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Abstract

Mucoepidermoid lung carcinoma is frequently manifested by
obstructive trachea symptoms. It is necessary to develop effective cu-
rative or palliative therapeutic strategies for treating mucoepidermoid
lung carcinoma through administration of compounds that improve
ionizing radiation treatment, thereby increasing the effects of the
treatment on tumor cells while minimizing the effects on normal tis-
sues surrounding the tumor cells. Resveratrol is a polyphenolic phy-
toalexin present in wines and several plants and has a broad spectrum
of biological activities, including antioxidant and anticarcinogenic
effects. The biological effects of ionizing radiation plus resveratrol
have been examined in different types of cell in many studies. Here,
we aimed to verify the effects of resveratrol on mucoepidermoid
lung carcinoma cells NCI-H292 exposed to ionizing radiation. In
vitro studies in NCI-H292 cell culture using neutral red uptake assays
showed that the cytotoxicity index (IC, ) of resveratrol was 401.5 pM,
and the lethal dose 50 % (LD, ) of ionizing radiation in the absence
of resveratrol was 693 Gy. In vitro micronucleus assays were then per-
formed to verify the genotoxic effects of resveratrol, and fluorescence
assays were performed to evaluate the effects of resveratrol on the cell
cycle, repair and injury processes, cellular necrosis, and apoptosis.
The results demonstrated that 30 uM resveratrol promote injury on
NCI-H292 cells after 24 h of irradiation. Therefore, this study pro-
vides results able to support in vitro future investigations about radio-
sensitive potential of resveratrol in lung cancer cells. There is a need to

investigate compounds with potential to improve the local control of
N
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lung cancer promoted by radiation therapy. This way avoiding injuries
to healthy cells.
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Introduction

Lung cancer is associated with high mortality rates and has been
shown to have an increasing incidence worldwide [1]. One type of
lung cancer, mucoepidermoid lung carcinoma, arises from minor
salivary gland tissue of the proximal tracheobronchial tree. It is fre-
quently manifested by irritation and obstructive symptoms and tends
to spread locally, compromising the trachea [2-4].

Radiation therapy is an effective curative or palliative treatment
for many types of cancer. Its benefits are associated with gaining local
or regional control over the tumor by exposure to clinically tolerated
doses of ionizing radiation. Chemotherapy is another effective mo-
I
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dality of cancer treatment that aims to decrease the number of tumor
cells and prevent distant metastases. Chemotherapy also improves the
effects of ionizing radiation on local tumor control. Therefore, radia-
tion therapy associated with chemotherapy tends to result in major
improvements in survival rates for patients with cancer [5,6].

Resveratrol (3,4)5-trihydroxy-trans-stilbene) is a natural phe-
nolic phytoalexin that is abundant in grapes, wine, peanuts, and a va-
riety of other plant-based food sources.

Resveratrol is produced by several plants in response to injury
caused by bacterial or fungal infections, exposure to ultraviolet light,
or exposure to chemical agents. These conditions may occur indi-
vidually or in combination [7]. Growing evidence suggests that res-
veratrol exerts radioprotective effects, acting as a scavenger of free
radicals produced during several biological processes [8]. These ef-
fects make resveratrol an important potential therapeutic agent in a
variety of pathological processes, such as cancer [9]. Resveratrol has
also been shown to exert radiosensitizing effects in certain types of
tumor cells, blocking cell cycle progression and inducing apoptotic
and necrotic cell death [10,11]. Resveratrol has been reported to have
activity against lung cancer; recent studies have shown that resvera-
trol increases the cytotoxic effects of radiation on lung cancer cells by
significantly enhancing radiation-induced cell death [12,13].

In this study, we aimed to evaluate the biological effects of res-
veratrol in NCI-H292 cells culture exposed to ionizing radiation.

