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Uric acid as a molecular probe of singlet oxygen and hypochlorite formation in vivo

AR SO S

fef A b LA, #1k, ﬂﬁ*ﬁ%ki(ﬁbaﬂﬁ%ﬁ&‘@rﬁm FERGEE, & L CmEE
HIZRRE(LAE (ALS) 72 E ORI A <B‘55Lﬂ\5}:%zgmm\5 D), Zh
5 DFEIFI ﬂ#é?ﬁfﬁf;#ﬁﬂbﬁﬁ&@sﬁ%ﬁﬁﬁmtﬁihfu\é FHE, AARTEHREINZI
EMUF ECHDHTH THRNL, AR ORFEFE PN xH3 D IMERER & L C20014(Z HART
WA SNz, £, ALSOmEAIK E L TOISHN H AR T20154E1Z, KET201T4HICFR AT S
7‘:. S, =X TR OEAIT RS CIIRT 5 LTSN, FJH% IR LI D BB
ICHEENET D EEZOND. TR EEZEZ TV ETEERON, ERITH) DR
fEA RV RAZEMICEHMET 52 L TH5D.

FIETIL, RO =L OB FOMFRIC LD RESICOW TR L, 21D ONE Z I F
71(2&53? DOHEWZRE LT, Fx OBEIFIZBWD TEAEN TEBEI LB ENE S TWD Z

EVTHIEE TITRFI STV 5. il 21X, Ferisoprostane<°Ccholesteryllinoleatef@{b#) 73 & ®
WEELIEE, 8-OH-dG7e & OO LY, = L TCHONR=bZ R0 B e EOibARK
VAR N S SN SY i s e 4 A GRS D D/ A =X 7. N [ el sl i /C (VC) LEZIVE (V
E), ZLCax= ¥ 1LaQ (CoQ) DETMEWVSTEHILWENEEITFEL, ZNHD

T?—F“C ITERREIRE 72 EIXER L. LR o T, %ﬂ,ﬂ;ﬁOD@?ﬂjX N A ZFHIT 5720

TiE, BEA b LRI L CEUZ BSOS T D0 b M E OZ L 2B 75 Z E NEHEETH L.

—ji’C“, MAb A N U A 3HE 2 OEMERFERE (ROS) IZXk-ThHlEEZ IS, ROSITE R
2XIL7 U (HOY) EDTUHNFEE, MER{bKE (H02) oS3 —FFF A b7
4~ (ONOO ") , WHifEHEA 4 (Cl107) X°—HEMFE (102) REDIETINFENRH
5. T OROSIIRSHEToAERNE T N R 5720, — B bA FL AL LT—HEYIC
T TE 7RV, L7z ->Tin VJVOT%%?%ROS%HET’L%} EiX, ERRIIIZ HimD TEEN
KEW. L, ZTHHOROSIFZFDIMEDEH S D ZICARZETHY, EHERET D Z &
ITIEFICHEECH S, £ Z CROSICH L CREEM R RISERM ZREL, Zhve~——&
LTE{Z'Knih*/I'ﬁ LT D Z ERTEIL, MEMICTIEED 503 1n vivoCTHAET HROSD[F]
ENFTREIC 2D, TOHMNICHETI L & L TOSRME, ROSICH L CTREZMENENZ &,
Z L TAERNICZEXZ XL, PORREBICFET A ZEDBUATHLEZEZ LN, 20
FHETTTILEMITIRIEDR 5 5.

REEIZE FBIOHIHOBREHIIBITL 7Y VKO EKEREMTH S, v P DIREE
FxH—8 (VU H—8) ZALTWLEMIL, REBZ I OIZBILSMLTT 7 M v
ELTHRE - R 5. LvLe MNIE{EOBRETZI OREEZ R L, S HIZE i THEI
T OMEE L 2 TV D720, MAEH ORI E UM & IITEFNRE & 70 5. JRERI IV S

97



R<HERIE LTV, 2D BEEIEONETHH - b L TRIEZS I SR 2. 2
JATHD. Lzl ->T, B MIWROY 27 B> TETEHEEDORRBREAENIZET S L1
HELIZEE 25, —HTIRBIZFEFEICTENT-TBIEYE TH S, RBOFIRIEME L LT
DOFFIE, FEx OROSIZK L CRWRIMEZ RT EWVWI Z ETHD. TV INVEORIL LT,
ONOO X102, ClIO 72 EDOROSE AL KGN L, TNHEHEETDHZ ENRMLNATNS. &
51z, EOBCAERMIISOLT DROSICEF RN (b EM E 72D Z ENHER SN D, #HilZIT,
TFOHNEEDRISTIET 7 b v (AL) BNERTH2ZERHMLIN TS, X 5(ZBeck
man 5, ONOO L DOIET U Ly b (TU) BAEKRT S Z & &#iE L7z, E7-Hende
rson H X —f{bEHE (NO) DKL TIE6- 7T /773 (AU) OAKZRHELTWA.
ZD X DITIREE EROSE DL TIZROSIZRF B2 B = 525 L PIESNWD. 22T,
REBELDCENTWARWIOLE 721XCI0 ™ & DR RS ERRM ZRET 5 2 L &, K5
ODHMETHZ LT L.

