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Abstract

The modulation on cellular reactive oxygen species (ROS) affects various cell activities
including survival and death. Apoptosis, a program cell death, is efficiently mediated by both
ROS generators and anti-oxidant compounds. Recently, apoptosis-inducing effect of 4,5,4'-
trihydroxy-3,3"-dimethoxybibenzyl (TDB) extracted from Dendrobium ellipsophyllum, a Thai
orchid has been reported in human lung cancer cells. This study aimed to evaluate ROS-
modulating activity of TDB and its regulation on apoptosis in human lung cancer cells. After
treatment with various concentrations of TDB (10-100 puM), MTT assay revealed the
significant reduction of viability in human lung cancer H460 cells. Lower level of cellular ROS
detected by 2,7 -dichlorofluorescein diacetate (DCFH>-DA) fluorescent probe was indicated
in lung cancer H460 cells incubated with TDB (50 uM) for 3-6 h compared with non-treated
control cells. Pretreatment with hydrogen peroxide (H202) at non-toxic concentration (100 uM)
successfully preserved viability in lung cancer cells treated with 50 uM of TDB. Moreover,
Hoechst33342 staining showed that apoptosis is significantly decreased in H460 cells
incubated with 100 uM of H20> for 30 min prior exposure with TDB (50 pM) compared with
the cells only treated with TDB. These results demonstrated that TDB induces apoptosis in
human lung cancer cells via alteration on cellular ROS level. The novel information obtained
from this study would clarify the apoptosis-regulating mechanisms of TDB for further
development as an effective anti-cancer drug.

Introduction

Lung cancer is one of the most prevalent cancer in both male and female patients,
worldwide.! It can be categorized into small cells (SCLC) and non-small cells (NSCLC) which
account approximately 85% of all lung cancer cases.? 3 According to high successful rate and
patient compliance, chemotherapeutic drugs have been recommended for initial and metastasis
stage of lung cancer pathology.* However, the incidence of chemotherapeutic resistance and
serious side-effects oppose the benefits of current chemotherapy.™® Natural extracts have been
highlightgd as a potential source for searching of novel anti-cancer drugs with human safety
profile.”
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Various anti-cancer compounds mediate apoptotic cell death in cancer cells
dependently on reactive oxygen species (ROS).% 1° ROS has been recognized as signaling
molecules that regulate many cellular activity including survival, proliferation and cell death.
12,13 Oxidative stress induced by anti-cancer drugs cause DNA damage and activate apoptosis
cascade.'* 1 Nevertheless, induction of apoptosis is also reported in various cancer cells
exposed with anti-oxidant extracts.'® 7

The compound, 4,5,4’-trihydroxy-3,3’-dimethoxybibenzyl (TDB), (fig. 1b) was
extracted from Dendrobium ellipsophyllum, a Thai orchid (fig. 1a). Recently, anti-cancer
activity of TDB has been reported in human lung cancer cells.'® 1% 20 Selective activity of TDB
is evidenced with higher 1C50 in dermal papilla cells compared with various lung cancer cells.?
However, the effect of TDB on cellular ROS level has not been investigated. This study aimed
to evaluate ROS modulating activity of TDB and its regulation on apoptosis in human lung
cancer cells.
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Figure 1. A) Dendrobium Ellipsophyllum or Euang Thong B) Chemical structure of 4,5,4"-trihydroxy-
3,3 -dimethoxybibenzyl (TDB)

Methodology:
Chemical reagents

All  chemical reagents including MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide), hoechst33342, propidium iodide (Pl), DMSO
(dimethysulfoxide), 2°,7 -dichlorofluorescein diacetate (DCFH,-DA) fluorescent probe, N-
acetyl cysteine (NAC) and 3% hydrogen peroxide solution were obtained from Sigma
Chemical, Inc. (St. Louis, MO, USA).

Preparation for 4,5,4 -trihydroxy-3, 3 -dimethoxybibenzyl (TDB)

D.ellipsophyllum  extract containing > 98% of 4,54 -trihydroxy-3,3"-
dimethoxybibenzyl (TDB) was provided by Assoc. Prof. Boonchoo Sritularak, Ph.D.,
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical
Sciences, Chulalongkorn University. Before adding into cultured cells, TDB was dissolved in
DMSO and diluted to desired concentrations in optimum medium. The final concentration of
DMSO in cell culture medium should be less than 0.5%.

Cell culture

Human lung cancer H460 cells were obtained from American Type Culture Collection
(ATCC, Manassas, VA, USA). They were cultured in Roswell Park Memorial Institute (RPMI)
medium supplemented with 10% fetal bovine serum (FBS), 2 mmol/l L-glutamine and 100
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units/mL penicillin/streptomycin (Gibco, Gaithersburg, MA, USA). The cells were maintained
under 5% CO» at 37 °C until reach 70-80% confluence before using for further experiments.

Cytotoxicity assay

Cell viability was determined by MTT colorimetric assay. After indicated treatment,
H460 cells at density of 1x10* cells/well in 96-well plates were further incubated with 0.4
mg/mL of MTT in dark place at 37°C for 4 h. The MTT solution was replaced with 100 pl
DMSO to dissolve the purple formazan crystal. The absorbance of formazan solution was
measured at 570 nm using a microplate reader (Anthros, Durham, NC, USA). Cell viability
was calculated from the absorbance value (OD) and presented as percentage related to with
non-treated control cells.

