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Abstract

Recent studies have shown that arsenic trioxide can induce a clinical remission in patients with
acute promyelocytic leukemia. However, the molecular mechanisms of action remain to be
elucidated. In this research, we performed the MTT assay to evaluate the cytotoxic effects of
arsenic trioxide (ATO) to HL-60 cells and to compare their relative sensitivity to that of HepG»,
and Jurkat T cells. We also performed the thiobarbituric acid test to determine the levels of
malondialdehyde (MDA) plus 4-hydroxy-2 (E)-nonenal (4-HAE) production in these three cell
lines following exposure to arsenic trioxide. The result of MTT assay clearly demonstrated that
ATO has a significant cytotoxic effect on HL-60, Jurkat, and HepG, cells; showing 24 hrs LDsgq
values of 6.4 + 0.6 pg/mL, 15 + 3.84 pug/mL, and 23.2 + 6.03 pug/mL, respectively. These data
indicated that HL-60 cells are about twice as sensitive to arsenic toxicity compared to Jurkat T
cells and about 3 times more sensitive to arsenic trioxide compared to HepG, cells. The result of
the thiobarbituric acid test demonstrated that arsenic trioxide treatment resulted in a significant
increase (p <0.05) of MDA and HAE production, indicating that oxidative stress plays a key role
in arsenic induced toxicity and cell injury. MDA and HAE levels were significantly higher in
arsenic trioxide-treated HL-60 cells, indicating that these cells appear to be more sensitive to
oxidative stress than HepG, and Jurkat T- cells. In summary, these results indicate that the
pharmacology of ATO as an effective anti-cancer drug is associated with its cytotoxic effects in
human promyelocytic leukemic cells. This cytotoxicity is found to be mediated by oxidative
stress, a biomarker of cellular injury.
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l. INTRODUCTION

Arsenic trixiode has been shown to inhibit both proliferation and viability when tested
against a panel of lymphoma cell lines (1), and arsenicals have activity in vitro against
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myeloma cell lines and primary myeloma cells (2). Recently, arsenic trioxide (Trisenox) has
been used as an anticancer agent in the treatment of acute promyelocytic leukemia. One of
the major mechanisms by which arsenic exerts its toxic effect is through impairment of
cellular respiration by the inhibition of various mitochondrial enzymes, and the uncoupling
of oxidative phosphorylation. In addition, arsenic toxicity results from its ability to interact
with sulphydryl groups of proteins and enzymes, and to substitute phosphorous group in a
variety of biochemical reactions (3).

Although arsenic trioxide (ATO) has cytotoxic effects on several cancer cell, its molecular
mechanisms of action remain to be elucidated. Hence, the aim of the present study was to
assess the relative sensitivity of HL-60, Jurkat, and HepG cells to arsenic trioxide toxicity
and to determine the role of oxidative stress in ATO induced cytotoxicity to these cells.

Il. MATERIALS AND METHODS

I.1. Chemicals and Test Media

Arsenic trioxide (As,03), CASRN 1327-53-3, MW 197.84, with an active ingredient of
100% (wi/v) arsenic in 10% nitric acid was purchased from Fisher Scientific in Houston,
Texas. Growth medium RMPI 1640 containing 1 mmol/L L-glutamine was purchased from
Gibco BRL products (Grand Island, NY). Ninety six-well plates were purchased from
Costar (Cambridge, MA). Fetal bovine serum (FBS), antibiotics (penicillin G and
streptomycin), phosphate buffered saline (PBS), and MTT assay kit were obtained from
Sigma Chemical Company (St. Louis, MO).

