi et al., 2020; Omokhua et al., 2016; Thophon et al., 2016)
(Fig. 2).

Though different biological activities of the plant have been
reported, this review only focuses on the antidiabetic, anticancer,
anti-inflammatory, antimicrobial, antiparasitic, antinociceptive, anti-
pyretic and wound healing activities of C. odorata. As described in
Table 1, the pharmacological effects of the plant can be attributed to
a single constituent or combination of its bioactive compounds work-
ing synergistically to stimulate the physiological response. The
diverse biological activities of C. odorata, their mechanisms of action,
and the phytoconstituents responsible for these effects are discussed
in the subsequent sessions.

2.1. Chromolaena odorata and diabetes

Although Chromolaena odorata have long been used in Indian tra-
ditional medicine to treat diabetes mellitus, it was not until 2013 that
the first experimental evidence for its antidiabetic activity was
reported (Onkaramurthy et al., 2013). The research carried out by
Onkaramurthy and colleagues showed that C. odorata ethanolic
extract improved pancreatic beta cells insulin secretion, restored nor-
moglycemic condition and mitigating oxidative stress-induced cata-
racts in diabetic rats. Interestingly, the observed biological activity
was attributed to the tendency of the plant to upregulate the expres-
sion of antioxidant enzymes such as glutathione, superoxide dismu-
tase and catalase (Onkaramurthy et al., 2013). Additionally, C. odorata
contains flavonoids and phenolic acids (such as protocatechuic acid),
which possess significant antioxidative potentials and may play an
essential role in preventing complications of hyperglycaemia
(Harini and Pugalendi, 2010; Putri and Fatmawati, 2019).

Other experiments have also provided further insights into the
antidiabetic potentials of C. odorata. For instance, C. odoratamethanol
root extract increased glucose uptake via a mechanism involving
enhanced cellular expression of glucose transporter 4 (GLUT4) by its



Fig. 2. Chemical structures of selected phytochemicals identified in root, leaf, and flower of Chromolaena odorata.
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tannin and saponin constituents (Buziol et al., 2002; Omonije et al.,
2019). Chromolaena odorata also showed alpha-amylase inhibitory
activity by lowering the enzymatic hydrolysis of starch to glucose
(Akinwunmi et al., 2017). Indeed, computational analysis suggests
quercetin and ombuin as major compounds responsible for the
alpha-amylase inhibitory activity of C. odorata (Kikiowo et al., 2020).
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Moreover, Omotuyi et al. (2018) also reported the upregulation of
glucagon-like peptide 1 (GLP1) gene following treatment with flavo-
noid-rich extract of C. odorata. 5,7-dihydroxy-6-4-dimethoxyflava-
none and homoesperetin-7-rutinoside isolated as the main bioactive
constituents of the plant, upregulated GLP1 gene by binding takeda-
G-protein-receptor-5 (TGR5) (Omotuyi et al., 2018). Similarly, (9S,



Table 1
Bioactive constituents of C. odorata and their biological activity.

S/N Plant extract Phytochemicals or bioactive compounds Bioactivity Mechanism of action Refs.

1. Leaf methanol extract 5,3’-Dihydroxy-7,6’-dimethoxyflavanone, Isosakuranetin, Subscandenin. Antioxidant and antidiabetic
activities.

Scavenged free radical and inhibited
a-glucosidase enzyme

Park et al. (2019)

2. Root methanol and hydro-
distilled extracts

a-Pinene, Camphene, Tetrahydrolavandulol, b-Pinene, n-Decane, trans-Decalin, n-unde-
cane, cis-Thujone, trans-Thujone, (E)-Tagetone, n-Dodecane, n-Tridecane, a-Longipinene,
n-Tetradecane, b-Caryophyllene, E-b-Farnesene, g-Murolene, b-Selinene, a-Bulnesene,
d-Cadinene, Guaiol, 10-epi-g-eudesmol, a-Acorenol, Himachalol, Androencecalinol,
Cedr-8-en-14-ol, 1735, 2-Methoxy-6-(1-methoxy-2-propenyl) naphthalene, 9,10-
Dimethyl-1,2,3,4,5,6,7,8 Octahydroanthracene, 7-Isopropyl-1,4-dimethyl-2-azulenol.

Antiglycation and antihyper-
glycemic activities.

Suppressed a-amylase enzyme activity
and lowered the concentration of gly-
cated haemoglobin.

Joshi (2013a); Omonije et al.
(2019)

3. Leaf ethanol, cold and hot
aqueous extracts

Antidiabetic activity. Suppressed a-amylase enzyme activity. Akinwunmi et al. (2017)

4. Whole plant chloroform-sol-
uble fraction extract

(9S,13R)-12-oxo-Phytodienoic acid, 8,9-Didehydro-12-oxo-phytodienoic acid, (2S)-6,7-
Dihydroxy-40 ,5-dimethoxyflavanone, Kaempferide, Kaempferide, Acacetin, Rhamnazin,
Isosakuranetin, Salvigenin, 2,4-Dihydroxy, 30 ,40 ,7-trimethoxyflavone, 4,60-Dihydroxy-
20 ,30 ,40-trimethoxychalcone, 40 ,5,6,70-Tetramethoxyflavone, (S)-15,16-Didehydrocoriolic
acid, (S)-Coriolic acid.

Peroxisome proliferator-
activated receptors
(PPARs) agonist.

Compound isolated from plant showed
significant PPAR-g activation.

Dat et al. (2009)

5. Leaf methanol extract Chromomoric acid C-G, Chromomoric acid, (8Z)-Chromomoic acid G, (8E)-Chromomoric
acid G, (9S,13R)- 12-Oxophytodienoic acid, Cystosiphonin, Scutellarein tetramethyl
ether, 6-Methoxyhesperetin, Hesperetin, Naringenin, Acacetin, Salvigenin,
6-Methoxyacacetin, Ombuin, Kaempferol 40-methyl ether, Betuletol, Kaempferol, Aro-
madendrin 7-methyl ether, 4-Hydroxybenzoic acid.

Stress resistance and anti-
inflammatory activity.

Activated Nrf2 and induced heme oxy-
genase-1 gene in vascular smooth
muscle cells.

