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Abstract

Inhibitory effects of intravenously or orally administered antic .idants <~ “ue an-.-lin-derived adical generated in skin
(mainly in the epidermis) of living mice by ultraviolet-A (UV”  irradiat :. » wers ~ *unated. Anthre .n was applied to the dor-
sal skin of living mice and the mice were then exposed to " VA. Tk« *_“R sim. 1 intesity in ski- tissue strips obtained from
mice after anthralin-UVA treatment was measured bv .n X-ba.1 LPR ~_.caeueter. Seve al common antioxidants such
as ascorbate, glutathione and Trolox (a vitamin E ar .iogue) .- >venow . - adnunisiered * , mice reduced anthralin-derived
radical generation. Trolox showed the most prolor sed and =« verfirl = *(ct.iatrevenous .ajection of a clinically used cerebral
neuroprotective drug, Edarabone (Radicut®), »",0 showe ~Cpleti . ‘or the sithraliv derived radical. Oral administration of
a commercialized nutritional supplement (» _ocktail o1 ' 7 her’ 2.> ans vitimins) .so attenuated the anthralin-derived radi-
cal. The anthralin-UVA treatment mode] “or antior.’ . > it acts vy in the - piderr .s is a potentially feasible method to estimate
activity of antioxidants in the body.

Keywords: Electron paramagn- «c resonance, electio st rezonancs  anthralin-derived radical, antioxidant, epidermis

Introduction

Skin is an importar . tissue ‘. protc t vus body fror .
exogenous invasior s, suvk das p,cical stivaulati as,
chemical or photoc. emical st'.n:latons and b ating.
Photochemical stimulx 7ons « .2 cause reacti- ¢ oxygen
species (ROS) in the skin, '1] and give ox’ .ative dam-
age to the cell components. The accur .ulative effects
of oxidative damage may fina..  .ase skin fibrosis
and/or skin cancer. Therefore, the skin itself must be
protected from the ROS in order to prevent such
damage. Estimation of antioxidative activity in the skin
and the reinforcement of antioxidative activity by
administering exogenous antioxidants are important
to protect not only skin but also our body.

Electron paramagnetic resonance (EPR) spectros-
copy can determine free radical species in biological
samples and/or living animals non-invasively. Exoge-
nously administered nitroxyl free radical species are

used as redox probes to investigate free radical reac-
tions n vivo and n vitro [2—6]. The nitroxyl radicals
administered to an animal are distributed throughout
the body rapidly. It is quite difficult to design an exog-
enous probe localized in a tissue or organ of interest,
such as skin epidermis.

Administration of anthralin (1,8-dihydroxy-9-an-
throne, also known as dithranol or cignolin) through
mouse skin followed by ultraviolet-A (UVA) irradia-
tion can generate anthralin-derived free radicals
localized in the skin epidermis. Microscopic EPR
spectral-spatial imaging showed that the anthralin-
derived radicals were generated in the skin around
27 um from the surface and EPR spectroscopy of
histological samples showed that 85% of anthralin-
derived radicals were obtained in the epidermis [7].
Therefore, the UVA induced anthralin-derived radicals
are localized in the slightly deeper side of the epidermis.
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Hence, the combinations of antioxidants and the
localized anthralin free radical can enable us to esti-
mate the activity of antioxidants in the epidermis.
Anthralin is a medicine therapeutically used in the
topical treatment of psoriasis [8]. Anthralin can be
easily oxidized by alkaline oxidation and can be a
primary radical, which gives a quintet EPR line [9].
The primary radical is converted to yield secondary
multiple EPR line species, then finally a single broad
EPR line species [9]. Photo-oxidation of anthralin in
chloroform initially showed a triplet EPR signal,
which then changed to a broad singlet line [9]. When
anthralin is incubated with keratinocytes [9] and
applied to excised pig skin [10] or UV-irradiated after
painting on isolated mouse skin [9], generation of
anthralin-derived free radical, which gives a broad
singlet EPR line (¢ = 2.0036, linewidth = 0.6 mT),
has been observed (Figure 1). The non-invasive detec-
tion of anthralin-derived free radicals in the skin of a
live mouse using L-band EPR spectroscopy has also
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Figure 1. The experimental scheme. An acetone solution of
anthralin was painted on the back of living mice and the mice were
then exposed to UVA irradiation. The anthralin-derived radicals
(g = 2.0036, linewidth = 0.6 mT) generated in the skin epidermis
were measured by an X-band EPR spectrometer. The purpose of
the experiment is to test if the orally or intravenously administered
antioxidant can reach to epidermis and suppress the anthralin-
derived radical generation.

been reported [11]. The anthralin-derived free radi-
cals in skin are not characterized chemically, although
the broad singlet EPR line obtained in the skin is
similar to the anthralin brown radical [9].

