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Eurycoma longifolia Jack has been traditionally used in Southeast Asia for various ailments including
cancer. Its bioactive quassinoids exhibit significant pharmacological properties. Among them,
9-methoxycanthin-6-one shows potential anti-cancer activity. However, its anti-angiogenic effects
remain unexplored. This study evaluates its anti-angiogenic effects on EA.hy926 endothelial cells.
Three assays (spheroid growth, tube formation, and cell migration) were performed, and data were
analysed using one-way ANOVA with Dunnett’s test (p < 0.0001). Results show that 9-methoxycanthin-
6-one inhibited EA.hy926 proliferation (ICs: 25.85 = 1.29 pM) compared to suramin (ICso: 60.94
+ 5.03 pM). In the spheroid assay, it significantly reduced spheroid diameter (88.73% at ICs/8 to
82.63% at IC5) at 48 hours, though inhibition at 96 hours was inconsistent, suggesting possible
adaptive responses. No tube formation was observed at 1C;/2 and IC;, after 6 and 18 hours. At lower
concentrations (ICs/8 to IC50/4), tube length (93.84-134.75 pm) and width (17.77-20.65 pm) were
significantly reduced. Cell migration was also inhibited (61.26 + 8.05% at IC5,/8 to 19.19 + 8.64% at
IC5) compared to NT (100%). Overall, 9-methoxycanthin-6-one exhibits significant anti-angiogenic
potential supporting its role as an angiogenesis inhibitor in multiple in vitro models.

Keywords: 9-methoxycanthin-6-one, Eurycoma longifolia, anti-angiogenesis, spheroid growth, tube formation,
cell migration

INTRODUCTION

Cancer remains a significant global health
challenge with incidence and mortality rates
continuing to rise. According to the latest Global
Cancer Statistics, an estimated 19.3 million
new cancer cases and nearly 10 million cancer-
related deaths occurred worldwide in 2020
(Sung et al. 2021). The most prevalent types
include lung, breast, colorectal, and prostate
cancers, influenced by genetic, environmental,
and lifestyle factors (Ferlay et al. 2024). Despite
advances in treatments, cancer is still remains
a leading cause of death due to its complexity
and resistance mechanisms. The development
of newer cancer drugs, including targeted
therapies and immunotherapies has significantly
improved patient outcomes. This offers more
effective and less toxic alternatives to traditional
chemotherapy (Ramos et al. 2021) such as
cisplatin (Rajadurai et al. 2020). The newer
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cancer drugs such as imatinib (Cohen etal. 2021)
and immunotherapy drugs such as Nivolumab
(Gong et al. 2018) have revolutionised cancer
treatment. However, challenges remain in
terms of accessibility and affordability of these
advanced therapies. Thus, ongoing research and
investment in novel therapeutics are essential to
address the growing cancer burden.-

The progression of cancer relies heavily on
angiogenesis, the formation of new blood vessels
from existing ones. This process is crucial for
monitoring and detecting cancer. It begins with
a tumour growing because of cells multiplying
uncontrollably and  surpassing apoptosis
(Shchors & Evan 2007, Yoo & Kwon 2013). As
the tumour grows, it loses oxygen and nutrients,
releasing angiogenic factors like the Vascular
Endothelial Growth Factor (VEGF). These new
blood vessels supply the tumour with oxygen
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and nutrients, aiding its growth and spread
(Carmeliet & Jain 2000, Dudley & Griffioen
2023). The new capillary network supports
tumour expansion and cancer cell metastasis,
thus playing an essential role in determining the
stage and prognosis of cancer (Eichholz et al.

2010).
Given the challenges associated with
conventional treatments, researchers have

