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HIGHLIGHTS
e Sodium arsenite can cause neoplastic transformation in cells.
e Curcumin reduced cell viability and increased LDH activity in transformed Balb/c 3T3 cells.
e Curcumin caused DNA damage in transformed Balb/c 3T3 cells.

e Curcumin may play a protective role in sodium arsenite-induced toxicity.

Abstract: Arsenic is a toxic substance that spreads widely around the environment and accumulates as
metalloid in the earth's crust. Arsenic and its derivatives are found in drinking water, nutrients, soil, and air.
Exposure to arsenic is associated with lung, blood, skin cancer and various lesions. Curcumin is a
polyphenolic compound derived from Curcuma longa (turmeric) rhizome and is one of the main curcuminoids.
Curcumin is known to be antioxidant, antibacterial, anti-inflammatory, analgesic effects. This study aimed to
investigate the potential of sodium arsenite to transform embryonic fibroblast cells and to evaluate the
cytotoxic and genotoxic effects of curcumin in neoplastic transformed cells. Neoplastic cells transformation
was induced by sodium arsenite in Balb/c 3T3 cells at the end of 32 days. After transformation assay, the
transformed cells were treated with various concentration of curcumin to evaluate cell viability, lactate
dehydrogenase activity and DNA damage for 24h. The results revealed that curcumin decreased cell viability
and increased the activity of lactate dehydrogenase enzyme in neoplastic transformed Balb/c 3T3 cells. In
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conclusion, the results demonstrated that curcumin has an anticancer effect on neoplastic transformed Balb/c
3T3 cells by causing DNA damage.

Keywards: cancer; curcumin; embryonic fibroblast cells; genotoxicity; sodium arsenite.

INTRODUCTION

Arsenic is a heavy metal and major environmental toxicant with various deleterious effects in animal and
human health [1]. Arsenic is also found in commercial and industrial products such as pesticides, drugs, wood
preservatives, glass, paper and semiconductors [2]. Drinking water is the most common route of arsenic
exposure and safety levels of arsenic were limited 10 pug/L by the World Health Organization [3]. Arsenic has
been classified by the International Cancer Research Agency as a group | human carcinogen and it is
estimated that over a hundred million people in the world are exposed carcinogen concentrations [4].
Previous studies demonstrated that arsenic had a genotoxic effect causing chromosomal abnormalities [5].
It caused changes in apoptotic gene expression and had adverse effect on intracellular signal transduction
pathways [6]. Arsenic affected cell growth and proliferation and inhibited the regulation of DNA repair systems
[7]. Chronic arsenic exposure in human bronchial epithelial cells and rat liver epithelial cells resulted in
increasing on growth rate of cells and their morphology has been transformed to malignant cell [8]. In another
study with Balb/c 3T3 embryonic fibroblast cells which was exposed to arsenic, has shown neoplastic
transformation. Thus, studies demonstrated that arsenic was shown carcinogenic effect on different cell lines
[9].

Curcumin, a polyphenolic compound derived from the rhizome of Curcuma longa (turmeric), a perennial
plant of Southeast Asia, primarily India and China [10]. Curcumin is the main curcuminoid and is responsible
for the yellow color of the spice. It has antioxidant, anti-inflammatory, antibacterial, analgesic and wound
healing activity of this natural polyphenolic plant pigment. [11]. In Southeast Asian countries, turmeric spices
are often consumed, have been reported to have a lower incidence of most cancers than other countries [12].
It has been reported that curcumin reduces genotoxicity and shows chemo- preventive effects against arsenic
on lymphocytes isolated from healthy individuals or from donors with chronic arsenic exposure [13,14]. Since
curcumin has a strong antioxidant and free radical scavenging properties, it can prevent the initiation of
carcinogenesis [15]. It suppresses the proliferation of cancer cells and inhibits the expression of antiapoptotic
proteins and stimulates apoptosis. In a previous report clearly demonstrated that curcumin showed
anticarcinogenic property on cancer cells by inhibiting metastasis and angiogenesis [16]. In studies, curcumin
has been shown to induce cell death in many animal and mammalian cell cultures such as breast, lung, colon,
kidney, ovary, leukemia, melanoma [17]. In addition, curcumin does not have a toxic effect on healthy cells,
also suppresses the proliferation of tumor cell types by various mechanisms. Thus, curcumin may be an
attractive source for drug development studies in various types of cancer [12].

