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We investigated the effects of fluvastatin, a 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitor, on
reactive oxygen species (ROS) and on oxidative DNA
damage in vitro, as well as the effects of the main
fluvastatin metabolites (M2, M3, and M4) and other
inhibitors of the same enzyme, pravastatin and
simvastatin. The hydroxyl radical and the superoxide
anion scavenging activities of fluvastatin and its
metabolites were evaluated using an electron spin
resonance spectrometer. Fluvastatin and its metabolites
showed superoxide anion scavenging activity in the
hypoxanthine—xanthine oxidase system and a strong
scavenging effect on the hydroxyl radical produced
from Fenton's reaction. Protective effects of fluvastatin
on ROS-induced DNA damage of CHL/IU cells were
assessed using the single-cell gel electrophoresis
assay. CHL/IU cells were exposed to either hydrogen
peroxide or tbutylhydroperoxide. Fluvastatin and
its metabolites showed protective effects on DNA
damage as potent as the reference antioxidants,
ascorbic acid, trolox, and probucol, though pravastatin
and simvastatin did not exert clear protective effects.

These observations suggest that fluvastatin and its
metabolites may have radical scavenging activity and
the potential to protect cells against oxidative DNA
damage. Furthermore, ROS are thought to play a major
role in the etiology of a wide variety of diseases such as
cellular aging, inflammation, diabetes, and cancer
development, so fluvastatin might reduce these risks.

Keywords: Fluvastatin; Reactive oxygen species; Oxidative
DNA damage; Antioxidant; Electron spin resonance; Single-
cell gel electrophoresis assay

INTRODUCTION

Anincreased plasma concentration of low-density
lipoprotein (LDL) has been considered to be a
major risk factor for atherosclerosis. The impaired
removal of plasma LDL in these patients results in
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abnormal persistence of LDL in the plasma,
allowing more time for oxidative modification to
occur. Oxidative modification of LDL has been
reported to be one of the important steps in the
progression of atherogenesis.*?! Fluvastatin (FV,
Fig. 1) is a highly potent inhibitor of 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA)
reductase used as a hypolipidemic drug.*! FV
showed protective effects against the oxidation of
LDL in vitro,/V and a reduction in the level of
serum thiobarbituric acid-reactive substances
(TBARS) in cholesterol-fed rabbits.!®! Thus FV
may help to reduce the risk of atherosclerosis by
protecting LDL from oxidative modification as
well as reducing plasma LDL levels."”!

Recently, we reported on the protective effects
of FV and its metabolites (M2, M3, and M4,
Fig. D! on oxidative DNA cleavage from
reactive oxygen species (ROS) and advanced
glycation end-products (AGE) in vitro. Protective
effects were assessed in terms of the DNA
breakage rate in a single-stranded phage DNA
system, and in the Ames test with Salmonella
typhimurium TA102 and TA104 test strains. FVand
its metabolites showed strong protective effects
on ROS-induced DNA strand breakage and FV
reduced the mutagenesis by ROS and AGE in
S. typhimurium TA102 and TA104.%°! Thus the
results of the previous study indicated that FV
and its metabolites have the ability to scavenge
ROS™ and protect against oxidative DNA
damage,’® which is an etiological factor under-
lying a wide variety of diseases.

In the present study, therefore, we investigated
the hydroxyl radical (HO’) and superoxide anion
(O, ) scavenging activities of FV and its metab-
olites (M2, M3, and M4) using an electron spin
resonance (ESR) spectrometer. Moreover, we
confirmed the protective effects of FV on ROS-
induced DNA damage of CHL/IU cells using the
single cell gel electrophoresis assay (SCG assay),
which is a sensitive method of measuring the
extent of DNA damage in individual cells in vivo
and in vitro."?" 11 We used CHL/IU cells to
assess the validity of the protective effects of FVon

ROS-induced phage DNA damage and mutagen-
esis in S. typhimurium. Protective effects of the
major metabolites (M2, M3, and M4) of FV in
humans also were investigated. In addition, we
compared the protective effects of FVon oxidative
DNA damage with those of two other HMG-CoA
reductase inhibitors, pravastatin (PV) and sim-
vastatin (SV) (Fig. 1).

