©
2017 2020

Development of new on-line high sensitive analytical method for advanced
glycation endproducts and its application to multifaceted biological stress
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An in-tube solid-phase microextraction method was optimized and coupled with

LC-MS/MS to develop an automated on-line method for simultaneous analysis of multiple advanced
glycation end products (AGEs). The method was selective and sensitive, and allowed non-invasive
analysis of pg levels of AGEs in urine and hair. We also measured the AGEs content in foods using
LC-MS/MS and found that fermented and heat-processed foods contain relatively high concentrations of
AGEs. In addition, we constructed a model reaction system of glycation between amino acids or
proteins and sugars, analyzed the conditions for AGEs formation, and evaluated the anti-glycation
effects of various food components. The results of this study are expected to lead to the
elucidation of glycation stress factors and to contribute to the diagnosis and prevention of
AGEs-induced diseases.
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1. HERBYFIOLE X

LUl EE ISR DAOPEIRIA ., TEER AR R B, RllE MIE 72 & D AETE BB O G 9= 031
ML TWD, FRZ, BERIFEOAFFIL, [ERAERE - REFA (2014 4F) (28D &, BT 15.5%,
LMET9.8%Th Y, TiEE TEDMADEK 20%I130 & N OFHCH R 22 T\ 5D, FERIE
T, ML A b L ADOTTENMFEGE D EL (B bA L R) RCIEAIHEDS & &7 5 L5
NTHEY, MPHENS ENDEMF DX NI EEEAELTAA T— RKIGEHE Y | ix 7ok
FELPEY) (AGEs) 734:h% L (Goldin et al. Circulation 114 (2006) 597 i) (X1 1), F&fb A kL A%
Lol FESbnTnd, LML, BHbA LR EE{EA F LA EDOREMEIC OV TE 5
IRl STV, BiHIcE £ 5 AGEs DIERCA KRN AGEs DA RRERSIZ L - T, R
RIS TR BIARAEALE, BIEBAE, TV oNA v il EORIE, BEIELIZEND Z L
o (Vistoli etal. Free Radic. Res. 47 (2013) 3 fith) | ZALH OB Z BT - FRIT D7D &M
LR AGEs OHIENEE R L 72> T D, LAl 1EkD AGEs G llEIEIL, ZFEK
JETT LB RRATIEAR <, AGES Z—H O CE W @EfliZex v M EHAH W T X
b, £ Gk u~w N5 T 4 ——F T DERSHT (LC-MSIMS) VEIT EIRE — K4y
MraleTdH B8, HEIZRRTLEAME CEMA 05, —J5. K& YD AGEs Z30tllE+ %
S EE SR SN TWAN, WIEEET-72 0 AGES & & V) . hOE BT L A IhE CIEME
BIEDREEZR 720D B RS E O @ ORI DD BE 72— B o irE OB B RO LT 5,
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A7 CiE R OB EEZ B8t LA »F 2 —7EtE~ 1 7 v hli (SPME) ¥ (Kataoka:
Anal. Bioanal. Chem., 373 (2002) 31; Kataoka & Saito: J. Pharm. Biomed. Anal., 54 (2011) 926 f1) &
LC-MSIMS {£% HWT, #HED AGEs % [RIRFIZ—F 43 B3 2 8 s 2O w8 72 5 i o B ik
etz B E L, BEEA M LA P& BER L7 LU O RREfny, JSHIFE 21T > 72,

