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Resveratrol has received considerable attention as a polyphenol with various biological effects such as
anti-inflammatory, anti-oxidant, anti-mutagenic, anti-carcinogenic, and cardioprotective properties. As part
of the overall safety assessment of HS-1793, a novel resveratrol analogue free from the restriction of meta-
bolic instability and the high dose requirement of resveratrol, we assessed genotoxicity in three in vitro
assays: a bacterial mutation assay, a comet assay, and a chromosomal aberration assay. In the bacterial
reverse mutation assay, HS-1793 did not increase revertant colony numbers in S. typhimurium strains
(TA98, TA100, TA1535 and TA1537) or an E. coli strain (WP2 uvrA) regardless of metabolic activation.
HS-1793 showed no evidence of genotoxic activity such as DNA damage on L5178Y Tk"~ mouse lym-
phoma cells with or without the S9 mix in the in vitro comet assay. No statistically significant differences
in the incidence of chromosomal aberrations following HS-1793 treatment was observed on Chinese ham-
ster lung cells exposed with or without the S9 mix. These results provide additional evidence that HS-1793
is non-genotoxic at the dose tested in three standard tests and further supports the generally recognized as
safe determination of HS-1793 during early drug development.
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INTRODUCTION

A variety of vegetable foods and beverages contain sev-
eral non-flavonoid classes of phenolic compounds synthe-
sized by plants in response to injury or fungal attack.
Among them, resveratrol has been identified as the major
active compound of stilbene phytoalexins and is presumed
to be beneficial to human health. Resveratrol is found in a
wide variety of plants, including grapes, peanuts, blueberry,
bilberry, cranberry, lingonberry, and Polygonum cuspida-
tum (1). Resveratrol exhibits various biological effects such
as anti-inflammatory, antioxidant, anti-mutagenic, anti-car-
cinogenic, and cardioprotective properties (2). In addition,
resveratrol suppresses proliferation of various tumor cells,
including lymphoid and myeloid cancers; breast, colon,
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pancreas, stomach, prostate, head and neck, ovary, liver,
lung and cervical cancers; melanoma; and muscle (3). The
chemopreventive and chemotherapeutic properties associ-
ated with resveratrol offer promise for designing new che-
motherapeutic agents. Nevertheless, exposure to high doses
of resveratrol is required to induce apoptosis in cancer
cells because resveratrol is not a potent cytotoxic com-
pound when compared with other chemotherapeutic drugs
(4). The biological activity of resveratrol is also limited by
its photosensitivity and metabolic instability. Thus, devel-
opment of a potent resveratrol analogue may provide a
feasible means of achieving an effective physiologic con-
centration.

The newly developed resveratrol analogue, HS-1793 (4-
(6-hydroxy-2-naphthyl)-1,3-benzenediol) does not contain the
unstable double bond found in resveratrol, and the posi-
tions of two of the three hydroxyl groups in the HS-1793
aromatic ring are also different (5). These characteristics
make HS-1793 more metabolically stable, less photosensi-
tive, and more potent than resveratrol (5-7). Several studies
have demonstrated that HS-1793 has potent anti-cancer
activity in various cancer cell lines such as human renal
clear cell carcinoma Caki-1 cells (6), human leukemic U937
cells (7), murine breast cancer FM3A cells (8), human breast



212 M.H. Jeong et al.

cancer MCF-7 cells (9) and human prostate cancer LNCap
cells (10). HS-1793 also enhances anti-tumor immunity by
reducing regulatory T cells in a mouse breast tumor model
(11,12). HS-1793 may be a potential candidate for cancer
treatment, however, it needs more information for efficacy
as well as saftety.

The discovery of new drugs requires for safety and effi-
cacy investigations before release into the market. A large
number of molecules with great diversity can be rapidly
synthesized by combinatorial chemistry and high through-
put screening has enormously increased the scope and
speed of biological assays for safety evaluations. The pri-
mary objective of a drug safety evaluation is to obtain tox-
icity information, which can be interpreted and/or extended
to assess the health risk to the humans. The potential risks
and benefits of the drugs under study are carefully consid-
ered, so the benefits of using a new drug as a therapeutic
agent outweigh the risks and side effects (13). Genotoxicity
testing is also an important component of the drug develop-
ment process and is particularly important for a potential
chemopreventive agent if the agent is to be administered for
long periods of time. It is generally used for hazard identifi-
cation with respect to DNA damage and its fixation. This
damage can be manifested in the form of gene mutation,
structural chromosomal aberration, recombination, and numer-
ical changes. These changes are responsible for heritable
effects on germ cells and impose risks to future generations
(14). In addition, it has been well documented that somatic
mutations also play an important role in malignancy (15).
These tests have been used mainly for predicting carcinoge-
nicity and genotoxicity because compounds that are posi-
tive in these tests have the potential to be human carcinogens
and/or mutagens.