MATERIALS AND METHODS

Reagents

FV was donated from the Department of
Pharmacology, Novartis Pharma (Ibaraki, Japan).
FV metabolites (M2, M3, and M4) and Probucol
(PB) were synthesized by the Discovery Research
Laboratory, Tanabe Seiyaku (Saitama, Japan) (Fig.
1). Hypoxanthine (HX), t-butylhydroperoxide
(+-BuOOH), dimethyl sulfoxide (DMSO), and
hydrogen peroxide (H,O,) were purchased from
Katayama Chemical Industries (Osaka, Japan).
Fe?*, Trolox (TX), ascorbic acid (AsA), diethylene-
triaminepentaacetic acid (DTPA), and xanthine
oxidase (XO) were purchased from Wako Pure
Chemical Industries (Osaka, Japan). 5,5-dimethyl-
1-pyrroline-N-oxide (DMPO) was purchased from
Daiichi Chemical (Tokyo, Japan) (Table I).

Superoxide (DMPO-OOH Signal) Scavenging
Activity

Superoxide anion (O, ) scavenging activities
were measured according to the methods
described in a previous article.””’®! The O,
was produced from the HX and XO system and
trapped by the spin-trapping agent DMPO. FV
and its metabolites (M2, M3, and M4) were
dissolved in distilled water. Measurements of
levels of O; were made with a JEOL-JES-FR 80
ESR spectrometer (JEOL, Tokyo) under the
following conditions: magnetic field, 335.8mT;
microwave power, 8.0 mW; modulation frequency,
100kHz; modulation amplitude, 0.1 mT; sweep
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FIGURE 1 Structures of fluvastatin and its major metabolites (M2, M3, and M4), pravastatin, and simvastatin.

width, 5.0 mT; sweep time, 10 mT/min; response
time, 0.03s; and receiver gain, x400.

Under the conditions described, 20 ul each of
1mM HX, 1mM DTPA, 1M DMPO, and sample

TABLE1 Test materials used in this study

Abbreviation or

Test material formula
Fluvastatin Fv
Fluvastatin metabolites M2, M3, M4
Pravastatin PV
Simvastatin SV
Ascorbic acid AsA
Trolox X
Probucol PB
Hydroxyl radical HO
Superoxide radical O,
Hydrogen peroxide H,0,
tert-butylhydroperoxide -BuOOH
Hypoxanthine HX
Xanthine oxidase XO
Diethylenetriaminepentaacetic acid DTPA
5,5-dimethyl-1-pyrroline-N-oxide DMPO

were added to 100l of 100mM phosphate-
buffered saline (PBS; pH 7.4). Next, 20 ul of XO
(final concentration, 0.08 U/ml) were added, the
cell was inserted into the ESR instrument, and
measurement was started after exactly 1 min. The
first DMPO-OOH signal intensities were
measured relative to the intensity of the MnO
signal, the internal standard to correct the
measurement error.

Hydroxyl Radical (DMPO-OH Signal)
Scavenging Activity

For detection of hydroxyl radical (HO’)-scaven-
ging activity, we used a previously reported ESR
spin-trapping method."”**l HO" was produced
from the Fenton’s reaction involving Fe** and
H,0,. The resulting HO" were trapped with
DMPO. FV and its metabolites (M2, M3, and M4)
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were dissolved in distilled water. The reaction
mixture consisting of 100 ul of 100mM PBS (pH
7.4) and 100 pl of 0.2mM DTPA, 20 pl each of
0.5mM Fe**, 100mM DMPO, and the sample
was prepared. Next, 20pul of Hy0,. (final
concentration, 1 mM) were added to the reaction
mixture, and the level was measured after 1 min
using an ESR spectrometer. ESR conditions were
the same as described above, except for the
microwave power of 6.0 mW. The second DMPO-
OH signal intensities were measured as the
intensity relative to the MnO signal.

Cell Culture and Treatments

CHL/1U cells derived from a neonatal Chinese
hamster were used as the indicator cell line.
Cells, purchased from Dainippon Pharmaceuti-
cal, were suspended in culture medium contain-
ing 10% DMSO and stored in —196°C liquid
nitrogen. Prior to treatment, the frozen cells were
returned to culture and maintained by sub-
culture for 3-5 days, in a CO, incubator at 37°C
in a 5% CO, atmosphere. Eagle’s MEM sup-
plemented with 10% inactivated fetal calf serum
was used as the culture medium.