turned to herbal-based drug development as
a promising alternative in cancer therapy. The
development of newer anti-cancer drugs from
herbal sources has gained significant attention
due to the diverse bioactive compounds found
in medicinal plants. Many modern cancer
treatments have originated from natural
sources, including paclitaxel from Taxus
brevifolia and vinblastine from Catharanthus
roseus, demonstrating the potential of plant-
derived compounds in oncology (Nasim et
al. 2022). Herbal-derived compounds exhibit
multiple anti-cancer properties, including
apoptosis induction, angiogenesis inhibition,
and immune system modulation, making
them valuable candidates for novel drug
development. For instance, curcumin from
Curcuma longa has shown promising results
in inhibiting cancer cell proliferation and
enhancing chemotherapy efficacy (Sharifi-Rad
et al. 2020). Similarly, epigallocatechin gallate
(EGCG) from green tea (Camellia sinensis) has
been explored for its ability to target cancer cell
survival pathways (Tauber et al. 2020). Beyond
their direct cytotoxic effects, these herbal
compounds play a crucial role in combination
therapies, enhancing the effectiveness of
existing treatments while reducing toxicity.
Given the rising concerns over drug resistance
and adverse effects associated with conventional
chemotherapy, ongoing research into herbal
compounds offers a promising avenue for
developing safer and more effective cancer
therapies. As a result, the integration of herbal-
derived agents into cancer drug development
has emerged as a critical strategy for expanding
therapeutic

Many studies have shown that medicinal
plants can inhibit cancer progression, and their
traditional use in treating various diseases is now
being validated by modern scientific research
(Siddiqui et al. 2022). One plant of interest
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is Eurycoma longifolia Jack (Simaroubaceae),
or Long Jack. E. longifolia is a popular herbal
supplement widely known for its aphrodisiac
properties (Jayusman et al. 2017, Nazirah et
al. 2018). Research shows that E. longifolia
supplementation can increase testosterone
levels, particularly in men with hypogonadism
(Leisegang et al. 2022). Its proven benefits
reinforce its commercial value and widespread
use in traditional and modern medicine as a
natural aphrodisiac. Beyond its well-known
aphrodisiac effects, E. longifolia has gained
attention for its diverse bioactive compounds,
including quassinoids, alkaloids, triterpenes,
and steroidal compounds, which are found
predominantlyinitsroots (Nurhanan etal. 2005).
These compounds exhibit various biological
activities, such as antimicrobial, antiparasitic,
and notably, anti-cancer properties (Nurhanan
et al. 2005, Rehman et al. 2016). Many studies
have shown that medicinal plants, including E.
longifolia, can inhibit cancer progression, and
their traditional uses are now being validated
by modern scientific research (Siddiqui et al.
2022). With increasing interest in plant-based
therapeutics, ongoing research into E. longifolia
continues to explore its potential beyond
reproductive health, particularly in oncology
and other medical applications.

We have previously identified
9-methoxycanthin-6-one activities on a panel
of cancer cell lines such as ovarian, breast,
colorectal, cervical, and skin cancer (Nor
Datiakma et al. 2021, Nurhanan et al. 2022).
Additionally, there are reports of its activity
against lung cancer (Kuo etal. 2004), melanoma
and fibro sarcoma (Kardono etal. 1991). Despite
these findings, the anti-angiogenic activity of
9-methoxycanthin-6-one has yet to be explored.
Therefore, this study is conducted to evaluate the
anti-angiogenesis activities of 9-methoxycanthin-
6-one on endothelial cells (EA.hy926) via three
anti-angiogenic assays, namely spheroid growth,
tube formation and cell migration.

MATERIALS AND METHODS
Materials and chemicals

The endothelial cell EA.hy926 (ATCC® CRL
926) was purchased from the American Type
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Culture Collection (ATCC, Manassas, VA, USA).
Ovarian cancer cell A2780 was purchased from
the European Collection of Authenticated Cell
Cultures (ECACC, Salisbury, UK). Endothelial
EA.hy926 cells were kindly supplied by EMAN
Biodiscoveries Sdn. Bhd, Sungai Petani, Kedah,
Malaysia. Dulbecco’s Modified Eagle’s medium
(DMEM), foetal bovine serum, gentamicin,
agarose, and methyl cellulose were purchased
from Sigma-Aldrich, St. Louis, MO, USA.
Penicillin-streptomycin and amphotericin B
were purchased from Sigma-Aldrich, USA.
Matrigel was obtained from Corning (Lowell,
MA, USA).

