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Fr 3w

T4, EREREA b L2 (NIAPER L OSMNEMEORRIE A - LA, ARHiERL
AT AOREHE) BEWREE, TV A = —IF ., FRREL & Vo TR & TP
BIZHEDL Z DR EN TSR], BERIZIZED L 572 A =X LTk
A RNVARRET 00, EHICEOEBICOWTUIELEARARENR LN, £
DIz, %< DER - FFREEITAERBILA L A~—T—Z2HE L, KR
DERMEIZ DWW TR 2 D T 5 [2-14], AR S OB D22 Th
TRE OBALITAERFEEDOBRNSFEO VR =L EMEE LT D & S, B
o SR S TW5 (Fig. 1), IREB{(EA F L A~—I—& L TR
SNTWELTF AN EY —VERRISYE (TBARS) DORIETEIL. T b A/VER=
IMEEW R IEEROICHIE L.~ T LF e B (MDA) BICHRET 550 T
&5 [14] , TBAELSMC HIEERIL~— I — & LTA V7 'm A H L [2-5]%° 4-HNE
(B X/ 32t —n) ZERAEINLA(1L,12], b IEEb—kAERK
MTHHIEEE Fa vt %y B (LOOH) ONfbam<h5[15], £ LT
® LOOH (FAMBPITIHAET 2 7 VA NR—HEAMRRIZ L > TEKT 25T, &
RIMEEE (VAR —E LX) ICL > ThAEKINS[16-19], T
bbb, B WA ThH DA Y T AKX L ORIESR TBARS {E1X T ¥ H L0
—HIEMEFE, BRICIOBEL XA TE TV RNENR D,

L Z AT, LOOH 3% D4 skt (Z 2 vk, — EEBEERL, BERRIL)
IZE - T, ERT2BMEROFEB L OAERENERDZ Z ERMLNATND
(Fig. 2) [20-22], ¥ igfbld, REAFIEEO “EHEGITIZS ENT AT
LukFE (ZET UAKE) 2OOKFEOF EHFEIZEVEGT S (Fig. 3).
B ZIE, U =B TIE, 1LALD A F Lo kKFOBRINABEE L = & Vo ot
(2 X Y 13-hydroperxyoctadeca-97 11/£-dienoic acid,
13-hydroperxyoctadeca-9£ 11F-dienoic acid,
9-hydroperxyoctadeca—10£, 12/-dienoic acid,
9-hydroperxyoctadeca—10F, 12£-dienoic acid ® 4 fEMANLERAE L H, —HIHAR
FLMREOMISTIX, —HEBIEN _EEGICBE I, 7V KEOE



L& ZFEEGDO N T U ABEBZME D Fig. 4, 2FV., UV /— L EDORIET
X, 9B KON 12— D ZEAEG Z AT D IRFBICEE 5 F RN EHRE ST 2720,
13-hydroperxyoctadeca—97, 11£-dienoic acid,
12-hydroperxyoctadeca—13£, 9/~dienoic acid,
10-hydroperxyoctadeca—8£, 12/~-dienoic acid,
9-hydroperxyoctadeca—10Z, 12/dienoic acid ™ 4 FED EMARNE L <AL D,
REWRBBIRINEESZ T 5 LOX 1T cis, cis1,4—20 2 P U KEEE b D%
NEAFIIERGERIZ oy FIREE R 2 IRINT 2R CTh v | BRRIFATBALOE T K
15-LOX %> 5-LOX 72 EF(ET D, U/ —/Lfg & 15-LOX DS Tl
13-hydroperxyoctadeca-97 11/£-dienoic acid 3, 5-LOX & DTl
9-hydroperxyoctadeca—-10£, 12/-dienoic acid A Z N ENHFRAIC ALK T D, T
bbb, EOLOOH B ENL HWAERKR L TWDNEREICHITT 5 2 & T, AR
WIZBWTED X DA N =X L THBBLIEE AR L T D 0EI 58T
XHLEZT,
RAZyFUnal) e Re~bAd % R (PCOOH) (XIHEY R& X7 ED
FERERY VIFETCHARA T 7 FUNal) o O—RBILERM TH D,
Miyazawa & |% Z ¢ PCOOH % mn@&RICHIE T & b3tk (CL) -HPLC ik
ZPEFE U123, 24], IREARBIRFRES OMmH 23T PCOOH NAEICEHEDL Z &
AWE L (Fig. 5) [25,26], F7=. PCOOH ASHLER O I & PN R HifE O 255 % {12
ETLAEBEEWE TH D Z LR IND 7 E[27, 28], PCOOH A AEENIZI W
THEHELRKERZ R L TW DS RERN RS >25H 5[29], Lol "l L
72X 122 @ PCOOH KN TIZED X HIZEKR L T D EFEL Do T
VAV
LLEDOBEFNS, AFgEcidmbict - &b %0 U — LEEZ PCOOH
( 1-palmitoyl-2-hydroperoxyoctadecadienoyl—-sn—glycero—3—phosphocholine,
16:0/HpODE PC) O k{4
[1-palmitoyl—2—-(13-hydroperoxyoctadeca—97(£), 11£-dienoyl)-snglycero—3
—phosphocholine, 16:0/13-HpODE PC,



1-palmitoyl-2-(9-hydroperoxyoctadeca—10F, 127(£)-dienoyl)—smglycero—3—
phosphocholine, 16:0/9-HpODE PC] (Fig. 6) OFFZE=IZEHH L, £ERNIZ
BT DWBLIEE AR D A = XL EZHLNNITHZEE2HAE LT,
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Fig. 1 Fatty acid peroxidation products.
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COOH : COOH I
1 1
O b O
ooH ' Lipoxygenase Oxidation OOH :
13-hydroperxyoctadeca- X (15-LOX or 5-LOX) 10-hydroperxyoctadeca- '
9E, 11E-dienoic acid ! COOH 8E, 12Z-dienoic acid '
1
1
o :
: OOH 1
COOH 1 COOH X
: 13-hydroperxyoctadeca- |
ONF I 97, 11E-dienoic acid — P !
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10E, 12E-dienoic acid X 13E, 9Z-dienoic acid I
! Hod .
1
: 9-hydroperxyoctadeca- 1
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Fig. 2 Hydroperoxide positional isomers of linoleic acid. Peroxidation of fatty acid
(linoleic acid) is initiated via radical-, enzymatic- (lipoxygenase), and singlet
oxygen-oxidation to generate different isomers.
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Linoleic acid
Rl
Rl

RZ
J -02
RZ

R, = (CH,);CH;, R, = (CH,);COOH
bR, = (CH,)¢COOH, R, = (CH,);CH,

v, =
0.

13-hydroperoxy-9Z, 11E-octadecadienoic acid?
9-hydroperoxy-10E, 12Z-octadecadienoic acid®

9-hydroperoxy-9E, 11E-octadecadienoic acid?
13-hydroperoxy-10E, 12E-octadecadienoic acid®

Fig. 3 Autoxidation mechanism for linoleic acid.
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Fig. 4 Ene reaction mechanism for singlet oxygen-oxidation of diene.
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Fig. 5 Correlation between plasma PCOOH and age.®, control subjects (r = 0.392; P
<0.01); o, patients with hyperlipidemia (r = 0.298; P <0.01).
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" i E(O =7
H,C” | "0 |0 —OH
T dh; -

HCy ﬁ S/O\r(\/\A/\?_/E/\/\/

H3C’ \ \/\O/ 1~o (o] O-0OH
CH, o-

Fig. 6 Chemical structures of PC
(1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine, 16:0/18:2 PC) (A),
(1-palmitoyl-2-(13-hydroperoxyoctadeca-9Z(E),11E-dienoyl)-sn-glycero-3-
phosphocholine, 16:0/13-HpODE PC) (B), and
(1-palmitoyl-2-(9-hydroperoxyoctadeca-10E,12Z(E)-dienoyl)-sn-glycero-3-
phosphocholine, 16:0/9-HpODE PC) (C).
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2 1 2 & PCOOH R M M FR BYE DRESL
S

fedke, ARk Y SAREOSITIIREETH L & SN TE R, ZORRO
—2 & LT, @il PCOOH MMM TR L TWeWZ EREITF b b, ED7w,
WV IEENFFEE 1S PCOOH Rin 245 B 2 LB H 1 | R T L ITHIES
RS —E L7222 ERRBRE S, UAFFEED Tbusuki HldE=/Lx—7F L
T4y (2-Methoxypropene: MxP) 2SFEMESI: F Tt Ru b REIZAHIN
B B A L @i 72 PCOOH A5 4h (95%<) A B4~ % J7ik & B¢ L 7= [30],
LovL, ZOHET MxP FHE(LOR, FIICKBEORIED DAL T 5 Z &N
MR SN TEY, PCOOH DINEZFZE LK TIETLED ZLARETH T,
Z LT, ZORIEEHDAERIIIISRKIED IRV S D /8T A —2 =035 LT
W5 EEBEZLNTENZEDRKIIARHTH -7,

F 7z, AR E ORESOFEUL B ORRE 2 Y 22 7k (FER, 7 2 L,
—HIAMRE) THLEE7%IC, HPLC Z AWV THET 2L 0 ORESL AN
NDHETHDH31], ZOFHETIEEICHEMHPLC ZHEWVWLND A, O HIIE
WEELIRE & RBLIRE R EOnBECh Y | I LIFE OfERERITIZE A
EOBESN TV, HERMEROSGEECIT Rk E I v~ N T T 4 —
ThHhoHV VTN ERFEAE L THWGS, LAL, PCOOH ik Fr~L
FxR LD MmO EWY VA AT 5720 PCOOH 22 U 77 v~ |k
777 4 =1L TH, SRECIERY VEBEORIE L NI E A ERKBERR
[32,33], 972 H ., U AR DAREE Tid PCOOH BMERFEEIXIZIEARATRETH D,

INHDZ END, RETITET, B R A F o Ré MxP ORIGSEMSE (K
JOTRIE, AhERE BVEIRE) AT L. LEZR PCOOH SRELIEDHENL# H
Lo, Fo, MEITHBENRE WEREA RS, i BRI RO BEN R S
IRRRRAER A F IV AT e Ra UL % REMRZ T PCOOH FAHE(ALE i
EARLE D &L,

I
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%18 LE - BINEL PCOOH 12 M FARE O Rat

1-1-1 BHY

fEEE Fa~ vy FESOFHREITERN L 72 2158 %5 4 e b 7 1%
(ZYHn, —EHERRE, BR) Cb L%, 2BUHPLC 72 & TR 5 ik
MIFEAETH D3], TD7H, & Ka~bAd %y Rty eay (7
LT RERPE FrFUK) BNRHEL TWD 2 ERBESh D, K 50 40T,
Rigaudy HIZ XV, B == —F VRGBSR T T RrbA % R
(AN B OB A S iz [34], 2 D%, Porter HIXZ OKIGE IRE IS
L. trans-2-phenylcyclohexyl 2-propen-2-yl ether Z & L7-Z & WM& L
T 5 [35,36], ¥HWIE=ED Ibusuki H X, = 1= —F /1L L T
2-Methoxypropene (MxP), fiifif - L T pyridinium—p-toluenesulfonate (PPTS)
EHWCT, EroBMEREE Ru vty FERZFR L7 (Fig. 1-14)
[30], ZDE&E, MxP Ok RuFx I fLT7 LT b RIKE ORIEWIIM ST,
MxP & DEIEE Rr LA X RHERO S D (=0 % —)V) OIBPEER]
IBELNDZ L aERRLE (B Fudx ke LS T 2 NRIEMITARELE), £
7o0 MxP OO K 0 5N DR ORRESNME T T 52 &, U2k, S—
7B =V DHDNERANIGHND Z & ZHH L, PCOOH 2L U &3 HFE % DJiF
BHe e~ AF s FORBRIIGHATE S22 2R L, LaL, RETEN
12, B Fa~Ld 3y RE MxP OJSEICEEORIFEY N4 L (Fig. 1-1B).
INENRZE L ET (0%~) 752 EMRfERINTND, £LT, ZORIEHD
ISR DR DD IRNT A —F—RBEHE L TWAH EZX LITENE
DFKIZRHTH -T2,

ZFIZ T, AHEITIEHE Fa bt %y e MxP OGS (RUSTREE, filig
L, EERE) OFMRFIEITO. BIESARORRKRAR GNICT 5 & &I,
ZE 72 PCOOH FRE A LD 2 B & LT,
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1-1-2 Fik

1-1-2-1 RER

16:0/18:2 PC X Avanti Polar Lipids, Inc. (Alabaster, AL, USA) %
Wiz, A RYRF A F—F (15-L0X) (% SERVA Electrophoresis GmbH
(Heidelberg, Germany) 7»HHEA L7z, £72. 2-methoxypropene (MxP) &
pyridinium p—toluenesulfonate (PPTS) XF I ZEF)Hi3K (Osaka, Japan) &
Sigma (St. Louis, MO, USA)mHHEA LT, ZOfthdFRIEICEI L CIXATREZR R
D bR Db D&V,

1-1-2-2 F&{k PC DFHR

PCOOH #% il Bz 1X, AREMHE Y VIEEOoOF TR Z W E I ND,
1-Palmitoyl-2-1inoleoyl-snglycero—3-phosphocholine (16:0/18:2-PC) %
e, Bk PC OFHEEIE Tbusuki © D EEZ —HE L CTHWEZ[30], AU
Na,B,0,- 10H,0 19. 068 g % 1 L OREHRIKIZEME L7=%. 1 N HC1 T pH 9.0 (27
BL, AUy 77— LT, £II20.06%I272D L) 1T AF v a— g
TRV A=K EEE LT DET A a— gy 77y —& LT,
=77 A23(2100mg D 16:0/18:2-PC & &V [ Z ZIZAR VRN Y 7 7 —95mL,
TAX A=Y 7 7 —T5 L BNz Tz, AX—F7 =TI L%,
1.25 X 10° units ® 15-LOX Mz 7z, 77 A =2% 25°CF, 30 min ¥R L7208
OGS, R, 0. 1-LONMERA RN ) > TH L Al T2ETHNZ T
(pH 6.0), FUGZAFIES o, BONKZHILEIC 26 mL $O3ELTDL, £
NENCY = F Lo —7 )0 25nl ZMx THEE L, =008 (1,000 g, 4°C,
10 min) L., B (F=Frz—7)VE) ZEILLZ, ZO#EEZ 2 iV iR
L. oy Fro—7 )% 4C T Ciglll 7=, k% 7 v uk/L A TlhE
WUt i L7eT A a—nA@airk ion, 77 5 —iw} CREiEH
Too TEHKZ B mLIZAZXT v 7L, 1§ 647 Crude PCOOH % LARE D S F AR FHI ]
Wiz,

