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Abstracts

It has been demonstrated that Lantana camara possesses several therapeutic properties that can be used to treat
various human diseases, including dermatological and gastrointestinal conditions, tetanus, malaria, and tumours.
In this investigation, every collected part of L. camara was extracted with absolute methanol to examine its
antioxidant capacity using the DPPH assay and its anti-leukemia activity on two AML cell lines, MOLM-13 and
MV4-11. In addition, anti-inflammatory effectiveness was evaluated. The results show that extracts from various
sections of L. camara have a significant ability to neutralize free radicals, as indicated by their EC50 values. Most
of the extracts had values less than 100 pg/ml, with the flower extract having an even lower value of less than 50
ng/ml. Experiments on two AML cell lines showed that the anti-leukemia effects of the extracts were remarkable,
with the most potent impact belonging to the root extract (IC50 was 9.78 + 0.61 and 12.48 + 1.69 for MOLM-13
and MV4-11 cell lines). The antitumor effect of the extracts was determined to be time- and dose-dependent and
did not correlate with antioxidant capacity. Furthermore, when B]J cells were exposed to L. camara root and leaf
extracts, their migratory potential was dramatically reduced compared to untreated cells. The extracts demonstrated
potential anti-inflammatory capabilities by lowering NO production in LPS-induced B]J cells.

Keywords: Lantana camara, antioxidant, anti-cancer, AML, anti-inflammatory.

Resumo

Foi demonstrado que Lantana camara possui diversas propriedades terapéuticas que podem ser utilizadas para
tratar uma variedade de doengas humanas, incluindo condigdes dermatolégicas e gastrointestinais, tétano, maldria
e tumores. Nesta investigacdo, cada parte coletada de L. camara foi extraida com metanol absoluto para examinar
sua capacidade antioxidante utilizando o ensaio DPPH e sua atividade antileucémica em duas linhagens celulares
de LMA, MOLM-13 e MV4-11. Além disso, foi avaliada a eficacia anti-inflamatéria. Os resultados mostram que os
extratos de varias partes de L. camara tém uma capacidade significativa de neutralizar os radicais livres, como
demonstrado pelos seus valores de EC50. A maioria dos extratos apresentava valores inferiores a 100 g/ml, com o
extrato de flores apresentando um valor ainda mais baixo, inferior a 50 pg/ml. Experimentos em duas linhagens
celulares de LMA mostraram que os efeitos antileucémicos dos extratos foram notaveis, com o efeito mais forte
pertencente ao extrato de raiz (IC50 foi 9,78 + 0,61 e 12,48 + 1,69 para linhas celulares MOLM-13 e MV4-11). O
efeito antitumoral dos extratos foi determinado de maneira dependente do tempo e da dose e ndo se correlacionou
com a capacidade antioxidante. Além disso, quando as células BJ foram expostas aos extratos de raiz e folhas de
L. camara, o seu potencial migratério foi drasticamente reduzido em compara¢do com as células ndo tratadas. Os
extratos acima mencionados demonstraram potenciais capacidades anti-inflamatérias ao reduzir a produgao de
NO em células B] induzidas por LPS.
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1. Introduction

Herbs used to play a crucial role in human disease
treatment that was found to have existed 60,000 years
ago in the eastern (Nontokozo and Mthokozisi, 2018).
Many pharmaceutical products derived from plants have
been applied in modern medicine (Yuan et al., 2016).
Lantana camara is a member of Lantana L genus, which
is mainly distributed in tropical and subtropical America,
with a few in tropical Asia and Africa (Sousa and Costa,
2012). L. camara is widely recognized as a ubiquitous and
deleterious weed species, known for its ability to induce
hepatotoxicity in animals that engage in grazing activities
(Al-Hakeim et al., 2021; Machado et al., 2023). Lantadene
Aextracted from its leaf is likely responsible for its toxicity
to animals. It can also harm humans (Forrester and Petty,
2020). However, it is unclear what may produce toxic effects
in humans. The onset of symptoms in humans may occur
2.5-6 hours after ingestion. The reported symptoms more
commonly include gastrointestinal irritation (vomiting,
abdominal pain or cramping, nausea, diarrhoea, throat or
mouth irritation) and less frequently agitation, tachycardia,
drowsiness, lethargy, respiratory distress, mydriasis, ataxia,
weakness, and cyanosis (Wolfson and Solomons, 1964).

