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ABSTRACT

This study was designed to investigate the generation of free radicals (including reactive
oxygen species) during exposure to ultraviolet light (UV) in intact mouse skin by an in
vivo EPR (electron paramagnetic resonance) spectrometer. Two kinds of nitroxyl probes,
TEMPONE (4-o0x0-2,2,6,6-tetramethyl-piperidine-d16-1-oxyl) and CMP (3-carbamoyl-
2,2,5,5-tetramethylpyrrolidine-N-oxyl), were injected intraperitoneal and/or directly
supplicated to skin. Signal decays of nitroxyl probes were monitored with the in vivo EPR
spectrometer equipped with a surface-coil-resonator after UV (UVA + B) irradiation for 3

minutes. In the direct skin supplication study, there was no significant difference between
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the control and UV-irradiation groups in half-lives (sec.) of TEMPONE. However, half-lives

of CMP were significantly prolonged in the UV-irradiation group compared with the control

group, and the difference was substantially eliminated with a spin-trapping agent (PBN,

N-tert-butyl- @ -phenylnitrone) before UV-irradiation. In the intraperitoneal injection

study, half-lives of CMP measured in the skin were significantly prolonged in the UV-

irradiation group compared to that of the control group. Our results suggest that direct

supplicating the nitroxyl probe to the skin is useful as an extremely noninvasive method to

evaluate free radical generation after UV-irradiation.
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BAHIMINT 7 ) =5 Y h v (— oGk
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koD CTIR B 7 L OIEN T— 5 OIUEE H
B, ARG (ERENES) L BAmICE 50
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& 4-0x0-2,2,6,6 -tetramethyl-piperdine-d;s-1-
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DREF~DRELZIREL 2L EZONDL, ZD7
O, KfFETIEF A botFH L FELT,
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T GHARE) . F 7z, e 5Tk
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4. In vivo EPREIZE

EPRIELFA FaAFH A FIZXoTI T AD
DT =5 I A VERERE L7, EIES
mm®D Y — 7 = 4 R IA4VHPEA & N 7zin vive
EPR# i (Sato-Akaba et al, 2009) % H\:7z,
JE W %131.2 GHz, HUO @B 1342 mT & L7z,
WEI$T A —F — 2D\ T, time constantid
100 ms, sensitivityld 1 mV, modulationiZ0.1 mT
L7z 72, WESMHFICOVTIE, BFBEmRZ
-3A, WIHESIX001A, #TEIRIE3A L
IRF[H] 10,0585, PRAFIRE [H]130.08FD, #0310/,
WoE REUZ601Im & L7z, Fi e ek, &
TOWZILF LA Tirbhz, [ thofis
OB RZT RIS, MLOEERZILTDR
720

5. UVEEH

UVH G I IZUVE G 2 BERUVEF-203S (SAN-
EI ELECTRICH#) # v 7z, UVEIZUVA+B
(290-400nm) TH Y, VWTFROERIIBVTD
—EDIRE (320m]/cm?) T35 HBE L7,

6. XE&yOMI
(1) ZH=XE (Fig. 1)

<Y AIZy L ¥ v (1200mg/kg) % MEHENE
BLUCTHEEL, ~7 ZOWEHEBREL CONFE %2 &
S, BEE2Y—IIWET 56720, &iish
7R ETE N TAE, 3HMORMRKRIZHA
et FH% 4 F (TEMPONE® L £ IZCMP) %
10 u 184G L 72

T ADBEM LT %2 L HEER -
- B E 3oL, 1@@7#X#%3ﬁ
T ) E BRAL % AR L 720 CLEE & C2BE oo f IR
WZBWTIE, BARBLZ557 o ThbEHE
MZFE> TV BRIEZ S, BAT LA
EWNGRT v TE2BE, TOEIPLHY—T7 24 A2
A VZERZCEPRTOWEEIT - 720
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Z L CCMP/KIEW (200mM, 75ul) % BEFENE
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B —T 24 234V ERLZTHEEZAT
v, UVEEIZB W TIZCMPAB R O 2812 & 5
B 57 57%ICUVE 3B L, TolEE&ICH
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Fig. 1 The experimental protocol of the direct skin
supplication study.