Cells (2.7%x10%) were seeded on a tissue
culture dish (60 mm in diameter containing 5ml
of medium) and incubated for about 24 h. After
replacement with 2.7 ml of fresh medium, 0.15ml
of test solution and 0.15ml of ROS generation
solution were added to the culture for 1h. The
0.15ml aliquot of culture medium and vehicle
were added to the untreated and solvent control
cultures instead of the test solution, respectively.
After exposure, the cells were washed with saline
and analyzed immediately for DNA damage.

Single-cell Gel Electrophoresis Assay

DNA single strand breakage in individual cells
was detected using the single cell gel electro-
phoresis assay (SCG assay).'>'®! After treat-
ment, CHL/IU cells were resuspended at the
concentration of 2.0x 10%cells/100ul in 1.0%
low-melting agarose in saline and immediately

pipetted onto agarose-coated slides. The slides
were immersed in ice-cold lysing solution (2.5M
NaCl, 100mM EDTA, 10mM Tris, 1% sarkosyl,
5% dimethyl sulfoxide, and 1% Triton X100 [pH
10.0]) for 60 min. The slides were then placed on
an electrophoretic tray with an alkaline buffer
(300mM NaOH and 1mM EDTA; pH > 13) for
10 min to allow the DNA to unwind; electrophor-
esis was then performed at 300 mA and 1.0 V/cm
for 15 min in the same alkaline buffer maintained
at 4°C. Following electrophoresis, the slides were
neutralized with Tris-HCl buffer (pH 7.4) for
10 min and rinsed with distilled water prior to
staining with ethidium bromide. The DNA was
visualized using a Nikon Labophot fluorescence
microscope and the data analyzed using a
specialized SCG analysis system (Komet 3.0,
Kinetic Imaging, Liverpool, UK). Tail length,
measured from the trailing edge of the cell as
defined in Ashby et al 120! percentage of DNA in
the tail (tail DNA), and tail moment (the product
of tail length and percentage of tail DNA) were
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FIGURE 2 Effect of FV and its metabolites (M2, M3, and M4)
on O, generation produced by the HX-XO system. The
reaction mixture contained 0.1mM HX, 0.1M DMPO,
0.08U/ml XO, and 1-10mM FV or its metabolite in 50 mM
PBS (pH 74, with 0.1 mM DTPA). M2, M3, and M4 designate
principal FV metabolites. FV, fluvastatin; HX, hypoxanthine;
XO, xanthine oxidase; DMPO, 5,5-dimethyl-1-pyrroline-
N-oxide; DTPA, diethylenetriaminepentaacetic acid.
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recorded for 50 cells per slide with two slides per
variable investigated.

The parameter used to describe the extent of
DNA damage was the tail moment, which is the
product of the length of the tail and intensity of
its fluorescence. The measurements from 100
randomly selected cells per treatment condition
were averaged.

Effects on DNA Damage Induced by ROS In
Vitro

Protective effects against oxidative DNA damage
induced by ROS were measured by the SCG
assay.'?7'¢l Each reagent was dissolved in
distilled water, except for TX and PB. TX was
dissolved in 1M NaHCOQO; and PB in DMSO. FV
and its metabolites (M2, M3, and M4) were

Control

10 mM FV

10 mM M2 \!L-'-WWP”‘\[\‘

10 mM M3 W
10 mM M4 *\IL"‘JM’/%’H

FIGURE 3 Typical ESR signal for the O, scavenging effect
of FV and its metabolites (M2, M3, and M4). The reaction
mixture is described in the legend of Fig. 2. M2, M3, and M4
designate principal FV metabolites. FV, fluvastatin.

diluted to adjust the final concentrations to 0.4,
0.8, 4, and 8 uM in the reaction mixture. AsA and
TX were used as well-known antioxidants. H,O,
-BuOOH were used as the ROS generating
system. Each reagent was dissolved in distilled
water. H,O, was diluted to adjust the final
concentrations to 0.5, 1, 2, 4, and 8uM and
t-BuOOH was diluted to adjust the final
concentrations to 0.125, 0.25, 0.5, 1, and 2mM in
the reaction mixture.

Duplicate plates were prepared and observed
for each dose. The protocol was performed at
least twice for reliability, and satisfactory results
were obtained between repeated tests in vitro.

