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Abstract Purpose: Arsenic compounds have been found
to be effective in the treatment of acute promyelocytic
leukemia through the downregulation of bcl-2 expres-
sion. Resistant ovarian cancer cells often overexpress
bcl-2 or pS3 proteins or both. We hypothesized that
arsenic compounds, such as As,Os3 and As,Ss, could also
be active against gynecological cancers resistant to
conventional chemotherapy. Methods: We investigated
the effects of these two arsenic compounds in vitro on
ovarian cancer cell lines sensitive (OVCAR, GG, JAM)
and resistant (CI80-13S) to cisplatin (CDDP) and on
human cervical cancer cell lines (HelLa) in comparison
with their effects on human fibroblasts (HF). A fluoro-
metric assay based on measurements of fluorescein
diacetate (FDA) in cells was used to determine cell
viability. Apoptosis was assessed in terms of cell mor-
phology, by flow cytometry and by a DNA fragmen-
tation assay. Results: Treatment of each cell line with
the As,O; or As,S; led to a marked dose-dependent
decrease in cell growth. The ICs of the two compounds
indicated a significantly greater cytotoxic effect against
all the cancer cells tested than against the normal HF. At
a clinically achievable concentration (2 pM), As,Os se-
lectively inhibited the growth and induced apoptosis in
CI80-13S, OVCAR and HeLa cells but had no signifi-
cant apoptotic effect on GG or JAM cells or HF. Fol-
lowing treatment with 5 uM As,S;, the CI80-13S,
OVCAR and HelLa cells also exhibited growth inhibi-
tion and induction of apoptosis. Conclusions: Arsenic
compounds (As,O3 and As,S;) can inhibit growth and
induce apoptosis in human ovarian and cervical cancer
cells at clinically achievable concentrations, indicating
that As,O3; and As,S; could be effective in the treatment
of gynecological cancer.
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Introduction

Arsenic compounds have been identified as comutagens
and cocarcinogens in epidemiological studies [4], but
historically they have been used to treat patients with
acute leukemia and chronic myelogenous leukemia [14].
Recently, arsenic compounds such as arsenic trioxide
(As»O3) and arsenic disulfide (As,S,) that have been
utilized in traditional Chinese medicines as anthelmintics
or remedies for skin problems, have been demonstrated
to have antileukemic effects in vitro [5-7, 46]. These
compounds have been found to be remarkably effective
clinically in the treatment of patients with acute prom-
yelocytic leukemia (APL) [19, 34, 36, 37, 42]. As,O; has
been shown to be particularly active against refractory
APL resistant to both cytotoxic chemotherapy and
differentiation therapy by all-trans-retinoic acid [6].
Importantly, no significant bone marrow suppression
has been noted in most patients following administration
of As,O5 [19, 34].

The therapeutic efficacy of As,O; in APL has
prompted many investigations seeking to elucidate the
mechanism of action of As,O3 in APL cell lines. Pre-
liminary results have shown that As,Os; induces
apoptosis in the APL cell line NB4 through downregu-
lation of bcl-2, thus causing degradation of PML
(promyelocytic leukemia) and PML-RARa (retinoic
acid receptor-«) proteins and expression and activation
of the apoptosis-associated protein caspase in the ab-
sence of apparent differentiation [1, 2, 5]. More recently,
it has been suggested that the antileukemic effects of
As,O3 are directly related to its ability to induce the
relocalization and degradation of PML, as well as the
degradation of PML-RARa in APL cells [25, 33, 46].

It has been shown in other studies that the apoptotic
effect of As,Os is not specific for APL cells, but can also
occur in various other cancer cell lines. At clinically
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achievable concentrations of As,O3 (1-2 uM) apoptosis
is triggered in cells derived from chronic myelogenous
leukemia [26], non-M3 acute myelogenous leukemia [24],
lymphoid leukemia [44], B-cell leukemia [47], some
multiple myeloma [20, 30], human gastric cancer [43],
human cervical cancer [45] and some solid tumors, such
as esophageal cancer [35] and neuroblastoma [2].

