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ABSTRACT: Andrographis paniculata is widely used in traditional medicine for treating human diseases. Although
there are many scientific reports on this plant’s bio-effects, the lack of leukaemia inhibition impact still remains. In this
study, A. paniculata methanol extract (MeAP) was investigated for its antioxidant capacity by DPPH and FRAP assays
and for the anti-leukemic effect. The results showed that MeAP could scavenge the DPPH and donate an electron in the
FRAP reaction. The cytotoxicity of MeAP was clarified as being strongly selective on Tel-TrkC fusion protein-associated
Acute Myeloid Leukaemia (AML) cells with the ICy, = 8.48+0.21 pg/ml in a dependent manner of dose, time, and
cell-density. Moreover, MeAP also inhibited Tel-TrkC phosphorylation.

KEYWORDS: A. paniculata, leukaemia, antioxidant, Tel-TrkC fusion protein

INTRODUCTION

Andrographis paniculata (Burm. f) Wall. ex Nees
(A. paniculata) is a herb widely used in folk remedies,
especially in Southeast Asia [1]. Scientific evidence
shows the diversity in phytochemical composition of
the plant and the vigorous antioxidant activity of its
extracts [2]. During the COVID-19 pandemic, the
inhibitory impact of A. paniculata on the virus was
determined; the related products have been material-
izing to ameliorate the disease sequelae [3,4]. Other
bio-activities of A. paniculata have also been recorded,
including anti-cancer cell toxicity and treatment of
malaria [5,6]. As a medicinal plant with high diver-
sity of bioactive constituents, it is proposed that the
activities conferred by this herb extract may be the
antioxidant activity through the electron tolerance of
the andrographolide compound [7,8]. The presence
of secondary metabolites also contributes to the for-
mation of cytotoxic activity. Despite popular studies,
the effect of A. paniculata on leukaemia is still limited,
especially in acute myeloid leukaemia (AML). The
anticancer effects of this plant have been previously
demonstrated, leading to predictions about its anti-
leukaemia activity [6]. One of the important signaling
pathways in leukaemia treatment is the signaling path-
way of extracellular receptors [6]. Besides, a common
fusion protein detected in leukaemia, Tel-TrkC, is also
an agent closely related to AML [6,9]. However, very
few cases of AML associated with the Tel-TrkC fusion
protein have been reported [9]. The rarity leads to
limited studies on relevant topics, thereby, leading to a
lack of scientific information for treating patients. The
present study aimed to initially assess the antioxidant
capacity and ability to inhibit cell proliferation on a

model of AML harboring the ETV6-NTRK3 fusion gene
(encoding the Tel-TrkC fusion protein) of the methanol
extract of A. paniculata.

MATERIALS AND METHODS
Herbal materials and extract preparation

A. paniculata shoot systems were harvested in August
2017 and identified by Dr. Dang Van My (voucher
no. BNAG-2017-0115, Traditional Medicine Center,
Tinh Bien District, An Giang Province, Vietnam). The
harvested sample was washed, thoroughly dried at
40°C, and ground into fine powder. A mass of dried
powder was macerated into ten masses of absolute
methanol. After four days of soaking, the filtrate
was collected and deprived of the solvent by using a
rotovap machine (EYELA 1L Rotary Evaporator, Shang-
hai, China) to obtain a crude extract. A stock of
A. paniculata methanol extract (MeAP) (200 mg/ml)
was prepared by weighting and dissolving the crude
extract in dimethylsulfoxide (DMSO, Sigma-Aldrich,
Missouri, USA). The MeAP stock was sterile-filtered,
aliquoted, and stored at —20 °C until use.

Cell lines and cell culture conditions

An acute myeloid leukaemia cell line harboring the
fusion Tel-TrkC, MO-91, was used to detect the anti-
leukemic effect of MeAP [10], and a normal kidney
cell, Vero, was a control model [11]. The MO-91 cell
was cultured in Roswell Park Memorial Institute 1640
medium — RPMI (Sigma-Aldrich), while the Vero cell
was cultured in Dulbecco’s modified Eagle’s medium —
DMEM (Sigma-Aldrich) supplemented with 10% fetal
bovine serum (Thermofisher Scientific, Massachusetts,
USA), 100 IU/ml penicillin, and 0.1 mg/ml strepto-
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mycin (Sigma-Aldrich) in a humidified incubator of 5%
CO, at 37°C.

a, a-diphenyl-p-picrylhydrazyl (DPPH) free radical
scavenging assay

The DPPH assay was performed to determine the an-
tioxidant capacity of MeAP [12]. A gradient of O to
1600 pg/ml MeAP was reacted with 0.3 mM DPPH
(Sigma-Aldrich) at a proportion of 1:1 (v/v), incubated
at 37°C for 30 min, and absorbance measured at
517 nm using an ELISA reader (VersaMax ELISA Mi-
croplate Reader, Molecular Devices, California, USA).
The antioxidant effect was exposed by the percentage
of eliminated DPPH compared with input DPPH and
calculated using the following equation: % DPPH radi-
cal scavenging = [ (negative control—sample) /negative
control]x100.

