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Hipk FickE EMNRORERICIE, BIHED AT (UVA) EEIEED B (UVB) WdHd, I, HBEREE(KICKD
SIS R DIEINL T 572, ERANOFENREIN TS, HIERNOENRIBH EDSE 9 B UVA TH%B.
AWIZETIE, UVA 2RI~ ADIRANKSN I 22L T, Gl - RN LITHRICEDX ST ENRITETN SN2
WiafUlco HEDN\T LAY AL, arvba—)UiE GESRRIRSTAL), KEOH UVA RS, HRDOA UVA
HHEED 3 BEIC/ T 720 UVAIEE 3 11X 1 4ER (110 kj/m®: FL20SBLB-A > /i) W& LTz, 1 4%, I ADR
1 ZEAENEZEVART A —2— AL X OKKER) TAMZITOEHIL Iz, £z, RUADITEIRIEA—T > T 1— )L
RTAFZATORHIIL 72, 1 FERORRTIE, 1TEIRIC 3 RO AERAZRZHSNIZMSTeD, BUART H—Z—XA
AT ARTIE, UVA SO TEIRIBSRECHHEICT Iy MR—LETORHME R Lz, TOHEHDD, ITAD
EHIUVA IRIRGHE, GUE - AERENOIR P25 | SEST RN D H L E AbN e, CORRZMHIIT 7D, i
EOMFETEZELNRDENT RN DTEMERSZME (reactive oxygens : ROS), Corticotropin-releasing hormone (CRH),
urocortin 2, CRH & urocortin 2 DZAATHS CRHR-1, CRHR-2 DFEBZMENT Uiz, Fiz, ilE - ZEHOKTICHS
MBBAND 7I0AR, Iba-l (R7TTVTDOX—H—) ORHEMEN LIz, ThEDIHEHDS S, CRHR-1 DFEH
DH 3 FHMICHEEZ TR oz ZDIEHNDIEETIX, 3 MO B UVA BBIRSEEDEEEZIC LR Lz, 2OHEDNS
ROS, urocotin 2, CRHR-2 DYV ADEM UVA IRIGHIC K250 - FHEEN DK FICEETH I LRI Nz, 2T
T CRHR-2 7Zd=A} (Antisauvagine-30), CRHR-2 7=} (urocortin2), %7z, ROS ANV I ¥r—%EL<
A VR GE3E K - /), BMENRG LFERORBRZI T,

LLEDOKRNS, B UVA IRIGFHC KB <Y ADRE - FEEEME FORIREIEAREN, £ DEIAIC urocortin 2,
CRHR-2 DIFMIT, ROSICEBI/TZ VU7 OHEMER G LTSI EMREENT,
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1. I®IC

SEVER A % (UVA: ultraviolet A) (X H I JH <EEAMR
O 9 Bz 8, AR IR B RIE T TE VD
N3, B UVA BRICOWVTHIBNTWLADIE
ZLOMETH S, HIZE, KEOHEKICHZAT—T
VYRILIRAF VA A—V G2, UbNHgzTd,
UMD RIAMIC KR 5L, EEHRAICEET %, iz,
SR ORI SIFTE PSR (ROS: reactive oxygen
species) MFAETBTLIZRIBNTVS Y, LHMLE
HHMI D UVA JRGH~ D X DRI - I RE) 0 T8RS
EDXIEE I ZLTETNMNIAHTHSDEH LT,
&I, UVA M Z R EDOHEETIRANBTEHTET,
KOWANDFEENETEEINZD TRV EZ T, T
i, AMICBENZZEFICKREE TV
REITHFUSE S TN TV B HRNDEEI RIS DO B0
REVDTRERWEEZ NS THD, £z, BEIC, &K
WF7EE IE~ Y BT 2 R UVA IRIGSHC K B0
RS - RN LR OZ LA RELT0S 7,
COXIC, KELUNOIE LU TIRAND UVA R4HI<
TADERICE L ZE T 5T e 2R LT, SO
18 EHENEATHROZ(LOMRICB N TE RN
UVA B2 TOBRIC, 7 AD R EIIEHRICE 4 TGt
UL T 5,