To date, little is known about the effects of arsenic
compounds on human ovarian cancer. Ovarian cancer is
one of the leading causes of cancer death among women.
At present, chemotherapy is the most common treat-
ment. Cisplatin, a DNA-damaging agent, which readily
induces apoptosis in vitro, is one of the most widely used
anticancer drugs in the treatment of ovarian cancer.
Cisplatin-based chemotherapy is highly effective. How-
ever, resistance to this drug often occurs and is a major
limitation to its clinical use. Experiments using tumor
cell lines sensitive and resistant to cisplatin have shown
that acquired resistance to the drug is due to one or
more factors acting alone or in conjunction with others.
These factors include decreased intracellular drug accu-
mulation, increased drug efflux and cellular glutathione
levels, loss of DNA mismatch repair, and the activation
of certain oncogenes [15, 21, 28].

Drug resistance in tumors can also be caused by the
suppression of apoptosis after cytotoxic insult [10]. The
expression and activity of p53 and the Bcl-2 family often
play important roles in controlling apoptotic responses
to drug-induced cellular insults, thus modulating the
chemosensitivity of tumor cells [16]. An in vitro study
has demonstrated that ovarian carcinoma cell lines re-
sistant to cisplatin naturally overexpress bcl-2 and/or
p53 proteins, suggesting a possible important role of
these genes in the acquired resistance [12]. As one of the
therapeutic effects of As,O3z in APL cells is the down-
regulation of bcl-2 expression [5], we hypothesized that
arsenic compounds might also have effects on ovarian
carcinoma.

In this study, we investigated the cytotoxic and
apoptotic effects of As,O; and As,S; on four human
ovarian cancer cell lines and one cervical cancer cell line,
using normal human fibroblasts (HF) as a control.
These cell lines have different degrees of sensitivity/re-
sistance to cisplatin. The cytotoxic effects of arsenic
compounds on the different cells were determined using
a semiautomated fluorometric microculture cytotoxicity
assay (FMCA). The apoptotic effects of these arsenic
compounds on the cells were further confirmed using
phase-contrast microscopy, flow cytometry and a DNA
fragmentation assay.

Materials and methods

Cells and cell culture

The cell lines [11] used in our experiments were four human ovarian
cancer cell lines (CI80-13S, OVCAR, GG and JAM) and one cer-
vical cancer cell line (HeLa). These cell lines were kindly supplied
by Queensland Institute of Medical Research, Australia. The der-

mal HF used as a normal control were obtained from the Skin
Culture Laboratory, Singapore General Hospital. The ovarian
cancer cell lines were grown as monolayers in RPMI-1640, and
HeLa cells and HF in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 1% penicillin/streptomycin and 10%
fetal bovine serum (HyClone Laboratories, Logan, Utah) at 37°C
in a humidified atmosphere containing 5% CO,. Cell viability of
the stock cultures used for subsequent experiments was always
above 95% as assessed by trypan blue exclusion.

Drugs and reagents

Stock solutions were prepared by dissolving As,O; and As,S;
(Sigma Chemical Company, St Louis, Mo.) in phosphate-buffered
saline (PBS) at a concentration of 1.0 mmol/l and stored at 4°C.
They were diluted to the working concentrations with culture me-
dium before use. A stock solution of fluorescein diacetate (10 mg/
ml, FDA; Sigma) was prepared in DMSO, kept frozen (-20°C) and
protected from light.

Cell morphology

Cell morphological changes with or without As,O; or As;S;
treatment were assessed by phase-contrast microscopy. Cells were
treated with or without the test compounds for 3 days. Photo-
graphs of the adherent cells were then taken under a phase-contrast
microscope after the medium containing floating cells had been
removed.

Fluorometric microculture cytotoxicity assay

The drug cytotoxicity and cell proliferation were determined using
a previously described FMCA [22, 23] with minor modification.
FMCA is based on measurements of the fluorescence generated
from the hydrolysis of FDA to fluorescein by cells with intact
plasma membranes. Briefly, cells were seeded into 96-well microt-
iter plates (10,000 cells per well). The plates were incubated at 37°C
overnight to allow the cells to adhere to the bottom. The medium of
the plates was then changed to 200 pl medium containing the test
compounds or the vehicle of the test compounds as control. After
an incubation period of 3 days, the plates were washed with PBS.
The FDA stock solution was diluted to 2 pg/ml with PBS and 200 pl
of this solution was then added to each of the control, experimental
and blank wells. The plates were incubated for 30 min at 37°C and
the fluorescence generated from each well was measured at an ex-
citation wavelength of 485 nm and an emission wavelength of
535 nm. In a preliminary study the fluorescence was found to be
proportional to the number of viable cells in the well.

Quantification of FMCA results

Cell survival is presented as survival index (SI), which was defined
as the fluorescence in experimental wells expressed as a percentage
of that in the control wells. ICsy was defined as the concentration
giving a SI 50% of the control SI.