Fuchs and Packer [9] found that alpha-tocopherol
decreased radical formation in skin treated with
anthralin, while Lambert et al. [12] reported no effect.
The effect of antioxidants on the anthralin-derived
radical generated in a skin strip is equivocal, since the
previous experiments were done with excised skin. It
is still obscure if orally or intravenously administered
antioxidants are capable of reaching the skin epider-
mis and suppressing anthralin-derived radical genera-
tion in the skin epidermis (Figure 1).

In the present paper, the iz vivo effects of several
intravenously or orally administered antioxidants in
the skin (mainly in the epidermis) were investigated.
Utilization of the UVA-induced anthralin-derived
radical as a localized free radical probe in skin epider-
mis is described.

Materials and methods
Chemicals

Anthralin was purchased from Aldrich Chemical Co.
(Milwaukee, WI). Ascorbic acid (AsA), the reduced
form of glutathione (GSH) and Trolox (6-hydroxyl-
2,5,7,8-tetramethylchroman-2-carboxylic acid) were
from Wako Pure Chemical Industries Ltd. (Osaka,
Japan). All other reagents were reagent grade. Trolox
was dissolved in 1 M sodium bicarbonate due to its
poor solubility in water and then adjusted to pH 7.0
with 1 N HCI [13] (final concentration was 10 mM).
The AsA and GSH was dissolved in water and
adjusted to isotonic and pH 7 (final concentration
was 10 mM). A clinically used cerebral neuropro-
tective drug, 3-methyl-1-phenyl-2-pyrazolin-5-one
(Edaravone), was obtained from Mitsubishi Chemi-
cal Co. (Tokyo, Japan). Edaravone, also referred to
as MCI-186 and Radicut®, was recently marketed for
clinical use in Japan as a protective drug for cerebral
ischemia and post-ischemic brain oedema [14-17].
An isotonic solution of Edaravone (3.0 mg/ml final
concentration) was prepared by dissolving 30 mg of
Edaravone into 0.5 ml of 1 N NaOH, adjusting pH
7 with 1 N HCI and being diluted to 10 mL with
distilled water. A tonic-type nutritional supplement,
which is available commercially as an oral liquid
preparation (Table I), was used for invigoration and
as a nutriment supplement in the treatment of phys-
ical fatigue and was a gift from Taisho Pharmaceuti-
cal Co. Ltd. (Saitama, Japan).

Animals and skin tissue preparation

Female hairless mice (HOS:HR-1, 5 weeks old), were
supplied by Hoshino Experimental Animal Center
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Table I. Constituents in the commercialized herbal nutritional supplement (in 50 mL).

Constituents Amounts Equivalent herbal/natural ingredients
Cistanche extract 151.6 mg (= 500 mg as cistanchis herba)
Callopeptide extract 0.1 mL (= 100 mg as phocae testis et penis)
Cervi parvum cornu tincture 1.08 mL (= 300 mg as cervi parvum cornu)
Epimedium 100 mg (= 1000 mg as epimedii herba)
Cordyceps extract 0.3 mL (= 300 mg as cordyceps#)

Cnidium extract 600 mg (= 300 mg as cnidium monnieri fructus)
Convolvulaceae extract 33 mg (= 300 mg as cuscutae semens)
Eucommia extract 0.3 mL (= 300 mg as eucommiae cortex#)
Muirapuama extract-A 15 mg (= 300 mg as muirapuamas)
Ginseng extract M 90 mg (= 600 mg as ginseng radix*)
Dioscorea extract 0.3 mL (= 300 mg as dioscoreae rhizomas)
Agkistrodon tincture 1.25 mL. (= 250 mg as agkistrodon)

Cornus extract 0.5 mL (= 500 mg as corni fructus+)

Poria extract-A 9.6 mg (= 300 mg as poria)

Schisandra extract 0.3 mL (= 300 mg as schisandrae fructus#)
Jiugancao extract 25 mg (= 100 mg as glycyrrhizae radix#)
Rehmannia extract-A 150 mg (= 300 mg as rehmanniae radix)
Taurin 500 mg

Vitamin B, 5 mg

Vitamin B 5 mg

Caffeine anhydrite 50 mg

#Indicates herbal ingredients in which antioxidative activities have been reported. Other additives: white sugar, paraben, sodium benzoate,
polyoxy hydrogenated castor oil, povidone, citric acid, sodium citrate, fragrances, ethylvanillin, L.-menthol, alcohol (< 1.5 mL).