This study aimed to investigate the sodium arsenite-induced neoplastic cell transformation in Balb/c 3T3
embryonic fibroblast cells and identify the anti-proliferative activities with explore genotoxicity induction of
curcumin on transformed cells. For this purpose, neoplastic cell transformation with sodium arsenite was
performed in Balb/c 3T3 embryonic cells. Different concentrations of curcumin were applied to the
transformed Balb/c 3T3 cells to investigate cell viability, lactate dehydrogenase enzyme activity and DNA
damage.

MATERIAL AND METHODS

Experimental design and cell culture

The 3T3 embryonic fibroblast cell line used in the experiment is a non-tumorigenic cell line derived from
14-17 days pregnant Balb/c mice. The embryonic fibroblast cell line was bought from American Type Culture
Collection: The Global Bioresource Center to our laboratory and was maintained under in vitro conditions
with regular passage one to two times a week. Cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) culture medium supplemented with 1% PSA (Penicillin-Streptomycin-Amphotericin), 10% calf
serum, 4.5 g/L glucose, L-glutamine and sodium pyruvate and under a humidified incubator of 5% CO2 in air
at 37 °C.

In the initiation phase of the morphological transformation assay the concentration of sodium arsenite
(purity = 90%, Merck, Darmstadt, Germany) applied to Balb/c 3T3 cells was determined on the basis of the
study conducted by Takahashi and coauthors [18]. Cells were exposed to 10 pM concentration of sodium
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arsenite which stimulating morphological change in cells and causing carcinogenic effect. The cells in the
control group were exposed to only normal cell medium. 12-O-tetradecanoylphorbol-13-acetate (TPA) used
in the promotion phase of the cell transformation assay was prepared in dimethyl sulfoxide (DMSQO) at a
concentration of 0.1 M [19]. Curcumin (purity = 98.0%, Merck, Darmstadt, Germany) was dissolved in DMSO
and treated to cells at 5, 7.5, 10, 15 and 25 puM concentrations, which are concentrations that show anticancer
activity against environmental toxins in different cancer cell lines [20,21]. Then, ICso concentration of curcumin
was calculated according to 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test results
and used in the cytotoxicity and comet tests.

Transformation assay

The cell transformation experiment was exerted according to the protocol specified in a previous study
[17]. As noted in the protocol, cells were seeded in six-well plate with 8x102 cells per well and incubated for
24 h at 37 °C. The assay was comprised of two steps, the initiation and promotion phases, and the assay
lasted 32 days. The cells in the experimental group were exposed to 10 uM sodium arsenite in Eagle's
minimal essential medium (MEM) medium containing 10% fetal bovine serum (FBS), 1% PSA in the initiation
phase during 72 h. Between Day 4 and 7, the cells were taken into fresh medium without sodium arsenite. In
the second phase, called the promotion stage, the cells were transferred to Ham's F12 and Dulbecco's
modified Eagle's medium (DMEM/F-12) containing 2% FBS, 1% PSA and 2 mg / mL ITES and were exposed
to 0.1 uM TPA on the day 7, 11, 14 and 17. On day 21, the cells were replaced in fresh media and the media
is changed twice a week until the Day 32. The cells in the control group were treated with normal cell growth
medium throughout the experiment. Giemsa staining was performed on the Day 32 and the cells were
examined by stereomicroscope (Lecia M205A, Leica, Wetzlar, Germany).

After the examination, more than 50 cells and cell foci larger than 2 mm in diameter were evaluated. In
addition, the cells showing type Ill foci among these cells were considered as transformed cells. The
identification of type Il foci cells was based on: i) spindle-dense basophilic stained cells, ii) cells that grow in
multilayer form differently than the basic cell layer, iii) cells with random orientation, and iv) cells growing
invasive in the foci corners [22].