7. FREOESE
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(TEMPON) ol¢f#%# (75f0#%, 22581 &
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L7zo fE5EE % HARH B CHARAL LARIREIYIC R
KT B TRBERIBR 2R, PRz 2
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£SE) TR L7o BAFERIIBUT 2 PO
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Fig. 2 A typical example of EPR spectrum of
TEMPONE (top panel) and time-dependent
decay of signal intensity (bottom panel).
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1. ZWER
TEMPONE#% fl\v 7= B Aii EBR O KGR 2 Fig. 312
R UTze KO, CIEE2327+10.2 sec,
UVH#£183.2+31.6 secB & UNC2HE247.5+ 244 sec,
UV +PBN#2408 447 sec& %2 ), ThZh C
HLOMTHEEZII R 2-72 (Fig. 3A). LA L
h S, UVERIZCIERIZ TR AN & <,
UV +PBNHIZUVEE & D & C2HE o Pz
MR SN, CHOMZI0E LTHIL
72UVH#E & UV+PBNH#E O # 5 il 2 Jig L 72 25,
UVHE787+12.3%, UV+PBNEE999+174%& 71,
HEAEI%RH -7 (Fig 3B).
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Fig. 3 Mean half-life time of EPR signal intensity of
TEMPON applied to the mice skin. The panel
A and B denote comparison of absolute and
relative values in each group, respectively.
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CMP% HW-BATE B DOREF % Fig. 41 2R L7,
ORI, C1H4039=296sec, UVHE485.7
+237sec B L OV C2#£802.0+32.1sec, UV +PBN#
5350238 seck 2 ), TNENCHLOMTH
BAENRO SN (Fig 4A), F72, CEHOfE%
100& L CH I L 7-UVHEE & UV+PBN#: O A 3t il
2B L7-& 2 A, UVEEI200+27%, UV+PBN
166.9+34%& 2 ), BEMICHBEENH > 72 (Fig.
4B)
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Fig. 4 Mean half-live time of EPR signal intensity of
CMP applied to the mice skin. The panel A
and B denote comparison of absolute and
relative values in each group, respectively.
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[F Bk 2 RS DR S iz
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AW TIE, & AOREHIZBNT
UVICXDFEREINTT7 ) —F VA IVERKIZON
T, EPRBL VA Y Tu—7ThbF+A{ bt
I A P2 HCTHHE L7z, ABFZEIX, 1 b
T XA PO HBE LT, EE~O%LLE
MNP G- & 2L, XY IHMRENRTTETH D
WA O REPEZ DWW TGS L 72 i 9 OWEFE 61 T &
%o HARNOBILRICNT ¥ A3 EH LIRS
L, MHEDONT Y A% L ) BEIRI-ND
CENHEETH D, ABIFETIE, UVHSHZ X 5
THEHNTER L7 ) =5V h VD, RiE £
THALIG 2 L, BRI NS v A & il
ol R LTwb b s,

TEMPONEIZ ¥ 7 F v O RIE AN 720 ¥ —
JOESIERMLRLT L, $AN-15ICF52 &
TREN2RICE DD L) =7 lEFEL Y
fE 529 L4 v, TEMPONE®D # 45 925k T
&, EHERUESNRE M THEREIIRO M,
7o 72 (Fig. 3A). TEMPONEIZ fE 75 5 F o ¥
WIS 7258, 2D —) TERHBEOAH
HEEASHE A28, UV CPBN# G- 0 28 % )
WL LB 7z L iSRS N D, €T, TEMPONE
&Il U CAUH A 5B W CMP % I W C A %
Bz A7 o720 CMPRIRBEMEDH Y, 5
NREL2o CMP% W78 AGEETCLEE L UV
BRI % iR 2 &, AREICUVEE -5
R Z->Tw/ (Fig. 4A), ZHIZUVEIZE
W, UVIBBHC X o CHRFREIC 7 ) =T VA
VERDHER SN, ZORDEANORTI M
TLTERILHEEDNELS Zo2tEX LML,
CMPDFRI o, 79 —5 Y A IVAEKIC
X P E OBEDHKTH S 9o Yamato
et al. (2009) IZHMBILWE RO LY #IT
HEAEL BBl %, WEEET VYT A%
WZEBRTH LI LTV S,
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Table 1 Mean half-life time of EPR signal intensity of CMP administrered intraperitoneally.

