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Abstract: Clerodendrum viscosum (C. viscosum), hill glory bower, locally known as bhant, has a
rich ethno-medicinal history across tropical and subtropical regions. It has been widely studied for
its diverse bioactive phytochemicals and their potential in cancer therapy. This review consoli-
dates current research on C. viscosum, encompassing its phytochemical composition, antioxidant
properties, and anticancer mechanisms documented globally. We comprehensively searched vari-
ous scholarly databases,  including Scopus,  PubMed, Science Direct,  and Google Scholar.  The
plant  exhibits  a  range  of  secondary  metabolites,  including  phenolics,  phenylpropanoids,
flavonoids, tannins, quercetin, saponins, alkaloids, terpenoids, and steroids. These compounds de-
monstrate antioxidant properties by scavenging reactive oxygen species (ROS). Notably, gallic
acid, tannic acid, ellagic acid, and quercetin contribute to antioxidant efficacy. Several phytochem-
icals, such as flavonoids and phenolic compounds, show anticancer activities by inhibiting cancer
cell proliferation, inducing apoptosis, and causing cell cycle arrest. For example, apigenin and
acacetin, identified from C. viscosum, exhibited remarkable anticancer effects, including ROS gen-
eration, apoptosis initiation, and G2/M-phase cell cycle arrest. Also, extracts from different parts
of the plant demonstrated selective cytotoxicity against various cancer cells, emphasizing their po-
tential as natural anticancer agents. Therefore, this study could provide summative information re-
garding the pharmacological and therapeutic potential of C. viscosum as a natural source of vari-
ous active chemicals. However, further research is warranted to explore the therapeutic applica-
tions of these plant-derived compounds in cancer treatment.

Keywords: Clerodendrum viscosum, pharmacological, anti-Inflammatory, anticancer, Antioxidant.

1. INTRODUCTION
Cancer  is  a  leading  cause  of  death  and  a  significant

barrier  to  life  expectancy  worldwide.  In  2019,  it  was  the
second leading cause of death before the age of 70 in 112
out of 183 countries and third or fourth in 23 countries. In
2020, 19.3 million new cancer cases and nearly 10 million
deaths occurred worldwide. Female breast cancer is the most
commonly  diagnosed  cancer,  with  2.3  million  new  cases
(11.7%)  followed  by  lung  (11.4%),  colorectal  (10.0%),
prostate (7.3%), and stomach (5.6%) cancers. Lung cancer
remains the leading cause of cancer death, with 1.8 million
deaths  (18%) followed by colorectal  (9.4%),  liver  (8.3%),
stomach  (7.7%),  and  female  breast  (6.9%)  cancers  [1].
According  to  projections  made  by  the  Global  Cancer
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Observatory, around 24 million new cases will be diagnosed
annually by 2030 and 29 million cases by 2040. Thus, there
would be over 16 million cancer-related deaths annually [2].
However,  effective  cancer  medications  remain  a  global
challenge,  highlighting  the  intricacies  and  difficulties
involved  in  combating  cancer  on  a  global  scale.

Natural  products,  due  to  their  extensive  chemical
diversity,  are  regarded  as  a  valuable  source  of  bioactive
chemicals that have potential medicinal applications. Over
the past few decades, there has been a significant focus on
isolating new natural products from various sources such as
microbes, plants, and other living organisms. These efforts
aim  to  evaluate  their  potential  as  anticancer  agents  and
understand how they work. Through these efforts, a panel of
anti-cancer  drugs  has  been  discovered.  According  to
estimates,  a  significant  proportion  of  newly  approved
anti-cancer drugs, around 25%, between the years 1981 and
2019, were derived from natural products [3, 4]. Numerous
compounds, especially compounds with potent antioxidant
properties  exhibiting  potential  anticancer  properties  or
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possessing  unique  structural  advantages  for  investigating
druggable  modalities  have  been  extensively  documented
[5-7]. As the antioxidants modulate the oxidative stress and
regulate the cellular stress or insults via controlling reactive
oxygen  species  (ROS),  thereby,  they  could  potentiate
anti-proliferative  activity  against  various  cancer  cells.

Clerodendrum viscosum Vent., hill glory bower, locally
known  as  Bhant,  is  an  indigenous  Shrub  species  with  a
height  of  about  1-2m.  It  exhibits  a  vast  geographical
distribution  across  tropical  and  sub-tropical  regions,
encompassing  Bangladesh,  India,  Myanmar,  Thailand,
Malaysia,  and  Sri  Lanka  [8].  It  is  a  common  Lamiaceae
family weed that thrives in cultivated fields and on shallow
terrain  near  roads  and  railways  around  industrial
installations,  and  developing  residential  sites  [8,  9].  C.
viscosum  exhibits  a  wide  range  of  secondary  metabolites,
including  phenylpropanoids,  ellagic  acid,  gallic  acid,
saponins,  tannic  acid,  reserpine,  triterpenoids,  flavonoids,
flavonoid  glycosides,  steroids,  iridoid  glycosides,  and
neo-chlorodene  diterpenes  etc  [10-12].  These
phytochemicals are distributed throughout the plant, with a
substantial  concentration  observed  in  the  leaves  and  roots
[13]. The leaf contains major groups of chemicals, including
phenols,  tannins,  flavonoids,  alkaloids,  saponins,  protein,
free-reducing sugar,  glucuronide, oleic,  stearic,  lignoceric,
and gallic acids, sterols, and triterpinoids [8, 14-16]. While
the  roots  contain  flavonoids,  cabruvin,  and  quercetin,
carbohydrates,  glycosides,  sterols,  triterpinoids,  tannins,
lupeol, B-sitosterol, and cabrubin [15]. The fatty oil found in
plant  seeds  is  primarily  composed  of  linoleic,  oleic,  and
palmitic  acids  [15].  The main  bioactive  components  of  C.
viscosum  that  were  identified  were  limonene,  catechol,
p-vinylguaiacol  (4-ethenyl-2-methoxyphenol),  5,8,11-
eicosatriynoic acid, stigmasterol, desulphosinigrin, guaiacol
(2-methoxyphenol), tyrosol-d4 (4-hydroxy-benzeneethanol-
4d), vaccenic acid, hexadecanoic acid, phytol, betulin, and
hydroxymethylfurfural [17]. In addition, compounds such as
(3β,5Z,7E)-9,10-Secocholesta-5,7,10(19)-trien-3,24,25-triol,
eugenol (2,6-dimethoxy-4-prop-2-enylphenol, cinnamic acid
(3-[2-(1,2,3,4-tetrahydronaphthalen-2-ylmethyl)phenyl]prop
anoic  acid,  and  vanillic  acid  (methyl
2-(4-acetyloxy-3-methoxyphenyl)  acetate)  were  isolated
from  C.  viscosum  [17].  The  structure  of  some  purified
bioactive  compounds  are  shown  in  Fig.  (1).

The plant extracts or the phytochemicals purified from
the  plant  have  been  extensively  utilized  in  traditional
medicinal  practices  such  as  Ayurveda,  Homeopathy,  and
Unani [13]. For example, the plant has been employed for
the therapeutic management of diverse ailments, including
but  not  limited  to  skin  disorders  and  hematological
malignancies  [18,  19].  The  plant's  juice  is  employed  to
combat worm infections,  cough, itching, leprosy, scorpion
stings, asthma, bronchitis, fever, and other conditions [18].
The leaves exhibit efficacy in combating inflammation, skin
ailments,  and  smallpox  [20],  as  well  as  possessing
vermifugal,  emetic,  and  mildly  laxative  properties.
Furthermore, it  potentially mitigates the effects of tumors,
snakebites,  and  scorpion  stings  [21].  The  bioactive

compounds  from  the  root  exhibit  efficacy  in  combating
antidandruff conditions, reducing fever, eliminating parasitic
worms,  promoting  bowel  movements,  and  acting  as  a
vermifuge [22]. Additionally, they have been utilized in the
therapeutic  management  of  convulsions,  diabetes,  gravel
formation,  malaria,  scabies,  various  skin  ailments,  open
wounds, and muscular contractions [22]. Thus, this plant is
widely recognized for its pharmaceutical properties, which
encompass  anti-inflammatory,  neuroprotective,
antinociceptive,  anticancer,  antimicrobial,  hyperglycemic,
hepatoprotective, and antioxidant activities [23-26]. In this
comprehensive review, we have provided the total bioactive
phytochemical  compositions,  antioxidant  properties,  and
detailed anticancer mechanism of C. viscosum, which could
be  useful  for  developing  potential  effective
chemotherapeutics  for  better  management  of  patients  with
cancers.

1.2. Bioactive Phytochemicals
The  current  study  found  that  C.  viscosum  contains

several bioactive phytochemicals. Phytochemical profiles of
leaf,  root,  and  flower  show  dissimilar  bioactivities  of  the
seed and stem due to their distant spatial arrangement [17].
Numerous  studies  reported  the  isolation  of  bioactive
compounds  from  C.  viscosum,  primarily  composed  of
flavonoids,  terpenoids,  steroids,  and  alkaloids  [27-43].  A
comprehensive  analysis  revealed  that  different  parts  of  C.
viscosum contain manifold bioactive compounds that exhibit
remarkable pharmacological efficacy (Table 1).

1.2.1. Phenylpropanoids
Phenylpropanoids  are  a  group  of  naturally  occurring

compounds  that  are  present  in  various  plants.  These
compounds  are  believed  to  possess  several  beneficial
properties such as anticancer, antidiabetic, neuroprotective,
cardioprotective,  antimicrobial,  antioxidant,  and  enzyme
inhibitory effects. [44-71] Even at low concentrations, they
have the potential to be used as therapeutics for age-related
diseases [72, 73]. Phenylpropanoid glycosides, namely 6-O-
caffeoyl-12-Glucopyranosyloxyjasmonic acid,  jionoside C,
jionoside D, Brachynoside, and incanoside C, were purified
and  isolated  from  c.  viscosum.  Among  these
phytochemicals,  Compound  jionoside  C  and  compound
C13-nor-isoprenoid glycanoside byzantionoside B exhibited
moderate  anticancer,  antimetastatic,  and  antitumor  effects
against triple-negative breast cancer (TNBC) cells (Hs578T
and  MDA-MB-231)  [74].  The  recent  finding  of
hydrocinnamic  acid  (belonging  to  the  class  of
phenylpropanoids)  in  c.  viscosum  is  crucial  because
cinnamic acid derivatives are a staple of our diet and have
been  linked  to  the  prevention  of  several  oxidative
stress-related  illnesses,  including  cancer,  cardiovascular
disease,  atherosclerosis,  and  inflammatory  injury  [75].

1.2.2. Flavonoids
Flavonoids, which are bioactive compounds of organic

origin, have been extracted from various portions of the  C.  
viscosum  plant.   These   compounds   exhibit  significant
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Table 1. Phytochemicals isolated from different parts of Clerodendrum viscosum and their pharmacological activity.

Plant Ma-
terials

Groups of Phyto-
chemicals

Bioactive
Compound Pharmacological Activity References

Leaf

Phenolic

Gallic acid
Inhibit the oxidation, cytotoxic and antitumor effect,reducing the lipid

peroxidation, cell cycle arrest, protects the mucosal layer, increasing the
activity of antioxidant enzymes,

[28, 29]

Methyl gallate
Inhibition of tumor cell proliferation, promotes tumor cell apoptosis, in-
hibit the production of COX-2 andLeukotriene C4(LTC4), inhibit oxida-

tive stress, down-regulate lipid accumulation and adipogenesis
[28, 30]

Tannic acid, Potent antioxidant properties, acts as an antibiotic, inhibit viral activity [28, 30]

Ellagic acid
Potent anticarcinogenic agent, inhibited the DNA binding, Ellagic acid in-
duced G1 arrest, inhibited overall cell growth, caused apoptosis in tumor

cells, liver protection
[28, 32]

Alkaloids Reserpine an antidepressant effect [28, 33]

Flavonoids

Quercetin Protect liver function, suppress lung cancer, inhibiting oxidative stress, in-
hibits the survival and metastatic ability, reduces neuropathic pain [28, 34]

Medicarpin Induced the antioxidant response, inducedHO-1,GCLC, andNQO1mRNA
by translocating NRF2 to the nucleus, induced the mRNA level ofNRF2 [35, 36]

Scutellarin,
hispidulin-7-O-glucronide

Energy metabolism, vascular regulation, hemodynamics, oxidative stress,
inflammation, platelet activation, and tissue repair [37, 38]

Fatty acids
Acetic acid Antinociceptive properties [23, 39]

n-Hexadecanoic acid,
Octadecanoic acid Inhibitors of phospholipase A(2) as anti-inflammatory agents [39, 40]

Terpenoids

Limonene Proving anti-inflammatory, antioxidant, antinociceptive, anticancer, anti-
diabetic, antihyperalgesic, antiviral, and gastroprotective effects, [42, 43]

α-pinene

Inhibition of hepatoma carcinoma BEL-7402 cells proliferation, Inhibi-
tion of cycle progression from G2 to M phase in human ovary cell lines

(PA-1), Disruption of mitochondrial potential, production of ROS, activa-
tion of caspase-3, aggregation of heterochromatin, DNA fragmentation,

[42, 44]

β-pinene Antimicrobial activity, Anticoagulative/antiplatelet and anti-inflammato-
ry activity, Anti-tumor activity. [42, 45]

ρ-cymene
Inhibited the growth of upland rice seedlings, increased levels of H2O2,
MDA, and proline, indicating lipid peroxidation and induction of oxida-

tive stress
[42, 46]

Myrcene, Anisal Anxiolytic, antioxidant, anti-ageing, anti-inflammatory, analgesic proper-
ties [42, 47]

β-caryophyllene Anti-inflammatory, anticarcinogenic, antimicrobial, antioxidative, and
analgesic activities. [42, 48]

Clerodin,
3-allyl--methoxy phenol Good activity againstCorona virus [42, 49, 50]

2- acetoxyclerodendrin B Antioxidant activities [42]
Clerodone Good activity against Corona virus [50, 51]

Clerodolone,
2-trans-β-ocimene Good activity against corona virus [42, 50, 51]