Cell fixation and Giemsa Staining

After 32 days, the cells were washed twice with PBS (1:1) and fixed for 3 min with a PBS / methanol
mixture. After fixation, the cells were treated with 100% cold methanol for 10 min and then washed twice with
methanol. Then Giemsa Staining was performed to identify cells with potential for tumor formation. One mL
of Giemsa dye and 3 mL of distilled water was added to each well and washed in a shaker for 10 min which
was repeated 5 times. After air drying, the cells in the wells were examined by fluorescent attachment
microscope with UV filter equipment (Olympus 1X71, Tokyo, Japan).

Cell viability by MTT assay

To determine the IC50 value of curcumin in neoplastic modified cells and to demonstrate the effects of
curcumin in normal 3T3 cells, the MTT test which determined cell viability was performed according to the kit
protocol (Roche Diagnostics, Mannheim, Germany). Cells were seeded on 96-well culture plates with 5x103
cells per well. After completion of the curcumin exposure, 10 pL of MTT | solution was added to each well
and the plates were incubated for 4 h at 37 °C in a CO; incubator to convert the MTT dye into water-insoluble
formazan crystals. MTT Il solution (uL) was added to each well to dissolve the formazan crystals generated
by viable cells and overnight in the CO. incubator. The optical density of the cells was measured
spectrophotometrically using an ELISA plate reader at a wavelength of 540 nm. Viability results were
expressed as percentage in experimental cells, with 100% control cell viability not treated with the test
solution. Half-maximal response concentration (ICso) of curcumin was determined by using the GraphPad
prism program.

Cytotoxicity by LDH assay

To determine the cytotoxicity and cell membrane damage the Cytotoxicity Detection Kit (LDH) (Roche
Diagnostics, Mannheim, Germany) was applied following the kit protocol. 10 cells per well seeded in 96-well
culture plates and cells were incubated with six different concentrations of curcumin 24 h. After completion
of the experiment period 100 uL supernatant transferred to new plate and 100 yL mixture of dye and enzyme
solutions was applied to each well. The results were obtained by measuring the absorbance of the increasing
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color of the red formazan product on the spectrophotometer at a wavelength of 492 nm according to the
cytotoxicity after 30 min of incubation.

Alkaline comet assay

To determine the effects of curcumin against genotoxicity resulted from sodium arsenite induced
transformation, comet assay method used in this study [23]. Neoplastic modified Balb/c 3T3 embryonic
fibroblast cells were seeded in 24-well culture plates with 1x10° cells per well and incubated at 37 °C for 24
h. Next the cells in the experimental group were exposed to 1Cso concentration of curcumin for 24 h. H2O;
was used as a positive control to induce DNA damage. After the exposure period was completed, the cells
were treated with trypsin, and after centrifugation suspended in PBS. Cells were mixed with 0.5% low melting
point agarose and dropped on slides pre-coated with 1.5% normal melting point agarose at 4 °C for 30 min.
To remove cellular proteins and membranes slides immersed to lysis solution (100 mM EDTA, 2.5 M NaCl,
10 mM Tris, 1 % triton-x 100 and pH: 10) at 4 °C for 1 h. To prevent DNA damage all steps from the lysis
process were carried out in the dark room. Slides were then placed in fresh electrophoresis buffer (300 mM
NaOH and 1 mM EDTA, pH > 13) for DNA unwinding for 20 min before electrophoresis at 25 V and 300 mA
for 30 min using an electrophoresis power supply (BioRad) at 4 °C. Then slides rinsed three times 5 min each
with neutralization buffer (0.4 M Tris, pH 7.5). For staining, slides were firstly washed with distilled water and
stained with DAPI at 2 ug/mL. Scoring of test performed with fluorescent attachment microscope. Randomly
select 100 cells of each groups were analyzed for tail length, tail % DNA and olive tail moment with using
CometScore2.0 software.

Statistical analysis

The statistical program used for the statistical evaluation of the data is GraphPad Prism 5.0 (GraphPad
Software, San Diego, CA, USA). Results were compared by one-way analysis of variance (ANOVA) and
Tukey’s multiple comparison post hoc testing was performed. For statistical analysis results were expressed
as the means + standard errors of triplicate samples, and the reproducibility was confirmed in three different
experiments. p < 0.001, p <0.01 and p < 0.05 were defined to be a statistically significant difference between
the groups.