STATISTICAL ANALYSIS

Statistical significance among the groups was
analyzed by Dunnett’s multiple comparison test.
The statistical significance of the differences was
evaluated by Dunnett’s parametric test when
variances were equal (p = 0.05), by a Bartlett’s

100
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FIGURE4 Effect of FVand its metabolites (M2, M3, and M4)
on the generation of HO produced by Fenton’s reagent. The
reaction mixture contained 0.05 mM Fe?*, 1 mM H,O,, 10mM
DMPO, and 0.4—-4 mM FV or its metabolite in 50 mM PBS (pH
7.4, with 0.1 mM DTPA). M2, M3, and M4 designate principal
FV metabolites FV, fluvastatin; DMPO, 5,5-dimethyl-
1-pyrroline-N-oxide; DTPA, diethylenetriaminepentaacetic
acid.
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Control H
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FIGURE 5 Typical ESR signal for the HO' scavenging effect
of FV and its metabolites (M2, M3, and M4). The reaction
mixture is given in the legend of Fig. 4. M2, M3, and M4
designate principal FV metabolites. FV, fluvastatin.

test for homogeneity of variance, or Dunnett’s
non-parametric test when variances were
unequal (p < 0.05). Results were considered to
be statistically significant at a probability level of
p <0.05 or 0.01.

RESULTS

O, (DMPO-OOH) Scavenging Activity of FV

The ESR signal was detected by an ESR
spectrometer at room temperature. The 12
characteristic lines of the signal were observed
1min after the addition of XO. The g value and
hyperfine coupling constant were g=2.018,
an =143, ag = 1.17, and 0.13mT, which could
be assigned to a DMPO-OOH adduct. Figure 2

—&@— Tail Moment (Tail length x Tail DNA)
—<O— Tail Length (um)
90 - A- Tail DNA (%)

H,0, (nM)

FIGURE 6 Tail moment, tail length, and tail DNA of
H,0O,-treated CHL/IU cells using SCG assay. The cells were
treated for 1 h with 0.5-8 pM HyO, and immediately assayed
for DNA damage with SCG assay. The tail moment is the
product of the length of the tail and the amount of DNA
present within the tail. The data represent mean*S.E.
**p < 0.01 as compared with control (0 pM H,0,).

indicates the O, scavenging effects of FV and
its metabolites (1, 5, and 10mM) using the
method of ESR spin-trapping. The inhibition
rate of DMPO-OOH was 1.9 and 19.8%,
respectively, by adding to 1.0 or 10mM of FV.
At the doses of 1, 5, and 10 mM M2, the percent
inhibition of DMPO-OOH was 66.5, 86.4, and
91.1, respectively. M3 reduced O; -induced
DMPO-OOH adduct to a similar extent. The
inhibition rate of DMPO-OOH by M4 (1.0 and
10mM) was 21.2 and 53.5%, respectively. FV,
M2, M3, and M4 attenuated the DMPO-OOH
signal in a dose-dependent manner. Slight
inhibition was observed in the DMPO-OOH
signal with FV, and M2 and M3 significantly
scavenged O, radicals compared with the
control. A typical ESR signal is shown in Fig. 3.

HO(DMPO-OH) Scavenging Activity of FV

The ESR signals composed of representative four
line signals with a relative intensity of 1:2:2:1 and
a hyperfine splitting constant of ay =ang =
1.50 mT, which were characteristic of those of the
DMPO-OH spin adduct, appeared. Figure 4
shows the DMPO-OH signal scavenging effect of

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/23/11

For personal use only.

FLUVASTATIN AND ITS METABOLITES AS AN ANTIOXIDANT 795

50 - @ H202
——H202 + AsA 8 yM
——H202+ TX 8 uyM

Tail Moment (Tail length x Tail DNA)

H,0; (uM)

50 . —@H202
- H202 +FV 8 uM
-®-H202 + PB 8 pM

Tail Moment (Tail length x Tail DNA)
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FIGURE7 The effect of FV and antioxidants of H,O»-induced DNA damage. The cells were treated for 1h with 0.5-8 uM H,O,
in the absence or presence of 8 uM FV and various antioxidants, and immediately assayed for DNA damage with SCG assay.
Results are expressed as the tail moment, which is the product of the length of the tail and the amount of the tail DNA, and
represents the mean of at least two separate experiments, each performed in duplicate. FV, fluvastatin; AsA, ascorbic acid; TX,
trolox; PB, probucol. The data represent mean + S.E. *p < 0.01 as compared with control (H,O; only).