(Fukuoka, Japan) and kept on a standard diet (MF,
Oriental Yeast Co. Ltd., Osaka, Japan) with free access
to food and water. An aliquot (500 uL.) of an acetone
solution of anthralin (50 mM) was applied to an ~ 3
X 1.5 cm oval area of the dorsal skin of mice. The
mice were moved to a cage specially arranged for
UVA irradiation and kept in the cage with access to
water and food ad libitum. UVA irradiation was started
soon after all of the treated mice were placed in the
cage. The mice were illuminated at a distance of 40 cm
from the skin with an UVA lump (National FL.15
BL-B; wavelength range 300—420 nm with a maxi-
mum at 352 nm). The irradiation power was esti-
mated to be 10 m]J/cm?h with an actinometer (UV
Checker, Yamashita Denso Co., City, Japan).To avoid
severe inflammation of the skin, which would disturb
preparation of the skin strip for EPR spectroscopic
analysis, a relatively weak irradiation power was cho-
sen for this study. The unusual long UVA irradiation
time (i.e. beyond 12 h) in some experiments was for
the purpose of making comparisons. After UVA expo-
sure for various time periods, mice were sacrificed by
cervical dislocation and the skin tissue separated
immediately. After the subcutaneous fat had been
removed by scraping the dermal side with soft tissue
paper, the skin was cut exactly into a 2.0 X 0.3 cm
strip and then mounted in an EPR tissue cell (LTC-10,
Labotec Co.). This sample size was arranged for the
special Teflon sample stage, which was designed for
skin imaging experiments, as reported previously [7].
The same stencil plate was used to make the skin
strip, while imaging experiments were not carried out
in this paper. All procedures and animal care were

approved by the Committee on the Ethics of Animal
Experiments, Graduate School of Pharmaceutical
Sciences, Kyushu University, Japan, and conducted
according to the Guidelines for Animal Experiments
of the Graduate School of Pharmaceutical Science,
Kyushu University, Japan.

Ascorbic acid (AsA) and a-Tocopherol (a-Toc) contents
n the skin

AsA concentration in the tissue homogenate was
determined by a HPL.C method [18].The mouse skin
was homogenized in a 5% metaphosphoric acid solu-
tion. The skin homogenate was centrifuged at 4°C at
3000 X g for 5 min. The supernatant was again cen-
trifuged at 4°C at 10 000 X g for 60 min. An aliquot
(20 pL) of final supernatant was subjected to the
HPLC. Conditions of HPLC were follows: Column
was TSKgel ODS-80Ts (4.6 mm i.d. X 250 mm
length, TOSOH, Tokyo, Japan).The mobile phase was
water at pH 2.2 (sulphuric acid). The flow rate = 1.0
mL/min and the detector was a UV-8020 (TOSOH)
operated at 254 nm wavelength.

o-Toc concentration in the tissue homogenate
was also determined by a HPLC method [19]. The
mouse skin was chopped by cithers in 500 pL of an
aqueous buffer solution containing 130 mM NaCl,
5 mM D-glucose, ] mM EDTA-2Na and 10 mM
NaH,PO,/2H,0. Then 500 uL of the buffer, 50 pL
of 10 mg/ml BHT and 1 mL of 0.1 M SDS solution
was added and then homogenized. Two millilitres of
a mixture of ethanol and isopropanol (95:5) was added
to homogenate and vortexed. Then, 2 mL of hexane
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was added and vortexed. The homogenate was centri-
fuged at 4°C at 1000 X g for 10 min. The supernatant
(hexane) was moved to a microtube and dried under
N, gas flow. The residue was again dissolved in 500 puL.
of methanol and 20 pL of the methanol solution was
subjected to HPLC. The HPLC conditions were as
follows: Column was Nova-Pak C ¢ (4.6 mm i.d.
X 250 mm length, Waters, Milford, MA), the mobile
phase was methanol, flow rate = 1.0 mL/min, the
detector was Waters 474 Fluorescence Detector with
an excitation wavelength of 290 nm and a detection
wavelength of 325 nm.

EPR measurement

The EPR tissue cell containing the skin was placed
in an X-band TE-mode cavity of an EPR spectrom-
eter JEOL JES-RE1X) and the spectra were recorded
at room temperature using the following settings:
Microwave power = 5 mW (9.4 GHz), modulation
amplitude = 0.5 mT, modulation frequency = 100 kHz
and the time constant = 0.1 s.

