MEDICAL
SCIENCE

MONITOR

BASIC
RESEARCH

Received: 2013.01.28
Accepted: 2013.07.16
Published: 2013.08.28

Authors’ Contribution: ABCDEFG 1,2

Study Design A ABCDE
Data Collection B

Statistical Analysis C ABCDE

Data Interpretation D ABCD

Manuscript Preparation E ABCD
Literature Search F

Funds Collection G ABCD

ABCDEF

ABCDEFG

Corresponding Authors:
Source of support:

N O = U1 A=W

IN VITRO STUDIES

elSSN 2325-4416
© Med Sci Monit Basic Res, 2013; 19: 228-236
DOI: 10.12659/MSMBR.884004

Plumbagin induces the apoptosis
of human tongue carcinoma cells through
the mitochondria-mediated pathway

Jia-xuan Qiu 1 Department of Stomatology, Fourth Affiliated Hospital of Nanchang University,
Yuan_qiao He Nanchang, P.R. China
2 School of Public Health, Wuhan University, Wuhan, P.R. China

Yong Wang 3 Department of Laboratory Animal Science, Nanchang University, Nanchang,
Ru-liang Xu PR. China
You Qin 4 Department of Pathology, New York University School of Medicine, New York,

. NY, USA.
Xlang Shen 5 Department of Hematology, Union Hospital, Tongji Medical College, Huazhong
Shu-Feng Zhou University of Science and Technology, Wuhan, P.R. China
Zong-fu Mao 6 Department of Pharmaceutical Science, College of Pharmacy, University of South

Florida, Tampa, FL, USA.

Shu-Feng Zhou, e-mail: szhou@health.usf.edu and Zong-fu Mao, e-mail: zfmao@126.com
This work was funded by the Natural Science Foundation of Jiangxi Province, Nanchang, China (2010GZY0302)

Background:

Material/Methods:

Results:

Conclusions:

Key words:

Full-text PDF:

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Plumbagin, a quinonoid constituent isolated from the root of Plumbago zeylanica L., has been proven to pos-
sess anti-tumor activity both in vitro and in vivo. However, its anti-tumor properties for human tongue carci-
noma have not been reported. This study aimed to investigate the inhibitory effect and the underlying mech-
anism of plumbagin on the growth of human tongue carcinoma cells.

Cell proliferation ability was detected by EdU incorporation assay and colony formation assay. Cell-cycle distri-
bution was determined by flow cytometric analysis using propidium iodide (PI) staining. Cellular apoptosis was
then evaluated by flow cytometry and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay. Western blotting was applied to assay the expression of Bax and Bcl-2.

Plumbagin inhibited the growth and proliferation of Tca8113 cells in vitro in a concentration- and time-depen-
dent manner. The cell cycles of plumbagin-treated Tca8113 cells were arrested at the G2/M phase. Cells treat-
ed with plumbagin presented the characteristic morphological changes of apoptosis. The ratio of Bax/Bcl-2
was raised by plumbagin in a concentration-dependent manner.

These results indicate that plumbagin induces the apoptosis of Tca8113 cells through mitochondria-mediated
pathway.
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Background

Oral cancer is a common tumor around the world, particu-
larly in developing countries [1]. In the past decade, the inci-
dence and mortality rates of oral cancer have been increasing
in many regions of the world such as Taiwan and the United
Kingdom [2,3]. More than 90% of oral cancers are histopatho-
logically squamous cell carcinomas (SCCs) where the most com-
mon site of involvement is the tongue [4,5]. Despite advances
in surgery, radiotherapy and chemotherapy, the 5-year surviv-
al rate of oral cancer patients have not greatly improved over
the past several decades and remains at ~50% [6,7]. Moreover,
advanced oral squamous cell carcinoma (0OSCC) has a high
morbidity and treatment frequently results in significant mu-
tilation and compromised functions [8]. Therefore, there is an
urgent need for the development of a more effective therapy
to treat early and advanced OSCC.