Crude PCOOH DV VFE & EAZMET H720, WiKDO—#8% Bartlett (2 X

E_%l
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5V ERICHLZ37], ZAUIREZ ML CTIRES FH oA Y v 22T
R ICHEE L, ZOY U EIAERT D HIETH D, 5710 ul @ Crude
PCOOH ZFBRE 201 L, 200CD 7 v v 7 b —X — CHERICHE 72, fitl
CHBRE I TO%BIERBAKIANK 0.4 mL 212, BE—ET&HELE L%, UV UIRE
% 200°C T 1 hr LA BB MiE S W72, =R E CHmAI%, K4.2 nl, 5%EY 77
VEET VBT MK 0. 2ml, 7 X R—/UAHK (20% WRREET R U U AL 1%
2,4~ T 7 = /= VIERERHE) 0.2 mL 2L, 110°CIZ T 7 min AN L
Too MBEREGICHKT THAIL, BOLEEERE (UV-2400PC, ESEREERT AL
ZHV 830 nm [ THBEEEIT-T-, U A4S (KHPO,) 122\ T RO
TEZATV, BEMZIER L. Crude PCOOH DR Y U IRE &G EZHH L7z, Crude
PCOOH H*IZ13 PCOOH <°Z DA D> —IRAERM, KL PC BB EN TN D20,
U UMREEEOREHIZITEE &L LT 780 2 Hv iz,

#5eV VT Crude PCOOH (2% F 41 % PCOOH & &4 IE$ % 726D, Crude PCOOH D —
2 LC-MS 3 #ricfi L7z, LC-MS MRk KOV IR IHIILL T D L B0 TH D,

- LC Rk
R 7 LC-20AD (EEHERTALEY)
F— F¥ 7T — : SIL-20AC (ESfEpTAEEd)
T T BA—T 2 CTO-20A (FHl/ERTALEY)
VAT AT hr—F— : SCL-10AVP (& R4
- LC &1
717 A : Atlantis T3 2.1X100 mm, 3 pm (Waters f:#)
BEIE -
A:K (5 mM FEERYT U E=1D L)
B: A%/ —/ (656 uM W27 & =7 )

7I v M
min 0 4 10 17 30 30.1 35
B% 70 90 90 100 100 70 70
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Wik ¢ 0.2 mL/min
BT LA =T 40C

- MS St
MS : 4000QTRAP (AB-SCIEX £1:f)
Curtain gas (CUR) : 20
Ton spray (IS) : 5500
Temperature (TEM) : 600
Ton source gas (GAS1) : 40
Ton source gas (GAS2) : 40
Declustering Potential (DP) : 68

Collision Cell Exit Potential (CXP) : 10.8

1-1-2-3 &k PC & 2-Methoxypropene (MxP) DZ)&HZef:DH

Bx 25T (BIE, PPTS IREE. U U REIREE. MxP #REE) T, Crude PCOOH
& MxP DS EFT > T2y BOSMZIE 1-1-2-2 T 517z Crude PCOOH % VM=,
0.01-5. 0 mg ¢ Crude PCOOH (0. 006-3. 2 mg PCOOH Z&¢p) % 0.01-10 pmol PPTS
ZEte 100 pL OIAELEH T 150-500 pmol D MxP & Kt SH7-, JSiEZ ook
VI, vrruaua xR AR =) T R=RNI AP TIToT7, WK E 4CT
OGS, 0, 1, 3, 6, 12, 24 hr RRITEEHKO—F8 % UV-HPLC (24l L, PCOOMxP
DR EABH L7z, UV-HPLC I T LB Th 5,

- LC Rk

N> 7 PU-2080 Plus (Jasco f1Y)

BT WA —T> 1 C0-2065 Plus (Jasco tlHL)

B HH#s © UV-2075 Plus (Jasco #Lf)

A 7 7 L—% : SmartChrom (KYA TECH Corporation fLfi)
- LC &1

715 A : Chromolith Fast Gradient RP-18e, 2.0 X 50 mm (Merck ftH)

-17-



B8 : A% ) —/1//Kk=100/15 (5 mM FERET > E=17 L)
FE 0 2.0 mL/min

BT A =T 40C

W 234 nm

RS R & MxP AN Sk % feiiifb L . i S T C Crude PCOOH (93 mg
O VBB 25 Te) O MP MR EAT o T, Bk, EIEEE#A1T 5 729,
BN S & BRI Lz, 12 nl 07 v a kb A TR S H 7
Sep—Pak Vac 6 cc (1 g) NH, cartridge (Waters fHf) (¥ > FLE2FDE En
—RL, 12nL 7 maR/VATHRELE, WiHFLE%E24 nL DA KX/ —LT
PCOOMxP # Z e TD Y VFE 2R ST, Wiz = /R L — & — CTHLE L |
HL[E W) % 5 ml D A X ) — W ZHIER LT, Y2 7V % 43 BUHPLC 1248k L, PCOOMxP
DY —7 Z4 LTz, 5 EHPLC I L TO LB TH D,

- LC Rk

R 7 LC-6AD (FiE R ERTH )

BT LA —T > CTO-10A (ST

VAT ATy hr—F— : SCL-10A vp (EEHERUERTHERL)

MH#R © SPD-20A (SR fERTALRL)

AA v F TV T  FOV-20AH, (BEl/ETH-6l)

A T 7 L —4% : IATROCORDER TC-21 (/AT LA v A LA L 4L
- LC &1

717 I Wakosil-II 5C18 RS-Prep, 5 pm, 20 X 250 mm; (Fo#lisirtad)

B8 : A% ) —//Kk=100/5 (5 mM FERET =17 L)

FEi : 10.0 mL/min

T LA —T > 40C

W 234 nm
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£ LT BUE G BEIF O 2T B < 728 43 Bk % Sep—Pak Vac 12 cc
(2 g) C18 cartridge (Waters #H8¥) Z W TR L7, T L% 12 nL ® 75%
AR ) — )V TEHAL L, 5% A X ) — MR D X L =Y Pk m—
NUTce BT L% 5% A ) —/VTHIE LTIk, A X/ —/b 24nl THH L7,
IR 2 TaE - BB U727, 1 L 7 v a RV AR L, U v ERE (1-1-2-2
SR, MW=862) 12 L ¥ . PCOOMxP J# & % i L 7=,

1-1-2-4 PCOOMxP 7> % > PCOOH 4 Stk Dkt

BRx 25T (BEE, PPTS JREE. U UBEIREE) . PCOOMxP DFAESUG %
1To72, BISIZIE 1-1-2-3 T S 417z PCOOMxP % V7=, 0.01-5.0 mg PCOOMxP
% 0.01-10 pmol PPTS Z&de 100 pL DA TG S, KSIEZ 1 kv
AovrmmaRrAR s AR )= T M= M) AFTITo, WiRE 4°CTK
JESHEL 0, 1, 3, 6, 12, 24 hr RIZHEHKO—E8 % UV-HPLC (2t L, PCOOH O
AEEHE M L, UV-HPLC :fF1E 1-1-2-3 LR L b o & Hviz,

FRFETRE SR 2> & PCOOH FRA= 551 & st f b L | a5 T C 50 mg PCOOMxP ¢ PCOOH
BANGEITo T2, HARIGHE. 1-1-2-3 & [AFEIZ Sep-Pak Vac 12 cc (2 g) C18
cartridge Z T, B 7 NVORMEEIT -T2, IEfME L 7o E R % 43 EUHPLC 12
fit L PCOOH D v — 2 Z [HlX L 7=, 43 B HPLC §effid 1-1-2-3 L [F U b D & v 7z,

B U720 BB E SN DHRT »E=U L& Y BR< 72 Folch
15038] ZFVWTPCOOH ZfitH L7z, Z7aukVv /A% ) —v/K = 8/4/3
v/v/VIZb Lo rseurvabkelz, K<EHBLE, TR (BEBE)
UL L72#%. EBICTEEREO Foleh HiFa Fg (Foak/Lh/AH ) —)b
= 10/1 (v/v)) &Mz, BEMEEZTo, EBOSHEGRO TEEEDO THE LA
b, =%V —x /R —Z—TCH[E L, #E®YZ 1 ol O v a iR/ AT
g Uiz, WHRO—H#% LC-MS BL OV v ER (1-1-2-2 M, MW = 790) (it
L. PCOOH Dl & I 2R E L7z,

1-1-3 R LEEBE

-19-



1-1-3-1 E&{k PC DFRR

Tbusuki & OME TIXEERERILSM: % 40°C, 12 hr [ZTREL [30]. EEEER{L
THAUTEE Re~ A%y REHLEE L LTT VUVl FRIRHCHES , PCOOH @
WHEZ BIF Tz, RIETIRY AR —BoRREMEZEHR L, JOSSEMT
256°C, 30 min & L7z, ¥4 XVARFTFF—E (15-L0X) IZL-> Tk
Crude PCOOH % LC-MS Z3#Ticfit L7z & = A (m/z 100-1000), TIC 7 &~ K77 A
"G PCOOH 1% 17 min (2 & 37z (Fig. 1-2A), 7=, £ DI DL PC (6-10
min : truncated PC 72 &) CAMAL PC (22 min) bHFEIFFICHRH SN, 207
nv h77L5BLOY VEBRDORERNG, BY UIEEEIT 93 mg THY, 0D
55 59 mg 7% PCOOH Th 2 EWHE Sz, AEBRTIZ R L2 L9 I2L v iRFn
TR L EED T, BROFREAZEH LV OTHIIE, & HICHEIRD
SRS &5 2 & T, PCOOH DINHRAZEmD b b & Bbhi-,

1-1-3-2 F&{k PC & 2-Methoxypropene (MxP) DZ)HZeM: DS

IR CIE HPLC 34T DBRIZ PCOOMXP 7> & PCOOH D AN S SNT-7-d, &
) U ARG T DN, B UAAT AEIFZ=Woery hU—2 0k
DEHE L ZDRERN R E ol fEEEZFf > TR | REE - Mt CTHH T
XDHNT L THDH39-41], ZDOH T L&A UV-LC o8 (234 nm) 12KV,
PCOOH 1% 0.9-1. 0 min (ZfR i S 417 (Fig. 1-2B: Peak A), — 7 C PCOOMxP |
2.1-2.6 min IZF THEAD ' —7 & L THiH S 417 (Peak B), AHiICTIXEEERE
EEOGSRM % 25°C, 30 min EFRE LN, TN THRn b T 7 UV h bt
FFRFCHEA TV B2 NS, D7D, T O PCOMP DE— 272X 4 DD
B 97245 16:0/13-hydroperxyoctadeca—97, 11£-dienoyl PC,
16:0/13-hydroperxyoctadeca—9£, 11£-dienoyl PC,
16:0/9-hydroperxyoctadeca—10£, 12/dienoyl PC,
16:0/9-hydroperxyoctadeca—10£ 12£-dienoyl PC ®OZFFF 0 MxP A MR & &
TS ETFHRIND, ARFTIEIns 4 FEO BYEROKR E % PCOOMP &
L CRIEIZHW, AN E%h%E (Derivatization efficiency) = Peak B area
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/ (Peak A area + Peak B area) X 100 (%) & EFEL 7=,

TAIED MxP (SN ~D 8 % Fig. 1-2C (27~ L7z, PCOOH & MxP O s
hFEIXT e Ao 7anRV ATIRERBE, A%/ —LTho b bik
mole, =T 7' b= U AR TR Y CREE AT LT L E U, PCOOH
DREERIIZANRNEBZ b, £L T, WTNOBEICB TS, K
TSR 2 B R S ECHAIIMISIRITT E A EED SR> Toie®d, USR]
L1 hr & L7, £, OB - BEAFRREEZZBEL T, KSIKiE7anm
RNV LWL LT,

eV T il (PPTS) IR LR U IR EIRE OE 21T > 7 & 2 A (Fig. 1-2D),
IO DERNISNRICRE S EEE RITTZ LBbhoT, T7bb, PPTS
IREE DHEINZAENBOSNRIIREL EAT5 5T, U VIFEIREOHEINX
BOSZ2 I 7, 26 OMAE ORI BAF R USR5 5 F A
BOERH TN, ZDHHLONL O TIIHEWEDAR LR TE =, 18
BWE 2 AR LTS DRI, ISR ZBIFThoTeb DD, AR LT
PCOOMxP #fasxt 81398/ L Cu 7= (Data not shown), & 512, 1.0-5.0 mg VU >
JEE. 1-10 pmol PPTS OfHAG OHE TIIBEAWEILAER LR o723, KIL%h

R 40% KD 0T, THHOFERNG . BEWE QLRI ERT X
WRAECEZLOTHY, SEMZDHT2DICIEPPTS IBEL FiF 50, U R
BEZ PRI W Enbhotz,

RIZ1.0-5.0 mg#a U VIEFEDOR TR E LIF 5720, &5 —2DHEH
T 5 MxP DWEEZE Lz (Fig. 1-2E), ZDOfEHE. 300-500 pmol o MxP ¥
INZ X0 BSOS ZIZIE 100%I2F 5 Z LN TEz, o, WP REITBEawE
DERIITHEEZ B2 W2 ERbhoT,

ZNHDRERAE S LA HE R MxP AN 2 E L7z, 93 mg @ Crude PCOOH
Z 9.3 mmol MxP & 186 pmol PPTS Z5dp 1.86 mL @2 B u AR/L AR TS S
7= (4C. 1 hr),

