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aG-rutin (a-glucosyl rutin)

catechol- O-methyltransferase (COMT)

DFAII (difructose anhydride III)

ESI (electrospray ionizaition)

hCBG (human cytosolic B-glucosidase)

LC/MS (liquid chromatography mass spectrometry)
LPH (lactase phlorizine hydrolase)

MRP-2 (multidrug resistance associated-protein 2)
MQGS (methylquercetin glucuronide sulfate)
PAPS (adenosine 3'-phosphate 5'-phosphosulfate)
Q3GM (quercetin-3- O-glucoside mixture)

Q3G (quercetin-3- O-glucoside)

Q3G2 (quercetin-3- O-diglucoside)

Q3G3 (quercetin-3- O-triglucoside)

Q3G4 (quercetin-3- O-tetraglucoside)

Q3G5 (quercetin-3- O-pentaglucoside)

Q3G6 (quercetin-3- O-hexaglucoside)

Q3G7 (quercetin-3- O-heptaglucoside)

Q3G8 (quercetin-3- O-octaglucoside)

QGS (quercetin glucuronide sulfate)

SAM (&-(5'-adenosyl)-L-methionine)

SGLT1 (sodium dependent glucose transporter 1)
SIM (selected ion monitoring)

SRM (selected reaction monitoring)

SULT (sulfotransferase)

TJ (tight junction)

UDPGA (uridine 5'-diphosphoglucuronic acid)
UGT (UDP-glucuronosyltransferase)
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TR A RET, RV 7= —baO—FTh Y, fHIZIL< 54 L, 4,000 fE
U EDHFIENHER SN TWD[1], ¥ v A FOEADBRL, TR, vV AFF, TRy,
I A VI EORERLEADOARITINTNE T IR /A4 RThDH, & ME, BE P, &
B, WL, RASHA L EOMMERGLS, —HIZE T ~EE mg D7 IR ) A K&
BLTWD ERED BT D, TF, B DO T HSRE~ DB LR E - Tk
D, 7TR A FOAFKENERZEDTWS, 7 TR A RSN AEES 5 “wAH
PFEMID 5 BT, 2 0O B UBRBRFER T 3MAEI L TRHEE LI EARTH (C6-C3-C6)
BEFOT = ) — LAY ORI TH S (Figure 1-1A), AL BERIZEEEN-FH ROV T
B (CER) OBEMBIEOEBEWNZL ST, 7R, ZITR =), TIF/N) 7T ) —)b
(BTN T T=U0 A Y7 TR EITHIEEEN S (Figure 1-1 B), KERIZIX
AT X FUND T TR A RO AX, KEBEEITHENFES LIBRHE (F7Y av k) L L
THIEL., BEDRFEA LT WIEREORRE (77U 2v) THIET D Z Liddb 72w, fahE
ELT, bR TN a—ADIEN, ATV h—A, TL /) —ARENRFEERETH D,
ZIET, invitro DRABRIZEBNT 7 7R 7 A NidWiiig btz ~d 2 &hn, 7748/
A ROGUFBLREN B 2 22 59i PRAICBET 5 Z L N < s C& =, L L, invivo
DOREBNT, 77K /A ROFRLHEIZ X 2595 TR & BEMIORTHEIT v, 778
J A ROWNERIFIEF IR . Fio, WIS 7 TR 7 A4 RIZENTREF S, ENE
b2 &6, AT IR A RO LEEEZRET L2 2 I3 L2 LB ER S
TETW5

TILEFUEIE

FatF e (8,3,4',5,7-pentahydroxyflavone) D&% Figure 1-2 (Z/R L7z, 7Lt
FUFRMTICEBICEEND 7 IR /A FO—FTHY, ARFTITRICEREARE LT
FET H[2-4], ERX|ZIE quercetin-4'-O-glucoside DT, U > FIZ1E quercetin-3-O
glucoside (Q3GDETEFIZEHENTNWD, FEF U OABERIZINETEZHMES
NTEY, ERbOL LTI, HUU AR, MbERRUGEER . mMEIRRER (FrEhiReE ok
FAERD) e ENREL Mo TS, [65-8],

ERED X D 2o ERER % 1 quercetin X°F DECFEATH 5 Q3G DIRREITZ
24 50, 206 pmol/L TH Y | Hh TKIZHHAMETH U | RASCHBHITINL 5610, £ 2
TQ3GITEERICIY 7 va—R% 1-T4 %1‘*/\5’&6 LT, KEEMEE & DT quercetin-
3-O-glucoside mixture (Q3GM)23BH¥ X i17-[9], TIE Z OKRENET vt T o Bl
Q3GM % Esr T L7 R el &b & B %S éﬂ“(lﬂ 5o ZhUXT vt F UERHAOKIE
WHEREN R % 5 To o TePii CTh D, £ O, RAE VMY R—BIEMEIC X 5 EFE
RERS D 53R & RERBEDIRHEIZ L D b D B 2 L TWVWAH[10], Q3G & Q3GM D%
Figurel-3 |2/ L 72,



KBTIt TF o ORLIEITI TR TH— L, —KARAFRERTEICITZ L
TF U RS LTWRWVIREE (727 Y 2y) TILEME DS D %2R TFRITIE quercetin
EXBIL, B 73y Rk Q3G, KEMS VT U EFEARIT Q3GM &Kt LT,

TILEF U ORI

Tt F URHEATH D Q3G IFFHEEMS TS T 1], HThitbsh T2l b
W BEREIR D £ FJm & /G TR SRS 5, /N OWINHERE & L CIdRE <o
T ONFET D, — OB MIEARE CH 5 — O MiEfkfEE (tight junction) TH 5,
MRS TIx, 7 v T EBE R DS BE IR 3 iR 2 52 1T ISR S o 720, i Q3G
D & D ZRBFER O THBLT 5, WM NRR S TR S iz v F 0%, iy 77
A URWAEROBETHE SN, Ko THD T vt F o OFREBEHT~D Z & T, WIGRE
BAEHER T2 Z ERARETH D,

Tt T ORI & LTIE 2 OB dfE SN TWD, £7 1 DHD, /DMEkil+
BN AFIET DT 7 2 —8 « 71 U Uk afilEs# (lactase phlorizin hydrolase, LPH;
EC3.2.1.108) [2 X W 77U aavr~ Lo En5(13,14], MARSHEESNI=rveF 7 71
2 3NG BRI ONEE g A2 iR CEm L, WIEN D, b o —2lk, sk F o
BOBEIAR, F5i2 7L 2 — A BlbE(A(glucoside) 3, I E RN |0 sodium dependent glucose
transporter 1 (SGLT1) % /" L CHIFER D F FMALNICEL Y A £ 7=1%[15,16], N D p-
glucosidase (2 XV 7 7 U a v~ LR S 5(11],

FMAR R OV L, B BRI OfE & Td B tight junction /1T 5K TH 5,
EOWTETKREEME 7V F U ERHAD—FTH % a-glucosyl-rutin (aG-rutin) 23w fE#E#
AL CERHAOEEWNIND Z LR ST 517, 20 oG-rutin (X, ZiEOH
THEHZIXICZLEENDT7 TR /A RTHINVT T, T a—REMEELH L
TARIEMEZ R 1000 5@ D72 bEW TH 5, aGrutin Z#5% ., FRMF CTA > % 7 72
TR S22, oGrutin (SRR 2/ L CRINS LD Z &R ENT, FrkeT
> BOBER DO WIS OIS %2 Figure 1-4 IZ/R L7z,

HOHIEMRE L T LETFY

HEHLMEREE & 13, B P OTEILEERE CHIL SR WA TH 0 | ITFETIEZ < O
R EF, HEHEYEREE O ABMER R 2 HlE ST b, TSRV BRI 2 f
oy E T HREERBA RS B Z ), BHEMEREEO S b, ZOEOEAEN 2~10 O b
DOxEAY IPE BEAEN 10~100 OHO%E A HFafE 100 LLEDO S O Z Wik (25)
LS, BUBHESCEELMES ) T BIRT 2 & B/ TIE SN TICZEDEED
EClmiT 5, Z0n, B/MEO EEHCE T, BEELEEREE O A 3 5 RO REE
WA MR E P RE DARIT 72 5 Z &M% < REBEFR O BHHBRIES, IFNEM DR FE DAL
BOBER ZHIRT 5, RERZRBERR S L TR O, BINZFERIC L, 7o —2,



A AN AREO ERZWHT HERC, BB oget 2 RE L, a7 v — VRE
KT T 2ERRER L MBI TN D, KIBIZHA LT EHHEERE - o — 581, NI
IZR V&S, SRR ORI~ LA SN D, FEIENIRE O EPEREIX. K%
RO TR ERD T L RIBICET HKLT MY 7 LRI OEE, KR53 WD
R, KIGEEB ORI, = L AT v — LG HIERR & 2<MmbhTnd, £/,
FSIRIIRAERRIC KV BN pH IR I REB 2 5 & WIRE OZIHZ &, F 72 ZRIAH-EEO
ERINHICEEIR DAERNC L0 | RIBRSADRIE D 27 IERBICS72203% L BEZ b T 5 (18],

PUF, R THOWEZ ZHEEZ W< O ) BT 5, 2 2ho ZiEEOME %
Figure 1-5 (278 L7=, #EHEALME M CH 5 difructose anhydride I (DFA 1) (5= VY @
WRENGHIM L2 CTh 24 XV U &2FEHE LTIEDL, 2 25 F® fructose 7% 2 DD
7V ay PRIl L VRIS 2R >4 ) I TH D, UHIEEDOHIE T, DFA IITkk~
IRAEPER 2R 5 Z LA SN TWS, DFA MA#RT 5 Z LIk I 12T VIR
PMIEHE S AL ORI T v MW Ty 7 ARINEEZRE S5 2 & EH L7z DFA
MARZA N7 a AER L, REGHIRMRRIE &I Lic v o 5o R8I 4 1
M9 2 ERALMCINTNS[19], BRI, FRESICE Y DFAILL 7t F
Y DORFGEDMTHIL T WD, DFAILIL in vitro, in situ iRBRIZ L D . T 2L A Z LIk &
RED 7Vt F B R OB ZRES 2 2 & AVR ST 5200,

Melibiose IZ. galactose & glucose 73a-1,6 fi&& L7=#EHLIE “HECTH D | BES KT
WEICEEND, GWFIEEDOIFSE T melibiose 28 TJ % JATWE ORI AR ESED &)
HEL HH[19], F7=. melibiose (2 frucose 23 fEA L7z raffinose (2 OWTix % < g S
TBY, T 2L FEBLERTHOLE Y 4 AAWOEIHZEET HEM N H D Z L EE S
LTV 5, AL raffinose 0 5 & HiklZ X - T melibiose (0S5 & W9 i
H & V. melibiose & L CTABIERAZRE L TV D[RS & 5 (211,

Cellobiose I% glucose 73B-1,4 #E& L7z #iH bt —HEiCTH 5, Cellulose D FEHLL7)
cellobiose TH %, HARRTIIBEL NV ER 2L OXITEEL, HAER LICHLMEICE
EFNnbd, BIE, BAMEIC L 5L —2OBLAER STV SH A, cellobiose HIED A4
BRHERECE D RFBUIZ DWW T S 72w sCid A 7e vy, Cellobiose 137K ~DEMEE D 14%
(WV)T, > afEDR 15 ThD, HEHLMEA Y THEO P CIEFITIBER D72, D7
DFNLTVDPBFHE T, IR pH ICHLETH D, K e LTI REBIEBEC K FElE 4
Z<AERT D, o, EEMERBR OB, ERScER EORLHREINTVD, B-1,4
AR ThHDHZ LN, KND B-glucosidase 12X > THfiESiLsd, LPH NEDOREFHEE LT
DERZAT S Z &b s Tuns(22],

Lactose I galactose & glucose 73p-1,4 fi& & L 72 #EH L B CTH Y | lactose AMHE (FL
FEARMHE) & LTESMBENTWD, ZAUTRATIEB-H T 7 o X —EBRITEAEHFEL
MNZENFRTHD SN TN D, 7 v bE MIBWTIE LPH 28 lactose DRE L7025
EbHBN TV D,
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WHFFERICEBWTIL, A Y~/ b AT a ORI Thil T\ b, A T afFixpnd Lz &
BY., ZOHEAEN 10-100 OEHAMIFE CTH Y . T E TOPET, BHEA VYV ~/L b2
HakE, BIRA YV~ M AT aOm N st F o ORI ERET D Z ENR RN SR
7z[23], EEHA V<L M AT aEORE RO —20, 7T K ) A RO REEEER T
HD, ZNT w16 FEED T LI T NEICL > TEE I E 0 FOBUKER & FHAIERS
HIEMARETHY, LD It F e bR bERET L B2 TN 5D,

TIVETF D ORIR A

TRETIT AT OWIEERRE L L TIEEIC 3 OB Sh TS, —DiEkb
IS LI TW A RRILDRETH 5, Tt TF b Q3G DML ILZENE I 25 nmol/L
[24], 206 umol/L[25] & &L TV | 1D TKICHENETH D, BFENTH REDR R L
TR, %@t@&wt%ymﬂ%m%ﬁﬁ?ék&&%ﬁﬁt?é&%i%m
5o MWL E DM E DT VIEHEHA Vv R AT aERN T ve T ORI bR S
HZ LT, 7»?%/@6*%21&0)%&755‘%@?6 ZERHE snz[28], FZoRE ki &

HWRINARHE T, FEMENEE D3I B W T HIER &4, drug delivery system(DDS) & L T/is
SHHEENTWD, TV A7 a7 xA M) AKX 2EABER L IR LERET L Z LR
BTN D

oﬁiﬁ%ﬁ%%@&W%Lfﬁé AR D & 350 DFAILL 2345 E RGBS CTd 25
A N7 varwRFAHZ 8T, ZFAtTF UEHERORIN A EESE D Z ERHL
Il > T 5[201,

ORI, EM RIS L 5T 7Y a U IEIER T . SRR ORI HI%, #
HALPE 85D DFAIIL X°7 7 7 b A ) TR RIGICBWTHEREREIC L2 7 veF o7 7Y
2 OofFEEIR (T O OBRBRRIGRE) 52 & T, vt TF U ORI R
ExErZEEHLMNZL TV S[26],

TILEF UOREY

W STz vt F TN TEMRE OF MU Th 5 “ait” 2%t 5, 7t
FrDEIRT TR =IO INEIKEEIEE LR, F—MRISOY F 7w L
P450 (CYP)IZ & % KBALIZ 52 1T 22 v, S AL i3 E T HFIE S /M 12 38 v T UDP-
glucuronosyltransferase (UGT). phenol sulfotransferase (SULT)(Z X v filli X1 5 [27,28],
FLFICHFRITBNT BEROI T 22— L HEE O I3 T catechol-O
methyltransferase (COMDIZ & D AFIALEIEAE Z 5 [29], Zhbiaaib s 2 F ki
L0 MFTIEBHITREERSCA TR E L THEET S, £ 08T U 30KEREN 5 {4
o DT OZHDBNENFAET D, BHEAL - AT MALEALE LTIX 7, 8,4, 3-0OH T
e Z % [301,

INETTINAEF o OEBERONIRIZBNT, 7t F o7 7 ) a SRR Tob
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DDOVEMN invitrodBRIZ L Vi SN TE 72, — ., BbETF VB F A RBIERDENT
ARERZ RO Z EBRWE SN TNS[81], DI NV7 v U BOREED X 5 72l b R off
FEALEMLIC L > CTHAEFEANRRZR 2 Z L BRESNTWD, flzxiExhrFoa
XX —BIZHT B EEE K 1T quercetin-3- O-sulfate, quercetin-3-O-glucuronide, 7-
O-glucuronide, 4'- O-glucuronide, 3'-O-glucuronide 7% 78, 160, 100, 0.25, 1.4 umol/LL & %
NENKRESERD[28], 16> T, EOMENEDOERETRA LI VET Y
DEWNIZHFAET 20308, v F o OAERERBEICITEETH L Z L RH LN E RS T
7,

INETHTNVETF AREHORIEIL, B-glucuronidase X° sulfatase & T, a5k %
quercetin X°> methylquercetin ~& 3R L C, 26T 7V ar 2 EOoafmElET 5 F
1 (BERAFEE) DAV SHTE72113,23,32], Z O FETIEE EFFIC quercetin &
methylquercetin d & DEEHEN 2 AETHIZVNZ & P mBE 2 EE N 2 &b,
HPLC TR TH L Z b, MHPREDOKREZMD Ve SITITEL TS, L
L. o7t F G RoOFELH G GEN R & FERIOFERITE SNy, ZD7k®)
BRI, BRI NETF o BEREERT 2 FEPHE SN TN D, TOTZDITIE,
BHIEIRDIEEM DML 72 D,

e F oG ERORERESERIT TR CTITIERICE LV, Z0RmITZHEH 5KER
IR T VT b OB A BEANT L 2 N LWL TH D, £DT, &ILRSL
RFEDERFES D7 NV —T1E, BEREICE T v Fo UGT X SULT O#{s 48 A
LC, BREENTREERZIESE D Z & I1TaEh L72[33-35], ARBFEICZI W TITAEREA
LD N—T X0 A 5 FTARRES W T, S S ROMNEREZIT oo, FIHE
WX AARN DR R S T IS it 7 Agilent 6495 kU 7 /LU EMR LC/MS ZfEHA L., &5
R RO E AR D 43BN B 1472 Phenyl-hexyl 77 7 A %2 W CTOMr 217 - 72,
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o
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Figure 1-1
(A) The basic structure of flavonoids. (B) The structures of flavone, flavanone,

anthocyanidine, flavonol, flavanol, and isoflavone.
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Figure 1-2.

Structure of quercetin.
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Quercetin-3-0-glucoside (Q3G)
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HO O
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Quercetin-3-0-glucoside mixture
(Q3GM)

Figure 1-3.
Structures of quercetin-3-O-glucoside (Q3G) and quercetin-3-O-glucoside mixture

(Q3GM).
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Figure 1-4.

Schematic presentation of Q3GM absorption mechanism.
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Difructose anhydride III
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Figure 1-5.

Structures of difructose anhydride III (DFA III), melibiose, cellobiose, and lactose
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AHEDOBEH

AKIFIEIL, 7 TR ) A FEFEERDOWIN - {2~ 2 72D, OEHE B X 2877
vt F IR ERERE O R QWY S 72 % O AL OGS ORI £ 2E WAk
OOLERIREDREE @47 vt F L ABRB O ML 7 Lt F o REW ORERARENT, & BRI
in vitro, in vivo iR % Il L 7=, HEIOTHW-E#MLME —BHX, glucose & galactose 23
a-1,6 5 L7z melibiose, 7 /bt F ELHERIZ, AKEEVED @ < BOBHS BISH ST 5K
W Ve F U EHEHE (BB Y 7 =)Ly kU >, quercetin-3- O-glucoside mixture,
Q3GM) ZHWe, ZHUFT N ETF U BEAE T/ /N a—AN 1 o fa Lz Q3G IT, &
HIZZNVa—R% 105 7TEMNSEKEEZ DM Th D, i
A RO IHTIIZ T N T BRI R R 2R R TH S 370 nm (2K %5 UV #
& mEEE 72 LO/MS/MS Z0FH ¥ 2 Z & TR gt 2 e & L7,
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2w ERICBET D RS

(BA# & & U E]

Quercetin (X7 ~<7 VR v FHEXESHENOHEA L7, Q3GM 1 =%Jf=>7 - =7 -
TA RS LY DB W =720 2, Melibiose 13 H AT SERIPEE XS L 0 | cellobiose
1T AR I AR LY D572 e, Z O FREEIZ B LTI iR O Rtk
JL— REfER Lic, TOMDEDIZONTIIAE TENEIEHE LT,

[(REBRBYE K UVHBEHE]
OEBRBY)

Wistar / ST RHEVET v b (AAT Az Lo —BRARH) Z2H L7z,

OfE Ik

Z v MI. 1ET 22T L 2A/-OEr — I A, Rl 22+ 1°C, {BE 50+ 5% D H
ST 12 K OAEY 1 7 )V CRE LTz, BRI P o & AT B BB E L, ks

HIEFLWbDEE 2, SEDKIE 2 HIZ—ERE LT, FAERT 7 HRETHRfAE%R. R
WZEEA L7z,

@HALEE (AIN-93G diet) DHHRY
F v FOIAREENL, AT Table 2-1 IR L=, B4 I V. R T UHRIE

AIN-93G [36] (29t> CTHERL L. 121 Table 2-2 & X Table 2-3 1277 L7,
@EERE A NT A 5T

TRCHT v PERIT, LREYWERZERICLDIHA KT A 2 85F L., MA@
DX 9 S L7,

18
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Table 2.1 Composition of AIN-93G—Basal diet
g/kg diet

Corn starch ™' 397.5
Casein ™ 200
Dextrin * 132
Sucrose ™ 100
Soybean oil 70
Cellulose (Crystallized cellulose) *° 50
Mineral mixure (AIN-93G) *° 35
Vitamin mixture (AIN-93G) *° 10
L-Cystine 3
Choline bitartrate 2.5
Total 1000

*1

o/ —Corn starch (Amylalpha ; Chuou—Syokuryou Co., Ltd., Inazawa, Aichi, Japan)
*2 Casein (NZMP Acid Casein ; Fonterra. Ltd., Auckland, New Zealand)

*3 Dextrin (TK-16 ; Matsutani Chemical Industry Co., Ltd., Itami, Osaka, Japan)

** Sucrose (Nippon Beet Sugar Manufacturing Co., Ltd., Japan)

*5 Crystallized cellulose (CEOLUS PH102 : Asahi Chemical Industry, Tokyo, Japan)

*6 The mineral and vitamin mixtures were prepared according to the AIN-93G formulation.

