December 1997 Chem. Pharm. Bull. 45(12) 1881—1886 (1997) 1881

Scavenging Activities of a-, f- and y-Thujaplicins against Active Oxygen
Species
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a-, p- and y-Thujaplicins are three tropolone-related compounds purified from the woods of Chamaecyparis obtusa
SIEB. et Zucc. and Thuja plicata D. DoN. Based on our recent finding that f-thujaplicin inhibits the formation of
sunburn cells (SBC), which appear in the epidermis after UVB irradiation, we have speculated that f-thujaplicin is
a potent scavenger against active oxygen species. ESR spin-trapping, chemiluminescence and fluorescence methods,
and cyclic voltammetry were used to evaluate the abilities of f-thujaplicin and its isomers, «- and y-thujaplicins, as
scavengers of five kinds of active oxygen species such as superoxide anion radicals, hydroxyl radicals, singlet oxygens,
tert-butyl peroxyl radicals and hydrogen peroxides. These compounds were found to have comparable inhibitory
effects of hydroxyl radicals generated by the Fenton reaction and high scavenging activities against zerz-butyl peroxyl
radicals as compared with those of /-ascorbic acid and dl-a-tocopherol, and a-thujaplicin was found to have the
highest activity against hydrogen peroxides among the thujaplicins.

However, the effects of these compounds on superoxide anion radicals and singlet oxygens were less than those
of l-ascorbic acid and di-x-tocopherol. These facts suggest that thujaplicins have effective antioxidant ability. This
ability is thought to be due in part to the chelating ability and redox potential of the compounds, which in turn are

related to the prevention of UV-induced photo-damage in

vivo.
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-, B- and y-Thujaplicins (Fig. 1) are three tropolone-
related compounds purified from the woods of Chamaecy-
paris obtusa S1EB. et Zucc.t? and Thujaplicata D. DON.?
Although the biological activities of these compounds are
not yet fully understood, they have been revealed to have
potent anti-microbacterial activity.*> Among them, f-
thujaplicin (hinokitiol)** is used as an anti-microbial
agent in foods and cosmetics due to its broad antifungal
activity®” and low toxicity in animals.® Tt has also been
shown to have anti-tumor activity®'® and a strong in-
hibitory effect on DNA synthesis in the very early stage
of culture.'V

Recently, it has been found that f-thujaplicin is able to
inhibit the formation of UVB-induced apoptotic cells, i.e.,
formation of sunburn cells (SBC),'?!? that appear in the
epidermis after UVB irradiation.'® Since UVB-induced
active oxygen species are thought to be involved in SBC
formation,'>!® UVB-induced active oxygen species in the
skin might have the characteristics of a chain reaction in
the presence of molecular dioxygen, H,O,, lipids and
Fe2*.17:18) 1t has also been reported that the formation
of SBC is prevented by antioxidative enzymes such as

0

superoxide dismutase (SOD) and catalase in vivo,">*® and
that the depletion of glutathione in hairless mice increases
SBC formation.'® These findings suggest that f-thuja-
plicin is related to scavenge active oxygen species that are
generated in cells.

In this paper, we report the results on chemical re-
activities of f-thujaplicin and its isomers (x- and 7y-
thujaplicins) to active oxygen species such as superoxide
anion radicals (-O3), hydroxyl radicals (-OH), singlet
oxygens (1O,), tert-butyl peroxyl radicals (ROO") and
hydrogen peroxides (H,0,). The results were compared
with the reactivities of tropolone, the parent compound
of the thujaplicins; EDTA, diethylenetriamine pentaacetic
acid (DTPA) and deferoxamine, which are chelating
agents; and /-ascorbic acid and dl-a-tocopherol, which
are well-known antioxidants.