Squalene, Luperol, 3-al-
lyl--methoxy phenol,

β-cubebene
Cardiovascular diseases and cancer [17, 38, 42, 51]

Oleanolic acid,
Clerodinin A

Antitumor-promotion effects, anti-inflammatory and antihyperlipidemic
properties [53, 54]

Phytol Shown antinociceptive and antioxidant activities [39, 55]
Betulin, Tyranton Cytotoxic against metastatic cell lines [39, 56]

Phenylpropanoids

jionoside C, jionoside D,
Brachynoside,

incanoside C, Brachynoside
Antioxidant activity [57, 58]

Hydrocinnamic acid Show anti-oxidant activity [39, 40]

Ester Octadecadienoic acid,
Methyl ester Inhibitory effects against multistage carcinogenesis [39, 41]

(Table 1) contd....
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Root

Flavonoids
Quercetin Protect liver function, suppress lung cancer, inhibiting oxidative stress, in-

hibits the survival and metastatic ability, reduces neuropathic pain [28, 34]

cabruvin Anti-fungal activity [59]

Terpenoids

Limonene Proving anti-inflammatory, antioxidant, antinociceptive, anticancer, anti-
diabetic, antihyperalgesic, antiviral, and gastroprotective effects, [42, 43]

α-pinene

Inhibition of hepatoma carcinoma BEL-7402 cells proliferation, Inhibi-
tion of cycle progression from G2 to M phase in human ovary cell lines

(PA-1), Disruption of mitochondrial potential, production of ROS, activa-
tion of caspase-3, aggregation of heterochromatin, DNA fragmentation,

[42, 43]

β-pinene Antimicrobial activity, Anticoagulative/antiplatelet and anti-inflammato-
ry activity, Anti-tumor activity. [42, 45]

ρ-cymene
Inhibited the growth of upland rice seedlings, increased levels of H2O2,
MDA, and proline, indicating lipid peroxidation and induction of oxida-

tive stress
[42, 46]

Myrcene, Anisal Anxiolytic, antioxidant, anti-ageing, anti-inflammatory, analgesic proper-
ties [42, 47]

caryophyllene Anti-inflammatory, anticarcinogenic, antimicrobial, antioxidative, and
analgesic activities. [42, 48]

Squalene, luperol Cardiovascular diseases and cancer [17, 38, 52]

Steroid Clerosterol,
β- sitosterol

Inhibit the proliferation of MCF-7 cells, inhibitory effects on creation,
promotion and induction of cancerous cells, as well as inhibition of tu-

mor cells invasion and metastasis, hypocholesterolemic activity, improve
the urinary symptom, prevent human prostate cancer, reduced levels of

glucose

[13, 51, 60]

Fatty acids

n-Hexadecanoic acid,
Octadecanoic acid Inhibitors of phospholipase A(2) as anti-inflammatory agents [39, 40]

Octadecadienoic acid, Inhibitory effects against multistage carcinogenesis [39, 41]
Heptadecanoic acid Inhibits cell proliferation in PC‑9 non‑small‑cell lung cancer [39, 61]

Flower

Flavonoid

Quercetin, hispidulin-7-O-glu-
cronide

Protect liver function, suppress lung cancer, inhibiting oxidative stress, in-
hibits the survival and metastatic ability, reduces neuropathic pain [28, 34, 37]

Apigenin

Antioxidant and anti-inflammatory, its role in lowering blood pressure,
and its antibacterial, antiviral properties, show broad anti-cancer effects

in various types of cancers, including colorectal cancer, breast cancer, liv-
er cancer, lung cancer, melanoma, prostate cancer and osteosarcoma

[62, 63]

Acacetin, Methyl ester of acacetin
-7-0-glucuronide

Antiplasmodial, antimutagenic, antiinflammatory, antiperoxidant, and an-
ticancer effects bysuppressing the migration and invasion of human can-

cer cells
[62]

Steroid

β- sitosterol

Inhibit the proliferation of MCF-7 cells, inhibitory effects on creation,
promotion and induction of cancerous cells, as well as inhibition of tu-

mor cells invasion and metastasis, hypocholesterolemic activity, improve
the urinary symptom, prevent human prostate cancer, reduced levels of

glucose

[13, 60]

β-sitosterol glucoside β-SG exerted an anticancer effect in liver cancer cells by activating the
caspase-3 and -9 signaling pathway associated with apoptosis cell death. [13, 64]

Stigmasterol

Acts on the Akt/mTOR and JAK/STAT pathways in ovarian and gastric
cancers. necrosis factor-α (TNF-α) and vascular endothelial growth fac-

tor receptor-2 (VEGFR-2) signaling down-regulation. diminishing inflam-
mation

[39, 65]

Fatty acids

Carbamic acid, Dodecanoic acid,
Undecanoic acid,

Tetradecanoic acid,
2-Bromotetradecanoic acid, Hex-

anoic acid
Fumaric acid

Exhibited neuroprotective effects
[39, 66, 67]

Phenylpropanoids Hexadecanoic acid Anti oxidant activity [39]
Polyphenols Caffeic acid Antioxidant, anti-inflammatory, antimicrobial and cytostatic. [66, 68]

Stem
Fatty acid

Acetic acid, Antinociceptive properties [23, 39]
n-Hexadecanoic acid, Inhibitors of phospholipase A(2) as anti-inflammatory agents [39, 40]

Ester Octadecadienoic acid, Inhibitory effects against multistage carcinogenesis [39, 41]
Phenylpropanoids Hydrocinnamic acid Show anti oxidant activity [39, 40]

(Table 1) contd....
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Seed

Steriod Stigmasterol

acts on the Akt/mTOR and JAK/STAT pathways in ovarian and gastric
cancers. necrosis factor-α (TNF-α) and vascular endothelial growth fac-

tor receptor-2 (VEGFR-2) signaling down-regulation. diminishing inflam-
mation

[39, 65]

Fatty acid

β-Allyloxypropionic acid, β-Hy-
droxybutyric acid,

Octanoic acid,
Anticancer activity [39, 61]

Cyclobutanecarboxylic acid,
β-Hydroxydodecanoic acid,

Palmitic acid
Role in Cancer,CVD,and obesity [23, 39,69

Oleic acid Effect on cancer, autoimmune and inflammatory diseases, besides its abil-
ity to facilitate wound healing 23,70]

Linoleic acid Prevent flammation and metabolic diseases. [23, 71]

Fig. (1). Contd...
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Fig. (1). The structure of bioactive compounds isolated from c. viscosum. (A higher resolution / colour version of this figure is available in
the electronic copy of the article).

pharmacological  potentialities  like  as  antioxidants,
anti-inflammatory  agents,  antimicrobial  agents,  and
anticancer  agents  [76].  Quercetin,  cabruvin,  medicarpin,
dimethyl  medicarpin,  apigenin,  acacetin  [methyl  ester  of
acacetin-7-O-glucuronide],  scutellarin,  hispidulin-7-O-
glucronide  (5-hydroxy-2-(4-hydroxyphenyl)-6-methoxy-7

-[(2S,4S,5S)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]
oxychromen-4-one),  eupafolin,  and  pectolinarigenin  are  a
selection of flavonoids that have been identified and isolated
from  C.  viscosum  [35,  37,  77-79].  In  the  leaves  of  C.
viscosum,  a  recent  discovery  revealed  the  presence  of
flavonoid  glycosides,  namely  apigenin  7-O-glucuronoide
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and  acacetin  7-O-glucuronide  [13,  57].  However,
supplements  high  in  flavonoids  may  lessen  abnormal
deteriorations in cognitive function and neurodegenerative
processes [80]. Scientists have recently focused a great deal
of  attention  on  quercetin  because  of  their  therapeutic  and
prophylactic qualities in the prevention of cancer, cataracts
CVD,  schizophrenia,  prostatitis,  and  other  conditions  [77,
81].  It  has  recently  been  demonstrated  that  quercetin
improves  CNS functions,  especially  memory  and  learning
[77].

1.2.3. Tannins
Tannins,  also  known  as  tannic  are  included  in  several

pharmacopoeias and have been used in traditional medicine
to  treat  a  variety  of  illnesses.  In  addition,  it  appears  that
tannins have the ability to exhibit antioxidant, antimicrobial,
anticarcinogenic,  anti-inflammatory,  and  anti-allergic
properties [82]. Tannin and glycosides are substances found
in different parts of C. viscosum Vent., that have exhibited
antidiarrheal properties [83]. In addition, these compounds
isolated from C. viscosum Vent., are used extensively in the
treatment  of  diarrhea  and  may  work  through  a  number  of
mechanisms such as protein tannates increase the intestinal
mucosa′s resistance, which lowers secretion and peristaltic
movement [83].

1.2.4. Saponin
The  current  findings  highlight  the  saponin  that  was

isolated  from  C.  viscosum  leaves  and  its  possible
pharmacological and industrial applications. The ability of
saponins  to  formation  of  foam  in  an  aqueous  solution
distinguishes them from other type of secondary metabolites
found in plants. They have numerous industrial applications
including  the  synthesis  of  steroid  hormones  as  a  raw
material, food additives, fire extinguishers etc [84, 85]. They
also  exhibit  numerous  biological  activities,  including
immunostimulatory,  anti-inflammatory,
hypocholesterolemic, etc [86]. A study shows that saponin
elicited analgesic and anticonvulsant activities by increasing
the  brain's  serotonin  and  GABA  levels  [87].  In  addition,
saponin has demonstrated a promising analgesic effect that
is  likely  mediated  by  either  inhibiting
dopamine-β-hydroxylase  to  deplete  endogenous  levels
through  inhibition  of  post-synaptic  specific  sensitive
mechanism [87].  Furthermore,  several  saponins have been
shown  to  have  anti-epileptic  properties  [88-90].  Saponins
have  anti-metastasis,  anti-proliferation,  anti-angiogenesis,
and anti-multidrug resistance (MDR) properties [91]. They
bind  to  bile  acid,  thus,  modulating  immune  modulatory
effects,  induction  of  apoptosis,  promotion  of  cell
differentiation  and  reduction  of  carcinogen-induced  cell
proliferation  [92].  However,  the  nature  of  the  structural
moieties,  such  as  the  aglycone  moiety,  the  length  and
linkage  of  the  glycosidic  chain,  the  presence  of  the
functional  carboxylic  group  on  the  aglycone  chain  the
hydroxyl  group,  stereo-selectivity,  and  the  type  of  sugar
molecule  on  the  glycine  chain,  are  strongly  related  to  the
mechanism of anticancer action of saponin [93-95].

1.2.5. Terpenoids
Terpenoids  are  considered  natural  antioxidants  and

potential  anticancer  agents  [53].  It  was  reported  that
monoterpenes,  sesquiterpenes,  diterpenes,  and  triterpenes
are secondary metabolites that have been identified from the
C.  viscosum  plant.  Isoprene  serves  as  a  fundamental
constituent in the construction of terpenoids. Monoterpenes
such as limonene, myrcene, α-pinene, β-pinene, ρ-Cymene,
antisal,  β-cubebene,  tyranton,  3-allyl  methoxyphenol,
4H-1,3-oxazine,  and  2-trans-β-ocimene  are  composed  of
two isoprene units  isolated  from C. viscosum  Vent.  These
monoterpenes have been extracted from the roots and leaves
of C. viscosum and it is the main component of volatile oil
and  fragrant  [42].  Sesquiterpenes  are  organic  compounds
composed of a total of 15 carbon atoms, which are formed
by  the  combination  of  three  isoprenoid  units.  β-eudesmol
and  caryophyllene  are  two  notable  sesquiterpenes,  which
belong  to  a  class  of  organic  compounds  known  for  their
complex  molecular  structures  and  diverse  biological
activities  [42].  Sesuiterpenes  exhibit  antifungal  and
antibacterial properties [42]. Diterpenes, an extensive group
of secondary metabolites found in nature, are derived from
geranylgeranyl pyrophosphate and consist  of two isoprene
units.  The  flowers  of  C.  viscosum  have  been  found  to
contain clerodin, another type of diterpene [17]. In addition,
clerodin has been isolated from the leaves of C. viscosum,
signifying  its  presence  within  the  plant's  foliage.  The
production  of  15-hydroxy-14,  15-dihydroclerodin  and
2-acetyl  clerodendrin-β  has  been  observed  from  both  the
leaves and the entire plant [49, 78, 96]. Triterpenes consist
of  a  total  of  six  isoprene  units  and  three  terpenes.  C.
viscosum exhibits a substantial accumulation of triterpenoids
within  its  foliage.  The  hexane  extract  predominantly
consists  of  triterpenes  and  sterols  [97].  Triterpenes,  a
notable  assemblage  of  secondary  metabolites,  manifest
various  pharmacological  effects  such  as  antibacterial,
anthelmintic,  and  anti-inflammatory  actions  [98].  Another
triterpene,  luteol,  has  been  identified  from  C.  viscosum′s
stem bark [99]. Scientific research reported that methanolic
extract  of  C.  viscosum  contain  clerodinin  A  (diterpenoid)
and oleanolic acid (triterpenoid) [53]. MDA, the end product
of lipid peroxidation, has been shown mutagenic activity to
human  cell  line  and  exhibited  the  central  role  in  DNA
damage  and  sister  chromatid  exchange.  Clerdinin  A  and
oleanolic  acid  prevent  cancer  formation  by  reducing  the
MDA  level  and  increase  in  the  content  of  the  enzymatic
defense  system  [53].  Betulinic  acid  (BA),  a  pentacyclic
triterpene, isolated from the C. viscosum root [100]. It was
reported  that  bioactive  compound  BA  show  potent
antineoplastic  activity  against  a  xenograft  model  of
HPV-positive cervical cancer.it was commonly known that
this  molecule  might  play  a  role  in  neoangiogenesis,  cell
migration  inhibition,  and  apoptosis  [100].  Research  has
demonstrated  the  noteworthy  prophylactic  effects  of
naturally  occurring  terpenoids  against  age  related  ailment
like  cancer,  diabetes,  inflammation,  CVD  and
neurodegenerative  disorders  [101].
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1.2.6. Steroids
Steroids  represent  a  distinct  assemblage  of  secondary

metabolites.  C.  viscosum  contains  a  significant  number  of
steroids  in  a  variety  of  forms.  For  example,  (22E,
24S)-24-Ethylcholestesta-5,  22,  25-trien-3β-ol,  has  been
documented  in  the  leaves  of  C.  viscosum  [8].  Clesterols,
specifically  β-sitosterol  and  its  glycosides  have  been
successfully  extracted  from  the  root  of  C.  viscosum.  The
compounds (24S)-24-ethycholest-5-en-3β-ol, (24S)-24-ethyl
-25-  dehydrocholesterol,  (24S)-24-ethyl  -22,
25-bisdehydrocholesterol,  (24S)-24-ethylcholesterol,  and
(24S)-24-ethyl-22dehaydrocholesterol  have  been  extracted
from the above-ground structures of the plant [66, 102, 103].
Another study reported that  the roots of C. viscosum  have
been  found  to  contain  β-  sitosterol,  Clerosterol,  and
Clerodone which are identified as 5,25-sigmastadien-3β-ol,
lup_20  (30)-en-3β-diol-12-one,  and  3β-hydroxylupan-12
-one  [99].  Over  the  last  few  decades,  a  vast  body  of
preclinical  research  has  demonstrated  that  β-  sitosterol
demonstrates multiple anticancer activities against a variety
of  cancers  including  leukemia,  multiple  myeloma
melanoma, fibrosarcoma, and cancer of the liver, cervical,
colon stomach, breast, lung pancreatic and prostate [104].