19
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Table 2.2 Composition of AIN-93G vitamine mixture

g/ke
D-Biotin V.H. 0.020
Folic acid RS 0.200
All trans—retinol palmitate V.A 0.229
Cholecalciferol V.D3 0.250
Thiamin hydrochloride V.B1 0.600
Riboflavin V.B2 0.600
Pyridoxine hydrochloride V.B6 0.700
Ca pantothenate INRTUBR 1.600
Cyanocobalamin *! V.B12 2.500
Nicotinic acid Niacin 3.000
Phylloquinone VK1 7.500
All-rac— & —tocopheryl acetate V.E 75.000
Sucrose 907.801
Total 1000.000

*1'0.1% Cyanocobalamin in sucrose

20
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Table 2.3 Composition of AIN-93G mineral mixture

g/kg
Essential mineral element
Calcium carbonate, anhydrous (CaCOs3) 357
Potassium phosphate, monobasic (KH,PO,) 196
Potassium citrate, tri-potassium (K3CgHs07*H,0) 70.78
Sodium chloride (NaCl) 74
Potassium sulfate (K,SO4) 46.6
Magnesium oxide (MgO) 24
Ferric citrate (FeCsHs07-5H,0) 6.06
Zinc carbonate (ZnCO3) 1.65
Magnesium carbonate (MnCO;*nH,0) 0.63
Cupric carbonate (Cu) 0.3
Potassium iodate (KIO3) 0.01
Sodium selenate, anhydrous (Na,SeO,) 0.01025
Ammonium paramolybdate, 4 hydrate (Mo) 0.00795
Potentially beneficial mineral element
Sodium meta-silicate, 9 hydrate 1.45
Chromiu potassium sulfate, 12 hydrate 0.275
Lithium chloride 0.0174
Boric acid 0.0815
Sodium fluoride 0.0635
Nickel carbonate 0.0318
Ammonium vanadate 0.0066
Sucrose 221.026
Total 1000.000
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[LC/MSIMS IZ& 57 Lt F U BEEYEE RN AIE L]

3 EIIBWTUL, S FrORNEIEEZRD Z L2 HIE Liclzd, FreFro
SIMTIE. RS WA B 2 I E FTRE 72 LA T DOBER LRI EE 2 Ve, B & LT, Bifas
%35 Cd 5 B-glucuronidase, sulfatase % A\ 7=, FEMMITEE 8 B0 HIEICFRHE L7, 21X,
ACCELA/TSQ QUANTUM ACCESS MAX (Thermo Fisher Scientific) Z{# f L 7=, LC &
1%, # 7 A1 Acquity BEH C18  (2.0X 100 mm, 1.7 pm, Waters) % V>, 77 A4 —7
CDIREX 40°C & L7z, BEAE L CTAKR (water : methanol : formic acid, 70:30:0.1)
L B & (methanol : formic acid, 100:0.1)Z AV 7=, JEiE: 0.2 mL/ min TIRHZITV, 75
Yy b7 u s T LMIEBELREAR T, BEIFE A/B: 0 min-80/20; 8 min-20/80; 10min-
80/20 & L7z, ESI-MS ®/5#7 CiZ, Spray Voltage 3000 V. Vaporizer Temperature 450°C,
Sheath Gas Pressure 50, Aux Gas Pressure 15, Capillary Temperature 220°C O 5:{f:C,
ROT 4 TAF 7 n< bDOSIME— REHNTHON 21T 72, 7 /vt F B AR(Q3GM)
DHHTIREIZ X Table 2.4 ICe# SVl mz T2 — LERICHRH L=, F7-. HED
DI Z FHWT SRM F— R T L, ENENDA A > v — 7 OEED S R & 1ER
L., 7vtF oo [M+H] +& 2 0REBEE(LAED O ERICH W, 7238 Q3GM, 7 /Lt F
Y. ATt FrEnNETROBREEL M L, EREAEERE LT
naringenin(Chromadex) % f# /i L 7=,
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Table 2.4 Transition of LC/MS/MS (deconjugation analysis)

ES

BRIZBY 25 — i g iH

m/z
Compound nhame Parent Product Polarity
1 Naringenin 273 273 +
2 Quercetin 303 303 +
3 Quercetin sulfate 381 301 -
4 Quercetin disulfate 461 301 -
5 Quercetin glucuronide sulfate 557 301 -
6 Methylquercetin sulfate 395 315 -
7 Methylquercetin glucuronide sulfate 571 315 -
8 Quercetin diglucuronide sulfate 733 301 -
9 Q3G 465 303 +
10 Q3G2 627 303 +
11 Q3G3 789 303 +
12 Q3G4 951 303 +
13 Q3G5 1113 303 +
14 Q3G6 1275 303 +
15 Q3G7 1437 303 +
16 Q3G8 1599 303 +
17 Methylquercetin 317 317 +
18 Quercetin glucuronide 479 303 +
19 Quercetin diglucuronide 655 303 +
20 Methylquercetin glucuronide 493 317 +
21 Methylquercetin diglucuronide 669 317 +
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[LC/MS/MS IZ & b8 & KREREAIE ]

AOHEIL T Ve F G R BER LB T2 intact 27 VB F oREMEZHET 2 B
DTH %, Aikd LC/MS/MS 12X 257/t T o BEY iR LB EEE, BaamERe-
glucuronidase, sulfatase)  Fi\» T, &EHFH DO 7 L& F A K% quercetin "?3
methylquercetin 2 43fi% L CREZ BT % & O Th A%, AL CIEBBALEZ ¥z
B F oG ERE T D, ZOHIEIZKD ﬁftﬂ*qj@?@é%@@iﬁ@mﬁi‘iﬁi%ﬁl

BINCERT DI ENAREL 72D,

FEE 1T LC (12 1290 Infinity IT LC 3 27 A (Agilent technologies) & MS (2 Agilent 6495
~U 7 EME LC-MS % MW=, 08 7 23 B EMKN 58t %5 Zorbax Eclipse
Plus RRHD Phenyl-hexyl 3.0 X 100 mm, 1.8 pm (Agilent technologies)Zfif L. # 7 A
IRAEIL 30°C & LT, Tl 7 DMZHOWTIELIENEA 7 # 72 U J1 (ODS) 717 A
AR SN TWAN, LR 7 ) — VOV EEEZRECE D AT L2EIRL
7. Figure 2-1 12 ODS 7 7 2 & Phenyl-hexyl 1 7 & ® i 2 faik L 7=, BEIFHIL A: 0.1%F
FRKVAIR,. B:01%XMEB LAY/ — &AW, 77 Y= ME 0-3 min: 2040% B; 3—
13 min: 40—60% B; 13-13.1 min: 60—95% B; 13.1-15 min: 95% B T{7o72, MS DML, 1
TR L7 b AT L—A FUPR(ESD A U, Positive T— K & Negative & — R DI[F]IFEL
VIAFZATV, BHWED E < B BT I A 72 Selected reaction monitoring (SRM)E— R % H
Wiz, KA F Ab/XT A —F X Table 2-5 12~ LT,
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0%~ MRM GF=0.000 DF=0.000 (6531 -> 301.0) 170621 tanaka 074.d
dp 550
! OoDS 23887 o .
= Quercetin diglucuronide
05 471
3l 5602 (653.1 > 301.0)

558
0.2 )‘k G
04
«10% = MRM CF=0.000 DF=0000 (§53.1 => 301.0) 170621 _tanaka 030 d
141 1

- Phenyl-Hexyl 5 &1
a 7453 5§85
054 406 <Fi=x}
0.4 4231
9V
04
1 2 3 ] 5 6 7 8 & 1 11 12 13 14 15
Ao () vs, AIEEERT (min)
(B)
%102 — MRM CF=0.000 DF=0.000 (4911 => 315.0) 170821 _tanaka 074 d ) )
111 ODS a5 Methylquercetin glucuronide;
E— 214955
084 (491.1 > 315.0)
064 9.54
0.4 718595
021
04 Fas

w102 — MRM GF=0.000 DF=0.000 (4911 = 315.0) 170621 tanaka_ 030.d

1 BEE 1
0ga73

081 Phenyl-Hexyl

0.6

0.4 95D
* 801 DR3E0 1047

0.2 16054 J 9009

04 AN
] 2 2 4 5 I 7 : ; 0 1 12 13 13 15

=] ]
Ak ) ve., BIEEFR (min)

Figure 2-1

The MRM chromatograms of quercetin diglucuronide(A) and methylquercetin
glucuronide (B). The upper chromatograms of A and B panels were obtained by
using ODS column (Inertsustain AQ-C18, 2.1 X 100 mm, 3 pm). The lower
chromatograms of A and B were obtained by using Phenyl-hexyl column (Zorbax

Eclipse plus RRHD Phenyl-hexyl 3.0 X 100 mm, 1.8 pm).
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Table 2.5 Transition of LC/MS/MS (direct analysis)

Compound name Abbreviation Pigencursor ti:rr?dUCt Egg'%'sn
1 Quercetin Q 301 151 25
2 Methylquercetin MQ 315 300 17
3 Quercetin-4'-O-sulfate Q-4's 381 301 17
4 Quercetin-3'-O-sulfate Q-3'S 381 301 17
5 Isorhamnetin-7 or 4'-O-sulfate IRS 395 315 17
6 Quercetin-3-O-glucoside Q3G 463 301 28
7 Quercetin-3-O-glucuronide Q-3gIn 477 301 25
8 Quercetin-7-O-glucuronide Q-7¢gIn 477 301 25
9 Quercetin-4'-O-glucuronide Q-4'gln 477 301 25
10 Quercetin-3'-O-glucuronide Q-3'gln 477 301 25
11 Isorhamnetin-3-O-glucuronide IR-3G 491 315 25
12 Isorhamnetin-7-O-glucuronide IR-7G 491 315 25
13 Isorhamnetin-4'-O-glucuronide IR-4'G 491 315 25
14 Tamarixetin-O-glucuronide (1) TmG(1) 491 315 25
15 Tamarixetin-O-glucuronide (2) T™TmG(2) 491 315 25
16 Tamarixetin-O-glucuronide (3) TmG(3) 491 315 25
17 Quercetin glucuronide sulfate QGS 557 301 17
18 Methylquercetin glucuronide sulfate MQGS 571 315 17
19 Quercetin-diglucuronide(1) QdiG(1) 653 301 25
20 Quercetin-diglucuronide(2) QdiG(2) 653 301 25
21 Quercetin-diglucuronide(3) QdiG(3) 653 301 25
22 Quercetin-7-4’/3’-diglucuruonide QdiG(7-3'/4’) 653 301 25
23 Quercetin-diglucuronide(4) QdiG(4) 653 301 25
IS Naringenin IS 271 151 17
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EER 3-1 #H1EME—%E melibiose IZ& A4 )Lt F L EREEARIR IR E 1/

CE=1:0)!

WUHFSE SR DORFSE TEENLIE B0 —FE DFAIIL 237 vt F o OWIL A et % 2 & 2vR
S TEY[20], = Z CIEfoEEHEME & L CHARICAFIET S melibiose 237 /L& F
VECHER ORI 2R X B 0T 5 Z & 2 BRI E Lz, Melibiose (37 /v a—A LT F
7 b—=AN a6 fEE LI HETH D, ARBRTIX, 7 vt TF oD FEERWIGEAL T 5 /)
IHIZ I DRI 2 RS EE D 728, in situ /NIGFEER L — 7 WIGRBR & F2 0 L 7=,

(&)
EREY

7D Wistar / ST BT v b (AAT AT Ly —Ra4) % 18V, T v
ME. 1IEF 22T L AROME S — DI AfL, =il 22+1°C, 1BE 50+E5% D HF=E T 12
KR OB 1 7 LV CHE Lz, B ofe & kX B8R E U, fMEHImEFH LW
LOEG 2, BEKIZ2 BEEIC B Lz, AIN-93G T 7 HETHEfE%R. FEBRIcH
AL,

EREE -

HECIZITAEE No.4 DGk (KAt E BRUERT) 2w, &E5/MY ) v 2.5mL &
e Y ¥ 10 mLACiX, BEET 720 2dIz, Jeafl-72 18G Otz Y a2 F
2—7 No.0 (I HEXEt) 2RO HTF-boxE AV, KZIZ~Avay b (=7
7)) ARV, EHREIREMIZIE 22G Ot 5 mL O U P E e, 7 —7 LRI
WX A 72 22G OFHE 1 mL OV P& vz, SIDLHAEHIS 50T~y v
A£2(1000 TU) (REREETY;) CUB L b 0% HVWiz,

5T —F NV DIERL

FIRAY 7 —7 vix, AU x=F L rF2—7 SP28 (ID:0.20 mm, OD: 0.40 mm, KR4k
H BSYERT) OEmAEROIZ 1.5 em ORI 7= D%, 15em (IZW- = EERHAT ) o
»F 2—7 No.00 (ID:0.5mm, OD: 1.0mm, ¥ 7 A= MRS X AT 4 v 7 R)
DHFEIIHFA LIER LTz, ~XU > F R U 7 .4(1000 TU / mL, WoFERIEKR ) 2
IROEBRRIEAK (ARSI, AAEEIR, KEERE) ZHWT 25 AR LIRNHERH
DAY R EAER L, 1mL > ) o237z L2k, ezl 72 22G O#F2 B0 £517
SO T —T NV EIRY T T, EBRANSIE I 7 — T VDS E TN CUIR A
7= L7z,

In situ BRGAETRN— 7 DYERR. FANRT 7 —T VBB IS X O & /NE O HE H
HERRTH O 18 BRIt S 7= T v M/ % 2 v (80 mg/kg BW, & — =k Uath) - &
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VTV UMEER (12 mg/kg BW, MP Biomedicals) ZMEVENEEG Li=tk. 77 UIRIZ,
Ty a7 —7TEEL]L, 7y NOBEHOEL AWK TIELE, BI VU THEL,
0% TS ) — )V EMTE LTz, FIA A CIERRICIH > CTREZDID | 2§ L Ef ORI
AN B AN, BTG L ER A RIS . R A IE ARSI o TEI D BV, MIRICH T —T v
ERET LD, 2 X 4ecm OF—EBEHANT, BEEEZAMCTE, BEEE LT,
FLEMIRBRARZCTWVWE DI, H—BE2HWTHFIERZE T OIE D25 -5EYD Bif 7z, B
AH (GEF 3000 /N1 A B — K(61-2810-45), & A & A VA XIERBHTL 200%
WAL T, EFTHTLEOI2T v FEMTENZE W, £O%EMEGE (LT 27 2—)
THREZ AT WL D IC L, EFICEHEZ 0T 72 18G O3 FrE &> TMREZ 51 - i
D, HFRFE Yy NTCHT =T ARG, FIBICADEROMARICFHFA L, BT —7
IUNMEICH S S T2DEHB LTZD, EFE2 V) U PICHELEZ T, MAA> TWED %
ALz, M) FL A-TEREEIL, AR TTCICHREEERAZ AT H T —T L OFEA
HAEE LT, ZOBEIT =7 VOMERMIRICH L TRICRD TERWE I ITHER LT,
AT =T NEE%, DT —TNABRT RN E ) ICHBE LR, T—EBEZRO L, BaxF
ETOIRREICER LT,

ZERRE RV — T DIERIE, MR EZ o TR T4 VAL, BHOT 3 em 5% L.,
ZIrH 15 em OV aryFa—TEZBITIOETEHIIL, 22752512 2 em T
LU BRSO+ T HRBANCOINE 2 Az, & LT, A—7 B OFERENAL O IR
UnBEEZONT, WEHOL— F2fER L7z, 10mL > U P& AT, 37°C IRk L7z
AFEHEIK 10 mL ZEA L, MENEWZ TRV LTZ, ZRUTIANZRWE I LT, R
Z LT WIS NENBE BN EENIC S EBIZEGF L T D720, AR 10 mL L2455 2
mL # A5 Z & THNAEME RS TRV T Z LM Thb s 23, A EITERMfRIc L 2
DOREERTR L KV AFRREMICT DT DEPENIZZER A AD 2 LTk 72, £ D%
— 7 TFRIOYNE® 1em EE R TEFEER Lz, S HI—7 EES ROV TW S5
MHBEBIOT T ER S —[EETR Lz, #5323 Bk, /i H O&IZ control #EE L
T Q3GM 10 mmol/L {Z NaCl 145 mmol/L, melibiose #f & LT Q3GM 10 mmol/L (Z
melibiose 100 mmol/L & NaCl 95mmol/L & 723 L HOICHEEZED Lo TRE, YHD
FABLHE K iR S 7, Z OBE Q3GM ORENERET—EIZ7e D £ 912, Q3GM 10 mmol/L
B Rl REICERR L, 2O E W, H 50 LD E D - TERU 2 control #E L melibiose
FED NaCl <> melibiose Zi8fE =& 5 Hik%x & >7-, Q3GM 10 mmol.L DIAE#R z 1 - T,
NaCl <° melibiose & CUFE DERITITHE HF G L 5 00T T, BRICERIE LX)
WCHEE LT,

ME LERBRIRIRIEH N EDOA v FaX—F —T37°CIZIMEL, vV arFa—7T
fri L72 18G D#t L 2 mL U P& v, 25— 1.6 mL &5 L7z, BRLIEMIR
T =TI BEEHE 58T 0, 51 15, 30, 60 23141245 500 pL £#-HL L 7=, 60 23 & 2 HEHD
KENRE D, 22G DEtE 5ml DY & Hv 1 mL DL ESIN Uz, bk, 2L

h
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—7HEROH L, TAIRANLTEL, —20°C THRIELTZ, B O -Mmikix 10 4y, 4°C,
2,300 g T/ OB L CliE AR L, —30°C TRAF L7-, FEBROMIEEXZ Figure 3-1-1
2R LT,

il JpF 1k

MAE TSR CHEBRE L7214, BERAURRE & AR Z 224 100 pL 20 Le, £ D
M, 0.568 M DOFEfEZ 10 pL %N L T pH 4.9 IZF% L | BERALFEREIZ 13 sulfatase (from
Helix pomatia, Sigma G-9751, 100,000 U/ mL, B-glucronidase and 2,000U / mL sulfatase)
Z 20 pL I L7z, RIS D RNCIERZIE S ST 2 L 2 I X <EA L Th b ERIC
U7, AEESR BLA CIEMER I SR D 020 ST, sulfatase OIEMEAH 5 728,
MK T 2 f5747 L 7= sulfatase (from Aerobacter aerogenes 600 U/mL Sigma S-1629 )%
10 uL i1 L7z, HfAIIZ B-glucronidase (% 2,000 U, sulfatase (%43 U #¥iN L7, B-
glucronidase @ 1 unit /X pH 5.0, 37°C T1 WG SE, 7=/ — VT X VLA TIVD
0UBRERNSE T2 ) =T X LA 1pg BAERSEDLEEEER SN, £,
sulfatase [X[FZ:MFC 1 pmol/L @ p-= k& 7 2 — )UIRERE SR 2 DK 3R 215 & E
FINTz, TOK%, BERILIRRE, HEALPRRE L £ 120 2o, 37°C TA »Fa— L7,
A % 22— 1%, internal standard (IS) & L T naringenin (ChromaDex) % /Af# X+
e A% ) —)L% 100 pL AN L T 100°C T 1 43 L | RS % 1D T, & D%, 9,300
g THME LML, FEEZEI L, SHICIBMIC AKX 7 —/L%& 100puL kL, <
A7 aREVFA Y —T 20 BEFET T A X%, 9,300 g T 5 im0t L < EiG2E
WL7z, £ LTZO#EEZ 20 IR LTz, TXToO LGz abEicik, AREELERZ T
F 5 7= Ik 2 200 nL N L7-, A & LT 1 ce (10 mg)® OASIS HLB 77— k
U w Y (Waters Co)Z W, A%/ —)L 1mL, @Bk 1lmLarsoa=v 7%, W
YINEERT 774 L, 1 mLOBHUK TR L, 1 mL DAY —/LTrltF o hih
k& ZOBELEMZE T Uiz, W HREE DRFEE(VC-96N, VA-250F TAITEC) % v
THAE &, -30°C CHRAF L7z, LC/MS/MS Z3HriFIZiE 100 n @ 50% A &/ — VAR
%, WEAARLIZ,