Flow cytometric analysis of apoptosis and cell cycle distribution

Apoptosis was identified and quantified by flow cytometry with
propidium iodide (PI; Sigma) staining [29]. Cells were treated with
different concentrations of drugs for 72 h. At the end of the incu-
bation, all floating and adherent cells were collected and fixed in
70% ice-cold ethanol, and kept in the freezer (-20°C) at least
overnight until analysis. Fixed cells were washed twice with PBS
and treated with 1 mg/ml RNAse (DNAse-free) for 30 min at 37°C.
Cellular DNA was stained with 50 pg/ml PI in PBS containing
0.05% v/v Nonidet P-40. The cells were stored at 4°C overnight.
Samples were filtered through a 30 um pore size nylon mesh before



analysis by flow cytometry. At least 10,000 cells were collected for
each sample. From the analysis of DNA histograms, the percentage
of cells in different cycle phases was evaluated. Cells with a DNA
content less than the cells in the G| phase (sub-G;) were taken as
apoptotic cells [9].

DNA fragmentation assay

The detection of apoptotic DNA fragments was performed as de-
scribed previously [17]. Following incubation with As,O3; or As,S;3
for 72 h, approximately 3 x 10° adherent and nonadherent cells
were harvested after centrifugation. The harvested cells were
washed twice with PBS, and then resuspended in 0.5 ml lysis buffer
(1% NP-40, 50 mM Tris-HCI, pH 7.5, 20 mM EDTA). They were
kept on ice for 10 min, mixed gently, and centrifuged in a micro-
centrifuge for 10 min at 14,000 g at 4°C, and the supernatant was
saved. The extraction was repeated once. The supernatants were
combined, and SDS and RNase A were added to a final concen-
tration of 1% and 0.5 mg/ml, respectively. Samples were incubated
at 56°C for 2 h, proteinase K was added to a final concentration of
2 mg/ml, and the mixture was incubated at 37°C for 2 h. One-half
volume of 10 M ammonium acetate and 2.5 volumes of cold eth-
anol were added to the supernatant followed by incubation over-
night at —20°C. DNA was collected by centrifugation at 14,000 g
for 20 min at 4°C, and the DNA pellet was dissolved in 50 pl TE
buffer (10 mM Tris-HCIL, pH 7.5, | mM EDTA, pH 8.0). The DNA
samples were separated by electrophoresis in a 2% agarose gel
containing 0.5 pg/ml ethidium bromide in TAE buffer (40 mM
Tris-acetate, pH 8.0, 2 mM EDTA). The gels were then visualized
and photographed under UV light. Each experiment was repeated
at least two times to confirm the results.

Statistics

Most experiments were repeated three times. In the FMCA ex-
periments, all measurements were done in six replicates and the
results are expressed as means+SD for the data combined from
separate experiments. The significance of differences between
groups was determined by one-way ANOVA with the statistics
software SPSS (Version 9.0.1, SPSS, Chicago, Ill.).

Results
Effect of As,O3 and As,S; on cell morphology

After exposure to 2 pM As,O5 or 5 uM As,S; for 72 h,
the growth of CI80-13S, OVCAR and HeLa cells was
clearly inhibited and there was a marked decrease in cell
numbers compared to the control (Fig. 1). Typical
apoptotic features were noted in CI80-13S, OVCAR and
HeLa cells, including blebbing of the plasma membrane,
chromatin condensation and formation of apoptotic
bodies following exposure to As,Oz (2 uM) or As,S;3
(5 uM). However, no significant changes in morphology
or cell numbers were observed in GG or JAM cells or
HF after the same treatment (Fig. 1).

As,O3 and As,S;3 cause a dose-dependent inhibition
of growth in ovarian cancer cell lines
and cervical HeLa cells