We assessed the radiation dose that induces the death of 50
% (LD,)) of cell population and the resveratrol cytotoxicity studies
(IC,,), as well as the genotoxic effects of resveratrol. Additionally, we
examined the effects of resveratrol on cell cycle synchronization, DNA
repair, and cell injury/cell death processes. The results of this study
demonstrated the importance of further in vitro investigations about
the radiosensitizing potential of resveratrol on lung cancer cells.

www.avidscience.com 5
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Materials and Methods

Reagents and Equipment

Resveratrol was purchased from FarmaNostra (Andpolis, GO,
Brazil). The other reagents were PA grade and from Sigma-Aldrich
(Sao Paulo, SP, Brazil) and Merck (Sao Paulo, SP, Brazil). The human
lung mucoepidermoid carcinoma cell line NCI-H292 was obtained
from American Type Culture Collection (ATCC CRL-1848; Manas-
sas, VA, USA).

To obtain greater precision, accuracy, and conformability of
ionizing radiation dose distributions in the cells culture, a computed
tomography (CT) scanner (LightSpeed RT16; General Electric; Buck-
inghamshire, United Kingdom), and a treatment planning system
(Eclipse, version 11; Varian Medical System, Inc.; Palo Alto, CA, USA)
were used. Radiation doses were delivered as a single fractional dose
via the TrueBeam Radiotherapy System (Varian Medical Systems), in
the presence of 0, 15, 30, and 60 pM resveratrol concentrations. These
procedures were performed at Hospital Israelita Albert Einstein, Sdo
Paulo, Brazil.

CT Scanning and Treatment Planning Process

CT scans were performed using 24-well microplates. Slabs of
Solid Water Phanton (4.0 cm thick; Gammex RMI, Wisconsin, USA)
and tissue-equivalent material (bolus material, 1.0 cm thickness; CIV-
CO Medical Solutions, Iowa, EUA) were placed directly above and
below the microplate surface to avoid the surface sparing effect in the
megavoltage photon beam. CT images were acquired using a Light-
Speed RT16 systems with the following parameters: 140 kV, 180 mA,
1.25 mm slice thickness, and 512 x 512 matrix.

Irradiation plans were created with Eclipse Treatment Planning
System software using the Analytical Algorithm Anisotropic dose
calculation algorithm (AAA, version 13, Varian Medical System). CT
images were directly displayed on the Eclipse Treatment Planning

System. Volumes of structures of interest were hand-contoured, slice
I
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by slice. The microplate arrangement was outlined to obtain volumet-
ric image data, and each well of microplate was defined as a target
volume.

Irradiation procedures were planned for a single fraction of dif-
ferent doses (0.8, 5, and 10 Gy), using a photon energy of 6 MV and a
dose rate of 14 Gy/min from the TrueBeam radiotherapy system. In-
tensity Modulated Radiation Therapy (IMRT) plans were performed
using multileaf collimator (MLC) with posterior fields. Dose calcula-
tions and plan evaluations were performed by analyzing dose distri-
butions in CT images, dose statistics, and dose-volume histograms
(DVH).

Cell Culture

NCI-H292 cells were cultured in RPMI-1640 medium contain-
ing 10 % fetal bovine serum (FBS), without antibiotics, designated as
“RPMI-use”. Culture was incubated at 37° C in a 5 % CO, humidi-
fied atmosphere until cell monolayer formation occurred. Culture
was then treated with 0.20 % trypsin and 0.02 % ethylenediaminetet-
raacetic acid (EDTA) solution. The cell suspension was adjusted for
each assay after counting in a Neubauer chamber.

Cytotoxicity Assay

The cytotoxicities of resveratrol, colchicine and hydroxyurea
were assessed by neutral red uptake assays, as previously described
(14,15].

Ninety-six-wells microplates containing 9.0 x 10* cells in each
well were cultured overnight in a CO, humidified incubator at 37° C.
NCI-H292 cells were then exposed to 0.2 mL of resveratrol, colchi-
cine, or hydroxyurea solution, serially diluted with RPMI-use. Res-
veratrol solution was used at concentrations of 100 %, 50 %, 25 %, 12.5
%, and 6.25 %, corresponding to 500, 250, 125, 62.5, and 31.25 pM.
Colchicine was used at concentrations of 128, 64, 32, 16, and 8 ug/mL.
Hydroxyurea was used at concentrations of 25.6, 12.8, 6.4, 3.2, and
1.6 mg/mL. The positive-control (latex extract) and negative-control

N
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(HDPE extract) solutions were used at 100 %, 50 %, 25 %, 12.5 %,
and 6.25 % extract dilution. Next, 0.2 mL of diluted controls, resvera-
trol, colchicine, and hydroxyurea solutions were added to respectively
well, and 0.2 mL fresh RPMI-use was added to the control wells.