Over 2,500 years, a large number of traditional Chinese medi-
cines have been widely used to treat and prevent various dis-
eases including cancer, diabetes, hypertension and Alzheimer
disease [9-12]. In recent years, many herbal components have
been purified and identified as effective anticancer agents.
Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) is a nat-
ural naphthoquinone isolated from the root of Plumbago zey-
lanica L [13,14]. In traditional Chinese medicine, P. zeylanica
L. has been extensively used for the treatment of rheumatoid
arthritis, dysmenorrhea, bruising, and cancer [15,16]. Like dau-
norubicin, mitoxanthrone and adriamycin, plumbagin is struc-
turally derived from naphthoquinone [16,17]. Plumbagin has
been proven to possess anti-tumor activity both in a variety
of cell lines and animal models [13,18-21]. The previous study
showed that plumbagin has the ability to suppress azoxymeth-
ane-induced intestinal carcinogenesis in rats, suggesting its
chemopreventive activity [22]. Besides anticancer effects, plum-
bagin also exhibited radiosensitizing properties in experimen-
tal mouse tumors as well as in tumor cells in vitro [23-25].

Apoptosis, a form of programmed cell death, plays a funda-
mental role in the elimination of damaged or unwanted cells
[26]. Failure of tumor cells to undergo apoptosis translates
into malignant potential and chemotherapeutic resistance
[27]. Similar to other malignancies, apoptosis of tumor cells
significantly influences the trend of progression and remis-
sion in tongue cancers. Reduced apoptotic cancer cell number
was closely related with poor prognosis of tongue carcinomas
[5]. A pallet of genes are involved in the control of apoptosis
such as the Bcl-2 family whose oncogenic potential has been
demonstrated in oral tumorigenesis [28]. Bcl-2, a potent sup-
pressor of apoptosis, can form a heterodimer with the apop-
totic protein Bax and thereby neutralize its apoptotic effects.
Therefore, alteration in the ratio of Bax/Bcl2 is a decisive fac-
tor which plays an important role in determining whether cells
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will undergo apoptosis. Recent studies have shown that a large
number of anticancer drugs exert their therapeutic effects by
inducing apoptosis in malignant cells [27].

In this study, we investigated the cell growth inhibition activity
of plumbagin using a cellular model and examined its effects
on cell cycle and apoptosis in human oral tongue squamous cell
carcinoma (OTSCC) Tca8113 cells. Furthermore, we assayed the
levels of Bcl-2 and Bax in Tca8113 cells treated with plumbagin.

Material and Methods

Reagents

Plumbagin was purchased from Sigma-Aldrich (St Louis, MO).
This compound was dissolved in dimethyl sulfoxide (DMSO)
where the final DMSO concentration in all cell cultures was
kept at below 0.1% (v/v) with no detectable cytotoxic effects
on cell growth.

Propidium iodide (PI) was obtained from BD Biosciences (San
Jose, CA). 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT), acridine orange (AO), ethidium bromide (EB),
Hoechst 33258 and Hoechst 33342 were purchased from
Sigma-Aldrich (St. Louis, MO). The protease inhibitor cocktail
was obtained from Roche (Mannheim, Germany). Finally, the
antibodies against B-cell lymphoma-2 (Bcl-2), Bcl-2—-associat-
ed X protein (Bax), and B-actin were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA).

Cell lines and cell culture

Tca8113 cell line, a poorly differentiated oral tongue squa-
mous cell carcinoma cell line, was kindly provided by Key
Laboratory of Oral Biomedicine Ministry of Education, School
& Hospital of Stomatology, Wuhan University, Wuhan, China.
Tca8113 cells were grown in 25-cm? culture flasks and incu-
bated in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
Invitrogen, Carlsbad, CA) containing 10% fetal bovine serum,
100 units/liter penicillin, and 10 mg/liter streptomycin. Cells
were maintained at 37°C in an atmosphere containing 5% CO,.

Cell viability assay

Cell viability was quantitatively determined by the MTT as-
say. Briefly, Tca8113 cells were plated in 96-well culture plates
(1x10* cells/well) and allowed to attach overnight at 37°C in
a humidified 5% CO, atmosphere. Cells were treated with the
plumbagin at 3.125-50 uM for 12, 24, 48 or 72 hr, and 20 pl
5.0 mg/ml MTT reagent was added to each well and incubat-
ed in dark for an additional 4 hr at 37°C in a humidified en-
vironment with 5% CO,. The plates were then centrifuged at
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1,500 g for 5 min and the supernatant was removed. The cell
pellets were dissolved in 100 ul DMSO. The absorbance was
determined using the microplate reader (Bio-Rad, Hercules,
CA) at a wavelength of 570 nm, with background subtraction
at a wavelength of 630 nm. The 50% inhibitory concentration
(IC,,) was calculated from survival curves using the Bliss meth-
od. All experiments were performed with 6 wells for each con-
centration, and repeated at least three times.

