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Members of Rubiaceae family are a rich source of secondary metabolites existing as pure compounds or
standardized crude extracts. It has provided a wide range of opportunities for the exploration and
discovery of new drugs. Hedyotis or Oldenlandia is one of the important members of this family and has
shown multifunctional pharmacological properties according to continuous scientific research conducted
on that plant genus since last few decades. The justification of use of Hedyotis-Oldenlandia in folk
medicine is supported by its reported biological activities including anticancer, antioxidant, antidiabetic,
anti-inflammatory and antimicrobial activities. This genus also has been recognized to be abundant with
bioactive phenolic compounds, proteins, carbohydrates, steroids and terpenoids. Therefore, this review
highlights the traditional uses, phytochemical profiling and phenolic contents, pharmacological review
and structure-activity relationship of chemical constituents in Hedyotis-Oldenlandia plants. However,
further studies are still required to explore the molecular targets responsible for the reported
pharmacological properties in order to establish a comprehensive profile of the isolated compounds
before proceeding with further clinical trials.
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INTRODUCTION most popular species which is commonly being

Hedyotis or Oldenlandia L. plant genus is a
weedy folk herb which is widely distributed in the
tropical and warmer regions around the world
such as China, Japan, Vietnam, India, Indonesia
and Thailand. This Rubiaceae plant family
consists of more than 700 species and is well-
known in Traditional Chinese Medicine to treat
some inflammation-linked  diseases  likes
appendicitis, hepatitis, tonsillitis and urethritis
since years (Guo et al. 2013; Neupane et al.
2015). Amongst all, Hedyotis corymbosa is the

used as an active ingredient in traditional herbal
medicine.

In traditional medicine, this plant genus is
broadly used in Ayurveda, Unani, and Siddah,
where most of Oldenlandia species are managed
to cure or treat different diseases. For centuries,
various parts of Hedyotis-Oldenlandia genus such
as aerial parts, roots, and whole plants, have long
been consumed therapeutically in Asia region due
to their broad spectrum of pharmaceutical
activities to treat various illnesses (Sahu et al.
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2020; Artanti et al. 2015; Das et al. 2019). The
seeds, berries, rhizomes part, leaves, bark,
flower, or even whole seeds of plants are used in
herbal therapy (Pan et al. 2014). The processing
approach for traditional preparation of this herbal
is by decoction, tincture, powders, poultice, paste
and others (Das et al. 2019; Quattrocchi, 2012;
De Zoysa et al. 2017; Félix-Silva et al. 2017; Kadir
et al. 2015; Sahu et al. 2020).

Hedyotis-Oldenlandia complex shares the
following common morphology and traits: herbs or
shrubs, 4-merous flowers, bilobed stigmas,
bilocular and many seeded capsules (Neupane et
al. 2009; Guo et la., 2013). Scientifically, this
genus has been reported to contain numerous
bioactive  constituents such as iridoids,
anthraquinones, flavonoids, alkaloids, sterols and
polysaccharides (Nguyen et al. 2018; Mahibalan
et al. 2016). Recent pharmacological studies on
this plant genus have revealed the potential use of
this plant compounds and extracts as antioxidant,
antimicrobial, anti-inflammatory, anticancer,
antidiabetic, hepatoprotective and neuro
protective activities (Nguyen et al. 2018; Yang et
al. 2008; Chua, 2013).

Traditional uses of the genus

In total 21,000 plants are classified under
WHO and are commonly used throughout the
world for medicinal purposes since immemorial
time (Anand et al. 2019). Hedyotis-Oldenlandia
genus is considered as a vast prospect fountain of
medicinal assessment, regarding phytochemical
studies and bioactivities (Zhang et al. 2017; Hu et
al. 2015; Yousef et al. 2018; Sahu et al.2020;
Shan et al. 2017; Wang et al. 2018). Therefore,
the inherited knowledge, skills, and practices
about traditional uses of plants of this genus are
based on theories, beliefs, and experiences
(practical or by mouth). All was used in the
treatment of ailments as well as in the preventive
measures and management of physical and
mental iliness or a folk medicine (Ong et al. 2011;
Pan et al. 2014; Suruse et al. 2015).

