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Antimutagenic and Chemopreventive
Properties of 6-(Methylsulfinyl) Hexyl
Isothiocyanate on TK6 Human Cells
by Flow Cytometry

Veronica Cocchi”, Patrizia Hrelia and Monia Lenzi

Department of Pharmacy and Biotechnology, Alma Mater Studiorum University of Bologna, Bologna, Italy

6-(methylsulfinyl) hexyl isothiocyanate (6-MITC), is the main bioactive compound present
in Wasabia japonica rhizome. Several scientific studies have shown that 6-MITC
possesses interesting antimicrobial, anti-inflammatory, antiplatelet and antioxidant
properties which therefore suggested us it could have an interesting chemopreventive
potential. In a recent publication, we demonstrated, in two different leukemia cell lines, its
ability to modulate several mechanisms supporting its antitumor activity. For this reason,
we thought useful to continue the research, by investigating the potential antimutagenic
activity of 6-MITC and thus better define its profile as a possible chemopreventive agent.
6-MITC antimutagenic effect against two known mutagenic agents: the clastogen
Mitomycin C (MMC) and the aneuplodogen Vinblastine (VINB), was analyzed, in terms
of micronuclei frequency decrease, after short- and long- time treatment on TK6 human
cells, using a new automated protocol of the “In Vitro Mammalian Cell Micronucleous Test”
by flow cytometry. The results showed a different behavior of the isothiocyante. In
particular, 6-MITC was unable to counteract the MMC genotoxicity, but when it was
associated with VINB a statistically significant decrease in the micronuclei frequency was
registered. Overall, the results obtained suggest a potential antimutagenic activity of 6-
MITC, in particular against the aneuploidogen agents. This ability, to inhibit or counteract
the mutations at the cellular level has a great therapeutic value and it represents a
mechanism through a chemopreventive agent can express its activity.

Keywords: 6-MITC, antimutagenesis, chemoprevention, micronuclei, flow cytometry, TK6

INTRODUCTION

6-(Methylsulfinyl) hexil isothiocyanate (6-MITC) is the main bioactive compound present in
Wasabia japonica, a plant belonging to the Brassicaceae family, also called “Japanese radish”. A
green paste with a particularly spicy taste is made from the rhizome of this plant, that is used in
traditional Japanese cuisine and commonly known as Wasabi (Weil et al., 2004; Weil et al., 2005;
Hsuan et al.,, 2016).

Isothiocyanates have long been considered by the scientific community, for the numerous
pharmacological properties demonstrated (Melchini et al., 2013; Lenzi et al., 2014). Several scientific
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studies have shown that 6-MITC in particular, possesses
interesting antimicrobial (Hirokuni et al., 1998; Ko et al,
2016), anti-inflammatory (Uto et al, 2005; Uto et al., 2007;
Uto et al,, 2012), antiplatelet (Morimitsu et al., 2000) and
antioxidant (Mizuno et al., 2011) properties.

These results suggested us a potential interest 6-MITC as a
chemopreventive agent. In a recent publication, we therefore
demonstrated, in two different leukemia cell lines (Jurkat and
HL-60), its ability to modulate several mechanisms supporting
its antitumor activity, such as the cyotodifferentiation and
apoptosis induction or the cellular proliferation inhibition
(Lenzi et al., 2017).

Beside the ability to interact with cellular and molecular targets,
crucial in the development of cancer, also the study and the
identification of compounds capable of counteracting the
genotoxicity, it is recognized of great interest in the field of
chemoprevention (Stoczynska et al., 2010). In fact, if the
mutation occurs in a somatic cell it could lead to premature
aging, damage to the immune system and promote the
development of chronic degenerative diseases, such as cancer
(Basu, 2018).

Initially, the mutagenic activity of 6-MITC was evaluated
both at short and long times, in order to exclude the
mutagenicity of the compound under study, Subsequently, the
research continued by analyzing the antimutagen potential of 6-
MITC against two known mutagenic agents, characterized by
different mechanism of action, i.e the clastogen Mitomycin C
(MMC) and the aneuploidogen Vinblastine (VINB). For this
purpose, we decided to use a new automated protocol of the
Micronucleous (MN) Test by flow cytometry (FCM) (Lenzi et al.,
2018; Lenzi et al., 2020).

Numerous genotoxicity tests are validated by OECD and
some allow to highlight gene mutations, while other permit to
show chromosomal aberrations (OECD Overview, 2014-2015).
In this work, we select the “In Vitro Mammalian Cell
Micronucleous Test”, (OECD no. 487, 2016) because the MN
represents a sensitive biomarker of both structural chromosomal
damages, induced by clastogen agents and numeric
chromosomal damages, induced by aneuploidogen agents
(OECD Overview 2014-2015, 2017; Lenzi et al., 2020).

Among several cell lines (CHO, V79, CHL/IU, L5178Y and
TK6) validated by the OECD guideline no. 487 that can be used
to assess the genotoxicity of a xenobiotic, we selected TK6 cells
(OECD no. 487, 2016). Our choice is based on the human and
not tumorigenic origin of this cell line which better represents
the possible effect on human beings. Moreover, since TK6 cells
grow in suspension, they are particularly suitable for FCM (Lenzi
et al., 2020).