Plant compound 9-methoxycanthin-6-one

Compound 9-methoxycanthin-6-one (Figure
1) was isolated from the root of E. longifolia
based on the method of Nurhanan et al. (2022).
Briefly, 9-Methoxycanthin-6-one was extracted
from E. longifolia hairy root culture using
Soxhlet extraction with chloroform at 35-45
°C for 16 hours. The extract was then filtered,
concentrated under reduced pressure, and
subjected to silica gel column chromatography
for purification. Gradient elution using
n-hexane:DCM  and DCM:methanol  was
employed to obtain the purified compound.
The crude extract was further fractionated
using silica gel 60 column chromatography with
gradient elution of n-hexane:DCM (9:1, 7:3, 3.7,
1:9), yielding seven distinct fractions (FR1-FR7).
Fractions FR1-FR3 were pooled and subjected
to re-chromatography using silica gel with
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n-hexane:DCM and DCM:methanol, leading
to the isolation of 9-methoxycanthin-6-one as
a yellow amorphous powder. The structural
identity of the compound was confirmed
through electron ionization mass spectrometry
(EIMS), as well as 'H and ®*C nuclear magnetic
resonance (NMR) spectroscopy, with spectral
data consistent with previously reported findings.

Cell culture

Frozen EA.hy926 cells from cryovial was
thawed at room temperature and immediately
transferred to a 25 cm? flask containing 4 mL
complete media to dilute the cryoprotectant
(DMSO). The flask was then incubated at 37
°C in a 5% carbon dioxide atmosphere. The
media consisted of Dulbecco’s Modified Eagle’s
medium (DMEM), 10% fetal bovine serum,
1% penicillin-streptomycin, 1% gentamicin
and 1% amphotericin B. After 6 hours or when
most cells had adhered to the flask surface,
media containing diluted cryoprotectant were
discarded and replaced with fresh media. Again,
the flask was incubated at 37 °C in a 5% carbon
dioxide atmosphere. Once the cells reached 70-
80% confluence (covering 70-80% of the flask
surface), they were subcultured; the cells were
washed twice with sterile phosphate buffered
saline (PBS, pH 7.4), detached using 1x trypsin,
and fresh media was added. The subculture
ratio was 1:3. Experiments were conducted after
passage 3. Ovarian A2780 cancer cells were
cultured using the same method and utilised in
the co-culture spheroid formation assay.

Figure 1 Structure of 9-methoxycanthine-6-one

©Forest Research Institute Malaysia

331



Journal of Tropical Forest Science 37(3): 329-341 (2025)

EA.hy926 cell viability assay

A 100 pL of cells suspension were seeded into
each well of a 96-well plate at a density of 6000
cells per well and allowed to grow for 24 hours.
The following formula was used to calculate the
required volume (V1) to achieve a density of
6000 cells per well:

MQXVQ

V1 = M]

60000 cells/mL x 10 mL

Volume to per 96-well plate
seed, V; " Cell count in suspension, cells mL"
(detached from flask)
where M, = Cell count in suspension, V, =

Volume to seed, M, = Total cells needed and V,
= Required volume in 100 pL per well of 96-well
plate.

Cellswere then treatedwith9-methoxycanthin-
6-one and suramin, a standard angiogenesis
inhibitor (Crew et al. 1996). After 72 hours, cell
viability was assessed using the Sulforhodamine B
(SRB) assay, following the methods described by
Nurhanan etal. (2017), which was modified from
Skehan et al. (1990). Fifty (50) microliters of ice-
cold tricholoroacetic acid (TCA) was added into
each well of 96-well plate and incubated for 30
min at room temperature before washing with
tap water. To stain the living cells, 100 pL. of 0.4%
SRB was added to each well for 30 min and then
rinsed with 1% acetic acid. 100 pL of Tris buffer
was added to each well for solubilisation. The
optical density (OD) of treated and non-treated
cells was measured at 492 nm using a Magellan V
7.5 microtiter plate reader (Tecan, Switzerland).
Cell viability was estimated: [ODyg,m of treated
cells/ (cells/ ODygnm of non-treated cells) x
100].