Oldenlandia corymbosa decoction is an
essential cold property herb used in the treatment
of fever to eliminate toxins from the body and
improve blood circulation (Das et al. 2019; De
Zoysa et al. 2017). The herbs were useful to get
rid of the body heat. The decoction of the aerial
component of this plant is used for cough,
bronchitis, leprosy, jaundice, and nervous
systems care (De Zoysa et al. 2017). The leaves
were collected, clean, pounded, heated and the
juice drunk to treat stomach disorders for children

or dysentery (Sahu et al. 2020). The plant is
effective also to treat sore eyes and viral
infections (Sahu et al. 2020; De Zoysa et al.
2017). For the wholesome of the herbs is used in

decoction as potential to ease depurative,
digestive  problem, suffering by diuretic,
anthelmintic, pectoral, stomachic, and anti-

rheumatic symptom (Table 1) (Sahu et al. 2020).
For Indian folk medicine practice, the plant is a
common component of internal cure mixtures to
alleviate remittent fevers, gastric problems, and as
an energy booster or tonic (Das et al. 2019).
Besides that, the tincture of the root is testified to
have an anthelmintic medicine or vermifuge
action. The Chinese practice was discovered the
plant useful and functioning well to treat skin
sores, sore throat, Dbronchitis, gynaecologic
infections, and pelvic inflammatory (Sahu et al.
2020). The plants are recognized anti-
inflammatory ~ medicine  with  antibacterial
properties. In other studies, the whole plant was
beneficially used in treating rheumatoid arthritis
(Yousef et al. 2018; Ghosh et al. 2015:). In
Congo, it is consumed by ready mothers to
smooth childbirth. It is also used as a mouth wash
in toothache in several countries (Yousef et al.
2018; Chimkode et al. 2009).

Hedyotis umbellata is an Ayurvedic Indian
herb powdered leaf and stem bark that is typically
used as a medical emergency in the traditional
medicine of India and China to against snakebite
(Dey and De, 2012). The decoction of the leaves
was applied as a cleanse or antidote for
poisonous bites. The paste of Hedyotis scandens
Roxb is made with leaves and stem and externally
applied twice a day for 3 to 4 days in a warmed
state (Félix-Silva et al. 2017; Kadir et al. 2015).
Anti-venomous properties evaluated by
laboratories and  correlating  with  ethno
pharmacological studies have been found to
include herbal related plants and natural products
(Dey and De, 2012). The roots decoction is
considered as a good expectorant action in
treating asthma, bronchitis, bronchial catarrh
treatment, and the leaves extracts are used to
pamper at an area or poisonous bites (Behera et
al. 2018). For other use, the plants of Oldenlandia
sp were applied as a tenderizer and it is cooked
with good synergy with other vegetables such as
Amaranthus and Cucurbita. This species is also
known for being a huge source of natural vitamin
C (ascorbic acid) (Das et al. 2019) Vitamin C is an
important role as an antioxidant that protects the
body from free radical damage, protects the
immune system,
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fight off infections and metabolic functions
(Chambial et al. 2013). For Hedyotis umbellata,
especially the roots bark from 2 years old plant
was a source of Chay-rot dye, after occupied by
mordant for divulging red colour to calico, wool
and silk fabrics (Rekha et al. 2006). The practices
were performed in various countries by
practitioners, tribes, or the society to enhance
healing properties and to maintain well-being
(Sahu et al. 2020; Das et al. 2019).

Phytochemical review on plant

Phytochemical review of Hedyotis-
Oldenlandia genus have explored the presence of
anthraquinones derivatives, flavonoids and their
glycosides, alkaloids, iridoids and their glycosides,
saponins,  lignans, coumarins  derivatives,
triterpenoids and sterols (Lajis and Ahmad, 2006;
Nguyen et al. 2018; Chen et al. 2018; Song et al.
2019 and Li et al. 2019). From this Rubiaceous
family, many natural compounds with the novel
structures and extraordinary biological properties
from these classes of compounds has been
scrutinized (Nguyen et al. 2018).

Previous  assessment of  Oldenlandia
umbellata has discovered the existence of a novel
symmetrical coumarin dimer and anthraguinones
derivatives (Mahibalan et al. 2016, Ramamoorthy
et al. 2009), kaempferol-3-O-rutinoside and ursolic
acid (Hema et al. 2009). The list of secondary
metabolites presence from different species of
Hedyotis-Oldenlandia is presented in Table 2
below.