Therefore, the present study evaluated the in vitro geno-
toxicity potential of HS-1793 with bacterial reverse muta-
tion, chromosomal aberration, and comet assays, which are
the simplified standard methods often followed for geno-
toxicity testing.

MATERIALS AND METHODS
Chemicals and reagents. The clastogens used in this

study were: methyl methansulfonate (MMS, CAS# 66-27-
3), benzo(A)pryene (BaP, CAS#50-32-8), cyclophospha-
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mide (CPA, CAS# 6055-19-2), mitomycin C (MMC, CAS#
50-07-7), 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide (AF-2,
CAS# 153-78-6), sodium azide (NaN;, CAS# 26628-22-8),
9-aminoacridine (9-AA, CAS# 90-45-9), and 2-aminoan-
thracene (2-AA, CAS# 613-13-8). All chemicals were
obtained from Sigma-Aldrich (St. Louis, MO, USA). S9
was obtained from Molecular Toxicology Inc. (Boone, NC,
USA) and the cofactor was obtained from Oriental Yeast
Co., Ltd. (Tokyo, Japan). MMS, BaP, AF-2, 9-AA, and 2-
AA were dissolved in dimethyl sulfoxide (DMSO), whereas
while CPA, MMC and NaN, were dissolved with distilled
water. All clastogens were prepared fresh for each experi-
ment. A system for metabolic activation (S9 mix) consisted
of rat liver S9 and necessary cofactors.

Preparation of the HS-1793, resveratrol analogue.
To obtain HS-1793, the stilbene double bond present in res-
veratrol was substituted with a naphthalene ring as described
previously (9,10) and the synthesis of HS-1793 is summa-
rized in Fig. 1. For the in vitro studies, HS-1793 was freshly
prepared in DMSO on the day of use.

Cell culture. Chinese hamster lung fibroblast cell line
(CHL) and L5178Y Tk mouse lymphoma cells were
obtained from the American Type Culture Collection (Manas-
sas, VA, USA). CHL cells were maintained in Eagle’s mini-
mum essential medium (GIBCO/Invitrogen, Carlsbad, CA,
USA) supplemented with 100 U of penicillin-streptomycin/
ml and 10% heat-inactivated fetal bovine serum (GIBCO/
Invitrogen) at 37°C in a 5% CO, atmosphere. The doubling
time was about 13 hr and the modal chromosome number
was 25. L5178Y Tk” mouse lymphoma cells were cul-
tured in RPMI 1640 medium supplemented with 100 U of
penicillin-streptomycin/ml, 200 pg/ml sodium pyruvate, 500
pg/ml pluronic F68, and 10% heat-inactivated fetal bovine
serum (GIBCO/Invitrogen) at 37°C in a 5% CO, atmo-
sphere.

Bacterial reverse mutation assay. The Ames test was
carried out following the recommendations of Maron and
Ames (16) and according to the Organization for Economic
Co-operation and Development (OECD) guideline number
471 (17), by pre-incubating in the presence or absence of S9
mix. The Salmonella typhimurium strains (TA98, TA100,

C’

R'=2,4 dihydroxy

Fig. 1. Synthesis and chemical structure of resveratrol analogs, HS-1793.
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Table 1. Results of bacterial reverse mutation assay by HS-1793 treatment without S9 activation

Number of reverse mutants/plate (Mean + SD)