1.3. Antioxidant properties
ROS and various  free  radicals  are  inherent  byproducts

that  arise  in  living  organisms  due  to  routine  biological
processes, both as a consequence of chemical reactions and
for specific metabolic purposes [105]. ROS exhibit a notable
propensity  for  reactivity  and  be  associated  with  various
human  ailments,  encompassing  cancer,  diabetes,  viral
infections,  cardiovascular  disorders,  and  inflammatory
responses. It also harms biological molecules such as DNA,
lipids,  and  proteins  [106].  As  a  result  of  the  potentially
harmful or mutagenic characteristics exhibited by numerous
synthetic antioxidant compounds, there has been a shift  in
attention towards naturally  existing antioxidants  [25].  The
most  well-known  naturally  occurring  antioxidants  are
polyphenols,  such  as  tannins  and  flavonoids  which  are
isolated  from  C.  viscosum  plant  [107].  Plant  phenolic
compounds  hold  significant  importance  due  to  their
hydroxyl groups, which provide scavenging ability and have
a  strong  antioxidant  effect  [97].  It  has  been  demonstrated
that  flavonoids  are  very  efficient  at  scavenging  most
oxidizing molecules, including singlet oxygen and a variety
of  free radicals  linked to several  illnesses [97].  Numerous
mechanisms have been proposed to explain the antioxidant
activities,  including  the  inhibition  of  chain  initiation,
binding  of  transition  metal  ion  catalysis,  peroxide
breakdown,  inhibition  of  further  hydrogen  abstraction,
reductive capacity,  and radical  scavenging [108-112].  The
presence  of  antioxidants  within  medicinal  herbs  serves  to
mitigate  the  production  of  ROS  by  scavenging  ROS  and
inhibiting  lipid  peroxidation  [112].  Saponin,  quercetin,
gallic acid, tanic acid and ellagic acid, reserpine, and other
compounds  with  potent  antioxidant  activity  are  found  in
C.viscosum  leaves  [28,  109-111].  Therefore,  C.  viscosum
exhibited strong antioxidant activity in both in vitro and in

vivo  assays  [97,  111,  113].  Radical  cations,  nitric  oxide
radical ferric ions, and DPPH were all notably scavenged by
C. viscosum [114]. Additionally, supplementation of leaves
water extract of C.viscosum provide significant protection of
antioxidant  enzymes  i.e.,  uperoxide  dismutase  (SOD),
reduced  glutathione  reductase  (rGR),  and  catalase  (CAT)
against lead (Pb) induced hepatic toxicity in mice [115]. In
addition, aqueous extract of C.viscosum leaves improves the
antioxidant enzyme activity in brain tissues of Pb-exposed
mice significantly [8].  Thus, the plant could be a resource
for effective antioxidant substances with enormous potential
for clinical applications.

However,  lack  of  clinical  trials  and  large-scale  cohort
studies  are  needed  to  establish  their  potential  antioxidant
implications in clinical settings.

1.4. Anticancer Activity
Within the vast array of naturally occurring substances,

an  extract  derived  from  C.  viscosum  showed  noteworthy
efficacy  against  various  cancer  cells.  For  example,  C.
viscosum extracts anticancer activity against lung carcinoma
(A549),  breast  adenocarcinoma  (MCF7),  glioblastoma
(U87), and normal fibroblast (WI-38) cells [116]. The crude
extracts induced apoptosis of cancer cells, especially MCF7
and U87 cells followed by G2/M phase arrest of cell cycle
[89,  116].  Another  study  reported  that  the  aqueous  root
extract of C. viscosum exhibits a discerning ability to trigger
apoptosis  in  human  cervical  cancer  (Hela)  cells  via  the
activation  of  the  caspase-3-mediated  pathway  [117].
Apoptotic pathways play a crucial role in the elimination of
damaged  cells  in  response  to  carcinogens,  making  them a
crucial protective mechanism against carcinogenesis [118].
In addition, the aqueous extract exerts an inhibitory effect
on  the  migratory  capability  of  malignant  cells,  thereby
presenting a promising approach in the battle against cancer
[119].  Importantly,  the  extract  has  no  toxicity  towards
non-cancerous  fibroblast  cells  [119].  Since  a  cancer
patient’s survival is significantly reduced by host toxicity of
the  conventional  chemotherapeutics,  thus,  no  or  mild
toxicity to non-cancerous cells implied that the extract could
be a safer source for chemo-agents, which acts on multiple
hallmarks of cancer such as induction of apoptosis, inhibits
cancer  cell  migration/motility,  and  reduces  cancer  cell
proliferation  [119].

Another study reported that methanolic leaves extract of
C. viscosum exhibited a cytotoxic effect on breast carcinoma
(MCF7)  cells,  however,  the  extract  does  not  show  any
harmful  effects  on  other  cancer  cell  lines  such  as  A549,
U87, Hela, as well as the non-cancerous fibroblast (W138)
cells  [120].  Furthermore,  the  anticancer  efficacy  of  the
methanolic extract of leaves of C. viscosum was examined
using Swiss albino mice-bearing Ehrlich's ascites carcinoma
(EAC) [53]. It was noted that supplementation of the extract
at  the  doses  of  100  and  200  mg/kg  resulted  in  a  notable
augmentation of the median survival time with a reduction
of  cell  growth  and  proliferation.  Also,  the  hematological
parameters,  enzyme  activity,  and  malonaldehyde
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concentration  of  EAC-bearing  receiving  the  extract  have
been restored to their baseline levels [53].

Recent  studies  reported  that  compounds  such  as  gallic
acid, tannic acid, and ellagic acid derived from C. viscosum
have antiproliferative effects against various cancers such as
lung  cancer,  breast  cancer,  brain  glioblastoma  [110,  111,
120, 121]. Also, quercetin has a significant impact on lung
and  breast  cancers  [122,  123].  Additionally,  apigenin  and
acacetin, flavonoid compounds exhibited cytotoxic activity
against  a  variety  of  cancer  cells,  including  those  derived
from ovarian, colon, cervical, hepatic, and breast carcinomas
[124-130].  For  example,  a  recent  study  elucidated  the
anti-cancer properties of apigenin against MCF-7 and WI-38
cells  using  the  WST-1  assay  [125].  Apigenin  had  shown
growth  inhibition  of  MCF7  and  WI-38  cells  in  a  dose
dependent  manner  with  an  IC50  value  of  56.72±  2.35  µM
against MCF7 cells and around 500 µM against WI-38 cells
[125]. Anticancer medications are renowned for their ability
to selectively impact cancer cells through various biological
processes  such  as  apoptosis,  necrosis,  or  cell  cycle  arrest
mechanisms [131]. In addition, apigenin exerts its inhibitory
effects  on  ovarian  cancer  (OVCAR-3  cell  and  SKOV-3)
cells through the induction of apoptosis and the disruption of
cell  cycle  regulatory  mechanisms followed by arresting  G
/G1 and G2/M cycle arrest in SKOV-3 cell and S phase cell
cycle  arrest  in  OVCAR-3  cells  [129,  131].  Furthermore,
administration  of  apigenin  resulted  in  an  increase  in  ROS
levels in MCF-7 cells, while no significant increase in ROS
levels in WI-38 cells [125]. The induction of ROS results in
the fragmentation of DNA and the subsequent activation of
p21, which in turn stimulates cell cycle arrest in the G2/M
phase  [125].  Moreover,  the  generation  of  ROS  is  also
responsible  for  the  activation  of  the  p53  protein,
subsequently leading to the activation of the caspase cascade
pathway  as  depicted  in  Fig.  (2).  The  experimental  results
revealed  that  ROS,  the  tumor  suppressor  protein  p53,  and
the caspase cascade signaling pathway played a role in the
programmed cell  death (apoptosis)  of MCF-7 cells  treated
with  apigenin  [125,  132].  Additionally,  apigenin  and
acacetin,  two  compounds  isolated  from  the  leaves  of  C.
viscosum  have  demonstrated  noteworthy  anticancer
properties  against  glioblastoma  (U87)  cells  [124].  The
apigenin  treatment  mitigates  the  cancer  cell  by  producing
microRNA-16  and  suppression  of  BCL-2  and
NF-kB/MMP-9  [133].  In  addition,  the  administration  of
acacetin and apigenin elicits the generation of ROS in U87
cells, potentially leading to an elevation in oxidative stress
levels,  and  thereby  inducing  G2/M phase  cell  cycle  arrest
[133]. Modulation of Bax, Caspase 9, caspase 3, and PARP
followed by administration of acacetin activated apoptosis
glioblastoma.  Furthermore,  acacetin  has  been  observed  to
elicit  the  production  of  ROS  in  gastric  cancer  (AGS)  and
breast  (MCF7)  cells  (AGS)  [134,  135].  Administration  of
Apigenin  induces  the  activation  of  caspase  8  (Bid  bax),
caspase 9 (caspase 3), and PARP, which in turn trigger the

activation  of  both  the  intrinsic  and  extrinsic  pathways  of
apoptosis.  Also,  apigenin plays a role in the generation of
ROS within lung and cervical cancer cells [124, 136, 137].
Moreover, the presence of apigenin and acacetin elicits the
activation of the p21 protein, thereby initiating the formation
of the Cyclin A1/Cdk-1 and Cyclin B1/Cdk-1 complex. The
complexes  formed  by  CyclinA1  and  Cdk-1,  as  well  as
CyclinB1  and  Cdk-1,  are  of  utmost  importance  in
facilitating the transition from the G2 phase to the M phase
of the cell cycle [124, 138, 139]. In this way, apigenin and
acacetin induce G2/M-phase cell cycle arrest in cancer cells
(Fig. 2).

Another compound, jionoside C derived from the leaves
of  C.  viscosum  has  demonstrated  moderate  anticancer
activity  against  triple-negative  breast  cancer  (Hs578T and
MDA-MB231) cells with IC50 values of 85.3 ±2.4 and 96.5
±1.5 μM, respectively [74]. It was reported that jionoside C
induced a reduction of proliferation and viability (⁓43%) of
highly aggressive, heterogeneous subtypes of breast cancer
Hs578T and MDA-MB231. In addition, this study showed
that jionoside C effectively reduced the number and size of
tumorspheres,  which  was  considered  a  good  indicator  in
cancer therapy. The inhibition of cancer cell migration is a
novel strategy for the treatment of metastatic cancers. The
compound  jionoside  C  effectively  suppressed  43%  of  the
migration of Hs578T cells and 37% for MDA-MB-231 cells
[74]. However, the exact molecular mechanism of jionoside
C is yet to be established.

Galic  acid  (GA),  a  bioactive  phytochemical  isolated
from  C.  viscosum  has  been  reported  to  have  strong
anti-oxidant,  anti-inflammatory,  anti-proliferative,
antibacterial,  antiviral,  and  anti-mutagenic  effects  [115,
140].  Recent  studies  demonstrated  that  GA  exhibited
anticancer activity against several cancer cells derived from
prostate,  oral,  melanoma,  leukemia,  lymphoma,  colon,
breast,  lung,  pancreatic,  cervical,  gastric,  and  esophageal
cancers  through  activation  of  apoptosis,  followed  by  cell
cycle  arrest,  inhibition  of  migration,  metastasis,
angiogenesis  and  reduction  of  oncogene  expression
[141-144].  For  example,  GA  inhibits  the  growth  of  lung
cancer  cells  such  as  small  cell  carcinoma  (SBC-3),
squamous cell carcinoma (EBC-1), adenocarcinoma (A549),
Calu-6, H446, NCI-H460 by triggering apoptosis followed
by  enhanced  ROS  production  and  controlling  cell  cycle
regulatory  pathways  [142].  In  Calu-6  cells,  GA  induced
growth  arrest  by  triggering  the  suppression  of
mitogen-activated  protein  kinase  (MAPK)  and  induced
necrosis  or  apoptosis  accompanied  by  the  loss  of
 mitochondrial membrane potential via modulating ROS and
GSH  levels  [142].  In  prostate  cancer  cells  (DU145),  GA
induced apoptosis by increasing ROS production, decreasing
mitochondrial membrane potential and releasing cytochrome
c,  leading  to  the  activation  of  caspases  3,  8,  and  9  [141,
142]. In addition, GA induces cell cycle arrest at the G2/M
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Fig.  (2).  Possible  mechanisms  anticancer  activity  of  active  phytochemicals  of  c.  viscosum.  Bioactive  compounds  isolated  from  c.
viscosum such as apigenin, acacetin etc., could induce apopotosis of various cancer cells by activating numerous regulators, e.g. bcl2, bax,
caspases, PARP, p53, p21, cyclins, CDKs cell cycle, resulting in caspase mediated apoptosis of cancer cells followed by G2/M phase cell
cycle arrest. Blue arrows indicated upregulation and red arrow indicated downregulation of the genes. (A higher resolution / colour version
of this figure is available in the electronic copy of the article).

phase  by  activating  Chk1  and  Chk2  and  inactivating
Cdc25C  and  Cdc2  [141].  Moreover,  GA  can  exhibit  its
anti-proliferative effect against PC3 prostate cancer cells by
blocking  the  p38,  JNK,  PKC,  and  phosphatidylinositol
3-kinase  (P13K)/AKT  signaling  pathways  [141].

