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IgG

Keapl
iNOS
LC-MS/MS
LUT
M-PER

5-hydroxytryptamine
5-hydroxyindoleacetic acid

bovine serum albumin

acetonitrile

methanol

Chinese hamster ovary

threshold cycle

disease activity index

Dulbecco's modified Eagle's medium
dextran sodium sulfate

enterochromaffin
ethylenediaminetetraacetic acid
epidermal growth factor receptor
eosinophil peroxidase

extracellular signal-regulated kinase
fetal bovine serum

glyceraldehyde 3-phosphate dehydrogenase
hydrogen peroxide

formic acid

heme oxygenase-1

hypobromous acid

hypochlorous acid

high performance liquid chromatography
horseradish peroxidase

inflammatory bowel disease
immunoglobulin G

kelch-like ECH-associated protein 1
inducible nitric oxide synthase

liquid chromatography with tandem mass spectrometry
luteolin

mammalian protein extraction reagent



MAPK
MEK
MEM
MPO
MRM
NQO1
Nrf2
OPD
PMA
PI
PI3K
ROS
RT-PCR
SERT
+-BHQ
TCEP
TD
TPH
TTBS

mitogen-activated protein kinase
MAPK/ERK kinase

minimum essential media
myeloperoxidase

multiple reaction monitoring

NAD(P)H: quinone oxidoreductase 1
nuclear factor-erythroid 2-related factor 2
o-phenylenediamine

phorbol 12-myristate 13-acetate
propidium iodide

phosphatidylinositol 3-kinase

reactive oxygen species

reverse transcription-polymerase chain reaction
serotonin transporter
tert-butylhydroquinone

Tris 2-carboxyethylphosphine
tryptamine-4, 5-dione

tryptophan hydroxylase

Tween Tris buffered saline
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1-1. I HIC

1950 D HARIC 17 2 @il AT 5% 72 72 2> o 72 23 mlinbal & 20 2 72 1970
LR, FEABMO—& %30 | 2007 F i ZBERES %20 2 72, 2020 FEBE, 65 7%
PLEo&ElaE NOEE 1T 28 7% e RO TR EVWEIG L 2> Twa0, Mz <, H
EROET A LI 2BRAODRD I, BdEo 5 2 HHEIISHD X HICEL
2eTVHEIND, 20 X5 B ANOEIGORAMELZIE, BERCNEE T ORI B
T L BHOANT v BRI L RECHE A RERE e IS e E R 5 2 5720
Tz ofRicm i TRV REREAFED —D Lo TW 3,

HAIC B CEE AD 28I L 2B RO —2ic i FHEGOIEBARET 5N G, FH
MOILEMIIELDESRCEE - NEOREFICIV DI N THY H DA
BREEZFCE, —/7C, EROERED HIC K ZHMLMIT, B2 ) oniEzd
LT 5 ERE QWM OB 2R D B2 5. T DD EFNRIREER L OFE
LAY CHEIBENSH L RECERWICHEER2ED Lo TE 2HFMm,. 2%
[EREEm ] # L3 9 2 L AREELRHECTH Y | BE, BLRBEIEZoFEFIcmiF T
PR - R - B e I L 22 FHE 0L KR AHE, RIE L 2o Tnv 3,