Dose -
Base substitution Frame shift
(ng/plate)
TA100 TA1535 E. coli TA98 TA1537
0 122+10 16+5 35+2 28+3 15+4
78.1 121£8 15+£2 39+3 29+2 14+2
156.3 117+ 11 17+2 33+£3 27+2 17+6
312.5 116 £9 18+2 37+2 30+4 13+4
625 124+6 17£5 36+2 26+3 14+3
1,250 107 +12 17£2 36+3 2542 156
2,500 108+ 6 18+4 32+1 28+1 18+1
5,000 119+ 12 17+3 36+2 2743 13+£2
Positive control AF-2 (0.01) NaN; (0.5) AF-2 (0.01) AF-2 (0.1) 9-AA (80)
(ng/plate) 425+23" 151+ 17" 334 +23° 278 +20° 15111
AF-2: 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide; NaN,: Sodium azide; 9-AA: 9-aminoacridine.
Three independent assays were performed and SD represents standard deviation. * p < 0.05 vs. control.
Table 2. Results of bacterial reverse mutation assay by HS-1793 treatment with S9 activation
Number of reverse mutants/plate (Mean + SD)
Dose Base substitution Frame shift
(pg/plate)
TA100 TA1535 E. coli TA98 TA1537
0 114 £ 12 20+ 4 41+4 364 17+3
78.1 116+ 13 24+3 39+3 40+ 4 16£2
156.3 109 £8 22+3 40+ 2 38+4 14+2
312.5 114+ 4 23+4 42+3 43+8 15£5
625 106 £ 19 21+4 38+3 424 14+2
1,250 108 + 14 21+3 37+2 434 14+1
2,500 118+ 11 20+2 43+3 44 £ 4 16+3
5,000 106 £9 21+6 40+2 33+£2 15+2
Positive control 2-AA (1.0) 2-AA (2.0) 2-AA (10) 2-AA (0.5) 2-AA (2.0)
(ng/plate) 598 + 20" 156+ 6" 428 +21° 232+9° 118+ 16"

2AA: 2-aminoanthracene.

Three independent assays were performed and SD represents standard deviation. " p < 0.05 vs. control.

TA1535, and TA1537) and the Escherichia coli strain (WP2
uvrA) were purchased from Molecular Toxicology Inc. HS-
1793 in diluted in DMSO was prepared as test samples, and
DMSO was used as a negative control. AF-2, 2-AA, 9-AA
and NaN; were used as the positive controls for the test at
0.01~80 pg/plate. Each sample was assayed in triplicate. To
a test tube, 0.5 ml of 0.1 M sodium phosphate buffer (pH
7.4) or 0.5 ml of S9 mix (10% S9 and salt-Cofactor-I solu-
tion), and 0.1 ml of bacterial culture were added. After add-
ing 0.1 ml of the test chemical suspension, the solution was
incubated for 20 min at 37°C with shaking (140 rpm). After
the incubation, 2.0 ml of top agar was mixed gently with the
pre-incubated solution and poured onto a minimal glucose
agar plate. The top agar consisted of 0.5% NaCl and 0.6%
BactoTM Agar (Becton, Dickinson, Fullerton, CA, USA) in
distilled water supplemented with 0.05 mM histidine and
0.05 mM biotin for the test that used S. typhimurium or 0.05

mM tryptophan for the test that used E. coli. Each culture
plate was placed in a incubator for 48 hr at 37°C. After the
incubation, the number of revertant colonies was counted.
Different concentrations of 2-AA for TA98, TA100, TA1535,
TA1537, and WP2uvrA were used with or without meta-
bolic activation. Positive controls of each bacterial strain in
the presence and absence of metabolic activation are shown
in Tables 1 and 2. The test substance was considered posi-
tive in the bacterial reverse mutation assay when there was
(a) an increase (> two-fold) of spontaneous revertants com-
pared with those in the negative control or (b) a dose-
dependent increase of revertant colonies in at least one of
the tester strains without cytotoxicity.

Cytotoxicity assay. The number of viable cells was
determined by the ability of mitochondria to convert MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
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mide, Sigma-Aldrich) to formazan dye. L5178Y Tk”" mouse
lymphoma cells and CHL cells were cultured overnight in
96 well plates, at a density of 1 x 10* cells/200 ul in each
well. The next day, L5178Y Tk”~ mouse lymphoma cells
and CHL cells were treated with various concentrations of
HS-1793 for 24 hr. Following the incubation, the medium
was removed and the cells were supplemented with fresh
medium containing MTT solution (final 0.5 mg/ml) into
each well. Following incubation for another 4 hr at 37°C in
a humidified 5% CO, atmosphere, the MTT was removed,
and cells were lysed with 150 ul DMSO. Absorbance was
measured at 550 nm using a microplate reader (VersaMax
Molecular Devices, Sunnyvale, CA, USA).