Egalic acid, another bioactive compound isolated from
C.  viscosum,  can  suppress  the  growth  of  the  human
pancreatic  adenocarcinoma  cells  (MIA  PaCa-2  and
PANC-1)  by  inducing  apoptosis  [145]  via  triggering  the
mitochondrial apoptotic pathway followed by reduction of
the activity of nuclear factor-kappa B (NF-κB) [145, 146].

The  phytochemical  quercetin  found  in  the  root  of  C.
viscosum  has  shown anti-tumor  activity  by  preventing  the
growth  of  blood  vessels  [15].  It  reduces  the  growth  of
tumors  by  interacting  with  the  VEGFR-2-mediated
angiogenesis  pathway  and  inhibiting  the  downstream
regulatory element of AKT signaling in breast and prostate
cancers  [147].  In  addition,  quercetin  has  been  shown  to
suppress cell growth in melanoma (A375) cells through the
regulation  of  the  Wnt/β-catenin  signaling  pathway  and  its
components, including DVL2, β-catenin, cyclin D1, Cox2,
and  Axin2  [148].  Furthermore,  quercetin  inhibited  the
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growth  of  hepatocellular  carcinoma  (HepG2)  cells  by
decreasing  PKC,  PI3K,  cyclooxygenase  (COX-2)  and
upregulating  the  expression  of  p53  and  BAX  [149].

The polyphenolic compound methyl gallate was isolated
from the leaf of C. viscosum and has shown significant cell
growth  inhibition  and  apoptosis  in  glioma  cells  [115].
Interestingly,  methyl  gallate  regulated  epithelial  to
mesenchymal  transition  (EMT)  via  the  AMPK/NF-κB
signaling pathway, thus, preventing migration and invasion
of  hepatocellular  (BEL-7402)  cells  and  effectively
decreasing the formation of hepatocellular carcinomas both
in  vitro  and  in  vivo  [150].  Methyl  gallate  induced  a
dose-dependently  decrease  in  the  expression  of  AMPK,
which  in  turn,  reduced  NF-κB  activity  and  prevented  the
advancement  of  hepatocellular  carcinomas.  Additionally,
treatment  of  methyl  gallate  caused  overexpression  of
TIMP-2 and E-cadherin and downregulated the expression
of  vimentin,  MMP-2,  and  MMP-9  [150].  These  results
suggest  that  methyl  gallate  inhibited  the  breakdown  of
extracellular  matrix  (ECM) and  EMT,  thereby  prohibiting
tumor spread.

Betulinic acid (BA), isolated from C. viscosum increased
the expression of glucose-regulated protein 78 (GRP78) and
decreased the levels of matrix metalloproteinases (MMPs),
including MMP-2 and MMP-9 in lung metastatic lesions of
breast cancer [151]. These findings suggested that BA could
inhibit EMT and lessen the invasiveness of breast cancer in
vivo  [151].  Another  study  reported  that  BA  significantly
reduced  the  expression  of  glycolytic  enzymes  and  the
amount  of  lactate  produced by  cancer  cells,  which  caused
the cells' energy phenotype to a quiescent state [152]. Also,
the  endoplasmic  reticulum  (ER)  stress  protein  GRP78
reduced aerobic glycolysis by regulating PERK activation,
which  in  turn,  decreased  the  synthesis  of  β-catenin  and
subsequently  reduced  glycolysis  mediated  by  c-Myc
downstream  pathways.  An  excessive  GRP78  expression
would cause cell death by initiating the ER stress apoptotic
pathway by inhibiting β-catenin translation, resulting from
the activation of the PERK/eIF2α pathway in the ER stress
signaling  route,  thus,  would  lead  to  the  suppression  of
c-Myc-mediated  glycolysis  [152].

α-pinene,  another  phytochemical  isolated  from
C.viscosum exhibits anticancer efficacy against hematologic
malignancies, particularly in cancers of the T cell [153]. It
causes apoptosis by inducing mitochondrial malfunction and
ROS  buildup.  Furthermore,  α-pinene  decreases  nuclear
NF-κB,  cytoplasmic  phosphorylated  IκB,  and  IκB  kinase
levels,  and  suppresses  NF-κB  binding  activity  in
macrophages  activated  by  lipopolysaccharides.
Additionally,  α-pinene  reduces  intracellular  NF-κB  p65
protein  levels  and  prevents  the  nuclear  translocation  of
NF-κB p65 in activated T-cell tumor cells.  These findings
imply that α-pinene inhibits the growth and spread of tumor
cells by reducing the NF-κB pathway or its components at
different  levels  [153].  For  example,  In  Molt-4,  a  T
lymphoblast  cell,  α-pinene  at  low  doses  exhibited  strong
endogenous  apoptosis  due  to  the  mitochondrial

malfunction-independent  apoptosis  activation  pathway
caused  by  p53  Arg72  activation.  Furthermore,  α-pinene
boosts antitumor potential by quickening NK-cell activation
and cytotoxicity through the ERK/AKT signaling pathway
[153].

Similarly, β-pinene, isolated from C. viscosum exhibited
cytotoxic  activity  specific  to  oral  cancer  cells  [154].  For
instance,  cells  treated  with  β-pinene  showed  features  of
apoptosis,  including membrane blebs  and shrinking of  the
cell. Additionally, β-pinene increases two caspase inhibitors,
ZVAD (Pan-caspase) and ZDEVD (caspase-3), that promote
apoptosis of cancer cells [154]. The root of c. viscosum has a
strong  anticancer  agent,  β-Sitosterol,  which  demonstrated
anticancer properties against liver cancer (HepG2 and Huh7)
cells [64]. β-Sitosterol stimulates the generation of excessive
ROS  and  induces  apoptosis  via  activation  of
caspase-dependent mechanisms. In HepG2 and Huh7 cells,
ROS buildup results  in  DNA damage,  p53 activation,  and
mitochondrial-mediated apoptotic cell death [64].

However, several studies reported c. viscosum  induced
toxicity  at  tissue levels  and exhibited piscicidal  properties
[19, 155, 156]. For example, ethanol extract of C. viscosum
caused  dead  of  Heteropneustes  fossilis  fish  followed  by
hyperactivity,  then  loss  of  stamina  and  inactive  [155].  In
addition,  several  histopathological  lesions  such  as  serosa,
swollen and rupture of cells, etc., were noted in the tissues
of the gill, intestine, and liver of Heteropneustes fossilis fish
after 24 hours of treatment of fish with C. viscosum ethanol
extract  [156].  Nevertheless,  the  are  no  notable  changes  in
body weight, physical signs and symptoms, hematological,
biochemical parameters, and histological alteration noted in
Swiss albino mice both in acute and chronic toxicity studies
[19].  Thus,  it  is  assumed  that  adverse  side  effects  of  C.
viscosum  would be minimal for higher animals,  especially
for  humans.  Altogether,  the  bioactive  phytochemicals
present in different parts of c. viscosum exhibited potential
anti-cancer  response  against  several  cancer  cells  derived
from different cancers through the activation of various cell
death, especially apoptosis and necrotic signaling pathways.
Thus, the plant could be a potential resource for developing
effective chemotherapeutics, however, additional research,
especially  preclinical  and  clinical  trials  at  different  levels
should be completed with potential bioactive compounds for
the  effective  development  of  chemo-drugs.  Also,  the
inconsistency or variations of results from different research
groups are need to overcome by undertaking larger research
initiatives  to  validate  effectiveness  of  the  bioactive
compounds  as  drug  candidates.

CONCLUSION AND FUTURE PERSPECTIVES
The  C.  viscosum  Vent.,  demonstrates  a  diverse

phytochemical  composition,  encompassing  flavonoids,
terpenoids, steroids, alkaloids, phenolics, tannins, quercetin,
saponins,  and  other  compounds.  The  presence  of  these
bioactive  chemicals  is  responsible  for  a  wide  range  of
pharmacological  characteristics  exhibited  by  plants.  The
existence  of  flavonoids,  phenylpropanoids,  and  tannins
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highlights their capacity as antioxidants, providing defense
against reactive oxygen species. However, further research
including  preclinical  and  clinical  experimentations
incorporating  animal  cell  models  with  active  principles
isolated from this plant could identify potential antioxidants,
which  in  turn  can  act  as  a  candidate  for  therapeutic
development.

The  identified  compounds,  such  as  quercetin,  have
exhibited  therapeutic  effectiveness  in  the  prevention  of
several diseases, including cancer, cardiovascular ailments,
and neurological disorders. Plants have been recognized for
their  potential  to  combat  cancer  since  extracts  have
demonstrated the ability to prevent the growth of different
types of cancer cells by inducing apoptosis and arresting the
cell  cycle.  For example,  phytochemicals such as Apigenin
and Acacetin isolated from this plant induce key regulators
of the cell cycle, e.g. p21, p53, bcl2, Bax, cyclins, caspases,
etc.,  thereby causing apoptosis  of  various cancer followed
by  G2/M  phase  cell  cycle  arrest.  In  addition,  bioactive
compounds  extracted  from  this  plant  can  modulate  ROS
levels that can activate apoptotic pathways in cancer cells.
Therefore,  additional  studies  using  in  vitro  and  in  vivo
models of these compounds could provide insights for the
development of effective anticancer drugs.

In  summary,  the  pharmacological  value  of  the  plants,
along  with  their  wide  range  of  bioactive  chemicals,
highlights their significance in traditional medicine and their
potential for future therapeutic uses. However, it's essential
to note that the efficacy of these compounds may vary, and
further  research  is  needed  to  fully  understand  their
therapeutic potential and mechanisms of action, which could
provide the way to developing new therapeutics for future.

AUTHORS’ CONTRIBUTION
Study  conception  and  design,  edited  manuscript:  FI.,

data collection, analysis and interpretation of results, draft
manuscript:  MMH.,  Supervised  and  revised  manuscript:
NR., All authors reviewed the results and approved the final
version of the manuscript.

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
This  work  was  supported  by  grants  from  Dean  of

Science,  Rajshahi  University,  Rajshahi-6205,  Bangladesh
(Grant No:2002.5/52/RU./Science-35/2023-2024).

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:[1]
GLOBOCAN estimates of incidence and mortality worldwide for
36  cancers  in  185  countries.  CA  Cancer  J  Clin  2021;  71(3):
209-49.
http://dx.doi.org/10.3322/caac.21660 PMID: 33538338
International  Agency  for  Research  on  Cancer.  World  health[2]
organization global  cancer  observatory  (2022).  2022.  Available
from:
http://gco.iarc.who.int/tomorrow/en/dataviz/trends?multiple_popu
lations=1 [Accessed on: April 25, 2024].
Newman  DJ,  Cragg  GM.  Natural  products  as  sources  of  new[3]
drugs over the nearly four decades from 01/1981 to 09/2019. J Nat
Prod 2020; 83(3): 770-803.
http://dx.doi.org/10.1021/acs.jnatprod.9b01285 PMID: 32162523
Huang MY, Zhang LL, Ding J, Lu JJ. Anticancer drug discovery[4]
from Chinese medicinal herbs. Chin Med 2018; 13(1): 35.
http://dx.doi.org/10.1186/s13020-018-0192-y PMID: 29997684
Raeisi E, Soureshjani HS, Sherwin MC, Bagheri Z. Radiotherapy[5]
enhancing  and  radioprotective  properties  of  berberine:  A
systematic review. Rec Patents Anticanc Drug Discov 2024; 19:
0115748928315442240624120104.
http://dx.doi.org/10.2174/0115748928315442240624120104
PMID: 38984581
Asma Syeda Tasmia, et al. Natural products/bioactive compounds[6]
as a source of anticancer drugs. Cancers 2022; 14(24): 6203.
http://dx.doi.org/10.3390/cancers14246203
Raeisi  E,  Soureshjani  HS,  Sherwin  CMT,  Khaghani  A.[7]
Anti-cancer  effects  of  soy  isoflavones  against  cancer  by
radiosensitizing  properties:  A  systematic  review.  Curr  Cancer
Ther Rev 2024; 20: 0115733947313316240603101926.
http://dx.doi.org/10.2174/0115733947313316240603101926
Islam J, Shila TT, Islam Z, et al. Clerodendrum viscosum leaves[8]
attenuate  lead-induced  neurotoxicity  through  upregulation  of
BDNF-Akt-Nrf2 pathway in mice. J Ethnopharmacol 2023; 304:
116024.
http://dx.doi.org/10.1016/j.jep.2022.116024 PMID: 36549369
Rahman  M,  et  al.  Antihemolytic  activity  of  Clerodendrum[9]
viscosum Vent. is mediated by its antioxidant effect. European J
Med Plants 2013; 3(1): 127-34.
http://dx.doi.org/10.9734/EJMP/2013/2403
Akihisa  T,  Matsubara  Y,  Ghosh  P,  et  al.  The  24α-  and[10]
24β-epimers  of  24-ethylcholesta-5,22-dien-3β-ol  in  two
Clerodendrum  species.  Phytochemistry  1988;  27(4):  1169-72.
http://dx.doi.org/10.1016/0031-9422(88)80296-6
Ghosh G, et al. GC-MS analysis of bioactive compounds in the[11]
methanol extract of Clerodendrum viscosum leaves.  Pharm Res
2015; 7: 110.
Jacke  G,  Rimpler  H.  Distribution  of  iridoid  glycosides  in[12]
Clerodendrum species. Phytochemistry 1983; 22(8): 1729-34.
http://dx.doi.org/10.1016/S0031-9422(00)80260-5
Nandi  S,  Lyndem  KML.  Clerodendrum  viscosum  :  Traditional[13]
uses, pharmacological activities and phytochemical constituents.
Nat Prod Res 2016; 30(5): 497-506.
http://dx.doi.org/10.1080/14786419.2015.1025229  PMID:
25825067
Ashoor  LS,  Mohammd  TU,  Baker  RK.  Extraction,[14]
antimicrobialactivity  and  phytochemical  of  Clerodendrum
viscosum.  Plant  Archiv  2018;  18(2):  2087-90.
Sumi SA, et al. Evaluation of analgesic and antioxidant properties[15]
in the ethanolic root extract of clerodendrum viscosum vent. Cell
2015; 61: 0469173485.
Das JK, Choudhury S, Adhikary S, et al. Anthelmintic activity of[16]
Clerodendrum  viscosum.  Orient  Pharm  Exp  Med  2011;  11(2):
119-22.
http://dx.doi.org/10.1007/s13596-011-0021-7
Kar  P,  et  al.  Antioxidant  and  pharmaceutical  potential  of[17]
Clerodendrum L.: An overview. Int J Green Pharm 2014; 8: 4.
Roy S, Kundu LM, Roy GC, Barman M, Ray S. Cell cycle delay,[18]
pro-metaphase  arrest  and  C-metaphase  inducing  effects  of
petroleum ether fraction of leaf aqueous extract of Clerodendrum
viscosum Vent. Cytologia 2022; 87(2): 73-9.