FATTIL, JREE L —EIAMESE ORI SIS ERY) & ORIGRRIEIZ O W TR L, B2 L
7. W, BBFESTO—BERESOBEBIINHEESONC L > TR 5729, 10203 K &
FITIRBE SN DI TEKRTHEEZ ATV, LvL, HeOD2BEF L THAERT S
ZEDBHLMNTR S TEY, ZIZIIEEMEE L. L7e2i-> TH0:LCIO 72 & D25
FEAERDAET D5 R TIHOMERT D EEZ BN S.

F9, REEZ10L G S, MISERMORIEZIT- 2. JREED Y VEEFEE R (pHT.4)
R L, JEHEEIE L Tr— A0 (RB) 0Nz, %4MRERE L Cl0 &2 R E &8
7o, BOGVIR 2 RIS RATIRF R AV E &0 #rEt (TOFMS) fF&HPLC (LC/TOFMS) T4
Hri7z. 518, REEZ10384HITH 5 3-(1,4-dihydro-1,4-epidioxy-4-methyl-1-naphthyl)
propionic acid (NEPO) DOZEM#E, ClO™ F£721Z0ONOO 12 Kk D H20:2:D 27 1l S s THERK
L7210 & K &=, F72, AEREREIE LTHRICBBR LT-EE L A X ) —/VIRIE LT
Wz L, ZiuaELC/MS/MS% W T L=,

HEREIZ & & RWIREE DT & DRI EM D ERZROTZ. 2D 9 b D2 ODRAE
MU1E U2OBEMS AT MLV ERIE L CENLDL OHEEF K A RO T2 & 2 A, UlNCsHaN
03, U223CsH4N:204 & 72 o 7-. ZOFERENSULE TV (PA) , U2 FOMKS A
W) T DAY IVREE (OUA) CHEELT-. 2T, PABLUOOUADEEYE % A,
U1+ U20HPLCY v~ 7 7 A EToRHREHEE L OLC/TOFMSZ AW TMS A7 kL
xR LT-. FORE, MEEEB L OMSA<Z hAR—FL, ZOZEnbHELP
ALOUALRIELT-.

ZDt, ik, NEPODOEE, B OH0:D2%E FBLIZ LV 34 L7210 TRIE % R
{EL, PALOUAZ EE L TENL OYLEHE (JREEOW/D BT 52 PAL OUAD AR EDOEIE)
RO L A, b LONEPOZ W= RIZEWTI00% T WNR E oz, 2D &
16, JREEL102E OIS TIIPAD B EMT D Z LR Silc., E7CBREN 2 & IZH20:
D2AEA AL SOL TIEE{EAI L L TCIO LAIZHONOO ™ 2 AW, WTILDR T E WY
£ (37~50%) TPABLUOUADLERMNRD HNTZ. ZDZ L, RIERCREINL « FHHE
TRED K 9 I1IZH202: L ONOO NHEFT D Z EMNFREINDIGEIZHI04EMTHEEZS
na.

—JF, N=FFT VTN (AO0) , A—"—FFH A K (02) , BLOCIO £7=
IZONOO ™ B TIREE ARl L 7= 8121%, PAOAERIZIZITRD DL oT-. 2D &M
5, PADOERITIONZX L THRO TRRMEO B WG TH D EHEESND. £, & MNEE
KD HIREE EPADRH S, HEBRBERICHEICLSAD ERHT 5 Z ERBE SN,
ZDOZENG, B MEEETHIRBEIC L > TER L0 L D REBOB{LNK Z o722 &
DHEER X7,

PREE & 102 & DK ZHEE LT, JREEZ R L= OGN IR & T StE 2 22 2 THOfir L
-2 A, USlanz T, U4, UbhktE Siv7=. U3 CsHaN4Oslk, U413CsH4N4Os, U5IEC
HeNOsTHo72. USEUSEZHEEL/-L Z A, PAICEL L. ZoZ nb, UsEU5EP
ADHIBATH D EE 2N, UMIHBEL7-L 2 A, T <ICPAROUSICELLZ. Z0
Z b, UATIUSOHIBMATH D L& 2 bivT.