EdU incorporation assay

Cell proliferation or DNA synthesis was assessed by 5-ethy-
nyl-2’-deoxyuridine (EdU) fluorescence staining and completed
according to the manufacturer’s instructions (Cell-Light™ EdU
DNA Cell Proliferation Kit, Ruibo Biotech, Guangzhou, China).
The procedure was as follows: Tca8113 cells were plated in 96-
well culture plates (1x10* cells/well), treated with plumbagin
for 24 hr, washed with phosphate-buffered saline (PBS) and
then incubated with 50 uM EdU for 2 hr. Subsequently, the
cells were fixed with 4% paraformaldehyde in PBS for 30 min
at room temperature followed by washing twice with PBS and
treated with 0.5% Triton X-100 for 10 min at room temper-
ature for permeabilization. The cells were then washed with
PBS and incubated with the 1x Apollo® reaction cocktail for 30
min at room temperature in dark. After removing the cocktail,
the cells were washed twice with 0.5% Triton X-100 in PBS,
and then treated with 1x Hoechst 33342 solution for another
30 min at room temperature with light. Finally, after washing
with PBS for five times, the cells were examined with fluores-
cence microscopy and photographed (Olympus DP 71, Tokyo,
Japan). Photographs of the cells were processed and analyzed.

Colony formation assay

The cells were seeded at a density of 300/mL into 6-well culture
plates, treated with plumbagin for 24 hr, then washed with PBS
and fresh medium was added. Colonies were allowed to grow
for 14 days. After removing the medium, each well was careful-
ly washed twice with PBS. The cells were fixed in methanol for
15 min and then stained with crystal violet for 20 min. Finally,
positive colony formations (more than 50 cells per colony) were
counted. The survival cell fraction was expressed as the ratio of
plating efficiency of treated cells to that of untreated control cells.

Flow cytometry

The effect of plumbagin treatment on cell cycle was determined
by flow cytometric analysis using Pl staining as described [29].
Briefly, the cells were exposed to plumbagin at 2.5, 5.0 or 10.0
UM for 24 hr. After plumbagin treatment, both floating and at-
tached cells were collected, washed, and fixed in 70% ethanol
overnight at —20°C. Then, the cells were washed twice with
ice-cold PBS, resuspended in PBS, and stained with PI solution
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that contained 50 pg/ml Pl and 25 pg/ml RNase. Stained cells
were analyzed on a BD FACS Caliber Cell flow cytometer (Becton
Dickinson, Franklin Lakes, NJ). Data was then analyzed using
CellQuest Pro software (Becton Dickinson, Franklin Lakes, NJ).

To quantify drug-induced apoptosis, annexin V/PI staining
was performed using flow cytometry. Briefly after plumba-
gin treatment, both floating and attached cells were collected
and stained with annexin V and PI using the annexin V-FITC
apoptosis detection kit (Nanjing KeyGen Biotech Co., Nanjing,
China) according to the protocol provided by the manufactur-
er. The cells were then exposed to plumbagin at different con-
centrations for 24 hr. Double staining was used to distinguish
between viable, apoptotic (early or late) and necrotic cells. The
resulting fluorescence was measured by flow cytometry using a
BD FACS Caliber cell flow cytometer (Becton Dickinson, Franklin
Lakes, NJ). Resulting data were analyzed using the CellQuest
Pro software (Becton Dickinson, Franklin Lakes, NJ).

Cellular morphological observations

Tca8113 in DMEM containing 10% FBS were seeded into 6-well
culture plates and incubated overnight. Plumbagin (2.5, 5 or
10 uM) was then added to the cell culture and the cellular
morphology was observed using phase-contrast microscopy
(Olympus CKX31, Tokyo, Japan) at the indicated times.