http://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://gco.iarc.who.int/tomorrow/en/dataviz/trends?multiple_populations=1
http://gco.iarc.who.int/tomorrow/en/dataviz/trends?multiple_populations=1
http://dx.doi.org/10.1021/acs.jnatprod.9b01285
http://www.ncbi.nlm.nih.gov/pubmed/32162523
http://dx.doi.org/10.1186/s13020-018-0192-y
http://www.ncbi.nlm.nih.gov/pubmed/29997684
http://dx.doi.org/10.2174/0115748928315442240624120104
http://www.ncbi.nlm.nih.gov/pubmed/38984581
http://dx.doi.org/10.3390/cancers14246203
http://dx.doi.org/10.2174/0115733947313316240603101926
http://dx.doi.org/10.1016/j.jep.2022.116024
http://www.ncbi.nlm.nih.gov/pubmed/36549369
http://dx.doi.org/10.9734/EJMP/2013/2403
http://dx.doi.org/10.1016/0031-9422(88)80296-6
http://dx.doi.org/10.1016/S0031-9422(00)80260-5
http://dx.doi.org/10.1080/14786419.2015.1025229
http://www.ncbi.nlm.nih.gov/pubmed/25825067
http://dx.doi.org/10.1007/s13596-011-0021-7


Exploring the Phytochemical Composition Current Traditional Medicine, 2025, Vol. XXX    13

http://dx.doi.org/10.1508/cytologia.87.73
Chandrashekar R,  Rai  M, Kalal  BS. Acute and chronic toxicity[19]
studies on ethanolic leaf extracts of clerodendrum viscosum and
leucas indica in swiss albino mice. Int J Biochem Mol Biol 2022;
13(4): 40-8.
Ali R, Hossain M, Runa JF. Assessment of anthelmintic potential[20]
of  Averrhoa  bilimbi,  Clerodendrum  viscosum  and  Drynaria
quercifolia:  As  an  alternative  source  for  anthelmintics.  Res  J
Pharm Phytochem 2013; 5(4): 178-81.
Islam  R,  Rahman  A.  A  GC-MS  study:  Identification  of  the[21]
essential  oil  compositions  of  Clerodendrum  viscosum  Vent
flower.  J  Essent  Oil-Bear  Plants  2015;  18(5):  1271-4.
http://dx.doi.org/10.1080/0972060X.2015.1024448
Das  SC,  Qais  MN,  Kuddus  MR,  Hasan  CM.  Isolation  and[22]
characterization  of  (22E,  24S)-Stigmasta-5,  22,  25-trien-3β-ol
from Clerodendrum viscosum Vent. Asian J Chem 2013; 25(11):
6447-8.
http://dx.doi.org/10.14233/ajchem.2013.14188
Rahman  MM,  Rumzhum  NN,  Zinna  K-E-K.  Evaluation  of[23]
antioxidant and antinociceptive properties of methanolic extract of
Clerodendrum viscosum Vent. Stamford J Pharm Sci 1970; 4(1):
74-8.
http://dx.doi.org/10.3329/sjps.v4i1.8873
Ahmed F, Shahid IZ, Biswas UK, Roy BA, Das AK, Choudhuri[24]
MSK.  Anti-inflammatory,  antinociceptive,  and
neuropharmacological  activities  of  Clerodendron  viscosum.
Pharm  Biol  2007;  45(7):  587-93.
http://dx.doi.org/10.1080/13880200701501342
Gouthamchandra  K,  Mahmood  R,  Manjunatha  H.  Free  radical[25]
scavenging, antioxidant enzymes and wound healing activities of
leaves  extracts  from  Clerodendrum  infortunatum  L.  Environ
Toxicol  Pharmacol  2010;  30(1):  11-8.
http://dx.doi.org/10.1016/j.etap.2010.03.005 PMID: 21787623
Haque N, Chowdhury SAR, Nutan MTH, Rahman GMS, Rahman[26]
KM,  Rashid  MA.  Evaluation  of  antitumor  activity  of  some
medicinal  plants  of  Bangladesh  by  potato  disk  bioassay.
Fitoterapia  2000;  71(5):  547-52.
http://dx.doi.org/10.1016/S0367-326X(00)00162-3  PMID:
11449504
Praveen M, et al. Preliminary phytochemical, antimicrobial and[27]
toxicity  studies  on  Clerodendrum  paniculatum  Linn  leaves.
SEMANTIC  SCHOLAR  2012.
Yen  GC,  Duh  PD,  Tsai  HL.  Antioxidant  and  pro-oxidant[28]
properties  of  ascorbic  acid  and  gallic  acid.  Food  Chem  2002;
79(3): 307-13.
http://dx.doi.org/10.1016/S0308-8146(02)00145-0
Kahkeshani  N,  et  al.  Pharmacological  effects  of  gallic  acid  in[29]
health and diseases: A mechanistic review. Iran J Basic Med Sci
2019; 22(3): 225.
Liang H, Huang Q, Zou L, Wei P, Lu J, Zhang Y. Methyl gallate:[30]
Review of pharmacological  activity.  Pharmacol  Res 2023;  194:
106849.
http://dx.doi.org/10.1016/j.phrs.2023.106849 PMID: 37429335
Baldwin A, Booth BW. Biomedical applications of tannic acid. J[31]
Biomater Appl 2022; 36(8): 1503-23.
http://dx.doi.org/10.1177/08853282211058099 PMID: 34991392
Vattem DA, Shetty K. Biological functionality of ellagic acid: A[32]
review. J Food Biochem 2005; 29(3): 234-66.
http://dx.doi.org/10.1111/j.1745-4514.2005.00031.x
Strawbridge  R,  Javed  RR,  Cave  J,  Jauhar  S,  Young  AH.  The[33]
effects  of  reserpine  on  depression:  A  systematic  review.  J
Psychopharmacol  2023;  37(3):  248-60.
http://dx.doi.org/10.1177/02698811221115762 PMID: 36000248
Kim JK, Park SU. Quercetin and its role in biological functions:[34]
An updated review. EXCLI J 2018; 17: 856-63.
PMID: 30233284
Roy R, et al. Flavonoids of Clerodendron infortunatum. Orient J[35]
Chem 1994; 10: 169-9.
Kim JH, et al. Medicarpin increases antioxidant genes by inducing[36]
NRF2  transcriptional  level  in  HeLa  cells.  Antioxidants  2022;
11(2): 421.
http://dx.doi.org/10.3390/antiox11020421
Subramanian  SS,  Nair  AG.  Scutellarin  and[37]

hispidulin-7-O-glucuronide  from  the  leaves  of  Clerodendrum
indicum and Clerodendron infortunatum.  Phytochemistry  1973;
12: 1195.
http://dx.doi.org/10.1016/0031-9422(73)85054-X
Bhilwade ANH, Tatewaki N, Nishida H, Konishi T. Squalene as[38]
novel food factor. Curr Pharm Biotechnol 2010; 11(8): 875-80.
http://dx.doi.org/10.2174/138920110793262088 PMID: 20874681
Dey  P,  Dutta  S,  Chaudhuri  T  K.  Comparative  phytochemical[39]
profiling of Clerodendrum infortunatum L. using GC-MS method
coupled  with  multivariate  statistical  approaches.  Metabolomics
2015; 5(3): 1000147.
Rocha LD, Monteiro MC, Teodoro AJ. Anticancer properties of[40]
hydroxycinnamic acids-A review. Cancer Clin Oncol 2012; 1(2):
109-21.
http://dx.doi.org/10.5539/cco.v1n2p109
Lee  KW,  Lee  HJ,  Cho  HY,  Kim  YJ.  Role  of  the  conjugated[41]
linoleic acid in the prevention of cancer. Crit Rev Food Sci Nutr
2005; 45(2): 135-44.
http://dx.doi.org/10.1080/10408690490911800 PMID: 15941017
Jirovetz L, et al. Essential oil analysis of the leaves and the root[42]
bark of the plant Clerodendrum infortunatum used in ayurvedic
medicine. Herba Pol 1999; 2(45): 87-94.
Vieira  AJ,  Beserra  FP,  Souza  MC,  Totti  BM,  Rozza  AL.[43]
Limonene: Aroma of innovation in health and disease. Chem Biol
Interact 2018; 283: 97-106.
http://dx.doi.org/10.1016/j.cbi.2018.02.007 PMID: 29427589
Allenspach  M,  Steuer  C.  α-Pinene:  A  never-ending  story.[44]
Phytochemistry 2021; 190: 112857.
http://dx.doi.org/10.1016/j.phytochem.2021.112857  PMID:
34365295
Salehi Bahare, et al. Therapeutic potential of α-and β-pinene: A[45]
miracle gift of nature. Biomolecules 2019; 9(11): 738.
http://dx.doi.org/10.3390/biom9110738
Zhang  F,  Chen  F,  Liu  W,  Guo  J,  Wan  F.  ρ-Cymene  inhibits[46]
growth and induces oxidative stress in rice seedling plants. Weed
Sci 2012; 60(4): 564-70.
http://dx.doi.org/10.1614/WS-D-12-00029.1
Surendran  S,  Qassadi  F,  Surendran  G,  Lilley  D,  Heinrich  M.[47]
Myrcene-what are the potential health benefits of this flavouring
and aroma agent? Front Nutr 2021; 8: 699666.
http://dx.doi.org/10.3389/fnut.2021.699666 PMID: 34350208
Fidyt K, Fiedorowicz A, Strządała L, Szumny A. β -caryophyllene[48]
and β -caryophyllene oxide—natural compounds of anticancer and
analgesic properties. Cancer Med 2016; 5(10): 3007-17.
http://dx.doi.org/10.1002/cam4.816 PMID: 27696789
Li  R,  Natschke  MSL,  Lee  KH.  Clerodane  diterpenes:  Sources,[49]
structures, and biological activities. Nat Prod Rep 2016; 33(10):
1166-226.
http://dx.doi.org/10.1039/C5NP00137D PMID: 27433555
Sindhu TJ, Arathi KN, Akhilesh KJ, et al. Antiviral screening of[50]
Clerodol derivatives as COV 2 main protease  inhibitor in novel
corona virus disease: in silico approaches. Asian J Pharm Technol
2020; 10(2): 60-4.
http://dx.doi.org/10.5958/2231-5713.2020.00012.4
Khuda  MM.  Constituents  of  Clerodendron  infortunatum[51]
(BHAT)—II. Tetrahedron 1966; 22(7): 2377-86.
http://dx.doi.org/10.1016/S0040-4020(01)82158-X
Choudhury MD, et al. Isolation, characterization and bio-activity[52]
screening  of  compound  from  Clerodendrum  viscosum  Vent.
Assam  Univ  J  Sci  Technol  2010;  4(1):  29-34.
Sannigrahi  S,  Mazumder UK, Pal  D, Mishra SL. Terpenoids of[53]
methanol  extract  of  Clerodendrum  infortunatum  exhibit
anticancer activity against Ehrlich’s ascites carcinoma (EAC) in
mice. Pharm Biol 2012; 50(3): 304-9.
http://dx.doi.org/10.3109/13880209.2011.604089  PMID:
22321031
Liu  J.  Pharmacology  of  oleanolic  acid  and  ursolic  acid.  J[54]
Ethnopharmacol 1995; 49(2): 57-68.
http://dx.doi.org/10.1016/0378-8741(95)90032-2 PMID: 8847885
Santos  CCDMP.  Antinociceptive  and  antioxidant  activities  of[55]
phytol  in  vivo  and  in  vitro  models.  Neurosci  J  2013;  2013:
949452.
Hordyjewska  A,  Ostapiuk  A,  Horecka  A.  Betulin  and  betulinic[56]

http://dx.doi.org/10.1508/cytologia.87.73
http://dx.doi.org/10.1080/0972060X.2015.1024448
http://dx.doi.org/10.14233/ajchem.2013.14188
http://dx.doi.org/10.3329/sjps.v4i1.8873
http://dx.doi.org/10.1080/13880200701501342
http://dx.doi.org/10.1016/j.etap.2010.03.005
http://www.ncbi.nlm.nih.gov/pubmed/21787623
http://dx.doi.org/10.1016/S0367-326X(00)00162-3
http://www.ncbi.nlm.nih.gov/pubmed/11449504
http://dx.doi.org/10.1016/S0308-8146(02)00145-0
http://dx.doi.org/10.1016/j.phrs.2023.106849
http://www.ncbi.nlm.nih.gov/pubmed/37429335
http://dx.doi.org/10.1177/08853282211058099
http://www.ncbi.nlm.nih.gov/pubmed/34991392
http://dx.doi.org/10.1111/j.1745-4514.2005.00031.x
http://dx.doi.org/10.1177/02698811221115762
http://www.ncbi.nlm.nih.gov/pubmed/36000248
http://www.ncbi.nlm.nih.gov/pubmed/30233284
http://dx.doi.org/10.3390/antiox11020421
http://dx.doi.org/10.1016/0031-9422(73)85054-X
http://dx.doi.org/10.2174/138920110793262088
http://www.ncbi.nlm.nih.gov/pubmed/20874681
http://dx.doi.org/10.5539/cco.v1n2p109
http://dx.doi.org/10.1080/10408690490911800
http://www.ncbi.nlm.nih.gov/pubmed/15941017
http://dx.doi.org/10.1016/j.cbi.2018.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29427589
http://dx.doi.org/10.1016/j.phytochem.2021.112857
http://www.ncbi.nlm.nih.gov/pubmed/34365295
http://dx.doi.org/10.3390/biom9110738
http://dx.doi.org/10.1614/WS-D-12-00029.1
http://dx.doi.org/10.3389/fnut.2021.699666
http://www.ncbi.nlm.nih.gov/pubmed/34350208
http://dx.doi.org/10.1002/cam4.816
http://www.ncbi.nlm.nih.gov/pubmed/27696789
http://dx.doi.org/10.1039/C5NP00137D
http://www.ncbi.nlm.nih.gov/pubmed/27433555
http://dx.doi.org/10.5958/2231-5713.2020.00012.4
http://dx.doi.org/10.1016/S0040-4020(01)82158-X
http://dx.doi.org/10.3109/13880209.2011.604089
http://www.ncbi.nlm.nih.gov/pubmed/22321031
http://dx.doi.org/10.1016/0378-8741(95)90032-2
http://www.ncbi.nlm.nih.gov/pubmed/8847885