/NBN Y D AR

INRERR L — FITEE TR L, A7 A — RIEIC X AW & /N BRI % (]
FRICAETEIR L7z, £ 6/MERNEIZOKE T OBMAK T 10 mLIZER L, Kn LA 5
Ry Z—HEVF AP — 40mL ) THEYFA X (1,200rpm, 14y) L7z, &EED
ARETVHR— NI 100 pL Fo5EL, Z1L4 IS (naringenin) Z{EfRS W72 A %/ —)b
Z 100 pLifshn L, IEE S TH R T v 7 A LT-t&, 100°C 3 Sy L, 9,300 g ©
5oy OB, RIEAEIL Lz, S OICEmIc A Y ) —N% 100uL L, ~ A 7
2ARE VA =T 20 BRIFRE VA X1%.9,300 g T 5 4y LB L T RIEAEIL L,
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ZOEMEE 2RI LTz, T TA DY BiFICEMAKZ 200 pL #1 L OASIS HLB 7
— FVU v 3ce (60 mg)aE AV, IMAEE FREICAEE L C, &8 L C LC/MS/MS 74zt L
776

LC/MS/MS #IE
HIEIXE 2 3 Catdi L7z LC/MS/MS (2 K 5 7 vt 5 o a2 ALERI ek 2 VO T,

i A
FERAE T I AR HERR AR ToR L7, dtaHLER I Two-way repeated measure ANOVA
EEREL., ARRENRLONTZSHEIL. Tukey-Kramer ME % Ehi L. 5% DA EKHEL
L7, fENTIZIZ JMP 12.0 (SAS Institute Inc. Cary, NC)Z FH\ 7=,
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X

Portal\vein

o J

Figure 3-1-1. Schematic presentation of in situ ligated intestinal loop test.
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€L

KRG v F U EBHA Q3GM % 22kt v — 7 5% . PIRIILH 21X quercetin
aglycone, methylquercetin, quercetin-3-O-glucoside (Q3G), 7 /vt F AaEIK, A F
N F AR S - (Figure 3-1-2), Q3G ICE B2 /L a— AR L=
Q3G2-Q3G8 | TR S 72 - 72, Quercetin & 7 L F UAIGIEOIRIE N i b
<, AFNT T AERS R EIRE Th > 7=, Methylquercetin & Q3G (X7
M THoT,

HEHEME B melibiose IRANEETIE, Q3GM #:5-% 15 7375 60 43127 T, control
B & e LT quercetin @ PRI R E N A EIC EF L7z (Figure 3-1-2 A), 7=tz
W T Q3G D B I 3AKAE 2 o L 7= (Figure 3-1-2B), 7 /v F L AabikE A F L7+
F B RDIREEE 60 43 E TRRIFAYICHE K L 7= (Figure 3-1-2 C,E), #54 60 4> T,
methylquercetin, 7 /L& F AR, A F L7t F o HEKIT control #E & Ehifii LT
melibiose WAL CTA BEIZE 2 7~ L 7= (Figure 3-1-2 C,D,E), Figure 3-1-3 (Z PR H D
total quercetin /% 27~ L 7=, Total quercetin |% quercetin, methylquercetin, quercetin-
3-Oglucoside (Q3G), 7 /LT VAR, A TF NI TF  AaGEROEF TR SN,
FARML AP EE 1X, RREEAOIC B L. &5 30 43 LAKE T melibiose WINEEC =22 b @ — LEEIC
EA_RTEHEEICEWVMEL 72 o7~ 60 431%1X. control BT 40.94 + 3.7 pmol/L.., melibiose ¥
JNEET 66.7+ 4.9 pmol/L & 72 - 7= (Figure 3-1-3), Melibiose #RINIZ & 5 total quercetin @
EENL, 7L F L AERBLOAF AT L F U AEEROEFN M STV, £72
B 560 BTN 21TV, @R RENRMZ B L7 & 2 A, total quercetin, 7 /L& F
BEE, ATFAT AT A EROT R TIZE W T melibiose IMNEE TA BT M HRE 2N
5 L7=(Figure 3-1-4 A,B,C),

60 DRI ESEE, ARV —THONEMERIE LT & 2 A, quercetin & Q3G
PNEZELEEMTHY . Q3G2 &y vt F U aaEisbdnichiiani, LaL Q3G3-
Q3GS T e o Tz, F25E1F Q3G DIEFEIX control £ & Lhif L T melibiose HAMN
BECHI 12 IKE A 7R L7z, F7- total quercetin & melibiose IR CAH EIZIK D> 7= (Figure
3-1-5), 5 L7 Q3GM £ & 60 531410/ — FPICEELE LIz vt F o Bd &> S WRIN
FEHEH LI L Z A, melibiose IRIMTHEIZ EH L, WIMEEER 2R &7z (Figure 3-
1-6),

33



F3E HHHALME RS XD vt T U BORE AR R

€2

ARBRIZIBWTH, FLEFWOAVEF LD TRERMLIZEBY ., ST ok
BIX TR THR— Lic, — R EZRTETIT I v F o BERREE L TR REE

(77 Vary) TILEMED S D% RTFRITIL quercetin % 721X quercetin aglycone &
L, ZVveEFE 7Vay RixQ3G, 7k/ﬁf$’7/l/k§“/ﬁﬂ#§ﬁi ¥ Q3GM & FEFL LT,

AMFZE TR, HEVH/EYE B D melibiose IRANIC . IKEEYET e T Bl R G5 % O
FANR L 2 L F o BE O i R EEAS . control ﬁi LG TRELS BR Lz, ZO/R
I%. melibiose 37 /LEF U OWINZEZRE LT Z L 2R LTS, BEDHIEIZIBNT
b, EEHALIE “HEO —fE DFATINIC &LV | /NG ERAIAH O Z A hYy 7 va &L
AR D L F ORI R S D Z ERAL NS TV A[20], oz ki
BLBEATH %5 Q3G 25 DFATILIRINEF CHRBICI AN EH L2 LIC KV b s
72, L» L melibiose IZMRMLH D Q3G #EE A L5 S, control & melibiose #HN
FEE I Q3GIREIIMNETH -7z, D DOFERIL, melibiose 23HEEREEE D Q3G D
WAL TG Lo T 2 &R L CW5D, —Ji. quercetin o7 /Lt F AN
melibiose RN X ¥ control #f & L L“Cﬁ%i AR L7c, ZHB1, melibiose 23Alfa
AR DWW AR SH T2 Z L 2R LTV 5D,

F'ﬂﬂ}[’?ﬁllﬂlj quercetin aglycone & (38 5% 30 4312 melibiose IIMAECE— 7 IZ#E L 72

. TR TF UG ERRA T F UREIRIT 60 4 E TRFFINICEER L T e, —

ﬂx LT 7Y arE UL, e 3t E v, i EEAIEIZ IV T quercetin
aglycone OWRILEN AL ZFEL EBl>TLE o772, PRI 2 quercetin aglycone 73
RKEICHHEN b D EEZ NS,

WEOHFIEIC LV | AR THWIZKEME 7 ' F Bl A Q3GM I1X FRid ZH>dD A
7 v 7T quercetin [ZHIKFESILD LB ZILTND

1) /Mg BRI @3 BT 5 a-glucosidase, v /L ¥ —¥-7 a7 57— |2k b Q3GM
D oal,4 73y REEGREIE S, Q3G | wmémamm KAFZEIZFB VT H Q3GM I
BIFEIZ Q3G ~ & 73 fR S 41, melibiose ISINC X BT B 72> 72, Q3G 1T glucose

VY& %#AbfwéanQ%%im¢fi@mén@#oto_m TR EOME L —
HL7-[25],
2) Q3G X p-glucosidase D—FTHDH 7 7 X —+¥ - 7r U VU KfifEE#E (LPH) 1[2L0 7T
7Y 2~ ENKRGRENS(13,14,3T], T b TF 2 ERERRIL OHEBE & S
Twal11l,
ARl DFER TIEIGOFE TR LV — 7125 A7 L 7= Q3G =23, melibiose #SIIHETIX control #f &
LT, FEETHD ZERHL N E 25 7-, —F quercetin BEIXWAECTEN R SR
Moz, Z iU melibiose 78 Q3G 75 quercetin ~DAIK DR ZAEHE L T\ 5D Z & &5 <
R LT 5, B-glucosidase 13/ MEhlF#l572 10 T2 <, MIIRNICHHET D, B RO
J'Z B-glucosidase (hCBG) 134 Y 7 TRy « Z7TR ) —)b« TTRY « 7T3) DR
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BERDIEE L 72 D0, 4-& TALOBEE RIS WEEZ R L, Q3G DX S 3LD7 TR
J A FEFERIZEBE L LS s Tns[88l, E72, MBI ORI BV T
Q3G IR O IRE " EE 4 Ml TcE 2 nEEXZ LN TEY ., Q3G 75 quercetin -~
DMK FEDBIRMURHE DFE L 72> T 5 [39], LU E XY melibiose 12 X% 7 /vt F L IRIL
Rtz id, LPHIZ XK % Q3G 7225 quercetin ~DNMK G fEDIEENEREICE D> T D &
EZ O,

Quercetin OWIEERRE & LT, YIFEEOWBEDHIT TS VY~V M ATzl b
T T OAELRENR S s E 7 o TV B [23], EFH S OB ED in situfEkN— 7%
WA B W T, ARk Q3G 1 melibiose WANIZ X VW A EIZH K L 7= (data not
shown), LWL ZOERIZA Y~V M AT afEl s 2 L IEFIZH <. melibiose (2 &
% Q3GM W HEZD RN T P AR HE L 1T R R D TEZ o T D L& 2 bz,
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Figure 3-1-2.

Portal blood plasma concentrations of quercetin aglycone (A), methylquercetin
(B), quercetin-3-O-glucoside (C), quercetin conjugates (D) and methylquercetin
conjugates (E) after instillation of test solution into a rat intestinal loop. Test
solution included 10 mmol/LL Q3GM with or without 100 mmol/L melibiose. Values
are expressed as means = SEM shown by vertical bars. n = 7-8. Two-way ANOVA
Prvalues were (A) <0.0001, <0.0001, and 0.0413; (B) <0.0001, <0.0001, and 0.0318;
(€) <0.0001, 0.19, and 0.55; (D) <0.0001, <0.0001, and 0.0005; (E) <0.0001, 0.0060,
and 0.0101 for time point, saccharides and saccharides x time, respectively. Means

not sharing a common letter differ significantly (Tukey-Kramer's test, 7<0.05).
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Figure 3-1-3.

Portal blood plasma concentrations of total quercetin, which is the sum of
quercetin aglycone, methylquercetin, Q3G, quercetin conjugates, and
methylquercetin conjugates after injection of test solution in a rat intestinal
loop. Test solution included 10 mmol/L Q3GM with or without 100 mmol/L
melibiose. Values are means + SEM shown by vertical bars. n = 7-8. Two-way
ANOVA Pvalues were < 0.0001, < 0.0001, and 0.0041 for time, saccharides and
saccharides x time, respectively. Means not sharing a common letter differ

significantly (Tukey-Kramer's test, £<0.05).
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Figure 3-1-4.

The plasma concentrations in abdominal aorta of quercetin conjugates (A),
methylquercetin conjugates (B), and total quercetin derivatives (C), which
were the sum of the quercetin aglycone, methyl quercetin, Q3G, quercetin
conjugates, and methylquercetin conjugates after injection of test solution
in a rat intestinal loop. Test solution included 10 mmol/L: Q3GM with or
without 100 mmol/L melibiose. Values are expressed as means + SEM
shown by vertical bars. n = 7-8. Asterisk (*) indicates significant difference

compared to control group, P< 0.05.
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Figure 3-1-5.

Luminal amounts of Q3G2, Q3G, quercetin, conjugates and total (sum of individual
contents) remained in a rat intestinal loop after injection of 10 mmol/L. Q3GM
mixture with or without 100 mmol/L melibiose. Values are expressed as means +
SEM shown by vertical bars. n = 7-8. Asterisk (*) indicates significant difference

compared to control group, P< 0.05.
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Figure 3-1-6.

Absorption rate of instilled Q3GM in the ligated intestinal loop. Rats were
instilled with 1.5 mL of Q3GM (15 umol/rat) with or without 100 mmol/L
melibiose. Values are expressed as means + SEM shown by vertical bars. n = 7-

8. Asterisk (*) indicates significant difference compared to control group, P <
0.05.
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RER3-2 ZHICKBTILEF UBEERSBEADEE
CE-t==]:0)

FEHk 3-1 T melibiose N7 /LB F L OWINARESEDHZ &, F-L2DEEIC Q3G 1D
quercetin ~DENMEHEZIILTND Z ENRBINT, £ 2 TARIFIETIL, melibiose &
St TR Q3G 225 quercetin ~D 3 RIZ G- 2 DA TR D 120 In vitro i R AT
o7z, AR CITEREN OBHRIZ X DK IRBOG Z BT 5720, BERIR E L TMMgG
AR T — b &2 VT,

in vitro DFRBRIZB W TR DIEMEZ L FEE LT, I A AT oAU
BTIED, BEERISEEGRIICEER & HED Vaax X Kn ZHHT 5 FERH D, Ll
ABEIOHEITEE D Q3GM X Q3GM = Q3G = quercetin ~& “BEFEOKIGIZ XLV 4y
fREND Z EMD, BHIZ KX Vhax ZHHT 2 2 EIXTE 20, 2T Q3G #HHEIC
T5HZ L THRIT D, Q3G IIAK~DEMEEN 50 umol/L LK<, KnX° Vo ZH T2
ZEMWTERY, 8- T, AW TIL Q3GM ZHE & LT, FRIEDD Q3G & &Rk
) quercetin & E=%—95Z & & L7z, GKENE Q3GM 6 Q3G ~D o fEdG DANK
IR RGEICHETe 7o D —ERFHI S ST HEA X, 42 Q3GM 225 Q3G ~D o R I A
RICIFFRE LN LEBZLND,

HOP O TPRRBRAITV, WUIZRREA T U r— MEE, BIOREHRBEZIE L
72, —HEL LT melibiose E[RI U a-1,6 f5G A2 HDOZ /a3 —R 2 553705725 isomaltose,
TN a—R 245310 a-1,1 #5455 L 7= trehalose, 7 /L33 — A 2 5378 B-14 f& L7z
cellobiose, # 7 27 F—RA L 7 )La—R 23103 kEA LTz lactose, TJ 2 XK 2 WEESE A 23
WA 4TV % DFAIL & A7z,

AREBROBINL, ZHEERN TV F VRO SRS 2 DAL T L Th D,

[:i£]

NERERE YR — b (BER) OfER

Wistar / ST #HEMET ~ b DZ2i5 L < IZEIG O NEWY 2 A PR K TUd% . BEREL
2o PIEFEBRICI Y, REBYAICT v b2 DR A B L CERR L 7R R £ 2 % — b
L. —ERELT/NNEND AT A — IR 0 ERL U720 AR Rk — b Tl iR fE 1
PAE/RE NN 2 & 2R L TR Y (data not shown), AREEBR CTIXAE LG E A7
A= REZ L VRERE YR — FEERI LT, T > MNBRIRO E&ITK 0.05 g/ cm TH
ofc, EBEHEKEZHNT20% (wiv) ORBEKREYR— M2 REI/FER L, SELR
RET-80°C T L, A by /B E Lic, MEIOFEBR TIIAEBEHEAKTHIR L, 5%k
REVFR— ME{ERILT-,
EE DR

Q3GM 1Z 8 mmol/L DIFEEAZER L, % Z /5 400, 800, 1000, 160 2000, 4000 pmol/L
LD XN LT, 6 D " H¥E (Figure 3-2-1) 1% 400 mmol/L & 725 X 5 (ZIEME L,
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Q3GM & " ARA L, HPE 200 mmol/L &% Q3GM 200, 400, 500, 800, 1000,
2000 pmol/L ¥R #ER L7z, T HIXREED 300 mOsm/L & 725 X 9 12 NaCl CTHii#
L7z, 72 6 FiD 2 FEEOEEZ TR 53R CIIE Q3GM DR % 1000 pmol/L [Z[H
E L CEREITS T,

BB

HHNC® 1.5mLF =2 —712 100 pL E A2 0EL TR &, BRI EE 15mL F =
—7NHEL, FNEN3T°C T2 M7 v A v FaX— b L7z, #EL 9 HE X 130 rpm &
Liz, ZD% %FEEARE Y x— M 20 BT 100 pL 32T 5 Z & TG % B4k
U7z, BOSEFMIEFERRIC X > TEF L7z, Figure 3-2-2 OB TiL. 15,30,60,120 73 & L
7o, EOIEPOFRBROOSRFR-NIL 5 2Rl & L7z, 0%, 100°C T3 52L& T
B Ik L=,
i A

FEBRFERIT, FIE SRR 22 CoR LT, HERHUWER X Tukey Kramer's test 320 L, A
BEKET 5% E LT,
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Figure 3-2-1. Compound structures of melibiose, cellobiose, lactose, DFAII,

trehalose and isomaltose.
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(R L EE]

FET/MGREARE R — MO LY | WEHE UTKEMES VT R R (Q3GM) % H
WTL KRG RBOR 24TV SRR E LC/MS/MS CllE L T2 ORUSeE 2 F it L
7o V3 — ANEEGES LTz Q3G2-Q3G8 I1ISUGRRIAT 15 4 TIZIX T TA Q3G 124y
fi# ¥, melibiose IRNMNZ X 2 WX R H 47205 7o (Figure 3-2-2A), £7-. Q3G I
Q3GM IZTtx A L TWD, ORI 16 51212 B L, LRI TR R
B Lz, F72. melibiose i KV | Z DUREIE control FEIZxE LIEfEZ R L7
(Figure-3-2-2B), & HIZHMEAERNYD TH 5 quercetin (L melibiose IRMNIZ & Y control #f
&l L TR L= (Figure 3-2-20), ZHUHOFER LD . Q3GM /R AR £ Y % — bk
H D a-glucosidase |2 L V|, 7272512 Q3G ~ & pfif S ii=#%. LPH (B-glucosidase)iZ L ¥
quercetin ~ & 3 fif S HIWBFRIZIB VT, melibiose WANZ L Y LPH (2 K 5 Z O fEHMIE
EINTWDZENRENT, FEERELOMEELZ T ny M LTcE A,
melibiose, isomaltose IMEFNA B FROHAZ R L, O 2HETWDD D Vinax ITFH Y
T BEKREONEENH S0 EFH LTz, 20 Z & 225 melibiose, isomaltose (3 B-
glucosidase DIEMEE FH- W25 2 L3 50 & 72 - 7= (Figure 3-2-3A),

WIT Z OYER S melibiose FFRAVIZHE Z 5028 9 EFIRDH 720, 6 FIHD _PHEIC &
% Q3G RIEVEE R LTz, ZOREER, F U a-1,6 f54 % H > melibiose & isomaltose
DA RN Q3G Hyfik i 2 Tt L7z, F7= DFAIIL <° trehalose (32/b L7e o7z, #iZ
cellobiose & lactose 134 & (24 L7=(Figure 3-2-3B), Z 1 cellobiose & lactose 7%
LPH OEETHLHZ L, b WNZ Q3G D fEN LPHIZK D Z LA /RLTWVD
[22,40,41],