Contrarily, it has been shown that L. camara exhibits
several therapeutic qualities that can be utilized to treat
diverse human maladies, including dermatological and
gastrointestinal disorders, tetanus, malaria, and tumours
(Ghisalberti, 2000). This plant found and isolated various
phytochemicals, including terpenoids, steroids, flavonoids,
oligosaccharides, glycosides and naphthoquinones (Sousa
and Costa, 2012). Many papers have been reported that this
plant showed strong antioxidant capacity (Benites et al., 2009;
Bhakta-Guha and Ganjewala, 2009); the antibacterial effects
on B.subtilis, B.cereus, S.typhi, P.aeruginos, S.aureus (Barre et al.,
1997; McGaw et al., 2005; Rasyid et al.,, 2020; Saleh et al.,
1999); anti-inflammation (Wu et al., 2020) and cytotoxic
effects on human cancers such as hepatocellular carcinoma,
cervical cancer, oral cancer, lung cancer, brain cancer, prostate
cancer (Badgujar et al., 2017; Bisi-Johnson et al., 2011;
Meenakshi Sharma, 2020). With the increasing of cancer
cases, the anti-cancer activity of plant extracts is a promising
research orientation (Solowey et al., 2014).

Leukaemia is in the world’s top 15 most common
cancers, accounting for approximately 2.5% of all cancers,
with 474.519 new cases and approximately 3.1% with
311.594 dead cases in 2020 (Sung et al., 2021). Recently, there
was evidence confirmed that the compounds isolated from
L. camara, such as lantadenes and derivation, had an effect
on leukaemia cell line HL-60 with the IC50 range from 19 to
100 pg/ml and also induced apoptosis through regulating
Bcl-2 and Bax expression as well as cell cycle arrest in the
GO/G1 phase (Sharma et al., 2008; Sharma et al., 2007).
The activation of apoptosis on cancer cells was also proved to
influence several phytochemicals from L. camara, including
15 pentacyclic triterpenoids (Litaudon et al., 2009). In this
study, every collected part of L. camara was extracted with
absolute methanol to investigate the antioxidant ability
via DPPH assay and anti-leukaemia activity on two acute
myeloid leukaemia (AML) cell lines, MOLM-13 and MV4-
11. Moreover, anti-inflammatory efficacy was evaluated.
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2. Materials and Methods

2.1. Plant materials and sample preparation

Lantana Camara was harvested in suburban districts
in Ho Chi Minh City, Vietnam (Ly et al., 2020). The plants
were washed, drained and dispensed into five parts:
roots, stems, leaves, flowers and fruits. The samples were
oven-dried and ground into fine powder. The extracts
were obtained using the maceration method with a pure
solvent of methanol.

2.2. Phytochemical analysis

The chemical composition of the extract was screened
by featured chemical reactions, including Mayer and
Wagner reagents for alkaloid testing (Jha et al., 2012);
Keller-Kiliani reaction for cardiac glycoside detection;
Fehling’s solution for reducing sugar detection (Ayoola et al.,
2008); reducing FeCl, reaction for dawning polyphenols
presence (Macwilliam and Wenn, 1972); saponin foam
formation (Edeoga et al., 2005); tannin-gelatin reaction
(Baughman, 1927); and proanthocyanidins in acidic pH
solution (Liu, 2012).

2.3. Free radicals scavenging activity

The modified a, a-diphenyl-B-picrylhydrazyl (DPPH)
free radical scavenging method described by Hatano et al.
(1988) was used for detecting the antioxidant of the
extracts (Bui et al., 2019; Hatano et al., 1988). The assays
were carried out by using the protocol described in detail
elsewhere (Bui et al., 2019). The nonlinear regression
equations were developed to determine the EC50 value.

2.4. Cell lines and cell culturing

Two AML-derived cell lines were used for studying:
MOLM-13 cell harbouring the FLT3-ITD in heterozygous
and MV4-11 cell harbouring the FLT3-ITD in homozygous
stably expressing FLT3 mutant protein (Beverly et al., 1987;
Matsuo et al., 1997; Quentmeier et al., 2003).