14     Current Traditional Medicine, 2025, Vol. XXX Hossain et al.

acid in cancer research. J Pre-Clinical Clin Res 2018; 12(2): 72-5.
http://dx.doi.org/10.26444/jpccr/92743
Uddin  MJ,  Çiçek  SS,  Willer  J,  et  al.  Phenylpropanoid  and[57]
flavonoid  glycosides  from  the  leaves  of  Clerodendrum
infortunatum (Lamiaceae). Biochem Syst Ecol 2020; 92: 104131.
http://dx.doi.org/10.1016/j.bse.2020.104131
Chae S, Kim JS, Kang KA, et al. Antioxidant activity of jionoside[58]
D  from  Clerodendron  trichotomum.  Biol  Pharm  Bull  2004;
27(10):  1504-8.
http://dx.doi.org/10.1248/bpb.27.1504 PMID: 15467185
Roy  R,  et  al.  Antifungal  activity  of  the  flavonoids  from[59]
Clerodendron infortunatum roots. Fitoterapia 1996; 67: 473-4.
Saeidnia S, et al. The story of beta-sitosterol-A review. European[60]
J Med Plants 2014; 4(5): 590-609.
http://dx.doi.org/10.9734/EJMP/2014/7764
Xu  C,  Wu  P,  Gao  J,  et  al.  Heptadecanoic  acid  inhibits  cell[61]
proliferation  in  PC‑9  non‑small‑cell  lung  cancer  cells  with
acquired gefitinib resistance. Oncol Rep 2019; 41(6): 3499-507.
http://dx.doi.org/10.3892/or.2019.7130 PMID: 31002344
Sinha  N,  Seth  K,  Pandey  V,  Dasgupta  B,  Shah  A.  Flavonoids[62]
from the flowers of Clerodendron infortunatum. Planta Med 1981;
42(7): 296-8.
http://dx.doi.org/10.1055/s-2007-971645 PMID: 17401979
Yan X, Qi M, Li P, Zhan Y, Shao H. Apigenin in cancer therapy:[63]
Anti-cancer effects and mechanisms of action. Cell Biosci 2017;
7(1): 50.
http://dx.doi.org/10.1186/s13578-017-0179-x PMID: 29034071
Vo  TK,  et  al.  Anti-hepatocellular-cancer  activity  exerted  by[64]
β-sitosterol  and  β-sitosterol-glucoside  from  Indigofera
zollingeriana  Miq.  Molecules  2020;  25(13):  3021.
http://dx.doi.org/10.3390/molecules25133021
Bakrim  S,  Benkhaira  N,  Bourais  I,  et  al.  Health  benefits  and[65]
pharmacological  properties  of  stigmasterol.  Antioxidants  2022;
11(10): 1912.
http://dx.doi.org/10.3390/antiox11101912 PMID: 36290632
Sinha  NK,  et  al.  Chemical  constituents  of  the  flowers  of[66]
Clerodendron [Clerodendrum] infortunatum 1981; 96-7.
Linker  RA,  Lee  DH,  Ryan  S,  et  al.  Fumaric  acid  esters  exert[67]
neuroprotective effects in neuroinflammation via activation of the
Nrf2 antioxidant pathway. Brain 2011; 134(3): 678-92.
http://dx.doi.org/10.1093/brain/awq386 PMID: 21354971
Silva H, Lopes NMF. Cardiovascular effects of caffeic acid and[68]
its derivatives: A comprehensive review. Front Physiol 2020; 11:
595516.
http://dx.doi.org/10.3389/fphys.2020.595516 PMID: 33343392
Mancini A, Imperlini E, Nigro E, et al. Biological and nutritional[69]
properties  of  palm  oil  and  palmitic  acid:  Effects  on  health.
Molecules  2015;  20(9):  17339-61.
http://dx.doi.org/10.3390/molecules200917339 PMID: 26393565
Campos SH, Souza PR, Peghini BC, Silva dJS, Cardoso CR. An[70]
overview  of  the  modulatory  effects  of  oleic  acid  in  health  and
disease. Mini Rev Med Chem 2013; 13(2): 201-10.
PMID: 23278117
Choque  B,  Catheline  D,  Rioux  V,  Legrand  P.  Linoleic  acid:[71]
Between doubts and certainties. Biochimie 2014; 96: 14-21.
http://dx.doi.org/10.1016/j.biochi.2013.07.012 PMID: 23900039
Panda  P,  Appalashetti  M,  Judeh  ZM.  Phenylpropanoid  sucrose[72]
esters: Plant-derived natural products as potential leads for new
therapeutics. Curr Med Chem 2011; 18(21): 3234-51.
http://dx.doi.org/10.2174/092986711796391589 PMID: 21671860
Neelam AK, Khatkar A, Sharma KK. Phenylpropanoids and its[73]
derivatives:  Biological  activities  and  its  role  in  food,
pharmaceutical and cosmetic industries. Crit Rev Food Sci Nutr
2020; 60(16): 2655-75.
http://dx.doi.org/10.1080/10408398.2019.1653822  PMID:
31456411
Uddin MJ, et al. Bioactive abietane-type diterpenoid glycosides[74]
from  leaves  of  Clerodendrum  infortunatum  (Lamiaceae).
Molecules  2021;  26(14):  4121.
http://dx.doi.org/10.3390/molecules26144121
Teixeira  J,  Gaspar  A,  Garrido  EM,  Garrido  J,  Borges  F.[75]
Hydroxycinnamic  acid  antioxidants:  An  electrochemical
overview.  BioMed  Res  Int  2013;  2013:  1-11.

http://dx.doi.org/10.1155/2013/251754 PMID: 23956973
Nijveldt  RJ,  Nood  vE,  Hoorn  vDEC,  Boelens  PG,  Norren  vK,[76]
Leeuwen vPAM. Flavonoids: A review of probable mechanisms
of action and potential applications. Am J Clin Nutr 2001; 74(4):
418-25.
http://dx.doi.org/10.1093/ajcn/74.4.418 PMID: 11566638
Gupta  S,  Gupta  R.  Detection  and quantification  of  quercetin  in[77]
roots, leaves and flowers of Clerodendrum infortunatum L. Asian
Pac J Trop Dis 2012; 2: S940-3.
http://dx.doi.org/10.1016/S2222-1808(12)60296-5
Wang JH, Luan F, He XD, Wang Y, Li MX. Traditional uses and[78]
pharmacological  properties  of  Clerodendrum  phytochemicals.  J
Tradit Complement Med 2018; 8(1): 24-38.
http://dx.doi.org/10.1016/j.jtcme.2017.04.001 PMID: 29321986
Roy S, Mukhopadhyay A, Gurusubramanian G. Field efficacy of a[79]
biopesticide  prepared  from  Clerodendrum  viscosum  Vent.
(Verbenaceae) against two major tea pests in the sub Himalayan
tea  plantation  of  North  Bengal,  India.  J  Pest  Sci  2010;  83(4):
371-7.
http://dx.doi.org/10.1007/s10340-010-0306-5
Spencer  JPE.  The  impact  of  fruit  flavonoids  on  memory  and[80]
cognition. Br J Nutr 2010; 104(S3): S40-7.
http://dx.doi.org/10.1017/S0007114510003934 PMID: 20955649
Sehgal S, Sehgal S, et al. Quantitative estimation of quercetin in[81]
Mimusops elengi L. (Bakul) leaves by HPTLC. Pharm Lett 2011;
12-9.
Smeriglio  A,  Barreca  D,  Bellocco  E,  Trombetta  D.[82]
Proanthocyanidins and hydrolysable tannins: Occurrence, dietary
intake  and  pharmacological  effects.  Br  J  Pharmacol  2017;
174(11):  1244-62.
http://dx.doi.org/10.1111/bph.13630 PMID: 27646690
Hazarika  A,  Saha  D.  Preliminary  phytochemical  screening  and[83]
evaluation of anti-diarrhoeal activity of ethanolic extract of leaves
of Clerodendrum infortunatum. Int J Curr Pharm Res 2017; 9(4):
143-6.
http://dx.doi.org/10.22159/ijcpr.2017v9i4.20980
Leung AY, Foster S. Encyclopedia of common natural ingredients[84]
used in food, drugs, and cosmetics. (2nd Ed..), Wiley-Interscience
1995.
Marston  A,  Cabo  M,  Lubrano  C,  Robin  J-R,  Fromageot  C,[85]
Hostettmann  K.  Clarification  of  the  saponin  composition  of
Ranunculus  ficaria  tubers.  Nat  Prod  Commun  2006;  1(1):
1934578X0600100105.
http://dx.doi.org/10.1177/1934578X0600100105
Tamura  Y,  Miyakoshi  M,  Yamamoto  M.  Application  of[86]
saponin-containing  plants  in  foods  and  cosmetics.  Alt  Med.
Semantic  Scholar  2012;  pp.  85-101.
http://dx.doi.org/10.5772/53333
Mazumder UK. CNS activities of Cassia fistula in mice. Phytother[87]
Res 1998; 12(7): 520-2.
http://dx.doi.org/10.1002/(SICI)1099-1573(199811)12:7<520::AI
D-PTR345>3.0.CO;2-O
Kar  A.  Pharmacognosy  and  pharmacobiotechnology.  New  Age[88]
International 2003; p. 216.
Kokate  CK,  Purohit  AP,  Gokhale  SB.  Pharmacognosy,  nirali[89]
prakashan, pune. Med J 2002; 43(2): 077-85.
Pal D, Sahoo M, Mishra AK. Analgesic and anticonvulsant effects[90]
of  saponin  isolated  from  the  stems  of  Opuntia  vulgaris  Mill  in
mice. Eur Bull Drug Res 2005; 13: 91-7.
Elekofehinti OO, Iwaloye O, Olawale F, Ariyo EO. Saponins in[91]
cancer  treatment:  Current  progress  and  future  prospects.
Pathophysiology  2021;  28(2):  250-72.
http://dx.doi.org/10.3390/pathophysiology28020017  PMID:
35366261
Xu  XH,  et  al.  Saponins  from  Chinese  medicines  as  anticancer[92]
agents. Molecules 2016; 21(10): 1326.
http://dx.doi.org/10.3390/molecules21101326
Gevrenova  R,  Weng  A,  Nazabadioko  VL,  Thakur  M,[93]
Doytchinova I. Quantitative structure–activity relationship study
on  saponins  as  cytotoxicity  enhancers.  Lett  Drug  Des  Discov
2014; 12(3): 166-71.
http://dx.doi.org/10.2174/1570180811666140915221432
Xu  K,  Shu  Z,  Xu  QM,  et  al.  Cytotoxic  activity  of  Pulsatilla[94]

http://dx.doi.org/10.26444/jpccr/92743
http://dx.doi.org/10.1016/j.bse.2020.104131
http://dx.doi.org/10.1248/bpb.27.1504
http://www.ncbi.nlm.nih.gov/pubmed/15467185
http://dx.doi.org/10.9734/EJMP/2014/7764
http://dx.doi.org/10.3892/or.2019.7130
http://www.ncbi.nlm.nih.gov/pubmed/31002344
http://dx.doi.org/10.1055/s-2007-971645
http://www.ncbi.nlm.nih.gov/pubmed/17401979
http://dx.doi.org/10.1186/s13578-017-0179-x
http://www.ncbi.nlm.nih.gov/pubmed/29034071
http://dx.doi.org/10.3390/molecules25133021
http://dx.doi.org/10.3390/antiox11101912
http://www.ncbi.nlm.nih.gov/pubmed/36290632
http://dx.doi.org/10.1093/brain/awq386
http://www.ncbi.nlm.nih.gov/pubmed/21354971
http://dx.doi.org/10.3389/fphys.2020.595516
http://www.ncbi.nlm.nih.gov/pubmed/33343392
http://dx.doi.org/10.3390/molecules200917339
http://www.ncbi.nlm.nih.gov/pubmed/26393565
http://www.ncbi.nlm.nih.gov/pubmed/23278117
http://dx.doi.org/10.1016/j.biochi.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/23900039
http://dx.doi.org/10.2174/092986711796391589
http://www.ncbi.nlm.nih.gov/pubmed/21671860
http://dx.doi.org/10.1080/10408398.2019.1653822
http://www.ncbi.nlm.nih.gov/pubmed/31456411
http://dx.doi.org/10.3390/molecules26144121
http://dx.doi.org/10.1155/2013/251754
http://www.ncbi.nlm.nih.gov/pubmed/23956973
http://dx.doi.org/10.1093/ajcn/74.4.418
http://www.ncbi.nlm.nih.gov/pubmed/11566638
http://dx.doi.org/10.1016/S2222-1808(12)60296-5
http://dx.doi.org/10.1016/j.jtcme.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29321986
http://dx.doi.org/10.1007/s10340-010-0306-5
http://dx.doi.org/10.1017/S0007114510003934
http://www.ncbi.nlm.nih.gov/pubmed/20955649
http://dx.doi.org/10.1111/bph.13630
http://www.ncbi.nlm.nih.gov/pubmed/27646690
http://dx.doi.org/10.22159/ijcpr.2017v9i4.20980
http://dx.doi.org/10.1177/1934578X0600100105
http://dx.doi.org/10.5772/53333
http://dx.doi.org/10.1002/(SICI)1099-1573(199811)12:7<520::AID-PTR345>3.0.CO;2-O
http://dx.doi.org/10.1002/(SICI)1099-1573(199811)12:7<520::AID-PTR345>3.0.CO;2-O
http://dx.doi.org/10.3390/pathophysiology28020017
http://www.ncbi.nlm.nih.gov/pubmed/35366261
http://dx.doi.org/10.3390/molecules21101326
http://dx.doi.org/10.2174/1570180811666140915221432


