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Piper betle (PB), also known as “betel” in Malay
language, is a tropical Asian vine. PB leaves are
commonly chewed by Asians along with betel quid. It
contains phenols such as eugenol and hydroxychavicol
along with chlorophyll, B-carotene, and vitamin C
(Salehi et al., 2019). Extracts from PB leaves have
various medicinal properties including anticancer,
antioxidant, anti-inflammatory, and antibacterial ef-
fects (Salehi et al., 2019). Previous research has
shown that PB induces cell cycle arrest at late S or
G2/M phase and causes apoptosis at higher doses
(Wu et al., 2014; Guha Majumdar and Subramanian,
2019). A combination of PB leaf extract has also been
shown to enhance the cytotoxicity of the anticancer
drug, 5-fluorouracil (5-FU), in cancer cells (Ng et al.,
2014).

The ability of cancer cells to disseminate to dis-
tant regions is partly the result of microtubule dy-
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namics. Microtubules are part of the cell cytoskeleton,
contribute to shape and dynamics, and are essential
for cell movement and directionality (Ganguly et al.,
2012; Mukhtar et al., 2014). As a result of rapid
cancer cell division, anti-mitotic drugs that poten-
tially target microtubule dynamics have been sug-
gested to be the best cancer therapeutic agents (Mukhtar
et al., 2014). The potential of PB in targeting cancer
cell migration was investigated in this study. The
modulation effect of PB on microtubule structure and
networks was also observed in comparison to a stand-
ard microtubule inhibitor, paclitaxel.

The sub-toxic levels of PB and 5-FU were used
to ensure no cell cytotoxicity in the cell migration
analysis. After 24 h of respective treatment, values
of ICy (20% inhibitory concentration) and ICsg
(30% inhibitory concentration) recorded for PB on
human lung adenocarcinoma (A549) cells were 20
and 100 pg/mL, respectively, whereas 1Cyy and ICs,
for 5-FU on A549 cells were determined at 4.0 and
12.5 pmol/L, respectively. The anti-migration effects
of PB and 5-FU were observed real-time on A549
cells for 20 h using xCELLigence (ACEA Biosci-
ences, USA). A high cell index (CI) value indicates a
positive migration effect as more cells adhere to the
gold microelectrodes, causing high impedance. The
negative control group (cells with serum-free media)
showed CI values less than 0.5 (Fig. 1). This implies
that cells did not migrate throughout the experiment.
However, after 20 h, CI was found to exceed 3.0 for
the positive control group (cells in media with chemo-
attractant). Data showed that A549 cells migrated
from the upper chamber (cells in serum-free media) to
the lower one (media containing fetal bovine serum
(FBS)) in response to the FBS chemo-attractant.
Significant differences in CI values were also found
between the negative and positive control groups
(P<0.05).
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Fig. 1 Cell index (CI) values of respective treatment
groups on AS49 cells at different time points (S5th, 10th,
15th, and 20th hours)
5-FU: 5-fluorouracil; PB: Piper betle. © P<0.05, compared
with the positive control group; * P<0.05, compared with
the negative control group

After 5 h of respective treatments, no significant
differences in CI values were seen between groups
(F=3.107, P=0.060). However, significant differences
were observed between treatment groups after 10 h
(F=6.114, P=0.008), 15 h (F=10.984, P=0.001), and
20 h (F=10.555, P=0.001). Indeed, after 10 h, cells in
the positive control wells migrated towards the chemo-
attractant, leading to high CI values (Fig. 1). Data
showed that low concentrations of PB (20.0 pg/mL) and
5-FU (4.0 and 12.5 pmol/L) had minimal effects in
inhibiting cell migration; cells treated with 100 ug/mL
of PB had significant anti-migration effects (P=0.034).
This result implies that 100 pg/mL PB inhibited cell
migration from the upper chamber to the lower one.
5-FU has potential in obstructing cancer cell migration
as previously shown (Shakibaei et al., 2015). PB ex-
erted greater anti-migratory effect compared with
5-FU (Fig. 1).

We further observed cell morphology, structure,
and the tubulin network in PB-, paclitaxel-, and 5-FU-

treated human colorectal adenocarcinoma cells (HT29).