(1) A > F =2—7 SPME,/LC-MS/MS |Z X% AGEs 3Tk DBHFE & ARFE T ~D i

(2) BAFIZAERT D AGES @ LC-MSIMS JEIZ X % & &JIE & Z 3 D OIFE/ AR OfiHT

(B) T VEEIXH NI E LWL DR LT T VISIZ X D AGEs DARK & il h 5 D i

(4) LA R L ADF|E 4L 72 DA IR N L REK & o REMEIZB T 2 3

3. HRDOFHE

(1) M ORI

F LITRT AGEs ZtrtG & L, MEE O @i AR EME 2 e, E7-NEREIS) & L
T, WERMBER G E AT, SEEMEIX, A% 7 —VIZEE LT Img/mL & LTk
fFL., FERUK CHlY R MmEICHIR L CTHEMA Lz, £7-. BT 7 L RUSIZ, Glucose (GLU),
Galactose (GAL), Ribose (RIB). Fructose (FRU), Glyoxal (GOX), Methylglyoxal (MGO), Glucosamine
(GLC)DHE¥E & . Lysine (Lys). Arginine (Arg), 7 IiE7T /L7 I /(BSA) . ~E 7 1 £/ (Hb),
AT—=FURR, IVT . DA U BT R VR, BEE . BN EDT I BROE
RO E Wz, AGEs AERINHIEBRIZIZ, EX I C RY 7=/ — AR EHiBbIER 2 F
DEFE S AW, BEIFEBELIZ X LC-MS H & £ DM ORI IT N CREEER L &
Funi-,
(2) & M ONE St

LC-MS/MS s34t 1% Agilent #0E5 /1 1100 > U — A LC & Applied Biosystems o
API-4000 MS/MS Z3EfE L7z AT L% EM Lz, LC &R InertSustain C18 ¥ 7% LC-CN %
SBER T K& LT, ¥lig/ AL —)L (85:15) ZBENHIZH W THEE 0.2 mL/min TH#T L7z,
F7o. B LITRT MSIMS &, ESIKRYT 4 7% — K TMRM #ith, E& L7,



#£1 HMrxtge e L= AGEs & MS/IMS &4t

AGEs Mass transition DP (V) EP (V) CE (V)
Carboxymethyl lysine-d4 (CML-d4) 209.3 — 1344 60 14 20
Carboxymethyl lysine (CML) 205.2 — 130.2 60 14 20
Pyrraline (Pyr) 2553 — 175.1 60 14 20
Pentosidin (Pent) 378.4 — 187.2 40 14 45
Carboxyethyl lysine (CEL) 219.2 — 130.1 60 14 20
Fructosyl-Lys (F-Lys) 291.0 — 843 40 14 30
Arg-pyrimidine (Arg-P) 255.3 — 140.3 50 14 20
Glyoxal hydroimidazolone (G-H1) 215.0 — 100.2 50 14 20
Methylglyoxal hydroimidazolone (MG-H1) 229.2 — 114.3 50 14 20

(3) £ v F 2—7 SPME %

2R T oI, EE60em X x 7V —h T a2t — b T T7—DAf T2V a
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(4) AR OV LR R

AT —LRar ey MZXVFEBEZHRTHEFEART VT 4 T bR, ER, 25157,
PRFBHIRNEY N 8 D5/ 13 A1 U CESEH W, MERIZ Y V7 h&HWTER L, BBAAEL
TESTERE L THW, BEIZNEVINAKS R L C om0 mBE% EEszilet e LTHW,

BAFREHITHIRO L O & v, BN T S 72 o H 25k &2 oI IRk 15 &
., [EARER 15 R 258 OV 30 FREE 2 E L7z, RIASEUEHI AR K T 5~50 {7 R L. R4S
i3 (3000K) L T 572 A% 0.25 mL [ZPNAEHE 0.1 mL & /K& z T4 0.5mL & L, LC-MS/MS
T U7z, EREUEHT., BFHESY L LT 2~5 mg 2= O ICHY . 7KK 10 mL T
REDFA A L, EmOSEEE FEE2 AR 7 I 2alcBLTaE 10mL & L=, Son/-Hh
Hik 0.25 mL ICPNAESE 0.1 mL &K Z Mz TEE05mL & L. LC-MS/MS 23kl & L7z,

(5) & DL DBIE AT & TR AT

O A+ LV ABHER/LVE CEHOIHTIL, Cortisol, Testosterone, dehydroepiandrosterone 72 & % 4y
Wkl LT, 4 v F 2—7 SPME,/LC-MS/MS % (Kataoka et al, Anal. Bioanal. Chem, 405
(2013) 331) T & v MEER L ONEBERE Z o Le, £, EREEOT v r— KL EEp
Nicotine <> Cotinine & & (Kataoka etal, J. Pharm. Biomed. Anal., 156 (2018) 272) 75, 18%/Y
TR BT 1 A A b LR & o BEEME A BT L7,