Terminal deoxynucleotidyl transferase-mediated biotin
dUTP nick end labeling (TUNEL) assay

To detect apoptotic cells, in situ end labeling of the 3’-OH end of
the DNA fragments generated by apoptosis-associated endonu-
cleases was performed with the Colorimetric TUNEL Apoptosis
Assay kit (Beyotime Institute of Biotechnology, Haimen, China).
Briefly, cells were seeded on cover slips and treated with the
indicated concentration of plumbagin for 24 hr and cells were
fixed in 4% paraformaldehyde. Then, the cells were permeabi-
lized with 0.1% Triton X-100 in PBS while blocking endogenous
peroxidase activity with 0.3% H,0, in methanol. Subsequently,
the TdT reaction mix was added to the sections on the slide
and then the cells were incubated at 37°C for 60 min inside a
humidified chamber for the end labeling reaction to occur. For
negative control the TdT enzyme was replaced with PBS. After
the incubation of cells with Streptavidin-HRP and diaminoben-
zidine, apoptotic DNA fragmentation was detected by visual-
izing labeled DNA using a light microscope. The percentage of
apoptotic cells were calculated by counting the stained cells
in 12 fields, each containing a total of 50 cells.

Western blotting assay

Tca8113 cells were treated with plumbagin. Total cell lysates
were extracted and subjected to 10% sodium dodecyl sulfate
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Figure 1. Concentration- and time-dependent inhibitory effect of
plumbagin on Tca8113 cells. Data are the mean +SD of
six independent experiments.

polyacrylamide gel electrophoresis (SDS-PAGE) electrophore-
sis, and then transferred to high-quality polyvinylidene diflu-
oride (PVDF) membranes. After blocking with 5% nonfat milk
for 1 hr, membranes were incubated with primary antibodies
specific to Bax, Bcl-2, and B-actin for 1 hr. After washing three
times with TBS-T, the membranes were incubated with the cor-
responding secondary antibody. The signals were detected by
the enhanced chemiluminescence blotting detection system
(The ECL substrate kit, Amersham, Piscataway, NJ).

Statistical analysis

All data are expressed as the mean + standard deviation (SD).
Differences among groups were analyzed by the Student’s t-
test or analysis of variance (ANOVA) when multiple groups
were involved. The P value reported was two-sided and a val-
ue of P<0.05 was considered statistically significant. All anal-
yses were performed using the SPSS software (Version 12.0,
SPSS Inc., Chicago, IL).

Results

Plumbagin treatment decreased the viability of Tca8113
cells

Earlier studies have indicated that plumbagin exerted exten-
sive anticancer activities on cancer cells [18,20,21]. To explore
the effects of plumbagin on Tca8113 cell viability, we treated
the cells with plumbagin at various concentrations. As shown
in Figure 1, the MTT colorimetric assay indicated that plumba-
gin inhibited the viability of Tca8113 cells in a concentration-
and time-dependent manner. The IC, values of plumbagin in
Tca8113 cells for 12, 24, 48 and 72 hr incubation times were
37.53, 22.98, 3.89 and 5.62 pM, respectively.
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Figure 2. Measurement of anti-proliferation effects of plumbagin
by EdU incorporation assay. Tca8113cells were
incubated in the medium alone or with the medium
containing plumbagin for 24 hr. Before stopping
the cell culture, the cells were exposed to EdU for
2 hr and stained as described in the Materials and
Methods. Red fluorescence represents the EdU-positive
cells; and blue fluorescence from the Hoechst stain
represents the total cells (magnification: x400). A)
the medium alone, the mean percentage of positive
cells is 42.18%; B) treatment with 5 uM plumbagin,
the mean percentage of positive cells is 24.63%;
and C) treatment with 10 uM plumbagin, the mean
percentage of positive cells is 13.38%. The positive cell
rate showed a significant decrease compared to the
control cells (* P<0.05). Triplicate experiments were
performed.

Plumbagin suppressed the proliferation of Tca8113 cells

To determine whether plumbagin had inhibitory effects on the
growth of Tca8113 cells, we first tested the rates of cell prolifer-
ation by EdU fluorescence staining, which directly measured ac-
tive DNA synthesis or S-phase synthesis of the cell cycle [33,34].
An EdU incorporation assay indicated that the mean percentage
of positive cells in the treated groups were significantly lower
than that in the control group (P<0.05) (Figure 2). The use of a
colony formation assay further demonstrated that the treatment
of plumbagin resulted in decreased cell proliferation of Tca8113
cells (Figure 3). These results clearly indicated that plumbagin
suppressed the in vitro growth of cultured Tca8113 cells.