Total Phenolic Content (TPC) of Hedyotis-
Oldenlandia sp

The consumers’ awareness on health benefits
in their diet has led to increase the demand for
natural products containing biologically active
compounds. Plants such as Hedyotis-Oldenlandia
have been a valuable source of phenolic contents
and antioxidant agents for maintaining human
health. The phenolic compounds can be classified
into simple phenols, phenolic acids, flavonoids,
coumarins, stilbenes, hydrolysable and
condensed tannins, lignins and lignans (Kumar
and Goel, 2019). The phenolic compounds are
produced via shikimic acid pathway in the plant.
The basic structure of phenolic compounds
comprises of an aromatic ring with one or more —
OH groups. In the synthesis of phenolic
compounds, the important procedure is the
commitment of glucose to the pentose phosphate
pathway and transforming glucose 6-phospate
irreversibly to ribulose-5-phosphate (Lin et al.

2016). The phenolic compounds are essential for
regulating various metabolic functions including as
an antioxidant agent. Several studies suggested
that phenolic compounds have correlation in
trapping the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical and might be responsible in antioxidant
activities as for inhibiting the harmful effect of
oxidative stress by acting as free radical
scavenger (Phuyal et al. 2020, Khettal et al.
2016).

To investigate the importance of phenolic
contents in Hedyotis plants, a study by
Christhudas et al. (2013) was conducted. The H.
biflora was dried and powdered before extracted
using methanol, hexane, and ethyl acetate. The
powdered H. biflora was extracted three times by
cold percolation with the ratio 1 kg of dried powder
with 3 L of solvent (1:3). The extracts were stored
in a refrigerator prior to determination of total
phenolic content. The total phenolic contents were
determined by spectroscopy method. The
absorbance was read at 765 nm. The study
showed that the total phenolic contents in H.
biflora extract was found from 86.89 + 0.46 to
206.81 + 1.11 mg of catechol equivalents/g
extract. The methanolic extract showed the
highest (206.81 + 1.11 mg of catechol
equivalents/g extract) total phenolic content
compared to hexane extract (86.89 + 0.46 mg of
catechol equivalents/g extract) and ethyl acetate
extract (106.16 + mg of catechol equivalents/g
extract). The results obtained in the study clearly
indicate that H. biflora has a potential amount of
total phenolic content. According to the study,
phenolic contents might be play an important role
in adsorbing and neutralizing free radicals,
quenching singlet and triplet oxygen or
decomposing peroxide.

Quercetin is a well-known bioactive
compound and polyphenolic flavonoid which can
be found in Hedyotis plants. A study was
conducted by Zhu and Row (2011) on extraction
of quercetin from Oldenlandia diffusa. In order to
increase the quercetin extraction efficiency, the
ultrasonic extraction method was applied in this
study. The amino-modified active carbon
catridges were prepared. Solvent extraction and
solid phase extraction were optimised. For the
solvent methanol showed as the best solvent in
guercetin  extraction from O. diffusa. The
guercetion extraction yield were increased as the
extraction time increased from 20 to 60 minutes
and ultrasonic power from 20 to 40 W. The
optimised extraction yield was 0.198 mg/g. This
study was successfully developed an extraction

Bioscience Research, 2021 volume 18(4): 2830-2844

2832



Ngadiran et al.

Hedyotis-Oldenlandia genus: A review of Traditional Chinese Medicine herb

method for quercetin from O. diffusa suggested
the extraction method for purification of bioactive
compounds from natural resources.

Antioxidant properties of hedyotis-oldenlandia
sp

A study conducted by Ahmad et al. (2005)
showed that Hedyotis species exhibited strong
antioxidant properties compared to Vitamin E. The
further study conducted by Sasikumar et al.
(2010) regarding to in vitro study antioxidant
activities of Hedyotis corymbosa (L.) Lam. The
aerial parts were used in this study by extracting
the plant parts with methanol as solvent. The
methanolic extract of H. corymbosa was
evaporated to dryness by rotary evaporator to
ensure the solvent completely removed from
extract. The methanolic crude extract of H.
corymbosa were investigated on the total phenolic
contents, total flavonoid contents, DPPH radical
scavenging activity, ferric reducing power
capacity, scavenging of 2,2’-azinobis-3-
ethylbenzothiozoline-6-sulfonic acid (ABTS)
radical cation, nitric oxide and hydroxyl radical
scavenging activities. The antioxidant activity of
the extract was comparable with the standard
butylated hydroxyl toluene (BHT). The results
showed that H. corymbosa has potential as a
natural antioxidant agent. This study also
recommended the future study to investigate on
compound isolation and mechanisms of action for
antioxidant activity.