MATERIALS AND METHODS

Reagents

Dimethyl sulfoxide (DMSO), Ethanol, Ethylenediaminetetraacetic
acid (EDTA), Fetal Bovine Serum (FBS), L-Glutamine (L-GLU),
Mitomycin C (MMC), Nonidet, Penicillin-Streptomycin solution

(PS), Potassium Chloride, Potassium Dihydrogen Phosphate,
Roswell Park Memorial Institute (RPMI) 1640 medium,
Vinblastine (VINB),Water bpc grade, Sodium Chloride, Sodium
Hydrogen Phosphate (all purchased from Sigma-Aldrich, St Louis,
Missouri, USA), Guava Nexin Reagent, Guava ViaCount Reagent
(all purchased from Luminex Corporation, Austin, Texas, USA),
RNase A, SYTOX Green, 7-aminoactinomycinD (7-AAD)
(all purchased from Thermo Fisher Scientific, Waltham,
Massachusetts, USA).

6-MITC

6-MITC was purchased from Abcam, Cambridge, UK. The
purity of ITC was >98%. The isothiocyanate was dissolved in
DMSO up to 97.39mM stock solution and stored in the dark at
—20°C. Increasing concentrations of 6-MITC from 0 to 64uM
were tested. DMSO concentration was always in the range 0.05-
1% in all the experimental conditions.

Cell Culture

TK6 human lymphoblast cells were purchased by Sigma-Aldrich
(St. Louis, Missouri, USA) and were grown at 37°C and 5% CO,
in RPMI-1640 supplemented with 10% FBS, 1% L-GLU and 1%
PS. To maintain exponential growth, the cultures were divided
every third day in fresh medium and the cell density did not
exceed the critical value of 9x10° cells/mL.

Treatments

Short-Term Treatment

Aliquot of 2.0x10° of TK6 cells were treated with increasing
concentrations of 6-MITC (0 to 64puM) and incubated for 3h
followed by 23h of recovery in fresh medium, 26h total,
corresponding to two replication cycles, in the presence or
absence of MMC (400ng/mL) or VINB (25ng/mL) (co-
treatment). We selected these concentrations on the basis of
the literature (Sobol et al., 2012) and, as stated in the OECD
guideline, we checked that cytotoxicity and cytostasis were lower
than 55 + 5% (OECD no. 487, 2016).

Long-Term Treatment

Aliquot of 2.0x10° of TK6 cells were treated with increasing
concentrations of 6-MITC (0 to 32uM) and incubated for 26h
consecutive, corresponding to two replication cycles, in the
presence or absence of MMC (200ng/mL) or VINB (6.25ng/
mL) (co-treatment). We selected these concentrations on the
basis of the literature (Sobol et al., 2012) and, as stated in the
OECD guideline, we checked that cytotoxicity and cytostasis
were lower than 55 + 5% (OECD no. 487, 2016).

Flow Cytometry

All FCM analysis reported below were performed using a Guava
easyCyte 5HT flow cytometer equipped with a class IIIb laser
operating at 488 nm (Merck, Darmstadt, Germany).

Cytotoxicity and Cytostasis Analysis
In order to detect cytotoxicity and cytostasis the percentage of
viable cells was evaluated by the Guava ViaCount Assay. Briefly,
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cells were stained with Guava ViaCount Reagent (containing
Propidium Iodide, PI) and analyzed by Guava ViaCount software.

In particular, to assess the cytotoxicity, the results obtained in
the sample treated with different concentrations of 6-MITC were
normalized on those obtained in the control cultures.

In parallel, the number of cells seeded at time 0 and that
measured at the end of the treatment time, was used to check the
correct replication in the control cultures and compare it to that
measured in the treated cultures using the relative population
doubling (RPD).

RPD - (No . of Population doublings in treated cultures)

" (No. of Population doublings in control cultures) *

Apoptosis Analysis
The percentage of apoptotic cells was evaluated by the Guava
Nexin Assay. Briefly, the percentage of live, apoptotic and
necrotic cells was assessed using the Guava Nexin Reagent
(containing 7-AAD and Annexin-V-PE) and analyzed by
Guava Nexin software.

The results obtained were expressed as apoptotic fold
increase of treated cultures compared to control cultures and
were used to select MNs test concentrations. In fact, it is
necessary that the percentage of apoptotic cells measured in
treated cultures is comparable to that present in the control
cultures, in order to avoid possible false positives, due to the
presence of apoptotic bodies.

Genotoxicity Analysis

The analysis of the MNs frequency was performed using an
automated protocol by Lenzi et al. (2018). Briefly, after 3 or 26h
from 6-MITC exposure, aliquots of 7x10° cells were collected and
stained with 7-AAD and SYTOX Green. The discrimination
between nuclei and MNs was performed on the basis of the
different size analyzed by Forward Scatter (FSC), and the
different intensity of green fluorescence. For each sample the

MNs frequency was measured on 10,000 nuclei derived from
viable and proliferating cells on the basis of different red
fluorescence. The results were expressed as MNs frequency
fold increase in treated cultures compared to that present in
the control cultures (Figure 1).

Statistical Analysis

All results were expressed as mean + SEM of at least five
independent experiments. For the statistical analysis of the
viability, apoptosis and MNs we used the Analysis of Variance
for paired data (repeated ANOVA), followed by Dunnett or
Bonferroni as post-test. All the statistical analyses were
performed using Prism Software 4.