The cells were cultured in Roswell Park Memorial
Institute 1640 medium (Sigma-Aldrich) supplemented
with 10% fetal bovine serum (Thermofisher Scientific),
100 IU/ml penicillin and 0.1 mg/ml streptomycin (Sigma-
Aldrich) in a humidified incubator containing 5% CO, at
37°C. The sub-culture was conducted every three days
with approximately 80% flask coverage.

2.5. Trypan blue exclusion assay

Trypan blue was utilized to ascertain the number of
viable cells (Strober, 2015). The cell suspension was mixed
with 0.4% trypan blue at aratio of 1:1,and a hemocytometer
was used to manually count the cells (Ly et al., 2013).

2.6. Cytotoxic assay

Cytotoxicity effects of the extracts on two AML cell lines
were carried out by adding the extracts at the concentration
of 0 to 100 pg/ml into the cell biomass at the density of
2x10° cells/ml for 72 hours. A phase-contrast microscope
was used for cell morphological change observation.
The MV4-11 cell response to the root extract at 20 pg/ml
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was also continuously monitored for six days after trial
and at the different cell initial densities.

2.7. MTT assay

Fibroblasts (ATCC® CRL-2522TM B cells) were seeded in
96-well plates with a 1x10° cells/mL density. After 24 hours
of incubation, L. camara extracts were added into wells
at different concentrations. The cells were exposed to the
treatment approximately before indicating cell viability.
The cells were separated from the medium before doubly
washing with DPBS (Stemcell, Singapore). A volume
of 100 pL basal RPMI medium supplemented with 10%
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide solution (MTT, Sigma-Aldrich, USA) was added
into wells (Florento et al., 2012). After a 3-hour of
incubation, the medium was replaced by 100 uL of DMSO
(Dimethyl sulfoxide, Sigma-Aldrich, USA); the plates were
gently shaken for 2 minutes before 490 nm absorbance
determination. The cell viability (%) was computed as the
percentage of the absorbance of the test/ the absorbance
of the negative control performed with DMSO.

2.8. Migration assay

The migration assay was performed on BJ cells. First, B]
cells were examined for cytotoxicity against L. camara root
and leaf extracts using the MTT assay. The concentration of
these extracts at 50 ug/ml that was non-toxic to BJ cells was
subsequently determined. Second, B] cells were seeded at a
density of 35,000 per well and incubated until confluence
was reached. A 200 pl pipette tip was used in each well
to produce a scratch (Addis et al., 2020). The media was
removed, and the cells were then cleansed with phosphate-
buffered saline before adding the medium that had been
conditioned with extracts from both roots and leaves.

Optical microscopy was employed to analyze five
distinct regions along the scratches of each well at two-
time points: immediately after the damage was induced
(0 hours) and after a 24-hour interval. The distance between
the edges of the scratch was measured using the software
Image ]. The results were then reported as a percentage,
representing the closure of the region with the control
group of untreated cells.

2.9. Determination of NO production

BJ cells at a density of 1 x 10° cells/ml were cultured
in a 24-well plate for 24 hours. Subsequently, the cells
were subjected to pre-incubation with extracts derived
from the roots and leaves of L. camara (50ug/ml) at a
temperature of 37 °C for 1 hour. The cells were incubated
at a consistent temperature for 24 hours in the presence
of 1 pg/ml of lipopolysaccharide (LPS). After incubation,
nitrite concentration in the culture media was assessed
to gauge nitric oxide (NO) synthesis. In this experiment,
a total volume of 100 ul of the cell culture medium
was combined with an equal volume of Griess reagent
(0.1% naphthylethylenediamine dihydrochloride and 1%
sulfanilamide in 2.5% phosphoric acid). The resulting
mixture was then subjected to incubation at room
temperature for 10 minutes. Subsequently, the optical
density at a wavelength of 540 nm was determined using
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amicroplate reader. Control groups consisted of cells that
were treated with LPS and cells that did not get treatment
with L. camara extracts. A blank sample consisting of fresh
culture media was employed in each experiment.