group C3

uv P

Half life (sec.) 808.5 £ 57.8

1309.7 £ 77.0 0.01

FREL 7B EOIR T OERNE T ) —F T
WVERTH BN ENZMH»O 57290, PBNZFH
Hi$ 5 LIABRIC 982 17 - 720 C28E £ UV + PBN
BN % kKT 5 &, UV+PBNEEO LA
B Z R L7 (Fig 4A). 72, UVEEEUV
+PBNEED PR 2 HXECTHE T 5 &, AE
\ZUV +PBNEED F A3/ & Ao 72 (Fig. 4B)s A
Y'Y b5y 7HITH HPBNOFHAFI% 513, UVIC
TORELETV—=F VI NERALEE, UV
W CORITHEREXIHIL-2E2 015,
ZOZ LMD, Fig AATRONALUVEIZBIT S
PRI OBINE, UVIRGHZ X - T s 7
V—=F VHNVAERIZL D LD TH- 72 fEgsh
%o ¥72, PBNIZ 7V =5 VA VOMEIER 7
TR, PURILTEHCHURALIER, B X Ok
REEAZEHE SN TV S (Kawai et al,
2008), C2#: X UV +PBNEE @ 3 ] A3/ &
MolzZ 82OV TiE, 20X %RPBNOEM
M E, EENICBITL 79 =5 VA VoRIlE
AR L2 Z 255,

R 3 E 2538 WCMP % I v CIE R N 5 2 B
ATV, BATEBROMRE LT 52 LT, B
(2 X B EHIE O REVE 2 MG L7zo MEREN R G- 928k
THRAAEEE FAEC, UVEED HACIRE & i
L CHRBIERMARE o7 (Table 1), &
DT &5 WATEBRITIEIENPE G- SR & FBRIC,
HEARNOBBALRITCNS VAR L, 7)) -5
VRS ENHIZ X G 2§22 L 25T
E2HETHIHLEEZOND, BATIIHD TR
WG SETH L0, SHe bOEBIZBIT 5
AR OSBRI L B ORIl S5 % & 0 i 5
2, FRBREAT) SENURE R BEA D,

AW T SNI-UVIEFICL 251 bt
F4 4 F(CMP & TEMPONE) O O #hi,

AR OHRILYE DA G- LT 5 L%
ENBD, ZOREFEIT 5720, HRILWED
ERALPSHROBETH L EEZONL, $7z,
UV T CTHA but 41 FOBRBLBILL
7-EPRAF 78 (/NE & 47 F, 2001 ; Takeshita et
al, 2006) Tix, 74 batFH A FoRICHE
DHEMAHE INTBY, KRFEORR L ITHEL
o BIRRIIESDFIC L D BEMIZT)—-F Y
TIVRIEERFERS R SN D &, ZHITHHS
L7 ONRALWEOEMIML, F4 bat x4
A FOBITHEEDHEMT 2 2 EPHMESIN TS
(Kuppusamy et al, 2002 ; Fujii et al, 2013 ; i
HiF 2, 2017)0 NT VAT AKEFICHNT S
UVBI S T 13 BB £ 20 S 138 % 8 1 T HE R Ml
FRIR YL RS O HVR I O S M SRR 28 B 22 L 25 ity
ENTWAD (HFAIE2, 2010), DLEDOZ Eh5,
SRRk A 2 AR DRI B\ Tin vivo EPR%
HWTHA badtFH4 4 FOBREL T 240
EBHHTH 9o

i

B

AT, BEREIZBITL2UVEHICE S
TN =TV hNVEERE, =Tz AT VEE
fii LZ2EPRRAE v 7u—T7HITHHF A4 bat
FHA FEHCCHRBWICFHMT 22 L2 HW
YL7o F72, FA MO FHA FofE gk
LC, i CIFBRIYZEA & V)5 HEon
REPEIZ DT, NI G- R & & MG L 72,
FRERIUTOEY TH 5,

1. TEMPONE#% I\ 7z 8 A F2 15 C & & il
EHOEDKREL, FRNCHM THE R %
EBO LN o7,

2. CMPZ W72 BAFEERTIZ, UVEEDFH
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