To investigate the effects of As,O3; and As,S; on cell
survival and proliferation, four human ovarian cancer
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cell lines CI80-13S, OVCAR, GG and JAM, in addition
to HeLa cells and HF were tested. These cell lines had
different sensitivities to cisplatin as shown in Fig. 2. The
dose-response curves of As,O; and As,S; for each cell
line are shown in Fig. 3. Treatment of each cell line with
different concentrations of As,O3 (0.1-20 uM) or As,S;
(1-50 pM) for 72 h led to a marked dose-dependent
growth inhibition as determined in the FMCA. However,
these cell lines exhibited distinctly different sensitivities to
As,O3 and As,S;. CI80-13S, OVCAR and HelLa cells
were very sensitive to As,O3; and As,Ss: a significant re-
duction in cell survival was observed at very low con-
centrations of these arsenic compounds. The ICs, values
of As,O5 and As,S; in the cells exhibiting distinct sensi-
tivities are shown in Table 1. The order of sensitivity to
As,O; was OVCAR>HeLa>CI80-13S> GG >JAM >
HF. The cisplatin-resistant CI80-13S and the cisplatin-
sensitive OVCAR ovarian cell lines and the cisplatin-
sensitive cervical cell line HeLa were all very sensitive to
As,03. The ICsq values of As,Oj5 in these cell lines were
about 2 pM which was much lower than that in HF
(10 uM). These three cell lines were also more sensitive to
As>S; than HF. The ICs, values of As,S; in these cell
lines (5.61, 8.05 and 8.69 uM for CI80-13S, OVCAR and
HeLa, respectively) were much lower than in HF
(44.29 uM). The order of sensitivity to As,S; was CI80-
13S>0OVCAR>HeLa > GG >JAM >HF. In addition,
all cancer cell lines tested showed significantly higher
sensitivity to the two arsenic compounds than HF
(P<0.05).

As,05 and As,S;5 induce apoptosis in both
cisplatin-resistant CI80-13S and cisplatin-sensitive
OVCAR cells and cervical HeLa cells

To investigate whether the inhibition of cell proliferation
by As,O3 and As,S; was due to cell cycle arrest and/or
apoptosis, cell cycle analyses were performed by flow
cytometry. After treatment with 1, 2 and 3 pM As,O5 or
1, Sand 10 puM As,S; for 72 h, CI80-13S, OVCAR and
HeLa cells exhibited a dose-dependent decrease in the
percentage of cells in G; phase and a concomitant in-
crease in the percentage of cells with less than G (sub-
G)) phase compared to the untreated cells. However, in
JAM and GG cells and HF after the same treatment
there was no difference observed in the percentages of
cells with a G, and sub-G; content of DNA compared to
the control.

A distinct well-quantifiable region below the G,
phase is a typical profile of apoptotic cells. DNA content
distribution histograms clearly indicated that exposure
of CI80-13S, OVCAR and HeLa cells to 2 pM As,O;, a
clinically achievable concentration, or 5 uM As,S; for
72 h resulted in the appearance of cells with a fractional
DNA content forming a well-defined sub-G; peak.
However, at the same concentrations, no major varia-
tion was observed in the HF, or GG and JAM cells.
Figure 4 shows a representative DNA histogram for
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Fig. 1 Effect of As,O; and
As,S; on cell morphology. Cells
were treated with or without
As,05 (2 pM) or As,S; (5 uM).
After 72 h, the medium con-
taining floating cells was re-
moved and photographs of the
adherent cells were taken under
a phase-contrast microscope.
Original magnification x400

_— - -
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OVCAR ovarian cancer cell: Control (left); As,O; treatment (middle); As,S; treatment (right)

| w

HeLa cell: Control (left); As,O5 treatment (middle); As,S, treatment (right)

CI80-13S and GG cells and HF after treatment with
2 uM As,O3 or 5 uM As,S; for 72 h. The percentages of
apoptotic cells after treatment with As,O3 or As,S; are
shown in Fig. 5. At 2 uM As,0O;, the mean percentages
of apoptotic cells were found to be 45.6%, 41.9% and
34.66%, respectively, in CI80-13S, OVCAR and HeLa
cells, while the percentages of apoptotic cells in the GG
and JAM cells and HF were all lower than 10%.

As,03 and As,S; induce DNA fragmentation
in CI80-13S, OVCAR and HeLa cells

Internucleosomal DNA degradation is a very specific
event in apoptosis. To further confirm that As,Os-
or As,Ss;-treated cells demonstrated the biochemical
characteristics of apoptosis, DNA degradation analysis
was performed. The DNA from CI80-13S, OVCAR



Fig. 1 Continued

and HeLa cells displayed the characteristic internucle-
osomal ladder of DNA fragments after treatment with
2 uM As;O; (Fig. 6A) and 5 uM As,S; (Fig. 6B) for
72 h. In contrast, GG and JAM cells and HF did not
show any DNA fragmentation after treatment with the
same concentrations of As,Os; and As,S; (data not
shown).

