Tea Extract Prevents Arsenic-mediated DNA Damage and Death of
Murine Thymocytes in vitro
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ABSTRACT: Groundwater contamination by arsenic has created a major health hazard in Bangladesh by affecting
millions of people. In this study, we report cytotoxic effects of arsenic in primary culture of murine thymocytes and
the counteractive actions of tea extract to reduce this cytotoxic effects. When murine thymocytes were incubated for
shorter period (1 h) with higher concentrations (50 and 100 µM) of sodium arsenite (NaAsO2), cell viability was
decreased to 79.06 ± 0.52% and 62.53 ± 0.23%, respectively. In case of longer incubation (16 hrs) with a wide range
of NaAsO2 concentration (1-100 µM), cell viability was reduced from 89.30 ± 0.84% to 79.0 ± 0.52% by 1 µM
NaAsO2, and this reduction was continued with increasing concentration reaching to 29.60 ± 0.72% by 100 µM. Tea
is known to possess antioxidant property and we found that this tea extract reduced NaAsO2-mediated death of the
cells in culture. After 16 h of incubation, the chromosomal DNA of 5 µM NaAsO2-exposed cells was found degraded
suggesting apoptotic death of the cells. Interestingly, this degradation of chromosomal DNA was blocked by tea
extract. All of these results together suggest a future therapeutic application of tea extract to reduce or block arsenic
toxicity.
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INTRODUCTION
Arsenic is a notorious metalloid occurring
naturally in the environment as an element of earth’s
crust. A huge population of Bangladesh and other
countries is exposed to arsenic mainly through
drinking contaminated ground water.1,2 As a
consequence, millions of people are affected and
many of them are suffering from skin cancers,
neurodegenerative/cardiovascular disorder, liver/
kidney damage, diabetes, immunotoxicity, etc.3-7 In
the last few years, there has been increasing evidence
of a correlation between arsenic exposure and
generation of reactive oxygen species (ROS).8-10 The
generated ROS are known to cause an imbalance of
cellular antioxidant defense mechanism leading to
adverse effects.8 In addition, arsenic is capable of
¶
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binding and cross-linking cellular proteins thereby
activating multiple cellular signaling pathways that
may also result in cellular dysfunction.11,12
As arsenic toxicity is known to be mediated in
great part through the generation of ROS,
antioxidants therefore are thought to be capable of
acting
against
arsenic-induced
toxicity.
Consequently, antioxidant properties of various plant
sources have drawn the attention of many researchers
for exploring their possible ameliorating effect
against arsenic. Turmeric, widely used as a spice in
Asian nations, has been shown to reduce arsenicmediated adverse effects in mice by virtue of its
antioxidant potentials.13 In addition, fruit extract of
Emblica officinalis protected arsenic-induced
oxidative damage and apoptosis in splenocytes of
mice.14 Moreover, we have recently shown the
protective effects of Phyllanthus emblica leaf extract
(PLE) and water hyacinth root powder on arsenicmediated toxicity in experimental mice.15,16
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Tea has been traditionally used as a drink
worldwide, which is known to possess various health
benefits. Both green and black tea contain different
forms of catechins and their derivatives making both
types of tea capable of working as potential
antioxidants.17 Multiple biological effects of tea have
so far been described, among them are antiinflammatory,
anti-allergic,
anti-aging,
antimutagenic,
anti-diabetic,
and
antimicrobial
activities.18-20 To find some way out to remediate
arsenic toxicity is highly important for an ultimate
target of developing effective therapeutics. In this
study, we investigated the ameliorating effects of
Bangladeshi black tea (known as flowery broken
orange pekoe) on arsenic-mediated cytotoxicity in
murine thymocytes in vitro.
MATERIALS AND METHODS
Culture of murine thymocytes. Swiss albino
mice of 6-8 weeks age were purchased from Animal
division of International Center for Diarrhoeal
Disease Research, Bangladesh (ICDDR, B). Mice
were sacrificed by cervical dislocation and the ventral
side was opened surgically to collect thymus. Single
cell suspensions of thymocytes were prepared in
RPMI-1640 medium (Gibco BRL, CA). Cell
suspensions were incubated in the presence or
absence of NaAsO2 (Merck, Germany) dissolved in
phosphate buffered saline (PBS) at 37 ºC before
further analysis.
Preparation of black tea extract. Black tea was
purchased from the local market as granular powder
and 50 g of this tea powder was soaked in 200 ml
distilled water in a flask followed by boiling for 30
min. The extract was then filtered using Whatman
filter paper (no. 11) to collect filtrate and to remove
residual particulates. The tea filtrates were then
lyophilized using freeze-dryer to get the dried extract.
Yield of the extract was ~12%. Dried extract was
stored at 4 °C and was dissolved in phosphate buffer
saline (PBS) before use.
Cell viability assay. Cell viability was
determined with the trypan blue dye exclusion assay.
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Briefly, thymocytes were suspended in 500 µl RPMI1640 media and plated on 24-well plates (5 × 105
cells/well) in the presence or absence of NaAsO2
followed by incubation at 37 ºC for desired period of
time. Tea extracts (200 µg/ml) were added in some
groups of cells when needed. At the end of
incubation, cells were collected, washed and resuspended in PBS. For staining of the cells, equal
volumes of cell suspension and trypan blue (0.4%)
solution were mixed. Both viable and dead cells were
counted using a hemocytometer under an inverted
microscope (Olympus, Tokyo, Japan). Dead cells
turned into blue as the dye entered into them through
damaged membrane.
Analysis of DNA damage by electrophoresis.
Cellular DNA damage was analyzed using the
method reported previously.21 Briefly, cells were
lysed in 100 µl of hypotonic lysing buffer (50 mM
Tris-HCl, 0.5% SDS, 10 mM EDTA) followed by the
addition of 2 µl of proteinase K (20 mg/ml) and 6 µl
of RNase (10 mg/ml). The resultant mixture was
incubated at 55 °C for 1 hr. Each sample (10 µl) was
mixed with 3 µl of 0.25% (w/v) bromophenol blue
and 40% (w/v) sucrose and was run on 1.0% agarose
gel with 0.1 µg/ml ethidium bromide. DNA bands
were visualized under UV light.
RESULTS AND DISCUSSION
NaAsO2 reduced viability of thymocytes in
vitro. Murine thymocytes were exposed without or
with NaAsO2 (50 and 100 µM) for 1 h and the viable
cells were counted. In untreated control, 98.4 ±
0.58% of the cells remained viable, however; cell
viability was reduced to 79.06 ± 0.52% and 62.53 ±
0.10% by treating the cells with 50 and 100 µM of
NaAsO2, respectively (Figure 1A). When cells were
incubated with a wide range of NaAsO2
concentration (1-100 µM) for longer period (16 h),
cell viability was reduced in a concentrationdependent manner (Figure 1B). Viable cells were
reduced to 79.00 ± 0.52%, 70.10 ± 0.50%, 62.9 ±
0.19%, 48.2 ± 0.14% and 29.60 ± 1.5% by 1, 5, 10,
50 and 100 µM NaAsO2, respectively. Incubation of
the control cells for prolonged 16 h even caused
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reduction of cell viability to 89.73 ± 0.84% (Figure
1B) compared with that of the cells incubated for 1 h
only (Figure 1A).
Tea extract partially prevented NaAsO2mediated cell death. We next examined whether tea
extract could prevent NaAsO2-mediated reduction of
cell viability. It was found that tea extract prevented
NaAsO2-mediated cell death partially when the
extract was added to the culture prior to NaAsO2
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addition (Figure 2). This result indicated that tea
extract might play some role to prevent death of cells
associated with NaAsO2 exposure. The effect of tea
extract in promoting cell viability, however, was less
evident on cells exposed to higher concentrations of
NaAsO2 (50 µM-100 µM). Tea extract alone did not
reduce rather slightly increased the viability of the
cells compared to the control, suggesting no visible
adverse effects of the extract alone on cell viability.