The IC;y values were determined from
the dose-response curve of the percentage of
cell viability versus the concentration of the
compounds (pM). The cell viability assay for
each treatment was performed in triplicate in at
least three independent experiments, and the
IG5 values are given as the mean + SEM. These
values served as a baseline for evaluating the
potency of the compounds in anti-angiogenic
assays, as referenced by (Drevs & Schneider
2006, Reynolds 2010, Kaya-Tilki et al. 2024).
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Anti-angiogenesis assays
Anti-spheroid growth assay (Co-culture)

Spheroids used in this assay were generated
by the hanging-drop method described by
Kelm et al. (2003). An anti-spheroids growth
assay was performed as described by Bayat
et al. (2018) with slight modification. For
spheroids formation, EA . hy926 and A2780 were
prepared separately at a cell density of 1 x 10*
cell mL' each. The cells were then mixed in
media containing Dulbecco’s Modified Eagle
Medium (DMEM), 10% fetal bovine serum,
1% penicillinstreptomycin, 1% gentamicin
and 2% methylcellulose. The mixtures of cells
were dispensed in drops of 25 pL onto the lids
of 150 mm culture plate using a multichannel
pipette. The cover was inverted over sterile water
and incubated with culture condition: 37°C;
5% CO; until spheroids growth was observed.
Prior to treatments of 9-methoxycanthin-6-one
and suramin on spheroids, 48-well plates were
coated with 1.5% agarose and left to solidify. A
serial dilution of the compounds ranging from
IG; to 1G58 was prepared in DMEM. The I1C;
value was obtained based on the results of the
SRB assay conducted on EA.hy926. 400 pL of
the diluted compounds were added to each
well, followed by transferring one spheroid
into each well. The spheroids were incubated,
and images were captured under an inverted
microscope with 40X magnification at 0, 48
and 96 hours of incubation. The images were
captured under the light microscope (Olympus
CKX41) at 40X magnification using ToupView
x64 (ver. 3.7.9229.20170607) image analyser
software (ToupTek, Hangzhou, China). Suramin
was used as a positive control in this study. For
analysis, spheroids’ diameters were calculated
using Image] 1.53t (http://imagej. nih.gov/ij/)
software. The results were presented as average
+SE (n = 3).

Anti-tube formation assay

Tube formation assay was performed as described
by Chan et al. (2015). [Initially, 100 pL of
EAhy.926 (10 x 10° cells mL') were seeded into
a 48-well plate coated with 150 pL of Matrigel
matrix (Corning, USA), followed by treatment
with a medium containing compounds at a
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Table 1 The ICs)value of 9-methoxycanthin-6-one and suramin

No  Compound Molecular weight ICsovalue

(g mol™) (pM)
1 9-methoxycanthin-6-one 250.25 25.85 + 1.29
2 Suramin 1429.17 60.94 + 5.03

50% serial dilution of concentration from ICs
to 1Cs0,s. Tube formation was observed at 6- and
18 hours post-treatment. The formation of tube-
like structures was visualized, and images were
captured under the light microscope (Olympus
CKX41) at 40X magnification using ToupView
x64 (ver. 3.7.9229.20170607) image analyser
software (ToupTek, Hangzhou, China). Tube
formation was determined by measuring the
length and width of tubes formed in each well
using Image] 1.53t software and the percentage
of tube formation (length and width) was then
calculated. The results were showed as an
average + SE (n=3) (Carpentier et al. 2020).

Anti-cell migration assay

Cell migration assay was performed as described
by Al-Salahi et al (2013). EA.hy926 was plated
in a 48-well plate in DMEM until at least 90%
confluent monolayer growth was obtained.
The monolayer was uniformly and vertically
scratched using a sterile 10 pL. micropipette tip.
Wells were then treated with 9-methoxycanthin-
6-one with concentrations ranging from 1C50 to
1C50/8. The scratch was observed at 0 (T0) and
24 (T24) hours under an inverted microscope
with 40X magnification and the images were
captured under the light microscope (Olympus
CKX41) at 40X magnification using ToupView
x64 (ver. 3.7.9229.20170607) image analyser
software (ToupTek, Hangzhou, China). Images
were then analysed using Image] 1.53t software
and the percentage of cell migration inhibition
was then calculated relative to zero time using
the formula:

(the width of gap at T -

Ce.ll Irlligr.ation - 100 - the width of gap at Tyy) % 100
inhibition

the width of gap at T,

where T, = cell migration at 0-hour and Ty, =
cell migration at 24-hour. Suramin was used as
a positive control in this study. The results were
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presented as the mean percentage of migration
inhibition to the control + SE (n =9).

Statistical analysis

The differences in spheroid diameter, tube
formation and cell migration between the
treated and non-treated groups were analysed
using one-way analysis of variance (ANOVA),
followed by Dunnett’s test (Prism version 5.0,
Graphpad Software). A difference with p < 0.05
is considered statistically significant.