I1.2. Tissue Culture

In the laboratory, cells were stored in the liquid nitrogen until use. They were thawed by
gentle agitation of their containers (vials) for 2 minutes in a bath at 37°C. After thawing, the
content of each vial of cell was transferred to a 25 cm? tissue culture flask, diluted with up to
10 mL of RMPI 1640 (HL-60 and Jurkat T-cells) or DMEM (HepGs cells) containing 1
mmol/L L-glutamine (GIBCO/BRL, Gaithersburg, MD) and supplemented with 10% (v/v)
fetal bovine serum (FBS), 1% (w/v) penicillin/streptomycin. The 25 cm? culture flasks (2 x
108 viable cells) were observed under the microscope, following by incubation in a
humidified 5 % CO, incubator at 37°C. Three times a week, they were diluted to maintain
under the same conditions at a density of 5 ° 105/mL and harvested in the exponential phase
of growth. The cell viability was assessed by the trypan blue exclusion test (Life
Technologies) and manually counted using a hemocytometer.

[1.3. Cytotoxicity/ MTT Assay

Human leukemia HL-60 cells and human Jurkat-T cells were maintained in RMPI 1640.
Human liver carcinoma (HepGy) cells were maintained in DMEM. Both RPMI 1640 and
DMEM containing 1 mmol/L L-glutamine were supplemented with 10% (v/v) fetal bovine
serum (FBS), 1% (w/v) penicillin/streptomycin, and incubated at 37°C in humidified 5%
CO, incubator. To 180 uL aliquots in six replicates of the cell suspension (5 x 10%/mL)
seeded to 96 well polystyrene tissue culture plates, 20 pL aliquots of ATO solutions (1.25,
2.5, 5, 10, 20, and 40ug/mL) were added to each well using distilled water as solvent. Cells
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incubated in culture medium alone served as a control for cell viability (untreated wells). All
chemical exposures were carried in 96 well tissue culture plates for the purpose of chemical
dilutions. Cells were placed in the humidified 5% CO, incubator for 24 hrs at 37°C. After
incubation, 20 pL aliquots of MTT solution (5 mg/mL in PBS) were added to each well and
re-incubated for 4 hours at 37°C following by low centrifugation at 800 rpm for 5 minutes
for HL-60 and Jurkat T-cells. Then, the 200 pL of supernatant culture medium were
carefully aspirated and 200 pL aliguots of dimethylsulfoxide (DMSO) were added to each
well to dissolve the formazan crystals, following by incubation for 10 minutes to dissolve air
bubbles. The culture plate was placed on a Biotex Model micro-plate reader and the
absorbance was measured at 550 nm. The amount of color produced is directly proportional
to the number of viable cell. All assays were performed in six replicates for each
concentration. Cell viability rate was calculated as the percentage of MTT absorption as
follows: % survival = (mean experimental absorbance/mean control absorbancex100).

Il. 4. Assay of Lipid Peroxidation

Statistical Analysis—Data were presented as means + SDs. Statistical analysis was done
using one way analysis of variance (ANOVA) for multiple samples and Student's t-test for
comparing paired sample sets. P-values less than 0.05 were considered statistically
significant. The percentages of cell viability and MDA plus HAE levels were presented
graphically in the form of histograms, using Microsoft Excel computer program.

[ll. RESULTS
[ll.1. Cytotoxicity/MTT Assay

Data presented in (Fig 2) clearly demonstrate that arsenic trioxide has a significant cytotoxic
effect on HL-60, Jurkat, and HepG cells. LDsq values of 6.4 + 0.57 pg/mL, 15 + 3.84
ug/mL, and 23.2 + 6.03 pg/mL were computed for HL-60, Jurkat, and HepG, cells,
respectively. These data indicate that HL-60 cells are about twice as sensitive to ATO
compared to Jurkat T-cells and about 3 times more sensitive to ATO compared to HepG,
cells (Fig. 2, 3). Taken together, our results demonstrated a strong dose-response
relationship with regard to ATO cytotoxicity. At low doses of exposure, arsenic trioxide
produces a slight linear increase in cell viability. On the other hand, it produces a non-linear
gradual decrease in cell viability at higher doses.