98



HEAY BOG T KB T OBFIRZE N 0L 70D, T 2T, RFMELER T A THRE, 8
O2AZEH L CIRRDER Z 1T 7=, BONER LU, UsHEIZEINT-. ZDOZ tnb, 1
O N RIBITAT NS % L KDEEEF T L AZH L, TDHDORISHEITL TS Z LR SN
7=, LLEMD, JRERITIOE T 5L, U3, Us, U4 TPAIL: D Z ENHEE ST,

F3F TIXIRIE & C1O0 DR RAISIEAERRY) & % O USRI DWW TRETL, B2 L7z, 3
TuaNN—FFH—E (MPO) 131 4> (Cl7) EH20:% FEIZCIO Z AT D%
FTC, RIERFIZHF RO SIND. Ko TMPORMERT 256121, FE TH HH20:
AR THHCIO DI HAF L TED, ZO L9 2R TIX0 N ERKRT 5 2 & 23 +47
IZBZ b5, Ko THRIERIZIZCIO ITMATI0 b AR THZ L, ZLTINDLMIREEE
KT 5 EZE2bN5. —J5, KL CIO™ DR RIS ITHE SN TN &b,
e B RO AR & IR E LT

£7, KL CIO L ORISZRF Lz, REEWRICREESRRE R Y v A (NaClO) &k
YV UVRAICEY —EEETHEAL, JREBOWA & SR O AR Z HPLC CiEH
L7-. NaClO@ikx —EEETP-< W LEAT D L, ALOERITBIEZEINT, HPLCY =
<~ N7 T ALRCARAY =7 N HBL LT, ZIUTIRBORFEIINZ & R WAER LT Z &
b, 774~V —RECAERY Th 5 LHEZ STz, £ 2 TZDbEMELC/TOFMS Tt
L7k A, ZOHEMMITICHsNO(CLE 72V, 5- N-carboxyimino-6- Nchloroaminopyri
midine-2,4(3 H)-dione (CCPD) Th s & PRIz, F£7o, REEOE/D EIZXT 5 CCPDO
B EIF40-TO% I TH o 72, Mz T, CCPDIFHMMEI CIX L EIAFIET HZ Bl
O DNEETARIERBICBITABELA RN LR «~—h—L LTOISHANARETHD L EZ G
.

%542 | ILC/MS/MS % H W= BN RO e Ve ML L X 9 O CTd 5. JRERER LA
RN ERFTIIWMETH D Z ERTFRINTZ. £ 2T, LC/MS/MS% 7= Wik DO MEST
BT, WTIOREEIELAERY S £ mol L~ L COMMMNAEEE 7o~ 7. WIThER AL A
LSEE DML X 5 200 L. &% A BITRBO AN SN2, ALSEE oML x5
NHIZOUALTURK &z, £72, ALSEE DI L X 9 CTIIIRERIEE 2 MdH NIt~ T
RO TR - 72, ZH Z EMNDHALSHEE TIIFLA P L ANTLEL TWVWDH Z L HER I
7=.

FHEIIMFE Ch D, JREE L 102 DR RIS ZFIE LT, £72, ClO & OFFRH
OGRS 2 B Uiz, BUEE TICHE S REE & ROS & O RS A R & 8 a0 (gt
L TEEBRT DI LT, in vivoCRAT HZROSORIENATREIC 25 E I SN D.
(4,0053C5)

=

=
1. EHIF4A000TFRREICELHDHZ &,

2. AERICKY, V=7 TIERT S Z L AFERIET 5,
3. HAMIZA 4R FEREFEHATLZ &,

99



(#=6)
Summary

Applicant for degree :10/01/2018
Sayaka lida

Title of thesis

Uric acid as a molecular probe of singlet oxygen and hypochlorite formation in vivo

Oxidative stress is associated with lipid peroxidation and DNA damage, and thus can
cause many diseases such as cancer, and diabetes. Since oxidative stress is initiated by the
formation of reactive oxygen species (ROS), identification of specific ROS in vivo is
important in pathological studies.

For identifying ROS in vivo, detection of ROS-specific oxidation products of
endogenous antioxidants is a reasonable strategy. Uric acid (UA) is a suitable substrate for
this purpose. It reacts with various ROS to afford specific products, e.g., free radical-induced
oxidation gives allantoin, ONOO -induced oxidation yields triuret, and nitric oxide (NO)
gives 6-aminouracil. On the other hand, singlet oxygen- and a hypochlorite (C1O")-specific
oxidation products of UA have not yet been characterized.

We identified parabanic acid (PA) as a singlet oxygen-specific oxidation product of
UA, which was confirmed by LC/TOFMS analysis. PA was stable at acidic pH (< 5.0), but
hydrolyzed to oxaluric acid (OUA) at neutral or alkaline pH. The total yields of PA and OUA
based on consumed UA were ~100%. We demonstrated its formation on human skin surfaces
after sunlight exposure.

We also identified 5-N-carboxyimino-6-N-chloroaminopyrimidine-2,4(3H)-dione
(CCPD) as ClO -specific oxidation product of UA. The yield of CCPD was 40-70%
regardless of the rate of mixing of C1O-with UA. Kinetic studies revealed that the formation
of CCPD required two molecules of CIO-per UA reacted. The identity of CCPD was
determined from its molecular formula (CsH3CIN4O4) and a plausible reaction mechanism.
This assumption was verified by the fact that all mass fragments. Isolated CCPD was stable at
pH 6.0-8.0 at 37 °C for at least 6 hours.

Above results indicate that PA and CCPD are good markers of singlet oxygen and
CIO- generation in vivo. 300 words
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