The study on H. corymbosa was continued by
Endrini in 2011. The results showed that H.
corymbosa exhibited as a potential antioxidant
agent. The methanol was used as a solvent to
extract the plant. The study also compared the
antioxidant activities of H. corymbosa with Pilea
trinervia (Roxb.) Wight. Both plants were
extracted to yield about 10% of extract from the
original plant samples. The extraction was
conducted at room temperature. The samples
were filtered through Whatman No.1 and the
collected filtrates were evaporated at 40 °C using
a rotary evaporated until completely dried. The
extracts were subjected to DPPH scavenging
activity as DPPH method able to evaluate the
scavenging free radical activities in a short time.
The H. corymbosa showed higher antioxidant
activity compared to P. trinervia. The results also
consistence as H. corymbosa also exhibited the
highest anticancer activity on MCF-7 cell lines.
The recommendation for the further study is to
evaluate the mechanisms of action in antioxidant
activities as H. corymbosa also showed an

important and potential property as anticancer
agent.

The research conducted by Christhudas et al.
(2013) showed that H. biflora extract has
reductive capabilities compare to butylated
hydroxytoluene. The methanolic extract of H.
biflora was very potent than hexane and ethyl
acetate extract. The power of the extract
increased with the quantity of sample. The plant
extract could reduce the most Fe®* ions which had
lesser reductive activity than  butylated
hydroxytoluene. In DPPH radical scavenging
activity of H. biflora methanolic extract exhibited a
50% inhibition (ICso) concentration at a
concentration of 520.21+1.02 pg/ml. In hydroxyl
radical scavenging assay, the concentration for
50% inhibition H. biflora was found to be 510.21
pa/ml. For nitric oxide radical inhibition assay, the
scavenging activity was increased in a dose-
dependent manner. At concentration of 690.20 +
2.13 pg/ml of extract 50% of nitric oxide generated
by incubation was scavenged. From the analyses,
the study suggested the methanolic extract of H.
biflora showed antioxidant properties and might
be useful in preventing or slowing the progress of
various oxidative stress-related diseases.

The recent study by Das and Bharali (2020)
stated that H. corymbosa exhibited a promising
antioxidant  potential against free radical.
According to this study, H. corymbosa acts as
potential antioxidants which are contains
substances that having the potential to quench
free radicals and significantly delay or inhibit
oxidation of the substrate thus protect biological
systems against potentially harmful effects of free
radicals. The methanol, ethanol, petroleum ether
and ethyl acetate were used as solvent to extract
and fractionate H. corymbosa. The aerial parts
and root of H. corymbosa were selected and dried
at room temperature. The samples were grounded
into powder form and undergoes Soxhlet
extraction method using 80% ethanol. The
extracts were further fractionated using a series of
solvents of different polarity starting from
petroleum ether, ethyl acetate and methanol. The
finding showed that the high antioxidant of H.
corymbosa might be due the presence of
bioactive compounds presence in the extract.
Therefore, an extensive study on structure
elucidation of compound is needed to determine
the structure-activity relationship of the isolated
compounds. Some of antioxidant activity and total
phenolic content of this plant genus is
summarized in Table 3 below.
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Table 3: Antioxidant and phenolic contents of Hedyotis-Oldenlandia sp