Ferric-ion-reducing antioxidant power (FRAP)
assay

FRAP assay, a redox-linked colorimetric method [13]
was used for the detection of total antioxidant power
of the MeAP. A FRAP working reagent was prepared
by mixing 300 mM acetate buffer pH 3.6 (3.1 g
sodium acetate trihydrate (Sigma-Aldrich) was added
into 16 ml glacial acetic acid, then made up to 11
with distilled water), 10 ml TPTZ in 40 mM HCI, and
20 mM FeCl, -6 H,0 in a ratio of 10:1:1 at 37°C. A
volume of 5 nl MeAP was pipetted into 3995 nl working
FRAP reagent and mixed thoroughly. After 4 min of
incubation at room temperature, an absorbance of the
MeAP at 593 nm was recorded by an ELISA reader (Ver-
saMax ELISA Microplate Reader) against the blank.
The reactions of solvent and Trolox (Sigma-Aldrich)
were used as blank and calibration for this assay: FRAP
value = (Abs sample/Abs calibration) x FRAP value of
calibration.

Cytotoxicity effect of the MeAP

MO-91 biomass at a density of 10° cells/ml was seeded
into a 6-well plate separately with and without MeAP
at a concentration of 0 to 100 pg/ml and then in-
cubated at 37°C with 5% CO, for 48 h. The cell
viability was measured by carrying out a Trypan blue
exclusion test [14]. The cytotoxicity was observed, and
the half-maximal inhibitory concentration (ICg,) was
regressed.

Vero biomass was seeded into a 6-well plate at a
density of 10° cells/ml. After 24 h of incubation at
37°C with 5% CO,, the MeAP was added to reach the
final concentration range of 0 to 200 ug/ml. The MTT
assay was conducted to calculate Vero cell viability
[15]. The selective index (SI) was calculated as the
quotient of the ICs, values of the MO-91 and the Vero
cells, which depicted the selective impact on the cell
of interest [16]. The MeAP (6.25 ng/ml) was further
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evaluated for its influence at different cell densities
(10* to 10° cells/ml) and times of exposure (0 to 96 h).

TrkC expression under the influence of MeAP

MO-91 cells were cultured in DMEM supplemented
with MeAP (0, 12.5, 25, or 50 pg/ml) at a den-
sity of 10° cells/ml. After 8 h of incubation at
37°C with 5% CO,, the cells were harvested and
washed twice with DPBS (TBR Technology Co., Ho
Chi Minh City, Vietnam). Total protein content was
obtained by lysing the cells on ice using protein lysis
buffer (10 mM disodium diphosphate, 50 mM fluo-
ride, 5 mM ethylenediaminetetraacetic acid, 1 mM
sodium orthovanadate, and 5 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid, 1 mM phenylmethyl-
sulfonyl fluoride, 0.01% Triton X-100, 150 mM sodium
chloride, and 75 pg/ml aprotinin) [6]. 500 mg of
the lysate was incubated with anti-TrkC (C-14) (1:500;
cat. no. sc-11; Santa Cruz Biotechnology, California,
USA) at 4°C overnight, and then Protein G Sepharose
4 Fast Flow (Amersham Pharmacia Biosciences, Cy-
tiva, Vancouver, Canada) was added to collect the
immunoprecipitates following the user’s manual. The
sediment was triple-washed with Tris-buffered saline
with Tween-20 before protein analytical expression
by SDS-page electrography and western blotting with
the anti-TrkC (C-14) and anti-phosphotyrosine 4G10
(1:1,000; cat. no. 05-321MG; Upstate Biotechnology,
Merck, Massachusetts, USA) [17]. An anti-mouse IgG
HRP (1:1,000; cat. no. sc-2031; Santa Cruz Biotech-
nology, California, USA), or an anti-rabbit IgG HRP
(1:1,000; cat. no. sc-2317; Santa Cruz Biotechnology),
was used as secondary antibodies.

Statistical analysis

Experiments were conducted independently at least
three times. Data was illustrated as the mean 4 SEM
and statistically analyzed by using GraphPad Prism
software ver. 8.3.0 with a significance level of 0.05.

RESULTS
The MeAP manifested the antioxidant capacity

A nonlinear regression was carried out to build a
chart depicting the relationship between the MeAP
concentration and the percentage of scavenged DPPH.
The DPPH radicals were found to be trapped in the
presence of MeAP. However, at the high concentration
of MeAP (above 1000 ng/ml), the ratio of scavenged
DPPH did not reach the 50% value, leading to the
indeterminable ECs, (half maximal effective concen-
tration) of MeAP on the DPPH assay (Fig. 1A).