We observed apoptotic cells in HT29 treated with
high-dose 5-FU (Fig. 2¢) and noted a population of
round cells in paclitaxel- and PB-treated cancer cells
(Figs. 2¢ and 2g). Round cells are a feature of the M
phase as previously reported (Théry and Bornens,
2008; Cadart et al., 2014). Thus, based on our mor-
phological observations of PB-treated cancer cells
(round shaped), we hypothesize that the possible
mechanism of cell death triggered by PB is likely via
microtubule polymerization. We therefore then in-

cluded paclitaxel for comparison purposes and found
both PB- and paclitaxel-treated cancer cells have
similar morphologies. Paclitaxel is a microtubule
inhibitor that can cause M phase cell-cycle arrest
(Perez, 2009); it stimulates polymerization which
prevents or suppresses, microtubule disassembly,
leading to cell-cycle arrest in the G2/M phase and
ultimately apoptosis (Perez, 2009). We therefore
further investigated microtubule structure in respective
treatment groups; results showed that PB had a similar
long distorted spindle appearance compared with

Fig. 2 Cell morphologies and microtubule networks of
untreated, 10 pg/mL paclitaxel-, 130 pmol/L 5-FU-, and
200 pg/mL PB-treated HT29 cells after 24 h

(a, b) Untreated; (c, d) 10 pug/mL paclitaxel; (e, f) 130 umol/L
5-FU; (g, h) 200 pg/mL PB. Cell morphologies were observed
under 400x magnification. Red arrows indicate apoptotic
cells, while green arrows indicate M phase cells. Microtubule
networks were observed under 1000x magnification. Tubulin
was stained with anti-tubulin antibody at 1:1000 dilution
followed by goat anti-mouse IgG conjugated with DyLight
488 at 1:1000 dilution (green signal). Nuclei were
counterstained with DAPI (blue signal). Paclitaxel- and
PB-treated HT29 cells have long spindles (yellow arrows).
5-FU: 5-fluorouracil; PB: Piper betle; DAPI: 4',6-diamidino-
2-phenylindole, dihydrochloride
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paclitaxel-treated cells (Figs. 2d and 2h). Distorted
spindles are a defect on microtubules and can prevent
cells from dividing (Ganguly et al., 2015). We pro-
posed that microtubule network disruption might
represent the possible mechanism by which PB trig-
gers cancer cell death.

It has previously been reported that microtubule-
targeting drugs inhibit cell motility, triggering both
anti-migratory and anti-angiogenic effects (Belotti et al.,
1996; Hayot et al., 2006; Ganguly et al., 2015). Mi-
crotubules are an integral part of the cytoskeletal
system of all eukaryotic cells. Indeed, because of their
dynamic behavior, these structures play an important
role in numerous biological processes including mi-
tosis, cellular motility, and cytoplasmic transport.
Cancer cell death can be induced via minor alterations
of microtubule dynamics that engage the spindle
checkpoint and cell cycle arrest (Blajeski et al., 2002).
As previously reported, different concentrations of
microtubule-targeting drugs exert varied effects on
cancer cells (Hayot et al., 2006; Ganguly et al., 2015;
Gandalovicova et al., 2017). A high drug concentra-
tion is needed to cause microtubules defects (Ganguly
et al., 2015), while a low concentration is capable of
inhibiting cell migration (Hayot et al., 2006). In this
study, PB in higher concentrations (200 pg/mL) trig-
gered a microtubule polymerization response, while
lower concentrations (20 and 100 pg/mL) inhibited
cell migration. We have demonstrated the potential use
of PB as a microtubule-targeting agent which also
exhibits anti-migratory effects on cancer cells.

Materials and methods
Detailed methods are provided in the electronic supple-
mentary materials of this paper.
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s WS T RS (Piper betle, PB) 7K4EHUHI%
JE AN RS B 1R E R B R AL
KRB BRI . K T8 A &X PB Al 5—JRJ%
BENE (5-FU) AbH R ARt r PuT s, W
ST FS 20 /N o FEFTAE AL FRZE 1, 100 pg/mL
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