Heiss et al. (2014)

6. Leaf hot aqueous extract Eupolin. Wound healing activity. Significantly increased fibroblast and
endothelial cell proliferation while
facilitating tissue remodelling.

Phan et al. (1998)

7 Leaf ethanol extract p-Coumaric acid, Protocatechuic acid, Sinensetin,
p-Hydroxybenzoic, Kaempferide, Rhamnetin, Pentamethoxyflavanone, Tamarixetin, Tet-
rahydroxymonomethoxyflavanone, Protocatechuic acid, Ferulic acid, Vanillic acid, Trihy-
droxymonomethoxyflavanone, Eupatilin,
5-Hydroxy,6,7,39,49-tetramethoxyflavone,
Dihydroxytrimethoxychalcone, 5,6,7,49-Tetramethoxyflavone.

Antioxidative activity. Lowered cellular concentration of oxida-
tive free radicals in cultured fibroblasts
and keratinocytes in vitro.

Phan et al. (2001a)
(Phan et al. 2001b)

8 Leaf methanol extract Odoratin, Persicogenin, Acacetin, Ombuin, 5,7-Dihydroxy-6,40-dimethoxyflavanone, Erio-
dictyol-7,30 ,40 -trimethyl ether, Alyssifolinone, Aromadendrin-7-dimethyl ether, Dihy-
drokaempferide, Apigenin-7,40

-dimethyl ether, Isosakuranetin, Sakuranetin, Sakuranetin- 40-methyl ether, Aromaden-
drin-7,40-dimethyl ether.

Anticancer activity. Stimulated caspase-dependent apoptotic
cell death.

Nath et al. (2015);
Pisutthanan et al. (2006)
(Pisutthanan et al. 2006b)

9 Leaf ethanol and aqueous
extracts

Haemostatic activity. Enhanced platelet aggregation. Pandith et al. (2012)

10 Leaf ethanol-aqueous
extract

5-Hydroxy-7,40-Dimethoxyflavanone, 20-Hydroxy-4,40 ,50 ,60-tetramethoxychalcone, 1,6-
Dimethyl-4-(1-methylethyl) naphthalene (Cadalene).

Anticancer property. Inhibited pro-apoptotic B-cell lymphoma
(Bcl-2) protein.

Kouam�e et al. (2013)

11 Leaf ethanol extract Genkwanin 40-O- [a-L-rhamnopyranosyl (1!2)-b-D-glucopyranoside], Sakuranetin 40-O-
[b-D-glucopyranosyl (1!2)-b -Dglucopyranoside], Aromadendrin 40-methyl ether, Erio-
dictyol 7,4-Dimethyl ether, Naringenin 40-methyl ether, Isosakuranetin, Quercetin 7,40-
dimethyl ether, Kaempferide, Acacetin, Rhamnazin, Quercetin 3-O-rutinoside, Kaemp-
ferol 3-O-rutinoside, Kaempferol 3-O-glucoside.

Anticancer activity. Hung et al. (2011)

12 Flower dichloromethane
extract

Isosakuranetin, Persicogenin, 5,6,7,40-Tetramethoxyflavanone, 40-Hydroxy-5,6,7-trime-
thoxyflavanone, 20-Hydroxy-4,40 ,50 ,60-tetramethoxychalcone, 4,20-Dihydroxy-40 ,50 ,60-tri-
methoxychalcone, Acacetin, 5,7,30 ,40-Tetrahydroxyflavone.

Antibacterial and anticancer
activities.

Suksamrarn et al. (2004)

13 Leaf ethanol and hydro-dis-
tilled extracts

Chlorogenic acid, Pregeijerene, a-Pinene, Sabinene, b-Pinene, Myrcene, Sylvestrene, (E)-
b-ocimene, g-Muurolene, Bicyclogermacrene, a-Bulnesene, g-Cadinene, D-Cadinene,
Elemol, a-Muurolol, Dauca-5, 8-diene, a-Pinene, (E)-Caryophyllene, a-Humulene, Cogei-
jerene, a-Cardinol.

Antioxidant activity. Decolorized 2,2-diphenyl-1-picrylhy-
drazy (DPPH) radical and reduced
b-carotene bleaching by free radicals.

Pitakpawasutthi et al. (2016)

14 Leaf methanol extract Aromadendrin-40-methyl ether, Eriodictyol-7,40-dimethyl ether, Quercetin-7,40-methyl
ether, Naringenin-40-methyl ether, Kaempferol-40-methyl ether, Quercetin-3-O-rutino-
side, Kaempferol-3-O-rutinoside, Taxifolin-40-methyl ether, Cedrol, Taxifolin-7-methyl
ether, Quercetin-40-methyl ether, Quercetin-7-methyl ether.

Inhibited platelet activating factor (PAF)
binding.

Ling et al. (2007)

15 Flower hydro-distilled and
hexane extracts

Germacrene D, a-Cadinol, Khusimone, Caryophyllene oxide, Germacrene D-4-ol, Germa-
crene B, a-Cadinene, trans-Cadina 1 (6),4-diene, a-Humulene, a-Muurolol, 10-epi-
g-Eudesmol, a-trans-Bergamotene, Cyperene, b-Elemene, b-Cubebene, a-Copaene,
d-Elemene, Pregeijerene, Geijerene, Chrysanthenone, a-Pinene (E)-b-Ocimene, a-Phel-
landrene, Sabinene, Bicyclogermacrene, a-Muurolene, b-Caryophyllene.

Antioxidant activity. Decolorized 2,2-diphenyl-1-picrylhy-
drazy (DPPH) radical and reduced
b-carotene bleaching by free radicals.

Amatya and Tuladhar
(2011); Baruah and
Leclercq, (1993);
(Joshi, 2013b)

F.O
law

ale,K
.O

lo
finsan

and
O
.Iw

aloye
South

A
frican

JournalofBotany
144

(2022)
44�

57

47



F. Olawale, K. Olofinsan and O. Iwaloye South African Journal of Botany 144 (2022) 44�57
13R)-12-oxo-phytodienoic acid obtained from C. odorata non-polar
whole plant extract acts as PPARg agonist by selectively targeting
peroxisome proliferator-activated receptor-g (Dat et al., 2009). The
presence of these bioactive compounds capable of modulating differ-
ent proteins implicated in diabetic condition thus corroborates the
antidiabetic potential of C. odorata.