RESULTS

Mutagenesis of 6-MITC

Short-Term Treatment (3h+23h)

In order to select the concentrations to be used in the following
experiments, we, first, evaluated the cytotoxic and cytostatic
potential of 6-MITC after 3h treatment followed by 23h of
recovery in complete medium at different concentrations (0, 2,
4, 8, 16, 32, and 64pM). In fact, the OECD guideline no. 487
recommends proceeding to assess the genotoxicity of a
xenobiotic, only if the highest concentration tested shows
cytotoxicity and cytostasis at most equal to 55 * 5% (OECD
no. 487, 2016).

Figure 2 shows that the viability remains abundantly higher
than the threshold (red line) required by the OECD guideline at
all concentrations tested, except for the 6-MITC 64uM
(Figure 2A).

At the same time, using RPD value, the cytostasis was
checked. Similarly, to cytotoxicity, all concentrations tested,
except the 6-MITC 64uM, respect the threshold (Figure 2B).
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FIGURE 1 | Image of bivariate plots of nuclei and MNs analyzed by Guava Incyte software.
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Short-term treatment (3h+23h)
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Treatment RPD %
6-MITC 0 pM 100
6-MITC 2 pM 97.2+0.4
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6-MITC 32 pM | 44.7 +0.2
6-MITC 64 uM 8.6+0.3

FIGURE 2 | Effect of 6-MITC on cytotoxicity and cytostasis after short term treatment. Percentage of viability (A) and RPD (B) in TK6 cells treated with 6-MITC for
3h followed by 23h of recovery in complete medium. Each bar represents the mean + SEM of five independent experiments. Data were analysed using repeated

ANOVA followed by Dunnet post-test. **p < 0.01 vs 0; **p < 0.001 vs 0.

Subsequently, the induction of apoptosis was evaluated as an
alternative cell death mechanism, in order to avoid the possible
confounding effect of apoptotic bodies with MNs. In particular,
with respect to the control cultures, a similar apoptotic trend was
detected a 2, 4 and 8uM, while a two and three-time increase was
detected at 16 and 32uM, respectively (Figure 3).

Therefore, on the basis of the obtained results, 2 and 4uM
concentrations were selected to be used to assess the potential
genotoxicity induced by 6-MITC.

For this purpose, the MNs frequency was measured in control
and treated cultures and compared with MMC 400ng/mL and
VINB 25ng/mL, used as a positive control. As shown in Figure 4
the MNs frequency increase registered in 6-MITC treated

Short-term treatment (3h+23h)

41 dekek
3

2_ *

Apoptosis fold increase

0 2 4 8 16 32
6-MITC uM

FIGURE 3 | Effect of 6-MITC on apoptosis after short term treatment.
Apoptosis fold increase in TK6 cells treated with 6-MITC for 3h followed by
23h of recovery in complete medium. Each bar represents the mean + SEM
of five independent experiments. Data were analysed using repeated ANOVA
followed by Dunnet post-test. *p < 0.05 vs 0; ***p < 0.001 vs 0.

cultures was not statistically significant compared to the
control cultures, while an increase equal to two and five time
was detected in the MMC and VINB treated culture, respectively
(Figures 4A-C).

Long-Term Treatment (26h)

In order to completely exclude the genotoxicity of a substance,
the OECD guideline no. 487 suggests to check the effect also after
a long-term treatment (OECD no. 487, 2016). For this reason,
TK6 cells were treated with different concentrations of 6-MITC
0, 1, 2, 4, 8, 16uM) for 26h.

Similarly, to what described above for the short-time treatment,
also in this case, initially were selected non-cytotoxic and non-
cytostatic concentrations.

Figure 5 shows that the viability remains abundantly higher
than the 50% (red line) for all concentrations tested (Figure 5A),
while the RPD values respect the threshold at all concentrations
tested, except the 16yM. In this case a cytostasis equal to 89.6%
was observed and so a cell proliferation equal to 10.4% (Figure
5B). For this reason, the 16uM concentration was excluded from
the apoptosis test.

Annexin V-PE/7-AAD double staining allowed to calculate
the percentage of apoptotic cells. As shown in Figure 6 only for
the 6-MITC 8uM, compared to the control cultures, a population
doubling was detected.

Therefore, on the basis of the obtained results, 1 and 2uM
concentrations were selected to be used to assess the potential
genotoxicity induced by 6-MITC.

As shown in Figure 7 also in this case, analogously to the
short-term treatment, 6-MITC not induced mutagenic activity.
In fact, a MNs frequency statistically significant increase, was not
registered in all 6-MITC treated cultures (compared to the
control cultures), while a four- and five- time increase was
detected for the mutagens MMC 200ng/ml and VINB 6.25ng/
ml, respectively (Figures 7A-C).
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Short-term treatment (3h+23h)
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FIGURE 4 | Effect of 6-MITC on mutagenesis after short term treatment. MNs frequency fold increase (A) and dot plot obtained by FCM in the control cultures (B)
and 6-MITC 4uM treated cultures (C) on TKB cells after 3h treatment followed by 23h of recovery in complete medium. Each bar represents the mean + SEM of five
independent experiments. Data were analysed using repeated ANOVA followed by Bonferroni post-test. *p < 0.05 vs 0; ***P < 0.01 vs 0.