All samples were tested in triplicate. The microplate was incubat-
ed for 24 h at 37° C in a 5 % CO, humidified incubator. After incuba-
tion, the culture medium was replaced by culture medium containing
neutral red, and the microplate was incubated again for 3 h at 37° C.
The dye-containing medium was then discarded, and the microplate
was washed twice with phosphate buffered saline solution (PBS) and
once with 1 % calcium chloride in 0.5 % formaldehyde solution. Next,
0.2 mL extraction solution (50 % ethanol in 1% acetic acid) was added
to each well to promote cell rupture and neutral red release. Dye ab-
sorbance was measured at 540 nm using an automated enzyme-linked
immunosorbent assay (ELISA) plate reader (Sunrise; Tecan Group
Ltd., Minnedorf, Switzerland). Cell survival percentages were deter-
mined in relation to control cell optical density (OD), considered 100
% of cell viability.

Lethal Dose of Ionizing Radiation

To determine the LD_, 96-well microplates containing 9.0 x 10*
NCI-H292 cells in each well were kept overnight in a CO, humidified
incubator at 37° C. Prior to irradiation of the microplates containing
cells, the culture medium was replaced with PBS (pH 7.4).

Radiation doses were delivered using a TrueBeam radiotherapy
system at 14 Gy/min dose rate, 6 MV energy, with different doses (250,
500, 750, and 1,000 Gy) in a single fraction at room temperature (19
- 21° C). Nonirradiated cells, used as control, were kept in darkness
at room temperature during the irradiation of the other microplates.

After irradiation, the PBS in each microplate well was replaced
by RPMI-use, and the microplates were then incubated at 37° C in a
5 % CO, humidified atmosphere for 24 h. Subsequent procedures for

neutral red dye incorporation, microplates washing, OD reading, and
I
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the cell viability percentage were performed as described above for
the cytotoxicity assays (item 2.4).

Preparation of Resveratrol, Colchicine, and Hy-
droxyurea Solutions

For micronucleus assays and fluorescence tests, a resveratrol
stock solution was prepared at 25 mM in ethanol. From this solution,
three different dilutions were made in RPMI-use, yielding 15, 30 and
60 UM resveratrol concentrations. Colchicine and hydroxyurea were
used as references for mitosis phase and synthesis phase arrest of cell
cycle progression; used solutions were 0.08 pg/mL for colchicine and
152.12 ug/mL for hydroxyurea dissolved in RPMI-use. All solutions
were sterilized by passing through a 0.22 um pore membrane system.

Micronucleus (MN) Assays

MN assays was performed in triplicate. 500 pL of cell suspen-
sion containing 1.0 x 10° cells/mL was placed on a coverslip within a
Petri dish. After cells adhesion onto the coverslip, 1.5 mL RPMI 1640
medium was added, and the Petri dish was kept in a CO, humidi-
fied incubator for 48 h. The culture medium was replaced with 5 mL
resveratrol solution. Dishes were then incubated for 24 h at 37°Cina
5 % CO, humidified atmosphere. Prior to irradiation, the resveratrol
solution was replaced by PBS (pH 7.4).

Irradiation of cells culture was performed using a TrueBeam ra-
diotherapy system at different doses of 0.8, 5, and 10 Gy, at dose rate
of 14 Gy/min in a single fraction at room temperature. Nonirradi-
ated cells, used as control, were kept in darkness at room temperature
while the other samples were irradiated. After irradiation, the PBS in
each dish was replaced with RPMI 1640 medium containing cytocha-
lasin B (4 pg/mL). The dishes were then incubated for 48 h at 37° C in
a5 % CO, humidified atmosphere.

The coverslips containing cells were washed once with PBS,
treated with isotonic saline solution (0.9 % NaCl) for 15 min, fixed
N
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with 4 % formaldehyde in water for 15 min, and washed three times
with PBS. Fixed cells on coverslip were stained with acridine orange
(0.003 % in PBS) and deposited onto histological slide (26 x 76 mm)
for microscopic analysis.