Human Fibroblast cell: Control (left); As,O4 treatment (middle); As.S; treatment (right)
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Discussion

Apoptosis (programmed cell death) has emerged as an
important biological mechanism that contributes to the
maintenance of the integrity of multicellular organisms.
It has been shown that tumors develop not only from
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Fig. 2 The relative sensitivity of the ovarian cancer cell lines,
cervical cancer cell lines and HF to cisplatin. The cells (10,000 per
well) were incubated with increasing concentrations of cisplatin for
3 days and subsequently analyzed in the FMCA. The results are
presented as the means+SD from at least two individual
experiments
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Fig. 3a, b The cytotoxic effects of As,O3 (a) and As,S;3 (b) on the
four human ovarian cancer cell lines, cervical HeLa cell line and
HF. The cells (10,000 per well) were treated with the indicated
concentrations of As,O3 or As,S; for 3 days and then analyzed in
the FMCA. The results are presented as means+ SD from at least
three experiments. In each experiment, the data were calculated as
the means from six replicates

abnormal cell proliferation and inhibition of differenti-
ation, but also from reduced cell death due to inhibition
of apoptosis [3]. Evidence suggests that the failure of
cells to undergo apoptosis might be a factor in the
pathogenesis of a variety of human diseases, including
cancer, autoimmune diseases, and viral infections [32,
39]. In addition, a large number of diseases characterized
by cell loss, such as neurodegenerative disorders, AIDS,
and osteoporosis, may result from accelerated rates of
physiological cell death. Cells from a wide variety of
human malignancies have been shown to have a de-
creased ability to undergo apoptosis in response to at
least some physiologic stimuli [18]. Apoptosis has be-
come a focus of interest in oncology [13, 38]. Specific
therapies are being designed to enhance the susceptibil-
ity of individual cell types from a variety of human
cancers to undergo apoptosis for.

Recent studies have shown that As,O; can induce
apoptosis in the APL cell line NB4. Clinically, it is ef-
fective in the treatment of APL [34], and even in relapsed
cases after all-trans-retinoic acid-induced remission [34].
Furthermore, As,O;, sodium arsenite [27] and melar-
soprol, an organic arsenical [40], have also been shown
to induce apoptosis in NB4 cells. However, the toxic
effects of melarsoprol have restricted its clinical use.
As,S;3 is commonly used in traditional Chinese remedies
and its tumorigenicity has been considered lower than
that of other arsenic compounds such as calcium arse-
nate [31, 41].

In this study, we investigated the effect of As,O3 and
As,S; on cisplatin-sensitive and -resistant human ovar-
ian and cervical cancer cell lines. Although cisplatin is
effective in the treatment of ovarian cancer and cervical
cancers, one of the major obstacles that limits its effec-
tiveness is the frequent development of drug resistance
during therapy. Treatment of these cell lines with dif-
ferent concentrations of As,O5; and As»S; for 72 h led to
a marked dose-dependent decrease in cell growth. The
ICso values for all the cancer cell lines examined were
significantly lower than for HF. However, at 1-2 uM
(clinically achievable concentrations that do not cause
severe side effects [34]) As,O5 inhibited the growth of
CI80-13S, OVCAR and HeLa cells. As,S3 at 5 uM also
inhibited the growth of CI80-13S, OVCAR and HeLa
cells. In contrast, the same concentrations of As,O; and
As,S;3 had no significant growth inhibitory effect on GG
or JAM cells or HF, suggesting that the effect of As,O3
and As,S; was lineage restricted. They selectively
inhibited both the cisplatin-resistant and -sensitive
ovarian and cervical cancer cells, but had little effect on
normal cells.

As,Os-induced apoptosis in APL cells is directly re-
lated to the downregulation of bcl-2 protein and mod-
ulation of PML-RAR« fusion protein specific for APL
cells with the t(15;17) translocation [5] and/or modula-
tion of PML protein [46]. The activation of caspases is
also involved in As,0s-induced apoptosis in APL cells
[36]. It has been reported that at concentrations of 0.5—
2.0 uM, As,O; is able to trigger cell death of NB4 cells
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Table 1 ICsy of As,O3 and As,S; in different cell lines exposed for 3 days. The values are the averages from at least two separate