Experimental scheme and dose of antioxidants

Torolox, AsA, GSH solution or the corresponding
vehicle was intravenously injected from the tail vein of
the mice with doses of 0.02, 0.2 or 2.0 mmol/kg anti-
oxidants 5 min before starting UVA irradiation. UVA
irradiation was carried out by several periods. Edara-
vone or the corresponding vehicle was intravenously
administered to mice 5 min before or 5 h after starting
UVA exposure. Doses of Edaravone were 1 or 3 mg/kg
(6 or 17 umol/kg). Mice were irradiated by UVA for
10 h. The commercialized herbal nutritional supple-
ment was administered orally to mice with a dose of
10 pl/g/day every day for 3 days before our experi-
ment. The period of UVA irradiation was 5 h.

Statistical test

The statistical differences were estimated with alter-
native Student’s or Welch’s T-test. The suitable test
for the data was automatically selected according to
the variance of the data. Grades of significance were
estimated by p < 0.05, p < 0.01 and p < 0.001.

Results and discussion

Figure 2 shows the time course of EPR signal inten-
sity of anthralin-derived radical in the skin during
UVA irradiation. The EPR signal intensity increased
with increasing UVA irradiation time and reached a
plateau level after 12 h.

Figure 3 shows the time course of endogenous
AsA and o-Toc contents in the mice skin during the
anthralin-UVA treatment. AsA contents immediately
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Figure 2. Time course of anthralin-derived radical generation in
epidermis by UVA irradiation. EPR signal intensity of anthralin-
derived radical caused in mouse skin after anthralin-UVA treatment
was measured. The mice were exposed to UVA irradiation (10 m]J/
cm?/h) for 3, 5, 12 and 24 h. The skin tissue was separated from
the mice and the X-band (9.4 GHz) EPR spectra were recorded
by the following conditions; microwave power 5 mW, modulation
amplitude 0.5 mT, modulation frequency 100 kHz and time
constant 0.1 s. The dots and bars indicated with the dots showed
mean * SD. Numbers indicated by the dots show the number of
mice. Skin sample preparations and EPR measurements are
duplicated for each mouse.

decreased after the start of UVA irradiation and then
kept at a lower level (Figure 3A). AsA contents also
decreased with anthralin alone, while the decrease
was lesser than that for the anthralin-UVA treatment.
AsA contents looked slightly decreased by UVA irra-
diation alone, while no significance was observed.
These decreasing profiles obtained with three differ-
ent treatments looked parallel, but levels are anthral-
in-UVA > anthralin > UVA. a-Toc contents gradually
decreased during the 24 h anthralin-UVA treatment
period (Figure 3B). o-Toc contents looked slightly
decreased by anthralin alone, while no significance
was observed. UVA irradiation alone did not affect
o-Toc contents for up to 5 h, while a-Toc contents
decreased after 5 h. o-Toc contents 24 h after starting
UVA irradiation were significantly lower than the nor-
mal level. The effect of UVA to o-Toc was different
from that to AsA. AsA may trap any radicals unselec-
tively, while o-Toc may only trap organic free radicals,
such as lipid radicals. o-Toc does not trap primary
anthralin radical, however can inhibit the formation
of anthralin-derived radical in skin treated with anthr-
alin [11]. It is possible that lipophilic o-Toc is local-
ized in the lipidic region and consumed by lipid
peroxidation products formed in the lipidic region
during the delay just before starting UVA irradiation.
Actually, TBARS level in the skin began to increase
after 5 h irradiation of UVA (data not shown).

The treatment with anthralin alone can result in half
the amount of anthralin-derived radicals even in the
dark (data not shown). UVA can exaggerate this effect.
The consumption of AsA and o-Toc was also acceler-
ated by UVA irradiation. It was reported that the
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Figure 3. Effect of anthralin, UVA and anthralin-UVA treatments
to endogenous AsA and o-Toc in mouse skin. Time course of (A)
AsA and (B) o-Toc during treatments. The mice were exposed to
UVA, anthralin or anthralin-UVA treatment for 3, 5, 12 and 24 h.
The skin tissue was separated from the mice and AsA and o-Toc
in the skin was measured by HPLC based methods. The circles
and bars indicate mean *+ SD.White, gray and black circles indicate
UVA, anthralin or anthralin-UVA treatment. Numbers indicated
by the dots show the number of mice. Skin sample preparations
and EPR measurements are duplicated for each mouse. Signi-
ficance to the control level (at 0 h) was indicated by *, *, and **
as p < 0.05, p < 0.01 and p < 0.001, respectively.

radical formation by photo-oxidation of anthralin in
organic solvents was inhibited under nitrogen and was
enhanced by higher oxygen concentration [9]. There-
fore, oxygen radicals may have an important role to
generate anthralin-derived radicals when the anthralin
was treated on the skin. UVA can induce ROS gen-
eration in skin [1]. Formation of ROS through auto-
oxidation of anthralin was also reported [20,21]. The
consumption of AsA and o-Toc when the mice were
treated with anthraline alone may be due to ROS
generation through auto-oxidation of anthralin.