Experimental

Materials o-Thujaplicin (natural product, purity 90%), -thujaplicin
(synthetic product, purity 100%) and y-thujaplicin (synthetic product,
purity 100%) were obtained from Takasago International Corporation
(Tokyo, Japan), and tropolone and 2,2,6,6-tetramathyl-4-piperidone
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Fig. 1. Chemical Structures of -, - and y-Thujaplicins
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hydrochloride (TMPD) were purchased from Aldrich Chemical Co.,
Inc. (Milwaukee, WI, U.S.A.). dl-a-Tocopherol, EDTA-2Na, sodium
lauryl sulfate (SDS) and tetra-n-butylammonium perchlorate (TBAP)
were from Nacalai Tesque Inc. (Kyoto, Japan). l-Ascorbic acid, fer-
rous sulfate heptahydrate (FeSO,-7H,0), H,0, (30% solution), hy-
poxanthine (HPX), 5-amino-2,3-dihydro-1,4-phthalazinedione (luminol)
and scopoletin were obtained from Wako Pure Chemical Industries
(Tokyo, Japan); and deferoxamine mesylate (desferal), hematoporphy-
rin, xanthine oxidase (XOD), methemoglobin (MetHb), hematin and
horseradish peroxidase (HRP) were purchased from Sigma Chemical
Company (St. Louis, MO, U.S.A.). 5,5-Dimethyl-1-pyrroline-1-oxide
(DMPO) was obtained from Labotec Company (Tokyo, Japan), DTPA
from Dojindo Laboratories (Kumamoto, Japan), tert-butyl hydro-
peroxide (BHP) from Katayama Chemical Industries Co., Ltd. (Osaka,
Japan), and 2-methyl-6-phenyl-3,7-dihydroimidazo [1,2-a] pyrazin-3-
one (CLA) from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). All
other chemicals used in this study were commercially available products
of analytical reagent grade.

Sample Preparations «-, - and y-Thujaplicins or tropolone were
dissolved in ethanol or NaOH solution at an equimolar concentration
and diluted with water to various concentrations. The ethanol solution
was used for the assay of hydroxyl radicals, singlet oxygens and rert-
butyl peroxyl radicals in the ESR spin-trapping method. Other experi-
ments were carried out in NaOH solution. The final concentrations of
ethanol and NaOH were less than 0.1% and 2mwm, respectively. The
addition of 0.1% or 2mm NaOH showed no remarkable effect on these
assay systems. /-Ascorbic acid and dl-a-tocopherol were dissolved in
water and 1% SDS solution, respectively, and diluted with water to
various concentrations.

Estimation of Active Oxygen (-0, -OH, !0, and ROO -) Scavenging
Activity by ESR Spin-Trapping Method ESR spectra were recorded on
a JEOL JES-RE1X spectrometer or a JEOL FR-30 freeradical monitor
(Tokyo, Japan) at a field modulation frequency of 100 kHz, modulation
amplitude of 0.1 mT, and an output power of 5SmW. Mn(Il) doped in
magnesium oxide (MgO) was used as a standard. All experiments were
carried out at 23°C. Analysis of spin-trapped adducts of -O5, -OH,
'0, or ROO- was performed as described below. After recording the
ESR spectra, each signal intensity was normalized as a relative signal
height against the standard signal due to the Mn(IT) maker. Scavenging
activity was expressed as the 50% inhibition concentration (ICs,) of
active oxygen species generated, which was calculated from regression
lines, where the abscissa represented the concentration of the test
compound and the ordinate represented the relative signal height for
independent triplicate tests.

Superoxide-Anion (- O;) Superoxide anion scavenging activity of the
test compounds was determined by the method of Kitagawa et al.2®
XOD (0.12 units/ml) was added to 0.4mm HPX in 80 mm phosphate
buffer (pH 7.4) containing [ mM DTPA and various concentrations of
the test compounds. Almost simultaneously, 90 mM DMPO was added
to the solution and then mixed on a vortex mixer. After allowing the
solution to react for 30's, ESR spectra due to DMPO-OOH were recorded
under the conditions described above.