Several complications are associated with chronic diabetes melli-
tus. Hence, antidiabetic agents capable of mitigating the complica-
tions of diabetes is highly desirable. In this regard, C. odorata has also
shown remarkable properties. Studies have demonstrated the ability
of C. odorata extract to restore the normal physiology of the liver, kid-
ney, heart, eye and pancreas in streptozotocin and alloxan-induced
diabetic rats (Kumkarnjana et al., 2018; Omonije et al., 2019;
Omotuyi et al., 2018; Onkaramurthy et al., 2013). Treatment with the
phytoprostane, chromomoric acid, a key phytoconstituents from C.
odorata notably upregulated Nrf2 and heme oxygenase-1 (HO-1)
expression (Heiss et al., 2014). Interestingly, evidence suggests that
diabetic complications such as cardiomyopathy and retinopathy can
be treated by inducing Nrf2 and heme oxygenase-1 expression
(da Silva Reis et al., 2016). Nrf2 is involved in mediating antioxidant
defence response against oxidative stress. The activation of Nrf2
involves disruption of the Nrf2/Keap 1 complex to liberate Nrf2
(Fig. 3). The free Nrf2 is consequently translocated into the nucleus,
where they form complex with maf-2 and binds the promoter region
(antioxidant response element) of genes encoding antioxidant
enzymes such as catalase (CAT), superoxide dismutases (SODs), gluta-
thione peroxidase-1 (GPx-1), glutathione S-transferase (GST) and
drug-metabolizing enzymes such as heme oxygenase-1 (HO-1) and
NQO-1 (da Silva Reis et al., 2016; Itoh et al., 1997). Apart from facili-
tating free fatty acid uptake via PPAR, increased Nrf2 expression
could also be involved in the diminution of dyslipidemia in diabetic
rats treated with C. odorata (da Silva Reis et al., 2016; Itoh et al.,
1997). Nrf2 can repress lipogenic genes like sterol regulatory ele-
ment-binding proteins 1c and 2, fatty acid synthase, acetyl-CoA car-
boxylase 1, fatty acid elongase, and 3-hydroxy-3-
methylglutarylglutaryl coenzyme A synthase and reductase, and low-
density lipoprotein receptor mRNA (Ikewuchi et al., 2014;
Omonije et al., 2020; Tanaka et al., 2008; Uhegbu et al., 2016).
Fig. 3. Antidiabetic mechanism
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Furthermore, an increase in HO-1 expression is critical in abating
various pathological processes, including diabetic neuropathy, car-
diomyopathy, and nephropathy (Maamoun et al., 2019; Negi et al.,
2015). For example, quercetin, one of the identified phytoconstitu-
ents of C. odorata can stimulate HO-1 expression leading to autoph-
agy (Qu et al., 2014). This biochemical process may be advantageous
since deregulated autophagy represents one of the aberrations
induced by hyperglycaemia. Hence, activation of autophagy in neuro-
nal cells can abate hyperglycaemia induced peripheral neuropathy
(Qu et al., 2014; Yerra et al., 2016). Moreover, several studies have
reported dysregulated haematopoietic cells in diabetes mellitus
(Szablewski and Sulima, 2017; Xanthopoulos et al., 2017). Beyond
this, diabetes has been linked to an increase in glycated haemoglobin
levels, associated with microvascular complications (Abraham et al.,
2009; WHO, 2011). Chromolaena odorata, on the other hand, can
increase the production of inducible heme-oxygenase-1 (HO-1) to
facilitate heme breakdown and alleviate cardiovascular dysfunction
in diabetes mellitus (Nnah, 2015). Heme oxygenase-1 was also
reported to improve kidney function via modulating blood vessel
dilation in the nephron (Abraham et al., 2009). However,
Omonije et al. (2019) noted that treatment with C. odorata did not
significantly improve kidney function. While the reason for this
observation is unclear, possible loss of chemical constituents during
plant extraction could be attributed to the latter experimental find-
ings. Hence, subtle downstream processing of C. odorata is necessary
to ensure the plant's maximum antidiabetic potential and overall bio-
logical activity.

2.2. Chromolaena odorata and wound healing

Wound healing is one of the severe health challenges with social
and economic impact. The severity of the tissue damage on a wound
will determine the healing duration as injuries can be classified as
acute, chronic or complicated using these criteria (Velnar et al.,
2009). Wound healing is a natural process but can be constrained by
certain factors such as age and the presence of underlying pathologi-
cal conditions (Guo and DiPietro, 2010). The healing process involves
four critical steps: coagulation and homeostasis, inflammation,
s of Chromolaena odorata.



Fig. 4. Wound healing action of Chromolaena odorata.
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proliferation, and tissue remodelling (Velnar et al., 2009). These pro-
cesses are highly coordinated and regulated by proteins that ensure
fast and smooth wound healing. If not well controlled, wound healing
can lead to secondary tissue damage such as hypertrophic scars and
keloids (Enoch and Leaper, 2005). Traditionally, C. odorata has been
reported to hasten and facilitate repair to damaged tissue
(Maver et al., 2015). The wound healing property of C. odorata is per-
haps its most studied biological activity (Vaisakh and Pandey, 2012).
One of its constituents, eupolin was approved as soft tissue burns and
wound healing agent in Vietnam (Phan et al., 1998; Raina et al., 2008;
Vaisakh and Pandey, 2012). In recent years, different experimental
validation of the purported wound healing potential of C. odorata has
been demonstrated via in vivo and in vitro experimental studies
(Sirinthipaporn and Jiraungkoorskul, 2017). Some of these studies
have also provided insight into the mechanism of wound healing
action of C. odorata (Fig. 4).