7 1 v 7RV A EAR S B HPLC IZFE 722 0 o 72728 [EARSIHIZ & 2 VAt i Ha
BATo 2. A X J —)VIZEED L= PCOOMxP <A % 43 Bt HPLC (2 CTRERL L 7=,
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EARRIHIC L0 o TR A D7 5 Z LR TE e, S EUHPLC (28T
HOBENRM E L., EERFHCRKEICDETH I ENAREE o7, HFHLT2
ERLEE PCOOMXP AP N{As &2 LLFE 0> PCOOH F-A: SO St DR BT FIV =,

1-1-3-3 PCOOMxP 7> ¢ PCOOH FAE St Dk Et

FASMEOBRFNT S 1-1-3-2 FRRICE 2 U 2B H T L% Tz, MxP AR
FAPESRE TR REAALA XY REHFAT L, b FeLd 3o NIIrksm:
T OIS RIRGE T2 ISR S D T2 [42] . ARRET Tl SOSHE I 5 S
Zd Tz, 1-1-3-2 LA U< 4 MO RMER D& A PCOOMxP 36 L UV PCOOH & LT
S L7Z, FAEREI® % (Regeneration efficiency) = Peak A area / (Peak
A area + Peak B area) X 100 (%) &EF L7,
HARIGIRIIAZ /) —)v, Z7uaak/VADIEICEL ., YrZuna XX 437
aukL A ERIERRE CTH o7 (Fig. 1-8A), PCOOH O F A SIG =R 1T S s
[ & & HITHM L7223, 24 hr Tl PCOOH #faxf &3> L Tu 7= (Data not shown),
ZHUE ERED X S ITEET PCOOH B3fR LT=7=b LB 2 Hivd, Fiz, MxP 1K
JERE & [FERIZ T 2 F= R UMY VIREWRE OIS B CE otz
VL EDOFER O FAERKSESEII A % 7 — b L, SRR 12 hr & L7z,
FA RO Zh =1 PPTS &2 L7225 (Data not shown), F§ZE L7z PCOOH @
IR BHEART DN o T2, — 5T PCOOMxP I I3 A SUGIRICH B A 5 2 72 )
~7- (Fig. 1-3B),

IO DRERE S LICHARURSM & il L7z, 50 mg PCOOMxP % 50 mL A
X ) —)LHT 500 pmol @ PPTS & St 7= (4°C, 12 hr), KIS % 43 EUHPLC
& Folch i 2 AWV CTRHL L 7=, Sep—Pak 12 L 28I Y 5 L CHRERITKE A
WA, BAEICIREZ HIF 5 LENRH Y . PCOOH DN &Sz, F£iz,
Sep—Pak @ Lot No. IZ X > THEOHMRBAEH L TS HZ L bERINTEY
R, A% =G, 7 aai/L NZEEE) . 236755 PCOOH O#lifE
(CHBE G2 D5 ORBET D10, HEOERIZIT Folch EZ A Lz, R
NIt 7% LCMS oHTicfit Lz & 2 A 1T nin IZH—O B — 27 B3R S,
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YAANRY MR bEMEE oLt X s R CThbZ LR TE e (Fig.
1-3C), AHiTIE 15-L0X & AV TEIZ (T0%>)
16:0/13-hydroperxyoctadeca-97, 11£-dienoyl PC % & ¢ PCOOH A2 SLiHHEL L 7-,
L2sL, B3R U72 X 5122 0 PCOOH (Zidfth o> 3 FlRH o Fhdt: 4
(16:0/13-hydroperxyoctadeca—9£, 11/dienoyl PC,
16:0/9-hydroperxyoctadeca—10Z, 12/-dienoyl PC,
16:0/9-hydroperxyoctadeca—10F, 12£-dienoyl PC) Hb T MIZEGEN TS &
TREND, T2, UV UERORKR, AEOIRITEB LE 30% TH 72,

1-1-4 %53

MxP Z Wb Rurd 33 ROFELOBRIZIT Y SIEEIRE & PPTS R
DMBEDENEETHDLZ B brole, 37200 Y VIFERENE W E X
JMIHEE T, T CPPIS IREN W EBEWMENENRTHZ L hbholz, F
7o, 2O OWEmEIL MS b EALEMThH DL & TSN, £ LT,
PCOOH D FFASIEF PPTS 12 X 2 50 b [RIRFIZ 34 Te72 00, BUGKHICIEET 2
WD o T2, Fefb SR TITERD HiE (~10%) 12~ X0 &I
3 (30~40%) T PCOOH %155 Z &M TX7=, AEl, VU UIRERMENMENT
Y b= b U UITER L7R7n o 7275, PPTS I 2 i UTIR Y VIEERE T
RIS e Z L 2R LTS, LL, 78 b=k U ISR 2 K5I
BEWZBCIRESHTH L, IREREN TR 0 BEMENERT 5 2 & bifr S
NTNWDHTIed, +RICEEDRRETH D, o, SBRIOFERITY ANEEEIT T
7o EBENENIEE. RN A F AL AT VOt Fu~LA % NUZ &S
NARETH D Z L AMRB LTz, AEICED, JBEe Fu~Ltd v RE L%
E » ECRENOFERFHR TR 5 2 L NFTRE L 2R o T2,
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_ k MxP PCOO
— > PCOOH

Crude PCOOH . >
PCOOH, Y. —0 PPTS
other oxidized PC, } O HgC_Q_SOSH
Perketal
PPTS (PCOOMXP)

and intact PC

-x\\\\\\\\\\\\\\\\\\\\\\\\\\\

Fig. 1-1 Scheme for the preparation of PCOOH using MxP. Procedure for the

preparation of PCOOH (A). The procedure includes protecting the hydroperoxide
group as a perketal (PCOOMXxP) using MxP, followed by subsequent regeneration of
PCOOH from PCOOMNXP. The reaction has unexpectedly provided unknown brown

byproducts at times (B).
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PCOOH
Other oxidized PC
Intact PC
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MxP: 150 pmol

Solvent (100 pL):
dichloromethane,
chloroform, or

100

equivalent to total PC: 1.0 mg
(PCOOH, Other oxidized PC, Intact PC |

PPTS: 10 pmol, MxP: 150 umol

4.0

equivalent to total PC: 0.01-5.0 mg

B Crude PCOOH
g
? Peak A: PCOOH Solvent: 100 pL chloroform
E A Reaction time: 1 h
‘@ Peak B: PCOOMXP
£
[
@
00 10 2.0 3.0
min
D 100 totarpc Crude PCOOH
0.01 mg\

Derivatization efficiency (%)

o | Methanol methanol
0 5 10 15 20 25
Reaction time (h)
E 19 ruprc Crude PCOOH

S5 10mg equivalent to total PC: 1.0-5.0 mg
by PCOOH
é ngln:’; Other oxidized PC
'S : Intact PC
£
® 5 PPTS: 10 umol
2 MxP: 150-500 pmol
©
% Solvent: 100 pL chloroform
= Reaction time: 1 h
a

0

150 300 500
MxP (umol)

50

Total PC
0.1 mg

[TotalpON_

;Total PC
i 1.0mg
! P
/ 50mg ,,,'7

0.01 0.1 1.0 10
PPTS (umol)

PCOOH
Other oxidized PC
Intact PC

PPTS: 0.01-10 pmol
MxP: 150 pmol

Solvent: 100 pL chloroform
Reaction time: 1 h
© Brown byproduct generation

Fig. 1-2 Reaction between crude PCOOH and MxP in the presence of PPTS, and the
effect of the reaction conditions on PCOOMXP formation. First, 16:0/18:2 PC (100
mg) was oxidized by LOX-1 at 25°C for 30 min to prepare crude PCOOH, and the
resultant crude PCOOH was analyzed by LC-MS (A). Then, crude PCOOH
(equivalent to 0.01-5.0 mg of total PC) was reacted with 150-500 pmol MxP in 100
pL of chloroform, dichloromethane, methanol or acetonitrile containing 0.01-10
umol catalytic PPTS. Reaction products were analyzed by LC-UV at 234 nm, and a
typical chromatogram was shown (B). Figures representing the effect of different
reaction solvents (C) and total PC, PPTS, and MxP concentrations (D, E) on
PCOOMXP formation. Data are expressed as the mean = SD (n = 3).
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A 100 e B 100 1 - @[ 1
g }% \Memanol PCOOMXP : 0.1 mg g .
2 / PPTS: 1 pumol &
c H c
:S | Solvent (100 pL): :3
b= ! dichloromethane, E
s 50 I chloroform, or g 50
® | methanol =
2 Cljloroform o
:?), \chhloromelhane :?)) [
o4 o4
0
0 5 10 15 20 25 0.01 01 02 05 1.0 50

Reaction time (h) PCOOMXP (mg)
100 7 100 m/z 790.3

MS spectrum of [MHH]* PCOOH

PCOOH (m/z 100-1000) ~

s
g = m/iz 772.3
9 2 . N
2 2 MHHHO! | 123
S E [M+Na]*
E o
2 % m/z 756.3
= 3 [M+H-H,0-0]*
e | Y
0 JMH.LM‘M MJ.\ - L l l L I
100 200 400 600 800 1000
m/z (Da)
0% 100 20.0 30.0

Time (min)

PCOOMXP : 0.01-5.0 mg
PPTS: 1 pmol
Solvent: 100 uL methanol

O 3 hours
O 12 hours

Fig. 1-3 Reaction between PCOOMXxP and PPTS, and the effect of the reaction
conditions on PCOOH release. PCOOMXxP (0.01-5.0 mg) was treated with 1 pumol
PPTS in 100 pL of chloroform, dichloromethane, methanol or acetonitrile at 4°C for
0-24 hr. Reaction products were analyzed by LC-UV at 234 nm. Figures representing
the effect of different reaction solvents (A) and PCOOMNXP concentrations (B) on
PCOOH release. The obtained PCOOH was analyzed by LC-MS (C). Data are

expressed as the mean £ SD (n = 3).

-26-



55 2 #fi PCOOH ## 1& M AR AL AL L DRESL
1-2-1 HBY

—ZAIIZ PCOOH A% &t DFRELCIE 3 FEOBMLITERAVWLND, T72b b,
FERIRLIE, 7 VN ER T OV-EEBRBETHY . ZbDHIEI
L Wbz PCOOH it Fu LAy NOREMENRRD e N s
¥ MIERMEAREZ G2 RO TV D [20-22], BERRLIEITRES IMFAE
LR WL E SRR IR C X e & W ) Rslidd 523 [43] . BN OB R IR
AL IEF IS @M WRR R FF O L WO R H D, — 7 TT P NBRbiES—
BIERFRET, BB E A CRBREEZ R -0, BEE TR
HTE RV ERMEAEOFE S FEETH D,

LU, 7V NBRIES—EHEHBRBLETIIEROE Fe~ L Fx o R
LE SRR OIREW 2 /LT 21O DB RS RE & 70 5, —RAGIZ YR D
THEZIIRE 7 a~ N T 7 4 —ThHoHT Y BTN RENTEEAICHN BN,
L22L, PCOOH Tt Rr A X RED bEOmWY VL HT 5720
YU a~ N7 T 7 4—"TlX PCOOH b Ku~LA4F 2 ROAE N4
Bk S 49732, 33] ., (L@ BMEAROSHEHIIZIEARNFTRETH D, 1993 4 Kondo 513
UUHRE CldZe<, IBIIEEA T L= AT VO Ru Y4 v RALERMERE
VUGN aw NI T T 40— TR LT S LT 5 [44],
7=. Baba &% 15-LOX THH#4 L 7= 13-HpODE & LysoPC 7~ 5 PCOOH & &9~ % J7 ik
ERELTVWAD[45], 2o Enn, YR ER L7 EO BT L O E
PR Z Y & 7B L LysoPC ~ERT 2 Z & T W 40> PCOOH {7 & S M AR 15
HEMEICHTE S B2 b,

ARIIZIZY 2 — Vg PCOOH D7e /T, MRk, 7 U viiglk, —&
HEFRRLOWT BN T HAERT S 16:0/13-HpODE PC & 16:0/9-HpODE PC
DL LELHFETHEZEZLNDTZD, 20D 2 DORMEKOFIRNEE L
E X b, 16:0/13-HpODE PC AR AL ILE 1 HilZ R L7z X 91T 15-L0X Z& IV T
RIS 22 &3 TE D, —HTH 9 —DORMKRTH 5 16:0/9-HpODE PC
X 5-LOX Z W THRE L 2T e b e, U U REREETO Y J — VD 9
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MRRLIIREECH D Z L RbroTe, BELL Y 2 —ABO 9 (LX) VIEEO
WE ST DT, 5-LOX Y —/VEED 9 (LIZEL LIC WeEToH &
2Abb, FIHTIE MxP ZHWAZ & T, ZELTUEEE R~ vt *xv R
PG 2 FIEEENL LTz, AREiCIZERZ AW T, BEsE (5-L0X) 2MEA LT
WU = VERD O Sl 72 9-HpODE Z G %E U [46, 47] . LysoPCIZEHT 5 k%
ML L LD kAT [45], DT, SHBEERDAFE LR WALE B S LEEHT
RAHZENTRINTTD, V)= IVBAF NV AT VDT VIR ED
ix ONENIEEE Fu~ 4%y FEEEARZRE L, SBEERL2®%IC
LysoPC ~G L THDHZ & & LT,
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1-2-2 Fik
1-2-2-1 RER

Ty HAEITHRO LD EHA W=, U — R A TV AT VT
Sigma-Aldrich #:#, LysoPC (16:0) % Avanti Polar Lipids, Inc. #:#% Fu
7=o U 2 —fE. N, N -dicyclohexylcarbodiimide, dimethylaminopyridine I%
YISO IEA LTz, ZOMOFIKIZE L TIIAREZR IR Y i Lk H D% H
AV

1-2-2-2 V¥ A€V RXTFF—¥ (5-L0X) OFR

¥ A ED 5-LOX fitH X Sekiya & D EEIGH L7z [48], HilRO Y ¥ A
E300g DRAEHE, Rifizxw Lok, 2mM T AL EVEEE 2 MO R
e R U U AZETe 180 mL O U U EEAEMEKR (pH 4.5) HTHRET A XL
oo REVR— a4 @ —E %2 HWCHUERRE U721, 8K 2 5 O it
L (10,000 X g, 4°C, 20 min), REHLZEU LTz, EEARZK ETHLAR
DO ELSTOIELEWZ 26 ¢ 20 LT oMaxc, LIRS EE LEEZ, 205
B (10,000 X g, 4°C. 20min) 2 X VLB ZEY bR, RIGIZIERON28 ¢
DL wP->< v &Mz, @i (10,000 X g, 4°C, 20 min) 12XV ELNT
LY (W iEB 26~50%E5y) ZBIX LT, LBz b 8EED ) VgAY 7 7