The reducing power of MeAP was investigated as
an auxiliary element to demonstrate the antioxidant
action of the extract [18]. The FRAP value was
translated from the relation between the test sample’s
absorbance and the known FRAP value’s calibration
[19]. The relative activity of Trolox was confirmed as
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Fig. 2 Cytotoxicity of MeAP on MO-91 cells in dose-dependent manner (A) and cell morphology changed with the increasing
extract concentration (B). (****): p-value < 0.0001.
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2.0 to the direct reaction of Fe(II), which means that
at the concentrations of 100 and 200 pM, the FRAP
values of Trolox were 200 and 400 pM (Fig. 1B).

The anti-leukaemic effect of MeAP on MO-91 cells
in a dose-dependent manner

The anti-leukaemic effect of MeAP was investigated on
MO-91 cells. The cells were cultured in the presence
of the extract at various final concentrations (6.25,
12.5, 25, 50, and 100 ng/ml). The cells that were
untreated by the extract were negative controls. The
ANOVA tests, followed by Tukey post hoc tests, were
performed; and the result showed that there was a
statistically significant difference between cell survival
at different MeAP concentrations. The ICs, of the
MeAP on MO-91 was clarified at 8.48+0.21 ng/ml
(Fig. 2A). Compared with the control group, the mor-
phology of the MO-91 cells treated with MeAP was
decreased in number and cell size, and cell debris
appeared (Fig. 2B).

The anti-leukaemic effect of MeAP on MO-91 in a
time-dependent manner

The experiments were conducted for up to 96 h of
extract exposure. The MeAP at a concentration of
6.25 ng/ml was used for observation. The results
showed that the cell population slightly increased in
the first 48 h of incubation and, then, declined in
the next 48 h. In contrast, cell proliferation in the
negative control group was observed to grow normally
(Fig. 3A). The morphology MeAP treated cells showed
cell shrinkage, cell debris, and membrane blebbing
(Fig. 3B).

The anti-leukaemic effect of MeAP on MO-91 in a
cell density-dependent manner

MeAP at a concentration of 12.5 ng/ml was used for
lethality validation of the extract on MO-91 cell density
(10%, 5x 10%, 10°, 5x 10°, and 10° cells/ml). The cell
density was clearly found to affect the cytotoxicity of
the MeAP The greater the initial cell density, the lower
the lethal effect of the extract was recorded (Fig. 4A).

The cytotoxicity ability of MeAP was selective for
the AML cell line

The MeAP in the concentration gradient (0 to 200
ng/ml) was investigated for toxicity on Vero cells. At
the concentration of 100 ng/ml, the Vero cell viability
stayed above the value of 50% (Fig. 5). The SI value
was calculated by dividing the ICs, value of MeAP on
MO-91 cells by the one on Vero cells, which clarified as
13.03.

The MeAP down-regulated the Tel-TrkC fusion
protein activity

The TrkC immunoprecipitates were analyzed by TrkC
antibody and 4G10 antibody conjugation. There was a
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sharp decrease in the protein band of phosphoryl TrkC,
which hybridized with the 4G10 antibody in the co-
culture of MeAP (Fig. 6A). On the other hand, the total
TrkC content was unchanged during the test. For trans-
formation clarification, the ImageJ (LOCI, University of
Wisconsin) software was used to digitise protein bands’
expressions [20]. The ratio of phosphoryl TrkC to total
TrkC was detailed in Fig. 6B, showing a declining with
the increasing MeAP concentration.

DISCUSSION

A. paniculata is commonly chosen for research projects
because of its wide use in traditional medicine [1]. It
was reported from a quantitative analysis that the main
ingredients of this plant were carbohydrate (60.20%),
protein (3.72%), crude fat (2.93%), moisture (3.00%),
ash (2.71%), and crude fibre (27.46%) [7]. The GC-
MS phytochemical screening results showed that this
plant contains over 40 compounds divided into four
groups, including the aromatic and terpenoid groups
[8]. Previously, the high content of polyphenols was
detected in A. paniculata, in which the phenolic con-
tent (mg of GAE/g) appeared the most in the fruit
(181.00+1.48), followed by the stem (55.02+0.35)
and the leaves (75.86+0.82) [21]. The presence of
polyphenols, especially flavonoids, is considered one
of the main agents in antioxidant processes [22]. The
ECsq of MeAP in the DPPH assay was above 1600
ng/ml which was inconsistent with the result of a
previous study [23]. Because of their importance
and diversity in phytochemical composition, phenolic
compounds play an important role in the bioactivity
of plant extracts, including their antioxidant capacity
[24]. The association of related activities such as
antioxidant and cytotoxicity has been noted in previous
studies; the polyphenol content in the extract shows a
relationship with cytotoxic activity [25, 26]. However,
phenolic compounds were reported to vary depending
on the season, growing time, and soil conditions, lead-
ing to differences in the activity of the plant extracts
[27]. The antioxidant properties of the extract are also
demonstrated through its ability to donate electrons,
as reflected in reduction reactions [28]. In the present
study, the reducing activity of MeAP was also recorded
via the FRAP assay.