Exploring the Phytochemical Composition Current Traditional Medicine, 2025, Vol. XXX    15

chinensis  saponins  and  their  structure–activity  relationship.  J
Asian  Nat  Prod  Res  2013;  15(6):  680-6.
http://dx.doi.org/10.1080/10286020.2013.790901  PMID:
23659376
Nag  SA,  Qin  JJ,  Wang  W,  Wang  MH,  Wang  H,  Zhang  R.[95]
Ginsenosides as anticancer agents: in vitro and in vivo activities,
structure–activity  relationships,  and  molecular  mechanisms  of
action. Front Pharmacol 2012; 3: 25.
http://dx.doi.org/10.3389/fphar.2012.00025 PMID: 22403544
Abbaszadeh G, Srivastava C, Walia S. Insecticidal and antifeedant[96]
activities of clerodane diterpenoids isolated from the Indian bhant
tree,  Clerodendron  infortunatum,  against  the  cotton  bollworm,
Helicoverpa armigera. J Insect Sci 2014; 14(1): 29.
Ghosh  G,  et  al.  Antibacterial  and  antioxidant  activities  of[97]
methanol extract and fractions of Clerodendrum viscosum Vent.
leaves. Indian J Nat Prod Resour 2014; 5(2): 134-42.
Choi  JW,  Cho  EJ,  Lee  DG,  et  al.  Antibacterial  activity  of[98]
triterpenoids from Clerodendron trichotomum. J Appl Biol Chem
2012; 55(3): 169-72.
http://dx.doi.org/10.3839/jabc.2012.026
Bhattacharjee  D,  et  al.  Clerodendrum  infortunatum  linn:  A[99]
review. J Adv Pharm Healthcare Res 2011; 1(3): 82-5.
Akhil  BS,  Ravi  RP,  Lekshmi  A,  et  al.  Exploring  the[100]
phytochemical profile and biological activities of Clerodendrum
infortunatum. ACS Omega 2023; 8(11): 10383-96.
http://dx.doi.org/10.1021/acsomega.2c08080 PMID: 36969395
Yang  W,  et  al.  Advances  in  pharmacological  activities  of[101]
terpenoids. Nat Prod Commun 2020; 15(3): 1934578X20903555.
http://dx.doi.org/10.1177/1934578X20903555
Gupta R, Singh HK. Detection and quantitation of ß-sitosterol in[102]
clerodendrum infortunatum and alternanthera sessilis by HPTLC.
Pharmacogn Commun 2012; 2(1): 31-6.
http://dx.doi.org/10.5530/pc.2012.1.6
Thakur  S,  et  al.  Configurations  at  c-24  of  24-alkylsterols  from[103]
clerodendrum-infortunatum linn. Indian J Chem Sect B-Org Chem
Includ Med Chem 1988; 27(1): 17-20.
Wang H, Wang Z, Zhang Z, Liu J, Hong L. Beta-sitosterol as a[104]
promising  anticancer  agent  for  chemoprevention  and
chemotherapy: Mechanisms of action and future prospects. Adv
Nutr 2023; 14(5): 1085-110.
http://dx.doi.org/10.1016/j.advnut.2023.05.013 PMID: 37247842
Goyal  AK,  Basistha  BC,  Sen  A,  Middha  SK.  Antioxidant[105]
profiling  of  Hippophae  salicifolia  growing  in  sacred  forests  of
Sikkim, India. Funct Plant Biol 2011; 38(9): 697-701.
http://dx.doi.org/10.1071/FP11016 PMID: 32480925
Halliwell B. Free radicals and antioxidants: A personal view. Nutr[106]
Rev 1994; 52(8): 253-65.
http://dx.doi.org/10.1111/j.1753-4887.1994.tb01453.x  PMID:
7970288
Dreosti  ie.  Antioxidant  polyphenols  in  tea,  cocoa,  and  wine[107]
Nutrition 2000; 16(7-8): 692-4.
http://dx.doi.org/10.1016/S0899-9007(00)00304-X
Diplock  AT.  Will  the  ‘good  fairies’  please  prove  to  us  that[108]
vitamin E lessens human degenerative disease? Free Radic Res
1997; 27(5): 511-32.
http://dx.doi.org/10.3109/10715769709065791 PMID: 9518068
Hsiao  JY,  Lin  ML.  A  chemotaxonomic  study  of  essential  oils[109]
from the leaves of genus Clerodendrum (Verbenaceae) native to
Taiwan. Bot Bull Acad Sin 1995; 36: 247-51.
Perchellet  J-P,  et  al.  Antitumor-promoting  activities  of  tannic[110]
acid,  ellagic  acid,  and  several  gallic  acid  derivatives  in  mouse
skin. Basic Life Sci 1992; 59: 783-801.
Narayanan BA, Geoffroy O, Willingham MC, Re GG, Nixon DW.[111]
p53/p21(WAF1/CIP1)  expression  and  its  possible  role  in  G1
arrest  and apoptosis  in  ellagic  acid  treated  cancer  cells.  Cancer
Lett 1999; 136(2): 215-21.
http://dx.doi.org/10.1016/S0304-3835(98)00323-1  PMID:
10355751
Swargiary A, et al. Study of phytochemical content, antioxidant[112]
and  larvicidal  property  of  different  solvent  extracts  of
Clerodendrum infortunatum and  Citrus  grandis.  Indian  J  Tradit
Knowl 2021; 20(2): 329-34.
Formica JV, Regelson W. Review of the biology of quercetin and[113]

related bioflavonoids. Food Chem Toxicol 1995; 33(12): 1061-80.
http://dx.doi.org/10.1016/0278-6915(95)00077-1 PMID: 8847003
Pankaj P, et al. Antioxidant potential of Clerodendron viscosum[114]
vent. Roots. Pharmacologyonline 2007; 2: 226-35.
Kabir  E,  Islam  J,  Shila  TT,  et  al.  Ameliorating  effects  of[115]
Clerodendrum  viscosum  leaves  on  lead-induced  hepatotoxicity.
Food Sci Nutr 2024; 12(9): 6472-81.
http://dx.doi.org/10.1002/fsn3.4285 PMID: 39554341
Mandal N, Shendge AK, Basu T, Chaudhuri D, Panja S. in vitro[116]
antioxidant  and  antiproliferative  activities  of  various  solvent
fractions from Clerodendrum viscosum leaves. Pharmacogn Mag
2017; 13(50): 344.
http://dx.doi.org/10.4103/pm.pm_395_16 PMID: 28808404
Sun C, et al. First ayurvedic approach towards green drugs: Anti[117]
cervical  cancer-cell  properties  of  Clerodendrum  viscosum  root
extract. Anti-Canc Agents Med Chem 2013; 13(10): 1469-76.
http://dx.doi.org/10.2174/18715206113139990138
Schuchmann M, Galle PR. Sensitizing to apoptosis—sharpening[118]
the medical sword. J Hepatol 2004; 40(2): 335-6.
http://dx.doi.org/10.1016/j.jhep.2003.11.022 PMID: 14739108
Shendge  AK,  Panja  S,  Basu  T,  Mandal  N.  A  tropical  lichen,[119]
dirinaria consimilis selectively induces apoptosis in MCF-7 cells
through  the  regulation  of  p53  and  caspase-cascade  pathway.
Anticancer  Agents  Med  Chem  2020;  20(10):  1173-87.
http://dx.doi.org/10.2174/1871520620666200318095410  PMID:
32188391
Lu Yong, et al. Gallic acid suppresses cell viability, proliferation,[120]
invasion  and  angiogenesis  in  human  glioma  cells.  European  J
Pharmacol 2010; 641.2-3: 102-7.
http://dx.doi.org/10.1016/j.ejphar.2010.05.043
Maurya  DK,  Nandakumar  N,  Devasagayam  TPA.  Anticancer[121]
property  of  gallic  acid  in  A549,  a  human lung adenocarcinoma
cell  line,  and possible mechanisms.  J  Clin Biochem Nutr  2010;
48(1): 85-90.
http://dx.doi.org/10.3164/jcbn.11-004FR PMID: 21297918
Nguyen TTT, Tran E, Nguyen TH, Do PT, Huynh TH, Huynh H.[122]
The  role  of  activated  MEK-ERK pathway  in  quercetin-induced
growth  inhibition  and  apoptosis  in  A549  lung  cancer  cells.
Carcinogenesis  2003;  25(5):  647-59.
http://dx.doi.org/10.1093/carcin/bgh052 PMID: 14688022
Jeong  JH,  An  JY,  Kwon YT,  Rhee  JG,  Lee  YJ.  Effects  of  low[123]
dose  quercetin:  Cancer  cell-specific  inhibition  of  cell  cycle
progression.  J  Cell  Biochem  2009;  106(1):  73-82.
http://dx.doi.org/10.1002/jcb.21977 PMID: 19009557
Shendge  AK,  Chaudhuri  D,  Mandal  N.  The  natural  flavones,[124]
acacetin and apigenin, induce Cdk-Cyclin mediated G2/M phase
arrest and trigger ROS-mediated apoptosis in glioblastoma cells.
Mol Biol Rep 2021; 48(1): 539-49.
http://dx.doi.org/10.1007/s11033-020-06087-x PMID: 33394232
Shendge  AK,  Chaudhuri  D,  Basu  T,  Mandal  N.  A  natural[125]
flavonoid, apigenin isolated from Clerodendrum viscosum leaves,
induces  G2/M  phase  cell  cycle  arrest  and  apoptosis  in  MCF-7
cells through the regulation of p53 and caspase-cascade pathway.
Clin Transl Oncol 2021; 23(4): 718-30.
http://dx.doi.org/10.1007/s12094-020-02461-0 PMID: 32715386
Wang B, Zhao XH. Apigenin induces both intrinsic and extrinsic[126]
pathways of apoptosis in human colon carcinoma HCT-116 cells.
Oncol Rep 2017; 37(2): 1132-40.
http://dx.doi.org/10.3892/or.2016.5303 PMID: 27959417
Souza  RP,  Mendonça  BPS,  Gimenes  F,  et  al.  Oxidative  stress[127]
triggered by apigenin induces apoptosis in a comprehensive panel
of  human  cervical  cancer-derived  cell  lines.  Oxid  Med  Cell
Longev  2017;  2017(1):  1512745.
http://dx.doi.org/10.1155/2017/1512745 PMID: 28191273
Choi  SI,  Jeong  CS,  Cho  SY,  Lee  YS.  Mechanism of  apoptosis[128]
induced by apigenin in hepg2 human hepatoma cells: Involvement
of reactive oxygen species generated by NADPH oxidase. Arch
Pharm Res 2007; 30(10): 1328-35.
http://dx.doi.org/10.1007/BF02980274 PMID: 18038912
Tavsan Z, Kayali HA. Flavonoids showed anticancer effects on[129]
the ovarian cancer cells: Involvement of reactive oxygen species,
apoptosis,  cell  cycle and invasion. Biomed Pharmacother 2019;
116: 109004.

http://dx.doi.org/10.1080/10286020.2013.790901
http://www.ncbi.nlm.nih.gov/pubmed/23659376
http://dx.doi.org/10.3389/fphar.2012.00025
http://www.ncbi.nlm.nih.gov/pubmed/22403544
http://dx.doi.org/10.3839/jabc.2012.026
http://dx.doi.org/10.1021/acsomega.2c08080
http://www.ncbi.nlm.nih.gov/pubmed/36969395
http://dx.doi.org/10.1177/1934578X20903555
http://dx.doi.org/10.5530/pc.2012.1.6
http://dx.doi.org/10.1016/j.advnut.2023.05.013
http://www.ncbi.nlm.nih.gov/pubmed/37247842
http://dx.doi.org/10.1071/FP11016
http://www.ncbi.nlm.nih.gov/pubmed/32480925
http://dx.doi.org/10.1111/j.1753-4887.1994.tb01453.x
http://www.ncbi.nlm.nih.gov/pubmed/7970288
http://dx.doi.org/10.1016/S0899-9007(00)00304-X
http://dx.doi.org/10.3109/10715769709065791
http://www.ncbi.nlm.nih.gov/pubmed/9518068
http://dx.doi.org/10.1016/S0304-3835(98)00323-1
http://www.ncbi.nlm.nih.gov/pubmed/10355751
http://dx.doi.org/10.1016/0278-6915(95)00077-1
http://www.ncbi.nlm.nih.gov/pubmed/8847003
http://dx.doi.org/10.1002/fsn3.4285
http://www.ncbi.nlm.nih.gov/pubmed/39554341
http://dx.doi.org/10.4103/pm.pm_395_16
http://www.ncbi.nlm.nih.gov/pubmed/28808404
http://dx.doi.org/10.2174/18715206113139990138
http://dx.doi.org/10.1016/j.jhep.2003.11.022
http://www.ncbi.nlm.nih.gov/pubmed/14739108
http://dx.doi.org/10.2174/1871520620666200318095410
http://www.ncbi.nlm.nih.gov/pubmed/32188391
http://dx.doi.org/10.1016/j.ejphar.2010.05.043
http://dx.doi.org/10.3164/jcbn.11-004FR
http://www.ncbi.nlm.nih.gov/pubmed/21297918
http://dx.doi.org/10.1093/carcin/bgh052
http://www.ncbi.nlm.nih.gov/pubmed/14688022
http://dx.doi.org/10.1002/jcb.21977
http://www.ncbi.nlm.nih.gov/pubmed/19009557
http://dx.doi.org/10.1007/s11033-020-06087-x
http://www.ncbi.nlm.nih.gov/pubmed/33394232
http://dx.doi.org/10.1007/s12094-020-02461-0
http://www.ncbi.nlm.nih.gov/pubmed/32715386
http://dx.doi.org/10.3892/or.2016.5303
http://www.ncbi.nlm.nih.gov/pubmed/27959417
http://dx.doi.org/10.1155/2017/1512745
http://www.ncbi.nlm.nih.gov/pubmed/28191273
http://dx.doi.org/10.1007/BF02980274
http://www.ncbi.nlm.nih.gov/pubmed/18038912