In the next step, several hydrophylic antioxidants,
i.e. AsA, GSH and Trolox, were administered to mice
and the effect on anthralin-derived radical generation
in mice skin was tested. Intravenous administra-
tions of AsA, GSH or Trolox were tested to investi-
gate whether they could suppress the formation of
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Figure 4. Effect of intravenous injection of AsA, GSH and Trolox on
the generation of anthralin-derived radical in epidermis of living mice.
EPR signal intensity of anthralin-derived radical caused after anthralin-
UVA treatment was suppressed by intravenous administration of
(A) AsA, (B) GSH and (C) Trolox dose-dependently. The antioxidant
solutions were intravenously administered to the mice by several
doses 5 min before starting UVA irradiation. The mice were exposed
to UVA irradiation (10 m]J/cm?h) for 3, 5 and 24 h. The skin tissue
was separated from the mice and the X-band (9.4 GHz) EPR spectra
were recorded by the following conditions; microwave power 5 mW,
modulation amplitude 0.5 mT, modulation frequency 100 kHz and
time constant 0.1 s. The columns and bars indicated with the columns
show mean * SD. White, light gray, dark gray and black column
indicate 0 (vehicle), 0.02, 0.2 and 2 mmol/kg doses, respectively. The
number of mice used for the experiment was eight for 3 and 5 h
irradiation and nine for 24 h irradiation. Significance to the control
(vehicle) was indicated by * as p < 0.05.

anthralin-derived radicals in the skin of living mice
(Figure 4). The suppression of anthralin-derived
radical generation was observed in all doses and peri-
ods of UVA exposure. However, the effects of the
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Figure 5. Effects of intravenous injection of Edaravone on EPR
signal intensity of epidermal anthralin-derived radical. The solution
of Edaravone (3.0 mg/mL of final concentration) was intravenously
administered into the female hairless mice (HOS:HR-1, 5 weeks
old) 5 min before starting UVA exposure. Same volume of vehicle
was administered to the vehicle group. The mice were exposed to
UVA irradiation (10 mJ/cm?h) for 10 h with access to water
and food ad lbitum. The EPR spectrum in the skin sample was
measured under the following conditions; microwave power 5 mW,
microwave frequency 9.4 GHz, modulation amplitude 0.5 mT,
modulation frequency 100 kHz and time constant 0.1 s. Column
and bar indicates mean = SD of 10 mice. Numbers in the bars
indicate the percentage of mean signal intensity compared with the
corresponding vehicle group. Significance to the control was
indicated by #* as p < 0.001.

suppressing anthralin-derived radical generation were
different among the antioxidants. Trolox showed the
strongest suppression of anthralin-derived radical
generation after 24 h UV exposure. The intravenous
2 mmol/kg dose of Trolox suppressed the intensity of
anthralin-derived radical to be 50% of the control
group. This result indicates that the effect of Trolox
on suppressing radical generation in the skin under
UV exposure is persistent. These results suggested
that Trolox shows a better inhibitory effect on the
generation of anthralin-derived radicals in the skin
and that the effect had been observed even 24 h after
intravenous injection.

Figure 5 demonstrates the EPR signal intensities
obtained under several dose conditions of clinically
used free radical scavenger, Edaravon. The result showed
inhibitory effects of those anti-oxidative manufactures
to the epidermal anthralin-derived radical generation.
A clinically used drug, Edaravone, is a protective drug
for cerebral ischemia and post-ischemic brain oedema
[14,17]. Edaravone is a potent scavenger of hydroxyl
radicals and has the ability to inhibit lipoxygenase
metabolism [15,16]. Edaravone (6 or 17 umol/kg)
was intravenously administered to mice before or dur-
ing 10 h of UVA exposure. Both doses of Edaravone
showed distinct suppressant effects on anthralin-de-
rived radical generation in the mouse skin. The effect
was significant even when 17 umol/kg of Edaravone
was administered 5 h after starting UVA exposure

25

15 4

10 -

EPR signal intensity (a.u.)