FV and its metabolites (0.4, 1, 2, and 4 mM) using
the method of ESR spin-trapping. At the doses of
04, 1, 2, and 4mM FV, the percent inhibition of
DMPO-OH was 22.7, 40.6, 55.4, and 66.8, respect-
ively. M4 reduced HO-induced DMPO-OH adduct
to a similar extent. M2 and M3 significantly
scavenged HO' compared with the control. These
results indicated that the HO' scavenging activity of
FV, M2, M3, and M4 was dose dependent. A typical
ESR signal is shown in Fig. 5.

Effects of FV on DNA Damage Induced by
H,0, In Vitro

In the first series of experiments, we assessed
the sensitivity of the conventional SCG assay to
detect the DNA damage of CHL/IU cells. Cells

were exposed to H,O, at 37°C at various
concentrations. Figure 6 shows a representative
SCG assay of DNA damage as a function of H;O,
concentration for 1h. A significant increase in tail
length (um), tail DNA (%), and tail moment (tail
length X tail DNA) were observed in CHL/IU
cells exposed to H,O, in a dose-dependent
manner. On the other hand, the concentration of
8uM AsA, TX, PB, and FV significantly inhibited
HyOrinduced tail moment (Fig. 7). Figure 8
shows representative photomicrographs of ethi-
dium bromide-stained nuclei, and indicates that
8 uM FV virtually abolished the extensive DNA
cleavage caused by 2 pM H,0,.

The effect of FV on DNA damage produced by
H,0, was investigated. In these experiments the
cells were exposed for 1h to 2uM H;0,, in the
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A) Control

B) 2 uM H,0,

C) 2uM H,0,

+
8 uM FV

FIGURE 8 Fluorescence photographs of CHL/IU cells after
exposure to 2 pM H,0, in the SCG assay. (A) (Control), nuclei
of undamaged negative control cells, 200 X magnification. (B)
(2pM H,0,), severely damaged cell, hence the name
“Comet”. The fragmented DNA has migrated out of the
nucleus (comet head) and streamed out in a long tail towards
the anode. Highly fragmented DNA has migrated away from
the nuclear cage, leaving a small comet head. (C) 2uM
H,O,+8 pM FV), nuclei of moderately damaged cell. FV,
fluvastatin.

absence or presence of an increasing concen-
tration of FV, and the level of DNA damage was
measured immediately after the treatment using
SCG assay. As shown in Fig. 9, the FV effectively
reduced DNA damage caused by H,0,, and this
effect was dose dependent. AsA, TX, and PB
reduced H,O»-induced DNA damage to a similar
extent. M2, M3, and M4, metabolites of FV,
inhibited the H,O,-induced DNA damage in a
dose-dependent manner. In addition, M2 and M3
provided even stronger protection against DNA
strand breakage than FV did, and M4 equivalent to
the ratio attainable with FV. Protective effects of FV
against DNA damage were compared with those
of PV or SV. FV exhibited protective effects against
H»O,-induced breakage, but PV and SV did not.

Effects of FV on DNA Damage Induced By
t-BuOOH In Vitro

Cells were exposed to +BuOOH at 37°C at
various concentrations. Figure 10 shows a

40 r 'mouM ®04pM D08pM C4pM DSle

Tail Moment (Tail length x Tail DNA)

FIGURE9 The effect of FV, its metabolites (M2, M3, and M4)
and antioxidants on 2 puM H,Os-induced DNA damage. The
cells were treated for 1h with 2 uM H,0, in the absence or
presence of 0.4—-8 uM FV, its metabolites (M2, M3, and M4),
and various antioxidants, and immediately assayed for DNA
damage with SCG assay. Results are expressed as the tail
moment and represent the mean of at least two separate
experiments. M2, M3, and M4 designate principal FV
metabolites in humans. FV, fluvastatin; AsA, ascorbic acid;
TX, trolox; PB, probucol; PV, pravastatin; SV, simvastatin. The
data represent mean*+S.E. *p < 0.05, **p < 0.01 as compared
with control (H,O, only).

representative SCG assay of DNA damage as a
function of +~BuOOH concentration for 1h. A
significant increase in tail length, tail DNA, and
tail moment were observed in CHL/IU cells
exposed to -BuOOH showing a dose-dependent
suppressive activity. On the other hand, the
concentration of 8 uM AsA, TX, PB, and FV
significantly inhibited +-BuOOH-induced DNA
damage (Fig. 11).
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—®— Tail Moment (Tail length x Tail DNA)
—<O— Tail Length (um)
60 T --A-~Tail DNA (%)