2.10. Data analysis

The experiments were performed in triplicate. Data
were calculated using GraphPad Prism software version
9.0.0. Significant differences were determined by p-value
with p-value less than 0.033 (*); 0.002 (**); 0.0002 (***);
0.0001 (****). Data were presented as mean + standard
error of the mean.

3. Results and Discussion

3.1. The diversity of phytochemicals in L. camara

The phytochemical analysis of L. camara extracts
suggested the presence of many secondary metabolites,
including alkaloid, coumarin, flavonoid, anthocyanin,
cardiac glycoside, tannin, reduced sugar, and polyuronid
compounds (Table 1).

The crude plant extracts that were used for investigation
were prepared by conducting the maceration method.
This method was known for high efficiency and suitable
for the extraction of active ingredients in medicinal plants
(Handa et al., 2008). The amount of 30 - 40 grams of dried
powder of different herbal parts was extracted, and the
yield was measured. The highest yield of crude extraction
is leaf powder with an efficiency of 19.70% (and 19.51%,
13.48%, 8.02% and 5.52% for flower, fruit, root and stem
powder, respectively). The extraction yield in this study
was more effective than that reported in the previous
paper, which showed that the efficiency of L. camara leaf
extraction with water was 6.10% (Kalita et al., 2011).

3.2. Cytotoxic effect

To test the anti-proliferation effects, MOLM-13 and
MV4-11 cells were exposed to the extracts at different
concentrations for 72 hours. In the higher concentration
of extracts, the cell viability was more attenuated
(Figures 1 and 2, left panels). The morphology changes

Table 1. Secondary metabolites groups existing in L. camara.

Chemical groups The presence in the extract*

Alkaloids +
Cardiac glycoside +
Phenolic compounds +

Anthocyanosid -

Proanthocyanidin +
Tanins +
Saponin +
Reducing sugar +
Organic acids +

*(-): Absence (+): Presence.
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Figure 1. The anti-leukaemia capacity of the L. camara extracts on MOLM-13 cells. A concentration of 1 x 10° cells/ml of MOLM-13
was subjected to co-cultivation with varying concentrations (ranging from 6.25 pg/ml to 100 pg/ml) of L. camara extracts for 72 hours.
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Figure 2. The anti-leukaemia capacity of the L. camara extracts on MV4-11 cells. A concentration of 1 x 10° cells/ml of MOLM-13 was
subjected to co-cultivation with varying concentrations (ranging from 6.25 pg/ml to 100 pg/ml) of L. camara extracts for 72 hours.

were monitored in parallel with the cytotoxicity
experiment. Cells were observed after 72 h exposure to the
treatment at different concentrations of L. camara extracts.
The gradual death of leukaemia cells was noticed in the
increasing concentration of extracts from all five plant
parts (Figures 1 and 2, right panels). The results showed
that the experiments treated with the root, stem and leaf
extracts had significant differences in the density of living
cells compared to others. Cell debris was found in the
100 pg/ml concentrations - wells for the root, stem and
leaf extracts. The growth-inhibiting effects of L. camara
extracts on these cells were found to be dose-dependent.
The inhibitory impact of the extracts on MV4-11 seemed to
be less sensitive than that on MOLM-13, especially flower
extract. The IC50 values calculated on MOLM-13 were 9.78 +

411

0.61,12.99 £ 0.99, 30.56 + 1.89, 68.86 + 3.47 and 123.00 +
9.50 (pg/ml) for root, leaf, stem, flower and fruit extracts.
The IC50 values calculated on MV4-11 were 12.48 * 1.69,
20.02 + 2.00, 46.62 * 2.69, 76.10 + 11.32, and 141.30 +
14.00 (png/ml) for root, leaf, flower, stem and fruit extracts
(Figure 3A). Except for the fruit extract, the IC50 for all
other extracts on both cell lines was less than 100 ug/ml,
indicating potent cytotoxicity for a crude extract.

The effect of L. camara root extract was also tested on
THP-1 cells (cells with FLT3-WildType), and the results
shown in Figure 3B with IC50is 48.92 + 4.1 pg/ml indicated
that this cell was also sensitive to L. camara root extract
like MOLM-13 and MV4-11.