— (pH 6.3) TR E, BRI E LT,

1-2-2-3 5-LOX iZ X A 9-hydroperoxy-octadecadienoic acid (9-HpODE) M7l
HOHNUD 2T CIZIRDT=80 mL DU »ER/Ny 77— (pH 6.3) 2V / —/ Vg
80 uL Mz, WA H <D £ THERERAE EHELZH 0 IR LT, £ O%REIK
12 1-2-2-2 THOLNEEFRK Z N2 27°C T 30 min UG S H 72,
FOSHE T %, BOSIIR Z 0 RHIB L, 80nl DY =F x—7 L&)z &
KHEHE L, 4ACTULIELHFE - S EZ%R., TEA=AT7 I A3IIBL
FIEZELE I U, EIE 2 OB gE L (1,000 X g, 4°C. 10min),
VIFNz—TNEEEN LT, ZOBREEZ2EEVIEL, HohY =T
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T—TNVEE A CTFTr—F ) —Z R L —¥ =R\ CEE S E=, HFohi
RZ[E ) % 500 ul 7 v 1 RV AZYEME L Crude 9-HpODE & L 72, %% 5472 Crude
9-HpODE ¥ D —# &2 LC-TOF-MS/MS {2k L | & DA pl & ffE78 L 7=, LC-TOF-MS/MS
FHILL T OEY Th D,

- LC HE 5k
N7 LC-30AD (ESHERL/ERTHERY)
F— F¥ 7T — : SIL-30AC (EHUfEpTtEid)
BT LA —T 2 CTO-20AC (ESEEBl/ERTAEHL)
VAT ATy hu—F— : CBM-20A (i)
AA F T8V L FOV-20AH, (B iEUfEar iy
A>T 7 L—4H :micrOTOF Control (Bruker Daltonics fH#)

- LC &
717 2 Atlantis T3 2.1X100 mm, 3 pm (Waters £L#Y)
BEIE -
Aok (5 nM FEERT =17 L)
B: A%/ —/ (6 ml FHHERYT =17 L)

7o M
min 0 10 15 15. 1 20
B% 70 100 100 70 70

Vi ;0.2 mL/min
N7 LA —T 2 40°C

- S Z&f
MS : micrOTOFQII-TAG (Bruker Daltonics fH)
Capillary : 5500 V
Nebulizer : 1.6 bar
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Dry Gas : 8.0 L/min

Dry Temp : 200°C

Collision Energy : 20.0 eV
Collision RF : 230.0 Vpp
Transfer Time : 50. 0 ps

Pre Plus Storage : 8.0 ps

Precursor ion : m/z 335 [M+Na]”

1-2-2-4 5-LOX {2 & % 9-HpODE MxP finfkogas

91 HiCMESL L7 F k&S LT, 9-HpODE MxP fHIMADREHRLI 21T - 7=,
1-2-2-3 T 54172 Crude 9-HpODE 47 mg % 31 mL O 7 & F = b U VIZIRfE S+
72 (1.5 mg/mL), 31 pmol ® PPTS B XT3 mL D MxP # /%, K ET1 hr K&
ST, ROGTHE 30mL DKEZMZFUS 251 ST, RN Z 30%A % ) —)b
TAik S 7= Sep—Pak Vac 12 ce (2 g) C18 cartridge IZffiL7=, T L%
30% A X ) —VTUER. AKX/ —)LC 9-HpODE MxP IR % & de iR A 4y
ERH ST, IEHIREZEN - B L7=0b, 25 nl O 70% A X J — VAR
L7, 43BUHPLC % FvNT. 9-HpODE MxP fIANfAD v°— 27 Z[BIL L7z, 43 HL HPLC
FMHFILL T O®BY Th D,

- LC Rk
R 7 LC-6AD (B ERT A
BT LA —T 2 CTO-10A (ST
VAT Ay hr—F— : SCL-10A vp (EHB/ERTHEHL)
MH#R © SPD-20A (SR fERTALRL)
A 7 7 L—% : TATROCORDER TC-21 (3 AT IA o AL A 2 )
- LC &1
717 I Wakosil-II 5C18 RS-Prep, 5 pm, 20 X 250 mm; (Fo#lisrtad)
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BEH : A% ) —/1//Kk=100/40 (5 mM FERET > E=17 L)
FEi : 10.0 mL/min

BT LA =T 40C

W 234 nm

[FIY U 72350k & ERCRARIZ Sep—Pak Vac 12 cc (2 g) C18 cartridge ChHL
2TV, &b @Al 9-HpODE MxP 1A% 1 mL 7 v vk /L MIER S
7=

1-2-2-5 T Y W VER{LIZ X B 13-HpODE MxP AF4Ak & 9-HpODE MxP £+fin4Ak o 5L

lgDY ) —)VERAF NI AT )V =77 AaNTHEBIRIZL, 400CT24h
Z VIR &, 13-HpODE A F /L= 25 )L (13-HpODE Me) 35 L OF 9-HpODE *
FNT ATV (9-HpODE Me) % Z Lot at3ic. 13 Davizig{td4 10 L &
AT IR L EHPLC I L 72 LCHE I 1-2-2-4 LRI U b 0 & VW=,
Sy EUHPLC SHIZBA T 0@ Y Th 5 [44],

- LC &M
775 2 ¢ SILICA, 10 mmI.D. X250 mm, 5 pm (SHISEIDO #-#1)
BEH : ~FY /4 Y7 rs ) —1=100/0.3
Pk 0 10 mL/min
BT LA —T 2 40C
I 0 234 nm

13-HpODE Me & 9-HpODE Me \ZHRY 4% ' — 2 Z R 2 124 L, 4Bk %z v —
Z Y —TN\RL—Z =Tzl &7 (4C), 5547z 13-HpODE Me & 9-HpODE Me
DOt Fa~vFF v FEZ 1-2-2-4 L [AARIZ MxP TPRi#E L. Sep—Pak Z H\WTHg
H4 1L, Crude 72 13-HpODE Me MxP f/0f&Fs L O 9-HpODE Me MxP fIN{A %4572,

FEWNTT L H U SR C 13-HpODE Me MxP ffil{A & 9-HpODE Me MxP fFhnf&od
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fft. 217 > 72 [49], 13-HpODE Me MxP f/i1{4 & 9-HpODE Me MxP {4 1{A % 0. 8 mg/mL
272 KD AH ) — VTR L, Z 212 0. 04 5 & D 33% KOH KA % %
720 IRATZE A0°COMEEMIC AR 1.5 hr BUG S H 72, MOSHTE L OS5 #E O
R D—H % UV-HPLC fi#HTICHE L, BUG DOHEAR BE A MR8 L 72, UV-HPLC Zef1% LA
Tom\Ey ThDH,

- LC HE 5k
N7 LC-30AD (ESHERL/ERTHERY)
F— r¥ 7T — : SIL-30AC (iEHERTAEER)
BT LA —T 2 1 CTO-20AC (ESEEfl/ERTHEHL)
VAT Ay hr—F— : CBM-20A (BRI AHL)
R #R 0 SPD-20A (&L fEATALAL)
A7 7 L —% :micrOTOF Control (Bruker Daltonics fHfl)

- LC &1
715 A : Chromolith Fast Gradient RP-18e, 2.0 X 50 mm (Merck #f)
BEIE -
Ak (5 mM FEERYT U E=1D L)
B: A%/ —/ (656 mM W27 & =7 )

7o vx M
min 0 3 10 12 12. 1 15
B% 50 50 80 100 50 50

ViE ;1.0 mL/min
N T LHA—T 2 40°C
WE ;234 nm

fbi% . SEDKENMZ . Sep-Pak Vac 12 cc (2 g) C18 cartridge Z AT
TR EH AT > T2, IR A B L2k, BEHIZE D 70% X Z /) — /VITER
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iR UTe, W UTet o 7V Z2 4y B HPLC ik L. 424 13-HpODE MxP &
9-HpODE MxP {ZFHY 9% &°— 27 Z[EIN L7=, /2 HUHPLC 1% 1-2-2-4 & [AERDG1F
iz, #5547 13-HpODE MxP A9 iAs, 9-HpODE MxP fPIMAIZZZ41 1 mL
Y/ B=0= 8 Y N7~ AP

1-2-2-6 fEiBEE Fu~L4 % K& LysoPC DA R

1-2-2-4 & 1-2-2-5 THLNIZMENiEE b R ~UL 4% 2 R MxP A IHA & LysoPC
DERAEIT 72 [45], BEERLD LLT7 VAL TH L7 10 mg O
9-HpODE MxP f+{A& & 8. 42 mg @ LysoPC (16 : 0) &, 2 D07 7 A2 TREED
¥, B—F Y= NRL—F =Tl L7z, VEOXVEUEMA, Eolok
HERILMEET, ZOLPWERIEEZ 3EHY IR L%, EHICT7 T A aEx T AR
L—%—"T30 min 5| L, ERICHEIE, i, ZOBRELRE, 77 2=
W &2 BT OKy LS E720N KD, 7T RAaNHEERT A TEBR LI,
EFLI T T, 20.2 mg D N, N —dicyclohexylcarbodiimide & 5.72 mg
dimethylaminopyridine Z/zx . EHICELF 2T —>—7 A 3A THOliK L
fe7muaiR)V 674 yL Z A Te, BHRFBE LA TY 7 A ailiez L, Hil
T24 hr LN OROS ST, FOSHE T, 1-1-2-3 L [AERIC Sep-Pak Vac
6 cc (1 g) NH, cartridge & VN THPEE A 24TV, 43 B HPLC - [EFRHh Y (1-1-2-3
HZM) (2 XD PCOOMxP DFFHRLIZ1T > 7=, 723 13-HpODE MxP fHAIARIZ DN T b |
L RIRROEIEEIT o 72,

1-2-2-7 PCOOH DFAE

ARk LTS B 7z PCOOMP 1% 1-1-3-3 D HEICHE- T, B Rt dv R
Z P L7z, 4yEUHPLC » Foleh fifitt (1-1-2-3 BHZMR) 12 X Y 15 54072 PCOOH %
MS B L ONLC-MS it icfit Lz, E£72, UV riERE (1-1-2-2 M) ITXVRE
REZIT ST,
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1-2-3 fER LB
1-2-3-1 ¥ ¥ HA £ 5-LOX {Z & % 9-HpODE MxP {1k 3R

5-LOX (IEMEDME S | mfli 2 DIEMEDIEF ISR L E R T . AWFFETII D v A
AEDD 5-L0X 9% Z L2 L7248, 501, 5-LOX D¢ pH SEEYECTH 5 7=
B, JEMGERIZE 5 LTH 2 /WRIC L TEN S RTIER S22, FimiE Al
L LC Tween 20 ZfifH L7=#i5 & 5 5 A3 [50], @7 Tween 20 1IRESR % KIE
SHLHZEB1], BRENEHELNZ LD, RIETIEHRA Lghotz, U/ —L
DY ¥ 77 A E 5-LOX Rt % LC-MS o#ricfi L= & 2 A, 9-HpODE 23 FF{EnIZ
AL TS Z EPHERTE - (Fig. 1-4), 13-HpODE & O /T & T
es, H1IEHITHIR~_72 L 91T, BERPUSITE 5 LTHEEM ETIT 5 MER
HHTD, REME T CHEERBGEMEZILE L LTI U ANBENREATLE
STEEXBLND,

5472 9-HpODE Dt R~y NEAZR#ET D720, & 1 Hi T &S
W HEZIGH L TMP ERISE 7, L L, BigOSGE. 7 raki A
HCRIS ZAT 2 7otk OVRBEBE BB IERICHEECH o 72720, USEEICIE T &
F=hrUvZHWo, VUNEEEFIUCL 7' b= U VORRHIERT ML DMK
5772 PPTS IRE AR U, £ ENBRIEE & R 72 I Lz, £,
RSN K 2N Z ODS ICIRFFS B Z & T, WIlEHIRZITH) Z LN T,
PR % Sy BUHPLC % WV CovBE - Bl 21T - 72,

1-2-3-2 T Y HVEKIZ X 5 13-HpODE MxP A4k & 9-HpODE MxP £k &L
FERIC L DL CTITAERTE D EMENROENTWDH 2D [43], ZOMD 5
PERIZBIGHBATRE TH 2 T VI NVERKIEE MG LT, — T, 7 VL Ek
BT HRS TR S o & B RREOIRWERLTIETH D720, BlERsy
BN CH o7z, U U IRE ORRETO RIEAHEIIEF ICREETH - 7272
(Data not shown), Z Z TIEIMEMARSEEN LLIRAE S Th 2 NENIE A F /LT A
TNhERNTHES 2 & & Lo [44], BEMRICERRRZINZ 2 2 & ClEpthEn
MO FRE Ch o 7o [62], HBRARECTH 722 L0, B Fr~ULAd %
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¥ RENER TSN D AREENRSH - 7o 7- [42], AEICIEERZ N % 2 HLEH
ROVBIEE A TNV AT NV E NS Z LIz LT,

~FY /A Tak ) =Rk E WD Z LI XY 13-HpODE Me & 9-HpODE Me
DBEAEERT D Z LN TE 7= (Fig. 1-5), F7=. 13-HpODE Me (Z-2OW\Ti
cis—trans MR TH % 13-hydroperxyoctadeca—97, 11£-dienoic acid (Fig.
1-5: Peak 1) & 13-hydroperxyoctadeca-9£, 11F-dienoic acid (Fig. 1-5: Peak
2) DABENTERR S, 9-HpODE Me D t°— 2~ (Fig. 1-5: Peak 3) % cis—trans
FMEIR (9-hydroperxyoctadeca—10£ 12/dienoic acid,
9-hydroperxyoctadeca—10£, 12£-dienoic acid) D/EEN TE R -o722%, #f
FH7ua~ o7 4 —ICLo TRGICHBECE D ENMERTE o, 22
TIEELDTHEMT L2 LI LT, 5BHPLC Z HWTENEFN O B — 7 & [EIY
L. MS/MS Z3#Ticfit L7z & 2 A, ZNENDE R LA ROAMEIZRER
RITITTAT—va LV EHERTHZENTE (Fig. 1-6), 7725 Peak 1
& Peak 27751%88 Da D==— T8 RZHFKT S mz 261 73, Peak 3 15
13140 Da D==— F Zba AZHRT D m/z 209 BHER Sz, bl
13-HpODE Me (Peak 1, 2) & 9-HpODE Me (Peak 3) % 1-2-3-1 &[R] CEREFHCTT
T R= MU AHFTMP EFOESHE, ZNENO MP A Z TR L 72,