In vitro comet assay. DNA damages were detected by
the alkaline version of standard comet assay described by
Singh ef al. (18) with some modifications (19). The comet
assay was performed with L5178Y Tk"~ mouse lymphoma
cells. Cells were incubated at a concentration of 1.5 x 10°
cells/ml in 2 ml per well in a 12-well plate. The cells were
then exposed with or without HS-1793 for 4 hr. DMSO was
used as a negative control. The positive clastogens (15 pg/
ml MMS without S9 mix, or 35 pg/ml Bap with S9 mix)
were treated for 4 hr before harvesting for the comet assay.
The cells were collected and mixed with low melting point
agarose at 37°C. This mixture was placed on the top of the
previous layer of 0.5% normal melting point (NMP) agar-
ose on the slide, then covered with a coverslip and returned
to 4°C until solid. The coverslip was gently removed and
some NMP agarose was added onto the slide. The slide was
then covered again with a coverslip and placed at 4°C until
the mixture was solid. The slide was placed in chilled lysis
buffer (100 mM EDTA, 2.5M sodium chloride, 10 mM
Trizma base and 1% N-lauroylsarcosinate, adjusted to pH
10.0, with 1% Triton X-100) and unwinding buffer (1 mM
EDTA and 300 mM sodium hydroxide, pH > 13), respec-
tively, and subjected to electrophoresis. Thereafter, the
slides were gently washed with 0.4 M Tris buffer, stained
with Gel green DNA dye (Biotium, Inc., Hayward, CA,
USA), and visualized and analyzed under a fluorescence
microscope (Carl Zeiss, Oberkochen, Germany). The images
were captured, and a minimum of 100 comets per slide, in
triplicates for a group, were analyzed using the Metafer 4
software (MetaSystems, Carl Zeiss) which gives % DNA in
tail, tail length, tail moment (TM), and olive moment (OM)
directly. The parameter TM is the product of tail length and
% DNA in tail, and OM is the product of the distance
between the center of the head and the center of the tail and
% DNA in tail.

In vitro chromosomal aberration assay. Chromosome
aberration tests were performed on CHL cells. The cells
were plated at 1 x 10° cells/dish and incubated for 24 hr.
The culture medium was then replaced with fresh medium

including a test substance. DMSO was used as a negative
control. Preliminary tests for cell growth inhibition and
chromosomal aberrations were performed to determine an
appropriate concentration range of the test substance for the
chromosomal aberrations assay. The concentrations were
set within range including 50% inhibition dose. For short-
term treatment, cells were treated with each test substance
for 6 hr with either additional culture medium (without met-
abolic activation) or the S9 mix at a final concentration of
3% (with metabolic activation). After a 6 hr exposure, the
cells were washed and incubated in fresh medium for a fur-
ther 18 hr. For continuous treatment, the cells were treated
with each dose for 24 hr. Colcemid was added (10 pg/ml
final concentration) 2 hr prior to harvesting. The cells were
then harvested, swollen in 0.075 M KClI solution, fixed in
methanol: acetic acid, placed on clean glass slides and
Giemsa (5%) stained. The images were captured, and one
hundred metaphases per slide, were analyzed using the
Metafer 4 software. Two hundred metaphases per a group
were analyzed for structural chromosomal aberrations (20).
The incidences of chromatid/chromosome gaps and numeri-
cal aberrations were recorded, but these incidental observa-
tions were not classified as chromosomal aberrations.
Results were evaluated according to the following criteria
(21): negative, < 5%; uncertain, 5~10%; positive, > 10% for
structural or numerical chromosomal aberration frequen-
cies. In addition, statistical significance was tested among
groups.

Statistical analysis. All data are expressed as mean
and standard deviation. Statistical significance was tested
using the Statistical Package for the Social Sciences statisti-
cal software for Windows, ver. 18.0 (SPSS Inc., Chicago,
IL, USA). Data were tested for normality using the Kolmog-
orov-Smirnov test and for homogeneity of variance using Lev-
ene’s test, prior to any statistical analysis. The data were
normally distributed, and the variances were homogeneous.
Therefore, significant differences between two groups were
evaluated by Student’s #-test and significant differences
among more than two groups were evaluated by one-way
analysis of variance with Dunnett’s post hoc test for multi-
ple comparisons. A difference was considered significant at
p<0.05.