16     Current Traditional Medicine, 2025, Vol. XXX Hossain et al.

http://dx.doi.org/10.1016/j.biopha.2019.109004 PMID: 31128404
Madunić OVI, Madunić J, Antunović M, et al. Apigenin, a dietary[130]
flavonoid, induces apoptosis, DNA damage, and oxidative stress
in human breast cancer MCF-7 and MDA MB-231 cells. Naunyn
Schmiedebergs Arch Pharmacol 2018; 391(5): 537-50.
http://dx.doi.org/10.1007/s00210-018-1486-4 PMID: 29541820
Chan KT, Meng FY, Li Q, et al. Cucurbitacin B induces apoptosis[131]
and S phase cell cycle arrest in BEL-7402 human hepatocellular
carcinoma cells  and is  effective via  oral  administration.  Cancer
Lett 2010; 294(1): 118-24.
http://dx.doi.org/10.1016/j.canlet.2010.01.029 PMID: 20153103
Vogelstein  B,  Lane  D,  Levine  AJ.  Surfing  the  p53  network.[132]
Nature 2000; 408(6810): 307-10.
http://dx.doi.org/10.1038/35042675 PMID: 11099028
Palma  TV,  Lenz  LS,  Bottari  NB,  et  al.  Berberine  induces[133]
apoptosis in glioblastoma multiforme U87MG cells via oxidative
stress  and  independent  of  AMPK activity.  Mol  Biol  Rep  2020;
47(6): 4393-400.
http://dx.doi.org/10.1007/s11033-020-05500-9 PMID: 32410137
Pan MH, Lai CS, Hsu PC, Wang YJ. Acacetin induces apoptosis[134]
in  human gastric  carcinoma cells  accompanied by activation of
caspase  cascades  and  production  of  reactive  oxygen  species.  J
Agric Food Chem 2005; 53(3): 620-30.
http://dx.doi.org/10.1021/jf048430m PMID: 15686411
Shim  HY,  Park  JH,  Paik  HD,  Nah  SY,  Kim  DSHL,  Han  YS.[135]
Acacetin-induced apoptosis of human breast cancer MCF-7 cells
involves caspase cascade, mitochondria-mediated death signaling
and  SAPK/JNK1/2-c-Jun  activation.  Mol  Cells  2007;  24(1):
95-104.
http://dx.doi.org/10.1016/S1016-8478(23)10760-6  PMID:
17846503
Xu  Y,  et  al.  Synergistic  effects  of  apigenin  and  paclitaxel  on[136]
apoptosis of cancer cells. PloS one 2011; 6(12): e29169.
http://dx.doi.org/10.1371/journal.pone.0029169
Lu HF, Chie YJ, Yang MS, et al. Apigenin induces apoptosis in[137]
human  lung  cancer  H460  cells  through  caspase-  and
mitochondria-dependent  pathways.  Hum  Exp  Toxicol  2011;
30(8):  1053-61.
http://dx.doi.org/10.1177/0960327110386258 PMID: 20937639
Lim S, Kaldis P. Cdks, cyclins and CKIs: Roles beyond cell cycle[138]
regulation. Development 2013; 140(15): 3079-93.
http://dx.doi.org/10.1242/dev.091744 PMID: 23861057
Malumbres  M.  Cyclin-dependent  kinases.  Genome  Biol  2014;[139]
15(6): 122.
http://dx.doi.org/10.1186/gb4184 PMID: 25180339
Liu  K-C,  Huang  AC,  Wu  PP,  et  al.  Gallic  acid  suppresses  the[140]
migration and invasion of PC-3 human prostate cancer cells via
inhibition  of  matrix  metalloproteinase-2  and  -9  signaling
pathways.  Oncol  Rep  2011;  26(1):  177-84.
PMID: 21503582
Subramanian AP, John AA, Vellayappan MV, et al. Gallic acid:[141]
Prospects  and  molecular  mechanisms  of  its  anticancer  activity.
RSC Advances 2015; 5(45): 35608-21.
http://dx.doi.org/10.1039/C5RA02727F
Jiang Y, Pei J, Zheng Y, Miao Y, Duan B, Huang L. Gallic acid:[142]
A  potential  anti-cancer  agent.  Chin  J  Integr  Med  2022;  28(7):
661-71.
http://dx.doi.org/10.1007/s11655-021-3345-2 PMID: 34755289
Wang K, Zhu X, Zhang K, Zhu L, Zhou F. Investigation of gallic[143]
acid induced anticancer effect in human breast carcinoma MCF-7
cells. J Biochem Mol Toxicol 2014; 28(9): 387-93.

http://dx.doi.org/10.1002/jbt.21575 PMID: 24864015
Zhang T, Ma L, Wu P, et al. Gallic acid has anticancer activity[144]
and enhances the anticancer effects of cisplatin in non‑small cell
lung cancer  A549 cells  via  the JAK/STAT3 signaling pathway.
Oncol Rep 2019; 41(3): 1779-88.
http://dx.doi.org/10.3892/or.2019.6976 PMID: 30747218
Shendge  AK,  Basu  T,  Panja  S,  Chaudhuri  D,  Mandal  N.  An[145]
ellagic  acid  isolated  from  Clerodendrum  viscosum  leaves
ameliorates iron-overload induced hepatotoxicity in Swiss albino
mice  through  inhibition  of  oxidative  stress  and  the  apoptotic
pathway. Biomed Pharmacother 2018; 106: 454-65.
http://dx.doi.org/10.1016/j.biopha.2018.06.133 PMID: 29990833
Edderkaoui  M,  et  al.  Ellagic  acid  induces  apoptosis  through[146]
inhibition of nuclear factor κB in pancreatic cancer cells. World J
Gastroenterol 2008; 14(23): 3672.
Lotfi  N,  Yousefi  Z,  Golabi  M,  et  al.  The  potential  anti-cancer[147]
effects  of  quercetin  on  blood,  prostate  and  lung  cancers:  An
update. Front Immunol 2023; 14: 1077531.
http://dx.doi.org/10.3389/fimmu.2023.1077531 PMID: 36926328
Srivastava  NS,  Srivastava  RAK.  Curcumin  and  quercetin[148]
synergistically inhibit cancer cell proliferation in multiple cancer
cells  and  modulate  Wnt/β-catenin  signaling  and  apoptotic
pathways  in  A375  cells.  Phytomedicine  2019;  52:  117-28.
http://dx.doi.org/10.1016/j.phymed.2018.09.224 PMID: 30599890
Maurya AK, Vinayak M. Anticarcinogenic action of quercetin by[149]
downregulation  of  phosphatidylinositol  3-kinase  (PI3K)  and
protein  kinase  C  (PKC)  via  induction  of  p53  in  hepatocellular
carcinoma (HepG2) cell line. Mol Biol Rep 2015; 42(9): 1419-29.
http://dx.doi.org/10.1007/s11033-015-3921-7 PMID: 26311153
Liang H,  Chen Z,  Yang R,  et  al.  Methyl  gallate  suppresses  the[150]
migration,  invasion,  and  epithelial-mesenchymal  transition  of
hepatocellular  carcinoma  cells  via  the  ampk/nf-κb  signaling
pathway in vitro and in vivo. Front Pharmacol 2022; 13: 894285.
http://dx.doi.org/10.3389/fphar.2022.894285 PMID: 35770085
Jiang W, Li X, Dong S, Zhou W. Betulinic acid in the treatment of[151]
tumour  diseases:  Application  and  research  progress.  Biomed
Pharmacother  2021;  142:  111990.
http://dx.doi.org/10.1016/j.biopha.2021.111990 PMID: 34388528
Zheng Y, Liu P, Wang N, et al. Betulinic acid suppresses breast[152]
cancer  metastasis  by  targeting  GRP78-mediated  glycolysis  and
ER stress apoptotic pathway. Oxid Med Cell Longev 2019; 2019:
1-15.
http://dx.doi.org/10.1155/2019/8781690 PMID: 31531187
Abe M, Asada N, Kimura M, et al. Antitumor activity of α-pinene[153]
in T-cell tumors. Cancer Sci 2024; 115(4): 1317-32.
http://dx.doi.org/10.1111/cas.16086 PMID: 38279512
Machado  TQ,  Felisberto  JRS,  Guimarães  EF,  et  al.  Apoptotic[154]
effect of β-pinene on oral squamous cell carcinoma as one of the
major  compounds  from  essential  oil  of  medicinal  plant  Piper
rivinoides Kunth. Nat Prod Res 2022; 36(6): 1636-40.
http://dx.doi.org/10.1080/14786419.2021.1895148  PMID:
33678083
Nasiruddin M, Azadi MA, Nely MS. Piscicidal effects of extracts[155]
of  karenja  plant  Pongamia  pinnata  (L.)  Pierre  and  Vat  plant
Clerodendrum  viscosum  (Vent.)  on  singhi  fish  heteropneustes
fossilis (Bloch). Chittagong Univ J Biol Sci 2024; 7(1): 65-78.
http://dx.doi.org/10.3329/cujbs.v7i1.73145
Nasiruddin M, et al. Histopathological effects of extracts of two[156]
indigenous plants, pongamia pinnata (l.) Pierre and clerodendrum
viscosum (vent.) On the cat fish, heteropneustes fossilis (bloch). J
Asiat Soc Bangladesh Sci 2013; 39(1): 105-15.

© 2025 The Author(s). Published by Bentham Science Publisher.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of
which is available at: https://creativecommons.org/licenses/by/4.0/legalcode . This license permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the
final version. Major publication processes like copyediting, proofing, typesetting and further review are still to be
done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that 
apply to the final published article also apply to this ahead-of-print version.   
 

http://dx.doi.org/10.1016/j.biopha.2019.109004
http://www.ncbi.nlm.nih.gov/pubmed/31128404
http://dx.doi.org/10.1007/s00210-018-1486-4
http://www.ncbi.nlm.nih.gov/pubmed/29541820
http://dx.doi.org/10.1016/j.canlet.2010.01.029
http://www.ncbi.nlm.nih.gov/pubmed/20153103
http://dx.doi.org/10.1038/35042675
http://www.ncbi.nlm.nih.gov/pubmed/11099028
http://dx.doi.org/10.1007/s11033-020-05500-9
http://www.ncbi.nlm.nih.gov/pubmed/32410137
http://dx.doi.org/10.1021/jf048430m
http://www.ncbi.nlm.nih.gov/pubmed/15686411
http://dx.doi.org/10.1016/S1016-8478(23)10760-6
http://www.ncbi.nlm.nih.gov/pubmed/17846503
http://dx.doi.org/10.1371/journal.pone.0029169
http://dx.doi.org/10.1177/0960327110386258
http://www.ncbi.nlm.nih.gov/pubmed/20937639
http://dx.doi.org/10.1242/dev.091744
http://www.ncbi.nlm.nih.gov/pubmed/23861057
http://dx.doi.org/10.1186/gb4184
http://www.ncbi.nlm.nih.gov/pubmed/25180339
http://www.ncbi.nlm.nih.gov/pubmed/21503582
http://dx.doi.org/10.1039/C5RA02727F
http://dx.doi.org/10.1007/s11655-021-3345-2
http://www.ncbi.nlm.nih.gov/pubmed/34755289
http://dx.doi.org/10.1002/jbt.21575
http://www.ncbi.nlm.nih.gov/pubmed/24864015
http://dx.doi.org/10.3892/or.2019.6976
http://www.ncbi.nlm.nih.gov/pubmed/30747218
http://dx.doi.org/10.1016/j.biopha.2018.06.133
http://www.ncbi.nlm.nih.gov/pubmed/29990833
http://dx.doi.org/10.3389/fimmu.2023.1077531
http://www.ncbi.nlm.nih.gov/pubmed/36926328
http://dx.doi.org/10.1016/j.phymed.2018.09.224
http://www.ncbi.nlm.nih.gov/pubmed/30599890
http://dx.doi.org/10.1007/s11033-015-3921-7
http://www.ncbi.nlm.nih.gov/pubmed/26311153
http://dx.doi.org/10.3389/fphar.2022.894285
http://www.ncbi.nlm.nih.gov/pubmed/35770085
http://dx.doi.org/10.1016/j.biopha.2021.111990
http://www.ncbi.nlm.nih.gov/pubmed/34388528
http://dx.doi.org/10.1155/2019/8781690
http://www.ncbi.nlm.nih.gov/pubmed/31531187
http://dx.doi.org/10.1111/cas.16086
http://www.ncbi.nlm.nih.gov/pubmed/38279512
http://dx.doi.org/10.1080/14786419.2021.1895148
http://www.ncbi.nlm.nih.gov/pubmed/33678083
http://dx.doi.org/10.3329/cujbs.v7i1.73145
https://creativecommons.org/licenses/by/4.0/legalcode%20
https://creativecommons.org/licenses/by/4.0/

	[1. INTRODUCTION]
	1. INTRODUCTION
	1.2. Bioactive Phytochemicals
	1.2.1. Phenylpropanoids
	1.2.2. Flavonoids
	1.2.3. Tannins
	1.2.4. Saponin
	1.2.5. Terpenoids
	1.2.6. Steroids

	1.3. Antioxidant properties
	1.4. Anticancer Activity

	CONCLUSION AND FUTURE PERSPECTIVES
	AUTHORS’ CONTRIBUTION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




