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R iERE® (EX) High sensitive LC-MS/MS analysis of acylated anthocyanins for
determination in bioanalytical samples
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MFTRREOME (Fn30) © 72 by 7 = 3EN T ES R 2 RT3, T RicENCT <,
FIERE R DWIENR 2N, EENTOEREICOW I ARPARENL N, £ 2T,
LC-MS/MS % F = @ 72 oM 2 BR%E Uiz, AKX 0.05 — 1 pmol O HRAEZ R L.
HPLC @ 100 L EOREE 27~ Uiz, MR 5 1F 70— 140% DRI 2 7R L7223, FFi
RS DEINFRIZ 0% TH Y, UV UNEERCICE DO ENEL D Z EREBENT-,

WFZER R OB (230) : It is well known that anthocyanins show excellent physiological
functions. But it is unclear that anthocyanins play in living organisms, because they
decompose easily in analysis, and there is no method to analyze anthocyanins
high-sensitively in bioanalytical samples. Therefore, high sensitive LC-MS/MS analytical
method of anthocyanins was developed. The limit of detection ranged from 0.05 to 1 pmol,
resulted that the sensitivity was 100 times higher than those of HPLC. The recovery of
anthocyanins from cell medium ranged from 70 to 140%. But the recovery from liver was
0%, suggested the interference by ion suppression as phospholipid and so on.

AR TERE
(BHEHAL : 1)
B DRSS & B

2010 4EJE 800,000 240,000 1,040,000
2011 4% 800,000 240,000 1,040,000
2012 4 600,000 180,000 780,000
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1. WFIERAR LA O 5 LC-MS/MS 72 E DS AEE O K IZ &V %

(1) ERATOT > b7 =0 O - %
I DA FE BN )

BEHAETHLT VT = DA
BEWZRE L Tid% 2 < O#FZEDN in vitro. in
vivo Z b &n Tk, 7o by T =2
NAEENTH S POABERZ2RT 2 &1
BEVD 7R NWEFELEEZEZ LN TS, RKITD

BRBEETT VMY TV OERENTARE L
R0, T NT = DR A~ORIN BN
ARSI T 52 < O HEINT
ECND, fERELT, 7o b T =00
BEOBEWZE > TRIERIIRESERD Z
LT URNYT =R O T TR A R
e LT, RO TR S UK W 23S



NENTWDE (7R A4 KD 1/100~
1/1000), —J. ETMMET v T =
O - WU 2 E L i35 &, A
MR FRES LT I MET Y hy T =0 ®
AR - WU BT A 138 7, L,
INETETINMET o b T =03 FD
FE T E T, FET AR~ Loy fiE
SINTHBITRINE D EEZ BN TUVTZNR,
W OMDT I NWALT v F T =T FED
FEDOETT v bt MZBW TR
LT EBHLMNIIN, TIMET b T
=USOEANEESTETND,

(2) TV T = DNHTE

T T=rohrE LT, T MY
=20%, T CIERS IO - BT 5 2
EMD ., I - R - AT ORI T EENE
T CEOBIENTTION D, W, HEfE, T,
TFA 72 EOFREMWREZ M LT A% ) —v
RT7Er=FU) (MeCN) 72 EREH SN
TW5, HPLC Sl W Tit U VIR OB
A S BAF 72 B A2 s 98, LC-MS <
LC-MS/MS iz WU v ERIEfI T
RNWZ ENBLBEFEE LT 0.1%~0.5%D X
BeE7-1% TFA ZIRINL=A X ) —) /K%
L MeCN,/ AKZDBHWSITWS, TFA 1%
A T AN RIMEN = DI TR E BT,
ERESHTICB W TR SN D,

—J . RIS DT v M7 = O
HIHEEZ LN X 5, T b bMIMEOE
R — B OREA DA T D 2 E RSN
SN, REREHFITIIFE LR WEER N
FTCICMESR WD AREEREER ST
W5, FAVEIZ, fEHESEOIERE IS K o T
EENR > TVARWD L 2MHRT S
ENRBEELRSTETWNS,