RESULTS

Bacterial reverse mutation assay. The results of the
bacterial reverse mutation tests with the five bacterial
strains for HS-1793 are summarized in Tables 1 and 2. A
toxicity test was performed in the presence or absence of
metabolic activation with the dosages ranging from 78.1~
5,000 pg/plate at a common ratio of approximately 2. Tox-
icity to all tester strains was observed using the pre-incuba-
tion method. Evidence of HS-1793 related toxicity, as
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Fig. 2. Cytotoxicity and genotoxicity of H5-1793 by the comet assay in L5178Y Tk~ mouse lymphoma cells. (A) The cells were treated
with the indicated concentrations of HS-1793 for 4 hr. Cell viability was determined by the MTT assay. Each percent value in treated
cells was calculated with respect to that in the untreated control. All samples were run in triplicate and experiments were repeated
three times. Results are expressed as percentages of control, and data are means + standard deviations of three independent experi-
ments. (B) Photomicrograph (400x) of comet in L5178Y Tk"~ mouse lymphoma cells with or without the S9 mix after a 4 hr exposure

to HS-1793.

indicated by reduced revertant numbers and/or thinning of
the background lawn was not observed at 5,000 pg/plate
with S. typhimurium strains (TA98, TA100, TA1535, and
TA1537) or E. coli strain (WP2 uvrA) in the absence or
presence of S9 metabolic activation (data not shown).
Based on the toxicity test results, the main test was per-
formed with dose ranges at a common ratio of approxi-
mately 2 and the results are shown in Tables 1 and 2. No
increases in revertant frequencies were observed at any
dose of HS-1793 in any tester strains with or without the S9
mix compared to the concurrent vehicle control cultures
(Tables 1 and 2). The positive control chemicals for each
tester strain induced at least a two-fold increase in the num-
ber of revertant colonies compared to the solvent control.
Solvent and positive control values were distributed within
the historical control ranges obtained in our laboratory.
These results suggest that HS-1793 did not induce genotox-
icity during bacterial reverse mutation under the conditions
used in this study.

Comet assay. The results of in vitro comet assay with
L5178Y Tk"™ mouse lymphoma cells for HS-1793 are sum-
marized in Fig. 2 and Table 3. In the dose-range study for
HS-1793, cell viability decreased in dose dependent man-
ner during the 24 hr treatments. To exclude DNA damage
by HS-1793 induced cytotoxicity, no reduction of viable
cell numbers > 70% was observed at 62.5 ng/ml for 4 hr
(Fig. 2A). Based on the cell viability results, the comet
assay was performed with the dose ranges at a common
ratio of approximately 2, and the results are shown in Table
3. No significant differences in % DNA in the tail, tail
length, TM, or OM of L5178Y Tk"" mouse lymphoma cells
were observed between the vehicle and HS-1793 treated
groups in the presence or absence of metabolic activation.
The comet parameters of cells treated with positive control
(MMS without S9 mix and Bap with S9 mix) increased sig-
nificantly when compared to that of the vehicle (p < 0.05,
Table 3 and Fig. 2B). These results indicated that HS-1793
did not induce genotoxicity as DNA damage in L5178Y
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Table 3. Results of in vitro comet assay by HS-1793 treatment without and with S9 activation in L5178Y Tk”~ mouse lymphoma cells

S9 Mix Dose (pug/ml) % DNA in tail Tail length (pum) Tail moment (jum) Olive moment (pum)

0 1.82+0.21 1.91+£0.47 0.14 £ 0.04 0.83+£0.21
3.9 0.93£0.21 149+ 036 0.03 +0.01 0.42 £0.03
O 7.8 1.09 +0.37 1.98+0.27 0.07 £ 0.02 0.62 £ 0.05
15.5 1.61 +0.49 211041 0.13+0.03 0.75+0.07
31 2.13+0.36 2.75+0.37 0.16 +0.03 0.98 = 0.09
62 2.52+0.34 2.82+0.46 0.21 £0.05 1.01£0.07