fRERF Ay ffi | 72 B D M A D —D i, FREZ - FEERIERES B2 o N5, &
DIFEICED 2 HMF & LCFRL 19 FEEFBESE 157 5SOHE55LTix [ @
BT 2 ETARR R O Ef 2 3 2 8 13, EAT. PRIEAT O EIIREL ] LED T
BOREFR-REBICHT2EERAREAE T 2EERELOFEM I LT 5,
ZoFIEOHIYIE, Bk, B2 ) CRMIER L1072 5 Y 2 7 % 50 5 MR, BERR©
EIMEEZR & e o AEEERZ PR RS 5720 THh 5, Bttt s» Tid,
K% e B2 ATAIRE (AD DEfLic X Wy KFEChFEraABfteho>oH 5L, £z
SOBFREDFEL TWD IV REEEMENMEMICH Y 5H%b X HICE D
EHE L FZ LN, AT, BFENRICONWTHE - PERBCOBYIEIEEOE
W% 0, o X5 EEHEES LUCREEEOZl., HH L ttaohTcox b
L AL RIT, 72 & Z I PEEEEROEFICOEELEZ TR LEZLNTWV S,
fRER N3 2 BRI 23 72 C R WD DIEERICERR 2 AR T 22T i,
e REHOEEEICOWTHRARRBAEIL® 5 & & TR EZ ML ICTT 5 HE
BhHbHLEZD,



P boZ & X0 @EEMEMDEIICIIINQZ IR T EEH O A% 52z
REFT BRI THIN 2B O Ay - RAEFADE C ORI b HEE X ¢ 2 L8
HbEEZDL, KR TIE, L OFREPERNTRIELBEEL TV 2 LITEHL,

BT 2 BT X 2 RIEIHII RIS O WTHET L 72, AE 122 DI Clid, A5tz
KT IR > MR ERICOVWTHELT 5,

1-2. BMEREREERB LR FL X

BRI IR ICR R fEEEMEHET 2 —20HEREEZOLNTED (KL LD
FIEDRHNCIE > CGEILT 5 Z L R & 32 B MERAE IR I v Y 27 23 EF 3
% BhAREEL S0 BT  fR A MR I B L 72 R 4 e B Hhl 3+ 2 RBRAECH % 720,
P E8 D IR FHEMEL T RIEIIC [ 1 C L T 0> D AR PE RAE OB R il 2 % — 7
v T L 72IF5E 250 S Tn 5@,

1-2-1. PR MR E L 18 RIE

TAIANA R —J{PN—F Y VIR & OB EIL B PERRE AR R I 2K < B
HLTWBZLERBEINTNEO, Ty ~—fFIE KM E 8L T v
CIREBTH Y| FRABRRER T ARE LR &% EER E T2 RFE0 —H<ch s, H
RIZB T, FREAND O, TA v 4 ~—fFOBFEHD ML TH D, 2025
FITIF 700 AZBHZZ L BFRINTHED, TAv AL <=—0KIZ. BEA ST
BREEICIDARAL LI %KD T LA, NET 2 FKIEL RN, KT, fRFNIC
RKEhAHZIAZ 24 L, A RRESEL 2, Iz <, HRCEWTIR, NEDH
FRLPRL T EHEC ERE NEEOSBICER b, TV A 2T,
E 4k U CRES 2 38R 2 R T R EBREOHELE Vw2 5,

N—=F v VIRIE, RO F—o8 S v bl o2 S E R ER L R F—ov I v
FRETEFNIY VOREMBEL 2EETH %, RO —E3 RN —E D /i
55 2 5 RERAREL, BFOBGLENFE S 2EL 25 7 3 27 (H) 7 23R
ELTHILNT WS, HRTOERERIZ, B8XZ 16 AL, TAvni~—fielt
BT 2% FR0nd DD, TV A ~—JfFL RIS FAE D a1 T b % 7=
O, b Ekb e & ICEFERIEIHMT 2 LRI N0,

WITNOMRAERED ROWEAZRCRIE - ERT 25D THY, 22D, & F &N
R e LWRITMENZmD GO CHREERZ L 23S\, 2D X BHER» O, FAEEN



AR IR E DM D 7= D IR E T LVEDRHC LN T WS, TA Y AN 2 —JfF
—F VY VIROWSEHNIZEIC N & E 2370 W3, RAE & DBBETIE, Bl 2 (X EMENSAE
DIFIBT AV N < —JRET L~ ZD¥E B X VLEREE 2N+ 3 2 & S
INTWBEY, X=XV Y VFETF ALY RCEWTIE, FHEM L ERABIEE