Hydroxyl-Radical (- OH) Hydroxyl radical scavenging activity of the
test compounds was determined using the Fenton system (Fe(Il)+
H,0,).2V First, 2.25, 3.38, 4.50 or 5.63 um FeSO,, various concentra-
tions of the test compound, and 1, 10 or 100 mM DMPO were mixed.
Then, 2.25, 22.5 or 225um H,0, was added and mixed on a vortex
mixer. After 30s, ESR spectra due to DMPO-OH were recorded under
the same conditions as those above.

Singlet-Oxygen (*0,) Singlet oxygen quenching activity of the test
compounds was estimated with TMPD, which was used as a singlet
oxygen-trapping reagent, and by the method of Masaki et al.?? Various
concentrations of the test compounds were added to a solution containing
50 um hematoporphyrin and 50mM TMPD in 100 mM Tris-HCI buffer
(pH 8.0). After UVA irradiation (0.65J/cm?, 1 kW xenon lamp, Ushio
Inc.) filtered with a UV-33 filter (Toshiba Glass Co.) for 1 min, ESR
spectra due to 2,2,6,6-tetramathylpyperidone-1-oxyl (TEMPONE) were
recorded under the conditions as those above.

tert-Butyl Peroxyl Radical (ROO-) tert-Butyl peroxyl radical scav-
enging activity of the test compounds was determined by the method
of Akaike ef al.?® BHP (25mm) was added to MetHb (250 ug/ml) in
100 mm phosphate buffer (pH 7.4) containing 25 um DTPA and various
concentrations of the test compounds. Almost simultaneously, 10 mm
DMPO was added to the solution. After mixing the solution on a vortex
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mixer for 30s, ESR spectra due to DMPO-OOR were recorded under
the conditions described above.

Estimation of Active Oxygen (-O;, -OH, 'O, and H,0,) Scavenging
Activity by Chemiluminescence (CL) Method Luminescence was mea-
sured with an ALOKA Luminescence Reader RLR-20 (Tokyo, Japan).
The reactivities of the test compounds towards -O;, -OH, 'O, or
H,0, were determined by the following method. Each cuvette (12 mm
in diameter) containing the resulting solutions was placed in a photo-
multiplier tube at 30 °C in a dark cuvette chamber, and the intensities
of luminescence were recorded. Scavenging activity was expressed as the
50% inhibition concentration (ICs,) of active oxygen species generated,
which was calculated from regression lines, where the abscissa represent-
ed the concentration of the test compound and the ordinate represented
the intensities of luminescence for independent triplicate tests.

Superoxide-Anion (-O5) Superoxide anion scavenging activity of the
test compounds was determined by a modified procedure of Suzuki et
al*® Experiments were performed on solutions consisting of 100 ul of
CLA (final conc., 0.44 um), 100 4l of DTPA (1.1 mm), 200 ul of HPX
(0.2mm) in 25mm phosphate buffer (pH 7.1), and 1004l of various
concentrations of the test compounds. The CL reaction was initiated by
injection of 1 ul XOD (0.02 units/ml) in the buffer solution. Superoxide
anion scavenging effects were evaluated by the intensities due to CLA-
dependent chemiluminescence.

Hydroxyl-Radical (-OH) Hydroxyl radical scavenging activity of the
test compounds was determined by using the Fenton system.?® After
allowing a reaction containing 100 ul of luminol (final conc., 41.0 uM) to
stand in the dark for 1h, 50 ul of DTPA (0.2mM) in 50 mM phosphate
buffer (pH 7.8) and 50 ul of FeSO,-7H,0 (8.2 um) in water, 300 ul of
the buffer solution, and 100 gl of test compounds at various concen-
trations were added to the luminol solution. After the CL reaction
was initiated by injection of 10 ul H,0, (0.5 mm) in water, the intensities
due to luminescence (A) were then recorded. In a similar manner to that
of A, the intensities of luminescence (B) were recorded after addition
of 300 ul of ethanol instead of the buffer solution. Hydroxyl radical
scavenging effects were evaluated by subtracting B from A.