extraction

powder were
dissolved in

0.03 L of solvent.

Hedyotis- Extraction conditions
Oldenlandia Objectives State of input Solid to solvent Outcomes References
. ; Solvent used
Sp. materials ratio
20 g of dried Th_e lag phase d_uratlon
- . ; (min) of copper-induced
Antioxidant properties Dried form of H H. diffusa were low-density linoprotein
H. diffusa Therapeutic potential on diff ’ added into Distilled water hol | Y g P fH Ji et al. (2017)
naecological disease ftusa 100 ml of cho esterol oxidation of H.
9y distilled water diffusa from 19.06 + 0.11 to
35.70 £ 3.48
The methanol extract of H.
biflora showed potent
In vitro a-glucosidase effect compared to hexane
inhibition and antioxidant Dried and 1 kg of H. biflora Hexane, and ethyl acetate extract. Christhudas et al
H. biflora activity of hexane, ethyl Powdered was extracted ethyl acetate The 50% a-glucosidase (2013) ’
acetate and methanol of H. form of H. biflora with 3L solvent. and methanol inhibition of methanol
biflora extract was at the
concentration of 480.20 +
2.37 pg/ml.
Optimisation of enzyme-
qs_yst_ed extra_lcn_on, DPPH radical scavenging
purification, antioxidant, ied f f ; . |
H. corymbosa characterization and its Dried form of H. - Mixed solvent capacity Lin et al.
' B - corymbosa (82.23%) compared to (2018)
bioactives of
. Trolox (92.07%)
polysaccharides from
Hedyotis corymbosa
The total phenolic content
The aerial in the methanolic extract of
H. corvmbosa Antioxidant evaluation of H. parts of H. ) Methanol aerial parts was found to Sasikumar et al.
’ y corymbosa extract corymbosa be 210 mg of gallic acid (2010)
extract equivalents (GAE) in 100 g
fresh weight basis
O. diffusa
powder
Preparing the amino- Powdered brought from Chloroform, Methanol was the best
. modified active carbon Incheon, Korea. .
O. diffusa cartridges for quercetin form of 29 of O. diffusa ethanol, water solvent for extracting O. Zhu & Row (2011)
O. diffusa ' and methanol diffusa
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Structure-activity
compounds
Theoretical models that can be used to predict the
physicochemical, biological and environmental
properties of substances, or so called the
relationship of chemical structure to biological
activity are based on the qualitative method,
structure—activity  relationships (SARs) and
guantitative structure—activity relationships
(QSARs) (Mohapatra, 2020). The application of
SAR and QSAR in revealing the nature of
antioxidant has enable the researchers to design
new and more efficient antioxidants for its
therapeutic potential (Amic et al. 2007). For
example, SAR can be explain by investigating the
three key factors separately: mutual position of
hydroxyl groups, their methylation, and the
distance between phenyl and carboxylic group
(Spiegel et al. 2020). Meanwhile, QSAR related to
software tools used in the absence of available
data for prioritization, classification, and screening
level risk assessment (Pittinger et al. 2009).

A preliminary review on structure-activity
relationship (SAR) of compounds in Hedyotis-
Oldenlandia was undertaken by Lajis and Ahmad
in 2006. This report is clearly described the highly
divergent structural features intra-genus and its
biological significance of the compounds isolated.
Several attempts have been made to revise the
molecular formula and structure accordingly with
the finding conducted. In a report by
Purushothaman et al. (1981), auricularine was
found differ from borroreverine in its molecular
formula due to its extra N-dimethyl group in the
form of a N-Me amino group. Besides, D:20-
exchangeable proton was also not found
unavailable in auricularine, compared to boverrine
(Purushothaman et al.1981).

The correlation between SAR and antioxidant
effect have also been reported during these years
(Chen et al. 2016; Lajis and Ahmad, 2006).
Further research on the bioactive constituents of
Hedyotis diffusa Willd., has led to the isolation of a
new acyl flavonol di-glycoside which was then
characterized as kaempferol 3-O[2"-O-(E-6"-O-
feruloyl)-B-D-glucopyranosyl]-B-D-
galactopyranoside by spectral and chemical
methods from the methanolic extract. In addition,
three known flavonol glycosides and six known
iridoid glycosides were also being isolated
successfully from this crude extract. The above-
mentioned glycosides were tested for antioxidant
effects on xanthine oxidase inhibition, xanthine-
xanthine oxidase cytochrome c¢ and TBA-MDA

relationship  (SAR)  of

systems. It is noted that the antioxidant effect of
H. diffusa was contributed by the presence of
these flavonoid and iridoid compounds.