Q3G 75 quercetin ~D 3 EIEMTLEIZIT 01,6 FEEDHFENEE TH D Z L IVRE X
Ni==d, 3SPFEICOVWTHBHLEZEZ A, a-1,6 5D 3 TH 5 isomaltotriose Tk
IEPEDY B L7273, melibiose (T fructose 73 o-1,2 A L7z raffinose Tl EH/ L722o7z
(Figure 3-2-3C), *7- isomaltotriose & melibiose D/ ffEtEEIEZ bl L= & & A,
melibiose BT NN -7z, ZDZ L6, LPH OIEMHAEEIZIT 01,6 fEABNEET
HY, 3PELD b 2HEOREEMTRL %@%*A%%igf‘%é ZEPIRENT,

Melibiose 7% Q3G 7> quercetin ~® LPH |Z DIRIEMEZ R ET oS LT3
DAL Tz, 1) melibiose & LPH ﬁx*ﬁﬁi’ﬁﬁ% L. Q3G DIk iz fetEd 5, Bz
IR 27 1 A7 U v Z7/ERO X 5 (2 melibiose 23556 D & HHLIHE AT 2 Z &
TLPH OIEHMEEEND LWV OHTH D, LLIhadR— M o@EidhanT
W2, 2) Q3G & melibiose WAHAEHT 5 Z LT, Q3G A LPHIZL W fEA LT < 7
HEVOMTHD, LinLIbHHR— 53TV, 8) LPH O% 7% MEH T
H5, LPH [ZAEFHEOR RN H D B-glucosidase T, 2 DOIEMETHNL Z#Fi>, 1217
7 &2 —BENL T, lactose 721 T72 < cellobiose, cellotriose, cellotetrose,cellulose & 17K
GIET D, B O 1 OoRTa U Y UMKGRERALTH Y, galactosyl-, or glucosyl-p-
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ceramide O X 9 72 KX 72 B/KHY 72 7 /L LHIEH % & D B-glucoside % MK 39 % [42]
LPH O@EFEANIA LN ENTEY . —ODIEWEENILFE— DR Y L7 F R EICHF
ETDHZENDNoTNAI43], Q3G X LPH T 7 ¥ —VELE 7 1 U 2 KA RS
NOW ST THfREND, Ttz a U P U MKGFREAL E AE L LT H Q3G DK iF
TEVERM Z 2o -2 & THL M- 72[14], BEDIFIE T, glycosidase (2 X 2 BEEHD
IAKGFEA T = XA BZBNTH T A MEGRIMRB ST 5 [44], LPH (39791 M#
EEHOZ ENRHLNIR > TWBHI45], LPH O 79 A hOEEITH L™ S TR
WS, Spodoptera frugiperda 7> 5 R X iz B-glucosidase (Mr 47000)1% LPH @ X 5 12
2 OOIEHEEL 2 R 5. N-AKES172 LPH & @O AREZ A3 5 [46l, £7-Z o0&
7 E T —BHAL (Mr47,000) X7V a—AREREET D 420H T A MERFoZ L
B, BuT XA N YT =200 flTE S, IRLICEY, LPHOZ 7 2 —% (&
a7 —8) EAS 4 oD T YA N EEEOAREMNN & 5 (Figure 3-2-4), $ 74 hitn
MH4n THE I, n DIEETLARNE, n DETKmE T vEnsd, Haxn 7Y avZ—
BIZR YRR L0791 MEGEEFFO44], GIWEBAIR3-1 L+1 O TH Y | WER Y7
A D1 E+LITRHEART DR, IV ay FESIMAKSROHERERE L 70D, —hL =
PRI 7% A b1 41 721 T, #2043 12 b KEET 5, % Z T melibiose 23 iR {7
X0 B IR ~D OB Z R~ T 2 LA BE L, AMFEICEB T al,6 5% b
> melibiose & isomaltose 7% B-glucosidase OIEMEAIEE L7z, 1 a-1,6 fEE 13O
7V ay NG L0 SRR & 2 720[47] G AL0-1,+1 KV $+2, +3 DY 741 b
WZEWFEE BRI Z o700 b LivZely, %8 51X melibiose 2347 %4 h+2, 43 & 5
BT 25 LT, WETHD Q3G MBMBEEALD-1 L+1 ~DfEEEZ RS, Q3G DNk
IFEEVE AR S E D LB 2 7=, £ 72 melibiose |Z fructose 235 A L 7= raffinose 1+ Q3G
DINKIF IR Z A S22 o T2y, ZHUXTNT b —RES NS T A OB Z 5572
FERLEZ Hiviz, —J7. isomaltotriose i% Q3G Dy fR &Lt X 7=, KRR a-1,6 F5A
D 3% B OMEL, BN ~D Q3G DFEA Z BT IC< WDt LAL7ZRVY, melibiose 23 &
D £ 512 Q3G DINKIRZALE ST ZFHT DX I LR HFREPLETH D,

o
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Figure 3-2-2.

Hydrolysis of Q3GM by a homogenate of rat small intestinal mucosa with or
without melibiose at 100 mmol/L. Each sample was incubated with the
homogenate at 37°C. The reactant concentrations of Q3G2-Q3G8 (A), Q3G (B),
and quercetin aglycone (C) were measured. Q3G2-Q3GS8 is sum of Q3G2, Q3G3,
Q3G4, Q3G5H, Q3G6, Q3G7, and Q3G8. Values are expressed as means = SEM

shown by vertical bars. The reactions performed in quadruple or fivefold.
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Figure 3-2-3.

Q3GM hydrolysis by the homogenetate of rat small intestinal mucosa with or without
saccharides. Figure A shows the s v plot of Q3GM hydrolysis by the homogenate. B
shows the rate of quercetin generation from Q3GM at 1000 umol/L by the mucosal
homogenete with NaCl 50 mmol/L (control), melibiose, isomaltose, cellobiose, lactose,
DFAIII and trehalose. C shows the s-v plot of Q3GM hydrolysis by the homogenate of
rat small intestinal mucosa. Values are expressed as means = SEM shown by vertical

bars. The reactions performed in triplicate or duplicate (Outlier was excluded).
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Quercetin-3- O-glucoside(Q3G) Isomaltose Melibiose
OH
OHo
OH
HO
OH o o
OH
OH H
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Ho Melibiose and isomaltose interact to
O o OH
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o " Y
HO OH OH
= 673
> (o] () o)
Cleavage site ¥ o éz\
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Substrate binding site of

B—glucosidase

Subsites +2 and + 3 have already been occupied by disaccharides.

— Probability of Q3G binding to a catalytic site will be increased.

Figure 3-2-4.

Schematic presentation of the substrate-binding subsites.
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EER 4-1 in vivo REE T 5 v FOMAR & DB R FHREGEIZ K 5
TILETF UEEROIRIERE

G ==1:0)

T T BRI E LD & /N - I - B & OB FERRIC I TEMAREH O
THBEOSZ E A b E o, P TTIEERICEA R E LTHEET D, RaEO®E T, mh o
TVEF AL ERB N EBIER 2RO & A LI L A LOREE (Vv s v @R
BilE) ([C XL > THZDIEMENRRD Z LRME SN TN D[28], K7 B F ALEEIEN
D EDEML TRAILENTVDENETRD Z Lix, LT o ORI - % 5 5 LT
THHETH D,

KRR CTIX T e F o OGN TH Y . WAL EMNL Th DIHICESZ H T, IHIC
B2 A k0% b LA Lo ERIRE AR 22 AL Lz, 6 3 BHER 3-1 0
in situ fEB LV — 7R BT, Q3GM DO/NBIZE T DI A 7l LTV D23, in situ HEIFWIL
BB Z RO D — 07, M CT/MEE R L TWA T, L0 ABEMSEETOR
BRI E LW, £ 2 CARRBR T, SFIREPIIRIC A 7T —T VAR ET 5 2 & T, HERR,
BB NIZI1T 2 E | BT 2BEIEER~D Z & & Ui, HLERRE PRI O
[FIRFERMIEIL, W EOHIEA BB LT2[48], REE TN DT v M7V F B A % 1 #&
Bt RIS O ERIR & PRI 2 [FIRFERIL L. 2 O3 O I D7 Porto-venous
difference (P-V difference) # H 9% Z & T, BB DAL & WU 34 L7z, 5
B2 % Figure 4-1-1 1278 L7,

[:i£]

EBREY

8 WD Wistar / ST ZEMET v b (HAZ A Lo —FAS4h) 2 10 AW, T v
M, 1L DR T L ZAROME S — I AL, i 22121°C, W 50E5% DA H =T 12
e OB 7 )V CERE Lz, fE G ofeh & KT A BER e U, fEHIE R Lv
LOEEZ, BEKIT 2 BEEIC—ERH LT-, AIN-93G T 7 HREFHfdE%., FEBRioMH
AL,

BT —F NV DIERL

FINR A 7 — 7 LV DVERITFERR 3-1 & RERDOFIETIER Lz, WL ERlRER M) o SR
T—7 L, 15em W - 7=EEHATF =2 —7 No.00 (ID: 0.5 mm, OD: 1.0 mm., ¥ 7 A=
. MRASHI RN AT 4 v 7 A) OFEEERDIZEIY | NS 3em ORI Y A
Ay R (3D-MATE, A &ttF v o7 1) T (X by =) oz, ZHIEL T —
TV ESEFIRICHRA LT RICERD B ME 2R TRSZ LI Ko T T —T VDB EERIRD
LPITDHZ EEISEEND D, ~XU T b Y T A (1000 IU/mL, B0 E SRS
EHROABAKAK (AARKR, AEAHK, KEAERE) 20T 25 E4 R LIKNE
FH O~ IS ZERL L, 1 mL > U > DIz Lz, ez ll-72 22 G Oft 21y
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7, $tOSES T —T VBT T 7=, EBRENZII A 7T —T VO dehnE TN IR
Zyimie Uiz,

b
B
m

iE

e a
vV
7L

IIEE No.2 ofndsk (S E B R/UERT) 2wz, #A%E1E 2.5 mL O¥
D) KRBT —T N (T DA AT 4 RS 25 LW, FIilF & BEROBED
R~ A >3 v b (=7 afkath) 28z, SEERIR - PIARD 7 — 7 ARz i3 5e %
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Q3GM Ot N FE G %I TR S L7z DX, quercetin, methylquercetin, Q3G,
quercetin glucuronide, quercetin sulfate T& -7, Quercetin OHEEN % Figure 4-1-2 A
W Ly PRI D47 v F ARG O MRM 7 v~ 7' F 5% Figure 4-1-2 BIZ/R L
Too 7~ 7T A RIZE#BS N 2715151 O X5 2RKEIT, O T vy a v

(Precursor ion & Product ion OfflA& ) Z/RLTW5, FifgmaAB81->301)D 7
nv N7 AL 3O —7 RS, ERER T- or 3+, 4", 3-sulfate & [FIE L7z,
ET N m VB ERATT->30)D 7 nv N 7T AT 4RO Y- RS, 3, T
4'-, 3"-glucuronide & [FE L 7=, 3-glucuronide DRI RFE B — 7 N Sz, 2 bt
Figure 4-1-3 [Z7R L7z &9 iR 0T 2 6 L IERZ1T o 72,

Figure 4-1-4 A |Z/R L 7= total quercetin #2f£|%, quercetin, methylquercetin, Q3G,
quercetin glucuronide, quercetin sulfate D GFHEZ R L TV, ZOREITE=F—L7-
30-240 min OF X TIZIBWTHLERIRIL L W FIIRMIEE DIF O @l Z s Lz, PR
TEFE 7 & IR L TP % 25 L 51V 72 porto-venous difference (P-V difference)lZi%IZ 35
%7 T OWIBREE & /79748, 80-60 43 T E5- L7223y, Z D1 240 5312010 Tl ME
123 - 7= (Figure 4-1-4B),

Figure 4-1-5 A |27~k L 7= quercetin aglycone [ZFIfRIM A C 30-60 /32 iR CIFEE L7
3, IREER ML C & 5 HULER IR H CIIARAE %2 7~ L 72, Methylquercetin (3R & #00FFR
MAEEICRE RERR SN0 - 72 (Figure 4-1-5 B), £7-. #A4 MYy 7 v a U
DY DFERE T I 2 BbER D Q3G FANRIL H I EEIE 1 umol/L LA RN Th - 7= (7 — & IEfgill)
Quercetin aglycone & methylquercetin @ P-V difference % Figure 4-1-5 C,D {2/~ L7z,
Quercetin aglycone X 30-60 77 &\ 9 B THIC BT 2 WU 28 @& H> o 72 05,
methylquercetin (% quercetin & i35 LIRME AR L, #REFZRIREZALIZIE & A E 72
-7z, Figure 4-1-6 A, BIZ/R L7z, 7V 7 v Ui AR & RRIBIE IR DS BIERDOGF O
MARED 7T 713, ZD 77 7ORRIZELRD OO, REITIFIZRFTH 7, 7z,
77 a gt G RO D E R M R 1L PR _H:’\‘“ﬂfﬁiﬂo Teo BT TV m s
Fet AR & BRI A IR DR ILEE D 7' Z 7 % Figure 4-1-6 C,D 2R Lz, 77 v i
HED P-V difference |3 5-E% D 30 57 CHRERIL E 720 | DK Lz, —F., Wilg
AT 30-240 p TIE R REBIR GNRp-T, FLLOREITZI NI v BIEEAK
WIS oTe, ZOZEIFBTIEZ VY v UBRA RN EEREIETH D 2 L
ZRE LT\ 5, Quercetin aglycone (Figure 4-1-5 C), methylquercetin (Figure 4-1-5-D),
77w s iEA K (Figure 4-1-6 C), fit it f & 1K (Figure 4-1-6 D)IZ/R L 724 P-V
difference 7> & &) DR O WITRE D AUC %25 H L. total quercetin @ P-V difference
(Figure 4-1-4 B)® AUC #FRE T 25 Z & T, BIZB O TRIL S 7= &G O L3 % F
L. Figure 4-1-7 |Z/” L7z, ZOREHE, quercetin NEIRD 52%., 7V 7 v U EEfEAIKN
28% Td ¥ . methylquercetin & HiFEE SR D HLFIT LB RYRIE T o 72,
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BAIE RO E BRI OWN T L B E & %21 T > 72, Figure 4-1-8 (21X 7 v 7 a il
IR E R OR BYEROMAR - POF IR IR, P-V difference 27~ L7z, E£72Hifko7-
DIZTXTOT T 7 Ofefh A r— v &f— L7, Figure 4-1-8 A |2/~ L7=MfRILF % 7 v 7
o A IRIL. BME% 7R L72 4'-glucuronide #FR< 3 54 C. Q3GM #5-%% 30 43 T
e —27 720 60 73 LARRIIIR 2 129 LTe, ALEDERIEIC SV TIL 7->3'->3->4"- Dl &
72572, Figure 4-1-8 B IR LoD ERIRIMLP A7 v 7 v U ER A IRIR BE IR, PIRR I, - B
LT B L FDORENMEL < 3-glucuronide 2 EfE %~ L7z, Z i 3'-glucuronide 73
ELSNOFEALTE Y Z<IAbT 2 2 L ZRB LT, Figure 4-1-8 C (2% 7 /v 7 v Ui
HED P-V difference 7~ L7z, ZD 7 7 7 AEITIMARMAERE L I1ZIE—H L THY | T-O
glucuronide 723> 3 ff X 0 BEZIZ @70~ > 7=, Figure 4-1-8 D (TR P A5 Bt R4 AR D i
AR LT, 5% 30 43T 3' -sulfate 23 & mifi 27~ L7223, 120 27 LAREIE 4'-sulfate 23
Wilis L7, E7ZOMANL, Figure 4-1-8 E 128 L7z O ERIRIL IR E & IZIEFRBECTH -
72, Figure 4-1-8 F (/8 L 7= & Wilgta 51K 0 P-V difference (%, HLERRIMLOZ 40 LD HAK
ETH o7, PRI - ORI O 707 v oEfaa A, mEgfaa iR, &51% 30-60
URRIBIL T & > 7225, 4'-sulfate DA ML & 1T E 2 DM 2R L B EHBRIRAITHE R L,
240 77 £ TrAfEZ R LTV,

TV v CPEIGR &R SR O NLE BRI O ZE B & B o RGE R O BA4R & i
XL, TH% 30 3 & 240 ORI ERONERMEEROREZFH L2 (Figure-4-1-
9),Figure 4-1-9A ® 7 )V 7 v UEAIRIE. 30 43 & 240 57 TZEITZ A 54107, T-glucuruonide
BTNV 0 CBRIEERD 5B 60%% ), T->3->3->4"-L7polz, /2L DHFRIT 3045
& 240 5y TR LR o7z, —J5. Figure 4-1-9 B IZ/R L7chitBRfa & 1%, #4530 /314 C
1% 3'-sulfate 23 E1AD 60%% 5 O7-7%, 240 7314121 4'-sulfate i b EfE & 72~ 77,

€
Q3GM Z % O # 5 L7=BE. PRI A 21T quercetin aglycone 7232 & (2R S7-25, $H

FrARP CIZFIARIL T > 1/10 FREED 2 pmol/L Th -7z, T D Z LT/ S OWRIL S HE K
L7z7zi2, MIRILFIZT 770 @ & LTI S 7223, iFligZe & TEbIZRAakah/z 2
EERLTWD, FEFrO8E 727U a0l ) NAEERITROE W ERH 2
—J7 (28], 77V a yNMEEERIMICEIS Z & TEMEATRT LV WG D H 5 [49], ARERT
X PRI TOART 7 2 ARED G BTl CABEH 2384 L 7%, I TIix e
A EPEIC XY R ST, MERLICKE SN D & Bbhd,

Methylquercetin @ P-V difference 23T 2N FE LT Z &0 B, /NMEIZBWTH A FL
NI AT 2T7—ERREBLTWDZERRBENT, e F U EBERTHS Q3G
DI R IARD TR < . Q3GM 13/ BRI D 2 A~ 7 a1 KD RIGHRE
BOFHGITNE < AT E A EDPHIAREORINTH D Z LRSIz, £ Z ORERITH
3 EHEHR 3-1 OfER L —F LT,
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7N oG ERIEEG% 30-60 43 &) BENCWIUBR KA & 0 RGO WRINGRE & K3
P-V difference 23 PRI IRE D03 %2 5O T2, 2D Z L7V 7 v Ui a b N gk
REOGBRTHD Z L. BITITmW s s a U B biEEN H D Z L AR L TR,
Crespy D DFERE—F L TW5HI[50], —J7. WA AIZMINRIL & F0s R f i EE o 2253
INE Do Tz, ZTOZ BT, MERALIIGICB T 2 F 5/ NS <L 1FE A EDIFEEOMO
M TITORTND Z EER LTINS,
DICARER TITRAEROFEEO A Tl | frEREERICO W T LM 21T o 72, Vs

B2 A R OALEFRIRMEICE L i, MRE SRR CIZIEREO MR 7' r 7 7 A L & 72
0 | Tl & AN R T DALEGEIIEITIE VR RN LRI S, F72, &5 30 7 & 240
NTHLZEDT 0T 7 A MTEWVTR ONe 572, —J5, BT CTAR S5 g & A1x
BTG E%D 3->4"- T > 72 DITxE L 120 53 PAREIT 4'->3'- & S LEBAL D ZSIE DGR H T,
Z iU 3-sulfate 13 5% T IZAEM I ILD DY, FRIABNENZ ERB I, B2 ) D
K E LTI FRE 2 BN D, 1) ki 3-sulfate 28BIRMICEVAEND, 2) 3
sulfate 28 % DIZNDOBIEGK L LT 5 L ZHaGba =03, (G kEEER & OBFtE
EVY) 3) 3-sulfate DIEHORICHEM S /0970y, (4'-sulfate 23HEHE S 4Lz < vy 4)
MBI TS S0 F 0, 5) MRP-2 O &) 728kl b 7 0 AR — % — THERENIZHEE S
Nz, ED XA DFERNBEBEZLNDT-0, SLRIMEDNETH D,
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Quercetin glucosides

The concentration difference (A-B) = Porto-venous difference
= Intensity of intestinal absorption and metabolism

= Glucuronidation > Sulfation and Methylation

Figure 4-1-1.

Schematic presentation of the P-V difference.
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Figure 4-1-2.