The anti-leukaemia effect of the root extract was further
investigated in different initial cell densities and expanding
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exposed time. The density of 10* to 5x10° cells/ml of MV4-
11 and MOLM-13 were used for cell density optimization.
The results indicated no statistical difference among the
tested density groups (Figure 4A). The growth inhibition
of MV4-11 and MOLM-13 cells by L. camara root extracts
was illustrated in a time-dependent manner (Figure 4B).
After the time point of 72 hours of treatment, the cell
viability promptly collapsed.

3.3. Antioxidant effect

The ability of free electrons or hydrogen atoms to
donate establishes a reducing capacity for secondary
compounds that leads to the antioxidant activity of plant
extracts (Santos Sanchez et al., 2019). The DPPH method,
which uses a stable free radical, was first described by
Marsden S.Blois in 1958 and is widely used for detecting
free radical scavengers and hydrogen atom dedicator
agents (Blois, 1958). The extracts from different parts of
L. camara were evaluated for the antioxidant effect by
performing the DPPH assays.

The floral extract demonstrated the most significant
influence when trapped ginned over 80% of DPPH radical
at the dose of 62.5 ng/ml (Figure 5). The root and leaf
extracts exhibited comparable DPPH scavenging tendencies.
The extract from the stem exhibited the least significant
effect, with a DPPH trapping rate of 80% at a concentration
of 500 pg/ml. The EC50, representing the half-maximal

-

1C50 (pg/mL)

MOLM-13

MV4-11

. Root extract N Leaf extract

B Seed extract

BN Stem extract B Flower extract
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effective concentration, was determined using nonlinear
regression analysis. In the context of dose-response studies,
the EC50 value denotes the concentration of the extract that
elicits a reaction that is half of the maximum achievable
response (Jiang and Kopp-Schneider, 2014). As depicted in
Figure 5, the EC50 values of the extracts were found to be
below 100 pg/ml, except for the stem extract. The flower
extract had the lowest EC50 value of 29.55 + 4.91 pg/ml,
followed by the leaf extract with a value of 53.88 + 6.40 g/
ml. The root extract had a slightly higher EC50 value of
59.10 £ 6.70 pg/ml, while the fruit extract showed a further
increase to 92.33 + 8.15 ng/ml. The stem extract had the
highest EC50 value of 171.90 + 20.00 pg/ml.

3.4. The correlation between the anti-proliferative and the
antioxidant effect

The antioxidant activity is believed to be directly
or indirectly preventing cancer development (George
and Abrahamse, 2020; Ullah et al., 2013). The Pearson
correlation coefficient was analyzed to confirm whether
there was any relationship between the antioxidant and
anti-cancer effects of the extracts. The correlation between
the two biological activities was expressed through
Pearson’s r, which ranges from -1 (a perfect negative
correlation) to +1 (a perfect positive correlation) (Mukaka,
2012; Taylor, 1990). Pearson’s r value was hierarchical into
five groups in consist of negligible correlation (-.1 to +.1),

cell viabllity (%a)

000 625 1250 500 5000 100.00
Koot extract concentration (pg/ml)

Figure 3. (A) The half maximal inhibitory concentration of the L. camara extracts. The comparison of IC50 values of root, leaf, fruit,
stem and flower extracts on MOLM-13 and MV4-11 cells. (B) the anti-leukaemia capacity of the L. camara root extracts on THP-1 cells.
A concentration of 1 x 10° cells/ml of THP-1 was subjected to co-cultivation with varying concentrations (ranging from 6.25 pg/ml to
100 pg/ml) of L. camara root extracts for 72 hours. *P<0.05 and ****P<0.0001, ns: not significant.
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Figure 4. The inhibitory effect of root extract on MV4-11 and MOLM-13 cells in different initial cell densities (A) and exposure time (B).
The cells were cultivated at varying densities ranging from 10* to 5x10° cells/ml. The cells were then treated with the root extract of L.
camara for 72 hours. Following the treatment, the number of viable cells was determined using the trypan blue test.
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low positive (negative) correlation (.1 to.39 or-.1t0-.39),
moderate positive (negative) correlation (.40 to .69 or -.40 to
-.69), high positive (negative) correlation (.70 to .89 or
-.70 to -.89) and very high positive (negative) correlation
(.90 to 1.00 or -.90 to -1.00) (Mukaka, 2012; Schober et al.,
2018). As shown in Figure 6, The anti-proliferative impact
on both MOLM-13 and MV4-11 cells and the antioxidant
activity were found to be non-correlated, r (3) = .0023,
p=.997 and r(3) =.0.45, p = .447.