[Chemical Abstracts/CAS] [Index Copernicus]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



IN VITRO STUDIES

QiuJ-x et al:
Plumbagin kills tongue carcinoma cells
© Med Sci Monit Basic Res, 2013; 19: 228-236

120

80

s

Colony formation rate (%)

Control

5uM
Plumbagin

10 uM

Figure 3. Plumbagin suppresses the colony
formation of Tca8113 cells.
Tca8113cells were incubated in
the medium alone or the medium
containing plumbagin for 24 hr, and
the medium was replaced with fresh
medium and incubated for 14 days.
(A) the medium alone; (B) 5 uM
plumbagin; and (C) 10 uM plumbagin.
Colony formation rate was significantly
decreased compared to the control
cells (* P<0.05). Triplicate experiments
were performed.
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Figure 4. Cell cycle distribution in Tca8113
cells treated with plumbagin for 24
hr. Plumbagin dose-dependently
induced G2/M arrest and a significant
decrease in S phase populations. The
percentages of G2- and S-phases
cells were notably different between
the control and plumbagin-treated
Tca8113cells (P<0.05). Triplicate
experiments were performed.

Plumbagin induced G2/M arrest in Tca8113 cells

To investigate whether the growth inhibitory effect of plum-
bagin was related to cell cycle arrest or an apoptotic process
in Tca8113 cells, we analyzed the cell cycle using flow cyto-
metric analysis. The results showed that plumbagin induced
G2/M arrest at a concentration of 10 uM for 24 hr in addition
to a significant decrease in S phase populations. However,

the percentage of G2/G1 fraction did not differ significant-
ly between the control and plumbagin-treated Tca8113 cells
(Figure 4).

Plumbagin induced apoptosis of Tca8113 cells

Previous studies demonstrated that inducing apoptosis was
one of the mechanisms of antitumor effects of plumbagin
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Figure 5. Cell apoptosis in Tca8113 cells treated
10°1 10° with plumbagin for 24 hr. Plumbagin
0.21% L77% 0.00% 2.93% induced apoptosis in cultured Tca8113
101 >, 10° 1 m"* cells in a concentration-dependent
1 i =4 manner. Apoptosis was significantly
102,:, : 107 = increased in plumbagin-treated
i 93‘6'.’% X5 93.62% _,fi‘ 3.45% Tca8113 cells compared to the control
1 A5 PR It g :
0y 3 ; 0 ¥ cells (P<0.05). Th.e cellular‘apopto.tlc
3 3 rates and necrotic rates did not differ
ko . | ...., significantly between the control and
0 100 1 10 10° 10 100 100 100 100 10t cells treated with 2.5 uM plumbagin
FTTC FITC (P>0.05). Triplicate experiments were
Control 2.5 uM plumbagin performed.
10* ‘
0" §0.29% 12.89% 28.10%
103 4
0 3L47%
101 b
10° — r . e 10 SENICSU VS —————)
010t 10t 10t 10 0° 100 10t 100 10°
FTTC FTTC
5.0 M plumbagin 10.0 uM plumbagin
A B C Figure 6. Plumbagin-induced apoptotic
morphological changes in Tca8113
® cells. Tca8113 cells were incubated
in the medium alone or with the
medium containing plumbagin for 24
hr. (A) the medium alone; (B) 5 uM
plumbagin; and (C) 10 uM plumbagin.
Arrows indicate multiblebbing cells
and apoptotic bodies (Magnification:

[14,20,35]. Consistent with previous studies, we also observed
that plumbagin induced apoptosis in cultured human tongue
carcinoma cells. The number of apoptotic cells induced by
plumbagin was measured by staining with annexin V-FITC/PI
and flow cytometry. Plumbagin exerted strong apoptosis-in-
ducing effects on Tca8113 cells at 5.0 and 10 pM when incu-
bated for 24 hr, with an apoptotic rate of 8.49% and 31.47%,
respectively. The cellular necrotic rates of Tca8113 cells in-
duced by plumbagin were 12.89% and 28.10%, respectively.
The cellular apoptotic rates and necrotic rates did not differ
significantly between the control and the 2.5 pM plumbagin-
treated Tca8113cells (Figure 5). These findings indicated that
apoptosis was a part of the plumbagin-mediated anticancer
effects on cancer cells.