lll. 2. Lipid Peroxidation Assay

The standard curve generated from lipid peroxidation assay is presented in (Fig 4), and the
effect of arsenic trioxide on lipid peroxidation is presented in (Fig 5). Results of this assay
indicated an elevated production of MDA plus HAE in ATO-treated cells compared to the
control cells. At low doses of exposure, the release of MDA plus HAE was higher in HL-60
cells compared to Jurkat and HepG2 cells, indicating that HL-60 cells is more sensitive to
ATO than other cell lines.
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V. DISCUSSION
IV.1. Cytotoxicity/MTT Assay

Cytotoxicity can be defined as the cell killing property of a chemical compound independent
from the mechanism of death. We examined the cytotoxic effect of arsenic trioxide on the
HL-60, Jurkat, and HepG, cells. Findings from our study clearly showed that arsenic
trioxide is highly cytotoxic to these three cell lines. Several studies have addressed the
cytotoxicity of arsenic to various cells. A study has shown that when using 0.5 to 1 uM/L of
ATO, apoptosis was induced in the monocytic cells line NB4 (4). Cytotoxicity studies of two
multiple myeloma (MM) derived cell lines, RPMI 8226 and U266, found that 1.0 uM/L
ATO inhibited cell proliferation resulting in a weak degree of apoptosis induction, and 2.0
UM/L ATO- induced cell apoptosis. These results showed that ATO exerts apoptosis
inducing and growth-inhibiting effects on MM derived cells (5). Recently, we reported that
ATO is cytotoxic to human liver carcinoma (HepGy) cells, showing a LDsg of 8.55 + 0.58
pg/ml after 48 hrs of exposure (6, 7). Findings from other studies suggest that low doses of
arsenic are effective in APL and show considerable promise in preclinical models of other
tumor types (8). Taken together, these results indicated that HL-60 cells are more sensitive
to ATO than HepG, cells and many other cell lines.

IV. 2. Lipid Peroxidation Assay

Because heavy metals such as arsenic are powerful catalysts of lipid peroxidation processes
(9), the induction of lipid peroxidation in arsenic trioxide - treated cells was determined by
estimating the levels of malondialdehyde (MDA) plus 4-hydroxy-2 (E)-nonenal (4-HAE).
Our results demonstrated that ATO treatment resulted in a significant increase (p <0.05) of
MDA plus HAE, indicating that oxidative stress plays an important role in arsenic induced
toxicity and cell injury.

These studies suggest that the pharmacology of ATO as an effective anti-cancer drug is
associated with its cytotoxic effects in human promyelocytic leukemic cells, which is found
to be mediated through oxidative stress, a biomarker of cellular injury. Damage to cell
organelles produced by lipid peroxidation has been demonstrated by many investigations.
However, there is not a firm evidence about the mechanism of lipid peroxidation. One of the
primary effects of ATO in the cell is induction of oxidative stress, which is followed by the
development of apoptosis (10, 11). The metal-induced lipid peroxidation is mostly attributed
to increased production of free radicals (9, 12). Our results indicate that excess ATO
increased oxidative stress, as is evident from increased lipid peroxidation. Several authors
(13, 14) have reported similar increase in lipid peroxidation products (MDA) when plant
cells were treated with copper.

V. CONCLUSIONS

Arsenic trioxide exerts a potent cytotoxic effect on human leukemia (HL-60) cells and other
cell lines by inhibiting cell proliferation and inducing cell death. Such effects have been
observed in cultured cell lines and animal models, as well as clinical studies. Findings from
these studies indicate that the pharmacology of ATO as an effective anti-cancer drug is
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associated with its cytotoxic effects in human promyelocytic leukemic cells. This
cytotoxicity is found to be mediated by oxidative stress, a biomarker of cellular injury.
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Figure 1.
Schematic representation of the steps in Lipid Peroxidation assay
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Figure 2.
Cytotoxicity of ATO to HepG,, Jurkat, and HL-60 cells.
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Figure 3.

Mean values of 24 h-LDsq of ATO to HL-60, Jurkat, and HepG2 cells.
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Figure4.

MDA standard curve showing the net absorbance at 586 nm as a function of MDA

concentration.
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Effects of different concentrations of ATO on MDA plus HAE production in HL-60, Jurkat,

and HepGs, cells.
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