3.5. Inhibition of migration assay

MTT assay was used to determine the concentration of
root and leaf extracts that are not toxic to the BJ cells, and the
results in Figure 7, panel A show that IC50 of these extracts
on BJ cells were above 200ug/ml so that for migration
scratch assay, the concentration of extract at 50 pg/ml was
chosen. Our data demonstrates that treatment with root
and leaf extracts of L. camara significantly inhibited the
migration of BJ cells compared to untreated cells Figure 7,
panels B and C.

Ascorbic acid Root extract

100

EC50 11.7 £2.99 59.1£6.7

80 ”

60

40

% DPPH radical scarvenging

204

Stem extract

171.9 £20.0

3.6. The effects of L. camara root and leaf extract on LPS-
induced NO production

The generation of NO in various tissues is a dependable
indicator of inflammation in numerous disorders.
To investigate the anti-inflammatory properties of the
root and leaf extract of L. camara, the BJ cells were utilized
because of their capacity to produce NO when stimulated
by LPS (Wang et al., 1996). The cells underwent pre-
incubation with two concentrations (25 and 50 pg/ml)
of each root and leaf extract derived from L. camara
for 1 hour. Following this, the cells were subjected to
stimulation using a concentration of 1 pg/ml of LPS for
24 hours. Our investigation utilized two control groups.
The initial control group did not undergo any exposure
to lipopolysaccharide (LPS) or Lantana camara extracts.
The second control group was subjected to incubation
exclusively with LPS, without any preceding treatment
involving L. camara (hence referred to as LPS-treated
cells). After examining the nitrite levels in the media, it
was observed that the root and leaf extract of L. camara

Leaf extract Flower extract Fruit extract

53.88 £ 6.4 29.55+4.91 92.33 £8.15
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Figure 5. The DPPH radical scavenging capacity of the extracts. Determination of the antioxidant activity of the root, stem, leaf, flower,
and fruit extracts of L. camara using the DPPH method at various concentrations, expressed as a percentage. The mean of an analysis
performed in triplicate (n=3). Ascorbic acid was used as a control substance.
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Figure 6. The correlation between the anti-proliferative and the antioxidant effect of L. camara extracts. The scatter diagrams with
different values of correlation coefficient (A) and pearson correlation coefficient (B)
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Figure 7. Migration of control cells after scratch. Migration of BJ cells after scratch and treatment with 50 pg/ml of root and leaf extracts.
Images are acquired by optical microscope and are examples of different independent experiments.

demonstrated a noteworthy decrease in NO generation
(Figure 8) compared to the LPS-induced cells that did
not receive any treatment. The findings suggest that the
extracts obtained from the roots and leaves of L. camara
exhibit promising anti-inflammatory effects, as evidenced
by the observed inhibition of NO production.

4. Discussion

The results of phytochemical screening are consistent
with previous studies that identified Lanatoside A, a cardiac
glycoside, in L. camara. It has been noted that alkaloids are
also present in the leaves of L. camara, although in relatively
small quantities (Al-Hakeim et al., 2021). Furthermore,
it has been documented that the leaves of this plant
possess several substances, including phenolics, tannins,
glycosides, and saponins (Bhakta-Guha and Ganjewala,
2009; Swamy et al., 2015). Several phytochemical
constituents were found in the leaf and flower extracts of
L. camara, and some of them harbouring strong bioactive
such as polyphenol, flavonoid, cardiac glycoside, alkaloid
and other secondary metabolisms (Mansoori et al., 2020;
Naz and Bano, 2013). The critical active ingredients were
determined at high concentrations in the leaf extract of
L. camara including polyphenol at 40.859 + 0.017 mg/g
(gallic acid equivalents), flavonoid at 53.112 + 0.199 mg/g
(rutin equivalents), tannin at 0,860 + 0,038 and alkaloid
at the rate of 1.80 + 0,73 (Mansoori et al., 2020; Naz and
Bano, 2013). The above results demonstrate that L. camara
plants raised in Vietnam have similar chemical components
to those grown elsewhere.