Under the activity of MeAB the leukaemia cells
vitality decreased. The cytotoxicity of the MeAP was
in a dependent manner of dose, time, and cell-density.
Thus far, the anticancer ability of A. paniculata has
also been detected in several cancer types [5,29-32].
The A. paniculata-derived dichloromethane factional
extract had a lethal impact on colon cancer cells HT-29,
but the extract enhanced the cell viability of the mono-
cyte isolated from peripheral blood [5]. Moreover,
andrographolide extracted from this plant directly in-
hibits p27 and CDK4, leading to the GO cell arrest.
Andrographolide also increases lymphocyte prolifer-
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Fig. 4 Cytotoxicity of MeAP on MO-91 cells in cell density-dependent manner (A) and the cell density observed after the

treatment (B).

ation. The pathways associated with NFxB, HER2,
MMP9, and CXCR4 were recorded to be influenced
by A. paniculata in Caco-2 cells [8]. The MeAP was
classified as having a strong anti-leukemic effect due
to its IC50 value being below 100 ng/ml in this study
[33]. Moreover, the MeAP showed ineffective lethality
on Vero cells, as illustrated by a ICs, value beyond
100 ng/ml [34]. Based on the ICs, values, the SI

value of MeAP on AML cells was determined to be
13.03; the value was greater than 10, expressing the
effect of MeAP as highly selective on tested leukaemia
cells [16]. Previously, a diterpene lactone compound
extracted from A. paniculata named andrographolide
downregulated the Ber-Abl and activated the level
of Bax, causing apoptosis via an intrinsic inducing
pathway [6]. The cell morphology changes during

www.scienceasia.org


http://www.scienceasia.org/
www.scienceasia.org

Cell viability (%)

SI value MO-91 =13.03

T T T T 1
0 50 100 150 200 250

A. paniculata crude extract concentration (pg/ml)

Fig. 5 Selective index in the effect of MeAP on MO-91 cell
viability compared with the Vero cell’s.

A MO-91
A. paniculata crude
0 12.5 25 50 extract (ng/ml)
4‘ IP: TrkC
. IB:4G10

*. IB: TrkC

4G10/TrKC ratio
e o o

A o »

1 1 1

e
¥}
1

0.0-
control 12.5 25 50

A. paniculata crude extract (ug/ml)

Fig. 6 TrkC phosphoryl down-regulation under the impact of
MeAP in dose-dependent manner: (A) Protein hybridization
result and (B) numericizing result.

the treatment revealed cell death pathways [35]. The
permeability of the cell membrane and cell shrinkage,
one of the most frequently predominant morphological
properties of cell death apoptosis process observed in
this study, needed further in-depth research to verify
[35].

Cell cycle arrest, induction of apoptosis, anti-
angiogenic behavior, and suppression of IL-6 expres-
sion are some of the impact strategies of A. paniculata
extract [36]. Andrographolide was reported to inhibit
the A549 cell model via sustained inactivation of PI3K
and Akt signalling [37]. One of the upstreams of
PI3K/Akt pathways in AML is the Tropomyosin recep-

www.scienceasia.org

ScienceAsia 50 (3): 2024: ID 2024064

tor kinase (Trk) family encoded by NTRK1, NTRK2, and
NTRK3. A fusion protein, Tel-TrkC, encoded by NTRK3-
ETV6, causes AML because of self-phosphorylation
[38]. In the acute myleoid leukaemia model U937,
andrographolide induces apoptosis through the intra-
cellular activation pathway [9]. Activation of intracel-
lular apoptosis is reported to be triggered by receptor-
mediated signals [35]. The association of leukaemic
cell apoptosis with tyrosine receptors has been ob-
served previously, typically with interactions on Ber-
Abl; The effect of cell apoptosis throuh Tel-TrkC could
also be inferred [6]. Because the number of cases
is quite small, scientific publications on ETV6-NTRK3-
associated leukaemia are very limited [9]. MeAP-
induced inhibition of TrkC phosphorylation was no-
ticeable information. The phosphoryl-blocking activity
of MeAP was dose-dependent. It suggested that the
lethality effect of the extract was Tel-TrkC-mediated.

CONCLUSION

The A. paniculata methanol extract exhibited antiox-
idant activity, via the DPPH scavenging activity, and
reduced the Fe3* TPTZ complex. The cytotoxicity
effect of the extract was discovered on AML cells by
blocking the Tel-TrkC activity.
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