(A) Structure of quercetin

(B) LC/MS/MS MRM chromatograms in portal vein plasma.

Numbers in the chromatograms represent different regioisomers of quercetin

coniuegates.
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Figure 4-1-3.

Representative MRM chromatograms of LC/MS/MS in standard
mixture (0.5 mmol/L).
Numbers in the chromatograms show different regioisomers of

quercetin conjugates.
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Figure 4-1-4.
Changes in concentrations of total quercetin in portal and superior vena cava blood
plasma (A), and their differences (Porto-venous differences, B)
Total quercetin is the sum of quercetin aglycone, methylquercetin, quercetin
glucuronides, and quercetin sulfates. Porto-venous differences show intestinal
intensities for quercetin absorption and intestinal mechanisms for conjugation and
methylation of quercetin.
Notes: Portal and superior vena cava blood was collected before (that is, at 0 min),
and at 30, 60, 120, 180, and 240 min after the administration of Q3GM solution (5
mL/kg BW, 100 mmol/L). Values are represented as mean * SEM shown by

vertical bars. n = 5.
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Figure 4-1-5.

Changes in concentrations of quercetin aglycone and methylquercetin in portal and
superior vena cava blood plasma and their differences. The portal and superior vena
cava plasma concentration of quercetin aglycone (A) and methylquercetin (B) after an
administration of Q3GM. Porto-venous differences in quercetin aglycone (C) and
methylquercetin (D) evaluated by subtracting their respective concentrations in
superior vena cava plasma from that in portal vein plasma.

Notes: Portal and superior vena cava blood was collected before (that is, at 0 min),
and at 30, 60, 120, 180, and 240 min after the administration of Q3GM solution (5
mL/kg BW, 100 mmol/L). Values are represented as mean + SEM shown by vertical

bars. n = 5.
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Figure 4-1-6.

Changes in concentrations of quercetin glucuronides and quercetin sulfates in portal
and superior vena cava blood plasma, and their differences. The portal and superior
vena cava blood plasma concentrations of quercetin glucuronide, (which are a sum of
concentrations of all its regioisomers, A). The portal and superior vena cava plasma
concentrations of quercetin sulfate, (which are a sum of concentrations of all its
regioisomers, B). Porto-venous differences in quercetin glucuronide C) and quercetin
sulfate D) evaluated by subtracting the respective concentrations in superior vena
cava plasma from that in the portal vein plasma.

Notes: Portal and superior vena cava blood was collected before (that is, at 0 min),
and at 30, 60, 120, 180, and 240 min after the administration of Q3GM solution (5
mIL/kg BW, 100 mmol/L). Values are represented as mean = SEM shown by vertical

bars. n = 5.
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Figure 4-1-7.

Intestinal metabolic rate for total quercetin derivatives.

Notes: Portal and superior vena cava blood was collected before (that
is, at 0 min), and at 30, 60, 120, 180, and 240 min after the
administration of Q3GM solution (5 mIL/kg BW, 100 mmol/L). The
intestinal metabolic rate was calculated as follows. First, area under
the curve (AUC) of porto-venous differences in the concentrations of
total quercetin derivatives (Fig.4-1-4B), quercetin aglycone (Fig.4-1-
5C), methylquercetin (Fig.4-1-5D), quercetin glucuronide (Fig.4-1-6C),
and quercetin sulfate (Fig.4-1-6D) were examined. AUC of porto-
venous difference in the concentrations of each metabolite was divided
by the AUC of the total quercetin derivatives. Values are represented
as mean = SEM shown by vertical bars. n = 5. Means not sharing a

common letter differ significantly (Tukey-Kramer’ s test, P< 0.05).
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Figure 4-1-8.
Changes in concentrations of regioselective quercetin glucuronide and quercetin
sulfate in portal and superior vena cava plasma, and their differences.
Concentrations of regioselective quercetin glucuronide (A) and quercetin sulfate (B)
in portal plasma. Concentrations of regioselective quercetin glucuronide (C) and
quercetin sulfate (D) in superior vena cava plasma. Porto-venous differences in
regioselective quercetin glucuronide (E) and quercetin sulfate (F) are obtained by
subtracting the respective concentrations in superior vena cava plasma from those
in portal vein plasma.
Notes: Portal and superior vena cava blood was collected before (that is, at 0 min),
and at 30, 60, 120, 180, and 240 min after the administration of Q3GM solution (5
mL/kg BW, 100 mmol/L). Values are represented as mean = SEM shown by vertical

bars. n=5.
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Figure 4-1-9.

Proportion of each positional isomer of quercetin glucuronide (A) and quercetin

|

a
m 4'-sulfate
@ 3'-sulfate
b b

07 or 3-sulfate

30min

240min

sulfate (B) in the intestine at 30 or 240 min after Q3GM administration.

Notes: Portal and superior vena cava blood was collected before (that is, at 0 min)
and at 30, 60, 120, 180, and 240 min after an administration of Q3GM solution (5
ml/kg BW, 100 mmol/L). Values are represented as mean = SEM shown by

vertical bars. n = 5. Means not sharing a common letter differ significantly (Tukey-

Kramer’ s test, < 0.05).
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E& 4-2 in vitro &2 D SO protein 12 &k 512 &L E T
CE-t==]:0)

FBR 4-1 T in vivo IZB T D BB RO EIEIRME L G iEME AR L7z, 2 2 TIidsE
BRI G AR T o D/ - I - BRI 31T 26t % IS bR FAET 5 S9 EiSy
W in vitroW BRIC K VFHIET 2 2 & & L7z, In vivo Tld, 2G04 225Kk IC
X MBI DR A Z T 505 ARk TSNS D& (LBE R O BEIECTE M 2 3l 3 %
ZEMTED, BEOMETIHRAMEERFELE LTI/ rn Y =AW bbb o7
AN ?W7n/&@Am%%ﬁ?éUGmi 7 m Y — LBy, WA & kg 5 R
E I RN %<ﬁ@76tﬁ>xﬁ%fiﬁ%%aasgﬁ“%mwé LE L,
B3R 4-1 D in vivo iRERAE R & K 1n vitro R OFE R & i L ¢, i E&bigtEic>n»
THEELT,

[F:i£]
ES LY

7 ##ER D Wistar/ST HEVET » b (HARTZ AT Lo —HRAath) & 3ICHWE, 7 v ME
1IEFDRT > L ABOMEF — VI AL, iR 22 + 1°C, W 50 + 5% DA EE T 12 REH
OHREH A 7 )V TEE Ui, filE #E R OfE & KT E hEERE L, fEHIERTI LWV O
HZ. fEKIZ 2 BIC—EAH L=, AIN-93G T 3 HIRE P E & ICHEI 21T, Bl
U 7o i, M2 B U CHRIR 2258 CIRA7 LT, /MBI DWW TIE, BEUER 3 I iGAa 2 (8]
T DEIEICEF LTz,

RESR— FRAREHRAR

JHEl & B g oo AT Y % — hAIZ, 50 mmol/L @ Tris-HC1 (pH7.4). 150 mmol/L @ KCl,
2 mmol/L ® EDTA % & ek E ¥ % — MEEIK A 5 L7-[51],

INGEE Y F— MG BEH TS50 0REE LT, x10 PBS(), 15 mmol/L. ®
EDTA. &ixAlDYF 4 b LA h—/L(dithiothreitol, DTT) 0.5 mmol/L, 200 {7 R4 & D
a7 7 —¥lHEL 7 TV (0396921, T H T4 T AR EM) 2ENETNEAT DA
fala AR 2 ER L7z, S OICHMiaodH & LT, 250 mmol/L DA 7 v — AR,
0.5 mmol/LL EDTA, 200 {47707 7 —YIHER D 7 T rzzhthate ) o 2 %
WEERL LT, E12RE ) XHREER T Tris-HCl (pH 7.4) 50 mmol/L. 150 mmol/L
KCl, 1 mmol/L EDTA, 20% Glycerol, 0.1 mmol/LLDTT, 100 A RELEHR B 7 T V%G
Tl ORI L7z, BHERY 7 T v, DTT 13EHERNICES LT,

AT & BiE D S9 Eisy{E &

JHFI & B ARAR IS 2 A, Ry X —RE VA P =B LTz, T O%MMITERL T3
EEOREVEA— My Ty — Bl 2 FEORESR— My Ty —ZiRMLIZ, %
D% MR O EE) A€ P F A #— (ULTRA-TURRAX, IKA, T10basic) TX ¥ #in»
L LEDL, Ry Z—REDFAF—THREIF— FE/ERLT7Z, ZD#% 12,000, 20 min
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4°C THODBEC LY B I har FUT7EBREL T, RIEO S9 By &I LT,
INED S9 B ER

Andrew b OFEE S EIC LT2[61,62], T v MEFIKHT, #L/ MG R, AE8
TR THNED Z TEICHR %, 3—5em BREIZUIWT L7z, TOBIBEZEDTRNE DI
BELRROUVRE, ZEAHBHIE, 1EH2Y 20 mL OB HAREIRICR Lz, &
WAL K ET60 ke 5 SV, WHES e BRI 2 B sk 2 B Lz, Z OfF3E
Z 3 MR L, bRGifaz L Uz, A L7l ig 2 £ & T, 3,000 g, 5 min,
4°C T O oBEL T EEZ R\, BT Y 2 FfRER 20 mL 2002, Alfa 2 R <
72o D14 3,000 g 15 min, 4°C Tiw:l LT EEERWZ, ML > FZFEL T, &~FE
U A RfRER A 1-3 ml/g 7D X HICEIL, RAEVFA XL, £D%, 5000 g, 5
min ,4°C TiELOEEL T, B, X har RUTEREL, EEREN 7 VT —RGE513H
A A 4 0 I U7z, B3k A 12000 g 15 min, 4°C Tiztlh LT, k{F% S9 #isy &
L7,
BCA 2 U\ ERERIE

VERL L 7- i, B id. /NB o S9 4y 1% BCA % » b (Thermo fisher)iZ & V) % v /37 Bk
FEAE LTz, RPN, BB, /MBI 55, 65, 183 mg/mL & R Sz 7=, FALBUSREE
BRI DS X7 EIRED 4.8 mg/L &7 K 5 ISR L CHEBRICMHEM L.
&1 RIG

FH AL DOMiIFEHE %2 16 mmol/L & 725 K HIZARE U R — MEER CAN L7, filFEs L
LTix., 77 v riEf &1 Uridine 5-diphosphoglucuronic acid trisodium salt
(UDPGA). Filiz¥ A1kl Adenosine 3'-phosphate 5'-phosphosulfate lithium (PAPS), *
F M kIZ S-(5-adenosyl)-L-methionine (SAM) & L7z, & 57 U O KFFRDO KR E V% —
I 400 pL (Z ARSI 100 uL Z N L, 5 3 37°C T LA v Fax— Lz, 221
50%DMSO T 12.5 mmol/LL & 72 % K 9 (2 fif S ¥ 72 quercetin ik % 2 uL Z 3N L TR
JEEBIA L=, 60 53K LIm A X/ — % 500 pL # L CRIS 25 Ik S8 72, KOS
e DI LT 7 Lt F o 50 umol/L, Kk D % 737 'E 3.6 mg/mL, %% 3 mmol/L &
BRI LTz, OME IR DAL . B O 7 vt T B %2 LC/MS/MS THIE L7z,

(#ER]

TR D 77 v AL ONLE BRI A Figure 4-2-1 A IR LT, 707 v g
BRIEL T-0-L 3-O03 & BIZ 30%LL L& DT, 3-0-& 4-01F 20% L F &b ThTho
Too FTZ ONERIRVET S K o TEEITA N0 o 72, Figure 4-2-1 B IZHifEf
AL O E BRI A7 Uz, BRI A 1T, MRS K o TRIRMEDS R 22 0 | /N ERHIRE IS 3
sulfate OIETENF < | 4'-sulfate [T S 2o 7, g /MG & IFIFRBEOME R 27~ L
7273, 4'-sulfate 23T AR S V72, B TIE, IR & /N R & IR & < B b |
7- or 3-sulfate 7% 70%LL L% &, #Hil T 3-sulfate, 4'-sulfate DA TIEVEDHERE S 7z,
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€

ARG IFAEMABICEIH L WD 77 e B E{LEESR TH D UDP-
glucuronosyltransferases (UGT)CHi R s 4R, sulfotransferases (SULT), A F/LHiisf
5% catechol-O-methyltransferase (COMT) (Z & 0 fillft X v, & OFESE DR BLEITKATFT
HEEAOND, JNT v BEBERITE FRXT y MZIZUGTL & UGT2 7 7 X Y —
FET 5D, FIZk MZOWTEL O R EM I TE Y, UGT1A9 (X 7-Oglucuronide
DOIEMLE <. UGT1A1 X° UGT1AS 1% 3'-O-glucuronide DA biG M EV & )E S
TW5[53], T72bbh, FHMEICHEILL TWD UGT OT A Y 7 4 — LDEWIT LV (rE sk
REPREFENTWDEZEZLND, 7 v MBI HAEERRMEOREITDIRNA, 7> FD
FHLAEIC 1T 2 UGTmRNA OFEBLE 2B L ZATZETId, AT UGT1A5 23 H(LE T
(T UGT1A2, UGT1A3, UGTIA7 N < FHLL T D Z &A@ ST 5 [54], ##kIC &
STHEHILLTWDOBERN R D Z &, MEEREOENIFEL TWD LRSS,

AR ClE 1n vitro T UGT X° SULT % &de S9 4y & /M5 FRGHAa, Flg, B oo #-40
MNOIERLTEDO T VT o g L RS L O ERRIEZ R Lz, 77 v g
HFRIZOWTIR 7 fir & 3o abiEtED & < IZERE Th o7z, F7o, Mfkic X
HEWIR LN -T2, ZOMBBILRED invitro RBROFER L —& L[58, —J7, &
BR 4-1 O in vivo AR TIIIBIT R T 2 EALIEMEL 30l 0 TALOIE S 23 2 R R <,
in vitro OFER L IT—F L 72hoTz, ZOHBEE LTI TFO OB EFE2 615, 1) T-O
glucuronide 1% in vivo DHE S HIZMO B K KicWTlaa{bRisn (ZHaa1k) 2
X L9, 2) T-O-glucuronide [T4EK S 415 & BIEEIZRCIEHFICHRE S D, ) Af
MR D D, DITOWNWTTH DN, 7Lt F o ix it ETab S sk
HIFET D Z ENFE SN TE Y, 7-O-glucuronide 23 Z DIE &L 72 0 0T WR[EEMEN H 5,
Z A5k ofl & L Tid, diglucuronide X° glucuronide sulfate, methylquercetin
glucuronide sulfate 72 &3 #i5 STV 5 [55], IOV TiX, T E THEM h 7 v AR —
H— A EROBAEP L ERMEER TR DN E I DT ELETRIONTORNZD, S5
RO RPLETH D,

Wl & DS ARRIZ 3 1T DALEIEIEIL, /NG ERGHIRIZ 35Tk 3'-sulfate 28 K& 4 5
O, 4'-sulfate X S 72 dr o 72, 4'-sulfate DFLAALIEMEIZITH & Bl CRIZE S L7z 23,
EH L BMOENL & T D E/NE o Tz, In vivo RBREB W T LT o7z 3D 4
sulfate ~OIWEALENLOLEIL, /MMy BRI OFEFR O EG LA E L T % &R
Shic, LinL 4-sulfate 25858548 120 53 LARRIC 2R & 2 DERITHI TE 22,
Zz 9 D5FKE LTIE, mH @ 4'-sulfate BONLE & i3 5 & JRCIEHF IRt S D
LBWZ EThod, %P N7 v AR —Z — L HAIRONERMEIR & OFRMEZ 2D 20
b5,

ARETIL, 7t F CEFERRER % OB OB TH L7720, BILAKIZOWTO
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B> TE, MEDOHIET, 7t F 2 RHHEIRT 5 LG & L TSGR E
T5 2 ENMEINTNDI56,57], AIFIEIZH VT HEERFRIZ XV total quercetin % [
PRICERE L, £ 0 P-V differecence 2 HH L7273, ZHaGIKITM TRINERIED 20%55
FET DI ERRBEhiz, 20 &iE, Q3GM HEHRE% O/ W TIE, Ziadik
DERB DTN THDL DD, SRIZINOZIWEEREZDIZMMRNRLETH D Z LY
&l oTm,
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(A)

The regioselectivity of glucuronidation in S9

70 1

40

30

20

Mol% each positional isomer of
guercetin glucuronide

10

(B)

60 A

50 A

fractions
(in vitro)

O3-glucronide

W 7-glucuronide
O4'-glucuronide
@ 3'-glucuronide

il

Intestine Liver

Kidney

The regioselectivity of sulfation in S9 fractions

[
o

quercetin sulfate
B D
o o

Mol% each positional isomer of
N
o

Figure 4-2-1.

100 -

(in vitro)
07 or 3-sulfate
m4'-sulfate
| @ 3'-sulfate
Intestine Liver Kidney

Proportion of each positional isomer of quercetin glucuronide (A) and quercetin

sulfate (B) in the S9 protein in the intestine, liver and kidney of rats.

Notes: Quercetin aglycone (50 mmol/L) was incubated with S9 fraction prepared
from the small intestine, liver, and kidney with UDPGA (A) and PAPS (B) at 37°

C for 60 min. The reaction was terminated by adding ice-cold methanol, centrifuged

at 9000g for 5 min., and the supernatant was analyzed with LC/MS/MS. Values are

represented as average of duplicated experiments.
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lrh-5:I

TILVETFT UERBERS Y MIEITS
M )Lt F ofa & RO REERIRET
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EER 5-1 ZaEEERER

CE-t==1:0)!

INETT VBT EEYOREIL. T OREFWOREN LN LT TN O MR
FEMME MENNER 720, AR EZERLIE CHMEE L quercetin aglycone &
methylquercetin Z | E T 2% “BERAEE” DAV TEX 72, L LEEOMIE THRAR
ZOLONEFREREZ bSO Z L, A X 0 ABRERO®BENH D 2 L ARG Sh
TEY, FREERERAIHET D LRRODLATND,

FrNEF U EBERE LSS, P TIRFEAERN AR E LTHEET D EHESN
THEY, SHITUHRRICEB N TS 7T O ERAROERE %2 A CEES 217
ST EZN, WL LB AAEe U CEBRAKRE NN TS “EEE OEER
ENEEET, 7T UAAEERIE -0 0A 2 b T, EEEFT eI, P TixE
DLW ENEBEICHEET DI ENRBEINT, UL ARBRTIZr VT OLas
REEHEERET L7200, BEELRERAANE L,

(&)

TILEFUEES Y FOMBRER

T F U SRAROREE R 255 72D, 0.5% 7 VT £721% 0.24% Q3GM % 5 H
UL EEAE LS8 T v bOEERBINRM Z £ L, 4°C T5%y, 2,700 g TiEl L, 1
AR, SOICMIED 3 BEOA X ) — L EZRMLTHE 7 W AT -1, £D
%, RIEZ DRGSR C 4-5 f5IRME L. ISR 0.2 um DL 7 A VX —ZB LT, &8
B LC T L=,

WONE ERLFE CRESEREFEMT 2 PECTHo 7208, MEORGERNZBOREZEH
LTEY, GBI 7 22, BREOIRENENE LTREL, 77 2O0ORMHICSRN 5
AREMEDS R STz T, —EMEIE LT2LL F O FiEEZ AWz, MERMEROREREZ BW
& LT, Agilent Captiva EMR-Lipid & WO RILEE — R U » P& vz, Ziud, TREFR:
B 72 REPEIIEENL 2387 L <. IREMEME O EWE S, ZnlStobo (it
FUBEY) 1THFEY SEHILENTEHHLDOTH D, rvF Rz & iemiE 12 mL
\CAHZ ) =% 36 mLIRIML, E OO O BiEZ2mOEMKCEY 7TmLICEKE L, =
2K 2mL, 7 h=F VUL 1mL 2% L, EMR Lipid OH#ELEDO G REIAEE 80% & L7z,
10 mL @ikt %, 3mL 71— kYU v % A 7® EMR Lipid % 4 A L. 2,000 rpm TiE
DS TEBERERIL L, H VT 100%7E h=rU b 2mL TH— btV v ONBIHEHL
ino e F U EEY AT RCRE S, T ORI & @ O L. iR E
50% A Z ) — VIR S, 2.5 mL O IMEERHEIR 2 1572,
4ER HPLC

7T varyalby gy Lz Agilent 1260 InfinityIl LC 3 A7 A2 CAE L 7= 15
EORLTc, Ry 72E 4 77V MRARER I +— 2T VRV T HEH LTz, B
X AR @ Bk, B ik: A% 7 —)b, CIR: 5% ¥, DiR:2-7m X —Lzfwn, 77
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Y MphrE AWz, 77 Y Mid Tables-1-1 IZ5E#k L7z, 204 H 7 413 UV 370 nm
BT D EER 2 E—7 & 5BEd 5 72912 Sunrise C28 (4.6 x 150 mm, 3 pm, ChromanNik
Technologies)Z i L. 77 ARFEIX 30°C THEME Lz, 7F7 7 aralb s XERHWTE
e 2 V— 2 HENVCHME L, R E 7 — VERIBRRELE Lz, o 2-7 a8 — Lk
fiff U728t & LTk, EMR-Lipid ORIAEEO - TIIAREMEMER L VO Tl 63, #
DL DOSEEEIZ LD 7T JMTENBRER L, REFHHA TN 0Z<TDTH D, F
725% &V MIREDOXBAEH LML, #—7 Yy MU EENOEBA 478
ERIEL, 7=V 7 LT WMEEW TH D=0, WEEIMZ DDA LR,

LSRRI ERDIEEILEMOEE &L IREE N

' — 7 Oy ERIFIE DR 58T O LC-UV-/MS/MS (2T B — 7 il 2 s L 7=,
SYERICKRT LT, A UALE & ZOREZ RIS 5720, S HITTFRO & 9 IChifaa Lz
FEhi L7z, 0.1 MEEEET b U 7 2kiEE (pH 4.5) 95 uL IZ43EiE T 5 7 v F o 2iE
a5 pLimL, & I AR 2N Lc, a2 RET 572012, Fieo 4
BB 21T - 7= (duplicate) .