Once an injury is sustained, the first process of wound healing (i.e.
homeostasis) is initiated. This involves the contraction of smooth
muscle to prevent excessive loss of blood from microvascular tissue.
This process is mediated by the activation of thromboxane synthase,
an enzyme that converts prostaglandin H2 to thromboxane A2
(Vezza et al., 2002). Thromboxane A2 serves as a vaso-constrictor and
activates thrombosis (Ogletree, 1987). The thrombocyte formed stim-
ulates the release of growth factors, including platelet-derived
growth factor, insulin-like growth factor-1, epidermal growth factor,
transforming growth factor-b and platelet factor-IV (Enoch and
Leaper, 2005). Several studies have demonstrated the potential of C.
odorata to interact with different proteins that are crucial for the
homeostasis process in wound healing. For example, C. odorata can
act as an alpha-adrenoreceptor agonist to stimulate vasoconstriction
and blood coagulation (Akah, 1990). They also induce the expression
of thromboxane synthase and have been implicated in the process of
blood clotting (Okoroiwu et al., 2016; Pandith et al., 2013a).
Okoroiwu et al. (2016) showed that aqueous and ethanol extracts of
C. odorata significantly decreased blood clotting time by accelerating
platelet aggregation. Additionally, 40, 5, 6, 7-tetramethoxyflavone has
been identified as a major compound responsible for the blood clot-
ting activity of C. odorata (Okoroiwu et al., 2016). This compound can
stimulate blood clotting via the intrinsic pathway mechanism that
involves activating clotting factors such as factor XII, factor XI, factor
IX or factor VIII (Triratana et al., 1991). Other compounds such as scu-
tellarein and stigmasterol have also been reported to play an active
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role in the homeostasis process of wound healing (Triratana et al.,
1991). The process of blood clotting ends with the formation of a
fibrin layer that acts as a protective layer of the wound to prevent for-
eign invasion (Vilar et al., 2020).

The protective fibrin surface may not be sufficient to prevent the
invasion of foreign microorganisms; hence, the next stage of wound
healing (inflammation) is activated. The step involves the mobiliza-
tion of polymorphonuclear leukocyte and non-phagocytic cells which
generates reactive oxygen species (ROS) that kills invading bacteria
and destroy damaged cells (Bryan et al., 2012; Guo and DiPie-
tro, 2010). Most wound healing agents such as gentamicin are
involved in this stage, where it helps to eliminate foreign microor-
ganisms (Zou et al., 2020). Surprisingly, C. odorata also helps with
this biological process since it contains alkaloids and flavonoids with
tremendous antimicrobial activity (Vijayaraghavan et al., 2018;
Vital and Rivera, 2009). Excessive ROS released during wound healing
is a risk factor for inflammation-mediated by pro-inflammatory cyto-
kines such as COX-2 and Il-1b. Also, the release of ROS can cause
damage to normal cells (Thang et al., 2001). To prevent excessive
inflammation, heme-oxygenase is also activated on the wound sur-
face to mediate heme breakdown (Wagener et al., 2003). Chromo-
laena odorata metabolites such as scutellarein tetramethyl ether
(40,5,6, 7-tetramethoxy-flavone), isosakuranetin, and stigmasterol
have displayed anti-inflammatory action (Csupor et al., 2010;
Trabucchi et al., 1986; Vijayaraghavan et al., 2017). As mentioned ear-
lier, C. odorata upregulation of HO-1 activity is essential to reduce
inflammation during wound healing (Pandith et al., 2013a). Nrf2 acti-
vation via C. odorata also serves as a defence mechanism against
inflammation and ROS propagation (Kim et al., 2020). According to a
previous study, treatment with C. odorata improved fibroblast and
keratinocytes with concomitant protection against the normal cells
during wound healing (Phan et al., 2001a). This exciting observation
was attributed to the presence of antioxidants such as protocate-
chuic, p-hydroxybenzoic, p-coumaric, ferulic and vanillic acids that
can scavenge ROS and prevent cellular damage (Vaisakh and Pan-
dey, 2012).

Furthermore, heme oxygenase-1 also functions by initiating the
third phase of wound healing, known as fibroblast proliferation. After
neutrophils remove dead tissues and foreign agents, HO-1 activation
causes rapid cell division, which helps to replace dead cells
(Wagener et al., 2003). Additionally, inflammatory cells and platelets
mobilize fibroblast and myofibroblast to the wound site to initiates
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neovascularization by stimulating the release of matrix proteins such
as collagens, hyaluronan and fibronectin (Vijayaraghavan et al.,
2017). Several studies have revealed that treatment with C. odorata
significantly increases fibroblast proliferation, collagen synthesis and
angiogenesis (Akah, 1990; Pandith et al., 2013a; Phan et al., 1998;
Triratana et al., 1991; Vijayaraghavan et al., 2017). Following fibro-
blast proliferation, C. odorata can also stimulate cell adhesion -one of
the vital processes in cell differentiation and maturation (Phan et al.,
2000). Moreover, Phan et al. (2001a) reported the upregulation of
adhesion molecules such as laminin-5, laminin-1, collagen IV and
fibronectin following treatment with eupolin.

The last step in the wound healing process is tissue remodelling.
This process primarily involves the production of scar and new epi-
thelium as well as the cessation of matrix protein formation. While
tissue remodelling is regulated by growth factors such as PDGF, TGF-
b and FG, dysregulation of this process could result in keloids due to
excessive matrix protein (collagen) (Behm et al., 2012;
Mokoena et al., 2018; Phan et al., 2000; Vijayaraghavan et al., 2017).
Moreover, C. odorata is involved in re-epithelialization and wound
contraction, and eupolin has been shown to promote tissue remodel-
ling (Phan et al., 1998, 2001; Ukwueze et al., 2013;
Vijayaraghavan et al., 2017). With its involvement in different stages
of tissue repair, C. odorata significantly accelerate wound healing pro-
cesses.

2.3. Antipyretic activity of Chromolaena odorata

Aqueous decoction of C. odorata leaves and roots have been used
traditionally in mitigating rheumatic fever (Vaisakh and Pan-
dey, 2012; Vijayaraghavan et al., 2017). This antipyretic activity has
been investigated experimentally by Taiwo et al. (2000), who noted
that C. odorata leaves methanolic extract significantly ameliorates
yeast suspension-induced hyperthermia. Although the authors could
not ascertain the specific bioactive chemical responsible for this
activity, they suggested possible involvement of flavonoids such as
isosakuranetin, quercetin and sakuranetin present in the plant
(Taiwo et al., 2000). In support of their findings, it was reported sub-
sequently that C. odorata leaf flavonoid-rich fraction (dichlorome-
thane fraction and n-butanol fraction) significantly reduce the rectal
temperature in rats (Owoyele et al., 2013).