1.5 2
£-BuOOH (mM)

FIGURE 10 Tail moment, tail length, and tail DNA of
+-BuOOH-treated CHL/IU cells using SCG assay. The cells
were treated for 1h with 0.125-2mM rBuOOH and
immediately assayed for DNA damage with SCG assay. The
tail moment is the product of the length of the tail and the
amount of DNA present within the tail. #~BuOOH,
t-butylhydroperoxide. The data represent mean=S.E.
*p < 0.01 as compared with control (0 pM -BuOOH).

The effect of FV and DNA damage produced
by -BuOOH was investigated. In these experi-
ments, the cells were exposed for 1h to 0.5mM
t-BuOOH, in the absence or presence of an
increasing concentration of FV, and the level of
DNA damage was measured. The addition of FV
markedly reduced the levels of tail moment
caused by #BuOOH in a dose-dependent
manner (Fig. 12). FV reduced +~BuOOH-induced
DNA damage; the results were comparable to
those with AsA, TX, and PB. M2, M3, and M4
inhibited +BuOOH-induced DNA strand scis-
sion similarly to FV and these effects were dose
dependent. M2 and M3 were more effective than
FV at the same concentration, but no significant
difference was evident between M4 and FV. On
the other hand, no protective effects of PV and SV
were shown in this system.

DISCUSSION
FV, developed as an HMG-CoA reductase

inhibitor, and its metabolites have been reported
to have antioxidative activities, which are related

to their chemical structures.”*?' =% FV showed
protective effects against oxidation of LDL."#!
In the present study, we described the ROS
scavenging activities of FV and its human
metabolites (M2, M3 and M4), and the protective
effects on oxidative DNA damage induced by
ROS in vitro. In addition, we compared the
protective effects of FV against oxidative DNA
damage with those of two other HMG-CoA
reductase inhibitors, PV and SV.

We reported previously’® on the protective
effects of FV on oxidative DNA cleavage from
ROS or AGE in virto, as well as the effects of
major human metabolites of FV. Using a phage
DNA single-strand breakage system, we exam-
ined the suppressive activity of FV on oxidative
DNA damage directly induced by Fenton’s
reaction, the xantine/XO system, #BuOOH,
adriamycin, and AGE. FV and its metabolites
showed a strong protective effect comparable to
those seen with HO' scavengers, such as thiourea
and mannitol. Furthermore, FV reduced the
mutagenesis by ROS or AGE in S. typhimurium
TA102 and TA104 test strains. These results
suggested that FV might reduce cytotoxicity
caused by ROS-induced DNA damage.

ROS, including free radicals such as HO" and
O, , are well known to cause DNA damage and
induce cytotoxicity.”*! The mechanisms of ROS-
induced cellular injury, including membrane
lipid peroxidation, oxidation of structural and
functional proteins and amino acids, nucleic acid
base damage, DNA strand breaks, and DNA
strand cross-linkage, may result in reversible or
irreversible consequences including cellular
repair, proliferation, differentiation, transform-
ation, and apoptosis or cell death.”® ROS may
play a major role as endogenous initiators and
promoters of DNA damage and mutation that
contribute to cancer, diabetes, heart disease,
and other age-related diseases.'”®"*"1 For
example, increased oxidative stress in diabetes
has been implicated in the pathogenesis of
diabetic complications.”®**) On the other hand,
antioxidants may represent an important defense
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FIGURE 11 The effect of FV and antioxidants on +-BuOOH-induced DNA damage. The cells were treated for 1h with 0.125-
2mM +BuOOH in the absence or presence of 8 1M FV and various antioxidants, and immediately assayed for DNA damage with
SCG assay. Results are expressed as the tail moment, which is the product of the length of the tail and the amount of the tail DNA,
and represent the mean of at least two separate experiments, each performed in duplicate. ~BuQOH, r-butylhydroperoxide; FV,
fluvastatin; AsA, ascorbic acid; TX, trolox; PB, probucol. The data represent mean+S.E. *p < 0.05, **p < 0.01 as compared with

control (-BuOOH only).

against ROS-induced cellular injury, and many
antioxidants, such as cathechins,®® melato-
nin,[?’” flavonoids,? carotenoids,®® and natural
phenolic products,®! are being studied as
anticarcinogens.