RESULTS
Inhibition of EA.hy926 cell proliferation

Since  angiogenesis involves the local
proliferation of endothelial cells in response to
an angiogenic stimulus (Cardenas et al. 2011),
we first tested whether 9-methoxycanthin-6-one
could suppress the proliferation of EA.hy926.
The result showed that 9-methoxycanthin-6-
one inhibited EA.hy926 proliferation with an
IG5 value of 25.85 + 1.29 pM. The control drug
suramin had an IC;, value of 60.94 + 5.03 pM,
showing that 9-methoxycanthin-6-one was more
effective inhibiting cell proliferation (Table 1).

Inhibition of spheroid growth

The spheroid growth assay was used in this study
to assess anti-angiogenic properties because
of its ability to mimic the three-dimensional
structure of tumours in the human body. This
test provides insight into how anti-angiogenesis
agents impact tumour growth, the formation of
new blood vessels and the spread of cancer cells
through the bloodstream, which are crucial for
cancer growth and survival (Thakuri etal. 2016).

Figure 2 shows the inhibition of spheroids
growth. The photomicrograph displays an anti-
spheroid growth activity of 9-methoxycanthin-
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Inhibition of spheroid growth. The photomicrograph showed an anti-spheroid growth activity of
9-methoxycanthin-6-one and suramin (standard drug). The analysis was conducted by measuring
the diameter of spheroids after incubation at 48- and 96-hours with respective compounds

The bar charts represent the percent change in spheroid diameter across different concentrations
of the compounds over the two incubation periods. The non-treated group (NT) shows a
consistent increase in spheroid diameter while treatments result in a reduction, particularly at
higher concentrations

Photomicrographs of non-treated spheroids serve as a negative control. The images depict how
spheroids in non-treated samples showed an increment in diameters and continued to increase
after 96 hours

Photomicrograph images show the effect of 9-methoxycanthin-6-one and suramin on spheroids
growth in a dose-dependent manner. At 48 hours, the trend of spheroids growth inhibition
decreased as the concentration of compounds increased. However, at 96 hours, the trend of
spheroid growth inhibition was not consistent in 9-methoxycanthin-6-one- treated spheroids.
This may indicate that the spheroids had adapted to the treatments or undergone changes in
response to the longer time treatment of 9-methoxycanthin-6-one. Data represent mean + SD,
*E%H < 0.0001

Size measurements
predict the efficacy of

suramin. suramin did not which is suggesting possible

adaptation to treatment.

9-methoxycanthin-6-one treatment. During the
first 48 hours, non-treated spheroids showed
an increase in diameter, showing normal
growth. In contrast, spheroids treated with
9-methoxycanthin-6-one and suramin showed
significant growth inhibition, with a decrease
in spheroid diameter as the concentration of
the compounds increased. However, after 96
hours of incubation, spheroids treated with
9-methoxycanthin-6-one showed inconsistent
growth inhibition, while those treated with
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Inhibition of EA.hy926 tube formation

The results from the photomicrograph in
Figure 3 show the tube formation inhibitory
activity of 9-methoxycanthin-6-one and suramin.
This experiment measures the ability of these
compounds to inhibit EA.hy926 tube formation.
Tube formation in non-treated samples (Figure
2A) can be observed when the lumen (loop)
containing tubules appears after 6 hours of
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Tube formation of EC EA.hy926. The analysis was conducted by measuring the width and length
of tubes formed at 6- and 18 hours of incubation with respective compounds. Photomicrograph
showing the effects of 9-methoxycanthin-6-one and suramin on EC EA.hy926

Photomicrographs of non-treated EC EA.hy926 serve as a negative control. The images depict how
cells grown on matrigel media differentiated into branching morphogenesis, resulting in capillary
tube-like structures made up of numerous cells with intercellular gaps or lumens. The enlarged
photomicrograph (Figure 1(A)) clearly shows the tube’s width (red bracket), tubes (yellow arrow),
loops (lumens) and branching points (+). The length of tubes was determined by measuring the
length of the tubes between two branching points. Tube formations were observed at 6 hours of
incubation, and the width and length of the tubes were increased after 18 hours of incubation

Photomicrograph images show the effect of 9-methoxycanthin-6-one and suramin on EA.hy926
tube’s formation in dose-dependent manner. The tube formation length and width were increased
as dosages of compounds decreased. Results were statistically evaluated using one-way ANOVA

Figure 3
Figure 3A
Figure 3B
and 3C
followed by Dunnett’s test, ***p < 0
EAhy926 cell incubation, representing a

network of tube formation. The bar chart
illustrates the dose-dependent inhibitory effect
of 9-methoxycanthin-6-one and suramin on
the length and width of EA.hy926 capillary-like
structures.