Singlet-Oxygen (*0,) Singlet oxygen quenching activity of the test
compounds was determined by a modified method of Nakano et al.2®
Experiments were performed on solutions containing 100 ul of CLA
(final conc., 0.43 um), 100 ul of DTPA (1.1 mm), 200 ul of H,0, (78.4 mm)
in 100mM acetate buffer (pH 4.5), and 100 ul of the test compounds
at various concentrations. The CL reaction was initiated by injection
of 10 ul sodium hypochlorite (58.8 mM) in the buffer solution. Singlet
oxygen scavenging effects were evaluated by the intensities due to CLA-
dependent chemiluminescence.

Hydrogen Peroxide (H,0,) Hydrogen peroxide scavenging activity
of the test compounds was measured by the luminol-H,0, system.?”
After allowing a solution containing 200 ul of luminol (final conc.,
196 um) and 200 ul of hematin (58.8 um) in 100 mM borate buffer (pH
11.0) to stand in the dark for 1h, 100 ul of the test compounds at various
concentrations was added to the cuvette. The CL reaction was initiated
by injection of 10ul of H,0, (3.9 um) in water. Hydrogen peroxide
scavenging effects were evaluated by the intensities due to luminol-
dependent chemiluminescence.

Estimation of H,0, Scavenging Activity of the Compounds by Fluo-
rescence Method Fluorescence was measured with a CORONA micro-
plate reader MTP-100F (Tokyo, Japan). Hydrogen peroxide scaveng-
ing ability of the compounds was measured by the decrease in H,0,
according to the scopoletin method.?® Scopoletin (1 mm) was prepared
in 100 mM phosphate buffer (pH 7.4) at 37°C and stored at 4°C in the
dark. After mixing the solution containing test compounds at various
concentrations with or without 5um H,0, mixed for 5min at room
temperature (23°C), a solution containing 5uM scopoletin and 0.5
units/m! HRP in 100mm phosphate buffer (pH 7.4) was added and
incubated for 5min at 37°C. Determination of H,0, was carried out
by measuring fluorescence intensities (Ex: 360 nm, Em: 450). After cor-
recting these values by excluding the effects without H,0O,, the concen-
trations of H,0, were calculated from the calibration curve. Scavenging
activity was expressed as the 50% scavenging concentration (ICs,) of
H,0, added, which was calculated from regression lines, where the
abscissa represented the concentration of the test compound and the
ordinate represented the concentration of H,O, for independent tri-
plicate tests.

Electrochemical Measurements Cyclic voltammetry was carried out
using a BAS 100B/W (Lafayette, IN, U.S.A.) with a three-electrode
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Table 1.
Spin-Trapping, Chemiluminescence and Fluorescence Methods
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-03, ‘OH, '0,, ROO- and H,0, Scavenging Effects of «-, f- and y-Thujaplicins and Related Compounds as Evaluated by the ESR

1C4, ()
Compound -0, -OH 10, ROO- H,0,

ESR Chemiluminescence ESR¥ Chemiluminescence Chemiluminescence ESR Chemiluminescence  Fluorescence
a-Thujaplicin > 1000 N.D. 81+ 03 12.7+0.6 718.3+43.9 884+ 2.1 7.84+0.2 354429
B-Thujaplicin > 1000 > 1000 51+ 0.1 7.1+1.8 > 1000 469+ 1.2 61.6+6.3 73.84+3.3
y-Thujaplicin > 1000 N.D. 5.1+ 0.2 10.8+0.5 > 1000 642+ 2.2 159.1+9.9 61.4+09
Tropolone > 1000 N.D. 59+ 0.2 7.1+£0.5 603.0+75.5 41.7+ 1.8 163.2+2.3 151.3+8.1
I-Ascorbic acid 17.4+1.0 3.0+0.5 2.3+ 0.1 2.5+0.6 9.5+ 1.7 1058+ 5.5 N.D. N.D.
dl-a-Tocopherol > 500 > 500 170.0+33.0 134.3+8.3 215.7+30.1 141.0+10.0 N.D. N.D.