Visualization of MNs was performed using a fluorescence mi-
croscope with appropriate filters following pre-established protocols
for cells with blocked cytokinesis [16-18]. For our analyses, it was
counted only binucleated cells with intact cytoplasm and a minimum
of 1,000 cells per concentration of resveratrol; mononuclear cells (one
nucleus per cell) and multinucleated cells (three or more nuclei per
cell) were also counted for statistical calculations.

Cell Cycle, DNA Repair, and Cell Injury Analyses
by Fluorescence

Twenty-four-wells microplates containing 1.7 x 10° cells in each
well were kept overnight in a CO, humidified incubator at 37° C. NCI-
H292 cells were then exposed to resveratrol, colchicine, or hydroxy-
urea solutions for 24 h. Whereas control cells were incubated with
single RPMI-use. Resveratrol, colchicine, and hydroxyurea exposure
experiments were carried out in four replicates. Prior to microplates
irradiation, the solutions were replaced with PBS (pH 7.4).

Microplates irradiation was performed using a TrueBeam radio-
therapy system. Cells were exposed to 0.8, 5 or 10 Gy at a dose rate of
14 Gy/min in a single fraction at room temperature. Nonirradiated
cells were used as control cell and were kept in the darkness at room
temperature during the other samples irradiation.

The cells were analyzed 3 and 24 h after irradiation. For analyses
of 3 h after irradiation, the cells were stained with ethidium bromide
solution (0.2 ug/mL) for 5 min at room temperature in the dark. The
ethidium bromide solution was then replaced by PBS, and fluores-
cence intensity was measured using a FilterMax F5 Multi-Mode Mi-
croplate Reader (Molecular Devices, Sunnyvale, CA, USA). For analy-

L
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ses at 24 h after cell irradiation, the PBS was replaced with RPMI-use
immediately after irradiation, and the microplates were incubated for
24hat 37°Cina 5% CO, humidified atmosphere. Before the examina-
tion, the cells were stained with ethidium bromide (0.2 ug/mL) for 5
min at room temperature in the dark, and fluorescence intensity was
measured.

Fluorescence Analysis of Apoptotic and Necrotic
Cells

Twenty-four-wells microplates containing 1.7 x 10° cells in each
well were kept overnight in a CO, humidified incubator at 37°C. Cells
were then exposed to resveratrol, colchicine, or hydroxyurea for 24 h.
Control cells received only RPMI-use. Resveratrol, colchicine, and hy-
droxyurea exposure experiments were carried out in four replicates.
Prior to microplates irradiation, solutions were replaced with PBS
(pH 7.4). Microplates irradiation was performed using a TrueBeam
radiotherapy system. Cells were exposed to 0.8, 5, or 10 Gy doses and
14 Gy/min dose rate in a single fraction at room temperature. Nonir-
radiated cells were used as control and were kept in darkness at room
temperature during the irradiation of the other samples.

Apoptotic and necrotic cells were then identified using an an-
nexin V-FITC apoptosis detection kit (Sigma-Aldrich Chemical Co,
St. Louis, MO) according to the manufacturer’s instructions. After 24
h of irradiation, the cells were treated with staining solution contain-
ing annexin V-FITC and propidium iodide (PI). After 10 min of in-
cubation in the dark, the solution was replaced by PBS, and the fluo-
rescence intensities of annexin V-FITC and PI were measured using a
FilterMax F5 Multi-Mode Microplate Reader.

Statistical Analysis

Data values are expressed as mean + standard errors of the
means (SEMs) and were statistically evaluated using analysis of vari-
ance (ANOVA) followed by Bonferroni multiple comparisons tests.

N
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Differences with p values of less than 0.05 were considered statistical-
ly significant. Data analyses were performed using GraphPad Prism
software. All quantitative experiments were conducted with at least
two independent experiments and four replicates per experiment.

Results and Discussion
Cytotoxicity Assay

Assays to determine the in vitro cytotoxicity of resveratrol, col-
chicine, and hydroxyurea were performed to estimate the optimal
concentrations of these compounds for fluorescence tests and MN
assays. Positive and negative controls were used to check assay perfor-
mance and to validate results. Table 1 shows cell viability percentage
results in the cytotoxicity assays.

Table 1: Cell viability results in the cytotoxicity assay by neutral red uptake method for
resveratrol, colchicine, and hydroxyurea.