experiments
CI80-13S OVCAR GG JAM HeLa HF
Cisplatin (ug/ml) 7.74£1.7 1+0.18 2.05+0.89 5.53+1.27 1.42+0.01 3.1+0.35
As,03 (WM) 2.1+£0.28* 1.88+£0.49* 6.32+£1.17* 7.26+£1.12% 1.85+£0.54* 10.02+£0.37
As,S3 (LM) 5.61+0.53* 8.05+1.47* 12.73 £1.76* 22.99 £4.25*% 8.69 £2.57* 44.29 £5.09
*P<0.05 vs HF
. o 8 B S T
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by apoptosis [5]. The growth inhibition of the cisplatin-
resistant ovarian cancer cells CI80-13S, the cisplatin
sensitive ovarian cancer cells OVCAR and cervical
HeLa by As,03 and As,S; could be due to induction of
apoptosis. This was confirmed by phase-contrast
microscopy, flow cytometry and the DNA fragmenta-
tion assay.

The mechanisms involved in the relative arsenic sen-
sitivity in different cell lines are not yet clear. Probably
they are related to the biological properties and pheno-
type of the cells, the cellular metabolism of the arsenic
compounds and/or different targets of action. Although
the possible cellular mechanisms underlying the effects

of arsenic treatment have been studied, the precise
mechanism of action is still unknown. Zhang et al. [43]
found that an increase in the intracellular concentration
of Ca’" is associated with As,Os-induced apoptosis in
human gastric cancer MGC-803 and that a critical in-
tracellular Ca®* signal transduction pathway is involved
in As,O;-mediated cell death. The sensitivity to As,Os-
induced apoptosis in several cell lines including NB4
cells is inversely correlated with the intracellular gluta-
thione content, which determines the sensitivity of can-
cer cells toward As,Os [8]. In the study reported here we
demonstrated that As,O3 and As,S; were able to induce
apoptosis in both cisplatin-resistant and -sensitive
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a
CI80-135  OVCAR HeLa
b
Fe
R /
%
%

Cl80-13S

Fig. 5a, b Induction of apoptotic cell death by As,O3 and As,S; in
CI80-13S and OVCAR ovarian cancer cells and cervical HeLa
cells. The cells were treated with 1, 2 and 3 pM As,Oz (a) or 1, 5
and 10 pM As,S; (b). After 72 h of treatment, the floating and
adherent cells were harvested, stained with PI and analyzed by flow
cytometry. The percentage of apoptotic cells are indicated as the
proportion of cells that contained subG; DNA. The means + SD
from at least three independent determinations are shown

ovarian and cervical cancer cells. The high resistance to
cisplatin developed by human ovarian cancer cell lines
has been associated with marked increases in cellular
glutathione synthesis [15]. Thus glutathione may not be
involved in the selectivity of As,Os- and As,S;-induced
apoptosis in the cisplatin-resistant and -sensitive ovarian
and cervical cancer cells. The mechanisms of action
of As,O; and As,S; in these cells lines needs further
investigation.

Many anticancer drugs exert their action via apop-
tosis. The selective induction of apoptosis in tumor cells
without affecting the healthy cells would give fewer side
effects of treatment. This has been the major goal in the
development of chemotherapeutic agents. We demon-
strated that low concentrations of As,O3 and As,S; were
able to selectively inhibit the growth of ovarian and
cervical cancer cells while having little effect on the
normal HF. The findings not only provide preliminary
evidence that As,Os; and As,S; could inhibit human
ovarian and cervical cancer cells in vitro, but also
demonstrated that at clinically achievable concentra-
tions of these compounds the effects were selective and
specific. Our findings suggest that As,O3 and As,S;
might be promising agents in the treatment of ovarian
and cervical cancer sensitive or resistant to cisplatin.

A: 1: Hela control; 2: HeLa As.Os;
3: CIB0-13S control; 4 CIB0-138 As.O;
5: OVCAR control; 6: OVCAR As.Os;
M: DNA marker

1 2 3 4 5 6 M

B: 1: HeLa control: 2: Hela As,Sq:
3: CIB0-135 control; 4 CIS0-135 As.5;;
5: OVCAR control; 6: OVCAR As,Sq;
M: DNA marker

Fig. 6A, B Induction of DNA fragmentation by As,O; and As,S;.
Cells were treated for 72 h with either vehicle (control) or 3 pM
As,05 (A) or 5 uM As,S; (B), followed by lysis and extraction of
soluble DNA. DNA samples were separated by electrophoresis in a
2% agarose gel containing 0.5 pg/ml ethidium bromide at 90 V for
45 min. The gels were visualized under UV light. The experiments
shown are representative of three independent determinations with
similar results
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