The ROS scavenging activity of FV and its
metabolites (M2, M3, and M4) was examined
using an ESR spectrometer. FV and its metab-
olites chemically scavenged ROS such as O, and
HO' generated by the HX-XO system and
Fenton’s reaction, respectively. FV showed a
strong scavenging activity of HO' compared with
O, . The relative protective effect of M2, M3, and
M4 on the O; scavenging activity in the HX-XO
system was significantly greater than that of FV,
on the order of M2 = M3 > M4 > FV. On the

other hand, there was no significant difference in
the HO' scavenging activity seen between the
groups treated by FV and groups treated by its
metabolites at high doses (2, 4mM). FV has the
ability to act not only as an HMG-CoA reductase
inhibitor, but also an O, and HO'" scavenger. The
scavenging activity of FV, then, derives from its
unique chemical structure, which includes a
double bond conjugated with the fluorophenyl
indole moiety.”!! The antioxidative effects of FV
are likely to be related to this conjugated double
bond.”!! These results suggest that FV might
reduce the cytotoxicity caused by ROS-induced
DNA damage.

We examined the protective effects of FV and
its metabolites on oxidative DNA damage of
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FIGURE 12 The effect of FV, its metabolites (M2, M3, and
M4), and antioxidants on 0.5mM ~BuOOH-induced DNA
damage. The cells were treated for 1 h with 0.5mM #+BuOOH
in the absence or presence of 0.48-8 uM FV, its metabolites
(M2, M3, and M4), and various antioxidants, and
immediately assayed for DNA damage with SCG assay.
Results are expressed as the tail moment and represent the
mean of at least two separate experiments. M2, M3, and M4
designate principal FV metabolites in humans. +-BuOOH,
t-butylhydroperoxide; FV, fluvastatin; AsA, ascorbic acid; TX,
trolox; PB, probucol; PV, pravastatin; SV, simvastatin. The
data represent mean+S.E. *p < 0.05, **p < 0.01 as compared
with control (--BuOOCH only).

CHL/IU cells induced by H,O, and ~BuOOH
using the SCG assay. The alkaline (pH > 13)
version of the SCG assay is capable of detecting
DNA single-strand breaks, alkali-labile sites,
DNA-DNA/DNA -protein cross-linking, and
DNA single-strand breaks associated with
incomplete excision repair sites.!’®! FV exhibited
protective effects against oxidative DNA
damage of CHL/IU cells induced by both
H;0; and +~BuOOH. FV reduced H,Os-induced
DNA damage to the same extent as AsA, TX,

and PB, which are well-known antioxidants. PB
has a highly lipophilic property and phenolic
moieties, which show the antioxidant property
partly due to their free radical scavenging
effect.®>%] The relative protective effect of M2
and M3, which are major metabolites of FV,
against oxidative DNA damage induced by
H,0O,, was greater than that of FV, in the order
of M3 > M2 > M4 = FV. FV caused a reduction
in DNA damage induced by -BuOOH, and the
protective potency of FV was equal to that of
AsA, TX, and PB. The relative protective effect
of M2 and M3 against ~BuOOH-induced DNA
damage was significantly greater than that of
FV, in the order of M3 = M2 > M4 = FV. The
effect of FV against oxidative DNA damage of
CHL/IU cells using the SCG assay supported
previous findings that FV has protective effects
on ROS-induced phage DNA breakage and
mutagenesis in S. typhimurium. These results
indicated that FV and its metabolites reduced
injury to cells caused by ROS-induced DNA
damage. This may be due to the scavenging of
ROS by FV. In comparison with two other
HMG-CoA reductase inhibitors, PV and SV,
only FV showed consistently the protective
effect on the oxidative DNA damage.

We conclude that FV and its metabolites may
act as free radical scavengers and potent
antioxidants. FV and, to an even greater effect,
its metabolites were shown to be far more
effective than two other HMG-CoA reductase
inhibitors in protecting cells from the oxidative
modification which is mediated by ROS.
Therefore, a combination of the ROS scaven-
ging activity with the hypolipidemic property
of FV may augment its clinical value in
preventing a wide variety of diseases such as
cellular aging, inflammation, diabetes, and cancer
development resulting from oxidative stress.
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