In the non-treated sample, endothelial cell
EA.hy926 tubes began to form after 6 hours of
incubation. By 18 hours of incubation, these
initial tube networks had merged, resulting in
a denser structure with more lumens. Although
the number of lumens decreased by 18 hours,
the width and length of the tubes increased.

Treatments of 9-methoxycanthin-6-one and
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suramin resulted in reduced tube formation
compared to non-treated samples. The effect
of 9-methoxycanthin-6-one on endothelial
cell EA.hy926 (Figure 2B) revealed no tube
formation at concentrations ranging from 12.9
to 25.9 pM after 6 and 18 hours of incubation. At
6-hour incubation time, tube formation formed
at lower concentrations (1.6 to 3.2 pM), with
increased width and length observed after 18
hours. However, tube formation in endothelial
cell EA.hy926- treated with 9-methoxycanthin-
6-one remained lower than in non-treated
samples.
Treatment with resulted in

suramin a
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Figure 4 EC EA.hy926 migration. The analysis was conducted by measuring the width of gap between the
cells and by comparing the width at 24- over 0-hour of incubation
Figure 4A°  The bar charts represent the percentage of cell migration after treatment with varying
and 4B concentrations of 9-methoxycanthin-6-one and suramin. Both compounds demonstrate a dose-
dependent reduction in migration, with lower concentrations resulting in increased migration
while higher concentrations lead to significant inhibition
Figure 4C  The photomicrographs of non-treated EC EA.hy926 cells serve as a control and showing
complete cell migration within 24 hours. The initial gap (highlighted with a yellow arrow) closes
as the cells move to fill the space
Figure 4D  The inhibition of EC EA.hy926 migration after treatment with 9-methoxycanthin-6-one and
and 4E suramin were showing a significant EC EA.hy926 migration inhibitory effect in a dose-dependent

manner. This is evident from the representative images in the photomicrographs where treated
samples show fewer migrating cells and reduced cell movement toward the gap area as compared
to non-treated samples. Data are shown as mean * SD, *#%$ < 0.0001

reduced tube formation of EA.hy926 in a dose
dependent manner. Tube formation was absent
at 64 pM after 6- and 18-hours of incubation.
Tubes formed at concentrations ranging from
4 to 32 pM after 6- and 18-hours of incubation,
with increased width and length observed after
18-hours of incubation.

Inhibition of cell EA.hy926 migration
The photomicrographs in Figure 4 illustrate

the anti-migration activity of 9-methoxycanthin-
6-one and suramin, a standard drug, on
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endothelial EA.hy926 cell. This experiment
measures their ability to inhibit cell migration,
a critical factor in cancer progression. Cell
migration is evaluated by measuring the closure
of a gap introduced at 0 hour and after 24
hours. In the photomicrograph, non-treated
EA.hy926 cells showed 0% migration inhibition
after 24-hrs incubation. Conversely, EA.hy926
cells treated with 9-methoxycanthin-6-one
showed concentration-dependent inhibition
of cell migration, with higher concentrations
resulting in more pronounced inhibition. This
effect is visually evident by the larger remaining
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gaps compared to the control. A similar trend
was observed with suramin, where increasing
concentrations led to increased inhibition of
cell migration, as showed by the percentage of
migration inhibition.

DISCUSSION

Cancer initiation involves the transformation of
normal cells into cancerous ones that proliferate
uncontrollably, forming early-stage avascular
tumours relianton nearby tissue for nutrients and
oxygen through diffusion. As the tumour grows,
its metabolic demands increase and creating a
hypoxic environment within the tumour mass.
This hypoxia triggers the angiogenic switch,
which marks the onset of angiogenesis (Zhao
& Adjei 2015). Tumour cells then release pro-
angiogenic factors such as vascular endothelial
growth factor (VEGF), stimulating the growth of
new blood vessels from existing ones (Li et al.
2012). In response to these signals, endothelial
cells from nearby blood vessels proliferate and
migrate toward the tumour. These endothelial
cell degrade the surrounding extracellular
matrix and forming sprouts that extend into
the hypoxic tumour region. Over time, these
sprouting endothelial cells connect to form
tubular structures and create new blood vessels
that penetrate the tumour. This complex process
is regulated by multiple signalling pathways,
involving VEGEF, fibroblast growth factor (FGF),
and platelet-derived growth factor (PDGF).
These newly formed blood vessels supply the
tumour with essential nutrients and oxygen that
is crucial for its growth and survival (Naumov et
al. 2006).