Five flavonol glycosides (kaempferol-3-O-[2-O-(6-
O-E-feruloyl)-B-D-glucopyranosyl]-3-D-
galactopyranoside, quercetin-3-0-[2-O-(6-0-E-
feruloyl)-B-D-glucopyranosyl]-B3-D-
galactopyranoside, guercetin-3-0-[2-O-(6-0O-E-
feruloyl)-B-D-glucopyranosyl]-B3-D-
glucopyranoside, kaempferol-3-O-(2-O-3-D-
glucopyranosyl)-B-D-galactopyranoside and
guercetin-3-0-(2-O-B-D-glucopyranosyl)- B-D-
galactopyranoside) and four O-acylated iridoid
glycosides (6-O-Z-p-methoxy cinnamoyl
scandoside methyl ester, 6-O-E-p-methoxy
cinnamoyl scandoside methyl ester, 6-O-Z-p-
coumaroyl scandoside methyl ester and 6-O-E-p-
coumaroyl scandoside methyl ester) isolated from
H. diffusa exhibited a significant neuroprotective
effect on L-glutamate-damaged rat cortical cells in
the concentration from 0.1 to 10 uM; further, the
structure—activity study proved di-OH in the B ring
and an acyl substituent in flavonoids, a p-methoxy
group in the aromatic ring and a trans double
bond in the acyl moiety of acylated iridoid
glycosides might be crucial for the biological
response (Kim et al. 2019). Wu et al. 2009 also
found the inhibitory effect of oleanolic acid (2 and
8 pg/mL) isolated from H. diffusa against ras-
transformed fibroblasts on R6 cells, and this
inhibition might cause normal cells to secrete an
inhibitory factor against the transformed cells but
did not require direct cell-cell contact.

H. diffusa had been reported to contain potential
anticomplement activity from HD-PS-1 acid
homologous polysaccharides compared to HD-
PS-2 (CHso: 0.456 +0.008 mg/mL,  APso:
0.572+0.010 mg/mL), attributed from its uronic
acids in the structure where the interaction
occurred at C3 and C4 from the cascade (Huo et
al. 2020). Yet, both exhibited antioxidant activities
by scavenging DPPH radicals.

Other than that, many Chinese herbs are known
its potential in treating various cancers especially
during chemotherapy stage to achieve additive or
synergistic therapeutic effects due to its structure
relative activity of bioactive ingredients contained
in the herbs. This is reported by Hu et al. (2015)
which isolated three novel cyclotides, which are
akin to the anti-cancer effects and brief as Diffusa
cyclotide 1 to 3 (DC3 the most cytotoxic) from
leaves and roots of H. diffusa. This mini protein
from  against prostate cancer cells peptide
neckbone cross-braced by three disulfide binds in
a cysteine-knot arrangements of cysteine I-IV, II-
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IV, 11-VI (Sze et al. 2009).

Antibacterial and antifungal activities

In spite of the long traditional uses of
microbial origin antimicrobial molecules, plant
bioactives have gained more interest lastly as
high potential source of antimicrobial molecules
(Gomaa et al. 2019; Belfarhi et al. 2020). This
based on the continued increased resistance of
different classes of microbes against the current
known microbial based antibiotics (Srivastava et
al. 2020). Compared to other medicinal plans, little
information has been published so far about the
antimicrobial activities of this species. However,
early study reported the potential antibacterial
activities of methanolic extracts of some Hedyotis
species (Ahmad et al. 2005). They reported that
species like H. dichotoma exhibited moderate
activity against Gram-positive bacteria Bacillus
subtilis, and methicillin-resistant Staphylococcus
aureus (MRSA) and potent antimicrobial activities
against the Gram-negative bacteria Pseudomonas
aeruginosa.

Other species such as Oldenlandia umbellata
showed also significant activity against S. aureus
and Escherichia coli. The antibacterial activity was
attributed to the presence of 1,2-dihydroxy
anthraquinone (Alizarin) which was present in all
antimicrobial bioactive fractions (Ahmad et al.
2005). Other study reported also that methanolic
extract of Oldenlandia corymbosa methanolic
extract have potent wide spectrum antimicrobial
activities against Gram positive and Gram-
negative bacteria such as (Bacillus sp.,
Escherichia coli, Klebsiella sp., Proteus sp.,
Pseudomonas sp., and Staphylococcus aureus)
with very low antifungal activity against Candida
albicans (Hussain and Kumaresan, 2013; Das et
al. 2019).