RESULTS

Transformation assay results

Morphological transformation was observed in the embryonic fibroblast cells as a result of sodium
arsenite and TPA stimulation of cells. The images taken on day 4, 11, 21 and 32 were given in Figure 1 to
describe the morphological changes observed in cells over time during the transformation assay. In addition,
spindle-to-round conversion was observed in cell morphologies when compared between days 1 and 32 of
transformation assay (Figure 2). On day 32, cell nuclei and cell size were larger and nuclear granules were
also more in sodium arsenite treated groups than control. Neoplastic morphological changes in cells were
significant in the experimental group exposed to sodium arsenite and TPA, whereas no changes were seen
in the morphology of the cells in the control group (Figure 3). From day 21, cells showed a spindle shape and
random orientation. When the experiment period was completed on day 32 cells were stained with giemsa
and examined under microscope. During microscopy abnormal proliferated cells that showed cancer cell
morphology which are multilayer cells called foci was observed, however there was no change in the growth
potential and morphology of the cells in the control group.
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Figure 1. Images demonstrate the morphological changes of Balb/c 3T3 cells at day 4 (A), day 11 (B), day 21 (C) and
day 32 (D) of transformation protocol.

Figure 2. Morphological changes as a result of sodium arsenite exposure observed on the day 1 and 32 of the
transformation assay in Balb/c 3T3 cells.
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Figure 3. Images obtained as a result of a 32-day transformation assay in Balb/c 3T3 cells. (A) normal cells not
administered sodium arsenite (B) neoplastic cells that transformed to foci by treatment with sodium arsenite. (50 x
magnification).

Cell viability results

The effects of curcumin concentration used in neoplastic modified cells on cell viability in normal 3T3
embryonic fibroblast cells were presented in Figure 4. In 3T3 embryonic fibroblast cells, curcumin did not
cause any significant changes in cell viability at 5, 7.5, 10, 15 and 25 pM concentrations. As shown in Figure
5 A the effect of six different concentrations of curcumin on neoplastic modified 3T3 embryonic fibroblast cells
were measured after 24 h treatment. After experimental period there was a significant decrease on cell
viability from 7.5 uM and above concentration of curcumin (p < 0.001). Furthermore, 1Cso concentration of
curcumin was detected as 15.76 pM.
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Figure 4. Concentration-dependent effects of curcumin on cell viability for 24 h in Balb/c 3T3 cells. Each value indicates
mean + SEM of three independent three replicate experiments.
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Cell cytotoxicity with LDH assay

According to LDH test results after the 24 hours treatment with curcumin, it was shown that there was
significant increase at 15 uM. and above concentration of curcumin (Figure 5 B) (p < 0.001).
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Figure 5. Concentration-dependent effects of curcumin on cell viability (A) and lactate dehydrogenase activity (B) for
24 h in neoplastic transformed Balb/c 3T3 cells by sodium arsenite. Each value indicates mean + SEM of three
independent three replicate experiments. Significance at *** p < 0.001. (*) Compared with control group.

Comet assay results

Comet assay was performed to determine the genotoxic potential of curcumin on the neoplastic
transformed 3T3 embryonic fibroblast cells. In comet assay, curcumin had a significant genotoxic effect in
the neoplastic cells. As shown in Table 1 and Figure 6 tail length, tail % DNA and olive tail moment results
were significantly increased at curcumin exposed neoplastic transformed 3T3 embryonic fibroblast cells
(p < 0.05).

Table 1. Effects of curcumin on DNA strand-breaks in heoplastic transformed 3T3 embryonic fibroblast cells by sodium
arsenite.

Groups Tail % DNA Olive Tail Moment Tail Length (um)
Control 31.03+1.05 57.02+1.62 3.92+1.08

H20> 72.38 £1.18* 95.47 + 1.27* 11.17 + 1.63*
Curcumin 40.18 + 1.15* 61.42 +1.08* 5.03 £ 0.96*

Significance at *p < 0.05, (*) compared with control. Each value indicates mean + SEM of three independent three
replicate experiments. H202: Positive control.