Data are expressed as the means +S.D.s of 3 experiments. N.D.: ICs, was not determined under the conditions.

a) Hydroxy radicals by the Fenton system were

generated and detected as follows, 2.25 um FeSO,, 22.5 um H,0, and 100 mm DMPO.

system. A Pt rod as a working electrode, Pt-wire as an auxiliary electrode,
and Ag/AgCl or Ag/Ag™ electrode as a reference electrode were used.
The reference electrode was separated from the bulk of the solution by
a glass frit and was immersed in an aqueous solution containing 2%
ethanol and 0.1 M KCl or in an acetonitrile solution containing 0.1M
TBAP. All experiments were carried out at 22 °C in each solution purged
with N, gas. Potentials of dl-a-tocopherol and other test compounds
were recorded vs. Ag/Ag™ and vs. Ag/AgCl, respectively, in which the
sweep rate was 25 mV/s for cyclic voltammetry. The half-wave potential
(E,,2) was calculated as the midpoint of anode potential (E,) and
cathode potential (E,): Ey;,=(E,,+E,.)/2. The oxidation-reduction
potential as the standard hydrogen electrode (NHE) was evaluated from
the following equation: E°(NHE)=E, ,(Ag/AgC)—210(mV) or E°
(NHE)=E, ,(Ag/Ag ") —490 (mV) 2

Results

Scavenging Activities of a-, - and y-Thujaplicins against
Active Oxygen Species Scavenging activities of «-, - and
y-thujaplicins and related compounds against superoxide
anion radicals (-O;), hydroxyl radicals (-OH), singlet
oxygens (*O,), fert-butyl peroxyl radicals (ROO-) and
hydrogen peroxides (H,0,) were examined by the ESR
spin-trapping, chemiluminescence and fluorescence meth-
ods, as summarized in Table 1.

The IC,, values for the superoxide anion radical
scavenging activities of «-, f- and y-thujaplicins and
tropolone as evaluated by the ESR spin-trapping and
chemiluminescence methods were found to be higher than
1000 uM, indicating that thujaplicins were not as effective
as [-ascorbic acid, which is a well-known antioxidant.

The hydroxyl radical inhibitory effects of a-, - and
y-thujaplicins and tropolone were also evaluated by both
ESR spin-trapping and chemiluminescence methods. The
IC;, values of a-, - and y-thujaplicins and tropolone were
found to be 8.1+0.3, 5.140.1, 5.140.2 and 5.9+0.2 um,
respectively, by the ESR spin-trapping method using
100 mmM DMPO; while by the chemiluminescence method,
the I1C,, values were 12.7+0.6, 7.1+ 1.8, 10.8§+0.5 and
7.140.5 um, respectively. There were no notable differ-
ences in the IC;, values evaluated by the above two
methods except for that of y-thujaplicin, which was
evaluated by the chemiluminescence method to be ap-
proximately twice that evaluated by the ESR method.
In terms of the ICs, values, the inhibitory effects of the
test compounds were found to be lower than that of
l-ascorbic acid but higher than that of dl-a-tocopherol. No
changes in the ICs, value of S-thujaplicin were observed
by changing the concentration of DMPO (Table 2). To

Table 2. Effect of DMPO Concentration on -OH Inhibitory Activity
of f-Thujaplicin

DMPO
Concentration (mm) I1Cs0 (um)
1 50404
10 53403
100 5.1+0.1

Data are expressed as the means + S.D.s of 3 experiments. Hydroxy radicals were
generated as follows, 2.25 um FeSO, and 22.5um H,0,.
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Fig. 2. Inhibitory Effects of f-Thujaplicin and Chelating Agents on

Hydroxyl Radicals

Hydroxy radicals by the Fenton system (FeSO,-H,0,) were generated and
detected as follows, 2.25um FeSO,, 22.5um H,0, and 100mM DMPO. After
recording ESR spectra, the signal intensity was normalized as the relative signal
height against the standard signal height due to Mn(IT). Symbols are expressed as
the means+S.D.s (n=3). —@—, p-thuyjaplicin; A~ DTPA; —QO—,
deferoxamine; —[]—, EDTA.

know the mechanism of inhibitory effects of f-thujaplicin
on hydroxyl radicals, we compared the results with other
chelating agents such as EDTA, DTPA and deferoxamine
(Fig. 2). B-Thujaplicin inhibited the formation of hydroxyl
radicals generated by the Fenton reaction in a dose-
dependent manner, being more effective than EDTA,
DTPA and deferoxamine.