@ B e 2R E 9 5 1k O i % AGE Reader (Diagnoptics fl, ABhpk4: ChEAN) &
W, ARHFZECRA%E L 7o AGEs JIEYE & el L7,
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(1) 4> F 2—7 SPME,/LC-MS/MS |Z X % AGEs 3 HriEDB%E & AR Hr ~D i H

CML, Pyr. Pent Z5#rxt% & LA > F2—7 SPME &t (v B 7 U —h T LAOFHE, W
N/ B E) kb Li-E 2 A, #HFt L7z GC %+ £ U — D H1 T Carboxen 1006 PLOT
e h &< FUEH40 pL & 200 pl/min OEFE C 25 [AlfguR LA HT 58, R L T
X 72, InertSustainSwiftC18 7 7 L& M\ 5 & &, W DILEM S 4 LN —F3#r T | ESI
RYT 4 7%F— K MRM#HIC XL Y, 0.1—5ng/mL O#iPHCTIER L 72 M ERR IV 6 FE RBER K
0.997 UL b & BHFAREMMEZ R L, pg/mL UL CREIKETEE T2 (£ 2),

AL A T, FEBUE K OIS O R e OFBEZE T IS L7 iR, &0 CH8ik
K ERETE FEMER \Z L _BEE O JR K OFEBEZH I CML <0 Pyr 23 & iz, £ 72 A5,
ARBhik4 Tl L72 AGE Reader 2 W7 /frik & EWFABEME 2R L7= (R?=0.8948)

K2 HEA) T —var

. Linearity (n=18) Precision, RSD (%)
Detection -
AGEs limit (pg/mL) Range Correlation Intra-da Inter-da
P9 (ng/mL) coefficient Y y
CML 9.32 0.1-5.0 0.9974 1.9 10.7
Pyr 0.953 0.1-5.0 0.9985 29 6.6
Pent 5.10 0.1-5.0 0.9996 3.1 4.3

(2) BaTICAERT D AGEs D LC-MS/IMS LI X 25 &HIE & 236 O 5oy A Ot

BRI LR EIRIE D AGEs WFET D72, A ' F 2—7 SPME IEZ AN [
B2 LC-MS/MS JEIC E 0 3T LIRS, hEY—27 bR RiF/7 a~ N7 7 AR5, ng
L~ULD AGES ZHEE LS ERTE, AL DOEINEY 83% L ETHh o7z, 30 FEO A L
BEOHC B L OB TR/ Sh I e @i o AGEs MR S ive (3£ 3), FFiC, CMLIEE
W, A RAZ—Y =X KU, I BELCT —F2 FRSICERERE S, Pyr 1258,
MR 7 —F 2 R Eofth, B L0RIEEIC bR Z < S E TV 2, —J5, Pent W T
OREMMPE LR BHTERWVPBRHBALUL T TH -T2,

* 3 B o AGEs & &
Content,”Mean+SD (ng/mL)

Content,”Mean+SD (ng/g)

AR, CML pyr  pont  AREE CML Pyr  Pent
FA ND* ND ND A2 41410 7410 ND
a—b— 4+0.3 9+0.7 ND a—b—§ ND 48+40 ND
v 73+3.7 80533  ND —F R 619+6.0 ND ND
e —L 37+0.8 144454  ND Hex7—EL K 306250  539+50 ND
HERIMT A > 80+1.8 ND ND 7 apE 153+1.0 124430 ND
A 116+2.8 ND ND HAFT 7 129+4.0 25+20 ND
B SN 50+15  590+22 ND DT Db 173+10  102+1.0 ND
bER4] 100+3.2 ND ND i 689+10 42420 ND
B0 A 193455 21+03 ND Xz 57410 162420 ND
KHE 188+2.9 26+05 ND L X om 76+4.0 41440 ND
R TR 745425 182+20 ND b EW 49+2.0 16+1.0 ND
S LA 3606+193 2226+125 ND TS L ND 1804 ND
i 4766+47 69328  ND TFx w7 ND ND ND
V) — A 16+1.6 ND ND I 444+11 136326 ND
FAAH—I—A  819+28 255+7 ND T 396+22  651+44 ND

*ND: Not detected.