Figure 1. NaAsO2 reduced viability of thymocytes in culture. Thymocytes were treated without or with 50-100 µM of NaAsO2 for 1 h (A)
and without or with 1-100 µM of NaAsO2 for 16 h (B). Viable cells were counted using trypan blue dye exclusion assay as described
in the materials and methods. Each column represents the mean ± SD of triplicate assays.

NaAsO2-mediated cell death was accompanied
by chromosomal DNA degradation. Cell death
induced by lower concentrations of NaAsO2 in this
study might be due to apoptosis associated with
degradation of chromosomal DNA. We, therefore,
examined whether the cells exposed to NaAsO2 might
accompany degradation of DNA or not. The intensity
of the band for chromosomal DNA of 5 µM
NaAsO2–treated cells was decreased compared with
that of the control cells, indicating degradation of
chromosomal DNA (Figure 3). No clear band for the
degraded DNA fragments, however, was detected at
the lower portion of the gel probably due to some
limitations of the method used. It was also observed

that lower or higher than 5 µM of NaAsO2 did not
induce degradation of DNA.
Tea extract prevented NaAsO2-mediated DNA
damage. Finally, we examined whether the tea
extract could prevent arsenic-mediated induction of
DNA damage. We interestingly observed that the tea
extract, when added to the cells prior to NaAsO2
addition, prevented cellular DNA damage (Figure 4).
This result suggested that tea extract might play a
role in blocking arsenic-mediated apoptosis in
thymocytes.