Antipyretic agents generally act via a mechanism that involves
hypothalamus override of interleukin-induced hyperthermia. While
the exact pathways involved in C. odorata mediated antipyresis is
unknown, a likely route might be the inhibition of prostaglandin E2
(PGE2), a fever mediator in the preoptic region of the anterior hypo-
thalamus (Li et al., 2008) (Fig. 5). PGE2 expression can be inhibited by
downregulating pro-inflammatory proteins such as COX-2 and iNOS,
which can be regulated by C. odorata, consequently inhibiting the
pyretic activity (Pandith et al., 2013b). However, more studies are
required to establish the antipyretic mechanism and identify the
exact bioactive agent in the plant responsible for the activity.

2.4. Antinociceptive activity of Chromolaena odorata

Several experiments have shown that C. odorata possesses analge-
sic activity which helps to ameliorate peripheral and central chronic
neuropathic pain stimuli. Dichloromethane and n-butanol fraction of
C. odorata (50 mg/kg bodyweight) demonstrated significant capacity
to abate pain induced by heat and formalin (Owoyele et al., 2013).
The heat-induced pain is a central nervous system activated stimu-
lus; therefore, the reduction by C. odorata shows its ability to control
pain receptors of supraspinal and spinal components (Taïwe et al.,
2011). Similarly, administration of 400 and 800 mg/kg bodyweight C.
odorata aqueous extract significantly reduced acetic acid and formal-
dehyde induced pain levels in rats (Itou et al., 2017). Intraperitoneal
injection of acetic acid is known to cause pain by activating chemo-
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sensitive nociceptors, thus releasing prostaglandin, histamine, and
serotonin (Garcıa et al., 2004). Like m-opioids and non-steroid anti-
inflammatory drugs (NSAIDs), C. odorata act primarily via central and
peripheral mechanisms to inhibit writhes in rat models (Taïwe et al.,
2011). Usually, NSAIDs inhibit cyclooxygenase, which blocks signal
transduction mechanisms involved in primary afferent nociceptors
(Panthong et al., 2007). Therefore, these studies suggested that C.
odorata plays significant analgesic roles in peripheral and central ner-
vous system-mediated nociceptive pain stimulus (Fig. 5).

Currently, there is no report that describes the bioactive com-
pound involved in the analgesic properties of C. odorata. However,
most studies have suggested possible roles of alkaloid, saponin and
flavonoid groups of compounds (Itou et al., 2018; Onoja et al., 2016;
Owoyele et al., 2013). This assertion is because flavonoids suppress
pain perception by inhibiting the peroxidation of arachidonic acid,
which cause a decrease in prostaglandins level (Taïwe et al., 2011).
Similarly, saponins have also been reported to show pain antagonistic
activity by binding to sensory nerve terminals (Huong et al., 1995).
While these phytochemicals are abundant in C. odorata, it is neces-
sary to carry out a bioactivity guided studies to fully establish the
exact compound involved in the analgesic activity and elucidate its
possible biological mechanism.

2.5. Anti-inflammatory activity of Chromolaena odorata

Inflammation occurs when the body tries to respond to the pres-
ence of infection, toxins, injuries, and other harmful agents. This leads
to the liberation of chemical mediators such as chemokines, cyto-
kines and reactive oxygen species, which facilitate pathogen elimina-
tion and tissues repair. While inflammation serves as a defence
mechanism to protect the body, excessive or persistent inflammatory
responses may affect the joints, cause skin irritation, or even result in
cardiovascular disease and cancer (Maione et al., 2016). Over the
years, different anti-inflammatory drugs have been developed to
combat the daunting challenge of hyper-inflammation. However,
some have reported various adverse effects, spurring the need for the
exploration of medicinal plants as alternative therapeutic options
(Maione et al., 2016).

Chromolaena odorata has been studied as a potential anti-inflam-
matory agent under in vitro and in vivo conditions. Literature evi-
dence suggesting the traditional use of the plant in inflammation and
wound treatment has spurred researchers to verify the plant anti-
inflammatory properties (Owoyele et al., 2005). Chromolaena odorata
aqueous leaf extracts administered orally was shown to attenuate
carrageenan-induced oedema, cotton pellet granuloma and formalin-
induced oedema in Wistar rats (Owoyele et al., 2005). Other studies
have also reported similar observations using different solvent
extracts from C. odorata, thus validating the anti-inflammatory
potential of C. odorata (Owoyele et al., 2013; Taiwo et al., 2000). In an
attempt to understand the anti-inflammatory mechanism of action of
the plant, Itou et al. (2018) induced oedema with vasoactive amines
(histamine and serotonin) and arachidonic acid. In the presence of
vasoactive amines, prostaglandins (a derivative of arachidonic acid)
are produced, which mediates vasodilation of the arteriole and
venous contraction during acute inflammation. The ability of C. odor-
ata to inhibit prostaglandin mediated inflammation could be attrib-
uted to its ability to downregulate COX-2 and iNOS expression
(Pandith et al., 2013b). Since COX-2 expression is linked to cardiovas-
cular disease, C. odorata could be used as a therapy to manage the
cardiovascular disorder (Fig. 5).

Furthermore, C. odorata ethyl acetate leaf extract has been shown
to prevent lipopolysaccharide (LPS) induced inflammation in skin
cancer cells by downregulating the expression of pro-inflammatory
cytokines (TNF-a and IL-1b) (Yajarla et al., 2014). Bioactivity-guided
fractionation studies led to the identification of six potent anti-
inflammatory compounds, including coriolic acid, 15,16-
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didehydrocoriolic acid methyl ester, coriolic acid methyl ester lino-
leamide, 15,16-didehydrocoriolic acid and linolenamide that signifi-
cantly suppressed NO production and NF-kB activity in LPS induced
inflammation in RAW264.7 cells (Hanh et al., 2011). Similarly,
another compound 20,4-dihydroxy-30,40,60-trimethoxychalcone was
found to inhibit NO, TNF-a, IL-1b and IL-6 production (Dhar et al.,
2018). Interestingly, the molecular mechanism of the chemical com-
pound primarily involves the suppression of mitogen-activated pro-
tein kinase (MAPK) phosphorylation and NF-kB activation. The 20,4-
dihydroxy-30,40,60-trimethoxychalcone prevents inhibitor kB kinase
(IKK) a/b activation, inhibitor kB (IkB) a degradation and NF-kB
translocation into the nucleus.