(3) TR VEEETIXH /7 g LB DFHEE T NS & D AGEs D AR & il gh S o figtht

T BREAEDETHEICL D AL T — RS TARKT 5 AGEs % LC-MSIMS 7374 % =
T E VBT T VISR A ESE L. AGES A& BoBE K OV FE &t il 3 D HURE (LA & filghit L 7,

T EREHEL DTGB T, Lys & GLU, GAL, RIB, FRU & OJ&HIZE Y CML
DSEPREEIZAER L, CEL X0 F-Lys 72 E b B S v (M 3A), F7-. Lys & GLC 7» 5 Pyr 23R H
SNz, 5T, Arg & GLU, GAL, RIB, FRU & OISIZE Y Arg-P, G-H1 X° MG-H1 23 H
S, Arg & MGO 726 Arg-P 3t &7z (M 3B), Z4LH D AGEs I3 & THEM LT <
TREEICHEIM U=, F£72, CML X pH BAEWIEEAER LT <, Lys 0 Arg & GLU OB K W
WRIKFT D B bholz, —J, X207 B LB L OIS TIL, BSA), Hb, 27 —74"
TNT v HBA L7 EDH L RIE L GLC & DORUGIZ LV Pent 28 LEGH i E TR S vz
1E7>, BSA & GLU, GAL. RIB, FRU & OF&GIZE D CML = CEL 73, BSARh B A1 > & GLC
EDORONMZ XY Pyr s S e (K 4), £, 7 x VAR EDOIFEEFCH . GLU RIFIN
DA GLU 233 5 &, 5 0ZEEIE 2 L L ThE b L AGEs ARk 23 58 b ivT,
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X4 HEEEAE L DORISIC X D AGEs %

Lys & GLU (1:25) % 80°CT 24 BFMI L CTARKT 5 AGEs # 2> hr—/L b L, KR
B AT IRINT & % AGEs AEREIG 2 bele L HURE AR 2 384f L 72, Vitamin C I CITRIREE T
CML AR &2 | L iR Tl 3 223, Pyr BRI KIEICHNHE S iz, & O, Curcumin <2
Catechin 72 12 & A RNHIZN R AR Bz, £72, Arg & GLU & OUGRIC K 5 AGEs ARk
Curcumin, Catechin, Quercetin ®¥RIIT G-H1, MG-H1 <° Arg-P @A li2s KIBIZHIHI S 472,

(4) BEEA NV ADG| &4 LT DA IR ERA N L AR & ORTEMEIZ RIS 2 ARl

T NRT T 4 TIZBWT, HERP A N U ABEARVE O S & & AGE Reader % VT
BIE LT RS eE v~ & ORI, SR e FBAMEITR D Do T, iz, EIEEET v~
— N T, FEBYEZ OB CZEBEDO B RN WA W T BERICY Nk~ — T —
T# 5 Nicotine X Cotinine 23 1 S +L7223, 2415 @ Nicotine [Zg{L A N L AP A R LA D
PR E L THLNTEY, AGEs £k & O Z 5% ETT 5 TETH S,

[#8E]

AWFTETRIRE L7z odriE 2 -V iuE, JEHE 2 SUR T ALER 2 438 & B9, AGEs % 38R D&
JREE SN T, M LB LE T ARG FRIE AGEs /% - #HITER 22 R T %, %
7= AGEs [X3IERER I AERNCR S FIZAERT D03, KNICERE L7z AGEs O 30% 3 FH
L FOITEY  MAFHELOEE HIH-CHER L E R & ORI 7 & CThM b2 8 2 5 X AGEs
BEREHRBICEN D, 2D OEIE, H LA b L AZER ORI, AGES [IZRIKT 5 HFOZ
Wr« TBA. BEEEORFHEEICEEIRT 2 2 L BHIRFS L, AFZEOFMNN - BB RITRE VD,
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