23U T, 13-HpODE Me MxP f1{A& & 9-HpODE Me MxP fHI{KR DAl 217 - 7=,
TNAVEETTOR RaobAd v REOSMEITHRE STV ZenAs[53],
RAL ORI EIRICY TNV E B LER S oo o, RELOMIEER XL O
cis—trans BMEALDRE S T2, F 2 CARBIZE CTIISUS S % iy SR IS
40CTITH Z & & Uiz, U0, 1.5 hr IR DO —H8% LC-MS THENT 21T -
2L 2 A, Peak 1~3 ODWTHITBW T, A F /LT X7 LR B lFEEAR ik O
AP TX 72 (Fig. 1-T), DTN trans{bDRBO LN OO, Kk
OFEBERG AR D MS/MS FENT ) Sk b Ra LA v ROFEEALEIZEL3 7
Z DR TE 2 (Fig. 1-8),
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1-2-3-3 13-HpODE MxP. 9-HpODE MxP f1/i{A& & LysoPC DA

W U722k 45 F ¢, 13-HpODE MxP, 9-HpODE MxP & LysoPC (16:0) D&
EAT o T, NEWIEEDY U VIEEICA R SN D &R L7tk 1-1-3-3 DHFIET
PCOOH D AR L OKER AT >7=, Z 2T, 9-HpODE MxP (Peak 3) 7>6H il X
AU7= PCOOH 1% cis—trans ¥VME(R (16:0/9-hydroperxyoctadeca—10£ 12/-dienoyl
PC. 16:0/9-hydroperxyoctadeca—10F, 12/-dienoyl PC) 343 EfE X 7-D T, Rl %
A E A T o 77, LARRIE 16:0/13-hydroperxyoctadeca—97, 11 F~dienoyl PC
(16:0/13-HpODE PC) & 16:0/9-hydroperxyoctadeca—10£, 12/dienoyl PC
(16:0/9-HpODE PC) ZfEHriZ w5 Z & & L7z, 16:0/13-HpODE PC &
16:0/9-HpODE PC % MS fi#ATICHE L7z & Z A, iBEOHEE Y D PCOOH o HA)
IR AAXRYT PGB (Fig. 1-9) [64-56], PCOOH ZERLTE TWH Z &
MHER T E T2,

1-2-4 #E3%

AREITIXY ¥ HA E 5-L0X, 7V HAEbE HWT, E#iE e 13-HpODE,
9-HpODE MRS AT L7z, Z LT, TNHDOENEE e~ L d%y N e
LysoPC IZH L L 4240 PCOOH S {4 (16:0/13-HpODE PC, 16:0/9-HpODE PC)
A L7z, FrlZ, 5-LOX &2 U VIEEICEZIEHN S TH, U VIEEE Fe~L
Fx Y ROLERMPHER TE R o7y, RIBIZKY | BERBTEET LR R
|2 PCOOH #EMAR AR D Z LN FIRE L IR o7, F£72. T VWb E WS
T TEEEDFE LR WEMEEICOWT LR TX 5 2 L AVRENT,

KiEZ MO FRICBISHT 2 Z & T, 7 7% KA PCOOH <° DHA A4 PCOOH
DERERLFARTE L B2 DN,
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A 100] 9-HpODE
. (m/z 335—195)
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Fig. 1-4 Potato lipoxygenase (5-LOX)-oxidized linoleic acid was analyzed by
LC-TOF-MS/MS. Product ion mass chromatgrum of sodiated linoleic acid

hydroperoxide (m/z 335) (A). Expected fragmentation patterns of 13-HpODE (B)
and 9-HpODE (C).
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Fig. 1-5 Linoleic acid methyl ester oxidized by radical oxidation, and resulted
HpODE methyl ester positional isomers were purified by semi-preparative HPLC
(234 nm). Peak 1, 2, and 3 show 13-hydroperoxyoctadeca-9Z, 11E-dienoic acid
methyl ester, 13-hydroperoxyoctadeca-9E, 11E-dienoic acid methyl ester, and
mixture of 9-hydroperoxyoctadeca-10E, 12Z-dienoic acid methyl ester and
9-hydroperoxyoctadeca-10E, 12E-dienoic acid methyl ester, respectively.
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Fig. 1-6 Purified 13-HpODE methyl ester isomers were analyzed by TOF-MS/MS in
positive ESI mode. Product ion mass spectra of sodiated 13-HpODE methyl ester
(13-hydroperoxyoctadeca-9Z, 11E-dienoic acid methyl ester (A) and
13-hydroperoxyoctadeca-9E, 11E-dienoic acid methyl ester (B)). Expected
fragmentation pattern of 13-HpODE methyl ester (C).
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Fig. 1-7 Mixture of 9-hydroperoxyoctadeca-10E, 12Z-dienoic acid methyl ester and
9-hydroperoxyoctadeca-10E, 12E-dienoic acid methyl ester was analyzed by
TOF-MS/MS in positive ESI mode. Product ion mass spectra of sodiated 9-HpODE
methyl ester (m/z 349) (A). Expected fragmentation patterns of 13-HpODE methyl
ester (B).
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Fig. 1-8 Methyl ester hydroperoxide isomers (Peak 1, 2, and 3) protected by MxP
were saponified in base solution, and the portion was analyzed by UV-HPLC (234
nm) before (A) and after (B) saponification.
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Fig. 1-9 Saponified HpODE methyl ester MxP adducts were purified by preparative
HPLC, and the samples were analyzed by TOF-MS/MS in positive ESI mode.
Product ion mass spectra of sodiated HpODE MxP  adducts
(13-hydroperoxyoctadeca-9Z, 11E-dienoic acid MxP adduct (A) and
13-hydroperoxyoctadeca-9E, 11E-dienoic acid MxP adduct and mixture of
9-hydroperoxyoctadeca-10E, 12Z-dienoic acid MxP adduct and
9-hydroperoxyoctadeca-10E, 12E-dienoic acid MxP adduct (C)). Expected
fragmentation patterns of 13-HpODE MxP adduct (D) and 9-HpODE MxP adduct.
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Fig. 1-10 Q1 mass spectra of synthesized PCOOH in positive ESI mode.
16:0/13-HpODE PC (A) and 16:0/9-HpODE PC (B).
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BIE /IE

PCOOH & MxP OIS D BE O Bl FEW) £ 1 D R A3 SO 52 O fil it (PPTS) J 8
EV UVIRBEREOMAGOE THLZ EZWALNITHIENTE T, 22
O DRSS KRBT 52 &2k, K0 &EIERIT (30~40%) . 7 2O&E
L T PCOOH ZFR#9 5 Z L WH[Ee & 7o o7z,

Vx A ENDEEE (5-L0X) Afhi L. Zhad ATt 9-HpODE MxP f+F
IERZFEEL7-, £72V ) — A FILT AT L0 T 2 H V{5 13-HpODE
MxP £ 5014 & 9-HpODE MxP fHANAZFREL L7, Zh & ONENIEE% Lyso U U IFE
~ART D Z LT BEENMBE 12 < V) PCOOH MR &R ATRE TH 5 Z & M3k
RTE T, ETENBOBRTEZICNT 52 8T, WTNORMEARSFRET
DRtk E RH LT,
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# 23 LC-MS/MS % F\ 7= 4 44 PCOOH sy ATk DHEST

B

E

HINTE 7z, LAL, ELISA IR HIR A LE L T2 51ETh 5, T7b
L, W IR IS N IER I TR Y . R RBIE E OB L MNETH D
cH, IO EFTZICHEBITE PR EER LR id e 6720, £, UV
gy, o (234 nm) 2T 225, MO o~
FY w7 ARG & @RE - @RISR T 5 2 LIIER ICREECTh 5,

Miyazawa &1L/ —L b 7 v b C 2ROV (CL) -HPLC
ZPH%E L. M PCOOH Z mi@RAVICHHH L7 2 & 2 i L72 (23, 24], 2O
TIENEFR HPLC Z VT PCOOH DRI SHAR i ik o> TR 4 i 40 72\ Vi PCOOH 0D 7
IToTW5, ZO%, @ARMAE [25,26], T/ A ~—J" [68] Lo TfiihE
Tif.H1 o PCOOH N EfETodh o722 L6 AR PCOOH @ L V) 5l 72 /A I Bl
MFFIZD K D720 I AE TSN B O TF 3G S 2 H &4 (LC-MS,
LC-MS/MS) Z MW EBENHE S T& T4 [55, 56, 591,

L2 L, AR o PCOOH #i T RH b ST SN 572 160,611, ZE L TER
T2 2 EIFIEFICHEETH D, PCOOH IFAEEMITIL Z < EIZ LMFE L g
D, GHHEONY F—2 g VREBETH D, LC-MS/MS « MRM & — RIXFREA I D
ERITIZIEF TR 2 I7ETH D0, WBLIEE O X 5 7o dEH & MELE -
T A G Y TP IAFT D56 T35 MRM ORI SOt L 72 %,
SHICHESN T~ NY v 7 AR L V) EREEARLEICSETCLE I
AOBRENEL DT, ~ MU v 7 ZROFHN bR ERITIIAAIRTH D
[62-67],

ERENRNLECR DD ) —DOREARHEB & LT, MHEEICHT HIRE
E RE~LA XY RORZEENZET 55 (42,69, 70], #ENICE Rr LA
¥ ¥ REDOEE—IEERE S OMREET 2L X — I ZHS 2K < (30~40 keal/mol) .
IR LLTUMEE TH DN, Wi~ EEAEERE CHIIE M L L&
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2 TEWH[63], B Fa~vd¥y RICEELE KT T(LEW & Ol z kT
HAVIUE, PCOOH 1% E L THIH CE 5 L& % 7,

ZIZ T, ARETEH NS OMEL MR L, (i PCOOH SEMAR D KEH & ik
BT EEME L,
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% 1 #i PCOOH EHMEAHT DT D LC-MS/MS &4 Dikat
2-1-1 HKY

AR TR OER T DB W TEEST (MS) 1T FIETH
D EFEBRBIEEOSHTICO MS WO ND KO IZR>TE TS, 2T
% Multiple Reaction Monitering (MRM) &— FIZFEHE @ BRINAY « SRE 7245
HiETH D, MM E— Fi&, HESHaNEO Q1 TRIEDA 4 23R L, Q2
TEDA A HFR S, Q3 THAE LT XY M A DR THEEA A
Y DOHEBEIRT D120, (LEMOBERFTHRICEDSWIZEERNTE DL HETH D,
INETICH, MRM E— FZHW 2 PCOOH DEENHRE SN TNDER, ZnbH 0
PCOOH MDERITIT, HEHFRATZ 7 F VN al v (m/z 184) RBiKEizA 4

(-18 Da) M7 a7 hA A E L THWLRTWA[B5,56], LavL, ERA
IR AT7 7 FoNal) e/ HRENEEITFEET D720 CRER{L PC, E
Re o PC, PC ZIRERLARM e L), mz184 &7 0y hA A& LTHN
DD U CERIREDNE O STV 2220, £/, ik (-18Da) bLIFEEETH 5,
EDIZ, ZnbOTa Xy M ALY U HRE OISR DOREE T A 4 <
BB LT 7=b PCOOH D b R~ 43 o RALE BMAROFRBNIT AR AT HE T
Holz,

Ko TARMIETIZ, & 1 O L 72 B AR5 (16:0/13-HpODE PC,
16:0/9-HpODE PC) % FINT, £ FLMERI R 72 MRM 2 #8528 L. 16:0/13-HpODE
PC & 16:0/9-HpODE PC & 34T T X 5 LC-MS/MS b A 545 = L 2 B & L7=,
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2-1-2 Fik
2-1-2-1 HIER5

PCOOH #1215 | = CHi% L 7= 16:0/13-HpODE PC & 16:0/9-HpODE PC % M
Wiz, ZOMMOFRIKIZE L TIEREEZR IR Y i Bk D & O & iz,

2-1-2-2 PCOOH B AR D MS/MS itk DB EAL.