(3) 7o " T =D rofE A
TDEHIRTENDL, TN T =UDF
BESHIRS TlER. EbieT7 vk Tr
VR T =TT ENTWRWNWZ En s,
FETINMMET v h T = b b L TSR
BIWSDIN, T N T = N ERE R K
FTZ IRV DORNEETHLILOD, K
IRENDIVIZ S B 5T, AREREL R
ZERAREETHY, [T T =T
Ky xp LLTHBNATWS, —FT, &
JREDHTEN 2N, AREERERO
DR EIZEMFF NS X | fERICRIGEE
BRI DO 120, BIREDHHEDHET
NRO LI TWVD,

2. WHEOHM

FZHDIIT VMU T = BRSO A A
AU ROEL A a2 AT, AR
BB 7 > N7 = (bR L EME
WWERIETEEZEZRFT T S L LI,

LC-MS/MS ZHWTHOGF A 2L FHDT v
T = OfEEIZOWTHRG L TE T, =
DT, HPLC & LC-MS/MS O 5 3 45 it
KOV THRFI L7z & 2 A, HPLC 94 T
HAIND Y vBBEBEME & L2 RICBW
TR nBZ T 0D, LC-MS 4#r
THHAINA X (0.1%) 2BEfHE 5%
WZBWTIE, 7v P T = U iEa 0N 2
D, 3O AITILENST, 2T
Nay RICEBENIES LTI HERL A
a7 IUMET R T =D — 73T
v— ML, =27 @ENBRIUIETT25 2
EMRHBI LT (R 1), o> T, HPLC 234+
WCBWTHT N T = ONMBREZ S
AREMEN R I N, FRIBE A 0.5%ICH
ML TH.0.1%TFA Z AN T HikE ST,
TFA % 0.5%LL L35 ik, Bifre
SYBEMFIRE & 72 1\ LC-MS/MS S #Hric 380 T
E— ISy GREA a 16 fliby. %44 o
Y13 fK4y) ERIETAZENTERL, Z0D
HRIZ. 2N ETLC-MS ZHWTHESh
TWAT Vv N T = OOHT. BRI & SHT
4T o T BERNTOLHT - [EICET 5
LI OWTIEHERETHUENRNS D Z LR
®I 5,

T, FOHE - W EIZ DN HIE
LT B LT, LC-MS/MS # AWi=7 v
NMACLT > R VT = O R EE W B RN
THZEEEME LT,

1 BHEERRUHPLCEEIBERAT U P oo SRICRIZTES

Solvent for extraction Anthocyanin standard Red Purple

Anthocyanidin Mono Di Tri Radish Radish
@ 0.5% H,S0, [§) [§] o o 5] )
@® MeOH/H,0/AcO (15/85/0.5) x o] o o o o
@ MeCN/H,0/TFA (50/47/3) o] s} o o0 o} o
@ 5%AcOH x o] o o o] o]
® 1%HC1 | MeOH o o o o x x
@ (Me),CO x x % * x X
® 5%HCOOH x o o o o o]
At room temperature for 18 hours
Mobile phase Anthocyanin standard Red Purple
A B Antosyandin Mono Di Tri Radish Radish
1.5%H,PO,
@ 1.5%H,PO, {20%AcOH o o o o o] o
25%MeCN
@ 1.5%H,P0O,  MeCN(acidified) ] o] [ele] le] o
@ 0.1%HCOOH MeCN(acidified) o] A A x x x
@ 0.5%HCOOH MeCN(acidified) o AN VAN x x
@® 0.1%TFA MeCN(acidified) (o] PN A x x x
® 0.5%TFA MeCN(acidified) o o o o0 o] o]
® 1.0%TFA MeCN(acidified) o o o O o o
A N
3. WHEDITE

Ty hUT = BRI, TR E I RER
WX KRR - HEEL 72 b &R LTz,
FERLBEIR (Cy: Cyanidin, Pg: Pelargonidin,
Pn: Peonidin) ., & / EfE& (Cy3G, Pg3G,
Pn3G, Cy3Gal, Pn3Gal, G:glucoside, Gal:
galactoside) . VHELKER (Cy3G5G, Cy3S,
Cy3R. S:sophoroside, R: rutinoside), kU
Aok (Cy3S5G, Pg3S5G, Pn3S5G)., 7 v
kR (Cy3S5G-Caf, Pg3S5G-Caf, Caf:
caffeoyl),