(Inducible nitric oxide synthase: iNOS) JEI& T D / v 7 7 7 b < Cyclooxygenase-2 D i
PEALIC X 2 MR AT OWEDSHERINT VB | DX ICRIEE T ALY L <= —)F
RN =F VY VIRITER S Do T B 55 IR IO W TIEARIA R 523% <L
FEANEPR B DFEIE T B & RELS 5 70 0 10 AR MEREBDE B O FIECER 1B L Thi s
ML L~ & FERIITIE 2 D 2 FHITEHETH 5,

1-2-2. RIAEMEBEE R

RIETEREE (Inflammatory bowel disease: IBD) 1%, FIC 7 v — Vi & BB KGR
BH Y 7 u— VRIS b KEE T BEERBR IR ICETHEO UL A
BB T E B RN HO B MERERER R TH 2, WEE L DI FEMTRIENL L B
W I ip 2 B L 3% 729, EEFEREO QOL (Quality of life, AEiHDHE) ZKE L
TF2 Z ePREE o T, 2018 FFEOKENTIX. HAZECHEEEAE % O
TE L (FREHER) SZHE AT R 0% 124,961 A (A 10 T ABH 729 100 AFREE) .,
78— VRTIE 42,548 N (N 10 TABH7Z 0 27 ARE) & ShTes b, adE
HARICEWCTABICHEML TETWwa, Mx <, miifboEic kv, Eifico IBD %
FEHR D E < 7o T B, @il CRAE L 72 55 A i3, ABEERCFTE 2383 2 @i
D, fhoEB L DAPHIC X ZEEL LT A bk E. XV EALMERE D 72 6 3 A6
AN,

HiR D X 9 1c, IBD FRAEDJRIK IZ KM T H 2 25, RELHIBIC X 2 RIERKDAED D
BENE X OCBRENERONGAEEG L Tws 28 PHEI N2, IBD BFICIT 5-
779 ) FABHASC AT aA P EROREYBERFIGEREI NS, 5-7 1/
YU FEEANT, R (BERSET 22 8) 2 FFiT % 20 I BRIMICIRA S
Z22LdH0EBN,. AMESECZ ) 2235509, £72, BIERIRY R 0d DD,
e, FE BAER, MEREORNE 25 2 &G INTWEY, IBD O LAERHE
Hlickswcld, 274 F G cofifABAHESE) 268 <H %23, IBD XA & #%
fi (—HH - MR ICTER SR E N B 2 &) DH A 2 A% RS 720, KiRAIC X
Fuf FE2REMEVRELCHEAT2 2 ichsd, 2704 Ficld, BRE. EPkE,
BHERE, MBEEO R 7R R4 REWFRZ RS S L BmEINTWE T L b, %
DFEFAICIITFEESSETH 209, 2nboBFRI Y BWEAAD <. X D3RI 7R3



ODHBBRE TN TS, MA T, FIFLENH»7% L TH, IBD D FFieEAICO R p 5
B ERETC LT, HAOBEELLD L THEED QOL ZEH 5 2 & 2SR
INb,

1-2-3. RIELBRILR F LR

WERMEEM DO ERNTRIEREEZMCTEHDIALF -2 EHLTHE, 2OX I
bt AR 5 L TR FMEATR b DTH L5, I X VEY AT N7
Bov— v b OEEFRIST 5 OIETERE T (Reactive oxygen species: ROS) 234 L 5, T
ROS X W IGHED 720 1cFk 4 (HE) D DNA X v 57 HE, IBHE 7 L IC B b RE
2529 % 1272 L. RNICITIRILIESR R (R—~—FF L FPIRLZ—EPL I Z
FAYRAVAFF L X —ERE) BFEEL, ©X IV E - C hEBULE KSR
bH D, EMEIEROSICEVEIFR I N EMRICL o CHERIFAZEC TER L.
%D ROS ZfrET 5 [Hilg(bae] 2R3ty 27 2o (BB LR CHIRRL R D 7«
&) IC X BHBERED N T v AL T D Lo T Y, CoBfinn - kEE TR
ML R EF D, IEFEEIMERNIC D B IR, E 2. KEAPRUNLTIRE (PM2.5)
IR I N KRAUGRE. £ ofh, HEATGICES T 28k 4 2 EZ KX, £ENTD ROS
EREES 5, Z LT, MliRd £72 ROS 2RI L 2T TH 2L Lho, Fin
ZENDICONTERILA P LA TTHEI NS L PRI G, —T7 T, A IFMESL Y 4
N A D b QAN b BRI ROS ZAIHI L Tw3 2 & b fEfiIN 6 ~E TH 5,