To determine the characteristics of plumbagin-induced Tca8113
cell death, morphologic changes were examined using phase-
contrast microscopy. The Tca8113 cells exposure to plumbagin
(5 and 10 uM) for 24 hr resulted in morphologic alterations

x 400).

characteristic of apoptosis, including membrane blebbing, nu-
clear condensation, and fragmentation (Figure 6).

Plumbagin-induced apoptosis was further confirmed by con-
ducting a TUNEL assay. The TUNEL assay is a simple and sen-
sitive technique that requires a smaller number of cells for
detecting DNA damage while simultaneously allowing in situ
detection of DNA fragmentation. The cells treated with the
plumbagin showed clear nuclear condensation and also incor-
porated the labeled nucleotide into the DNA. The control cells
without plumbagin did not show a positive TUNEL reaction.
This result indicated that plumbagin was effective in inducing
DNA fragmentation in Tca8113 cells (Figure 7).

Plumbagin increased Bax/Bcl-2 ratio in Tca8113 cells

To investigate the anticancer mechanism of plumbagin, we
examined the expression of the proapoptotic protein Bax and
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Figure 7. Plumbagin-induced apoptotic
morphological changes in Tca8113
cells. Tca8113 cells were incubated
in the medium alone or medium
containing plumbagin for 24 hr.
Arrows indicate fragmented nuclei and
nuclei-shrunk characteristic changes
of apoptosis (magnification: x400).
The cellular apoptotic rates of four
groups were 4.05%, 4.68%, 8.74%
and 34.24%, respectively. Apoptosis
in Tca8113 cells treated with 5.0 uM
or 10 pM plumbagin was significant
increased compared to the control
cells (P<0.05). Triplicate experiments
were performed.

ee
.

»

B-actin

2.5uM
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Control 5.0uM 10.0uM

Figure 8. Effect of plumbagin on the expression of Bax and Bcl-2
proteins in Tca8113 cells. Tca8113 cells were incubated
in the medium alone or the medium containing
plumbagin for 24 hr. A) the medium alone; B) 2.5
UM plumbagin; C) 5 uM plumbagin; and D) 10 uM
plumbagin. Bax was dramatically increased while Bcl-2
was significant decreased compared to the control cells
(* P<0.05). Triplicate experiments were performed.

O
" . -

5.0 uM plumbagin 10.0 pM plumbagin
) anti-apoptotic protein Bcl-2, two typical proteins involved in
Plumbagin (u) 0.0 25 >0 100 the cell apoptosis process. Western blotting indicated that
iy plumbagin treatment resulted in a significant increase of Bax
Bax [ — - \ expression and a dramatical decrease of Bcl-2 expression in
4 the Tca8113 cells was found which led to an increase in the
Bax/Bcl-2 ratio (Figure 8). The results further confirmed that
Bdl-2 the anticancer property of plumbagin on human tongue car-

cinoma might be due to not only cell cycle arrest but also in-
duction of cellular apoptosis.

Discussion

In this study, we investigated the anticancer effect of plum-
bagin in human tongue carcinoma cells and we demonstrated
that plumbagin directly inhibited the proliferation of Tca8113
cells by inducing the cancer cells to undergo S-G2/M phase ar-
rest and apoptosis. It is possible that plumbagin may trigger
the mitochondrial apoptotic pathway indicated by a change in
Bax/Bcl-2 ratios. OSCC is the sixth most frequent solid cancer
worldwide and tongue carcinoma is the most common type of
OSCC [5]. Because of unsatisfactory outcomes associated with
the treatment of advanced tongue carcinoma, there is an ur-
gent need to intensify our efforts to identify novel agents that
could delay or prevent the development of tongue carcinoma.