Long-term treatment (26h)

A B

1009 — Treatment RPD %

75 6-MITC 0 uM 100
§ 6-MITC 1 uM 95.5+0.2
§ 50 6-MITC2 uM | 95.6+0.4
” s 6-MITC 4 uM 80.9+0.7
oL 6-MITC 8 uM 55.240.9
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FIGURE 5 | Effect of 6-MITC on cytotocicity and cytostasis after long term treatment. Percentage of viability (A) and RPD (B) in TK6 cells treated with 6-MITC for 26h.
Each bar represents the mean + SEM of five independent experiments. Data were analysed using repeated ANOVA followed by Dunnet post-test. ** p < 0.001 vs O.

Antimutagenesis of 6-MITC An average apoptosis fold increase equal to three time in MMC
Short-Term Treatment (3h+23h) +6-MITC associations treated cultures respect to the control
Once the non-mutagenicity of the isothiocyanate was  cultures was observed (Figure 9A), while in VINB+6-MITC
demonstrated to both treatment conditions, the study continued  associations treated cultures an increase on average equal to two
evaluating the possible 6-MITC antimutagenic activity, against the  times respect to the control cultures was measured (Figure 9B).

known mutagens previously used as positive control (MMC and Overall, the results obtained allowed to proceed with the MN

VINB), similarly after short- and long- term treatment. test and to demonstrate the 6-MITC ability to counteract only
A co-treatment of 3h, followed by 23h of recovery in complete  the VINB mutagenic effect but not the MMC DNA-damage.

medium, was performed and, also in this case, the cytotoxicity, In particular, the MNs frequency increase in the MMC treated

cytostasis and apoptosis were checked, before proceeding with the  cultures in presence of 6-MITC 2uM was comparable than cultures
genotoxicity analysis. As show in Figure 8 cell viability (Figures  treated with the only mutagen MMC, while the co-treatment MMC
8A, C) and RPD value (Figures 8B, D) were abundantly above the  and 6-MITC 4uM shown a MNs frequency statistically significant
threshold established by the OECD guideline no. 487 (Figures  increase (4.1 times vs 2.0 times in MMC) (Figures 10A-C). On the
8A-D). contrary, in the case of aneuploidogen VINB, a MNs frequency
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Long-term treatment (26h)
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FIGURE 6 | Effect of 6-MITC on apoptosis after long term treatment. Apoptosis
fold increase in TK6 cells treated with 6-MITC for 26h. Each bar represents the
mean + SEM of five independent experiments. Data were analysed using
repeated ANOVA followed by Bonferroni post-test. *p < 0.05 vs 0.

decrease was observed for both 6-MITC associations tested with
respect to cultures treated with the mutagen alone, which reaches
statistical significance at the highest concentration tested (5.4 times
vs 4.2 times) (Figures 10D-F).

Long-Term Treatment (26h)
The study was concluded by evaluating the antimutagenic activity
of 6-MITC at 26h. Similarly, to the short-term treatment,
cytotoxicity and cytostasis values respected the established
threshold at all the conditions analyzed (Figures 11A-D).
Moreover, Figure 12 show that the apoptosis fold increase
reached a doubling in the cultures treated whit VINB alone and
in presence of 6-MITC 1uM (Figures 12A, B).
Therefore, checked cytotoxicity, cytostasis and apoptosis, the
study ended by evaluating the 6-MITC antimutagen activity, after

26h treatment. The MN test confirmed the results obtained at the
short term treatment. Infact, also in this case, the association with
MMC led to a statistically significant increase in MNs frequency at
the highest concentration tested, compared to the treatment with
the clastogen alone (3.8 times vs 5.5 times) (Figures 13A-C)
whereas, the association with the VINB reduced in a statistically
significant manner the MNs frequency respet to the treatment with
aneuploidogen alone at both concentrations tested (2.3 times and
3.3 times vs 4.7 times) (Figures 13D-F).

DISCUSSION

According to our knowledge, no study has addressed the
antigenotoxicity of 6-MITC, the main bioactive compound present
on W. japonica, and very little information are available concerning
the whole extract of this plant. In fact, bibliographic research,
conducted on the main databases (i.e. PubMed from MEDLINE
and Scopus from Elsevier) allowed us to identify only two
publications. In particular, Kinae and collaborators demonstrated,
using the Ames Test, the antimutagenic activity (in terms of gene
mutations) of wasabi root, against the 2-amino-3,8-dimethylimidazo
[4,5-f]quinoxaline, a well-known mutagen/carcinogen compound
present in broiled fish and meat (Kinae et al., 2000).

More recently, the study conducted by Shimamura et al.
documented, through Micronucleus Test and Alkaline Comet
Assay, the inhibitory effect of Japanese horseradish, on the
acrylamide formation and genotoxicity (Shimamura et al., 2017).

These evidences suggest us to verify if the proven W. japonica
antimutagenic activity was attributable to the 6-MITC.