Cell Viability * cv (%)
Extract Resvera- | Colchi- | Hydroxyu- | Positive | Negative
Concentra- trol cine rea control control
tion
(%)
100 30.76 £ 100.81+ | 244+0.00 | 113 91.60 +
13.07 9.28 0.00 6.68
50 80.89 + 92.28 + 38.86 + 2,96 + 98.18 +
7.74 4.58 12.87 0.72 3.16
25 91.94 + 92.28 + 106.10 £ 96.76 £ | 102.51 +
6.01 4.06 11.00 1.40 2.67
12.5 99.37 94.96 + 111.87 94.06+ | 104.40 +
7.18 10.11 6.56 6.37 2.49
6.25 99.52 + 96.18+ [97.64+9.91| 9667+ | 105.19%
7.53 13.35 7.68 3.82

cv: coefficient of variation.

The cytotoxicity index (IC, ) was estimated by graphical analysis
in Figure 1 using the intersection of the IC, line and the cell viability
I
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curve. In this analysis, the negative control showed no toxicity. The
positive control presented an IC_; of about 37 % indicating that at this
concentration the positive control caused injury or death to 50 % of
the cell population in the assay. Resveratrol showed cytotoxic effect
with IC, of about 80 %, corresponding to a concentration of 401.5
uM. Hydroxyurea showed cytotoxicity with an IC,_ value of approxi-
mately 46 %, corresponding to 11.8 mg/mL Colchicine presented no
cytotoxicity, like the negative control, up to the concentration of 128
pg/mL.

150+
-& Resveratrol
- Colchicine
T
= 100 -0~ Hydroxyurea
2 48 Positive Control
% -8 Negative Control
Z s o
°
[&] h\\!‘
u T Ll -
0 25 50 75 100

Extract Concentration (%)

Figure 1: Cell viability curves of resveratrol, colchicine, and hydroxyurea in the cyto-
toxicity assay.

Analysis of the LD, of lonizing Radiation

Analyses of lethal doses of ionizing radiation were performed to
define the dose of radiation that promoted cell death in 50 % of the
cell population in order to verify the combined effects of resveratrol
and radiation on NCI-H292 cell culture.

Figure 2 shows the cell survival curve. From these analyses, it
was found that the LD, value was about 693 Gy.
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Figure 2: Cell survival curve of the ionizing radiation lethal dose assay.

Micronucleus Assays

The genotoxic effects of resveratrol in cells exposed to ionizing
radiation was verified by cytokinesis-block MN technique. MN on bi-
nucleated cells (BNCs) was identified by acridine orange staining of
NCI-H292 cells culture, as shown in Figure 3.

Figure 3: Typical aspect of binucleated NCI-H292 cell after acridine orange staining.
(A) Binucleated cells. (B) MN in binucleated cell (20x magnification).

Microscopically, the nuclei and MN are observed as bright green
staining, and cytoplasm is observed as red staining. In this analysis
one MN formation was observed per cell.

L
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Figure 4 shows MN scoring of cultured cells exposed to differ-
ent resveratrol concentrations and ionizing radiation doses. OECD
487 [19] recommends that at least one mitosis process per cell is ob-
served for the analysis of MN frequencies during exposure of the cells
to cytochalasin-B. Our results showed that the interaction between
resveratrol and radiation was significant (p < 0.01 and p < 0.05). Ad-
ditionally, resveratrol (15 and 60 uM) induced a significant increase in
the frequency of MN formation in NCI-H292 cell cultures exposed to
5 Gy dose (p < 0.01). Resveratrol (30 uM) also induced a significantly
increased frequency of MN formation in nonirradiated and irradiated
(0.8 Gy) NCI-H292 cells (p < 0.01 and p < 0.05).

4 Resveratrol 0 uM
[ Resveratrol 15 uM
" [ Resveratrol 30 uM

Hl Resveratrol 60 pM

1

BNC with MN (%)

0 . 0.8 - 5
Radiation Dose (Gy)

Figure 4: MN frequencies in NCI-H292 cells exposed to resveratrol and ionizing radia-
tion. Error bars represent standard errors of the means (SEMs). p <0.05, p <0.01.

