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There have been little reports about direct evidence of generation of free radicals including oxygen radicals during
exposure to ultraviolet (UV) light, although free radicals may be involved in various injuries caused by UV light. In this
study, generation mechanism of oxygen radicals during photodynamic reaction was examined precisely with in vitro spin
trapping technique, and then induction of radical reaction in skin of living mouse was examined under UV light by using
in vivo electron spin resonance (ESR) spectroscopy. ESR signal of hydroxyl radical (* OH) adduct of spin trapping agent,
DMPO, formed during uroporphyrin photosensitization increased in the presence of NADPH. This increase was suppressed
by addition of scavengers of * OH and singlet oxygen (‘O2), and enhanced in deutrated solvent. The appearance of 'Oz, as
determined by the oxidation of TEMPD, was delayed with an increase in the concentration of NADPH, while the production
of " OH was upregulated. Addition of H202 did not increase the signal. These results suggest that the * OH was produced
10z2-dependently, and that its production involves neither superoxide anion radical nor H202. An aqueous solution of
carbamoyl-PROXYL was injected intravenously as a redox probe to an anesthetized mouse, and ESR spectrum of the probe
was measured at the dorsal region of hair-removed ddY mice and hairless mice using an L-band ESR spectrometer with a
surface-coil-type resonator. The rate of signal decay increased during irradiation of UV light. The increase was statistically
significant. The increase of signal decay rate was suppressed by pre-administration of spin trapping agent, PBN, while PBN
did not change the decay rate of non-irradiated mouse. These observations suggest that the estimation of radical generation
under UV-rradiation may be possible by using in vivo ESR spectroscopy with a nitroxyl redox probe./
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LIENbRroTETNS MY, 5|3, EIMAIC X WCHE7ZHWRETED L) RIGHRFED 5 VIE 7 T h
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BEik & 0 3-carbamoyl-2,2,5,5-tetramethyl-pyrrolidine-N-
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3.1 'O KFHERT T HIVDER

3. 1. 1 NADPH7EET® "OH DA

UP % NADPH & DMPO OAFAE PG L7228 A, 4 A4
ESR A7 Ml s (M1A)e TOANRT FVIZY
=7k (1:2:2:1) LMo RERH (@¥=a"=1.49mT) »
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1 NADPHTFHET UP RIBRERIC TEMK T 5 DMPO-OH
IR T AR EHER DR E

BREH RE DMPO-OH (relative signal intensity)
None 1.89+0.26 (100)
*OH iB%=HA
Ethanol 600 mM 0.53%+0.03 (27)
DMSO 143 mM 0.33+0.14 (18)
Sodium formate 143 mM 0.06+0.03 (3)
102 ;H=H
NaNs 5mM 0.06+£0.02 (3)
L-Histidine 5mM 0.06+£0.02 (3)
DABCO 5mM 0.26+0.01 (14)
S+ —hHE
Dsferrioxamine 20 uM 2.03+0.21 (107)
02"~ BT H202 ;5 &HI
SOD 100 U/mL 2.93+0.59 (155)
Catalase 280 U/mL 2.43+0.40 (129)
SOD+Catalase 100 U/mL+280 U/mL 2.70+0.20 (143)
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I EMERREEROZE

BEH BE TEMPON (relative signal intensity)
None 0.396+0.084 (100)
10z ;H LR
NaN3 5mM 0.135+£0.025 (34)
L-Histidine 5mM 0.000+0.000 (0)
DABCO 5 mM 0.295+0.025 (74)
"OHEEHI
Ethanol 600 mM 0.393+0.020 (99)
DMSO 143 mM 0.276£0.031 (70)
Sodium formate 143 mM 0.275+£0.022 (67)
HFL— A
Desferrioxamine 20 uM 0.282+0.087 (71)
0z, H20z ;E%Hl
SOD 100 U/mL 0.425+0.060 (107)
Catalase 280 U/mL 0.391+0.027 (99)
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LRI/ —F . DMPO-OH A #EE X NADPH @
PEEDSBEINT A IV L7z, 2o Z &id. NADPH &
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& TEMPON O Y 7 F VOB T 75 4 AR LN D
i$, 102 & NADPH & O SA 102 & TEMPD & @t
WCHARTIZAPISEN D LS h 5,

3. 1. 3 'Oz fk%FHY "OH DERKER
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SNTENEN O -2, H20e "L IND T & W s
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WK TR E N "OH A 02 - R H:0: ZRHLTT
X200 EDPE#HRL 720, DMPO-OH OAKIZ 1T
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HoO:e 05 "OH~NOZHIZ /28 2 He Qe DVERINTH S
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PR S0 - OH WK A% Ha Oz D SRANEE SO H R
L7272 Tid7% <. SOD BL U DFO ORDIIBIZ L 5 D
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W2 10,
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720 DY T FINVORHMZALZ B SAITRY . Y7V
carbamoyl-PROXYL #5-2- 340 $ T L 7204 L
7oo —EHEELIT ZAOKEEBOD & OBI~NEL,
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Ny Z7FNo5 b#1/3 1328 AHFET S carbamoyl-
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3. 2.2 VIUFILOBERICRIFTRIMEBHOZE