Thus far, L. camara was proved to have anti-cancer effects
on several human cancer cell types such as hepatoma cell
line - Huh7 (IC50 = 169.0; 44.1; 150.0 pg/mL for methanol,
ethyl acetate and n-butanol fractions of flowers and fruits;
IC50 = 161.0 ug/ml for methanol fraction of leaves); cervical
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Figure 8. Root and leaf extracts of L. camara inhibit LPS-induced
NO production in B cells. The concentration of NO was measured
in the medium of BJ cells stimulated for 24 hours with LPS in the
presence or absence of extracts. According to their quality standard,
data are expressed as mean standard deviation (n=3).

cancer cell line - Hela (LD50 = 222 + 3.35 pg/ml for entire
plant methanol extract); oral cancer cell line - KP (LD50 =
188.69 + 1.4 ug/ml for whole plant methanol extract); lung
cancer cell line - A549 (IC50 =42.39 + 3.08 pg/ml for flowers
hexane extract); brain cancer cell line - A-172 (IC50 =
8.30 £ 1.48 pg/ml for flowers hexane extract); prostate
cancer cell line - PC3 (IC50 = 66.40 + 2.68 ng/ml for flowers
hexane extract) (Badgujar et al., 2017; Bisi-Johnson et al.,
2011; Meenakshi Sharma, 2020). Moreover, the alkaloids
isolated from L. camara had a forceful influence on the
growth of human cancer cell lines, including MCF-7,
HeLa and HCT-116, with the IC50 lower than ten pg/ml
(Al-Hakeim et al., 2021).
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The anti-leukaemia capacity of most of the extracts
from L. camara was clarified as good activity, and the
root extract was the most effective (Figures 1, 2 and 3B).
By conducting the nonlinear regression, the IC50 of the
extracts from parts of L. camara was determined and
described in Figure 3A. The effect of the root extract on
MOLM-13 (IC50 = 9.78 + 0.61 nug/ml) was classified as a
good activity or very strong cytotoxicity.

Predicting the cytotoxicity of L.camara, we believe it
may be related to cancer-causing molecules in the cell lines
we use. In the AML cell lines used for this study, there are
abnormalities in the FLT3 gene, including FLT3-ITD (MOLM-
13 and MV4-11) and FLT3-WT (THP-1). In MOLM-13 cells,
two mutations within FLT3 exon 14 were detected: ITD
of 21 bps corresponding to codons Phe594-Asp600 and
a novel missense nucleotide substitution at the codon
599 (Tyr599Phe) (Furukawa et al., 2007; Taketani et al.,
2004). Two mutations were located on the same allele
(Furukawa et al., 2007). In MV4-11 cells, there are included
ITDs of 30 bps within FLT3 exon 14 corresponding to codons
Tyr591-Asp600, and a Tyr591His mutation (Furukawa et al.,
2007; Taketani et al., 2004). The cell line THP-1 came from
the peripheral blood of a one-year-old infant male with
monocytic AML (Tsuchiya et al., 2002). They do not contain
any known FLT3 mutations but have high endogenous
FLT3-WT expression. The oncogene FLT3-ITD and
overexpressed FLT3-WT play a vital role in the generation
of AML, and FLT3-ITD is found to be present in about 20%
of AML cases (Lagunas-Rangel and Chavez-Valencia, 2017;
Quentmeier et al., 2003). Our previous paper has shown
that L. camara crude extract inhibited the phosphorylation
signal caused by the interaction between isolated GST-
FLT3S and FLT3-WT using an in-vitro kinase assay model
(Hoang and Bui, 2020). Furthermore, compounds isolated
from L. camara were proved to participate in many cell
signalling pathways, such as NF-kB downregulation of
lantadene A (Grace-Lynn et al., 2012); interrupted MAPK,
Whnt, JAK-STAT, and PI3K/AKT/mTOR signalling by lanatoside
C (Reddy et al., 2019). Therefore, it is likely that L.camara
extract affected FLT3 and its underlying signal transduction
pathway, thereby affecting the proliferation of FLT3-related
cell lines. However, further experiments are needed to
clarify whether this effect is specific to FLT3 or involves
other protein tyrosine kinases.