B BT, BRATENIAR LA EROHHETH
BHUK NEHZRREL, K FEBRILVE THERIB K E
R IVE i R)VES (CRH: corticotropin-releasing
hormone) D/ WAZHEMER S Y, T CRH DZAMA
(CRHR: CRH receptor) IZIl&H7 24T H 2 FEAD,
CRHR-1 & CRHR-2 EFHIN TS, HIHXTIE CRHR-1
WEHTEEL, /DK, IR, MR, mAkK, ST
FBIL, ARLAICH T 2 ALZBIEITE), ST, S
JERNDB G NASINCIZ> TV, CRHR-2 IFHHIK T
i, NIEGR, RAkA, MR TRIL, AR TE)
REWCH ST %, BEIC CRHR-1IC/EHIT % CRH ITHL,
CRHR-2 IZVEFT BR#RTFRELT, urocortin-1, 2, 3 A
FHRINIZ Y TOXIBARLARIVEVIZITADSE
TRDBERFEIC B U TR A TR B E S 7,

F/z, ARLARIVEVDANGHREZEICHLT, B
BIWRNEHSNTWVBEOMNKMND, 730 FEXY
nyU7TH%, p7I0AFEIMNTIESENS 278D
BHO—HMT, @R ANOMKICEFETZMETHD,
WMANOII L UTEBIR oM, Pitichz, Ly
L, B730ARFALNSDWTEKE R 7301 KA
T&E3L, PHEINTIMCERIN, [
B2 bz b /5L, MR SR L T ROIRED
TEELEDRRICHDERGTT HENDNTVD, &<IC
TIVIINA—IRORAWEIC A DN HENIED K 7%
BERL T3 Yy SEIDIIRICE N TEY T ADRMT
OFBE T LTz, £z, 2707071370 7Hilao—
DTHAA, MmO mEh 552" 92
N Ia 77— RxEnTER ", IEHFOIZ0
JUTEEIERE UTFET 20, IHEERPRIEZ L
BIRIMRRRERICIE, 707V TIEIRA IR LG
ML IROMIET 2, £z, IEHRIOIZT7) 7 3 pfikE
ZEVEIREE. (T IV IINAR =R, IS—F 2 ) It
5, MBS CIRATRICERREL T3 Yy SRIOBIZETI,
a7V T DRNDOFEBIZ DEDICZEENEETENES
MRS 5728, FRIFRETEMRIEIZ 7T SICHETL
7zo Iba-1 (Ionized calcium binding adapter molecule-1) 1,
R ERER T TICR RIS T B 5 2%
HTHBDOT, HhlEIrasV 70— LT Iba-1
DR fift LTz,

AIFETIE, EHID UVA RRIGHD, <o ZADaE -
FHEREN LTI RICGEE 25T O EMEIL, ROS,
CRH, urocortin2, CRHR-1,2, B 7IHAR, Iba-1 (X
oayv7) ICEBURKT LTz,

2. i
2-1. SRR

AWFETIE, 8 EERD specific-pathogen-free (SPF) DI
ANT7LARTA (HR-1 ¥ A : SLC, Hamamatsu, Shizuoka,
Japan) Z{HH L7z, HR-1 X7 AISHHCERAIBLEEE T 72
FIZLRTNYTRATIIRWD, BICK BRIV SHR
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BOWDP N RGHTCE B TDEINRIBF T TRV S
NTW3, ITAFIRE 23 + 1°CT 12 RO E A
RILTEHE Uz, XY AFE 108D 3 B v ba—
JUEE (Cont © AIHEEARD A TEIRIBSRL), UVA K
JEHASHE (Skin), UVA HRIGSHE (Eye) <017z, UVA
TR OBE, 327 2V NICCTEfMLTz, Eye Bf
&, BRICOARBIHEINDEINCTKFITIETIVIRA )72
BNT UVA i U7z, Skin BRI ICOARIRGEN
BHEICHRICIE T IV IRANEBNTHRI LIz, UVA S
> 713 FL20SBLB-A ({1 © 320-400 nm, fiz KWL
£ © 352 nm; Toshiba Co., Tokyo, Japan) ZfFHL, 110
kI/m® THAST Uz, T ba— VEHIRIRED R RIS CR]
BOLRR (400-700 nm) 2 LTz, BHEOST AR 1
O, 3 E (H K-8/ ML, 144F%
ICCOMSHR T ADIRICIRE FOZIERL Y X
DHED FETEARNWTERBEITHERL TS 7,