The presence of the bioactive compounds thus suggests that the
anti-inflammatory action of C. odorata may involve compounds such
as chalcones and fatty acids, which may act synergistically to block
the inflammatory pathway and prevent chronic inflammation. None-
theless, further studies involving metabolite profiling and activity-
guided compound isolation are still needed to elucidate more
detailed mechanistic perspective of C. odorata anti-inflammatory
activity.
2.6. Antiparasitic activity of Chromolaena odorata

Studies have described the efficacy of Chromolaena odorata in the
treatment of parasitic diseases. In Nigeria and some other parts of
West Africa, the plant is used traditionally in treating malaria
(Ukpai and Amaechi, 2012). Moreover, Ukpai and Amaechi (2012)
reported significant chemosupressive activity of ethanol extract of C.
odorata against chloroquine-sensitive strains of plasmodium berghei.
In addition, Panda et al. (2010) showed that C. odorata methanol,
ethyl acetate and petroleum ether extracts portrayed anthelminthic
activity against Pheretima posthuma. Since Pheretima posthuma shows
similar physiological and anatomic characteristics with roundworms,
it was proposed that the plant may possess bioactive constituents
that can function as an alternative to anthelminthic drugs.
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2.7. Chromolaena odorata and cancer

Chromolaena odorata has been screened in several studies to
examine their anticancer potential. Yajarla et al. (2014) showed that
hexane and ethyl acetate extracts of the plant possess cytotoxic
action against A431 cell lines. The anticancer mechanism involves
cell cycle arrest in G0/G1 phase. The anticancer activity of non-polar
extract of C. odorata has been linked to essential oils which contain
phytoconstituents, such as 5, 6-diethenyl-1-methyl- cyclohexene,
ß-guiane, elemol and patchoulene (Prabhu et al., 2011; Prabhu and
Ravi, 2012). Aside from A431 cells, C. odorata essential oils also
showed cytotoxic activity towards HeLa, HepG2 and NIH 3T3 cancer
cell lines (Prabhu et al., 2011). Kouam�e et al. (2013) further identified
a new compound 20�Hydroxy�4,40,50,60�tetramethoxychalcone
with cytotoxic and antioncogenic activity towards Cal51, MCF-7 and
MDA-MB�468 cells. 20�Hydroxy�4,40,50,60�tetramethoxychalcone
act synergistically with Bcl-2 inhibitor ABT737 to enhance apoptosis
in Cal51 breast cancer cells. Additionally, Harun et al. (2012) also
observed non-apoptotic cell death after cell treatment with C. odorata
acetone and ethyl acetate leaf extracts. Moreover, in their studies,
Harun et al. (2012) described autophagy as the primary mechanism
of cell death in MCF-7 and Vero cell lines whose G0 and G2/M cell
cycle phases was terminated due to treatment with the plant leaf
extract.

Hydrophilic components of C. odorata have also displayed impres-
sive anticancer activity against cancer cells (Hung et al., 2011;
Suksamrarn et al., 2004). These activities are majorly due to flavo-
noids, including isosakuranetin, persicogenin, 5,6,7,40-tetramethoxy-
flavanone 40-hydroxy-5,6,7-trimethoxyflavanone, acacetin, luteolin,
dihydrokaempferide, isosakuranetin, and kaempferide, which dem-
onstrate variable anticancer activities (Hung et al., 2011; Nath et al.,
2015; Suksamrarn et al., 2004). Nevertheless, the activities of these
flavonoids may be selective depending on cancer cells. For instance,
while acacetin showed more inhibitory activity against NCI-H187
cells and no significant toxicity to breast cancer cells, luteolin had a
pronounced toxic effect on NCI-H187 and Breast cancer cells
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(Suksamrarn et al., 2004). In addition, C. odorata methanolic extract
was reported to show anticancer activity in HT-29 cells. However,
the presence of mitogenic factors such as vascular endothelial growth
factor-1 and endothelin-1 reversed the observed property
(Adedapo et al., 2016). Indeed, Nath et al. (2015) purified an active
flavone compound known as Kaempferide from C. odorata with tre-
mendous anticancer activity against Hela cells. The apoptotic mecha-
nism of kaempferide involves the cleavage of Caspases and PARP
(Nath et al., 2015). Surprisingly, the non-toxicity of kaempferide to
fibroblast and other normal cells under in vitro and in vivo conditions
makes it a lead molecule with promising anticancer potential. More-
over, studies have suggested that other flavonoids present in C. odor-
ata may mediate their action by selective binding to surface
receptors on the cancer cell membrane (Adedapo et al., 2016;
Hung et al., 2011; Suksamrarn et al., 2004). The level of expression of
these receptors on the cells can determine the extent of their cell
inhibitory activity. Hence, the possible suppression of their antican-
cer activity in the presence of the receptor agonists (Adedapo et al.,
2016).

Since most anticancer studies carried out on C. odorata and its
metabolites are predominantly in vitro experiments, more studies are
required to determine their cytotoxic activity under in vivo condi-
tions. The results of anticancer studies done using C. odorata suggest
that extraction procedures may lead to the plant's low, moderate,
and excellent anticancer properties. Furthermore, the activities of C.
odorata depends on the phytoconstituents, which in turn is specific
for certain forms of cancer. When evaluating the anticancer activity
of C. odorata, consideration should be given to its synergistic prolifer-
ative activity with mitogens and fibroblasts (Phan et al., 1998). Rather
than using crude fractions that sometimes give inconsistent results
due to the diverse chemical constituents of C. odorata, further
research could focus on the isolation and purification of its pharma-
cologically active compound with a significant anticancer mode of
action. Overall, the current evidence thus far suggests that C. odorata
can mitigate cancer via cell cycle arrest, autophagy and apoptosis
(Fig. 6). However, further studies still need to be conducted.