HPLC 75#T1%. Waters #L:#1¢ Alliance
2690 ZfEH L, 7 L% Waters -8



X-Bridge C18 (5um, 4.6 X 150 mm) % £ f L
77o £7-.LC-MS/MS % Waters 14 Quattro
Premier % #5# L 7~ ACQUITY UPLC™
2T I, HT LT Waters 18 ACQUITY

UPLC BEH RP18 (1.7um, 2.1 X 50 mm) %

U7z, BEHIALN T A B2 X/ £ 7213
TFA KiFE. B IE% X E 7213 TFA & FH
MeCN T, V=7 =277V x> ML HIEH
T o7,

4. WRIEEE

(1) FRATLEE DR

HERRE T DT v b T = D E R E Sy
Wik 2 B E L, 9 OHaiLE co
ZEMIZOWTHE Lz, T7kbb, 72k
T = U ORE W T OPRED X
2 (0.1~30%) F£721L TFA (0.1~15%) &
H MeCN Z¥HlikE L7-ODS H— KU v
L, IRk 2 ZEMEIC W TR
L7, fiReE LT, RiIREORB TOWRMIZI
N RBEETOBORHE ISRy —7
SRAEIXK T L, IRWEIREEZ R LT, —F,
EREDOB TCORMRKRE®RYVIELr—4 Y
—INRL—F—CCRMET S &, BE— 7
EOK TR e —27 OHE (% oy
i) DV, TOBGILEBEOEED M
BHEThH-T=, 2. @EE TFA Tld~ve
SVE BT A Z L NHIBA LT, Wit T
SIIFTRTALEIZ B W TiE . 5~10%F ik & 1A H
WE L., BiEEEEZHEVIES 20N I
LEZ LN,

(2) HPLC 3#rh CoZEN & RE
HPLC 738 COZEN « [E %, FERCHE
£(Cy, Pg, Pn). &/ FHE{k(Cy3G, Pg3q,
Pn3G, Cy3Gal, Pn3Gal), VHEkEA(Cy3G5G,
Cy3S, Cy3R). kU ElHEAR(Cy3S5G, Pg3S5G,
Pn3S5G) % My, TFA ZBEFH(0.1%, 0.5%)
& XA BEIFH0.1%, 1%, 5%, 10%)% Fu
7= HPLC T/H#r L7z, BRI/ 72 7 < b
7T LO—fFlERT, R, FERREAIT S
BEMHEIE T LYYy — 7 — 7 IRk %E
R, BEIFOEEELZZ S e hotlz, LL,
| [0.1%HCOOKMECN | .5 ToTFAMECN

: |
5 I |
[rsHcoormecn ] 12, iy:':rl L

|
1 | 0.5%TFAIMeCN “| 8
| |

T 2
7 e 10%HCOOH/MeCN | s#nssse
R JOHMECH | 300~ e

|
st 5.Cy36

6PgIG } Monaglycosides

11 :| bt E1 BHEEEORS RECLITUF L0
UL ) E—oBRIZRIET S

ABEORHE, MAMEICX VBT OEWT
b BN, BEHORRORENMK FT 51224,
WABRNZNT U T =0 — 27 1%
Tu—REL., 0.1%FBA2BIHE TS &,
N U BHER OB - BRIIREECH o7z, —
. XBOEEL 10%E 5L, RBRLEZT
RTCOT Y "N T =D — 273D TE
Ty — e —r 2RI,

R22WZEADOFMTTHIE L E OB
FRAUE % 3 (n=5), E"— 7 etk & & HEH| X
DX oI, FEERFEHAT & OBEIFE T H R
FEAEORHIRAE 2 7~ L7202t L, Aok
VERE 2 AE A B O BN RV E IR T L
72o HTH LC-MS CTHH S5 0.1%FHES%
PFF C O R 13 foe i B R T (10% ¥R IS
e, mol #4% CTE / BHEAT 1~2 ., ¥
BOBERC 2~3 fi5, bV EHHA T 4~5 5K T
L7z, —JF. TFA, XBOBRENELI D &
EEEAM E L, 10%XEA2BERICH V- &
ERbLYY—T R =T ER L, BRE RS
MR HEETH -T2,