Figure 5 shows the cytokinesis block proliferation index (CBPI)
of cultured cells exposed to different resveratrol concentrations and
ionizing radiation doses. The interactions between resveratrol and ra-
diation effects were significant (p < 0.05, p < 0.01, p < 0.001) based on
CBPIs. Moreover, the number of cell cycles per cell during exposure
to cytochalasin-B differed among groups. NCI-H292 cells exposed
to resveratrol (15 pM) and 5 and 10 Gy doses showed significantly
decreased numbers of cell cycles per cell (p < 0.05, p < 0.01). 30 uM

N
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resveratrol in nonirradiated and irradiated NCI-H292 cells at 10 Gy
dose also showed significantly decreased numbers of cell cycles per
cell (p < 0.01, p < 0.05). Moreover, in NCI-H292 cells exposed to 10
Gy, 60 uM resveratrol induced a significant decrease in the number
of cell cycles per cell during exposure to cytochalasin-B (p < 0.001).

Resveratrol 0 pM
[ Resveratrol 15 pM
[ Resveratrol 30 uM
Bl Resveratrol 60 uM

CBPI

0 0.8 5 10
Radiation Dose (Gy)

Figure 5: CBPI of NCI-H292 cells exposed to resveratrol and ionizing radiation. Error
bars represent standard error of the means (SEMs). p <0.05, p<0.01, p<0.001.

The genotoxic effects of resveratrol have recently been verified
in cultures of Chinese hamster lung fibroblasts and mouse lymphoma
cells. In a study by Jeong et al. [20], the genotoxic activity of resvera-
trol observed was lower when the concentration was minor than 62
pg/mL (272 um). In another study by Fox et al. [21], resveratrol was
found to induce severe genotoxic effects without promoting cellular
mutagenesis. Moreover, 92 uM resveratrol was shown to have high
genotoxic potential in cultures of KB-V1 human carcinoma cells,
which are resistant to chemotherapeutics. Consistent with these find-
ings, our results showed that 15, 30, and 60 uM resveratrol increased
MN frequencies in NCI-H292 cells exposed to different doses of ion-
izing radiation.

In vitro MN assays have methodological advantages related to re-
duced cost, increased speed of obtaining reliable results, and reduced
use of laboratory animals [22]. Therefore, in vitro MN assays are an
excellent option for verifying the genotoxic effects of resveratrol in

different cell lines.
.

16 www.avidscience.com




Top 25 Contributions on Cancer Research

Cell Cycle Analyses by Fluorescence Assays

To investigate if resveratrol (IC,, 401.5 uM) induces cell cycle
synchronization, NCI-H292 cells were treated with colchicine (IC_,
>128.0 ug/mL) and hydroxyurea (IC_ - 11.8 mg/mL), and they were
exposed to different doses of ionizing radiation.

According to the literature, colchicine induces cell cycle syn-
chronization in the mitosis phase (M phase). In contrast, hydroxyurea
blocks the cell cycle in the synthesis phase (S phase) [23,24]. The M
phase is more sensitive, whereas the S phase is more resistant to the
effects of ionizing radiation [2].

Ethidium bromide stains unhealthy cells in its final stages of ap-
optosis or necrosis, allowing the visualization of injured cells as red-
orange staining. Table 2 summarizes ethidium bromide fluorescence
intensity values measured 3 h after cells irradiation.

Table 2: Ethidium bromide fluorescence intensity values measured 3 h after cells ir-
radiation.

Sample Fluorescence intensities at different radiation

doses
0 0.8 5 10
Control 6794 +8 6926 +7 | 6962 +2 72115
Resveratrol (15 pM) 6618 + 4 6708 +0 | 68173 6604 + 9
Resveratrol (30 M) 6658 + 8 7170+ 7 | 7098 +7 6458 +7
Resveratrol (60 pM) 6351+ 6 6484 +6 | 6699+ 3 6395 + 13
Colchicine (0.08 pg/mL) 7041+ 9 7144 +1 (7184 £ 11 6344 + 8
Hydroxyurea (152.12 6832+6| 7204+ 11| 71635 7270+ 9
ug/mL)

Values represent the means + SEMs of three separate experiments (n = 3).