PCOOH FAMEMRIZ IR A 72 MRM 2 PRS- 5 729 55 1 % Cali#l L 7= 16:0/13-HpODE
PC & 16:0/9-HpODE PC % MS/MS fg#fricfilt L7z, 1 nmol/L A% /—/v (5 mM FEF2
TUoE=ZULL LR I M EFEET N Y U AT T) ICHRE L 72 16:0/13-HpODE
PC. 16:0/9-HpODE PC % & % it 10 pL/min T 4000QTRAP (AB-SCIEX #H#4) |2 %
AVI M T7a—Var iz (AXxy L m/z100-1000), QL A AF
¥ > T 16:0/13-HpODE PC & 16:0/9-HpODE PC D7 U H—H—A F o &k L7-
#%. V7 h7 7 ;Analyst® software (Appliedbiosystems f18)) il

EIZED T ey N A DAF v E GO KL ETo72, 12, 1
SHLTZMRMAZDWT, LC &2 LTA A v Y =AD&t {172, 442 Y —
A DAL D LC RMFTLUUT DY TH 5,

B 0.1 pM 16:0/9-HpODE PC % L < 1% 16:0/9-HpODE PC
BENE . A% 2 —//Kk=9/1"

5ol BERET L= A% LT 0.1 nMEERET R U v A ST
PR 0.2 ml/min

Analyst Fi LER ENTHE W B S 2 15372,
2-1-2-3 PCOOH MK D LC-MS/MS &4 D &1k

2-1-2-2 THEZL L7~ MRM % FHV N T LC-MS/MS Stk A2 HESL U 7-, RE%5 7= HPLC £&
RIZLL T o Th A,
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- LC HE5k
N7 LC-20AD (ESEERL/ERTAERL)
F— h o F T —; SIL-20AC (i BIVERTHH)
BT LA —T 5 CTO-20A (i fEar i)
VAT ATy hr—F— ; SCL-10AVP (iR i)
7 —A7 1w b ; Valco fHl

- LC &A%
517 A : Atlantis T3 2.1X100 mm, 3 um (Waters)
BEIE
A K"
B: A% /) —n"

5 omM R T = A h L IL0. 1 aMERT R U T AE ST

AV AVZESV N S LS

min 0 4 10 17 30 30. 1 35
Bf% 70 90 90 100 100 70 70

Vi ;0.2 mL/min
NI LA —T 2 40°C

- MS/MS A A AbSAF
Curtain gas (CUR) 20
Collision gas (CAD) 7
Ton spray (IS) 5000
Temperature (TEM) 500
Ton source gas 1 (GAS1) 40
Ton source gas 2 (GAS2) 40
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16:0/13-HpODE PC & 16:0/9-HpODE PC f& H 544

Isomer MRM DP (V) EP (V) CE (V) CXP (V)
16:0/13-HpODE PC ~ 812/541 126 10 59 30
16:0/9-HpODE PC ~ 812/388 126 10 41 16

812/147 126 10 69 6

16:0/HpODE PC
790/184 126 10 47 10

DP: Declustering potential
EP: Entrance potential
CE: Collision energy

CXP: Collision cell exit potential

2-1-3 fRLEBE
2-1-3-1 PCOOH FEM:{RH HH 0D 72 8 D MRM DL

FHEL L 7= 16:0/13-HpODE PC & 16:0/9-HpODE PC O MS/MS fif#r D& HR., =h 2
o7 a b AR M (n/z 790) 2 BHid, BEHIEY o7 a X7 A 42 03 R
H &7 (Fig. 2-1A, B) [55,56], T 725, MHH-H,0]" (m/z772), [M+H-H,0-0]"
(m/z756), Z L CHRATZ 7 FVal »(m/z184) TH Y, 16:0/13-HpODE PC &
16:0/9-HpODEPC D7 T 7 AT —3 g v R Z — N2 R o7, L2
AT, PCOOH % MS Z#ricfit L7z & & 7o b AR & RIERIZT N U o A0
{5 [M+Na] 23 FEBRG SR VIR FE TR 41 5 (Fig. 1-9A, B), £2C, ZOF ~V
U AIAIZER LCAhZE Z A, 16:0/13-HpODE PC & 16:0/9-HpODE PC 75
INFNEE =2 — T aARNETHZ Rl bhotz, T7hbb,
16:0/13-HpODE PC /% 88 Da D == — kT A% T, m/'z 724, 665, & 541 O
TuBy " F AN LT (Fig. 2-10), $FIZ m/z 541 OKEN K G & o
=o— 7 16:0/9-HpODE PC 22 51X 169 Da D= =— b F /b 12 AIZHKT D m/z 388
M &7z (Fig. 2-1D), 16:0/9-HpODE PC D F 11 %' 7 h A A DESE T
16:0/13-HpODE PC DREIZLE~D & IFFITE A > 72, Z4UE 16:0/9-HpODE PC
DI TTAT—=va Pk chsde Kavtxy NiEE U VIRE E#
MHERIZHIWI L CLE 72D, BHOT v —URHLL Rol272OTIEARWD
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mEEBEZ BN, £, MBHEERIZBWTERATZ 7 FUval VICHEKTEH S
T MM Ay (m/z147) [T ST, YL EORER2 S 16:0/13-HpODE
PC OFHIZIX m/z 812 — 541, 16:0/9-HpODE PC DM HIZ X m/z 812 — 388,
% L C# 16:0/HpODE PC OEHITIZ mz 812 — T M+ 52 L & LT,

2-1-3-2 PCOOH BB H D 7= 8 D LC-MS/MS Sefth: DA

MRM 239 7E L 7= DT, Z D MRM & FV % HPLC 4% Fit L 7=, PCOOH @ LC-MS
ST A 2 Y — AWNE OFEAT Na” D BE M 2T 5 2 LN ahoTe,
bbb, BEMHICERT =0 L% 5B EIF T 16:0/13-HpODE PC &
16:0/9-HpODE PC Do3#r&4T>72 & Z A, PCOOH D7 L 1 —H—A A 2T HT
IR L Na AR C D o T gD EICZ DN ER T2 Z L2330
Moz (Fig. 2-2A, B), Na"|LHIZA A Y — AR HPLC SN 72 b 717
ELTEY, ZNEZERICWV RS ZEIIRAETH D, Lo TAME TIE
BahtaIc D EDO Na® (0. 1 mM FFEE) R U 7 A) ZUINL, PCOOH DA A2 & F
T, Na"fHhfl (m/z 812) 2N S5 Z iz L7z (Fig. 2-2C, D) [72], —#i%
I E B IR TR TH 2 Na ORIz Th 5, =2 T, I
THNa " BEHWOT IO EI Tl 2 A, ML E Na"‘IZZ7u~ b
7 5 BRI S 72 D IEHT 2 Y VIRE (MU v 7 Z{EEY) EICHET
HZ ENDIoT- (Data not shown), T 72bH, TEXBHRY PCOOH ZfthdfbE
W& 3B S EAUX IRINT 5 Na A H 32 L A3 TE 72T (0. 1 mM) . PCOOH
OEFFREMZ B L2 17 nin 1295 Z LI LTz, 2 O CHEHE T I X O 5
P OMRE T AR L THIzE A, R EIR T2 EXA o T, HEks
M OBME, £ 400 3o TV OEFSPTNRFRFETH D Z LN oT-, £z, il
AL —F—L DA T F U RAET2IR, LERS Ot Lnb
N T,

RESL X 7= LC-MS/MS 443 JLONMRM (16:0/9-HpODE PC; m/z 812 — 541,
16:0/9-HpODE PC; m/z 812 — 388, # 16:0/HpODE PC; m/z 812 — 147) %
WCRERR Z B L=, W9 o PCOOH EMEARIZIBWTH 0.01~10 pmol O#i
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PHC BAF /R ERED S S 7= (Fig. 2-3A, B). MiHUREIX m/z 812541 D3 b
E< . mHBEBRIX 1 fmol/injection 725 7=,

2-1-4 &R
ARHFZE CRESFE S 7= 8B MRM (/2 812/541, 812/388) iTilmE Il Sz Z &
I$72<, B Fa~vAx v R Y 2 — Vo 13-, 9-(LIZHEA LT 2 BPER
DI EINNRHT 5 Z LN TE T, Flo, m2812/147 I3k R ~ULAF v
R OALE B & KB 16:0/HpODE PC & L TRt T& 72,
RGO R 1T EOWEE & FRE) S LTTNL ETh o7z
(55, 56,591, Aiki% PCOOH % e « @RI E R T X, /D PCOOH A
DIEEFMEFFD DICIHEF AN =NV Thd EEZ BT,
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Fig. 2-1 The product ion mass spectra of protonated PCOOH (m/z 790 [M+H]") for
16:0/13-HpODE PC (A) and 16:0/9-HpODE PC (B), and sodiated PCOOH (m/z 812
[M+Na]") for 16:0/13-HpODE PC (C) and 16:0/9-HpODE PC (D). Standard
PCOOH (1 nmol 16:0/13-HpODE PC or 16:0/9-HpODE PC/mL methanol) were
infused directly into an MS/MS system at a flow rate of 10 pL/min.
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Fig. 2-2 MRM chromatograms of standard PCOOH (16:0/13-HpODE PC or
16:0/9-HpODE PC). 16:0/13-HpODE PC (1 pmol) was analyzed with MRM (m/z
812/541, and 812/147) (A), whereas 16:0/9-HpODE PC (1 pmol) was analyzed with
MRM (812/388, and 812/147) (B). Inserted figures show Q1 mass spectra of
PCOOH detected at 17.5 (A), 17.4 (B).
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Fig. 2-3 Calibration curves of reference PCOOH (16:0/13-HpODE PC (A) or
16:0/9-HpODE PC (B)). Different amounts of PCOOH (0.01-10 pmol) were
analyzed by LC-MS/MS MRM (m/z 812/541 812/388, and 812/147) under optimal
conditions.
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% 2 8 %A 5 D PCOOH BURGRER L MS DA F %Ly ¥ a v OFHM

2-2-1 A

HL<MBIEEE Rt %y FOZEEIZOWTEZ S HEmIh T/,
JREE R vy Ridfg(42] 0@ 8 [69], B70] 72 E Dk~ RRRTES
RS ID Z ERMESIN TS, TOTHERY T )5 PCOOH it
HHZIWTH PCOOH D4R S AL, FEERICAR PCOOH D H R & il &
NTW5[60,61], LrL, & Rue bt %y FEEERITSERE Tt <IcE
N5 HOTIEARW=D[63], I HIZAEERP DM L DILEMDOFEIZ L - T
DIRINTND EEZ BN, £ 2 CAREITIEL, fiERICIIT 5 PCOOH 4fiF
DFERZH ST D & &b, RO if 4 Rk T & 2 &2 5T 5
NP D e

T NS SHTICBIT DB RERICIX, DT O¥ERA A AL e THE
T 5 [62-68], 72 EOMPRY T THIUE, A 4 U FIZB N T
A FAbEND, L, AR 7T LCERIZB W TH HRREDOSREX T
e LTH, AAVTICIZBERUEED & & HICE < OIS T3 TL b,
FRZZEDOFIMALEM DN BHEE LD BIX 5N b T 0H D TH
D86, BRMEEMOA T AUIERESHEINDLZLICRD (v hY v R
R AF YT Lyvay), £bxb, VUREIEIA AT Loy (A4
YH T Ly varEGIERITIAEY) L LTRENRIEEMHETHD, £D

WERIL Y VB D X 5 RTRERS DS OBICIZZE OO Y VEE & D

TBEDRRAI R 70D, —WRICA AT Ly v a U DEGEEZIIER X N i,
AL, AEYERINES HPLC RIFOE DR HWH D, R /3 7 EIEEIG T &
DALEMNROENTEY . UV UREICERE CTH D, - mRiEimmbisg
D K9 BRSO HTIITE#IS TE 3, Fio, EHERINEILY v T VB R
BT oD, AENIERA Leholz, 1 8B W CBEIFRICIRINT 5 Na©
B2 O T 729, PCOOH & ZDMD~ Y v 7 Z{bEWITHEKRRIZHBES S Tk
Wie, Ko T, AEITIEE 1 HiCHSL L7z HPLC &z~ b U v 7 A2hR G B K
LT s2 L& Lz,
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2-2-2 Fik

2-2-2-1 A3Ep5y

PCOOH #1135 1 2 CFl#d L7- 16:0/13-HpODE PC & 16:0/9-HpODE PC % ]
Wiz, ZOMMOFRIKIZE L TIEREEZR IR Y i Bk D & O & iz,

2-2-2-2 IM#EDEIR

MY REOFADMIK Z iz, 34 OREETAE (24 £ 2 5%) 22D~
YU BRI (10 mL) 247V, EO50EE (1,000 X g, 10 min, 4°C) (XY
AGz, ZNODMEEZED, LI TRINEIGRERIZ V-,

2-2-2-3 Ifi #f PCOOH FhHiIEDRET
147> & > PCOOH VL Z Mgt~ 5 72, M4 PCOOH 25 (120 pmol
16:0/13-HpODE PC/10 pl. A & 7 —/L) ZRINL ., kfkx 72 S N it 217
o7, MHEHIFLUL TO®mY THhbH (FlHHAF—L4 : Fig. 2-4),
Step 1:M8E(0.3 ml) & 0.3 ml ¢ 0-5. 0% KC1 /KIFIE TR L7,
Step 2: AR L72IAEIZ 2.4l 7 m ARV L/ A% ) —)L (111 or 211,
v/v) Z A, 5min fEHR L7, w0t 21T - 72 (1,000 X g,
20 min, -20~4°C), fEE/E (Th) ZhloREBREIZEIRL, 7%
S7oKfE & HEEIC Folch B FEa Nz [38], FREEHIH 21T
S>7, HEE (B min) - mOHE (1,000 X g, 20 min, -20~4°C),
ZOTNEEIRDOTEEGOE, 5FOIHIEFE® 2L D%
FIROEEIZHND 2, & L <X Folch #ia @ T
ST%, NEZROBAEITH W,
F7o. FEREICAHIR L72MmIEC 2.4 ml IS B RV A/ AR ) —
b (1:2, v/v) B LT 100%A %/ —/v&ANZ, b min iE#R L7
%, mOSEEEZITo7- (1,000 X g, 20 min, 4°C), Li&#5
OFRBREIZEUL L, o T2bBIC 7 ma iRV b/ A K ) —)L /K
(4:8:30r 0:4:1, v/v) ZIN A, HERME 21T 72, ¥ (6 min)

U AZAT
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O (1,000 X g, 20 min, 4°C). EiEZZ%ED BiEE ALY
77

Step 3:15 DAV KRIRE /) % 3 0T/ R L— & — CHE[E L7,

Step 4:HzlE L7fREME® %A 0.24 nL O 7 v a iRV h/A Y T asR ) —
Jvo(2:1, v/V)IZIEfRSH, Sep-Pak Vac 1 cc (100 mg) NH,
cartridge THAIT>7-, 1.5mL 7 v akR/LL/A Y 7R
J—=v (2:1, v/V)TCaryT4va=y T T2 0T LRE
M 40 pL A e — R L, 1.5 nL Zrak/Lh/ A Y Fasy
—/L (211, v/v) CUHEHE Lo, WaiEfk, 1.5ml AKX J—/LTVY
VIREm gy R S, WA E LT R L— 2 — T[]
L7, 0.2 mL DA X ) — V¥R LT-

Step b: 5 b2 MEEE /D 5 B, 10 pL % LC-MS/MS Z3Ar i it
L7z, LC-MS/MS 1355 2 B85 1 fi CHESZ L= b D& A=,