UL, BEFEO®E S AERRED S D4y
WaEZETDHL., fmol &—%— (pg —4%
—) OOHEERLETH D EHHEIhD Z
LB, KIC LC-MS/MS St & i a7,

2 FHARRUTFARBEIEEEERBOHPLCTOERT M7 o ORHRFE

Antacyaniding Monaglycosides Diglycosides Triglycosides

Cy Pg Pn Cy3G Pg3G Pn3G Cy3Gal Pn3Gal Cy3G5G Cy3s Cy3R Cy355G Pg3ssG Pn3ssG

0.1%HCOOH 23 19 18 13 12 13 29 a1 11 18 18 77 62 45
MeCN(acidified)
1%HCOOH
Mech(scidifiq) 18 16 15 10 11 10 23 29 10 10 11 54 2%
5%HCOOH
MeCN(acidified] 25 2 18 17 16 16 24 68 70 74 36 23 11

10%HCOOH .
MeCN({acidified) 27 25 24 11 11 11 15 25 6.5 61 69 15 10 13

0.1%TFA
MeCN(acidifieg) 21 18 15 11 12 12 13 18 94 10 11 62 54 a5
0.

SHTFA g
VeChfacidified) 28 25 24 13 13 11 15 20 81 10 11 38 EE] 25

1.6y3856 ey
Pg3ss6 }Triquw!id“ 8Pg - Anthocyanidins
apn

imit of detection (pmol)

(3) LC-MS/MS %3#r ottt
O BEFHEEEOBRET

HPLC T, #ix 2BEIMZ R TE 5 b
DD, LC-MS/MS TiE MS #45 D5z >
RN D T ENG, EHTE 2B ENEITHIR X
N5, 3, LC-MS#HAH N5 ¥z Huv,
TOMEHREEZmBIIED T 0.5%X % B H)
HELT, 7> 7 =>® MRM
(Multiple Reaction Monitoring) Z3#T% &
Frl=, 7%, MS/MS &% FRelord,
AT ANEESI R T 47, F¥ BT U —FEE
45 kV, A F vV —Z 120°C. WBLIEL T =
400°C, =—E/E 19-94V, =2V v a &\
£ 19-60V. NoBiiysi: 4 2 800L/h, =t — 27
A 50L/Mh, =2V v a »HA 0.3mL/min, Cy;
288>109, Cy3G; 450>288, Cy3R; 596>288,
Cy3S; 612>288, Cy3G5G; 612>288,
Cy3S5G; 774>288, Cy3S5G-Caf; 935>288,
Pg; 272>121, Pg3S5G; 758>271, Pg3S5G-
Caf; 920>271,



WABEOKN1IETOT YT =y (B
BobER & € /7 BOBEA) 13559 1~10 pmol £ T
MHFRETH - 7M., EFEED 2 DL EIC 7
Heiv—7ix7r—RFEL., £ 100 pmol
TOM EeoTz, &2, RAMTHMIT
HEE—UNERYESERTERPST,
—J4. 0.5%TFA OBEiHZHWH &, B—
TRIZ Ty —T 72D, TRTOT > by
T = ERSHETE N, MS TOMEITEE
[R5 E 500~1000 pmol & fERIEE & 72 o 7=,
TFA 131 4B D=4 b &h
W< L, RVICRER T2 &I 2 &
NDHLENTEY, YROBERLEEZ LN,
2 HPLC TOfE R & ki L ¢ LC-MS/MS
TOGNTOTTPMRIEE & e B R TH T,

@ RAMIT AL

RO X 912, 0.5% X 2B ENE CI&E
XA B3 30BN E <. 0.5%TFA 2B H)
M CTIZEDEETH D PR E NN, £ 2T,
0.5%TFA ZBEHCTH T L58EEITV, Z
D% 0.5%FEAIRE T HHRA NI T MEE
et L7z, Fix O TRAZN, TRR
FUEIE 100~200 pmol F&E £ T LAVEE R
ELZhoiz,

@ BRI

INETORFL bbb BEIFEES,
TFA ZBEMEE L= h T L3RR 12 X
BARATDHDRA NG T LBl ERATZD,
B 72 55 B & I ST RN T2 2
ST, LML, EEtEEkksn~ 77>
4 —(UPLOIZ L% 3 4y & fied CHEFEM T
® MeCN (5-100%) D7 F x> MAELIZ
THZLIZEY  FBEAOL%SIETTH,
TR T =D —T R — T RN
NHZEMNHBHLE (K2) .