5B i carbamoyl-PROXYL D55 5545 & 544
2R LA OHE L E &Y 7 FIVRIEDORRIHER %
R o HOEDICHE L THh S0 Y 7 F IV OHE G L %
WA (KI5A) IZHARTHEML 72, FHEL 2K H 2/
TOWEFNZR L7 A2 W THkOERRZT-728 2
Ay BIVRIBENIC X 2 ¥ 7P OVHEREEORINI R s h %
Molze TOT &I, I K D 2 7 F VI RHEE OB
INEB R ICHEAET A 7O —TOHEERICEL A L ERIET S,

DT IOVIHRHE L 1 RO ERE LTRD, A
MR OB CTHIR LR T L 3ITRT, ZOFERIIA
TVAI T ALCIZBREL ddY R~Y T A ZHWTIT-
T2 WITNOBAITD ¥ 7T IVIH I HE OB
CHETH -7,

3. 2. 3 BIBEBEHICEDVTFIVERREDHEME

S VHIRIEDER

RHRIRGIC X % carbamoyl-PROXYL @ ¥ 7 F Vi 2k
HEOHINE 73 ANV ISERE DRREZRRSL72DIZA
¥ I v 7#| N-t-butylephenylnitrone (PBN) ®OF45-
R E PRIz H6 ISR TRRICERERICE Y 7S
NAHREFE DRI PBN OG5 ) Roh % kol
— BARES L 2 WA I PBN XY 7 Vi
JEIHE L e otz 2O LD BERIMRIRE T T3S
D7) —=F T ANDBEL, FNAH carbamoyl-PROXYL
DY T FIVIHREME LTRSS EZ 5D,

4. £ &

In vitro OICHESUL TR S N4 R 1X. NADPH 75
TTl0: M LT OHDPAERTAHI EEZRLTWS, 10:
A7 DMPO-OH DK IE M4 2R THEZNTBE D,
ROFEFEDHERLE STV 5,

Metals , .. DMPO
H

e o €
10;—> 02" —>H:02 0 DMPO-OH (1)
DMP H* .
lor———gﬂDMPo%»]—>DMP00H+ OH

17)
DMPO._ 1 P00l @)

- o o DMPO
102£-SOOH%-SO + OH———>DMPO-OH (3)

NADPH OFF4E T T 10 MKAFIIZ 027~ X H2 02 DA A?
25 ZEHME SN Tn5 2w, NADPHAE T UP
I IEPOE T H20: D3RS 5 Z L DMERR S N7z 72 0,
b LEBESEDZ OPUSRIAAET UL "OH 23E)K$ %
WREMEAE R 5N b LA L, KWFZETHR S M72BIARIZ,

#z 3 ESR Y7 FHIVHEKEE (/min) ICRIZT UV B OZE

BREAIYTOR AZLRRYR
UVERST 0.063+0.006 (14) 0.082+0.008 (3)
UVIERET 0.048+0.007 (17) 0.065+0.005 (3)

p<0.001 p<0.05
HiEXFHLSD. (n) FEEREIIStudent'st-testick o7,
0.08
€
£ 0.06 1
]
©
£ 59
= 0.04 1
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°
g 0.021
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0
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uv

Irradiated Non-irradiated

6 BIMEBHIICL B ESR YT FILEKEEDEIMICKIZ
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PBN (3BB4t 35 ARTICEEEEARS L 7=,

(1) BUSRIZ H20:2 2 LTS DMPO-OH DAl & D1
A ST oz, (i) H 5 I—¥, DFOIZVWIh
b NADPH FAE T @ UP EHE S IZ BT 5 DMPO-OH
DEFNHBE L Dozl bR ()L A5DTIE R
WZEDBHLNPTH D, 72, 70% Lo DMPO-OH @
VIFVNRIY )= ED  OHMHEROELETEDN
= Z BRI (2) 12X ) DMPO-OH 234 & 7= gk
LI N L), Buettner® 2V A5 4 YHFLETAT b
Fu7 4 ) YFHBEOSHESOS T "OH 2V EWR T 52 &
FRWZL, -SH & 10: LDOIBIZ X 5 -SOOH 28k
TANVIRZRL T OH PR L7z MR L7z S0
BB CRBEZ BUSATRE TO A PENEAHTH L5, 2
CTHOLNHEBIIINTETICHEIN TV AR L 1T
BT OHAPAER L TV AR ZRIB L TWwhb,
NADPH 3 ¥ A7 A ¥ L FAARICAEARNTHER § turn over
SNTVLWMETH b, AW THDL NI RITEE T
YO DMERT 1UE " OH OB EE DR CIRE T ¥ 71 v
[ZEIEE B SN LW ZRET 5D DTH b,

— iy IR THEL DS VB NVED in vivo WETIX,
BRIVRIRE T CARINDL I VA NVISE in vivo TE=
%) 7 TE& LR /R L7z, Carbamoyl-PROXYL ®
ESR ¥ 7 )V {H R BE O B AW 7 2 G EFE B 5
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