LRI R0 Hhi ek 2 efifb LTz, Feiifb S iivE O EfE & 237 2
7=, PCOOH 2§, (120 pmol 16:0/13-HpODE PC/10 pl. A # / —/\) % [3 Step 1
~5 DWT TN LI 21T o 7o, filiti# o LC-MS/MS 3T 2470y, =2 b
H—/L (FBEAIRN) & DOHHRIC &0 IINENN R 2 B LT,

2-2-2-4 A XU YTy a rOKRE

RARNT DA T a—V 3 EERACTADHED~ N v 7 ZFE0O4
BEAFE L=y RA NI T LA T a—VaiElid, RANIT L (A4
YV —ADERHD) N6, PSR ORES 2 A VY27 R L, N—
ATA & ERPO—EICSHTRETHPLC D HMIEY v Ve A P b
+T5)ETH 5 (Fig. 2-5) [63-65,67,68], HPLC S~ b U v 7 A% A2 HF
{EE NN TE TG, N—AT A NI EL RIFTT T2, TOREDA
T M) w7 AREFNT 5, THROLRX—=ZA T A UBRARKOEL B2 EF-
FTHEA AN RARA R BYTHREA AT Ly va b
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%, AHEiTIE 16:0/13-HpODE PC & 16:0/9-HpODE PC KEf &R A N 51 5 A TA v
=27 FL(0.1 pmol 16:0/13-HpODE PC or 16:0/9-HpODE PC/ml A % / —/L)
HPLC {812 & A %2 A > ¥ = 7 b Uiz, LC-MS/MS S35 2 #2575 1 €Tl
ML D& W,

2-2-2-5 FeEtaLE

il R AR 22 TR LT, 2 B ORI ZEIEZATF 2 —T D ¢
BEIZ L o THEER L7z, 3 BEMLL L 1T — Bl @& it 2470, A T
H o T B I EED % Turkey—Kramer D26 B KR E T L=, 1<
P <0.05 ZREIAE L L,

2-2-3 MRLEBE
2-2-3-1 I%%> 5 > PCOOH BN =

552 T 1 HiCfMENL L 72 LC-MS/MS &t -V THliE )~ & 0> PCOOH MsANEI G
BRa1T o7, —RA72IRE OfHIETH 5 Bligh & Dyer [73] CBEHRD ik
(60, 61]1ZHE> THIH 2R A T= & 2 A, PCOOH 11T & A FIRIXTE einoTz, X
>V 12 PCOOH D4y fity & b s b ORMmH SN TEY . fMHBERIcZEDITE
WENGIREL T LE-T-EE 2 B/ (Data not shown), AHEi Tl PCOOH 4y fiF
DFERZ ST B 7=, MHEIC PCOOH K2 5 Z U LBk & 72 4 Thit 23R
N

147> & 0> PCOOH [RIUX =R Dt H % Fig. 2-6 {2/~ L7z, PCOOH [EIYR|L7 v
WL/ AR ) —)v=1:1, 2:1 (v/v) TREFREIGEHN, —FF T, Z7omiR
WL/ AR )= (1:2) EAX =L 100%CTEHELIIKTFTDZEnbhroTz
(Fig. 2-6A), 7wV L/ A% ) —)L=1:1, 2:1 (v/v) [F/KELIELEEN 2
[ BET 2R THY . —HFTraaFRL A/ AR )= (1:2) L AKX
—/L100%13KE EREEMNEA L TCLE YA TH D, Sbic, & xrnm
BRL=-AZ ) —=1:1, 2:1 (v/v) OFIHAZA TS, LI A X ) —NVDHh%
Mz, 2@EREIERIC, ZJeudR iz iAT2Eoits+sTd, PCOOH
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DIFEAEIIDRLTLE D ZENynoT, TR HDOREREN S, PCOOH [B]IL %
DAR S IXEEEDORBIE RN FIR Tlid7e < o EERT > 7L O KR 4y & OBl X
D PCOOH 3L TWH Z ENRETH D B2 bivie, 7o, IREHMATC
0-1% KC1 THAEAZ AT 5 Z & T, BUCERBOTNITHINT 5 Z L bnol
(Fig. 2-6B), —fXAIITKIBDIEE ZNEEEIIBW T 72012, 1%~d KC1 238
WHALDA[38, 73], 172 KC1 (5%) IXEUNR K TS L 2 &nbhrol, U
KA LR RCHIBAREDIRETS & U VAR IIIEO N Z 101 < 7=, ARIERSHIZK
HEE Sy B L e B X B ND, UL, AMIREEZ A7 L 2122 0
WAL, M DX LRI DOIRE LI RA A offie il LB 5 2 &
25 PCOOH A3 DJF R TIX R & B 2 iz,

HE'E & D Folch Biii @ TOYEEE PCOOH [N % H I 22K T &+ 7= Fig.
2-6C) , —J7 C.PCOOH DRI RITIREIXIT & A PRBE 5 2 720 - 1= (Fig. 2-6D),
b FroLbA Sy RIESIREE TR ZERMLEM TH Y [63], JHEm &
DMtz SIFTHITZE L THIHTE 5 2 &b nolz,

VL EOFER LV . PCOOH D faii Sl 4 LA T D X 9 IZhiE LTz,

1. I 300 pl Z 7K 300 pl THAR,

2. ZuanmR)Lh/ AL ) —) (211, v/v) 2.4 nL ZMz. 5 min K< HEHEL
7o, mO50EE (1,000 X g, 4°C, 20min) (2X Y. FRERE AN L7,

3. ol KBIZFolchBEp T/ aahRL /A% ) — 1.4 nl 2%, 2
min FEPE, E00EE (1,000 X g, 4°C, 20 min) L7=t4. IBEJEZ %D
NeEfg L &bt

4. FREREZEOT AR L—Z =L VRN - E L72%, Zeakirns/A
Y78 ) —)u (2:1) 240 pL \ZFEEME S E T,

5. zumuikR/Lh/A4Y7axR/)— (2:1) 1.bnl Tarsora=rr7L
7= Sep—Pak Vac 1 cc (100 mg) NH, cartridge |ZZ51E & D> 7L 40 pL
Zo—RL7, 720 % 1L.5nL7oalkiLh/A4Y7Tax)—n (2:1)
T L7zt%, PCOOH Z & ekt ) U IEE % 1.5 mL A % / — /L TR SE
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7=,

6. WHYEELT SR L —F —THE L7zk, A%/ —/L 200 pL \ZFHEE
STz,

7. WD 10 pl % LC-MS/MS (2t L7z,

% i Stepl~5 DUV HUAT PCOOH A= 5L ZHn L, 320> PCOOH fliH vk
DEMES 7l L7z (Fig. 2-6E), Step 5 IZWML7T=HE. T 2N EIEN
EMEBIZ S o 7283, WD Step ([ZIRINL T BAFARBICENE DTz,
Stepl~4 TIE & A EBLN2inoT-Z Linh, KR ORLE OFEIZ PCOOH 23>
TR L TND B2 BTz, £/, [FAERIZ 16:0/9-HpODE PC Z i L 7=
5T RAF2[ENLER S H 4072 (Data not shown)

2-2-3-2 ¥ bV v 7 AR O

RANIT AT 2= a EERAWCT, Ao X O0HEO~ K
v I AR OFMET T2 2 A WTILD MRM (m/z812—147, 812—541, 812
—388) IZBWTbHbA AT Lyiay s ZUNVARAY MIRBOLNR-
7= (Fig. 2-7), 8~12 min fHTIZ_X—RA T A V OFEDBOH LD, BFHL
Lyso UV BBEICEAA AT Ly vartEx N, £7-. MIHBELR
My 7 oo R (2-2-3-1 3 Fig. 2-6E Step 5 OIEMINA) D, &
BICbLA AT Ly a U TEL TN E IR T 7,

2-2-4 &R

ABFFEIZ KV PCOOH DHHIZIINE B 5 & KA [ 5y il oD [B]E 7S B 2L T
D Enbirol, iz, WEDOME (60,61, 69] L4 EIDR R KEHE
7772 arDRINTHIERLF R T RO RA A 72 ER GRS LT
%D LBz BTz, AT Tl b S-S T R 72 BN ER (85, 410. 4%)
TLE L THHSE PCOOH 2 C&E TH Y. ZORMREEMIT D L 9IRS HHE
WICBWTCA AT T Ly g IiBdbinznol,
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fillZ & PCOOH 1325 < DERKITHfET 5 Z & H3fifgsd S 417z, PCOOH % HPLC T4y
WD, XA TARETHL A= REZHNLR, Zhbiflibi
HAMHANZ Lo TH STz, FFicv UV a AcEMm L4 o — %
OfFF L 7245412 PCOOH IXBHZE 1T /iR ST,

F 7o IINENGERERIZ 3T, PCOOH AR At A2 KIZM A CTEUX L & 5 & L7eHE,
PCOOH IFIZ & A EEITE RN 0337z, LA L, W0 RE[E O BRI i,
HERh o % DD NRE R 2 N2 7o G I8 RAFREINRE RS F ORI 2 &b,
PCOOH & Z25q DHEMMANFRIK & & 2 HivTe, MABE B/ OFLE O & = 10 b EAHf
MO INTY TN EGE S B TERO TR GROBRENKRE N0 L%
D LEZLND, TDH, Vo 7 NAOEEIImRT, £72) VEEE
BNV T Ls b PCOOH 2RI 256, Rl O ERTCT S 2O IFE &
Mz L2 ENLELWE-DbND,
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(Supernatant) (Precipitate)

Folch’s theoretical lower phase
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| ¢om— 5
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*Contentsin parentheses () represents the case of extraction with
CHCI3/MeOH (1:2, v/v) or 100% MeOH

Fig. 2-4 Procedures for the extraction of PCOOH from plasma. Reference PCOOH
(120 pmol 16:0/13-HpODE PC/10 uL methanol) was spiked into the plasma (Step 1),
lipid fraction (Step 2), total lipids (Step 3), dried extract (Step 4), or final aliquot
(Step 5), and PCOOH recovery rates were calculated and evaluated in order to
develop efficient and quantitative extraction procedures.
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Fig. 2-5 Experimental setup for evaluating LC-MS/MS ion suppression
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Fig. 2.6 PCOOH recovery rates from plasma spiked with standard PCOOH
(16:0/13-HpODE PC). PCOOH-spiked plasma (300 uL) was diluted with 300 pL
water and mixed with 2.4 mL chloroform-methanol (1:2 or 2:1, v/v). Lipid fractions
were collected, and the remaining phase was re-extracted with Folch theoretical
lower phase at 4°C. Combined lipid fractions were evaporated and applied to solid
phase extraction followed by LC-MS/MS determination of PCOOH. Also,
PCOOH-spiked plasma (300 pL) was diluted with 300 uL water and mixed with 2.4
mL chloroform-methanol (1:2, v/v) or 100% methanol. Supernatant were collected,
and applied to solid phase extraction followed by LC-MS/MS. A, Recovery of
PCOOH extracted with different solvent ratios (chloroform-methanol (1:2, 1:1, or
2:1, vlv) or 100% methanol). B, Recovery of PCOOH extracted using 300 pL of
different concentrations of KCI (instead of water) and 2.4 mL of solvent
(CHCI3-MeOH, 2:1). C, Recovery of PCOOH in cases of washing (rinsing) the
combined lipid fraction (obtained from extraction conditions using CHCIl3;-MeOH
2:1 and 0% KCI) with Folch theoretical upper phase. D, Recovery of PCOOH
extracted with CHCI3-MeOH 2:1, 0% KCI, and no rinsing at with different
temperatures (25, 4, or -20°C). E, Recovery of PCOOH after addition of PCOOH
standards to different extraction steps (Fig. 2-4). Means without a common letter
differ significantly at P < 0.05.
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Fig. 2-7 MRM chromatograms of PCOOH when the plasma extract (10 pL) was
injected into an LC-MS/MS system in parallel with continuous post-column infusion
of a PCOOH standard solution [0.1 pmol 16:0/13-HpODE PC (A, C) or
16:0/9-HpODE PC (B, D)/mL methanol) at 10 uL/min. MRM conditions were
812/541 (A), 812/388 (B), and 812/147 (C, D).
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E2E /NG

AEETIX PCOOH DFA A 12 Na" (IR Z 5 Z & T, PCOOH DI EH AR I
DOREEBEMPEOND Z EEPALMNT LIz, AWFZETIZY 2 —/LERT 7 PCOOH
ZANWT. ZDOE Fu LA MLERWAR TS % 16:0/13-HpODE PC (m/z 812
—541) & 16:0/9-HpODE PC (m/z812—388) % fE & TE 2 MRM 255 L 7=,
X2, RAKRIY NZHFKT D MR (n/z 812—147) ZH\WHZ LT, #
16:0/HpODE PC & [RIFFICKHN T 5 Z & T&E 7,

F7z, HhHEREICIS T D PCOOH DA AR Y TN h DKEMET Z 7 2 a3
VEHEMT A ENRKRTH DS Z L EZB O L, PCOOH 2% E L THIH TE %
FEAEMEEE LTz, A LC-MS/MS MRM §effds L UM o 7 iz nTA A7
Ly va IR o,

VA EIZ &0 i o> PCOOH MR ZEEITERTE 5 LB b,
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# 3% b o PCOOH EM:REMT
&

[l

BUE, REEMER(L &k 2 2R R & OBEMEIZ DWW TIERICE < OBFERED
H5ILTW 5 [1], 1987 4 Miyazawa &3 PCOOH % & E 0D s R 32
CL-HPLC ZBA% L. #J® Tt FIHIZ PCOOH DIFIEZFIEA L7=, & D%, CL-HPLC
ZAWT, @IRMLE [25,26], 7/ A ~—¥p [68]. HERIK [74] & 512N
i [25] LW o 72 B[R T H o PCOOH 3 B EEIZ /e D Z L 2B LT LT
Too Fio, BIREELFIE 7 X O MR L OSEIREE I35 T PCOOH MAEFET 5
ZL[75], EHIZE MIBWTHENREEALNZIZ PCOOH 23 Shuiz 2 & 3k
HEEXNTWD (76,771, B IMESCHE RIS I SENRAE(LRIE Y 27 2@ 5720
[78-80], Z X 5 7% PCOOH D IMTEARMEALIEIE & 58 < B D & & 2 bz,