Figure 6. Comet images of curcumin and control groups in neoplastic transformed Balb/c 3T3 cells by sodium arsenite.
(A) positive control group, (B) control group, (C) curcumin group.
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DISCUSSION

The action of arsenic in stimulating neoplastic cell transformation has been demonstrated by in vitro
studies on various cell lines [24,25]. Human keratinocyte cells without tumor characteristics were applied to
100 nM arsenite for 28 weeks, and malignant transformation was occurred [25]. In a previous study, arsenic
compounds stimulated transformation in Syrian hamster embryo cells [26]. In another study, cells were
exposed to 5 uyM arsenic for 10 weeks, the cells lost their contact inhibition ability and invasive property of
the cells increased [27]. In the foci formation assay using Balb/c 3T3 cells, arsenic was found to stimulate
transformation [28]. Arsenic compounds in transformation experiments showed an initiating effect of
transformation. However, when TPA was added, cell transformation increased significantly in a dose-
dependent manner [19]. In a study conducted by Zhao and coauthors [8] rats were exposed to 0.5 uM arsenic
for eight weeks. As a result of the exposure, the cells were transformed, and their morphological structures
had changes with neoplastic properties. In a study conducted by Stueckle and coauthors [29] BEAS-2B lung
epithelial cells were exposed to chronic arsenic for six months. Cell proliferation, colony formation, cell
invasion ability, and in vivo tumor formation potentials after exposure were compared to the control group
and increased amount of reactive oxygen species was shown in the cells. This increase was reported to be
effective in initiating cancer formation. In another study of human epidermal prostate cells, the cells were
exposed to 5 uM arsenic for 29 weeks and the transformation stages of the cells were examined. It was
observed that the cells transformed to malignant cell [30]. In this study, Balb/c 3T3 embryonic fibroblast cells
were exposed to 10 yM sodium arsenite in the initial stage of a 32 days cell transformation experiment. In
the second stage of the experiment, it was observed that the neoplastic change was increased by TPA. This
result is consistent with previous transformation studies [19,27].

Many compounds derived from plants may be effective in the treatment of cancer. In addition, these
natural compounds are less toxic than chemotherapeutic drugs. In vitro studies have shown that curcumin
suppresses growth in many cancer cells [31-33]. Curcumin induces cell cycle arrest in cancer cells and
provides apoptosis mediated cell death [34-36]. In a study of bladder cancer cells, the effect of curcumin on
cell growth was evaluated and as a result, curcumin was found to decrease cell growth in dose and time
dependent manner [37]. In another study, curcumin inhibited cell viability in human lung adenocarcinoma cell
line [38]. Contrary to the studies mentioned, studies with healthy cells emphasize the proliferative effect of
curcumin on various cell lines [39,40]. In murine splenocytes, sodium arsenite has been reported to
significantly reduce cell viability, while curcumin has been noticed to increase cell viability [40]. In our study,
it was found that curcumin did not cause any change in cell viability in 3T3 embryonic fibroblast cells, but
decreased cell viability in neoplastic cells as a result of sodium arsenite-induced cell transformation. In a
study with colorectal carcinoma cells, curcumin was applied to the cells at a concentration of 50 uM and
shown to cause DNA damage [41]. In a study of colonic cancer cells, curcumin was shown to induce
cytotoxicity depending on dose and time [20]. In the present study, results showed that curcumin increased
lactate dehydrogenase activity on neoplastic transformed Balb/c 3T3 embryonic fibroblast cells in
concentration dependent manner. When the cells exposed to curcumin were compared with the control
group, the increasing comet formation, a marker of DNA damage, was consistent with the previous studies
[41,20].

CONCLUSION

Consequently, results of the present study proposed that sodium arsenite induced neoplastic cell
transformation and caused cells to acquire malignant cell character in Balb/c 3T3 embryonic fibroblast cells.
In this context, daily arsenic exposure can trigger cancer formation and curcumin may decrease the cancer
cell profile through increasing genotoxicity in neoplastic cells.

Funding: “This study was supported by Istanbul University Scientific Research Projects with the project number 25129”.
Conflicts of Interest: “The authors declare no conflict of interest.”
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