2-2. EntmERIC A5 EIA

A W% 1&, [Guide for the Care and Use of Laboratory
Animals (NTH Publication) | &, [FEEREIYIOEE KT
TREICBET BN ), [ERE R 2R B SR TE S
e TbN T, RTOERTONa—IUE, FEEER
BEER AR m IR A R DR ZR T ORKEE S
34 %),

2-3.4A—T>T4—ILRF X

RUADITEIE (motor activity) ZFHId 5721,
F—=T2T74—)VRHIZEE (HE 40 cm X {50 cm X PEE
50 cm) ZHEL, 70 )VIADWBZESTHM L, %hF
DY A%z 1 ILTDEEICONT, 15 OB BEH
% video-tracking system (Smart 2 software, Panlab,

Barcelona, Spain) THii Uik L7z ',

2-4 RIRHK DA —Z—AA4X KKE&) TAb

ZEfH AR LR D T2 DIFRIC RN R TH B E

D ZIKREET A N2 T T2, T —IVKEDT < FICERE
NIzTIy N T A — L7, ITAMNIKICANSNTZE,
ZDT Ty T+ —LICTE0ELE TORZE I L2,
WE (A7) TRT IV R TH—LICEDHNT
60 BRI D, JEODOZEMERE < T AT Z L >
Too MENABHNCRSATINERZTET, TIvE
T A — LDz E  BEEE TV, ZEE, &
F 2 EBETD, B 1RO 2 BN AT IVEITY,
AFCORFRIZ G ",

2-5.CRHR-2 72 A MR 5 EER

CRHR-2 D7 VXA AFT&H% Antisauvagine-30 (100
mg/kg: R&D Systems, Minneapolis, MN, USA) 7 :H £
HoKicE»L, VERBE 3 E (H -k - e/ A
DOIZEICI S LEM5, UVA IRERS & ARk DI ER 7=
1ol BN GIEEO®% 2 DOhATH HcEz
BEAD, HESZ 7V aA—)IVE TR o= HESE
EARDEAF DI TIEFFZ DR Z N AT B2 TREIC
RILC ISR T B /715 % T s RO LT
PRI D BB NS U UVA IRIR S 2175 BF
(Water) L MZE N5 UVA RIEGTE AL (Control)
Y S Pl Oyl

2-6.CRHR-2 7 A=A MR E5RER

EI UVA RIS TR ZZEEAY, urocortin 2 DIEHD
ZMETT H7®IC, UVA RIS Z1TbRn<y Al
CRHR-2 7I=ANT%% urocortin 2 (100 mg/kg: Peptide
Institute, Tbaraki, Osaka, Japan) Z/EFIEHEIKICIAD L, |
FEME 3 | (K- <8/ IMENICRG Uiz, =
WG D1 2-5 LIABRCTH %, IMENEREGE UVA
ARG & S O BE (Control) & UVA HR IR BE (UVA
irradiation) 7ZXHAHEE L7z,

2-7. N-acetylcysteine (NAC) &5 284

ROS D A AR Y v —TdH % N-acetylcysteine (NAC:
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Tesque, Kyoto, Japan) 7% 0.1% dimethyl sulfoxide (DMSO)
WAL, 200 mg/kg DFEET 1ERBA 3 8] (H -7k - &
/) BENICIRG LS, R UVA IS & [EERD
FRT ol BN GO 2-5 LM THD, 4
HEKOANENEREG-L UVA IS 21758 (Water)
MBI GE UVA BB EEOEE (Control) 7Z25%ilitHE
L,

2-8. I FH1F5 ROS, CRH, urocortin 2 DEIE

UVA FEGSEER 1 5F1%, U AZRAIL, Sz U
% 100 mg ZHHKEFEREFRSE (KURABO, Osaka, Japan) I
RBEL, K ETNYRIFT—ZHOTREI R —FUI
FEVXR—MedE, LiE%R 10uL fEHL, Enzyme linked
Immunosorbent (ELISA) assay kit {C&D CRH, urocortin 2
& ROS ZEHMIL7z, ROS (& Oxi Select TM In Vitro ROS/
RNS assay kit (STA-347; Cell Biolabs, Inc., San Diego, CA,
USA) ZffFILFHAIL 7z, CRH & urocortin 2 (& ELISA
assay kit (Yanaihara Co., Ltd., Shizuoka, Japan) IZKDFHA]
L7z,