MMS 15 51.29+£4.26 97.21+6.75 58.13+6.12° 14.68 +1.01
0 1.34+0.21 1.04 £ 0.06 0.11+0.03 0.64+0.16
3.9 0.98 £0.13 0.86 = 0.04 0.04 £ 0.01 0.41 £ 0.04
) 7.8 1.16 = 0.08 0.95+0.13 0.06 £ 0.01 0.56 = 0.06
15.5 1.42£0.16 1.04 £ 0.06 0.13+0.02 0.78 £0.12
31 1.58 £0.11 1.17+0.07 0.09 + 0.02 0.80+0.17
62 1.65+0.09 1.20 = 0.03 0.15+0.01 0.85+0.15

BaP 35 49.14 +£3.29” 80.29 + 6.24™ 42.15+3.98" 13.74 197"

Postive control: MMS (methyl methansulfonate), BaP (Benzo(A)Pryene).
Three independent assays were performed and SD represents standard deviation. "™ p < 0.05 and p < 0.01, respectively vs. control.

Tk™ mouse lymphoma cells under the conditions used in
this assay.

Chromosomal aberration assay. Results of the HS-
1793 in vitro chromosomal aberration test are shown in
Tables 4 and 5. HS-1793 was tested at concentrations rang-
ing from 7.81 to 1,000 pg/ml and cell viability decreased in
dose dependent manner during the 24 hr treatments (Fig.
3A). The ICy, was calculated as 118.7 pg/ml for the 24 hr
treatment and the chromosomal aberration test was per-

formed at a common ratio of approximately 2 based on the
ICs. As shown Table 4, HS-1793 did not induce a signifi-
cant increase in the incidence of structural or numerical
chromosomal aberrations after short term treatment for 6 hr
at doses of 6.25, 12.5, 25, 50 and 100 pg/ml in the presence
or absence of the S9 mix. In addition, HS-1793 did not
induce a significant increase in the incidence of structural or
numerical chromosomal aberrations after continuous treat-
ment for 24 hr at concentrations of 6.25, 12.5, 25, 50 and
100 pg/ml in the absence of the S9 mix (Table 5 and Fig.

Table 4. Results of the chromosome aberration assay by short term treatment of HS-1793 treatment in CHL cells

S9 Mix/ Growth Structural aberrations I\tl)umerllcal Number Total frequency (%)
Treatment Dose index abermations Gap of'total
i 'ml Chromosome type  Chromatid type
time (g/mi) (%0) op P Others PP +ER cell () Gap (+) Gap
csb cse ctb cte
0 100 0 0 0 1 0 0 1 200 0.5 1
6.25 98 0 0 0 2 0 0 1 200 1 1.5
&Y% 12.5 90 0 0 1 1 0 0 2 200 1 2
6~18 hr 25 84 1 0 0 1 0 0 2 200 1 2
50 72 0 0 1 1 0 0 1 200 1 1.5
100 65 0 0 0 1 0 1 2 200 0.5 1
MMC 0.5 - 5 3 53 9 0 0 22 200 78.5" 89.5"
0 100 0 0 2 0 0 0 2 200 1 2
6.25 98 0 0 1 1 0 0 1 200 1 1.5
Y 12.5 95 0 0 0 1 0 0 1 200 0.5 1
6~18 hr 25 89 0 0 2 3 0 0 2 200 25 3.5
50 82 0 0 3 2 0 0 1 200 2.5 3
100 71 0 0 0 1 0 0 2 200 0.5 1.5
CPA 10 - 1 5 59 166 0 0 33 200 116" 132"

Postive control: MMC (mitomycin C), CPA (cyclophosphamide).

ctb: chromatid break; cte: chromatid exchange; csb; chromosome break; cse: chromosome exchange;: pol: polyploidy; end: endo-reduplication.
Three independent assays were performed and SD represents standard deviation. "™ p < 0.05 and p < 0.01, respectively vs. control.
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Table 5. Results of the chromosome aberration assay by continuous treatment of HS-1793 in CHL cells

S9 Mix/ Growth Structural aberrations all\t])lel:lrlrlztril((;i Number 1otal frequency (%)
05!
Trez.:ltment (pg/ml) index Chromosome type ~ Chromatid type Gap  of total
time (%) Others PP+ ER cell (-)Gap (+) Gap
csb cse ctb cte
0 100 0 0 0 0 0 0 0 200 0 0
6.25 93 0 0 0 0 0 0 0 200 0 0
) 12.5 85 0 0 0 2 0 0 0 200 1 1
24~0 hr 25 79 0 0 0 1 0 1 1 200 0.5 0.5
50 72 0 0 2 1 0 0 1 200 1.5 2
100 58 0 0 2 1 0 0 2 200 2.5 1.5
MMC 0.5 - 3 12 15 181 0 0 8 200 106 109.5°