Figure 2. Tea extract partially prevented NaAsO2-mediated death of thymocytes. Thymocytes were incubated without or with 1-100 µM of
NaAsO2 for 16 h. Tea extract (200 µg/ml) was added prior to NaAsO2 addition as indicated. Viable cells were counted using trypan
blue dye exclusion assay as described in the materials and methods. Each column represents the mean ± SD of triplicate assays.

Figure 3.
NaAsO2 induced DNA damage in thymocytes.
Thymocytes were incubated with or without the indicated
concentrations of NaAsO2 for 16 h. These cells were lysed in
hypotonic lysing buffer and DNAs were then analyzed by
agarose gel electrophoresis.

Figure 4. Tea extract blocked NaAsO2-mediated damage of DNA.
Thymocytes were incubated for 16 h with or without 5 µM
NaAsO2. Tea extract (200 µg/ml) was added as indicated
prior to addition of NaAsO2. These cells were lysed in
hypotonic lysing buffer and DNAs were then analyzed by
agarose gel electrophoresis.

Arsenic exposure to human and animal or to
culture cells in vitro impairs various biochemical
activities resulting in adverse effects.5,13,15,16,22,23 In
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the present study, the cytotoxic effects of NaAsO2
has been shown in culture of murine thymocytes as
evident from the reduction in cell viability. Our
results also complied with previous reports that have
demonstrated arsenic-mediated induction of cell
death in primary culture of murine thymocytes,
splenocytes, hepatocytes or culture of leukemia cell
lines.11,14,24-26
To find out a cost-effective and easily available
means to counteract the cytotoxic effect of this
poisonous compound would indeed be very
beneficial. Accordingly, using agents with potential
antioxidant properties could be one of the main
approaches
to
ameliorate
arsenic-induced
cytotoxicity. Tea is considered, nowadays, a good
source of dietary antioxidants endowed with
biological and pharmacological activities for
providing potential benefits to human health.27,28 The
current study demonstrated that tea extract reduced
death or promoted viability of the cells when the
extract was added together with NaAsO2. The effect
of tea extract in promoting cell viability, however,
was less evident on cells exposed to higher
concentrations of NaAsO2 (50-100 µM). These
higher concentrations might induce necrotic death of
cells shortly after addition in culture through damage
of cellular membrane. As the membrane integrity was
lost by the effect of higher concentrations of NaAsO2,
tea extract could not promote viability of those cells.
Arsenic at lower concentrations is known to
induce apoptosis; therefore the death of the cells by
lower concentrations of NaAsO2 in this study might
also be due to apoptosis. We, indeed, observed that 5
µM of NaAsO2 induced degradation of chromosomal
DNA in 16 hrs, supporting our view of apoptosis
induction. This result was also in agreement with
earlier reports of apoptotic death of cells associated
with DNA fragmentation.11,24-26 Higher and lower
than 5 µM of NaAsO2 in this study, however, did not
induce DNA fragmentation of exposed cells. This
was probably because lower concentration (1 µM)
could not generate required amount of signal for
apoptosis induction, whereas higher concentrations
(10-50 µM) induced toxic signals for necrotic cell
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death without DNA fragmentation.21 It can, therefore,
be concluded from the present study that NaAsO2
induces cytotoxic death of cells via apoptosis and
necrosis depending on the dose and duration of
exposure.
Numerous studies have demonstrated that arsenic
exposure induces oxidative stress through generation
of free radicals/ROS thereby implicated in the
induction of apoptosis.11,14,24,25 Such radicals react
with intracellular signaling molecules to activate
various pathways resulting in oxidative damage of
DNA. What our results importantly have shown is
that co-addition of tea extract attenuated NaAsO2mediated damage of DNA. The exact mechanism
behind this effect is still unclear; however, the high
antioxidant contents of tea17 might play roles in
scavenging free radicals generated by NaAsO2.29,30
Therefore, tea might have a beneficial role in
lowering arsenic toxicity probably due to its radical
scavenging property.
Bangladesh is facing what has already been
described as perhaps the largest mass poisoning of a
population in history. The results of this study are,
therefore, encouraging because tea extract could be
used to reduce or to prevent the toxic effect of
arsenic. Further investigation is needed to identify the
specific components of tea that are involved in
mitigating the toxic effects of arsenic.
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