2-9.RVALWDITRAAZ>TOY

1 FERRDETORDT 72 iR 2l SR, #HA
100 mg ZHHF%FH iEHRASE (KURABO, Osaka, Japan) ICi%
BEL, K ETNHNYFIF—Z2ZHOTHREI 2 —FLT
ST S00uL FshnUTzdbk 8,000 X g T 10 7Bz vy it
Lieb, Z0 L% sul L, Dx A2 71y bz o
oo KBS R 12.5ug LI5BENTY VT IV EiREEL,
4-12% BIS-TRIS Blot gel (Life Technologies, Carlsbad, CA,
USA) ZHI\T 200V OE fEE CRAKEN 217070, A
VK@%, iBlot Western blotting system (Life Technologies,
Carlsbad, CA, USA) ZHVT=batbo—Z ALY
IWIEDIFZITY, 4°CT—H, 5% AFLINVITT
OwF 7 10T, TavF U1, 25°CT 1R, %1
RFUA Tz, L 1 ]d7ifkld CRHR-1 (1:1000;
Gene Tex Inc., Irvine, CA, USA), CRHR-2 (1:1000; Novus
Biologicals, Littleton, CO, USA), S-amyloid (1:1000; Rack

land Inc. Gilbertsville, PA, USA), Iba-1 (marker of
microglia, 1:1000, Wako, Osaka, Japan) & B-actin (1:5000;
Sigma-Aldrich, St. Louis, MO, USA) TH%, &7z, 2 X¥ifk
ELTHFEDEUNIVAF A — LR REN T 2 Iyilk
(1:1000; Novex, Frederick, MD, USA) 2 FHL Immuno Star
Zeta regent (Wako) TS EH Tz, Z DT, Multi-Gauge
software program (Fujifilm, Greenwood, SC, USA) 2\ T
Rz U LTz,

2-10. FRETH0EE

2TDT—ARIZ, the means T standard deviation (SD)
TERL TS, #atOH L SPSS version 20 (IBM,
Armonk, NY, USA) Z{# L Tukey's post hoc test THiE]
L 7zo Microsoft Excel 2010, with a one-way analysis of
variance (ANOVA) %W\ T p <0.05 I2&DFER LT,

3. i R

3-1. UVA BBEHE D U R 1T ERIER

CHERBIA 1 FFRORERTHS ((HHBDOEVAKX
I A — 2= AL AT AT EAERDLNIT T,
Fig.1-A T3, FllE - AERE ) 2 UTc B A 4 —52—
AL AT ALORER, T5y bh—LETOBEKIFRNE, xt
SEHE (ControD) ICEEN, Fe/EHRSTHE (Skin) THAAMEAIC
Holz, £z, UVA IRIEGTEE (Bye) (SMHEHEE (Control),
FREHASTHRE (Skin) ICHEANERICHENLTZ, Fig.1-B T3,
11BN R IRRE (Control), FZAFISNTE (Skin), UVA B
TASTHE (Eye) O 3 BERICHEZEII D T,

3-2. A~ L B DM

Fig2 Tl&, ANLAYIE TH% ROS, CRH, urocortin 2 %
fi#FTL7z, ROS, CRH, urocortin 2 &&EXHEAE (Control)
ICH, R ISR (Skin) THEICHEMUZ, 7z, 3
HHES UVA IRIBEEE (Eye) (3RHERE (Control),
JEHASTHRE (Skin) ICEEANBRITHINLI,
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Fig. 1. Effects of long-term UVA irradiation on the memory and learning ability (A) and motor activity
(B) in the mice.

We used the Morris water maze for measuring the memory and learning ability. Values are expressed as the means & standard deviation
(SD) derived from ten animals. *p < 0.05
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Fig. 2. Effects of long-term UVA irradiation on the ROS, CRH, and urocortin 2 levels in the brain.