@ Control : B HEIRAN

@ glucuronidase 750 units: p-glcucuronidase IX-A From FEscherichia coli (Sigma

G7396)

@ sulfatase 9 units:sulfatase from Aerobacter aerogenes (Sigma S1629)

@ glucuronidase 1500 units + sulfatase 30 units : sulfatase H-2 from Helix pomatia
(Sigma G9751)+ sulfatase from Aerobacter aerogenes (Sigma S1629)

IR % 37°C T 2 REfE]A > % = ~X— K L, 100 pL O NEEE#ERE (naringenin 1 umol/L,
AR —)VTYEIR) WML, 5 AT A X Liz, Z0% 100°C T 3 A&
ol BIE 2 S DICIRMEE U7z, ®2fE L7230EHT 100 p @ 2 & 7 — VT ViE S,
LC/MS/MS THIE L7z, L CTHERIND & TR LA FIGIROEMER & g7
52 kv A RO AILEM ZRFFE L, & 5HIZ@O glucuronidase + sulfatase #f
® quercetin aglycone & methylquercetin O£ EZERT H I LT, ZRAEEKRORE
R LT,

ZIERDBERTE

SYERE R U 72 2 S IR OIERER L, Z ORALEML 2 fEE S 572, Bruker AMX-500
\Z &Y TH-NMR Z~7 FMLVAEAEILUTZ, #ET DMSO-d6 #H\\e, /ol r I iy
7 N EOFm L L g LT ORAEL A FrE LT,

ZHREHREEGZAVERER
R L 7= 230 & R oFEMEMIE, 5 2 B CRiHl L7 LC/MS/MS (2 & D& R E#E Totr
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L., MEMREER U, 1, AR b % (IS) & L C naringenin ZfEH L, IS & OFH
5t (relative response) & Il 1 CRR AR 2 ERL L 72,

(R L EE]

Tt T UEHERERE T v FomEEZ RN L T UV TO LI 2 A, 2 DO
72— B & u(Figure 5-1-1), LCIMS DX BT 4 T A 42— KT, HFEE—I7 D~ A
ARG MVERIRLIZE Z A, Peak 1 @ m/z )Y 557 (Figure 5-1-1 A), Peak 2 ® m/z )}
571 (Figure 5-1-1 B) L i &z, H LWV TCINS SO~ r 27T 7 aral s 2%k
84 L7 HPLC THl L7, s BURFIFEAEZ 50-80 uL & REITHEA LoD, 17 Ll
AMCTE—2HNEEZIT L bbolon, ¥—F v FEEOGEEREL DTV o
Teteh, Z2OFEEEm LT, pEEO 7 v~ 87T A ESHETRO—F% Figure 5-1-2 [Z7R
L7ce 0T A — - ToliLicizsh, 50 BILL B IR LIZ K 0 1G N7, iR aE 7 —
L, O CIIEE A R E LT,

SEGER LT 2 2O E— 27 IXHSIT 21TV, TN BAF2MEEGE 90% LA E)THET
ETCNDZ LR LT, 72T Scan 7347 T LAV m/z > 6 Peak 1 1% quercetin
glucuronide sulfate (QGS), Peak 2 7% methylquercetin glucuronide sulfate (MQGS) & F
HENTT2D, MRM 512 L 0 ©— 27 (LB O FRE % 772 (Figure 5-1-3 A, 5-1-4 A),
ZD1% Peak 1 & Peak 2 123443 547 HiiE % glucuronidase, sulfatase, glucuronidase +
sulfatase @ 3 FRYH TP Z FHE L, SHASMIIEREL LK L7z, Peak 1 ® QGS %
glucuronidase #LHE L 7= & Z A quercetin-4'-sulfate 23 H & 7= (Figure 5-1-3 B), [Al%E
|2 sulfatase WLH L 7= & Z A, quercetin-7-glucuronide 23 # i & #1172 (Figure 5-1-3 C), *
7= glucuronidase+sulfatase #LERIZ K ¥ quercetin aglycone 23 fi H & #u7= (Figure 5-1-3 D),
VI E X Y QGS IX quercetin-7- O-glucuronide-4'- O-sulfate & [A]7E L 7= (Figure 5-1-3 E), [A]
FRIZ MQGS ([ZOW T HEERMEL L 7= & Z A, MQGS i isorhamnetin-7- O-glucuronide-4'-
O-sulfate & [Al7E &N 7= (Figure 5-1-4 B, C, D, E), Peakl, Peak2 MDE#3EALEEH O SR I
SRR SN o722 enh, ME—7 & HICRERITIFEE L2V ERREN
7o

F 72 Peak 2 ® MQGS IZOWTIFFEEMIZ S HIZRIUCE 72729, THNMR CHEdEk
E%{T->7, Isorhamnetin, isorhamnetin-4'- O-sulfate, isorhamnetin-7-O-glucuronide @
FINNTT RERELTZEZ A, MQGS ORAILENLIL V7 v U BRIEE M 70, ik
HAED ANz H D LR E iz (Table 5-1-2),

S 512 glucuronidase+sulfatase L% DS D quercetin, methylquercetin % &
' HI LT, QGS & MQGS DIREAZR M Lz, &%EICHE DIV THRERZ ER
L. ERENE NS Z L 2R LT (Figure 5-1-5),

AT, reFARRET v FoMmiEL UV T 370 nm OWRIER L WD 75
RN A RICFERA2RNEECHE L& 2A, EHEARE— 2708 2 2 (FEL. 65 QGS
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EMQGS DL RBIAIRTHL Z ENRHLMNT/oT-, ZHX5 HERE S VETF L %
B LT 727 v MED FE R ZHRAETH Y | TOIENOREERL A F L
Bl G RN~ F—bEWThHi Lz Lz, ULy BaERB%ZOMEHr LT
Ko EEI2IE, QGS °MQGS DLW ARDT =X —NEETHD Z LI RENT,
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Table 5-1-1. The gradient profile of preparative HPLC.

Time (min) | %A %B %C %D mL/min

0 60 30 10 0 0.7
30 20 70 10 0 0.7
41 0 30 0 70 0.4
50 0 30 0 70 0.4
51 60 30 10 0 0.4
55 60 30 10 0 0.7
65 60 30 10 0 0.7
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R

60

Peak 2

Peak 1

® ()]
%106 x106
557.2 3.5 571.2

8 31

25

6 2

4l 154

14

24 05
0- 0--'_'_'_'_'_'_'_'_'_

™ 00 300 400 500 600 700 800 200 300 400 500 600 700 800

Counts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z)

Figure 5-1-1.
(A) UV chromatogram recorded at 370 nm showing the profile of plasma sample in
quercetin glucosides fed rats, (B) mass spectrum of Peak 1 in negative ion mode, (C)

mass spectrum of Peak 2 in negative ion mode
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1] [213][4] [5]s6]7]8]¢9
/

[ DAl A Sig=3704 Refsoff (D¥Chemsta..p_tanaka 200 80707 16-23—05¥ rep S0 night 200 $-07-07 23-06—1 000 /

AL~ g
1?5-: . /
1 UV 370 nm
150~
125—2
1El3—i
75—
i =
5 Alel L) ¥ PPV
25— g % %f/ 49% "‘ﬂ? g8 32
; sz Mu] M g - =
VAN, 0 N B e pay e Sy ==
15 5 i 15 13 a0 % min
[ ] |

EMk| ~F

¥ O3> B Iminl &7 [minl 58 (1] Fh

1 [Pa-Cé 16570 16701 55 &1 [DAD1
2 |Pa-C7 17106 17 496 260 44 |DAD1
5 |PgoE 17516 17.753 176,06 |DADT
3 |P3co 15,090 8257 16740 |DADT
5 |Pa-Al 15604 16095 250 55| DAD
6 |Pa-AZ 10012 10554 275 10| DADI
7 |Pa-A3 10412 15,794 275 45| DAD1
5 |Pa-Ad 10812 20154 275 53| DAD1
o |PaAS 20215 20222 1285 |DADT

Figure 5-1-2.

The review of results from preparative HPLC with fraction collector. Fraction 2 and
3 are derived from peak 1. Fraction 5, 6, 7, and 8 are derived from Peak 2. This

analysis was performed 50 times or more and each fraction was pooled.
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Fraction of Peak 1:
(A) x105| QGS + glucuronidase
Quercetin glucuronide sulfate 8.08

x101 2
1 UV 370 nm 0 L

4.87
1251 x106 | _Standard mixture (quercetin-4' or 3'- sulfate)

0.75 8.63

: 3
05/ 1 483 N\ &
0.25/ 0 M

55 6 65 7 75 8 85 9 95 10 105 11 115

5 Counts vs. Acqhisition Time (min)
! I ©
15] LC/MS/MS(MRM) <103 | QGS + sulfatase
6.54
1 QGS s
0.5
9
o x105 | Standard mixture (quercetin 3-, 7-, 4'-, 3'-glucuronide
123 456 7 8 91011121314151617
Response vs. Acquisition Time (min) 3- 6.31
, : 4. 3-
7-
Mt N N
0 N A
6 6.5 7 95 10 105
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Figure 5-1-3.

Identification of Peak 1 before and after deconjugation treatment. (A) UV 370 nm and
MRM (quercetin glucuronide sulfate) chromatograms before deconjugation.
(B),(C),and (D) The upper black MRM chromatograms represent the sample after
treatment with sulfatase, glucuronidase and sulfatase and glucuronidase
respectively. The lower white MRM chromatograms represent the standard mixture
of quercetin glucuronide, quercetin sulfate and quercetin, respectively. (E) represents

the chemical structure of peak 1 that is quercetin-7- O-glucuronide-4'- O-sulfate.
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Fraction of Peak 2: Methylguercetin
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Figure 5-1-4.

Identification of Peak 2 before and after deconjugation treatment. (A) UV 370 nm and
MRM (methylquercetin glucuronide sulfate) chromatograms before deconjugation.
(B),(0), and (D) The upper black MRM chromatograms represent after treatment with
sulfatase, glucuronidase and sulfatase + glucuronidase respectively. The lower white
MRM chromatograms represent the standard of isorhamnetin-4'-O-sulfate,
isorhamnetin-7- O-glucuronide and methylquercetin, respectively. (E) represents the

chemical structure of peak 2 that is isorhamnetin-7- O-glucuronide-4'- O-sulfate.
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Table 5-1-2
The comparison of tH-NMR chemical shift value of MQGS, isorhamnetin, IR-7G, and

IR-4'G

C6-H C8-H C5-H C2-H C6-H
3(ppm) 3 (ppm) 3 (ppm) 3 (ppm) 3 (ppm)
Isorhamentin [35] 6.20 6.48 6.94 7.76 7.69
MQGS 6.42 (+0.22) 6.84 (+0.36) 7.62 (+0.68) 7.79 (+0.03) 7.73 (+0.04)
IR-7S [35] 6.46 (+0.26) 6.86 (+0.40) 6.96 (+0.02) 7.79 (+0.03) 7.72 (+0.03)
IR-4'S [53] 6.19 (-0.01) 6.45 (-0.03) 7.63 (+0.69) 7.75 (-0.01) 7.68 (-0.01)

1H-NMR spectra of isorhamnetin and glucuronides were recorded on a Bruker AMX-
500 (500 MHz) in DMSO-d6. Chemical shifts are reported in d values (ppm). The ppm
shift of the protons in the glucuronides compared to the same protons in quercetin are
represented in blackets. [35] and [53] represent the reference numbers, and the

chemical shifts of MQGS were compared with those of IR-7S and IR-4'S.
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Figure 5-1-5.
Calibration curves for quercetin-7-O-glucuornide-4'-O-sulfate (QGS) and
isorhamnetin-7- O-glucuornide-4'- O-sulfate (MQGS).
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EER 52 7ILEFUBRBAKERS Y fold )Lt F U BEEYORBENENT

CE-t==1:0)!

%4 FEOFER 4-1 TiX, Q3GM OHER A%, 240 55 F TIXHEA GRS FE G
WCThHhHZEEHLMNI LI, L L, IEDOHIE T AT o O & L CEIaaRN
ZEIFELTVDENIRELHD[66], EHICER 51 TrLEFUrE688% 5 HFL
FERLZ#%OMEE UVST0 nm TRIE L& 2 A, ZiAENEE 2@ THD 2 &
B SN o T, AR TN O ZIEERE SO T ROMBEIRIEZ1T > 72, £,
Z OMFRMEDOHER DT, T ETIKS HNOITE BRI &L ORI ' T AGH
(total quercetin) & L TOERIED LKL ZIT-7-, 512, Q3GM % #E R %. Dayl, 3, 12
BT D BTG RO RN B R IWE b MG L7z,

(&)

TheF U EEEERERSRBRAT ~ b

7 WD Wistar/ST #EMET v b (AA= R Lo —#AAE4E) 2 10 B W=, 7 v M.
1IEFDRT > L ABOMEF — VI AL, iR 22 + 1°C, B 50 + 5% DA EE T 12 FEH
OIS A 7 )V TEE LT, BB SRR OfE & AKIZE BEIRE L, NIRRT LS O
ZHZ. KX 2 BIC—EASHA L=, AIN-93G T 3 HREPHEAE®R. 7/l F v EREA
iR e r B s Ez, MBRA L LT, AIN-93G {2 Q3GM % 0.24%i L= D& 5
2 (77U 3 R 0.1%) . AR 1,3, 12 B BIZEFHIRE Y 400 pL BRI L7, ¥,
AR H O 10 FRCHER L, 12 RO M L7, ZAUIEBRERICITERE T v F U0
HET 2720, ZNEH T2 TH D, BEL 72 ik 135 057 Bf (4 °C, 10 min, 2300 g)i2 & 0 |
MmAEAEE L, -80 °C TIRAF L7,

i D r Vv F Rt Ot

PRECL 7o 7 v & 75 nL T OBERALEE & IEALERED 2 FEIS . &Y I 0.68
mol/L. DFEfeZ 7.5 uL #NM L7z, % 3 FHE 3—1 THA LRz, B
glucuronidase % 1150 U, sulfatase % 23 U 725 X ) IR LT-, ZO%OMHE/EIX
FER 4-1 LRIERICAT o 7o, S BIZEEET IZB W T, I o ZE 2@ Th 5 MQGS
& QGS %, “BERMIE” ITOWTIEZEDOHIT R TH S quercetin & methylquercetin
(2B LT, RBRRFIRIL 2 O CTHINEIGERER 21T - 72, WINEIGRER & 13, M Bk o
R Z IR L, B0 L7 AR 2 B KB TE TV 0 EMND b DO TH D, THUC
K0 ZRGHTE ER T DERO . BILER ) B E £ T OB O E BIEDHER TE 5,
12 H H O FARIMAE 60 uL 12 L5 4 FEOESAEMEM 16 uL 28N L, [FARIC I EE 21T
ST ARBIEE L ININT D B O AR IR EE I 30% L T TH U | IE LIRS L7ZBRITIX,
6% LA LD | HHERRICEE L 2WE DI E LT,
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[#ER]

KHIHNTZBALEHDORENRT A — 5 | BREROME % Table 5-2-1 1T L7, FER
5-1 @ Figure 5-1-5 T/r L7 2GR B & RIS, MtlhZ2 R, A2 IS & Xt
FETIERL L7z, Q3GM #R T v b ORFARM P 7 v F R o7 n~ N 77 Lk
Figure 5-2-1 (Z/r L7z, MAEHICIZ 28 FEDO 7 v F o REH e — 27 Bt s, Zoo b
QGS *° MQGS DL G ERSLHEWERDONERMEARZ T T 16 FITEEMZ AW TEREL
72. F7c. Figure 5-2-1 BIZ/R7 X 91T, quercetin diglucuronide ® MRM 7 v~ 7 7
LTIZ 5 FEDO B — 7 R S, RT 6.89 v — 7 738 7-/3', T-/4'-diglucuronide T 5 & [A
EIINTEDS, o 4 FIZE MR TH S EHENI S 72, Quercetin glucuronide TiXZ D&
{EEBAL(3-, T-, 4", 3-) DA MK 4 FlEA R HH S 7= (Figure 5-2-1 C), Figure 5-2-1 D (27”5
X 912, methylquercetin glucuronide ® MRM 7 v~ k77 AZIL 6 DO ' — 7 23 HH &
N7, methylquercetin |Z% ® A FNUALDALEIZ XV 3'-methylquercetin(isorhamnetin) &
4'-methylquercetin (tamarixetin) 23MFFET 5, AROHTE TITAEHEMIZ L Y isorhamnetin
glucuronide 3 N E N THB YV, Y O 3 DL — 7 X tamarixetin
glucuronide(tamarixetin-7-,3-,3'-glucuronide) T& % & #Ell| X7,

KRB THWZ 7 v F A ROMREOIIEE (BHE) O ERAET 5720, %
BTt F AGEAROERER &2 W o ARk & i EDORFSE T total quercetin £ D
FHICHERA SN CE BB EORKRZILKR LT, 2 DOFEICBITHMH total
quercetin #= ¥ % Figure 5-2-2 |Zx L7z, R 1, 3, 12 H BIZBW THHFIEOHIEME
TIFE—B L, BOMETHWEMERERNERE (E#E) OZ9MRRIn, FRRoER
TEHIZIE, & FEER2X—7 v MEEMORMEIER G G D THE L7-, Quercectin,
methylquercetin, QGS, MQGS D UsINEU X 93.7,95.4,47.6,81.1% CTh -7, £/, H
HHEIZB W TIEL LCMS ZHWIcERTHEE b4 A3 7Ly v a VHIROREIRZ
H L7z, TOREE, SBLEMOEIEIT 80-120%LAN & 721 | & Al I K & 2
MIRNZ LR ENT,

v F BB RIEE R O TR O AT S RFEEER O A Figure 5-2-3 AR L7, Z
MK e F AR ROMNEREROGEHE LV B &, FEAARH®IT QGS &
MQGS TH V. QGS »IfHiEE X Day 1, 3, 12 T 1.1, 3.7, 3.8 ymol/L, MQGS o i+
1T 4.2, 12.5, 13.1 pmol/L & 72> 7=, ~A F—4r Tld. quercetin sulfate (QS)i% 12 H
M CHx 12 EH L7273, quercetin diglucuronide (QdiG)IZi¥iiZi84> L7=, Figure 5-2-3 B
\Z total quercetin IZX T A& DOLLEZ R LTz, QGS & MQGS D& 7D HHIX Day
1,8,12 T 87.2,87.6,85.6% & K% H /-, FI-BHRUIM TIZE A LENR RGN o7,
PALAEY D BAMRZ N ZE N O E &G R IL Figure 5-2-4 A IZ/R L7=, Figure 5-2-4 B %,
EREROIERKTH 5, £z, FEEOEEMIL Table 5-2-2 (IR LT,