The singlet oxygen quenching activities of a-, f- and
y-thujaplicins and tropolone evaluated by the chemilumi-
nescence method were found to be as follows: a-thujaplicin
(IC5,=718.3+439um), p- and y-thujaplicins (ICs,>
1000 um), and tropolone (603.0+75.5 um). B-Thujaplicin
was also examined by the ESR spin-trapping method, and
was found to have an 1Cs, value of more than 1000 um
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Table 3. Half-Wave Potentials of «-, - and y-Thujaplicins and Related
Compounds

Compound Solvent Potential (mV)
a-Thujaplicin KCl —6707 (—880)
p-Thujaplicin KCl —630% (—840)
y-Thujaplicin KCl — 6409 (—850)?
Tropolone KClI — 6209 (—830)”
[-Ascorbic acid KCl —4409 (—650)”
dl-a-Tocopherol Acetonitrile 4709 ( —-20)?

a) V vs. Ag/AgCl, b) V vs. NHE, ¢) V vs. Ag/Ag*.

(data not shown). The results therefore indicated that o-,
p- and y-thujaplicins were not as effective as /-ascorbic
acid or dl-a-tocopherol for quenching '0,.

tert-Butyl peroxyl radical scavenging activity of the test
compounds was evaluated by the ESR spin-trapping meth-
od. Scavenging activity was found to be in the follow-
ing order: tropolone (IC5,=41.74 1.8 um) > B-thujaplicin
(46.9 + 1.2 um) > y-thujaplicin  (64.2 2.2 uM) > a-thujapli-
cin (88.4+42.1 um). Thujaplicins and tropolone exhibited
higher tert-butyl peroxyl radical scavenging activities than
those of /-ascorbic acid (IC5,=105.845.5um) and dl-a-
tocopherol (IC5,=141.0410.0 um), both of which are
well-known antioxidants. S-Thujaplicin, as estimated by
ESR spin-trapping, was found to have the highest activity
among the test compounds.

The hydrogen peroxide scavenging activity of the com-
pounds was evaluated by both chemiluminescence and
fluorescence methods. Quenching activity in terms of the
ICs, value estimated by the chemiluminescence method
was found to be in the following order: a-thujaplicin
(IC5,=7.840.2 uM) > fi-thujaplicin (61.6+ 6.3 um) > y-
thujaplicin  (159.1 £9.9 um) > tropolone (163.2+2.3 um).
The results of the fluorescence method, on the other hand,
exhibited the following order: a-thujaplicin (IC5,=35.4+
2.9 uMm) > y-thujaplicin (61.4+0.9 um) > B-thujaplicin
(73.8 +3.3 um) > tropolone (151.3 +8.1 um). Although the
IC;, values for a- and y-thujaplicins were not in agreement,
a-thujaplicin, as estimated by both chemiluminescence and
fluorescence methods, was found to have the highest
activity among the test compounds.

Redox Potentials of a-, - and y-Thujaplicins and Related
Compounds The reducing ability of «-, - and y-thuja-
plicins and related compounds was studied by cyclic vol-
tammetry. The half-wave potentials of the compounds
are given in Table 3. In terms of the half-wave potential
as estimated by the standard hydrogen electrode (NHE),
reducing ability was found to be in the following order: a-
thujaplicin (—880 mV), y-thujaplicin (— 850 mV), f-thuja-
plicin (—840mV) and tropolone (—830mV). This in-
dicates that tropolone derivatives have a higher reducing
ability than that of /-ascorbic acid (—650mV) and dl-
a-tocopherol (—20mV). Among them, a-thujaplicin is
the strongest reducing agent. A linear relationship (y=
0.938x+861, r=0.997 for a total of three compounds in
triplicate measurements) (data not shown) between the
half-wave potential (E,,) of thujaplicins and their H,0,
scavenging activities in terms of the ICs, values as eval-
uated by fluorescence method was found to depend on the
position of the substituent. While, a reverse correlation
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(y=—0.984x—777, r=0.983 for a total of three com-
pounds in triplicate measurements) (data not shown)
between the Ey;, of thujaplicins and their tert-butyl per-
oxyl radical scavenging activity evaluated by ESR spin-
trapping method was obserbed.