Fo, EiEize MS &EL D 0.056~1 pmol
BEE CORBERDTNAREE oz, T2
72U, RIS 2(LA M T, R
B L 7= 0 iR & RIS E T 5 2 & 13N
HETH HLE RO L, Bl 21X, Cy3S5G

D 3BHFORENFES LizT v b7 = Tl

5 Gle (Z/v=—2R) il L 7= Cy3S.
Gle 2 2 43 FWifE L7- Cy3G. 3 /> FlikEL
7= Cy R ENfm & LTIHEEL THLESIC
SEERRH TE 28, Sof (Y71 —2R)
35 Gle 28 1 77l L 7= Cy3GhG 13
— 7 BB Y MRM 5 CH XA 5 Z &2
T&ERNoT,

@ FIIEEEIR X OISR 2> & D430
R 7y LC-MS/MS M &b ik @ ¢ &
o2 b, AR QN g% T
VhIvT =R, EORINGRER & G
7o AEMERE D OHTIZERB VT, B
4y ks B ETAENE T D, 2T,

100 20 Pg355G-Caf
] f 9205271 (CV, 49V;CE, 56eV)

000 250 500 750 1000 1250 15.00 1750 2000

o Pe3ssG
| 758>271 (CV, 37V;CE, 37eV)

0.00 250 5.00 750 1000 1250 15.00 17.50 2000

171 Pg
f 272>121(CV, 94V;CE, 38eV)

000 250 500 750 1000 1250 15.00 1750 2000

o, 15 Cy355G
=] oz 774>288 (CV, 46V;CE, 60eV)
000 | 250 500 | 750 | 1000 | 1280 | 1500 1750 = 2000

100 176 Cy3Rut
aé} I 596>288 (CV, 37V;CE, 37eV)
000 | 250 = 500 | 750 | 1000 | 1250 | 1500 1750 2000

100 157 Cy3G5G
L sizims(cy oy 1.
0b0 250 & 500 | 750 | 1000 1250 @ 1800 1750 | 2000

100 168 Cy35
= | 612>288 (CV, 37V,CE, 37€V)
000 250 = 500 | 750 | 1000 | 1250 | 1500 @ 1750 = 2000

100 169 Cy3Gal
I s50-288 01 v 1900
obo | 250 | 500 | 750 | 1000 | 1280 | 1500 1750 | 2000

U Y36
= | 4505288 (CV, 28V;CE, 37eV)
000 250 = 500 | 750 | 1000 1250 1500 1750 = 2000

212 Cy

100
# A 288>109 (CV, 58V;CE, 38eV)
DIDD i 2%3 T EBD T ?'ED i IDYJD T 12’50 i WE'DD i ITr5D i ?D‘Dﬂ

M2 RBEEE T TOTUITZoOLC-MS/MSH T

ODS »— VU v VEMHHE (Waters L8
Sep-pak C18) #HW\W/= 10 fiT7 > Fy 7 =
> OUINENGRER & R A 7o, s 55
& L CRPMI1640 (BiiGaf) ZHv, ¥
PR (REIREE 0.5%) (2 X DR & L
%, 7o T = alNL, Z oRER
W% ODS #— h VU v PICATNE. 0.5%F 2
EHAL ) — VT Le, N2 T AMEZEIC
X v, #E%, BEHICHEME L, LC-MS/MS
L7z, fERE LT 70~140%D ] R
oL, SRS ORI RETH 5
LEZONT, —H AT LAT-AOE (7
~ ) [ZAROBEE I LT & 2 A, BREHIK
ITEGLTWDICHLELLT, 7o hvT =
YE— I3 el BlEgEN 2o (FIE
0%) ., VUNMEEREDAF YT L yY—D
TEAEDNRIBENTZZ LoD BRI ~D#
ARG S TS U B R B2 E AR
H5 5 (AL 3t Hybrid SPE) %372
72BN, Ty by T=rbEBICEREINTL
FU, B - ST A EIETERNS T,
Mz T, Tv b7 =2 2RI U7 sk R
I B LECEOLTWD Z ERNERIC
BWTHEEINTZ, 1> T, g5
DT v M T = O, ST
WCHEFET DA F T Ly —DBRENY
HTHY, BROBMFNPMETH D Z L
AL 7=,
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paraoxanase-1 expression via
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Microvascular Research, &#Hif, 84(3),
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