2.8. Antimicrobial activity of Chromolaena odorata

Microbial infections continue to pose a significant threat to living
organisms. While different pharmacological agents have exhibited
potent antimicrobial activity in recent years, the ability of microor-
ganisms to develop resistance to antibiotics has necessitated the
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development of more potent antimicrobial drugs. Interestingly, the
antimicrobial activity of C. odorata has been well reported. C. odorata
demonstrated antimicrobial action against different microorganisms
of diarrhoea, skin infection, wound infection, urinary tract infection
and food spoilage (Ifeanyi et al., 2016; Nurul Huda et al., 2004;
Omeke et al., 2019; Stanley et al., 2014; Thophon et al., 2016). For
example, Ijato and Tedela (2015) reported the inhibition of fungi iso-
lates from Dioscorea spp. (Aspergillus flavus, Aspergillus glaucus, Asper-
gillus niger and Botryodiplodia theobromae) by hot and cold aqueous
extracts of C. odorata. Polyphenol extracts of C. odorata have also
shown moderate antibacterial activity against Staphylococcus
aureus and Staphylococcus epidermidis (Huda et al., 2004). Further-
more, C. odorata displayed inhibitory effects on microorganisms
involved in urinary tract infections such as Escherichia coli, Klebsiella
spp., Pseudomonas aeruginosa, Staphylococcus aureus and Candida albi-
cans with MIC value in range of 12.5 mg/ml and � 50 mg/ml
(Abubakar et al., 2020). Natheer et al. (2012) further demonstrated
the superior antimicrobial action of C. odorata by screening three (3)
traditional plants against twelve (12) bacterial isolates. From the
studies, C. odorata showed the most effective antimicrobial inhibitory
activity with a minimum inhibitor concentration of about 25 mg/ml
for the 12 bacteria species. Similaly, Naidoo et al. (2011) also reported
antimicrobial activity of C. odorata using extracts from the leaves and
stem

Despite the significant antimicrobial potential of C. odorata, its
microbial mechanism is not explicit as it appears to vary depending
on the distribution of phytoconstituents in different parts of the
plant, method of extraction and ecological factors. In a study by
Thophon et al. (2016), C. odorata leaf extract displayed the most effec-
tive antimicrobial property compared to other parts of the plants.
Moreover, C. odorata extracts were reported to portray varying anti-
bacterial activity against gram-positive and gram-negative bacteria.
Hence, these previous studies indicate that C. odorata activity may
depend on the extract and plant part used. The highest antibacterial
activity of methanol leaf extracts was observed against gram-positive
bacteria like Bacillus subtilis, Bacillus cereus, Staphylococcus aureus,
Staphylococcus epidermidis, and gram-negative bacteria such as E.
coli. Ethanol extract from the leaves showed high antifungal activity
against fungi cultures, including Aspergillus flavus, Aspergillus glaucus,
Candida albicans, Candida tropicalis, and Trichophyton rubrum. A simi-
lar result was observed using ethanol extract of fresh leaves of C.
odorata (Inyang and Adegoke, 2008). The extract significantly inhib-
ited gram-positive bacteria (Staphylococcus aureus and Pseudomonas
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aeruginosa) and gram-negative bacteria (E.coli and Klebsiella pneumo-
nia). It was noted that C. odorata showed more inhibitory activity
against gram-positive compared to gram-negative bacteria with MIC
values of 31.25 mg/ml and 62.5 mg/ml, respectively. While the reason
for C. odorata selectivity against gram-positive bacteria is not known,
the presence of tannins, phlobatannins, saponins, flavonoids, alka-
loids and glycosides with the ability to permeate the thick porous
peptidoglycan layer in the cell wall of gram-positive bacteria might
be responsible (Inyang and Adegoke, 2008; Lambert, 2002). Another
possible explanation may be associated with the presence of ter-
penes, as it has been reported that gram-positive bacteria are highly
susceptible to terpenoids (Khameneh et al., 2019). Additionally, the
disparities in the antimicrobial activity of C. odorata using different
solvents may possibly emanate from the varying solubility of the
phytochemical constituents required for the antimicrobial activity.

It has been observed that similar species of C. odorata from differ-
ent geographical locations may not have similar antimicrobial activi-
ties (Chuyong et al., 2019). Variations in edaphic factors such as soil
acidity, altitude and climatic conditions can significantly alter the
phytochemical composition of plants and affect their biological activ-
ity (Karimi et al., 2020; Prinsloo and Nogemane, 2018). In one inter-
esting study, Chuyong et al. (2019) noted that C. odorata growing in
Ndop (a region with high altitude and harsh climate) have more anti-
fungal activity against Phytophthora colocasiae than the same plant
grown in Ekona (located in the low slope of Cameroon). They rea-
soned that the acidic pH and other unfavourable growth conditions
in Ndop might have stimulated the plant to produce more bioactive
phytochemicals that could allow it to survive the harsh environmen-
tal conditions. Ultimately this adaptation increased the plant antifun-
gal activity.

The mechanism of antimicrobial activity of C. odorata has not been
well elucidated. A few studies, however, have provided some
insights. For example, C. odorata oil has been shown to inhibit extra-
cellular proteases of P. aeruginosa (Adeola et al., 2015). This extracel-
lular cellular protease is required for bacteria virulence since it
allows the organism to thrive in harsh conditions. By inhibiting this
protease, C. odorata oil can serve as an alternative source of novel
antibacterial agents. Furthermore, virtual screening of compounds
identified from C. odorata shows potential candidates that can act as
b-lactam protease inhibitors (David et al., 2019). Bacteria usually pro-
duce the beta-lactamase enzyme to destroy antibiotics with a beta-
lactam backbone. Tianshic acid and chromomorate from C. odorata
were identified as lead compounds used to combat bacteria resis-
tance.

Additionally, C. odorata has demonstrated potential antibiofilm
activity against P. aeruginosa under anaerobic condition (Yahya et al.,
2014). Microbial cells of bacteria such as Pseudomonas aeruginosa
sometimes form adherent surfaces clusters enclosed in an extracellu-
lar polymeric substance (EPS) matrix known as biofilms. The pres-
ence of the EPS matrix protects the microbes from the host immune
system and against bactericidal agents. Biofilms are therefore resis-
tant to several antibiotics. The antibiofilm mechanism of C. odorata
involves altering the biochemical composition of the biofilm by sig-
nificantly decreasing the level of polysaccharide present in the EPS
matrix (Yahya et al., 2014). This weakens the biofilm and facilitates
the entry of drugs. Yahya et al. (2014) further identified germacrene
D as the major bioactive compound in C. odorata responsible for the
antibiofilm activity.