Tt T B G RO ERIVECOW TR Lz L 24, BB o 12 AT v
7 v A R (Figure 5-2-5 A), fithgft &3 K (Figure 5-2-5 B) & b ICE(L LeinoTz, 7 v
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7 a VEBRRA RO REROBE T 4->7->3->3-TH Y, Day 175 Day3 1Z/F T
4'-glucuronide 23 BT L7z, BREETAAARIL 4'-sulfate 23 L 0 HEAFEIZE <, HEWNT
3-sulfate 23, 7T-sulfate 1ZIT & A ERti Sz odz, ZOBRIT, Q3GM ERE#%, %
AT 4'-sulfate 2ASHIR T 555 4-1 OFER & —FH L Tz, £72. Figure 5-2-6 (T total
quercetin {Z%}7 % quercetin, methylquercetin, 7 /7 1 VAR, MBI EIR, ~7
2SR EE R LTz, vt T i E R (Figure 5-2-6 A)IZ DWW Ti, Dayl 2> 5 Dayl2
2T T QGS DN FIT 20%RE THERF STV, 77 v VBT A RIT R < 12
W BREERAEN 12 H BIZHT TR Lz, A F LTt TF b (Figure 5-2-6 B
AT AR THDH MQGS Mt E < total quercetin @ 60% LA E% L, Dayl 7»5H
Dayl2 (27T THRITE N Lo T, AR TH S methylquercetin glucoronide X2
methylquercetin sulfate DR (FRO TERS . 2L L THARREITIR OGN o7,

€

KIETRE SNV EF e 16 Tz En sl oFERICIV EEL TR
0. ZOAF AP ONT o7, o, MERMEKIZB W TEZE DS LEAIC &
S TOTDITA T AP R D Z L3RSz, LCMSMS DA A Ab#h=R1, B#)
O pH, HIRE, MW A X > TEGICET 508, F—A—U—D%E - F—
IHTRIECIIIERE IS E L 72D, RIETIELATENR Cotr 20 ik L TA A b D
Btk el Lz, ZORER, BIROEMED L TNEd 505, £ 00 FHEM TOA F AR
ERITIZE A EZL L2 T DR STz,

%4 BEEERR 4-1 T T RO A BRI QR G4 BORFRTE o0 1 TR ER I A A
RINI v B EED L) RBERASERNFERME TH L RSN, LinL, 7
T ORMEERTCIE, diglucuronide 07 /L7 1 VR & WilE D~T B AR EE 724
BT D LWt STV 5[27,28,56,57], ARBRTIE, M o7t F ARG & HEFER
WHIEL, ZNETHLMZERTWaer> 2 A RORELEL b HH TH LT L
oo VT R REIE O FE R REIX. quercetin-7- O-glucuronide-4'- O-sulfate
(QGS) & isorhamnetin-7- O-glucuronide-4'- O-sulfate MQGS)TH V. ZDIENDIHY
TV ETH T, FIN0 ZHOFEHLRREMILE ORREALEAL RO TREFATH Y |
T ORELEALIL 7 V7 v VBRI E D T-OH, ki 5728 4-OH Th o7, B2 DL 51
PRERIREBAL CORAEAIND D2 ZDOER E LT 2 DORGEHEIRET D,

1) 77 wa gl A X R S - ALE TOHE Z 5 rTRENE,

2) Zh 6 QGS & MQGS DIRCIEIT~D P =R 2R D TR < | 24 & ORI A LI
FES D AlREME,

1) {Z2WTiX UGT =° SULT, COMT O & 9 72 B/ A F AL EESE DAL E RN ME B
HEBEZOND, FEBR 41 ITBWT, /M TIEEIC IV n VBIRADEZ D Z LR E
. ZOMELENLIE 3-, 7T-, 4, 3-TH Y. Z#iL UGT1AL X° UGT1A9 O & 5 72faE1k
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BESE DALERIMEKAF T 5, MRG0 A Fu{klX SULT X° COMT (2 kY il x5
PLAFEALEN B 4-0H TR 2, Ko T, MNETRINCZ VI v U iE Shha,
7-O-glucuronide @47 4'-OH ZH&51b3 5 SULT OIE L 720 . 7-O-glucuronide-4'- O
sulfate 23ERT 2 FREMED & 5, ARSI EEE FEEIT in vitro B Z FEli L THGET 5

mE, SORDMENLEDND D,
2) IZOWTIET B F UREIRICE > T, JREANE D WRetER & 5, ER 4-1 TREER
I% 8"-sulfate 7% 4'-sulfate £V b EETH o720, FREFAYIC 4'-sulfate DIRFEN EH- L7z,
Z AU 3-sulfate BPRIE I NLT NI E AR LT, 20O X 9 IZREEROME ORI L -
THEE N Z o AR —%— (p-glycoprotein X° multidrug resistance associated-protein 2,
MRP2) & OBRMERRZRD Z L3 E 2 b5 (58],

T TF o OERWIRD TV F oA IR OGO ALEEIRYEIC B 2 D B b RS LTz,
MOt F AT 55 BEROERIT, QGS °©° MQGS Bk bm< . £0Dkk

(¥ Dayl 7»5 Dayl2 TlZ wﬂﬁ Liginole, ZTOZ i, BEZ 1 HELTIZEAE
BB ARR S, 2 BETITIZEEL LW Z &2 LT2, £ DOfth quercetin sulfate (3%
HEJIZHEAIN L7=— ). quercetin diglucuronide (FJ8/) L7, &IEKRONEERIE S R
L7z & Z A quercetin glucuronide % Day37>5 Day12(Z2:7F TH 7 M 7-O-glucuronide
ORI LT, Z TSI EIRA~O AP HEIT L T D 72d EHERI &S D, £,
et & OMLEIFERMEI T Lo 1o, SHICKGKRE 7V 7 v U EEAEK - Hitlk
AR ~T A EKO 3FICKXS L, ZORLLK LIZE A, ~T G RO ERIT
IFEL LRI e DITH L, 77 v UIRE MR 2D e EA- L, 12 A
B CHHENYWES LTl > 7 v 7 m gL ipo T, FtF o REMo M RET, £a6
K> ADME (Wi, 75 A&, #att) 235 LTk, — B DIRRZ R ET 5 DI
L, Pt F T AR =F —DB MR ES LRDOIMADLETH D,

AROHTE(EHEE) T S L (BB R & | TEROEERUIE TR & ﬂfzéﬁ%ﬁi
BEEZHE LT ZA, ZRODMEITR —& L., REOERE M (R0 4T) |

lﬂ“C@ﬂ’?l%ﬁ‘(E‘ﬁb)Eﬁaméﬂf:o B S mHREIXIZIER%E CTH 72, E%@ﬁﬁﬁﬂ%“@%é
Q, MQ, QGS, MQGS (= >\ CHRINENGEBR &2 EH L7 & = 5. Q, MQ I\ T A0
WRTHoT20, QGS DEIULRN 41% L 7p oz, UL H /R0 E & DOFR[E 72 WA HY R IA
THDHAREENRH D, QGS X QS IZ OV TIE pH REUITHWZ 3~ TR D | RS
HToMMBETHE LW BDND 720, QGS REIMGERUGEIZIL, 4% 3 bR HMED W%
HThD,

AW K0 vt F CEREAEIE O M vt F o AR O EEE ST FRE S 72 D) |
INETHLN T2 AR EG DT 7 Z R 7 A4 RO OFKEZ B & 7>

LMD TOFRILTH D, 7T DI TIL7e < hesperetin X° isoflavone b [RIEEIZ
/Er\ﬁiﬁlﬁlqj@ﬂig@ﬁﬁﬁi%fké LHEINTWDED, SRIZZDENDT TR AR

DM b SN D,
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Table 5-2-1.
LC/MS/MS parameter of Q-conjugates

Collizion Featention

Slope of

- Precursor  Product :
Compound name Abbreviation ion ion Enerey time  calibration R
1 Quercetin Q 301 151 23 10.23 1.3887 0.0008
2 Methylquercetin MeQ 315 300 17 13.38 04341 09959
3 Quercetin-4'-O-sulfate Q48 381 ki1 17 029 2.6363 0.5938
4 Quercetin-3"-O-zulfate Q-3'8 381 301 17 9.69 09731 0.8970
5 Isorhammetin-7 or 4'-O-sulfate IRS 393 313 17 1029 0.1140 0.9962
[ Quercetin-3-O-glucoside Q3G 463 301 28 642 2.2306 0.0004
7 Quercetin-3-0-glucuronide Q-3ghn 477 ki1 25 6.22 0.7524 0.9990
8 Quercetin-7-O-glucuronide Q-Tgln 477 301 25 6.33 1.4043 0.9908
9 Quercetin-4'-O-glucuronide Q-4'gin 477 ki1 25 841 2.3887 0.9996
10 Quercetin-3"-O-glucurenide Q-3gln 477 301 23 9.74 13363 0.8957
11 Isorhammetin-3-O-glucurenide IR-3G 491 313 23 3.03 05241 0.8930
12 Izorhamnetin-7-O-glucuronide IR-1G 491 313 25 8.60 4.4466 1.0000
13 Isorhamnetin-4'-O-glhicuronide RA4G 481 313 25 063 07717 0.0904
14 Tamarizetin-O-glucuronide (1) TmG(1) 491 313 23 7.83 05241 -
135 Tamarizetin-O-glucuronide (2) TmG(2) 491 313 23 8.86 *4 4466 -
16 Tamarizetin-O-glucuronide (3) Tm(3) 491 313 25 10.33 07717 -
17 Quercatin glucuronide sulfate QOGS 357 ki1 17 354 3.5307 0.9998
18 Methylquercetin glucuronide sulfate WeQGS 5N 313 17 6.24 3.2061 0.5991
19 Quercetin-diglucuronide(1) QdiG(1) 633 30 23 456 *412355 -
20 Quercetin-diglucuronide(2) QdiG(2) 633 301 25 5.08 *4.1235 -
a Quercetin-diglucuronide(3) QdiG(3) 633 30 23 364 *41235 -
2 Quercetin-7-4°/3 - diglucuruonide  QdiG(7-37/47) 633 301 23 6.89 41253 1.0000
23 Quercetin-diglucuronide(4) QdiG(4) 633 301 25 735 *4.1235 -
J Naringenin I8 271 151 17 12.64 - -
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Total quercetin

25 - ODeconjugation

% m Direct
T

i 20 A
= T
9
T 15 4
c
(5]
2
5 10 A1
o
«
E 5
o

0

Dayl Day3 Day12

Figure 5-2-2.

The comparison of total quercetin concentration by deconjugation method and direct
method in plasma. Total quercetin in deconjugation analysis is the sum of quercetin
and methylquercetin after deconjugation. Total quercetin in direct analysis is the sum
of 23 Q-metabolites detected by LC/MS/MS analysis using standard compound of each
quercetin metabolite. Values are expressed as mean +SEM shown by vertical bars,

n=10. No significant difference observed between deconjugation and direct method
(Student’s #test, <0.05).
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Figure 5-2-3.

The profile of each quercetin metabolite in rat plasma. (A) The concentration of each
quercetin conjugate (sum of regioisomers except for QGS and MQGS). (B) The ratio
of each quercetin conjugate to the total quercetin concentration in plasma. QS;
quercetin sulfate, QG; quercetin glucuronide, MeS; methylquercetin sulfate, MeG;
methylquercetin glucuronide, QdiG; quercetin diglucuronide, QGS; quercetin-7-O
glucuornide-4'- O-sulfate, MQGS; isorhamnetin-7- O-glucuornide-4'- O-sulfate, Others;
quercetin, methylquercetin and Q3G. Values are expressed as mean £SEM shown by

vertical bars, n=10.
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Figure 5-2-4.

(A) Plasma concentration of each quercetin conjugates. (B) is a magnified graph of
(A). Q5 quercetin, MeQ; methylquercetin, Q-7S; quercetin-7-O-sulfate, Q-4'S;
quercetin-4'- O-sulfate, Q-3'S; quercetin-3'-O-sulfate, IRS; isorhamnetin sulfate,
Q3G; quercetin-3-O-glucoside, Q-3gln; quercetin-3-O-glucuronide, Q-7¢gIn;
quercetin-7- O-glucuronide, Q-4'gln; quercetin-4'-glucuronide, Q-3'gln; quercetin-3'-
O-glucuronide, IR-4'G; isorhamnetin-4'- O-glucuronide, IR-7G; isorhamnetin-7- O
glucuronide, IR-3G; isorhamentin-3-O-glucuronide, TmG(1),(2), (3); tamarixetin-
glucuronide positional isomer (1),(2),(3), QGS; quercetin-7-O-glucuornide-4'- O
sulfate, MQGS; isorhamnetin-7-O-glucuornide-4'- O-sulfate, QdiG(1)(2)(3)(4) ;
quercetin diglucuronide positional isomer (1)(2)(3)(4) and QdiG(7-3'/4"); quercetin 7-
3" or 7-4'-diglucuronide. Values are expressed as mean +SEM shown by vertical

bars, n=10.
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Table 5-2-2.

The plasma concentrations of all compounds.

Dayl Day3 Dyal2
Compound name Abbreviation Mean [umol/L] SEM Mean [umol/L] SEM Mean [umol/L] SEM
Quercetin Q 0.006 0.002 0.051 0.012 0.036 0.007
Methylquercetin MeQ 0.008 0.002 0.035 0.006 0.050 0.010
Quercetin-7-O-sulfate Q-7S 0.000 0.000 0.000 0.000 0.000 0.000
Quercetin-4'-O-sulfate Q-4'S 0.112 0.008 0.571 0.042 1.157 0.074
Quercetin-3'-O-sulfate Q-3'S 0.011 0.002 0.074 0.009 0.133 0.014
Isorhamnetin-4'-O-sulfate IRS 0.033 0.003 0.141 0.008 0.246 0.008
Quercetin-3-O-glucoside Q3G 0.003 0.001 0.007 0.003 0.006 0.001
Quercetin-3-O-glucuronide Q-3gln 0.014 0.002 0.045 0.009 0.046 0.008
Quercetin-7-O-glucuronide Q-7gIn 0.032 0.009 0.123 0.021 0.087 0.015
Quercetin-4'-O-glucuronide Q-4'gln 0.074 0.010 0.143 0.013 0.154 0.015
Quercetin-3'-O-glucuronide Q-3'gin 0.009 0.002 0.033 0.006 0.032 0.007
Isorhamnetin-4'-O-glucuronide IR-4'G 0.004 0.000 0.009 0.001 0.014 0.003
Isorhamnetin-7-O-glucuronide IR-7G 0.016 0.004 0.076 0.015 0.087 0.015
Isorhamnetin-3-O-glucuronide IR-3G 0.006 0.001 0.019 0.003 0.021 0.003
Tamarixetin-O-glucuronide (1) TmG(1) 0.000 0.000 0.000 0.000 0.000 0.000
Tamarixetin-O-glucuronide (2) TmG(2) 0.013 0.003 0.048 0.012 0.055 0.011
Tamarixetin-O-glucuronide (3) TmG(3) 0.007 0.001 0.012 0.001 0.015 0.003
Quercetin glucruonide sulfate QGS 1.128 0.106 3.694 0.386 3.806 0.323
Methylquercetin glucuronide sulfate MeQGS 4.177 0.322 12.484 0.844 13.096 0.974
Quercetin-diglucuruonide(1) QdiG(1) 0.125 0.011 0.269 0.028 0.191 0.024
Quercetin-diglucuruonide(2) QdiG(2) 0.077 0.004 0.145 0.014 0.110 0.015
Quercetin-diglucuruonide(3) QdiG(3) 0.140 0.011 0.395 0.063 0.278 0.054
Quercetin-7-3'/4'-diglucuruonide QdiG(7-374") 0.023 0.014 0.017 0.002 0.019 0.002
Quercetin-diglucuruonide(4) QdiG(4) 0.036 0.013 0.087 0.016 0.057 0.011
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Figure 5-2-5.

The regioselectivity of quercetin monoglucuronide and quercetin mono-sulfate. (A)
The ratio of each quercetin glucuronide to the total quercetin concentration in rat
plasma. (B) The ratio of each quercetin sulfate to the total quercetin concentration in
rat plasm. Values are expressed as mean £SEM shown by vertical bars, n=10. Two-
way ANOVA Pvalues were (A) were 0.0885, <0.0001, and 0.0153; (B) <0.0001,
<0.0001, and <0.0001 for day, position, and day X position, respectively. Means not

The regioselectivity of glucuronide
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sharing a common letter differ significantly (Tukey-Kramer’s test, P< 0.05).
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Figure 5-2-6.

(A) The compositions of quercetin glucuronide, sulfate, and glucuronide sulfate. (B)
The compositions of methylquecetin glucuronide, methylquercetin sulfate and
methylquercetin glucuronide sulfate. Values show percentages of each type of Q-
conjugate (sum of regioisomers) against total quercetin derivatives detected in the
plasma. Values are expressed as mean £SEM shown by vertical bars, n=10. Two-way
ANOVA Pvalues were (A) were 0.7136, <0.0001, and <0.0001; (B) 0.5766, <0.0001,
and 0.0790 for day, conjugation type, and day X conjugation type, respectively. Means
not sharing a common letter differ significantly (Tukey-Kramer’s test, < 0.05)

96



7Y
ey

97



=6
[
S
jussl

KT TlX, 7 TR A RO—Fli/r vtF o ORINENRE & #EE bk — *Jimehbloseﬁ L5

Tt F ERE R EER 25728, in vivo, in vitroi AR E=1T > T2, NEENT
RN SN2 oM ak & 2o ERICEREN 285 X<, Kb ﬁvi’ﬂa%’%ﬁ’l ZH
L7,

T F o OWIREERIL, UFEEOBEAR, BILLA, A Y~/ AT ek 5w
TAEE[23], R - FaAK & 2N EES AL b DFATIL (2 & % M RITREES O WAL 2 3 L
T%tﬂ7%]$ﬁ Tid DFAIIL & [A] U b 45D melibiose 737 L& 5 RINIZ 5

LB ENREST2E 2 A, DFAIL L1380 % EHERSRIEEE VW 2L LA T =
A TN DMERE S 3172, Melibiose Z N7 5 Z & T, Q3G 7> 5 quercetin ~0D 43 fif % fil
#5425 LPH OIRMEN LH7-+5 2 LarEni, Zhx T U THREROTEEICEET 5
TEIRIFEALHREINTELT, 20O LITEE (A IREOH - ABERA L LT

LEBRIDIROMEDMETH L, £T27 78 4 REFHERORIUZIB W TS Z OFFEAS
i & SRR, WO — D> OFEEM TH D Z LA L o Tmled MDD T TR A K
WZDOWT HEER D GIRIGVER, NA T T XA TV T 212 D 2 &R I,
IHIT, 7R A RIETF TR EPRIUTIB N T OB REZ WD 2 & T, WX Z il
T 52 EMRAREMD LRV,

A EN7=rveF ok, BMRTIRIEEAERBARE LTHEET LI EEZLN
TW5, RBFZRIZBW T, HEEG T 7 7Y a UMK EN D Z 235
ST RIERILICB W TTIZ E A ERAEHRE UTHET 2 Z PR I N, — RIS
PR CT 77V o A SRS HEHE, IBIcB T A b EIcl~T, 727U 2> O
HEEDR RN OIZHAE L, OB CRAL 7o DI LEIRCIE S KBIRD X 5 72
BRI Tl ke LTHEET D EE 26T,

MAFDOEER 7 N F AT, 7V v U ERA - WREBRA - A F LR ® 503,
EKNO E DO TR EIND D, ETREROFEECNL B DWW CTREMISAFZE L7 8 1
EEAERN, ARFFETIE, 7 v MCBWT Q3GM 20 #5- L, PIRIL & F o0& R0 %
[FIRFICER L L, W# OREA T 2 2 & T, BICBT 2R b fbrt=F—F52 &
WHREL oo T, BTN 7 a VAN EERETH D Z & Ml e<e A F I bix
YA TFT=THD I EPRENT, FTREGROMEBIRMEICOVWB R LIE A, 717
a2 RIS RITR E 2R3 o T3, BB A RIEE 5% 30 43 Tlx 3'-sulfate->4'
sulfate TH - 72728, 120 % LARRIT 4'- >3- L AL OB MERR S T,

E BTk bAEBNSIGELS . BENZRT TR 7 A4 ROWIL - #2284 5 ETEEIC
57 T UEREROBERBR ATV, BIBHAE, 1HHE, 3HE, 12 HRIZE T HM
v F R & TN T Lz, Z2ORE. 1 B H LMo EERGHYMIEL QGS
EMQGS D L9 22 Ak TH Y, 12 HE £ TilH @ Total quercetin i IZxET 5 s
FZEET, QGS 239 20%., MQGS 28 70% & LA RN KB L bz, ZHETITI v
T F UERBRIIZRA RN S RICHFAET D 2 L ITHE STV R, AT TE

98



=6
[
S
jussl

BEERONEZFE L, & HIZZREROEREMZ AW TR ER CERLI1T > 72, £
A 1K 1X QGS (quercetin-7-O-glucuronide-4'- O-sulfate) & MQGS (Isorhamnetin-7-O
glucuronide-4"- O-sulfate) & FIE &AL, 77 v VERAEN TAL T, MERIEE 0 4-(IZRE
S, ZOREIBMFICLBEIHAET D 2 EBHALNC /o7, ZORBIZH LTl
<, ABRELRDIMENKLETH D, 7T o RERZIT O 2 (LEYMOIL
HEEE N ERIFNIZEWZ &S in vivo, in vitro iR CHR{LE MO A FER 2B ST
LZENEBEITHD,

T FoREERPILTTIEL ARSI EER L LTIFEL, ORI S RIE S
NTWD WS FEEIX, 7t TF A OPREERE ML OBBIRERH 5 Z L NE R
LD, Tt T RS EROPEINC oW T, @Y FE L, B B clas ks -0
B R T AR = ZIC LD EENICTEE S TRt SN D b O, IFICBAT LIz v
T F R A PR IZHE S D b ORFAET D, RSO HEIIZ B A E S 220>
TWD, SF%ITMAE L RO, EENITERE LTI v TF 20T Z2 8T 7t
F AP OYEMAEAEC & T AR —=ZIZONTHIE L TS BERH D,

PLEX Y Tt T RO R T EE L B melibiose (280 | BlHE AR D /3 iR AMEHE S 4,
WINMEESND Z ERHAL NI R o1, BINSHETr Ve F 3B TIER IV 1
RGN D | T T A TR G 2T 5, vt o oF R TIE, L
DTN F ARG 80% UL EnZiak e LTHFEL, MHPETELS EEELZENHL
Mo T,

99



5 XMk

[1] H. Sakakibara, Y. Honda, S. Nakagawa, H. Ashida, K. Kanazawa, Simultaneous
determination of all polyphenols in vegetables, fruits, and teas, J. Agric. Food Chem.
51 (2003) 571-581.