Recent study showed that the antimicrobial
properties of the ethanol extract of O. corymbosa
is attributed to the presence of fatty acid
derivatives (Archana et al. 2020). However, in
addition to the direct antimicrobial activities of
some of Oldenlandia sp., recent study showed
also that O. umbellata have been effectively used
in the biosynthesis of silver nanoparticle of wide
spectrum antimicrobial activities. The produced
nanoparticles were highly compatible with human
lung fibroblast cell line and exhibited potent
activity against Streptococcus mutans,
Pseudomonas aeruginoas and Escherichia coli
(Subramanian et al. 2019).

Cytotoxic and other bioactivities

According to National Cancer dictionary,
cytotoxic agent is defining as a substance that can
kill cell including cell cancer. These compounds
may stop cell from growing or can reduce the size
of tumor cells. Many studies have reported the
potential of Hedyotis plant species as antitumor
agent to inhibit the tumor cell proliferation,
migration, metastasis and invasion before
becoming worst. The mechanism how the
compound work could be by modifying the growth-
related signalling pathway of tumor cell, cell
immunity, and related to antioxidant activity (Han
et al. 2020).

In 2017, Wang et al. has showed through in
vitro assays study that Hedyotis diffusa Willd
collected from China, Guangdong province was
identified new active compounds which is three
iridoid glycosides compounds and one new
cerebroside. The compounds have high and
moderate cytotoxic activity to seven human’s
malignant tumor cell lines known as human colon
cancer cell HCT15, human lung cancer cell A459,
human leukemia cell HL-60, human gastric gland
carcinoma BCG-823, human nasopharyngeal
cancer cell CNE-2, human prostate cancer cell
PC-3 and human hepatoma cell (HepG2). The
cytotoxic value of these compounds is reported
between I1Cs0 9.6 pM to 89.3 uM.

In 2014, Dong et al. has reported that iridoid,
stigmasterol, anthraquinones and glucosides
compound from Hedyotis diffusa has potential in
human breast cancer cell line MCF7 but should be
avoid the intake with other chemotherapy drugs
because it will reduce the efficacy of
chemotherapy treatment. Quercetin and coumarin
compound as predicted using network
pharmacology approach by Liu et al. (2018), has
potential to treat gastric cancer with potential
mechanism through synergetic modulation on cell
cycle, proliferation, invasion, migration,
angiogenesis, apoptosis and differentiation. Hu et
al. (2015) has found three novel cyclotides named
as DC1 to DC3 showed cytotoxic activity with I1Cso
values between 1uM to 10 puM that can induce
apoptosis, inhibit proliferation and inhibit migration
of prostate cancer cells. The same plant species
has studied by Zhang et al. (2016) found one
anthraquinone compound and 13 flavonoids
compounds that can inhibit the migration of
ovarian cancer cells and induce the apoptosis
activity.
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Table 4: List of compounds with their activity towards specific targeting cells

Hedyotis-Oldenlandia sp. Compounds Target cell/ Activity

Cell line of human colon cancer (HCT15),
Human lung cancer (A459),

iridoid glycosides Human leukemia (HL-60),

cerebrosides ' Human gastric gland Wang et al. 2017

carcinoma (BCG-823), Human nasopharyngeal

cancer (CNE-2), human prostate
cancer (PC-3) and human hepatoma HepG2

References

whole herb extract Lung cancer Gupta et al. 2004
anthraquinones,
Hedyotis diffusa Willd iridoid glucosides Human breast cancer cell line (MCF7) Dong et al. 2014
and stigmasterols

agueous plant extract Colorectal cancer (CRC) cells Lu et al. 2016
whole plant water extract Liver cancer (HepG2) Chen et al. 2012
13 fIavono@s Ovarian cancer cell (A2780) Zhang et al. 2016

and 1 anthraquinone
quercetin and coumarin Gastric cancer Liu et al. 2018
cyclotu_jes DCl.' DC3 Prostate cancer Hu et al. 2015
(active peptide)
Tumor cell lines - acute promyelocytic
. - hedyanthraguinones leukemia cell (HL-60), human .
Hedyotis caudatifolia Aand B breast cancer cell (BCaP37) Jing et al. 2019
and human hepatic carcinoma cell (SMMC7721)
Hedyotis corymbosa polysaccharide fraction Murine Macrophage cell line (RAW264.7) Lin et al. 2018
Hedyotis leschenaultiana whole plant extract Diabetic control Sornalakshmi et al. 2016
H. capitellata, H. verticillate, H.
dichotomo, H. pinifolia, H. Human T-lymphoblastics leukimia .
corymbose, H. nudicaulis and plant extract (CEM-SS) cell line Lajis and Ahmad, 2006