Postive control: MMC (mitomycin C).

ctb: chromatid break; cte: chromatid exchange; csb: chromosome break; cse: chromosome exchange; pol: polyploidy; end: endo-reduplication.
Three independent assays were performed and SD represents standard deviation.” p < 0.05 vs. control.
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Fig. 3. Cytotoxicity and genotoxicity of HS-1793 by chromosomal aberration assay in CHL cells. (A) The cells were treated with the
indicated concentrations of HS-1793 for 24 hr. Cell viability was determined by the MTT assay. Each percent value in treated cells was
calculated with respect to that in the untreated control. All samples were run in triplicate and experiments were repeated three times.
Results are expressed as percentages of control, and data are means + standard deviations of three independent experiments. (B) Pho-
tomicrograph (400x) of chromosomal aberration in CHL cells with or without the S9 mix after a 6 or 24 hr exposure to HS-1793.

3B). Both the positive controls, containing either MMC for
treatment without metabolic activation or CPA for treat-
ment with metabolic activation, resulted in an increase in
the frequency of cells with > 10% chromosomal aberration,
supporting the validity of the study. Our data show that HS-
1793 did not induce chromosomal aberrations in CHL cells
under the conditions of the study.

DISCUSSION

We report the findings of genotoxicity testing conducted

on the novel resveratrol analogue HS-1793 using a bacte-
rial mutation assay, in vitro comet assay, and in vitro chro-
mosomal aberration assay. HS-1793 showed negative results
in the three established genotoxicity tests.

The bacterial reverse mutation assay (Ames assay) is pri-
marily used to determine the mutagenic potential of various
compounds in a prokaryote organism and whether the reac-
tive metabolite is a product of metabolic activation by mam-
malian enzymes (22). In the present study, the mutagenic
effect of HS-1793 was assessed in the TA98, TA100,
TA1535 and TA1537 S. typhimurium tester strains, and E.
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coli WP2 uvrA in the presence and absence of S9 meta-
bolic activation. Toxicity was evaluated based on a decrease
in the number of revertant colonies and/or thinning of the
bacterial lawn. HS-1793 did not produce an increase in the
number of revertant colonies tested with or without the S9
mix in S. typhimurium strains TA98 and TA1537, which are
strains indicative of a frame shift mutation. In addition, HS-
1793 produced negative results in the TA100, TA1535 and
WP2uvrA strains that specifically detect base pair point
mutations. The concurrent positive controls demonstrated
the sensitivity of the assay, and the mean revertant colony
counts for the vehicle controls were within 99% confidence
limits of the current historical control range of our labora-
tory. These results were consistent with the study results of
Matsuoka et al. (21), who assessed the genotoxic potential
of resveratrol. Resveratrol was negative in the bacterial
reverse mutation assay with S. typhimurium strain TA100
and TA98, as well as the E. coli strain WP2uvrA strain
tested in the presence and absence of the S9 mix at doses of
0.02~5000 pg per plate (23). Our results suggest no evi-
dence of bacterial reverse mutagenicity of HS-1793 at con-
centrations up to 5000 pg/plate.

Although negative results were observed in the Ames
test, further testing was conducted using in vitro mamma-
lian assays to confirm these results. DNA damage consid-
ered relevant to mammalian cells cannot be adequately
measured in bacteria and should be evaluated in mamma-
lian cells for investigations on cytogenetic effects. Several
mammalian cell systems are used to detect both DNA dam-
age and gross chromosomal damage in in vitro test systems
(24). Certain chemical substances induce the risk of other
diseases or the individual chemical is even demonstrated to
be carcinogenic or to cause damage to DNA (25). The genetic
damage that a cell can incur, the damage response mecha-
nisms available to cells and organisms, and the potential
consequences of such damage can be referred to as cell
genotoxicity. Genotoxic agents or genotoxins are those sub-
stances causing genotoxicity in a cell.