As shown in Figure 6, cells stained with ethidium bromide 3 h
after radiation were similar for all samples analyzed, without any sig-

nificant differences.
N
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8500+

8000+

75004

7000+

8500+

8000+

Fluorescence Intensity

AAEA K.

0.8 5

10

Radiation Dose (Gy)

Control Cells
Colchicine
Hydroxyurea
Resveratrol (15 pM)
Resveratrol (30 pM)
Resveratrol (60 puM)

Figure 6: Ethidium bromide fluorescence intensity measured 3 h after irradiation at
different doses. Points represent the means + SEMs of three separate experiments (n

=3).

Table 3 shows ethidium bromide fluorescence intensity values
measured 24 h after cells irradiation.

Table 3: Ethidium bromide fluorescence intensity values measured 24 h after cells ir-

radiation.

Sample Fluorescence intensities at different radiation

doses
0 0.8 5 10
Control 6819 + 4 7776 £3 | 78415 7337+3
Resveratrol (15 pM) 6743+7 | 6625+10 | 69716 8373+ 6
Resveratrol (30 pM) 22265+ 5 | 22377 +4 22694 33196+ 7
+2

Resveratrol (60 pM) 7198 £ 3 6987 £+ 3 | 6957 +3 6733+ 3
Colchicine (0.08 pg/mL) 7315+ 4 | 8300 + 16 (8363 + 11 8123+ 0
Hydroxyurea (152.12 7357 +5| 736217 | 7425+7 3858 + 12
ug/mL)

Values represent the means + SEMs of three separate experiments (n = 3).

18
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As shown in Figure 7, only 30 uM resveratrol induced a signifi-
cant increase of injured cells when associated with different radiation
doses (p < 0.001). Moreover, the cell cycle synchronization effect was
not observed in any cells exposed to resveratrol, hydroxyurea, or col-
chicine at 3 and 24 h after cells irradiation.

100004

= i -»- Control Cells

g = Colchicine

2 300001 -2~ Hydroxiurea

= -¥ Resveratrol (15 uM)
2 20000+ -0 Resveratrol (30 ulv)
§ -0~ Resveratrol (60 plM)
2

[=]

=

[T

0 T T T T

Radiation Dose (Gy)

Figure 7: Ethidium bromide fluorescence intensity measured 24 h after cells irradia-
tion. Points represent the means + SEMs of three separate experiments (n = 3).

DNA Repair and Cell Injury Analysis by Fluores-
cence Assays

To investigate DNA repair, the fluorescent intensity of cells was
analyzed at 3 and 24 h after cells irradiation. As shown in Figure 8,
DNA repair was not observed in any of the analyzed samples. How-
ever, cells exposed to 30 uM resveratrol and at different doses of ra-
diation or nonirradiated showed a significant increase of injured cells
(p < 0.001). Cells exposed to 15 uM resveratrol at 10 Gy (p < 0.05)
and control cells at 5 Gy (p < 0.001) showed a significant increase in
injured cells at 24 h after cells irradiation.
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Control Cells (3 h)
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Resveratrol 15 uM (3 h)
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Figure 8: Ethidium bromide fluorescence intensity measured 3 h and 24 h after cells
irradiation. Each data point represents the means + SEMs of three separate experiments
(n=3). p<0.05, p<0.001.

Consistent with our findings, a recent study by Magalhaes et al.
[25] demonstrated that resveratrol (15, 30, and 60 uM) did not induce
cell repair processes in human rhabdomyosarcoma cell cultures at 24
and 48 h after exposure to gamma radiation (50 and 100 Gy).

To understand the increase of injured cells induction of resvera-
trol, there was conducted an apoptosis and necrosis analysis. It was
investigated in the NCI-H292 cells exposed to resveratrol and ion-
izing radiation.

Tables 4 and 5 present the annexin V-FITC and PI fluorescence
intensity values measured 24 h after cells irradiation.

20 www.avidscience.com



Top 25 Contributions on Cancer Research

Table 4: Annexin V-FITC fluorescence intensity values measured 24 h after cells ir-
radiation.