There is limited information on the anti-
angiogenic effects of 9-methoxycanthin-6-one.
However, a related study by Al-Salahi et al.
(2013) reported the anti-angiogenic potential of
a partially purified quassinoid-rich fraction from
E. longifolia root extract in the proliferation,
migration, and differentiation of human
umbilical vein endothelial cells (HUVECGs). To
our knowledge, this is the first report on the
anti-angiogenesis activity of 9-methoxycanthin-
6-one from E. longifolia. This novel discovery
emphasises the potential of this compound as
a therapeutic agent in cancer treatments that
target angiogenesis. The results show consistent
dose-dependent  inhibition = of  multiple
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angiogenic pathways, offering new insights
into the potential medical applications of a
compound derived from traditional medicinal
knowledge.

Before conducting anti-angiogenesis studies,
the endothelial EA.hy926 cell proliferation assay
was performed to determine the IC; value for
each compound, including suramin as a positive
control. Suramin is widely used as a positive
control in anti-angiogenic assays due to its well-
documented ability to inhibit angiogenesis by
targeting multiple growth factor pathways. It
effectively blocks vascular endothelial growth
factor (VEGF), basic fibroblast growth factor
(bFGF), and platelet-derived growth factor
(PDGF) (Kakuguchi et al. 2018, Parveen et al.
2020), all of which are critical for endothelial
cell proliferation, migration, and tube
formation. These mechanisms make suramin
a reliable reference compound for evaluating
the anti-angiogenic effects of new compounds.
Additionally, its dose-dependent inhibition of
endothelial cell proliferation and capillary-like
tube formation has been validated in multiple
studies, ensuring consistent and reproducible
results in angiogenesis research.

A proliferation assay was performed on the
endothelial cell line EAhy926 to determine
the IC;, value, which served as the baseline
concentration for subsequent anti-angiogenesis
assays. This approach ensured that the anti-
angiogenic effects of 9-methoxycanthin-6-one
and suramin were not due to cytotoxicity. In
this study, 9-methoxycanthin-6-one was found
to inhibit multiple stages of angiogenesis
significantly,  including  endothelial  cell
proliferation, spheroid growth, tube formation,
and migration (Nassar et al. 2011).

The co-culture spheroid growth assay,
in which ovarian cancer cells (A2780) and
endothelial cells (EA.hy926) were co-cultured,
allowed us to mimic real tumour environments.
Cancer cells secrete growth factors such as
VEGF which stimulate endothelial cells to start
angiogenesis (Wu et al. 2021). The co-culture
spheroid growth model allowed these two cell
types to interact and form spheroids that mimic
real tumours in the body (Sonoda et al. 2003).
This more realistic model enabled a precise
study of the dynamic interactions between
cancer and endothelial cells (Li et al. 2021).
In this context, both cancer and endothelial
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cells could engage in processes that closely
resemble in vivo environments, making this
model crucial for evaluating the effectiveness
of 9-methoxycanthin-6-one. In the co-culture
spheroid growth assay (Figure 2) results showed
that spheroid growth inhibition increased with
higher concentrations of 9-methoxycanthin-6-
one and suramin after 48 hours compared to
untreated spheroids. The reduction in spheroid
diameter indicates suppressed angiogenesis.
This reduction impaired endothelial cell
proliferation and restricted nutrient supply
essential for sustained tumourlike growth in
vitro. However, by 96 hours, the inhibition trend
of spheroid growth became inconsistent in
those treated with 9-methoxycanthin-6-one. This
suggests that spheroids may have adapted or
responded differently to prolonged treatment.
The initial inhibition trend followed by
inconsistent results over time implies potential
changes in molecular pathways that could affect
long-term efficacy (Thakuri et al. 2019).