Values are expressed as the means = SD derived from ten animals. *p < 0.05.
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3-3. B%® CRHR-1, CRHR-2, p77=01k, Iba-1
DFEHf

Fig.3 Cld& CRH, urocortin 2 DZHAKTHS, CRHR-1
& CRHR-2 OFHIe 2 A2 7 1y Mc KOkt Uiz,
CRHR-1 [ZXHEHE (Control), FZRFHUHE (Skin), UVA
HRIREHE (Eye) O 3 BEREICAH EA2I D572, CRHR-2
EHAHEHE (Control) ITEEN, SZRgHASHRE (Skin) TH
BTN U7z, 512 UVA HRIREEE (Eye) 3o IRAE
(Control), FZEMRGHE (Skin) ICHENAEEICHMLUZ,
Fiz, p7I0AK (B-amyloid) &, Iba-1 DFEEET <
Zay Ty MCKOf#T LTz, B 7304 RE Iba-1 &34
JElE (ControD) 1ZEEAN, FZRGHRSSHAE (Skin) THEIC
WLz, E5ICB 7304 RE Iba-1 & UVA HRIGS
(Eye) 1&XfHEHE (Control), FZENESHHEE (Skin) 1L
AR

3-4.CRHR-2 72 A M5 X

Fig4 Cl& CRHR-2 D7 ZI=ANT&H% Antisauvagine-
307 VAR GA3E A 7K -2/ MENICRE
Liah's, [AREOEM UVA IRIES SRR LTz, €
VAXT =R —AA X T ALDFER, TFvhE—L
FTOMkREMTE 7ry2d= ARG
(Antisauvagin-30) &, UVA HREBE#E (Water) 12X

ISR LTz (Figd-A)s MAD B 7I0A FOFH
B72I=ZAMZ5RE (Antisauvagin-30) &EH UVA
HRIGE I (Water) DRIICH EAIHSNEN ST, Tba-1
DOFRBET V2T A G#E (Antisauvagin-30) L&
B UVA BREGSHE (Water) ICHREZEIZRONADoT
(Fig.4-B)o

3-5.CRHR-2 7 A=A Mg E R

Fig.5 TIdEM UVA BRIGS 21897, CRAR-2 O7d
Z AT (urocortin 2) 7% 1 [ GE 3 M 2 H 7Kk« &/
) =R LIzBE (Urocortin 2 non-UVA) &K
UVA IR # (UVA eye irradiation) & EH] UVA HRREST

BIMENHRGEOEE (Control) TEEELTz, EYAR
YA —R—RAAL XTALDIER, TTv MR- LETOiE
kIRFfELE, B UVA BIRIGESHE (UVA eye irradiation) 1€
EET CRHR-2 7= AN 5#E (Urocortin 2 non-UVA)
ARSI U Fig5-A) BND g 7301 RE Iba-1
DOFEBLE UVA IRIESHEE (UVA eye irradiation) 1ZEEART
CRHR-2 7 A= ANME5#E (Urocortin 2 non-UVA) &4
Bl Lz (Fig.5-B),

3-6. NAC I8 5 RER

Fig.6 Tl& ROS DAANYI¥—TH5 NAC 7% 1 4R
GE3E D H oK</ MEAREGLEDND, B
UVA RIS B2 F N LTz, NAC 58 (NAC) I3E
] UVA IRFSBE (Water) ICHEREY AKX T 4 —2—A
ARTARDFER, TFvhR—LETOWH KT A E
kA U7z (Fig.6-A)s O urocortin 2 DFEBIE, NAC
F58E (NAC) IZEM UVA BRIBSHRE (Water) ICLERE
I LT (Fig6e-B)o MND 7 I0A FOFEB
NAC 58 (NAC) & EH UVA IRIESHEE (Water) 7%
HRBEEEATFRDOONGD ST, Tba-1 DFEHIE NAC
FERE (NAC) & EW UVA IRIGHRE (Water) Z2 LR35
EREICHA U,