Despite Wasabi has long been used in traditional Japanese
cuisine, it was initially checked the absence of 6-MITC
mutagenicity. For this purpose, the non-cytotoxic and cytostatic
doses, after short- and long- term treatment of TK6 cells, were
defined. In fact, the OECD guideline no.487 recommends
proceeding with the evaluation on genotoxicity, only if the treated

Long-term treatment (26h)
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FIGURE 7 | Effect of 6-MITC on mutagenesis after long term treatment. MNs frequency fold increase (A) and dot plot obtained by FCM in the control cultures (B)
and 6-MITC 2 uM treatment cultures (C) on TKG cells after 26h of treatment. Each bar represents the mean + SEM of five independent experiments. Data were
analysed using repeated ANOVA followed by Bonferroni post-test. *p < 0.05 vs 0; **P < 0.01 vs 0.
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Treatment RPD %
6-MITC OouM 100
MMC 400ng/ml 72.8+0.9
6-MITC 2uM 97.2+0.4
6-MITC 4uM 98.5+0.2
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FIGURE 8 | Effect of 6-MITC on cytotoxicity and cytostasis after short term treatment Percentage of viability in TK6 cells treated with 6-MITC for 3h followed by 23h
of recovery in complete medium in presence or absence of MMC 400ng/mL (A) or VINB 25ng/mL (C) and relative RPD values for MMC 400ng/mL (B) or VINB
25ng/mL (D). Data represents the mean + SEM of five independent experiments. Data were analysed using repeated ANOVA followed by Dunnet post-test.

population shows a viability and cell proliferation of at least 40%
when compared to the control cultures (OECD no. 487, 2016).

At the same time, the induction of apoptosis was analyzed, as cell
death alternative mechanism and in order to exclude false positive
results, due to the possible confounding between apoptotic bodies
and MNs by FCM. Overall, based on the results obtained, the
concentrations to be used for the evaluation of mutagenicity were
selected and, as can be easily predictable, 6-MITC did not show any
mutagenic activity both after 3 and 26h treatment.

Subsequently, the study focused on the analysis of the
isothiocyanate antimutagenic potential, against two known
mutagenic agents: the clastogen MMC and the aneuploidogen VINB.

MMC is characterized by a complex mechanism of action,
being able to generate monoalkylation or dialkylation products,
and to form covalent cross-linking, between the DNA
complementary strands. This interaction prevents strands
separation, inhibits DNA replication and causes its break

(Tomasz, 1995). Furthermore, MMC generates radical oxygen
species such as O,, H,O,, OH¥, so the association with antioxidant
molecules represent a possible approach to prevent DNA damage
(Garcia et al.,, 2006; Unal et al,, 2013). Since the antioxidant
properties of wasabi have long been demonstrated (Morimitsu
et al,, 2002; Lee et al., 2010), it made sense to hypothesize that it
was able to counteract the MMC genotoxicity. However, in the
present research not only a protective effect was not observed, but
even, when 6-MITC is associated with MMC, a statistically
significant increase in the MNs frequency was registered. At the
moment, exclusively on the basis of the results obtained, it’s
difficult to hypothesize a possible explanation of this increase.
Certainly, the data must be checked on a greater number of
mutagens, to verify if it is common to all clastogen agents or if it is
peculiar of MMC.

On the contrary, the isothiocyanate has shown to counteract
the mutagenic capacity of the aneuploidogen VINB, which acts at
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Short-term treatment (3h+23h)
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FIGURE 9 | Effect of 6-MITC on apoptosis after short term treatment. Apoptosis fold increase in TK6 cells treated with 6-MITC for 3h followed by 23h of recovery in
complete medium in presence or absence of MMC 400ng/mL (A) or VINB 25ng/mL (B). Each bar represents the mean + SEM of five independent experiments.
Data were analysed using repeated ANOVA followed by Dunnet post-test. “p < 0.05 vs 0; **p < 0.01 vs 0; **p < 0.001 vs 0.
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FIGURE 10 | Effect of 6-MITC on antimutagenesis after short term treatment. MNs frequency fold increase on TK6 cells treated for 3h with 6-MITC, followed by 23h
of recovery in complete medium, in presence or absence of MMC 400ng/mL (A) or VINB 25ng/mL (D). Dot plot obtained by FCM of MMC 400ng/mL (B),
MMC400ng/mL + 6-MITC 4uM (C), VINB 25ng/mL (E) and VINB 25ng/mL + 6-MITC 4uM (F). Each bar represents the mean + SEM of five independent
experiments. Data were analysed using repeated ANOVA followed by Dunnet or Bonfferoni post-test. *p < 0.05 vs 0; ***P < 0.001 vs 0. **p < 0.001 vs MMC;