Sample Fluorescence intensities at different radiation
doses
0 0.8 5 10

Control 13010+ 5 | 15462+ 3 14237 15036 + 1
+6

Resveratrol (15 uM) 10891 + | 14020 + 6 15984 11905+ 9
15 +9

Resveratrol (30 uM) 80131 +2 | 156112 18566 84828 + 6
+6

Resveratrol (60 uM) 12765+ | 25287 +9 27573 15963 + 2
10 +9

Colchicine (0.08 pg/mL) 14368 | 163319 14627 | 21352+ 10
+ 11 +9

Hydroxyurea (152.12 pg/ | 12041 +£0| 14045+6 | 15107 14860 + 0
mL) 10

Values represent the means + SEMs of two separate experiments (n = 2).

Table 5: PI fluorescence intensity values measured 24 h after cells irradiation.

Sample Fluorescence intensities at different radiation

doses
0 0.8 5 10
Control 139+6 2027 | 2045 169+ 5
Resveratrol (15 pM) 143 £ 15 14+0| 114+ 11 1M19+7
Resveratrol (30 M) 5295 20+14 | 14418 631 +1
Resveratrol (60 uM) 153 +4 3019 | 104 =16 156 £ 1
Colchicine (0.08 pg/mL) 167 £13 20+9 159+ 9 195+ 11
Hydroxyurea (152.12 153 +18 24 £ 15 100 £1 153+ 8
ug/mL)

Values represent the means + SEMs of two separate experiments (n = 2).
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Figure 9 shows apoptosis and necrosis detection by annexin V-
FITC and PI staining. The results showed that NCI-H292 cells ex-
posed to 30 uM resveratrol nonirradiated and irradiated at 10 Gy dose
were stained by both annexin V-FITC and PI, indicating induction
of cellular necrosis. The other samples showed negative results for
annexin V-FITC and PI analyses, indicating that cells remained vi-
able. Apoptotic cells were measured but not detected in this analysis;
hence, apoptotic cells were stained only by annexin V-FITC. There-
fore, 30 pM resveratrol showed radiosensitive effects in NCI-H292
cells exposed to ionizing radiation at 10 Gy dose.

€00+ O Resveratrel 30 uM - 0 Gy
& Resveratrol 30 pM - 10 Gy

Propidium lodide

200 i L]
y =
o * T T ,
0 20000 40000 60000 80000 100000

Anexin V-FITC

Figure 9: Apoptosis and necrosis in NCI-H292 cells detected by annexin V-FITC and
PI staining. Each data point represents the means + SEMs of two separate experiments
(n=2).

Similar results have indicated that resveratrol induces late apop-
totic and necrotic cell death through different mechanisms in many
types of cancer cells [26-28]. According Magalhdes et al. [25], resver-
atrol (15 uM) has potent radioprotective effects in human rhabdo-
myosarcoma cells exposed to gamma radiation (50 Gy) after 48 h. In
addition, Moreno et al. [29] demonstrated that resveratrol (25 and 30
uM) has radioprotective effects in normal NCTC L929 cells irradiated
with gamma rays at doses of 500 and 800 Gy. In lung cancer cells, an

L
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in vitro study conducted by Liao et al. [13] showed that resveratrol (25
uM) induced nuclear fragmentation in human NCI-H838 non-small
cell lung cancer cells exposed to radiation at 6 MeV of electron beam
energy (2 Gy). Moreover, resveratrol has been shown to have both
radiosensitive and radioprotective potential in many types of tumor
cells according to the cell type, resveratrol concentration, radiation
type, and radiation dose [30,31].

Conclusion

In this study, was observed that when mucoepidermoid lung
carcinoma cells (NCI-H292) are exposed to resveratrol at 30 uM con-
centration prior to irradiation at 0.8, 5, and 10 Gy doses there was an
increase of the injured cells, observed 24h after irradiation. Moreover,
30 uM resveratrol in combination or not with ionizing radiation (10
Gy) induced necrosis in NCI-H292 cells analyzed 24 h after irradia-
tion. Resveratrol at 15, 30, and 60 uM concentrations increased MN
frequencies in NCI-H292 cells exposed to different doses of ionizing
radiation.

Therefore, resveratrol in combination with radiation showed
a great potential to cause DNA damage in NCI-H929 cells. Further
studies about the radiosensitive and radioprotective potentials of res-
veratrol in tumor cells are necessary in order to improve strategies
for ionizing radiation cancer treatments. DNA repair and cell cycle
synchronization effects were not observed.
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