A5 70With sample

Cell viability(%) = x 100

A5 70with control

Nuclear staining assay

Mode of cell death was detected via co-staining of Hoechst33342 and propidium iodide
(P1). Human lung cancer cells were stained with 10 uM of Hoechst33342 and 5 pug/mL PI for
30 min at 37 °C. Then, mode of cell death was evaluated under a fluorescent microscope
(Olympus 1X51 with DP70). Apoptotic cells with condensed chromatin and/or fragmented
nuclei were stained with bright blue fluorescence of Hoechst33342. Meanwhile Pl-positive
cells were presented necrosis cell death.

Detection of cellular reactive oxygen species

Cellular ROS level was determined by 2,7 "-dichlorofluorescein diacetate (DCFH:-
DA) fluorescent probe (Sigma, St. Louis, MO, USA). After seeding H460 cells in 96-well
plates at density of 1x10* cells/well for 12 h, the cells were incubated with 10 uM DCFH,-DA
at4 °C for 15 min. Then pre-incubated cells were further cultured in RPMI containing TDB
(0-50 puM), NAC (1 mM) or H202 (100 uM) for 0-6 h. The cellular ROS level at each time
point was determined by measurement of DCFH.-DA fluorescent intensity using microplate
reader at the excitation and emission wavelengths of 488 and 538 nm, respectively. The relative
cellular ROS level was calculated from the fluorescent intensity at indicated time point divided
by the fluorescent intensity of non-treated control cells at O h.

Statistical analysis

Data representative of three independent experiments were presented as mean +
standard deviation (SD). The significant differences between multiple groups were compared
via analysis of variance (ANOVA), followed by individual comparisons with Scheffe’s post
hoc test. Statistical significance was considered at p < 0.05.

Results and Discussion
TDB induced-apoptosis in human lung cancer cells

After incubation of human lung cancer H460 cells with various concentrations of TDB
for 24 h, there was significant reduction of viability in the cells treated with 10-100 uM of TDB
(fig. 2A). Cell viability was decreased approximately 50% in the cells cultured with 100 uM
of TDB for 24 h. Co-staining with Hoechst33342 and PI notified condensed DNA and
fragmented nuclease which were unique morphology of apoptosis cells in H460 cells after
exposure with TDB at 50-100 uM for 24 h. Meanwhile red fluorescence of Pl was rarely
observed in all TDB-treated cells (fig 2B).
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Figure 2. Cytotoxicity of TDB in human lung cancer cells A) MTT assay revealed the significant
reduction of cell viability in lung cancer cells incubated with 10-100 uM of TDB for 24 h. B) Apoptosis
presented with bright blue fluorescence of Hoechst33342 was observed after incubation of H460 cells
with TDB at 50-100 uM for 24 h whereas there was no detection of necrosis cell. Data are represented
as mean + SD from three independent experiments. *p < 0.05 versus non-treated control cells.
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Figure 3. The relative of ROS level in human lung cancer H460 cells after treatment with TDB 50 uM
for 0.5, 1, 3 and 6 h. The cells treated NAC (1 mM) and H20, (100 uM) were considered as negative
and positive control, respectively. Data are represented as mean + SD from three independent
experiments. *p < 0.05 versus non-treated control cells at the same time point.

TDB modulates cellular ROS level in human lung cancer cells

Figure 3 shows the lower level of cellular ROS in H460 lung cancer cells incubated
with TDB at 50 uM for 3-6 h compare with non-treated control cells at same time point. The
reduction of relative ROS level was also observed after treatment of H460 cells with NAC (1
KM), a well-known anti-oxidant compound. It was worth nothing that non-toxic concentration
(100 pM) of H20, dramatically increased ROS in human lung cancer cells at early incubated
time (30 min). These results demonstrated that TDB at 50 uM possessed anti-oxidant activity
in human lung cancer cells.
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Figure 4. TDB mediated-apoptosis via ROS dependence A) Pre-treatment with 100 uM of H-O;
restrained cytotoxicity of TDB in lung cancer H460 cells B) The diminution of apoptosis cell death was
notified in the cells pretreated with 100 uM of H.O; for 30 min before further incubation with 50 uM
of TDB for 24 h compared with H460 cells cultured with only TDB. Data are represented as mean +
SD from three independent experiments. *p < 0.05 versus non-treated control cells. #p <0.05 versus the
cells treated with only TDB.

Role of anti-oxidant activity in TDB induced-apoptosis

According to anti-oxidant activity, the involvement between the alteration on cellular
ROS and cytotoxicity of TDB was further investigated. Figure 4A indicates that pre-treatment
with 100 uM of H20, a ROS generator for 30 min significantly preserved cell viability in lung
cancer cells exposed with 50 uM of TDB. Interestingly, pre-incubation with H>O> retrained
apoptosis induced by TDB (50 uM) in human lung cancer cells (fig.4B). Notably, treatment
with 100 uM of H2O> for 24 h did not alter viability in human lung cancer cells. These results
indicated that TDB mediated apoptosis in human lung cancer cells via ROS dependence.

Conclusion
TDB extracted from D.ellipsophyllum manifested apoptosis-inducing effect in human lung
cancer cells through anti-oxidant activity.
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