TETIE IO OBRG AT 572, LC-MS/MS Z T, 1iLH PCOOH D%y
TR~V TCOREBMENHE S TWD2Y [65,56,59], Tk Z 9\ o 72 JiiEIC
F T PCOOH 2R T2 D0y, ZDJRFDOIRIFITITEIZE > TR0,

ZHZ b, EERNO PCOOH OARKIZIZT Pl viiglk, —EEEERL, R
el 3 SORENE 2 6D [15,20-22], 7 VAL, SMREDO D &

TITHUECIE MR, ERIER72 Ll > T, WERMEDO O & L TiL NADPH
IR —BOL IR, I N R T OEFBERLIVEET LT N
NI SR> TSN bDTHD, —HEBERIIT - EHBRREZ LI L
THHLOTHY, ZHUFEEIRBICH H2BEN NI L > Ttk SN D HEN B
%o WERBRITARDFFOBER (KRR b D & LT, 5-L0X, 12/15-L0X 72 &)
Lo TS bDTHD, LT, Thb 3 DORKIZI > TEKI L
% PCOOH I3MEMilit e Re LA F o REFEE, B Rebd %2 RORKAAE
MERDLEEZOND,

T 725, PCOOH Db R~ LA 3 RALE BIERORGE E&IT, A RN O
FRALNEE AR DI 2 B0 & 272 U, BIREEAL & W o 7o RE D FEIE A T = X LD
R D73 D EB 2 bz,
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AMGEH 1 Tl Fu~YLd % ROFEEAEN L 5 PCOOH FEME(R D &l
FERE S AR U7z, £72. 552 B CIEL LC-MS/MS & VT PCOOH b K a~4L4
X ROMEARET 2 Z ERFHRIC/AR Y, fH PCOOH DFEHE; 70 E B AS AT HE &
Ipolo, RETIEZING OB LOOHEE FAWT, fEHE & RE R
JE D1 PCOOH $&:& (16:0/13-HpODE PC, 16:0/9-HpODE PC) > %E E:f#HT %
TV, RELBRILT m B RADBMRICOWTOMAER/L S & L,

3-1-2 Fik

3-1-2-1 RAIERS

PCOOH #1215 | = CHi%L L 7= 16:0/13-HpODE PC & 16:0/9-HpODE PC % M
W, TOMOFEITE] L TIEATREZR R Y i Bk D b D & Hv iz,

3-1-2-2 % AIMEE L EBERE B2 RE DM

fdH NI SRR 2D b D& ATz, 8 4 DdE 24 (Bike 4. 4otk
24, 25 £ 2 %) MHA/SY ALHE U7 g &5 LAy EE (1,000 X g, 10 min,
4C) 2k, miEEHE~,

EEEIRE BARAZRE O ML B ARER KT - N WRE & Olgi & w58 57
JBIRBE L0 TGN TE 7T, SEENAIRO WAL O I AL A B RS > 50%
AT LDEBEFEOMEL AN (B4, M3 4. 69 = 115,

3-1-2-3 I8+ PCOOH D LC-MS/MS 4347
M E PCOOH FhHIL S 2 B0 2 8 CeST L7- FiE& W i=, £7-. PCOOH D43#T

WIS 2 B0 1 B CRESE L 7= MRM 38 X OV LC-MS/MS &8 FHV N -,

3-1-2-4 ¥EEHLE
2-2-2-5 L [RIERIZAT - T2,
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3-1-3 fER L EE
3-1-3-1 & bl PCOOH 2 {4 BE AT

i 16:0/13-HpODE PC & 16:0/9-HpODE PC, 16:0/HpODE PC #a & DfEHT %
Tolz& 2 A, b MR W Tl BMEROFEEZ GR35 2 L N Tx 7 (Fig.
3-1), F7=. 16:0/9-HpODE PC |X cis—trans ®IVEKTH D
16:0/9-hydroperxyoctadeca—10£, 12/dienoyl PC &
16:0/9-hydroperxyoctadeca—10Z 12£-dienoyl PC DiyBE R CT& 7=, HF 1%
THH L7~ 16:0/13-HpODE PC, 16:0/9-HpODE PC #E L2 W CEREBZIT-T- &
Z A, R A OMmEET 16:0/13-HpODE PC (m/z812/541), 16:0/9-HpODE PC (m/z
812/388) IEEEIZFNZFH 36.1 £ 11.5 pmol/mL (means += SD) & 33.1 *+ 10.2
pmol/mL Td -7z (Table 1), F7-#2 16:0/HpODE PC (m/z 812/147) 1% 72.3 =+
23.5 pmol/mL & 72V . 16:0/13-HpODE PC & 16:0/9-HpODE PC D& ITHA
16:0/HpODE PCIZIFIEF—ET 5 Z &b ote, T ORERIIMD 2 FE Bk R

(16:0/10-HpODE PC & 16:0/12-HpODE PC) 28I AITIZIE & A EFF(E L TR
ZEHERLTED, 32bbilficinW T —EHEEBRIBLIZIZTE A EEZT T
Pt ZEZ2 505 (Fig.2, Table 2),

— R EARH L E# D 16:0/13-HpODE PC, 16:0/9-HpODE PC 3 L O
16:0/HpODE PC &1 XZ 4L F41 52. 4 = 24.6, 45.2 + 18.1, 97.3 & 39.5 pmol/mL
THY ., BEORE L —FH L T[25], WTFhoREERIZI VT E PCOOH 23 %
5L B LT, £ A oMt PCOOH &R U<, 16:0/13-HpODE PC &
16:0/9-HpODE PC OAFHT#8 16:0/HpODE PC IZIFIF—ET 5 Z L ¥bn iz,

AT TIE 16:0/9-HpODE PC O cis—trans BMERDATBENFER TX 72,
% Z T 16:0/9-HpODE PC {254 % 16:0/9-hydroperxyoctadeca—10£, 12/dienoyl
PC DEIGZER I Uizl 2 A IREMRBMEFEICR W TR N~ FEICEE
THH (P<0.01), 5-LOX JEMEALD FIREME DS RIE S 4172 (Table 3), Hartmut
(XENIRAEA LTS R TR DI B BSIZ 5 1F 2 15-LOX DBEF5-& L T,
13-hydroxy-octadecadienoic acid MHMNZHE LT\ % [19], AlEIOHEFIX
Hartmut & OFEHR E 1IN ORERTH 273, WEEERIARIER 3@ & it S v b —
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T, VURBERITMIENICHE £S5 (Thb bl & U NRERITE ORE
MRELS D) L) ZEeRHEIN TS [81], PCOOH FMEE DT
FEIARAEA L D FIE « ERIZOWTHTIZ R AL G5 2200 b LRV,

Alal, NEERHIERFIESIZHB VT PCOOH 2AE £ 5 Z & & 512 PCOOH A
NS 2 FTREME RIE ST, HERE DR mE IR > TWizie s, 4k
IZE O BIBICANTERBRDB VLB T 5, £z, ABIHIE TERdo 720 7-FE,
RYMERGAET D22 LICXD, KVFEMICEEA P LR ERBLEOREREZHL
MIZTEDLEEZERDBILD,

3-1-4 i

WEOHE & —H LT, BEEIC O FEAHHHFES TiX PCOOH R IX
BETH-o7z, £ LT, @FE., BEAHRERFEEVTLoOMEFT TS,
16:0/13-HpODE PC & 16:0/9-HpODE PC D ERED G723 16:0/HpODE PC DA &
IFFE—FH L2 e n, B MLF T —EEBRERBRILIZEL W N EEZ X
Lz, FETIHRBRAEME CTIEH 528, IERERBHRFIES 23\ T PCOOH #
PERDHFENE L TWD AR B 2 bivle, 4EIE 16:0/9-HpODE PC @
cis—trans MR AN HPLC Ty S 7223, 4113 16:0/13-HpODE PC O cis—trans
BNERIZ DN T S 575 - ZAT9 2 LT AEOBEIL A T = X LIZHONWT X
DI TERAG O D &b,
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Fig. 3-1 MRM chromatograms of PCOOH in the plasma of healthy subjects. Plasma

extracts (10 uL) were analyzed by LC-MS/MS MRM (812/541 (A), 812/388 (B), and
812/147 (C)) under optimal conditions.
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TABLE 1 PCOOH (16:0/HpODE PC) concentrations in plasma of healthy subjects
and patients with angiographically significant stenosis

MRM 812/541 812/388 812/147*
pmol/mL
Healthy subjects 72.3+235
36.1+115 33.1+£10.2
n=38 (69.3 £ 23.5)
Patients 97.3+39.5
52.4 £ 24.6 452 +18.1
n=12 (97.6 £42.2)
P value 0.063 0.105 0.127

*Contents in parentheses () represents the sum of 16:0/13-HpODE PC (812/541)
and 16:0/9-HpODE PC (812/388).
Values are means + SD.
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TABLE 2 Individual PCOOH (16:0/HpODE PC) concentrations in plasma of healthy
subjects and patients with angiographically significant stenosis

MRM 812/541 812/388 812/147*
pmol/mL
25.4 22.6 49.8 (48.0)
46.3 41.0 86.4 (87.3)
. 50.5 46.0 103.4 (96.5)
Healthy subjects
n=8 34.7 34.3 67.3 (69.0)
31.9 30.9 66.1 (62.7)
49.3 43.5 102.7 (92.8)
19.0 16.6 38.2 (35.6)
31.9 30.3 64.8 (62.2)
86.9 66.0 138.6 (152.8)
32.9 32.2 64.4 (65.1)
45.5 35.0 90.3 (80.5)
39.0 36.0 77.8 (75.1)
42.8 38.9 87.2 (81.8)
Patients 112.5 84.3 194.6 (196.8)
n=12 49.8 50.1 99.5 (99.9)
67.4 69.4 132.5 (136.8)
33.3 30.2 61.9 (63.6)
43.6 34.9 80.6 (78.6)
32.3 32.9 61.3 (65.2)
42.9 32.8 79.1 (75.6)

*Contents in parentheses () represents the sum of 16:0/13-HpODE PC (812/541)
and 16:0/9-HpODE PC (812/388).
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TABLE 3 Plasma 16:0/9-HpODE PC cis-trans isomers concentration in healthy
subjects and patients with angiographically significant stenosis

16:0/9-hydroperxyoctadeca- 16:0/9-hydroperxyoctadeca-

10E,12Z-dienoyl PC 10E,12E-dienoyl PC
pmol/mL
Healthy subjects
n=8 18.5 £ 5.4 (56.2 £ 4.2%) 146 +£5.3
Patients
n=12 30.0 £ 15.0 (65.1 + 7.9%) 152+4.9
P value 0.0541 (0.0097) 0.7870

*Contents in parentheses () represents the ratio of
16:0/9-hydroperxyoctadeca-10E,12Z-dienoyl PC to 16:0/9-HpODE PC.
Values are means + SD.
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BEIE /E

ARETITR(EA bV ABERA L FE R b OBRELZHA G L LS & L
Too 85 1 B TS L7z PCOOH HEMEMREESL, 36 LUV 2 B CHeSz L 72 LC-MS/MS &
& A PCOOH flHvE A FHWT, 2 Z Tl A & HEE A5 JiE o i = PCOOH
FLEMR (16:0/13-HpODE PC, 16:0/9-HpODE PC) DT %17 -7, EOWE &
—E LT, MEEMRBIAR IS Ot POOOH I3V 4410 PCOOH FMEARIZ SN T
i NI EE D Z RSz, £ LT, 16:0/13-HpODE PC, 16:0/9-HpODE
PC I H R BE L p T N & BRI R FEIZ 50 TR 16:0/HpODE PCIZIFIE—K
LTHY, Mz WT—EHEERBRIZAE U TWRWATREMES RS S s,
St KV FEMZR BRI LM ORRE N T A —F — &g T 5 2 LT, Bk
Z b U ABER A & RE B O BRI OW TR 2 2 AN E 65 2 &8
M-,
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A ERSCO BX i omig{k U S AEE (PCOOH) DOt Fra LA Rff
ERMERZEEICERT S5 & T, B{EA M LR EZNIZEEG T 5 WEBOREMG
IZOWTHTE A Z/LZ & TH D,

H1ETIHE R Ut % K& 2-Methoxypropene DRGSR L O R
AV FF Y ROFASFEORFT 21TV, L0 @EICENDZLEE 7 PCOOH 5 5t i
EaMENL LT, F7o, RN oORRER LS K ONENIEEA F IV AT VDT V0
JVERAE Z AV T, PCOOH ERMEARIE St DFRENE A MESL LTz, 2D D HIEIC KDY
PCOOH D &> & & % ir. {& FME AR i & F B C & 2 AIREME DS RIE S 72,

%5 2 B TIL PCOOH @ Na MR & A A AW 5 Z & T ISHAR I DA% &
HRPEFEONDZ L EZRALNIC LTz, £ LTINZINAH L2 LC-MS/MS % e R
Mm% - & 24 PCOOH (16:0/HpODE PC) @ FMERTdH % 16:0/13-HpODE PC
& 16:0/9-HpODE PC DEHEE RE& L7z, E/o. flifRIzdsir 5 PCOOH
SIRO IR DAY TN OKEERSIZH D Z EEA LN L, ZD50R%
[E36EC & DAL A RS LTz,

B3 BT N LR E A R RER (A B2 >50%) O ifEH 16:0/HpODE
PC BMEARDIRNT 24T - T2, NEEAH R EAEH O M PCOOH 1%\ d°410> PCOOH 52
PERIZOW T H R NICH_EEICR D 2 8, 2 LT, Mz T—EHEE
FRICITEC TV RWATREMEZ R Lz, £70. JWEOERIZH O M iEER b U
Y HRE O BB N AT D ATREME S R ST,

AT T D Ciligb U AR E RO EEE RIS LTz, £ LT, —
HTIxd 50, ARIBEEBBILOIRREZHSNTTH I ENRTE T, A5
Z OOy (7 7% KRB, DHA % PCOOH 72 &) IZHISHNAEETH D,
INOOHEEZRESED LT, FEIERE L IREORRMEZ 10 37
HTEx5 L Bbhd,
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