[2] I. Erlund, Review of the flavonoids quercetin, hesperetin, and naringenin. Dietary
sources, bioactivities, bioavailability, and epidemiology, Nutrition Research 24
(2004) 851-874.

[3] dJ. Lee, A.E. Mitchell, Pharmacokinetics of quercetin absorption from apples and
onions in healthy humans, J. Agric. Food Chem. 60 (2012) 3874-3881.

[4] J. Lee, A.E. Mitchell, Quercetin and isorhamnetin glycosides in onion (Alium cepa
L.): Varietal comparison, physical distribution, coproduct evaluation, and long-term
storage stability, J. Agric. Food Chem. 59 (2011) 857—863.

[5] M.G. Hertog, P.C. Hollman, M.B. Katan, D. Kromhout, Intake of potentially
anticarcinogenic flavonoids and their determinants in adults in The Netherlands,
Nutr. Cancer 20 (1993) 21-29.

[6] G.R. Beecher, B.A. Warden, H. Merken, Analysis of tea polyphenols, Proc. Soc. Exp.
Biol. Med. 220 (1999) 267-270.

[7] T. Hayek, B. Fuhrman, J. Vaya, M. Rosenblat, P. Belinky, R. Coleman, A. Elis, M.
Aviram, Reduced progression of atherosclerosis in apolipoprotein E-deficient mice
following consumption of red wine, or its polyphenols quercetin or catechin, is
associated with reduced susceptibility of LDL to oxidation and aggregation,
Arterioscler. Thromb. Vasc. Biol. 17 (1997) 2744-52.

[8] J. V. Formica, W. Regelson, Review of the biology of quercetin and related
bioflavonoids, Food Chem. Toxicol. 33 (1995) 1061—1080.

[9] K. Emura, A. Yokomizo, T. Toyoshi, M. Moriwaki, Effect of enzymatically modified
isoquercitrin in spontaneously hypertensive rats, J. Nutr. Sci. Vitaminol. 53 (2007)
68-74.

(101  JOIIES, 132, MEE ISR 2 7 v F RO E (BERLES Y 7 oLy b YY) A
FRA RO AR IHRIRAE 36 Z OV MO RRGE, $EHL & 1A%%. 40 (2012) 495-503.

[11] K. Németh, G.W. Plumb, J.G. Berrin, N. Juge, R. Jacob, H.Y. Naim, G. Williamson,
D.M. Swallow, P. A. Kroon, Deglycosylation by small intestinal epithelial cell B-
glucosidases is a critical step in the absorption and metabolism of dietary flavonoid
glycosides in humans, Eur. J. Nutr. 42 (2003) 29—42.

[12] V. Crespy, C. Morand, C. Besson, C. Manach, C. Demigne, C. Remesy, Quercetin, but

100



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

not its glycosides, is absorbed from the rat stomach, J. Agric. Food Chem. 50 (2002)
618-621.

A.L.A. Sesink, I.C.W. Arts, M. Faassen-Peters, P.C.H. Hollman, Intestinal uptake of
quercetin-3-glucoside in rats involves hydrolysis by lactase phlorizin hydrolase, dJ.
Nutr. 133 (2003) 773-776.

A.J. Day, F.J. Canada, J.C. Diaz, P. a. Kroon, R. McLauchlan, C.B. Faulds, G.W.
Plumb, M.R. Morgan, G. Williamson, Dietary flavonoid and isoflavone glycosides are
hydrolysed by the lactase site of lactase phlorizin hydrolase, FEBS Lett. 468 (2000)
166-170.

S. Wolffram, M. Block, P. Ader, Quercetin-3-glucoside is transported by the glucose
carrier SGLT1 across the brush border membrane of rat small intestine, J. Nutr. 132
(2002) 630-635.

J.M. Gee, M.S. DuPont, M.J.. Rhodes, I.T. Johnson, Quercetin glucosides interact
with the intestinal glucose transport pathway, Free Radic. Biol. Med. 25 (1998) 19—
25.

M. Matsumoto, H. Chiji, H. Hara, Intestinal absorption and metabolism of a soluble
flavonoid, a G-rutin , in portal cannulated rats, Free Radic. Res. 39 (2005) 1139—
1146.

A.K. Batta, G. Salen, H. Holubec, T.A. Brasitus, D. Alberts, D.L. Earnest,
Enrichment of the more hydrophilic bile acid ursodeoxycholic acid in the fecal water-
soluble fraction after feeding to rats with colon polyps, Cancer Res. 58 (1998) 1684—
1687.

H. Mineo, H. Hara, N. Shigematsu, Y. Okuhara, F. Tomita, Melibiose, difructose
anhydride III and difructose anhydride IV enhance net calcium absorption in rat
small and large intestinal epithelium by increasing the passage of tight junctions in
vitro, J. Nutr. 132 (2002) 3394-3399.

M. Matsumoto, N. Matsukawa, H. Chiji, H. Hara, Difructose anhydride III promotes
absorption of the soluble flavonoid aG-rutin in rats, J. Agric. Food Chem. 55 (2007)
4202-4208.

Y. Oki, K. Hashimoto, T. Matsumoto, T. Kubota, M. Emoto and K. Kibayashi,
Production of vinegar from soybean oligosaccharides, in vitro and in vivo effects of
the vinegar on human fecal microflora. N. Nogeikagaku, K. 66 (1992) 727-732.

A. Rivera-Sagredo, F.J. Canada, O. Nieto, J. Jimenez-Barbero, M. Martin-Lomas,
Substrate specificity of small-intestinal lactase. Assessment of the role of the
substrate hydroxyl groups, Eur. J. Biochem. 209 (1992) 415-22.

A. Shinoki, W. Lang, C. Thawornkuno, H.-K. Kang, Y. Kumagai, M. Okuyama, H.

101



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Mori, A. Kimura, S. Ishizuka, H. Hara, A novel mechanism for the promotion of
quercetin glycoside absorption by megalo a-1,6-glucosaccharide in the rat small
intestine, Food Chem. 136 (2013) 293-296.

H. Li, X. Zhao, Y. Ma, G. Zhai, L. Li, H. Lou, Enhancement of gastrointestinal
absorption of quercetin by solid lipid nanoparticles, J. Control. Release. 133 (2009)
238-244.

T. Makino, R. Shimizu, M. Kanemaru, Y. Suzuki, M. Moriwaki, H. Mizukami,
Enzymatically modified isoquercitrin, a-oligoglucosyl quercetin 3- O-glucoside, is
absorbed more easily than other quercetin glycosides or aglycone after oral
administration in rats, Biol. Pharm. Bull. 32 (2009) 2034—2040.

N. Matsukawa, M. Matsumoto, H. Chiji, H. Hara, Oligosaccharide promotes
bioavailability of a water-soluble flavonoid glycoside, alpha G-rutin, in rats, J. Agric.
Food Chem. 57 (2009) 1498-505.

C. Morand, V. Crespy, C. Manach, C. Besson, C. Demigné, C. Rémésy, Plasma
metabolites of quercetin and their antioxidant properties, Am. J. Physiol. 275 (1998)
212-219.

A.J. Day, Y. Bao, M.R.A. Morgan, G. Williamson, Conjugation position of quercetin
glucuronides and effect on biological activity, Free Radic. Biol. Med. 29 (2000) 1234—
1243.

B. T. Zhu, E.L. Ezell, J.G. Liehr, Catechol-O-methyltransferase-catalyzed rapid O
methylation of mutagenic flavonoids. Metabolic inactivation as a possible reason for
their lack of carcinogenicity in vivo, J. Biol. Chem. 269 (1994) 292—299.

H. Van Der Woude, M.G. Boersma, J. Vervoort, . M.C.M. Rietjens, Identification of
14 quercetin phase II mono- and mixed conjugates and their formation by rat and
human phase II in vitro model systems, Chem. Res. Toxicol. 17 (2004) 1520—1530.
M. Yoshizumi, K. Tsuchiya, Y. Suzaki, K. Kirima, M. Kyaw, J.H. Moon, J. Terao, T.
Tamaki, Quercetin glucuronide prevents VSMC hypertrophy by angiotensin II via
the inhibition of JNK and AP-1 signaling pathway, Biochem. Biophys. Res.
Commun. 293 (2002) 1458-1465.

S. Tanaka, A. Shinoki, H. Hara, Melibiose, a nondigestible disaccharide, promotes
absorption of quercetin glycosides in rat small intestine, J. Agric. Food Chem. 64
(2016) 9335-9341.

S. Ikushiro, M. Nishikawa, Y. Masuyama, T. Shouji, M. Fujii, M. Hamada, N.
Nakajima, M. Finel, K. Yasuda, M. Kamakura, T. Sakaki, Biosynthesis of drug
glucuronide metabolites in the budding yeast Saccharomyces cerevisiae, Mol.

Pharm. 13 (2016) 2274-2282.

102



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

M. Nishikawa, Y. Masuyama, M. Nunome, K. Yasuda, T. Sakaki, S. Ikushiro, Whole-
cell-dependent biosynthesis of sulfo-conjugate using human sulfotransferase
expressing budding yeast, Appl. Microbiol. Biotechnol. 102 (2018) 723—732.

T. Nakamura, C. Kinjo, Y. Nakamura, Y. Kato, M. Nishikawa, M. Hamada, N.
Nakajima, S. Ikushiro, K. Murota, Lymphatic metabolites of quercetin after
intestinal administration of quercetin-3-glucoside and its aglycone in rats, Arch.
Biochem. Biophys. 645 (2018) 126—136.

P.G. Reeves, F.H. Nielsen, G.C. Fahey, AIN-93 purified diets for laboratory rodents:
final report of the American Institute of Nutrition ad hoc writing committee on the
reformulation of the AIN-76A rodent diet, J. Nutr. 123 (1993) 1939-1951.

I.C.W. Arts, A.L. a Sesink, M. Faassen-Peters, P.C.H. Hollman, The type of sugar
moiety is a major determinant of the small intestinal uptake and subsequent biliary
excretion of dietary quercetin glycosides, Br. J. Nutr. 91 (2004) 841-847.

J.-G. Berrin, M. Czjzek, P. a Kroon, W.R. McLauchlan, A. Puigserver, G. Williamson,
N. Juge, Substrate (aglycone) specificity of human cytosolic B-glucosidase, Biochem.
J. 373 (2003) 41-48.

A.J. Day, J.M. Gee, M.S. DuPont, I.T. Johnson, G. Williamson, Absorption of
quercetin-3-glucoside and quercetin-4- O-glucoside in the rat small intestine: The role
of lactase phlorizin hydrolase and the sodium-dependent glucose transporter,
Biochem. Pharmacol. 65 (2003) 1199-1206.

S. Ramaswamy, A.N. Radhakrishnan, Lactase-phlorizin hydrolase complex from
monkey small intestine. Purification, properties and evidence for two catalytic sites,
BBA - Enzymol. 403 (1975) 446—455.

A.D. Mackey, G.N. Henderson, J.F. Gregory, Enzymatic hydrolysis of pyridoxine-5-f
-d-glucoside is catalyzed by intestinal lactase-phlorizin hydrolase, J. Biol. Chem. 277
(2002) 26858-26864.

H. Sjostriim, Structure, biosynthesis and regulation of lactase-phlorizin hydrolase,
Scand. J. Nutr. 45 (2001) 156-160.

N. Mantei, M. Villa, T. Enzler, H. Wacker, W. Boll, P. James, W. Hunziker, G.
Semenza, Complete primary structure of human and rabbit lactase-phlorizin
hydrolase: implications for biosynthesis, membrane anchoring and evolution of the
enzyme, EMBO J. 7 (1988) 2705—13.

G.J. Davies, K.S. Wilson, B. Henrissat, Nomenclature for sugar-binding subsites in
glycosyl hydrolases, Biochem. J. 321 (1997) 557—559.

S.R. Marana, Molecular basis of substrate specificity in family 1 glycoside

hydrolases, IUBMB Life 58 (2006) 63—73.

103



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

S.R. Marana, W.R. Terra, C. Ferreira, Purification and properties of a B-glycosidase
purified from midgut cells of Spodoptera frugiperda (Lepidoptera) larvae, Insect
Biochem. Mol. Biol. 30 (2000) 1139-1146.

R.B. Best, G.E. Jackson, K.J. Naidoo, Molecular dynamics and NMR study of the
{a(1 — 4)} and {a(1 — 6)} glycosidic linkages: maltose and isomaltose, J. Phys. Chem.
B. 105 (2001) 4742-4751.

H. Hara, R. Funabiki, M. Iwata, K. Yamazaki, Portal absorption of small peptides in
rats under unrestrained conditions, J. Nutr. 114 (1984) 1122—-1129.

M. Harwood, B. Danielewska-Nikiel, J.F. Borzelleca, G.W. Flamm, G.M. Williams,
T.C. Lines, A critical review of the data related to the safety of quercetin and lack of
evidence of in vivo toxicity, including lack of genotoxic/carcinogenic properties, Food
Chem. Toxicol. 45 (2007) 2179-2205.

V. Crespy, C. Morand, C. Manach, C. Besson, C. Demigne, C. Remesy, Part of
quercetin absorbed in the small intestine is conjugated and further secreted in the
intestinal lumen, Am. J. Physiol. 277 (1999) 120—126.

A. Parkinson, ERHEV Y —X, v MFgE /NGNS DI 7 v Y — A% Drug
Metab. Pharmacokinet. 21 (2006) 16-19.

A. Parkinson, D.R. Mudra, C. Johnson, A. Dwyer, K.M. Carroll, The effects of
gender, age, ethnicity, and liver cirrhosis on cytochrome P450 enzyme activity in
human liver microsomes and inducibility in cultured human hepatocytes, Toxicol.
Appl. Pharmacol. 199 (2004) 193—-209.

M.G. Boersma, H. Van der Woude, J. Bogaards, S. Boeren, J. Vervoort, N.H.P.
Cnubben, M.L.P.S. Van Iersel, P.J. Van Bladeren, I.M.C.M. Rietjens,
Regioselectivity of phase II metabolism of luteolin and quercetin by UDP-
glucuronosyl transferases, Chem. Res. Toxicol. 15 (2002) 662—670.

M.K. Shelby, N.J. Cherrington, N.R. Vansell, C.D. Klaassen, Tissue mRNA
expression of the rat UDP-glucuronosyltransferase gene family, Drug Metab. Dispos.
31 (2003) 326-333.

dJ. Guo, L. Du, E. Shang, T. Li, Y. Liu, D. Qian, Y. Tang, J. Duan, Conjugated
metabolites represent the major circulating forms of Abelmoschus manihot in vivo
and show an altered pharmacokinetic profile in renal pathology, Pharm. Biol. 54
(2016) 595-603.

R. Boonpawa, A. Spenkelink, . M.C.M. Rietjens, A. Punt, A physiologically based
kinetic (PBK) model describing plasma concentrations of quercetin and its
metabolites in rats, Biochem. Pharmacol. 89 (2014) 287-299.

W. Mullen, C.A. Edwards, A. Crozier, Absorption, excretion and metabolite profiling

104



of methyl-, glucuronyl-, glucosyl- and sulpho-conjugates of quercetin in human
plasma and urine after ingestion of onions, Br. J. Nutr. 96 (2006) 107.

[58] K.A. O’Leary, A.J. Day, P.W. Needs, F.A. Mellon, N.M. O’'Brien, G. Williamson,
Metabolism of quercetin-7- and quercetin-3-glucuronides by an in vitro hepatic
model: The role of human B-glucuronidase, sulfotransferase, catechol- O
methyltransferase and multi-resistant protein 2 (MRP2) in flavonoid metabolism,

Biochem. Pharmacol. 65 (2003) 479—491.

105



BE T

[1] Tanaka. S, Shinoki.A, Hara. H, Melibiose, a nondigestible disaccharide, promotes
absorption of quercetin glycosides in rat small intestine. J. Agric. Food Chem. 64
(2016) 9335-9341

[2] Tanaka. S, Oyama. M, Nishikawa. M, Ikushiro. S., Hara. H, Simultaneous collection
of the portal and superior vena cava blood in conscious rats defined that intestinal
epithelium is the major site of glucuronidation, but not sulfation and methylation, of
quercetin, Biosci. Biotechnol. Biochem. 82 (2018) 2118-2129.

[3] Tanaka. S, Aphichat. T, Nishikawa. M, Ikushiro. S., Hara. H, Comprehensive
analyses of quercetin conjugates by LC/MS/MS revealed that isorhamnetin-7- O
glucuronide-4'- O-sulfate is a major metabolite in plasma of rats fed with quercetin

glucosides, J. Agric. Food Chem. 67 (2019) 4240-4249.

106



A

K SLOVERL 7R & N I0ER OMFFEOEFRE, ZBE. SHIcEEE L TEKMEZ
DE L7z, AWEE KPR PP PR R R PP O i RT3 R <
HL EFET, EEARLORE, 25 NCAEOERMRSLIHE2WEEEL
7oy FEEFR PRI D AR 1EREEZ, BMEEFMEEOL R REHEICE < 4L H
LEFET, EBICAROSICAEOERZITIICHIZY, £ OTHRE, i
SrIExE L, A% BEEIRICHE ST L BT ET,

F A EROERELERSS, WAERISICONWTEL O THRE, ZHE a2\ -Eniz
B IESI R T A TR oA B—2dZ I = LR L BT E9,
ZLUTAMEAED HI2HT 0 | BHEEIC/ 0 F U IEE KPR PR FRL R S
BFMCE ORI S THEILHR L BT E 9,

RBICARZEICB W TIE L 22 o 722 < DT » MZOMBIEH L, ZEEZBIT WV
=LET,

107