Discussion

We investigated the chemical reactivities of f-thujaplicin
and its isomers o- and y-thujaplicins (Fig. 1) to five kinds
of active oxygen species such as superoxide anion radicals
(+O3), hydroxyl radicals (-OH), singlet oxygen (*O,),
tert-butyl peroxyl radicals (ROO-) and hydrogen peroxide
(H,0,) (Table 1).

Some of the obtained results on active oxgen scavenging
activities of the compounds in terms of the IC,, value
were not in good agreement between the evaluation meth-
ods. This method dependent-discrepancy of data will be
examined in a future study. This study, however, did show
certain tendencies in the active oxygen scavenging activity
of the test compounds. The test compounds were found
to have comparable inhibitory effects of hydroxyl radicals
and high scavenging activities against terf-butyl peroxyl
radicals as compared with those of /[-ascorbic acid and
dl-a-tocopherol and a-thujaplicin was found to have the
highest activity against hydrogen peroxides among the
thujaplicins. However, the effects of the compounds on
superoxide anion radicals and singlet oxygens were less
than those of /-ascorbic acid and dl-a-tocopherol.

Hydroxyl radicals, which are responsible for biological
damage, are thought to be formed in cells mainly via the
reaction of metal ions and hydrogen peroxide (Fenton
reaction?"?%: Fe?* + H,0, —»Fe3* 4+ -OH+OH).30:3V
Samuni et al.>® proposed a “site-specific” Fenton mecha-
nism in which the binding of transition metal ions with
biological targets is a prerequisite for the production of
hydroxyl radical-mediated cell damage. In support to
this proposal, the Fenton reaction has been reported to
be catalyzed by a complex formation between ferrous ion
and low-molecular weight compounds.?3:33:3% In addi-
tion, the generation of hydroxyl radicals is affected by
buffer solutions.** Since -, -, y-thujaplicins and tropol-
one have been known to form stable complexes with
ferrous or ferric ion,>®> * we examined the effect of
thujaplicins on the hydroxyl radicals generated in the
Fenton system by the ESR spin-trapping method. In the
chemiluminescence method, it is presumed that hydroxyl
radicals reduce the luminescence through coordination
with transition metal ions.*®*Y Thus, the measurement
of hydroxyl radical scavenging activity of the compounds
by the chemiluminescence method was performed in the
presence of a constant concentration of DTPA (50 mm
phosphate buffer at pH 7.4).

The hydroxyl radical scavenging activities of thuja-
plicins in terms of the ICy, value were weaker than that
of [-ascorbic acid but stronger than that of dil-a-to-
copherol. The stability constants of thujaplicins-Fe com-
plex, especially that of p-thujaplicin-Fe®** complex, are
very high, e.g., the value for Fe(f-thujaplicin); complex
was reported to be log 8, 37.7.3” Thus, it is reasonable
to assume that Fe?* chelated with thujaplicins does not
cause the Fenton reaction. In the ESR spin-trapping
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inhibitory effects of f-thujaplicin
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Effects of Fe?* (A) or H,0, (B) Concentration on the IC, Values of f-Thujaplicin

ICs, values of f-thujaplicin for the hydroxy radical inhibitory effect were plotied against concentrations of 2.25, 3.38, 4.50 or 5.63 um FeSO, in the presence of
22.5 um H,0, (constant) (—@—, y=1.741x+ 1.051, r=0.998) (A), and 2.25, 22.5 or 225 um H,0, in the presence of 2.25 um FeSO, (constant) (—O—, y=0.005x +4.990,
r=1.000) (B). Hydroxy radicals were generated by the Fenton (FeSO,~H,0,) system and trapped with 100 mm DMPO. Symbols are expressed as the means+S8.D.s (n=3).