The culmination of pharmacognosy research would be to purify
bioactive compounds from a plant that can serve as a therapeutic
alternative with better results than currently approved drugs. Hence,
certain experimental studies carried out have identified potent com-
pounds with significant antimicrobial activity. For example, bioassay-
guided chromatography was used to purify 3’,4’,5,6,7-Pentamethoxy-
flavone (Sinensetin) and 4’,5,6,7-Tetramethoxyflavone (Scutellarein-
tetramethyl ether) from C. odorata leaves as potent compounds with
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significant inhibitory activity against Klebsiella oxytoca, Salmonella
enterica, Shigella sonnei and Vibro cholera (Atindehou et al., 2013).
Omokhua et al. (2020) recently purified (§)-40,5,7-trimethoxy flava-
none and 5-hydroxy-3,7,40-trimethoxyflavone that inhibits the meta-
bolic activity of microorganisms involved in urinary tract infection,
including E. coli, S. aureus, K. pneumoniae, A. fumigatus and C. neofor-
mans. Also, the compounds possess good biocompatibility and can
therefore serve as potential lead compounds in further research.

3. Current drawbacks and prospects

Despite its numerous biological activities, there are currently no
FDA approved compounds purified from C. odorata. In this section,
we consider some of the limitations of this plant and the future direc-
tives capable of yielding better results for clinical studies.

While it appears that C. odorata possesses significant biological
activity, this plant is perhaps well known as an invasive weed rather
than a pharmacological agent. The ease of seed dispersal and the abil-
ity of the plant to thrive in different soil types are part of the reasons
for its invasive nature (Witkowski and Wilson, 2001). As an invasive
weed, it is challenging to control and the plant negatively impacts
the natural biome by outwitting plants growing in their natural flora.
Also, controlling this weed may significantly affect the costs of agri-
culture and increase the economic burden. While different biological
techniques such as the use of natural pest and disease of C. odorata
have been explored to combat C. odorata, the challenge of funding
and drawing a line between the status as a medicinal plant or weed
have hampered its control (Aigbedion-Atalor et al., 2019;
Muniappan et al., 2005; Zachariades et al., 2011). Further studies are
therefore required to limit its invasiveness while strategically grow-
ing the plant for medicinal purposes.

Another challenge with the use of C. odorata is the possibility of
toxicity at therapeutic doses. Several studies have reported the toxic-
ities of C. odorata at different doses (Asomugha, 2015;
Asomugha et al., 2013; Centanaro et al., 2018; Ogbonnia et al., 2010;
Paulose et al., 2016). Moreover, the use of traditional plants in the
treatment of disease is not standardized and regulated; hence people
are likely to take tinctures and tisanes of C. odorata at higher doses,
ultimately leading to toxicity (Asomugha et al., 2013;
Centanaro et al., 2018; Ogbonnia et al., 2010; Paulose et al., 2016).
Paulose et al. (2016) observed that following oral administration of
methanol extract of C. odorata, different pathological changes were
observed in mice, including subcutaneous haemorrhages in body
parts, centrilobular necrosis of the liver, degeneration of periportal
hepatic cells and kidney and liver congestion. However, this observa-
tion was contrary to the report by Ogbonnia et al. (2010), who men-
tioned that the extract was non-toxic but noted the possibility of
cardiac toxicity at high concentrations. The authors argued that the
difference in the observation might result from environmental factors
that alter the plant's phytochemical constituents (Ogbonnia et al.,
2010; Shao et al., 2018; Witkowski and Wilson, 2001). Similarly,
some researchers in Columbia evaluated the acute toxicity of C. odor-
ata and observed mild lymphoid hyperplasia of the spleen and toxic
hepatitis (Centanaro et al., 2018). The acute toxicity and cytotoxicity
of C. odorata have been evaluated via brine shrimp assay cytotoxicity
and lorke in vivo toxicity in Wistar rats (Asomugha and Ezejio-
for, 2015). The authors noted that at high doses (2154 mg/Kg and
5000 mg/kg body weight), aqueous and ethanolic extract of C. odorata
is toxic to rats. However, since these toxic concentrations are more
than what is required for pharmacological activity, the authors con-
cluded that the extract was non-toxic. In a recent study by
Gogoi et al. (2020), essentials oils of C. odorata showed no genotoxic-
ity at pharmacological concentration.

C. odorata young shoots have also been found to accumulate
nitrate in concentrations about 5-6 times more than required for con-
sumption (Sajise et al., 1974). These concentrations are deemed toxic
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to livestock when consumed during grazing (Sajise et al., 1974;
Strickland et al., 2013). Another cause of C. odorata toxicity is the
presence of alkaloids. While showing different health benefits such
as antimicrobial, nematocidal, and anticancer properties, alkaloids
are also toxic to normal cells (Boppr�e et al., 2007; Lu et al., 2012;
Othman et al., 2019). One dominant group of alkaloids found in C.
odorata is pyrrolizidine alkaloids (Biller et al., 1994). This alkaloid is
hepatotoxic, tumorigenic and can affect human and livestock health
(Fu et al., 2002; Odutayo et al., 2017). When the alkaloids are taken
up by the cells, they are metabolized into dehydropyrrolizidine
which binds to cellular macromolecules such as DNA and cause
cross-linkages, leading to DNA adducts formation (Fu et al., 2002).

In addition, variation in ecological factors results in disparities in
the phytochemical composition of C. odorata; this can affect their bio-
logical activity (Omokhua et al., 2017; Shao et al., 2018). Further stud-
ies are therefore necessary to fully understand the different variants
of C. odorata and how ecological factors can impart on their pharma-
cological activity. Additionally, studies should be done to purify
active compounds from different biotypes, and the potential targets
of the purified compound should be identified.
4. Conclusion

The studies reported so far have demonstrated the increasing
prospects of C. odorata as a pharmacological agent in treating differ-
ent diseases. If well explored, the reservoir of interesting compounds
present in C. odorata holds great promise in developing standard
drugs. The current review has attempted to summarise the mode of
action of C. odorata based on available data on the different biological
activities of the plant. Nevertheless, further detailed studies are still
needed to demystify the mechanisms involved in the activities and
unravel other invaluable potentials of C. odorata.
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