Vehicle Supplement

Figure 6. Effects of commercialized tonic-type nutritional
supplement on EPR signal intensity of epidermal anthralin-derived
radical. The nutritional supplement was orally administered to the
mice every day with the dose of 10 ul/g/day from 3 days before
irradiation. The mice were exposed to UVA irradiation (10 m]J/
cm?/h) for 5 h with access to water and food ad Lbitum. The EPR
spectrum in the skin sample was measured under the following
conditions; microwave power 5 mW, microwave frequency 9.4
GHz, modulation amplitude 0.5 mT, modulation frequency 100
kHz and time constant 0.1 s. Column and bar indicates mean =
SD of five mice. Number in the bar indicates the percentage of the
mean signal intensity to the vehicle group. Significance to the
control was indicated by * as p < 0.05.

(data not shown). The intravenous injection of
17 umol/kg of Edaravone was estimated to have almost
the same activity as 2 mmol/kg of Trolox. These results
indicate the strong antioxidant activity of Edaravone
toward radical generation in mouse skin.

Figure 6 demonstrates the EPR signal intensities
obtained under a dose of commercialized herbal
nutritional supplement. This nutritional supplement
contains extracts of 17 herbs, taurin, vitamin B,, vita-
min B, and caffeine. The contents of the commer-
cially available herbal nutritional supplement are
summarized in Table I. Antioxidative activities are
reported in nine of the herbs, i.e. cordyceps [22-24],
cuscutae semen [25], eucommiae cortex [26—28],
muirapuama [29,30],ginsengradix [31,32],dioscoreae
rhizoma [33-35], corni fructus [36,37], schisandrae
fructus [38,39] and glycyrrhizae radix (licorice)
[40,41]. The nutritional supplement administered
orally to mice at a dose of 10 pl/g/day for 3 days
significantly suppressed the generation of anthralin-
derived radical in the epidermis after UVA exposure,
although the dose used in this experiment was higher
than a preferable human dose (50 mL/day for adults).
Orally administered antioxidants, AsA and GSH, also
suppressed anthralin-derived radical generation in
mouse skin (data not shown). The result shows a
potent antioxidant effect of orally administered herbal
nutritional supplement on radical generation in skin
by UVA exposure.

RIGHTS LI N Kdx



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/05/11
For personal use only

Conclusion

In conclusion, the amount of anthralin-derived radical
generated in the skin by the anthralin-UVA treatment
increased with increasing irradiation time. The
amounts of both intrinsic AsA and o-tocopherol in
the mouse skin were reduced by the anthralin-UVA
treatment. The amount of anthralin-derived radical
generated in the skin was suppressed by intravenous
administration of the antioxidants, such as AsA, GSH
or Trolox. Intravenous injection of a clinically used
cerebral neuroprotective drug Edarabone (Radicut®)
exhibited the suppression of anthralin-derived radical
generation in the skin. Oral administration of a com-
mercialized nutritional supplement also showed an
antioxidative effect in the skin. Therefore, the anthr-
alin-UVA treatment procedure is a useful experimen-
tal model to demonstrate the seeping antioxidative
effect of intravenously and/or orally administered
antioxidants to the skin.

Acknowledgement

The authors thank Dr. Joe Z. Sostaric for editing the
manuscript.

Declaration of interest: This work was supported
in part by Grants-in-Aid of Scientific Research, for
Research in Priority Areas, for Cooperative Research,
for General Science Research and for Developmental
Scientific Research from the Ministry of Education,
Culture, Sports, Science and Technology. The author
reports no conflicts of interest. The author alone is
responsible for the content and writing of the paper.

References

[1] Takeshita K, Takajo T, Hirata H, Ono M, Utsumi H. In vivo
oxygen radical generation in the skin of the protoprphyria
model mouse with visible light exposure: an L-band ESR
study. J Invest Dermatol 2004;122:1463-1470.

[2] Kuppusamy P, Li H, Ilangovan G, Cardounel AJ, Zweier JL,
Yamada K, Krishna MC, Mitchell JB. Noninvasive imaging
of tumor redox status and its modification by tissue glutath-
ione levels. Cancer Res 2002;62:307-312.

[3] llangovan G, Li H, Zweier JL, Kuppusamy P. In vivo measure-
ment of tumor redox environment using EPR spectroscopy.
Mol Cell Biochem 2002;234-235:393-398.

[4] Utsumi H, Yasukawa K, Soeda T, Yamada K, Shigemi R,
Yao T, Tsuneyoshi M. Noninvasive mapping of reactive oxy-
gen species by i vivo electron spin resonance spectroscopy
in indomethacin-induced gastric ulcers in rats. ] Pharmacol
Exp Ther 2005;317:228-235.