4. E %

Fig.1 DEVARXTA—R—AA XT ARDIERND, K
SRS, ARAESREE ICEH UVA IRED Y 2 D50
T - FRBEN O P s [ et E 2 bniz, &
U, SMHUREER OIS REDIZS A, T ADRE -
FHEGEI DK NMNBEE THY, ZOTDMANDREENLL
IR E VD TIFRWNEE R T, TTHIROZE, E
HA UVA BEEREE RHHE (UVA BESHEL) BEEORICHE
2 iaholziz, EM UVA RGO B3 TH) -0 EH)
IS 2 EREICIE, SN EN DR e Ebh,

EM UVA BBSHI Y AICA L AZE 5T EER T
728, Fig2 T U ALMTD ROS, CRH, urocortin 2
OFBUz RN Ulze I UVA HEGHEECIIHER (UVA ]
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(kDa)
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Fig. 3. Effects of long-term UVA irradiation on the expression of CRHR-1, CRHR -2, p-amyloid, and Iba-1 in the brain.

Values are expressed as the means &= SD derived from ten animals. *p < 0.05.
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Fig. 4. Effects of CRHR-2 antagonist (Antisauvagine-30) treatment on long-term UVA eye irradiated mice.
(A) memory and learning ability (mean escape latency), and (B) the expression of B-amyloid and Iba-1 in the brain. Values are expressed as the means &= SD
derived from ten animals. *p < 0.05.
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Fig. 5. Effect of CRHR-2 agonist (urocortin 2) treatment on long-term UVA eye irradiation mice.
(A) memory and learning ability (mean escape latency), and (B) the expression of p-amyloid and Iba-1 in the brain. Values are expressed as the means = SD
derived from ten animals. *p < 0.05.
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Fig. 6. Effect of active oxygen scavenger (NAC) treatment on the long-term UVA eye irradiated mice.
(A) memory and learning ability (mean escape latency), (B) urocortin 2 level in brain, and (C) the expression of p-amyloid and Iba-1 in the brain. Values are
expressed as the means &= SD derived from ten animals. *p < 0.05.
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SHEL) BECHX, 3THHE BN, ST
I, HRERETREDIZSHY 3 THH LBz, C
DTN, EH UVA OO E R G ANDIEIC
ARSI RITE ARV ADRENEE Z Tz,

Fig.3 Ti&, Fig.l THEIMLZARLAICEIS 9% CRH
& urocortin 2 DKL DA THS CRHR-1 & CRHR-2
DEMTOFEBIZ T L7zo CRHR-1 30 (UVA I
SHEL) BEERHA UVA ORISR BEE KRR TEE O
ICH BRI >z, —7, CRHR-2 T3 (UVA
SRHIRL) BREICHEN, EHI UVA RURBEOIZ S DEINL
THY, FHCHRIEHHEDIE S DR GRS LT
WL TCWe, ZHudZ, CRHR-2 #/TLT Fig2 T
U7z urocortin 2 A ADFE « 22 HE ) MK N2
ELTWVWBDTE RV EER T, £z, MND BT
OARE, Iba-l (RIYBFVT7ON—H—) OFBIIEM
UVA HRIEEEDIE S e g HAGTRE& Fe T I hn
LCWelesd, EH UVA IREGHC K500 - “AERET
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— Abstract

Long-term eye exposure to ultraviolet (UV)A can effect memory and learning ability. However, the underlying mechanism
behind these effects remain unknown. In this study, we used HR-1 mice to study effects of long-term UVA eye irradiation. The
eyes or dorsal skin of the mice were exposed to UVA at the dose of 110kj/m’ using an FL20SBLB-A lamp three times a week
over 12 months. We measured the levels of reactive oxygen species, corticotropin-releasing hormone (CRH), urocortin 2, and
CRH type 2 receptor (CRHR-2) in the brain of treated and control animals. Their memory and learning ability following
exposure to UVA was analyzed by the standard water maze test. Our results showed that the levels of reactive oxygen species,
CRH, urocortin 2, and CRHR-2 increased significantly following long-term UVA irradiation, and the effects were more
pronounced in animals subjected to eye irradiation than those subjected to dorsal skin irradiation. Furthermore, the UVA
exposure led to an increase in the levels of f-amyloid and microglia in the brain. These results indicated that UVA eye
irradiation potentially mediated a decline in memory and learning ability via enhancing levels of urocortin 2, microglia, and

f-amyloid in the brain.