method, the concentrations of DMPO were changed, but
the 1C,, values of f-thujaplicin were found to be in-
dependent of the DMPO concentration (Table 2). With a
two-fold increase in the concentration of Fe?*, the 1Cs,
value of f-thujaplicin increased by about two fold (Fig.
3A), but no remarkable change in the IC5, value was
observed with a ten-fold increase in the amount of H,0,
(Fig. 3B). The results indicate that the reaction depends
on the concentration of Fe?*, Thujaplicins and tropolone
thus suppress the generation of hydroxyl radicals by
preventing the progress of the Fenton reaction, suggesting
that the chelate formation between thujaplicins and Fe?*
inhibits the reaction between Fe?* and H,0,. Thus, it is
necessary to examine the reaction of thujaplicins with
hydroxyl radicals produced in a chemically pure system.

The chemiluminescence and fluorescence methods were
used to measure hydrogen peroxide scavenging activity of
the compounds, and the ICs, values obtained by these
two methods were different (Table 1). Although the re-
actions between thujaplicins and H,0, have yet been
investigated, f-thujaplicin and tropolone are known to be
oxidized by alkyl peroxides in alkaline solution to produce
dicarbonic acids such as cis,cis-muconic acid.>*? In sup-
port of this observation, a good relationship between the
redox potential of thujaplicins measured under the same
conditions and their hydrogen peroxide scavenging activ-
ities in terms of the ICy, values as evaluated by fluores-
cence method was found, indicating that the reducing
ability of the compound might be one of factors con-
tributed in the reaction. Relationship between the half-
wave potential (E;,) of a-, f- or y-thujaplicin and their
tert-butyl peroxyl radical scavenging activity in terms of
the IC5, value was also observed. Superoxide anion radical
scavenging activity of thujaplicins was not found, but low
singlet oxygen quenching activities were shown by thuja-
plicins (Table 1). In support of those observations, it has
been reported that f-thujaplicin reacts with singlet oxy-
gen via a photosensitized oxygenation reaction, resulting
in the formation of tetracyclo [7.3.2.0%:8.0%14] tetra-
decane.*®

Although the biochemical activity of H,O, itself is not
so high,*¥ H,0, penetrates the cell membrane** and

provides a source for the formation of hydroxyl radicals
in the presence of trace metal ions such as iron and
copper.2t:2%39 On the other hand, when H,0, is formed
in the -O5 generation system catalyzed by SOD, hydroxyl
radicals are also formed by Fenton-like reactions (the
superoxide-driven Fenton reaction).®® In addition, hy-
droxyl radicals are catalyticaly produced by the reaction
between H,0O, and -Oj in the presence of metal ions (the
Haber-Weiss reaction).*® Consequently, metal chelators
such as EDTA and deferoxamine are thought to act as a
type of quencher to inhibit hydroxyl radical formation.*”
In addition, Bissett ez al.*3*® have reported that iron is
a factor in skin photodamage, participating in oxygen
radical production, in which a high level of protection is
provided by metal chelater 2-furildioxime. The results also
indicate the important role of metal ions in active oxygen
formations. On the basis of these results, it is concluded
that p-thujaplicin at a low concentration has a stronger
inhibitory effect on the formation of hydroxyl radicals
than that of deferoxmine, EDTA or DTPA (Fig. 2).

Since thujaplicins exhibit stronger inhibitory effects of
hydroxyl radicals generated by the Fenton reaction and
scavenging activities against tert-butyl peroxyl radicals than
those of [-ascorbic acid or dl-a-tocopherol and in addition
they have scavenging activities against hydrogen per-
oxides, they are proposed to be effective antioxidants for
endogenously produced active oxygen species, which in
turn contribute to the prevention of UV-induced photo-
damage in vivo.
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