[5] Okajo A, Ui I, Manda S, Nakanishi I, Matsumoto K, Anzai K,
Endo K. Intracellular and extracellular redox environments
surrounding redox-sensitive contrast agents under oxidative
atmosphere. Biol Pharm Bull 2009;32:535-541.

[6] Yamato M, Shiba T, Yamada K, Watanabe T, Utsumi H.
Separable detection of lipophilic- and hydrophilic-phase free

EPR method for esimating activity of antioxidants 273

radicals from the ESR spectrum of nitroxyl radical in transient
MCAO mice. Free Radic Res 2009;43:844-851.

[7] Matsumoto K, Kawai S, Chignell CF, Utsumi H. Location of
anthralin radical generation in a mouse skin by UV-A irra-
diation: an estimation using microscopic EPR spectral-spatial
imaging. Magn Reson Med 2006;55:738-742.

[8] Seville RD. Advances in the use of anthralin. ] Am Acad
Dermatol 1981;5:319-321.

[9] Fuchs J, Packer L. Investigations of anthralin free radicals in
model systems and in skin of hairless mice. J Invest Dermatol
1989;92:677-682.

[10] Shroot B, Brown C. Free radicals in skin exposed to dithranol
and its derivatives. Arzneim -Forsch/Drug Res 1986;36:
1253-1255.

[11] Méder K, Bacic G, Swartz HM. In vivo detection of anthralin-
derived free radicals in the skin of hairless mice by low-
frequent electron paramagnetic resonance Spectroscopy.
J Invest Dermatol 1995;104:514-517.

[12] Lambelet P, Loliger J, Shroot B. Role of free radicals in the
mode of action of anthralin. Skin Pharmacol 1988;1:115-121.

[13] Forrest JV, Kang Y-H, McClain ED, Robinson HD,
Ramakrishnan N. Oxidative stress-induced apoptosis pre-
vented by Trolox. Free Radic Biol Med 1994;16:675-684.

[14] Abe K, Yuki S, Kogure K. Strong attenuation of ischemic
and post-ischemic brain edema in rats by a novel free radical
scavenger. Stroke 1988;19:480-485.

[15] Watanabe T, Morita I, Nishi H, Murota S-I. Preventive effect

of MCI-186 on 15-HPETE induced vascular endothelial cell

injury in ovitro. Prostaglandins Leukot Essent Fatty Acids
1988;33:81-87.

Watanabe T, Egawa M. Effects of an antistroke agent MCI-

186 on cerebral arachidonate cascade. ] Pharmacol Exp Ther

1994;271:1624-1629.

Watanabe T, Yuki S, Egawa M, Nishi H. Protective effects of

MCI-186 on cerebral ischemia: possible involvement of free

radical scavenging and antioxidant actions. J] Pharmacol Exp

Ther 1994;268:1597-1604.

[18] Romero Rodriguez MA, Vazquez Oderiz ML, Lopez

Hernandez J, Simal Lozano J. Determination of vitamin C

and organic acids in various fruits by HPLC. ] Chromat Sci

1992;30:433-437.

Lang JK, Gohil K, Packer L. Simultaneous determination of

tocopherols, ubiquinols, and ubiquinones in blood, plasma,

tissue homogenates, and subcellular fractions. Anal Biochem
1986;157:106-116.

[20] Joshi PC, Pathak MA. The role of active oxygen (102, and

0O,") induced by crude coal tar and its ingredients used in

photochemotherapy of skin diseases. J Invest Dermatol

1984;82:67-73.

Muller K, Wiegrebe W, Younes M. Formation of active oxygen

species by dithranol III. Dithranol, active oxygen species and

lipid peroxidation iz vivo. Arch Pharm 1987;320:59-66.

Yamaguchi Y, Kagota S, Nakamura K, Shinozuka K,

Kunitomo M. Antioxidant activity of the extracts from fuiting

bodies of cultured Cordyceps sinensis. Phytother Res 2000;14:

647-649.

[23] Shin KH, Lim SS, Lee SH, Lee YS, Cho SY. Antioxidant
and immunostimulationg activities of the fruiting bodies of
Paecilomyces japonica, a new type of Cordyceps sp. Ann NY
Acad Sci 2001;928:261-273.

[24] Li SP, Li P, Dong TTX, Tsim KWK. Anti-oxidation activity
of different types of natural Cordyceps sinensis and cultured
Cordyceps mycelia. Phytomedicine 2001;8:207-212.