0 < 0.05 vs VINB.
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Long-term treatment (26h)
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FIGURE 11 | Effect of 6-MITC on cytotocicity and cytostasis after long term treatment. Percentage of viable in TK6 cells treated with 6-MITC for 26h in presence or absence
of MMC 200ng/mL (A) or VINB 6.25ng/mL (C) and relative RPD values for MMC 200ng/mL (B) or VINB 6.25ng/mL (D). Each bar represents the mean + SEM of five
independent experiments. Data represents the mean + SEM of five independent experiments Data were analysed using repeated ANOVA followed by Dunnet post-test.
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FIGURE 12 | Effect of 6-MITC on apoptosis after long term treatment. Apoptosis fold increase in TK6 cells treated with 6-MITC for 26h in presence or absence of
MMC 200ng/mL (A) or VINB 6.25ng/mL (B). Each bar represents the mean + SEM of five independent experiments. Data were analysed using repeated ANOVA
followed by Dunnet post-test. ***p < 0.001 vs O.
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FIGURE 13 | Effect of 6-MITC on antimutagenesis after long term treatment. MNs frequency fold increase on TK6 cells treated for 26h with 6-MITC in presence or
absence of MMC 200ng/mL (A) or VINB 6.25ng/mL (D). Dot plot obtained by FCM of MMC 200ng/mL (B), MMC 200ng/mL + 6-MITC 2uM (C), VINB 6.25ng/mL
(E) and VINB 6.25ng/mL + 6-MITC 2uM (F). Each bar represents the mean + SEM of five independent experiments. Data were analysed using repeated ANOVA
followed by Dunnet or Bonfferoni post-test. **p < 0.01 vs 0; **P < 0.001 vs 0. *p < 0.05 vs MMC; *#p < 0.01 vs VINB; *p < 0.001 vs VINB.

the level of cellular mitosis, by preventing tubulin polymerization
and consequently, inhibiting the microtubules aggregation
(Navarro et al., 1989).

The statistical analysis evidenced a significant decrease in the
MNs frequency equal to about on half after the long treatment
with 6 MITC 1uM concentration.

Overall, our work suggests to impute to 6-MITC an
antimutagenic capacity. Our findings, are preliminary, since
they are obtained against only two mutagens, but allow to
highlight the possible mechanism underlying this activity.

In fact, from our data it seems that the isothiocyanate does not
counteract the structural DNA damage, but rather the genomic
DNA damage, highlighting the possibility that it acts on the mitotic
spindle formation or at the chromosomal segregation time.

Alternatively, the co-treatment could suggest a direct
extracellular interaction between the isothiacyanate and the
mutagenic agent.

These hypothesis needs to be confirmed on a greater number of
mutagens, but from the present research emerges an additional
interesting biological potential of the 6-MITC. Indeed, the ability
to inhibit or counteract the mutations at the cellular level has a
great therapeutic value and it represents a less investigated

mechanisms through which a chemopreventive agent can
express its activity (Amkiss et al, 2013; Cristobal-Luna et al,
2018). In conclusion, our work, in addition to the induction of
apoptosis and the inhibition of cellular proliferation, previously
demonstrated (Lenzi et al., 2017), better defines the
chemopreventive profile of this interesting isothiocyanate.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

PH and ML designed the project and supervised the experiments.
VC performed the experiments and data analysis. VC writing—
original draft preparation. VC, PH, and ML writing—review and
editing. All authors contributed to the article and approved the
submitted version.

Frontiers in Pharmacology | www.frontiersin.org

August 2020 | Volume 11 | Article 1242


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Cocchi et al.

6-MITC Antimutagenic and Chemopreventive Properties

REFERENCES

Amkiss, S., Dallouh, A., Idaomar, M., and Amkiss, B. (2013). Genotoxicity and
anti-genotoxicity of fennel plant (Foeniculum vulgare Mill) fruit extracts using
the somatic mutation and recombination test (SMART). Afr. J. Food Sci. 7 (8),
193-197. doi: 10.5897/AJFS13.0999

Basu, A. K. (2018). DNA Damage, Mutagenesis and Cancer. Int. J. Mol. Sci. 19 (4),
pii: E970. doi: 10.3390/ijms19040970

Cristobal-Luna, J. M., Alvarez-Gonzalez, 1., Madrigal-Bujaidar, E., and Chamorro-
Cevallos, G. (2018). Grapefruit and its biomedical, antigenotoxic and
chemopreventive properties. Food Chem. Toxicol. 112, 224-234. doi: 10.
1016/.£ct.2017.12.038

Garcia, A. L., Filippi, S., Mosesso, P., Calavani, M., Nicolai, R., Mosconi, L., et al.
(2006). The protective effect of L-carnitine in peripheral blood human
lymphocytes exposed to oxidative agents. Mutagenesis 21, 21-27.
doi: 10.1093/mutage/gei065

Hirokuni, T., Hisashi, K., Taketo, Y., and Taketo, A. (1998). Effects of synthetic
hydroxy isothiocyanates on microbial systems. Biosci. Biotechnol. Biochem. 62
(3), 491-495. doi: 10.1271/bbb.62.491

Hsuan, S. W., Chyau, C. C,, Hung, H. Y., Chen, J. H., and Chou, F. P. (2016). The
induction of apoptosis and autophagy by Wasabia japonica extract in colon
cancer. Eur. J. Nutr. 55 (2), 491-503. doi: 10.1007/s00394-015-0866-5

Kinae, N., Masuda, H., Shin, L. S., Furugori, M., and Shimoi, K. (2000). Functional
properties of wasabi and horseradish. Biofactors 13 (1-4), 265-269.
doi: 10.1002/biof.5520130140

Ko, M. O.,, Kim, M. B, and Lim, S. B. (2016). Relationship between Chemical
Structure and Antimicrobial Activities of Isothiocyanates from Cruciferous
Vegetables against Oral Pathogens. J. Microbiol. Biotechnol. 26 (12), 2036-
2042. doi: 10.4014/jmb.1606.06008