Some natural naphthoquinones have been reported to pos-
sess apoptosis-inducing activities in a variety of human can-
cer cell lines and animal models [17,36,37]. Plumbagin is a
major active component of the herb P. zeylanica L, which has
been safely used for centuries in China as well as other Asian
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countries to treat a variety of ailments [15,16,38]. This natu-
ral naphthoquinone is a potent pharmaceutical substance that
exerts multiple biological and pharmacological activities such
as anti-leishmanial, antimicrobial, antiviral, antiatherosclerot-
ic, and antitumor properties [18,20,39-42]. However, no study
has been reported about the effects of plumbagin in the pre-
vention and/or treatment of human tongue carcinoma. This is
the first report that suggests that plumbagin could suppress
the proliferation and induce apoptosis of human tongue car-
cinoma Tca8113 cells. Data presented here indicated that 5
and 10 pM plumbagin were able to inhibit cell proliferation
and induce apoptosis in cancer cells. The range of concentra-
tions used was consistent with many other studies that inves-
tigated the antitumour effect of plumbagin in cultured can-
cer cells [13,35,43].

Detection of DNA synthesis in proliferating cells relies on the
incorporation of labeled DNA precursors into cellular DNA dur-
ing the S phase of the cell cycle [33]. EdU is a thymidine an-
alogue in which a terminal alkyne group replaces the meth-
yl group in the 5 position that is subsequently incorporated
into cellular DNA during DNA replication. The terminal alkyne
group is then detected through its reaction with fluorescent
azides, in a Cu(l)-catalyzed [3 + 2] cycloaddition (“click” chem-
istry) [33,34,44]. The EdU incorporation assay and the clono-
genic assay showed that plumbagin induced a concentration-
dependent inhibitory effect on Tca8113 cells. This effect was
confirmed by Hochest 33258 and AO/EB fluorescent staining.
In agreement with other studies, we demonstrated that plum-
bagin inhibited cell growth and induced apoptosis in Tca8113
cells in a concentration- and time-dependent manner.

To better understand the mechanism of plumbagin-mediated
cell proliferation inhibition, we investigated cell cycle distribu-
tion using flow cytometric analysis. Treatment with plumba-
gin resulted in a significant growth arrest in the G2/M phase
of Tca8113 cells. The G2/M arrest observed in this report is
similar to that observed in response to plumbagin treatment
in breast cancer, lung cancer, and melanoma cells [35,38]. In
contrast, Powolny et al. [14] reported that the percentage of
G2/M fraction did not differ significantly between the DMSO-
treated control and the plumbagin-treated prostate cancer
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cells. The percentage of G2/G1 fraction did not differ signifi-
cantly between control and plumbagin-treated Tca8113cells.

To confirm whether the cytotoxic effects induced by plumba-
gin in Tca8113 cells involved apoptotic changes, cells were ex-
amined for characteristic apoptotic patterns using light micros-
copy and TUNEL assay. Apoptosis is characterized by a set of
morphologic changes including chromatin condensation, nu-
clear fragmentation, membrane blebbing and cell shrinkage
[27]. The induction of the apoptotic cell death by plumbagin
was supported by typical morphological and molecular hall-
marks including chromatin fragmentation and phosphatidy!-
serine exposure. Apoptotic cells that were labeled with annexin
V-FITC and excluding Pl were then quantified by flow cytome-
try. The results involving the induction of apoptosis in Tca8113
cells by plumbagin are consistent with previous findings using
other cancer cell lines such as human melanoma cells, cervi-
cal cancer cells, and breast cancer cells [45,46]. Bcl-2 family
members are apoptosis regulatory proteins which are strong-
ly correlated with the oncogenesis and progression of OSCC
[28,47,48]. The Bcl-2 family proteins are known to regulate
apoptosis by changing its relative levels. Bcl-2, a major anti-
apoptotic protein, can form a heterodimer complex with the
proapoptotic member Bax, thereby neutralizing its proapoptot-
ic effects. Therefore, the ratio of Bax/Bcl-2 is a decisive factor
and plays an important role in determining whether cells will
undergo death or survival [25,43]. The present study demon-
strated that plumbagin treatment could lead to an increase
in the Bax/Bcl-2 ratio. This change in proapoptotic/antiapop-
totic protein ratio might contribute to the apoptosis-promot-
ing activity of plumbagin.

Conclusions

In summary, our data suggest that plumbagin is a potential
anticancer agent against human tongue carcinoma with an-
ti-proliferative potential and proapoptotic effects. Plumbagin-
induced apoptosis is associated with change in the Bax/Bcl-
2 ratio. Further mechanistic studies in vitro and in vivo will be
required to assess the potential of plumbagin in prevention
and treatment of tongue carcinoma.
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