Treatment with 9-methoxycanthin-6-
one significantly increased the inhibition of
tube formation in endothelial cell EA.hy926
compared to suramin. In non-treated cells,
extensive tube formation was observed over
18 hours, characterized by robust tubular
structures with increased width and length,
indicative of natural endothelial cell behaviour
without inhibitory agents (Figure 3). Treatment
with  9-methoxycanthin-6-one and suramin
reduced the number of lumens and weakened
the bridges within the tube-like structures,
resulting in narrower and thinner tubes. This
substantial inhibition highlights the potent
anti-angiogenic effect on endothelial cells
from  9-methoxycanthin-6-one,  preventing
endothelial cell EA.hy926 cells from undergoing
the morphological changes necessary for
tube formation. The significant reduction in
tube formation with 9-methoxycanthin-6-one
treatment also suggests that the compound
disrupts the endothelial cell interactions
required for angiogenesis. Additionally, the
tube formation assay allows both quantitative
and qualitative analysis of angiogenic and anti-
angiogenic factors, making it a valuable tool for
screening such agents.

The study results also show that
9-methoxycanthin-6-one exhibits significant anti-
migration activity on endothelial cell EA.hy926,
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suggesting its potential as a potent inhibitor of
cancer angiogenesis. Cell migration is crucial
in cancer progression as it allows cancer cells to
invade new areas and metastasize. In our study,
higher concentrations of 9-methoxycanthin-6-
one led to greater inhibition of cell migration,
as shown by larger gaps remaining after 24 hours
compared to non-treated samples (Figure 4).
The inhibition of migration further emphasises
the compound’s potential to prevent cancer cell
spread, a key aspect of its therapeutic relevance.

These results provide compelling evidence
of the dose-dependent anti-angiogenic activities
of 9-methoxycanthin-6-one across several
consistent assays. Spheroid growth represents
3D tumour growth, tube formation models
capillary formation, and cell migration mimics
the motility needed for metastasis. Together,
these findings support the conclusion that
9-methoxycanthin-6-one is a promising agent for
inhibition of cancer angiogenesis.

As this is the first study to report the anti-
angiogenic effects of 9-methoxycanthin-6-
one on endothelial cells, further research is
critical to explain its underlying modes of
action. Comparatively, eurycomanone from
E. longifolia has been reported to influence
the mTOR signalling pathway, which is critical
in regulating cell growth, proliferation,
and survival. By suppressing autophagy and
angiogenesis, eurycomanone inhibits cancer
cell proliferation and impairs processes essential
for tumour growth and metastasis (Ye et al.
2022). These findings highlight the therapeutic
potential of E. longifolic-derived compounds and
underscore the need for further exploration of
9-methoxycanthin-6-one to identify its specific
molecular targets and applications in anti-cancer
therapy.

In addition to its promising anti-angiogenic
properties, 9-methoxycanthin-6-one satisfies
key criteria for drug development, including
Lipinski’s Rule of Five (RoF), which is commonly
used to assess a compound’s potential for oral
bioavailability. With a molecular weight of
250.25 g mol”’, 9-methoxycanthin-6-one adheres
to one of the critical criteria of Lipinski’s Rule,
which suggests a better likelihood of membrane
permeability and absorption (Kerns & Di 2016,
Nurhanan et al. 2023). A low molecular weight
improves a compound’s ability to pass through
biological membranes, facilitating absorption
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and systemic circulation (Veber et al. 2002).
Furthermore, the compound’s lipophilicity and
other properties warrant further exploration to
determine its suitability as a therapeutic agent in
clinical settings.

CONCLUSION

Plant compound  9-methoxycanthin-6-one
effectively inhibits angiogenesis in EA.hy926
endothelial cells. This was demonstrated
through its ability to inhibit spheroid growth,
tube formation, and cell migration in a dose-
dependent manner. The results offer significant
new insights into the therapeutic potential
of this bioactive compound derived from
traditional medicinal knowledge in cancer
treatments targeting angiogenesis. However, the
varying effects of 9-methoxycanthin-6-one over
extended periods in the spheroid growth assay
suggest that further validation is necessary to
understand its long-term efficacy. Future studies
also should focus on validating these findings in
vivo and investigating the underlying molecular
mechanisms via the multi-omics approach.
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