Lee, Y. S, Yang, J. H,, Bae, M. ]., Yoo, W.K,, Ye, S., Xue, C. C. L, et al. (2010). Anti-
oxidant and anti-hypercholesterolemic activities of wasabia japonica. Evid.-
Based Complement. Alternat. Med. 7 (4), 459-464. doi: 10.1093/ecam/nen038

Lenzi, M., Fimognari, C., and Hrelia, P. (2014). Sulforaphane as a promising
molecule for fighting cancer. Cancer Treat Res. 159, 207-223. doi: 10.1007/978-
3-642-38007-5_12

Lenzi, M., Cocchi, V., Malaguti, M., Barbalace, M. C., Marchionni, S., Hrelia, S.,
et al. (2017). 6-(Methylsulfonyl) hexyl isothiocyanate as potential
chemopreventive agent: molecular and cellular profile in leukaemia cell lines.
Oncotarget 8 (67), 111697-111714. doi: 10.18632/oncotarget.22902

Lenzi, M., Cocchi, V., and Hrelia, P. (2018). Flow cytometry vs optical microscopy
in the evaluation of the genotoxic potential of xenobiotic compounds.
Cytometry B. Clin. Cytom. 94 (5), 696-706. doi: 10.1002/cyto.b.21546

Lenzi, M., Cocchi, V., Cavazza, L., Bilel, S., Hrelia, P., and Marti, M. (2020).
Genotoxic Properties of Synthetic Cannabinoids on TK6 Human Cells by Flow
Cytometry. Int. J. Mol. Sci. 21 (3):1150. doi: 10.3390/ijms21031150

Melchini, A., Traka, M. H., Catania, S., Miceli, N., Taviano, M. F., Maimone, P.,
et al. (2013). Antiproliferative activity of the dietary isothiocyanate erucin,
a bioactive compound from cruciferous vegetables, on human prostate cancer
cells. Nutr. Cancer. 65 (1), 132-138. doi: 10.1080/01635581.2013.741747

Mizuno, K., Kume, T., Muto, C., Takada-Takatori, Y., Izumi, Y., Sugimoto, H.,
et al. (2011). Glutathione biosynthesis via activation of the nuclear factor E2-
related factor 2 (Nrf2)-antioxidant-response element (ARE) pathway is
essential for neuroprotective effects of sulforaphane and 6-(methylsulfinyl)
hexyl isothiocyanate. J. Pharmacol. Sci. 115 (3), 320-328. doi: 10.1254/
jphs.10257fp

Morimitsu, Y., Hayashi, K., Nakagawa, Y., Fujii, H., Horio, F., Uchida, K,, et al.
(2000). Antiplatelet and anticancer isothiocyanates in Japanese domestic
horseradish, Wasabi. Mech. Ageing Dev. 116 (2-3), 125-134. doi: 10.1016/
$0047-6374(00)00114-7

Morimitsu, Y., Nakagawa, Y., Hayashi, K., Fujii, H., Kumagai, T., Nakamura, Y.,
et al. (2002). A sulforaphane analogue that potently activates the Nrf2-

dependent detoxification pathway. J. Biol. Chem. 277 (5), 3456-3463.
doi: 10.1074/jbc.M110244200

Navarro, M., Bellmunt, J., Balaia, C., Colomer, R., Jolis, L., and del Campo, J. M.
(1989). Mitomycin-C and-vinblastine-in advanced breast cancer. Oncology 46
(3), 137-142. doi: 10.1159/000226702

OECD Guideline for the Testing of Chemicals (2016). Test No. 487: In vitro
mammalian cell micronucleus test. https://www.oecd.org/chemicalsafety/-
test-no-487-in-vitromammalian-cell-micronucleus-test-9789264264861-en.
htm

Overview of the Set of OECD Genetic Toxicology Test Guidelines and Updates
Performed in 2014-2015 (2017). Environment Directorate Joint Meeting of the
Chemicals Committee and the Working Party on Chemicals, Pesticides and
Biotechnology. http://www.oecd.org/o_cialdocuments/publicdisplaydocumentpdf/?
cote=ENV-JM-MONO(2016)33/revl Fdoclanguage=en

Shimamura, Y., lio, M., Urahira, T., and Masuda, S. (2017). Inhibitory effects of
Japanese horseradish (Wasabia japonica) on the formation and genotoxicity of
a potent carcinogen, acrylamide. J. Sci. Food Agric. 97 (8), 2419-2425.
doi: 10.1002/jsfa.8055

Stoczynska, K., Pekala, E., Wajda, A., Wegrzyn, G., and Marona, H. (2010).
Evaluation of mutagenic and antimutagenic properties of some bioactive
xanthone derivatives using Vibrio harveyi test. Lett. Appl. Microbiol. 50 (3),
252-257. doi: 10.1111/j.1472-765X.2009.02781

Sobol, Z., Homiski, M., Dickinson, D. A., Spellman, R. A, Li, D., Scott, A, et al.
(2012). Development and validation of an in vitro micronucleus assay platform
in TK6 cells. Mut. Res. 746 (1), 29-34. doi: 10.1016/j.mrgentox.2012.02.005

Tomasz, M. (1995). Mitomycin C: small, fast and deadly (but very selective).
Chem. Biol. 2 (9), 575-579. doi: 10.1016/1074-5521(95)90120-5