The comet assay has high sensitivity and low specificity
for the association between genotoxicity test findings and
rodent carcinogenicity outcomes. Genotoxicity with special
reference to DNA damage in a cell shows comet formation
after mini-gel electrophoresis. DNA fragments form a comet
as a result of DNA damage in a cell (26). When viewed
under a microscope, the cell has the appearance of a comet
with a head, i.e., the nuclear region and the tail contain
DNA fragments in strands (27). The formation of comets
indicates primary DNA lesion leading to genetic damage in
the cell. In particular, this low specificity of the comet assay
is associated with cytotoxicity (28). Thus, to exclude the
possibility of HS-1793 induced DNA damage resulting from
cytotoxicity, viability was determined using the MTT assay.
In this study, we determined the concentrations of HS-1793
that did not affect cell survival in L5178Y Tk~ mouse lym-

phoma cells for the comet assay. The results demonstrate no
significant induction of DNA damage after a 4 hr exposure
to HS-1793 with or without the S9 mix. The concurrent
positive controls (BaP with S9 mix and MMS without S9
mix) showed significantly higher values in the comet param-
eters (p < 0.05). Our data suggest that HS-1793 is not respon-
sible for DNA strand breakage capacity in mammalian cells
under tested conditions.

Resveratrol acts as an antimutagenic/anticarcinogenic agent
by preventing oxidative DNA damage which plays a pivotal
role in the carcinogenic activity of many genotoxic agents
(29). Cellular oxidative stress generates free radicals, includ-
ing reactive oxygen species (ROS) and these interact with
critical macromolecules leading to DNA damage. DNA
damage resulting from attack by ROS includes base modifi-
cations, sugar damage, strand breaks, abasic sites and DNA
protein-crosslinks and it has been implicated in mutagene-
sis and carcinogenesis (30). Resveratrol has effective anti-
oxidant activity in different in vitro assays including: total
antioxidant activity, reducing power, DPPH, ABTS”,
DMPD™ and O, radical scavenging, hydrogen peroxide
scavenging and metal chelating activities (31). It is also a
potent inhibitor of cellular ROS production in various cells
(32). Similarly, our previous data demonstrate that HS-1793
effectively scavenges free radicals and inhibits radiation-
induced plasmid DNA strand breaks an in vitro assay. In
addition, HS-1793 significantly decreased ROS and cellu-
lar DNA damage in 2 Gy irradiated Chinese hamster ovary
(CHO)-K1 cells (33). Indeed, HS-1793 showed no evi-
dence of mutagenic activity when assessed for genotoxicity
in the comet assay and it may be involved in the anti oxi-
dant activity of HS-1793.

Although the comet assay is a sensitive and rapid method
for detecting DNA single-strand breaks and alkali-labile
sites in individual cells, it does not detect aneuploidy, chro-
mosome rearrangement, DNA—DNA cross-linking, or DNA
adducts. The in vitro chromosome aberration test is prima-
rily used to identify the potential of a chemical to induce
structural chromosome aberrations in cultured mammalian
cells (14). Thus, the in vitro chromosome aberration test
was performed using CHL cells to investigate the potency
of HS-1793. As a result, no structural chromosome aberra-
tions were caused by HS-1793 in the absence or presence of
the S9 mix for either the short or continuous exposure peri-
ods at doses of 6.25~100 pg/ml. Resveratrol induces sister
chromatid exchange dose-dependently at up to 10 pg/ml and
shows weak aneuploidy induction in a Chinese hamster
lung cell line (34). In addition, some analogues of resvera-
trol differing in number and position of hydroxy groupsclear
positive responses in a concentration-dependent manner in
chromosomal aberration and sister chromatid exchange
(35). These results indicate that HS-1793 is non clastogenic
at the tested concentration of 100 pg/ml.

In summary, the potential genotoxic effects of HS-1793
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were assessed in an in vitro standard test battery. HS-1793
was non-genotoxic in a bacterial mutation assay, chromo-
some aberration assay, and the comet assay in vitro test.
These data suggest that the risk of HS-1793 having geno-
toxic activity is low. Some studies on the beneficial charac-
teristics of HS-1793, including a reduction in cancer risk
have been reported but should be further assessed in human
clinical studies. Therefore, many investigation of HS-1793-
induced genotoxicity including in vivo assays and elucida-
tion of the mechanism of genotoxicity are needed to clarify
the potential risk for humans and to develop a new drug.
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