H. herbacea

Eggs, larvae and adults of Anopheles
Hedyotis puberula leaf extract stephensi, Aedes aegypti and Azarudeen et al. 2016)
Culex quinquefasciatus
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Another finding from Lu et al. (2016), a study
using the whole extract of Hedyotis diffusa is
effectively showed cytotoxic activity by apoptosis
and anti-proliferative activities against human
colorectal cancer (CRC) cell lines, inhibition of
proliferation of liver cancer HepG2 and increase
apoptosis in lung cancer cell (Chen et al. 2012;
Gupta et al. 2004).

Another investigation by Jing et al. (2019) on
Hedyotis caudatifolia has led to the isolation of
two new compounds namely Hedyanthraquinones
A and B. Hedyanthraquinones A possessed the
ability to inhibit the growth of breast cancer cell
BCaP37, hepatic carcinoma cell SMMC7721 and
acute promyelocytic leukemia cell HL-60 with 1Cso
values of 26.29, 21.16 and 13.71 uM,
respectively. Meanwhile, hedyanthraquinones B is
potential in inhibiting HL-60 cell lines with ICso
value of 18.23 pM.

Another species of Hedyotis corymbosa was
collected from natural herbal market in Gao Qiao,
ChangSha China and revealed the anti-
inflammatory activity of acid polysaccharides from
the plant through reduction of the IL-1B, TNF-a
and NO concentrations on murine RAW264.7
macrophage cells (Lin et al. 2018). This helps in
preventing the development of tumor and cancer
cells by controlling the chronic inflammation
process (Han et al. 2020). In 2016, Sornalakshmi
and the team has demonstrated of ethanol extract
of Hedyotis leschenaultiana essential in diabetic
control by reducing blood glucose level due to the
whole plant extract consist of streroids, saponins,
tannins, glycosides, flavonoids and phenols
(Somalakshmi et al. 2016). Meanwhile, Seven
Hedyotis plants species including Hedyotis
verticillata were collected from Peninsular
Malaysia by Ahmad et al. in 2005, where the
species involved were H. capitellata, H.
verticillata, H. dichotomo, H. pinifolia, H.
corymbose, H. nudicaulis and H. herbacea. The
extract undergoes cytotoxic test using MTT assay
against human T-lymphoblastics leukimia (CEM-
SS) cell line and showed low cytotoxic activity with
CDso value range from 21 to 41 g/ml. This finding
indicates that H. verticillata also have similar
toxicity effect as comparable as other species, but
further investigation focusing on these species is
needed to get scientific data.

A study conducted by Azarudeen et al. (2016)
has reported different application view of the plant
extract. Despite its beneficial uses to human
being, the extract was found to be effective in
mosquitocidal activity. The study displayed a
significant effect on mortality of eggs, larvae and

adults of Anopheles stephensi, Aedes aegypti and
Culex quinquefasciatus after treated with Hedyotis
puberula leave extract. In addition to its toxicity
effect on human cell lines, this extract was also
found to be effective to be used as biopesticide in
replace to chemical insecticides available in
current market. This finding has opened a new
perspective in the development of natural
mosquito control products in the future.

CONCLUSION

Nowadays, Hedyotis-Oldenlandia plant genus
has still made into various preparations including
pills and capsule in combination with other TCMs
to ease digestive problem, suffering from diuretic,
gastritis problem and pelvic inflammatory problem,
which is a prolongation of the traditional uses of
this plant. Based on this review, an extensive
pharmacological study on Hedyotis-Oldenlandia
sp. have been conducted in cell and animal
experiments since years. Therefore, as an
ethnomedicine widely used in China, further deep
studies need to be carried out related to
mechanisms of action for compounds or extracts
existing in the plant species against certain target
protein molecules. This will help in further
elaborate and emphasize the pharmacological
uses of the isolated compounds or standard
extract of the plant in future
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