Unal, F,, Taner, G., Yuzbasioglu, D., and Yilmaz, S. (2013). Antigenotoxic effect of
lipoic acid against mitomycin-C in human lymphocyte cultures.
Cytotechnology 65, 553-565. doi: 10.1007/s10616-012-9504-8

Uto, T., Fujii, M., and Hou, D.-X. (2005). 6-(Methylsulfinil) hexyl isothiocyanate
suppresses inducible nitric oxide synthase expression through the inhibition of
Janus kinase 2-mediated JNK pathway in lipopolysaccharide-activated murine
macrophages. Biochem. Pharmacol. 70 (8), 1211-1221. doi: 10.1016/
ibcp.2005.07.011

Uto, T., Fujii, M., and Hou, D. X. (2007). Effects of 6-(methylsulfinyl)hexyl
isothiocyanate on cyclooxygenase-2 expression induced by lipopolysaccharide,
interferon-gamma and 12-O-tetradecanoylphorbol-13-acetate. Oncol. Rep. 17 (1),
233-238. doi: 10.3892/0r.17.1.233

Uto, T., Hou, D.-X,, Morinage, O., and Shoyama, Y. (2012). Molecular Mechanism
Underlying Anti Inflammatory Actions of 6-(Methylsulfinyl) hexyl
Isothiocyanate Derived from Wasabi (Wasabia japonica). Adv. Pharmacol.
Sci. 2012, 614046. doi: 10.1155/2012/614046

Weil, M. J., Zhang, Y., and Nair, M. G. (2004). Colon cancer proliferating
desulfosinigrin in wasabi (Wasabia japonica). Nutr. Cancer. 48 (2), 207-213.
doi: 10.1207/s15327914nc480211

Weil, M. J.,, Zhang, Y., and Nair, M. G. (2005). Tumor cell proliferation and
cyclooxygenase inhibitory constituents in horseradish (Armoracia rusticana) and
Wasabi (Wasabia japonica). J. Agric. Food Chem. 53 (5), 1440-1444. doi: 10.1021/
048264i

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Cocchi, Hrelia and Lenzi. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

August 2020 | Volume 11 | Article 1242


https://doi.org/10.5897/AJFS13.0999
https://doi.org/10.3390/ijms19040970
https://doi.org/10.1016/j.fct.2017.12.038
https://doi.org/10.1016/j.fct.2017.12.038
https://doi.org/10.1093/mutage/gei065
https://doi.org/10.1271/bbb.62.491
https://doi.org/10.1007/s00394-015-0866-5
https://doi.org/10.1002/biof.5520130140
https://doi.org/10.4014/jmb.1606.06008
https://doi.org/10.1093/ecam/nen038
https://doi.org/10.1007/978-3-642-38007-5_12
https://doi.org/10.1007/978-3-642-38007-5_12
https://doi.org/10.18632/oncotarget.22902
https://doi.org/10.1002/cyto.b.21546
https://doi.org/10.3390/ijms21031150
https://doi.org/10.1080/01635581.2013.741747
https://doi.org/10.1254/jphs.10257fp
https://doi.org/10.1254/jphs.10257fp
https://doi.org/10.1016/s0047-6374(00)00114-7
https://doi.org/10.1016/s0047-6374(00)00114-7
https://doi.org/10.1074/jbc.M110244200
https://doi.org/10.1159/000226702
https://www.oecd.org/chemicalsafety/-test-no-487-in-vitromammalian-cell-micronucleus-test-9789264264861-en.htm
https://www.oecd.org/chemicalsafety/-test-no-487-in-vitromammalian-cell-micronucleus-test-9789264264861-en.htm
https://www.oecd.org/chemicalsafety/-test-no-487-in-vitromammalian-cell-micronucleus-test-9789264264861-en.htm
http://www.oecd.org/o_cialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2016)33/rev1&mp;doclanguage=en
http://www.oecd.org/o_cialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2016)33/rev1&mp;doclanguage=en
https://doi.org/10.1002/jsfa.8055
https://doi.org/10.1111/j.1472-765X.2009.02781
https://doi.org/10.1016/j.mrgentox.2012.02.005
https://doi.org/10.1016/1074-5521(95)90120-5
https://doi.org/10.1007/s10616-012-9504-8
https://doi.org/10.1016/j.bcp.2005.07.011
https://doi.org/10.1016/j.bcp.2005.07.011
https://doi.org/10.3892/or.17.1.233
https://doi.org/10.1155/2012/614046
https://doi.org/10.1207/s15327914nc480211
https://doi.org/10.1021/jf048264i
https://doi.org/10.1021/jf048264i
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Antimutagenic and Chemopreventive Properties of 6-(Methylsulfinyl) Hexyl Isothiocyanate on TK6 Human Cells by Flow Cytometry
	Introduction
	Materials and Methods
	Reagents
	6-MITC
	Cell Culture
	Treatments
	Short-Term Treatment
	Long-Term Treatment

	Flow Cytometry
	Cytotoxicity and Cytostasis Analysis
	Apoptosis Analysis
	Genotoxicity Analysis

	Statistical Analysis

	Results
	Mutagenesis of 6-MITC
	Short-Term Treatment (3h+23h)
	Long-Term Treatment (26h)

	Antimutagenesis of 6-MITC
	Short-Term Treatment (3h+23h)
	Long-Term Treatment (26h)


	Discussion
	Data Availability Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