[25] Bao X,Wang Z, Fang J, Li X. Structural features of an immu-
nostimulating and antioxidant acidic polysaccharide from the
seeds of Cuscuta chinensis. Planta Med 2002;68:237-243.

[26] Ho JN, Lee YH, Park JS, Jun WJ, Kim HK, Hong BS,
Shin DH, Cho HY. Protective effects of aucubin isolated
from Eucommia ulmoides against UVB-induced oxidative

[16

—

(17

—

[19

—

[21

—

[22

—

RIGHTS LI N Kdx



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/05/11
For personal use only

274 S. Kawai et al.

stress in human skin fibroblasts. Biol Pharm Bull 2005;28:
1244-1248.

[27] Yen GC, Hsieh CL. Inhibitory effect of Eucommia ulmoides
Oliv. On oxidative DNA damage in lymphocytes induced
by H,O,. Teratog Carcinog Mutagen 2003;1(Suppl):23-34.

[28] Yang ], Kato K, Noguchi K, Dairaku N, Koike T, Ijjima K,
Imatani A, Sekine H, Ohara S, Sasano H, Shimosegawa T.
Tochu (Eucommia ulmoides) leaf extract prevents ammonia
and vitamin C deficiency induced gastric mucosal injury.
Life Sci 2003;73:3245-3256.

[29] Siqueira IR, Cimarosti H, Fochesatto C, Nunes DS,
Salbego C, Elisabetsky E, Netto CA. Neuroprotective effects
of Prychopetalum olacoides bentham (Olacaceae) on oxygen
and glucose deprivation induced damage in rat hippocampal
slices. Life Sci 2004;75:1897-1906.

[30] da Silva AL, Piato ALS, Bardini S, Netto CA, Nunes DS,
Elisabetsky E. Memory retrieval improvement by Prycho-
petalum olacoides in young and aging mice. J Ethnoparmacol
2004;95:199-203.

[31] Lee TK, Johnke RM, Allison RR, O’Brien KF, Dobbs L] ]Jr.
Radioprotective potential of ginseng. Mutanenesis 2005;20:
237-243.

[32] Yokozawa T, Satoh A, Cho E]J. Ginsenoside-Rd attenuates
oxidative damage related to aging in senescence-accelerated
mice. ] Pharm Pharmacol 2004;56:107-113.

[33] Ma C,Wang W, ChenYY, Liu RN, Wang RF, Du LJ. Neuro-
protective and antioxidant activity of compounds from the aerial
parts of Dioscorea opposita. ] Nat Prod 2005;68:1259-1261.

This paper was first published online on Early Online on
10 December 2009.

[34] ChangWC,YuYM, Wu CH, Tseng YH, Wu KY. Reduction of
oxidative stress and atherosclerosis in hyperlipidemic rabbits
by Dioscorea rhizome. Can ] Physiol Pharmacol 2005;83:
423-430.

[35] Araghiniknam M, Chung S, Nelson-White T, Eskelson C,
Watson RR. Antioxidant activity of Dioscorea and dehydroe-
piandrosterone (DHEA) in older humans. Life Sci 1996;
59:147-157.

[36] Peng Q,Wei Z, Lau BHS. Fructus corni enhances endothelial
cell antioxidant defenses. Gen Pharm 1998;31:221-225.

[37] Peng Q,Wei Z, Lau BHS. Fructus corni attenuates oxidative
stress in macrophages and endothelial cells. Am J Chin Med
1998;26:291-300.

[38] Chiu PY, Mak DHF, Poon MKT, Ko KM. In vivo antioxidant
action of a lignan-enriched extract of Shisandra Fuit and
an anthraquione-containing extract of Polygonum Root in
comparison with Schisandrin B and Emodin. Planta Med
2002;68:951-956.

[39] Ip SP, Poon MKT, Che CT, Ng KH, Kong YC, Ko KM.
Shisandrin B protects against carbon tetrachloride toxicity by
enhancing the mitochondrial glutathione redox status in
mouse liver. Free Radic Biol Med 1996;21:709-712.

[40] Lee SE, Hwang H]J, Ha JS, Jeong HS, Kim JH. Screening of
medicinal plant extracts for antioxidant activity. Life Sci
2003;73:167-179.

[41] Belinky PA, Aviram M, Mahmood S, Vaya J. Structural aspects
of the inhibitory effect of grabridin on LDL oxidation. Free
Radic Biol Med 1998;24:1419-1429.

RIGHTS LI N Kdx




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 0.15
    /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 true
  /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 0.15
    /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 true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