Secondary metabolites that can function as
antioxidants include alkaloids, flavonoids, and phenolic
chemicals (Table 1), which may contribute to L. camara’s
antioxidant effect. A study conducted by Badakhshan et al.
demonstrated that L. camara exhibited a significant and
potent reduction in DPPH. The recorded EC50 values
for several plant parts, including the root, stem, leaf,
flower, and fruit, were all found to be less than 100 ng/
ml (Mahdi-Pour et al., 2012). The results were consistent
with previous studies, which indicated that flower and leaf
extract gave the best radical scavenging activity compared
to other plant parts (Basar et al., 2020; Dehshiri et al.,
2013). The difference in antioxidant capacity comes from
the unequal distribution of phytochemicals in different
parts of the plant, which has already been proved through
quantitative experiments (Basar et al., 2020; Ketaren et al.,
2015; Panawala et al., 2016). Multiple studies have shown
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that natural extracts possess anti-oxidative properties,
including free radical scavenging, lipid peroxidation
inhibition, and metal chelating activities. These properties
have been shown to augment the anti-cancer effects of
various chemical anti-cancer medications (Prasad et al.,
2009). Significant correlations between antioxidant and
anti-proliferative actions have been identified in HeLa,
HT-29, and MCF7 cell line models (Olsson et al., 2004).
Additionally, this research demonstrates a correlation
between antioxidant activity and anti-cancer properties
as shown in Figure 6.

The anti-inflammatory properties of L. camara extracts
have primarily been demonstrated in vivo, with limited
evidence in vitro models. The in vivo evidence showed that
L. camara extract inhibited the cyclooxygenase-2 (COX-2)
enzyme activity in male white rats (P < 0.05) (Ifora et al.,
2020). COX-2 is an enzyme secreted at the location of
tissue damage to generate prostaglandin E2 (PGE2),
a hormone-like compound that induces pain and
inflammation. The promotion of tumour growth can be
facilitated by prostaglandin generated from COX-2 by
its binding to receptors and subsequent activation of
signalling pathways that regulate cellular proliferation
(Sheng et al., 2001). Swiss Albino mice treated with the
aqueous L. camara crude extracts also exhibited a highly
significant oedema diminishing effect, which may be due
to the inhibition of COX activity (Millycent et al., 2017).
Compounds including Lantrieuphpene B, Lantrieuphpene
C, and 190-hydroxyoleanonic acid isolated from L. camara
were more active for the inhibition of NO production
using a zebrafish model (Wu et al., 2020). In vitro
evidence shows that the compound (3b,22bDi(2-(2-
(2,6-dichlorophenylamino)phenyl)acetoyloxy)-olean12-
en-28-oic acid) from L. camara leaves can suppress the
TNF-o-induced activation of NF-kB by inhibiting IKK
activation and IkBa degradation. This compound also
inhibited the NF-kB-regulated protein expression of COX-
2, which regulates inflammation and cyclin D1, which
governs proliferation (Kumar et al., 2014). The findings
of this research have provided more in vitro evidence
about the anti-inflammatory properties of L. camara,
particularly concerning the root and leaf extracts, which
have demonstrated inhibitory effects on NO generation
and cell migration (refer to Figures 7 and 8).

5. Conclusion

The extracts from different parts of L. camara
demonstrated a notable capacity to scavenge free radicals,
as seen by their EC50 values, which were consistently
below 100 pg/ml for most of the extracts and below 50 pg/
ml for the flower extract. The extracts were assessed for
their anti-proliferative potential on two AML cell lines,
and the root extract, in particular, showed significant
cytotoxicity. Furthermore, the migration of B] cells was
significantly decreased by the root and leaf extracts of L.
camara compared to untreated cells. These extracts also
show potential anti-inflammatory properties, as indicated
by the observed suppression of NO generation.
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