18P RAERER B DR AT TIIEEL R F L AL RADB ERT 2 Sbh T30,
Bl Z 01X, RIEIC X o TR A Z T 7234 b A4 v TH S Interferon- y °° Tumor Necrosis
Factor-a (. i#F 7z ROS #EA L CTHEL A b L RRREICIF O 2, S Hic, ¥EINL 72
ROS 1%, #aE[KF Nuclear factor- kB ° Activator protein 1, Extracellular signal-regulated
kinase (ERK) 7z & &G ME X &, RIESHEEN T 27, 2tk b, 2 v XI7EHDH VK
= Ak, TEEM(L. DNA 85 OKEE(L) 258 2| 1SMHEREL B L L <, A4 OB
BHAFHEIND, ITid~7- 1IBD BEDONTIE. rhERICHk T 2 G tEEEREE DT
i, PR O(XT . BE(LIY DNA B~ — 7 —oEAmRE I Tn 20 | £z,
THAIANA = —f{RN—F VY VIR EOMRAMTEIRECIEIER P L A== =B
ERF2W, o ko, BILA T LR EHRZEERESL IBD 7t @M SRE O BE S
M INT 5 Z L b, 18R ER R & ORI T BiiE Oz 2 X % LT &
LA P L RGEHTREEELRRNTFO—-D2LE R 5,



1-3. Iz~ AFFX—F

IFRER 7 X = VRIS E TS I T u Lt F 2 X —+ (Myeloperoxidase : MPO) 1%
WEERLKE (H00) & & CHLHIA & v B 2 I3 RAA 4 v 2 5E & L CREUE R

(HOCI) *XHiRHEEE (HOBr) 72 & & o 723 i s R 2 4 L. IWEMAEY
DODREERAZIHS ~LaETH S (Fig. 1)o D MPO DREBIZHRESEZ T &R T
720 EERBEEER IC s W CEEARE ZHoTnw b 2 B bh b, —/ T, BidT 5
L9, RIEICHEWTMPO SHEER T & LTHIMA LN T L BALHICR>TET
W3,

TEERIEREICBIE L T 2 BIREELIE DR TR ON B2 RLE T 7 — 7 Ti3, I
B ML MPO DRI 72 &35 & RATHIICEEL R P L AMER L T 5@,
¥/, T u— AEREIREREE I CHIRT 2~ 287 7 =V IKIEMPO BRI L T3 C
EHPOHE v m 77 —=VHED MPO BT T — LAEBICEES LT3 a[REED # 2
bNd, TAYAA 2 —{EHEOMK T, %O MPOREBEE ICHEML®, 7
N4 =2 —REEBE XN —F vy VIHEEOMREZEIENE L T v 3 i Tk
MPO FEPHEMIRE 2SI L T % & & 22 5@ MPO 2SR A MIRIB DN A A~ —h —%ih
RN O —DIC R 2 A[REED B %, INA T, SIEEBEE R LIt Td, RAEMRMKT
D MPO DR - RTE{L e RIEL v & MPO iE D HIBIME 2R T T 539,

MPO (BERE D 2 W IIEERTEN:) S RAERBICHBI L TN 2 2 & 25, MPO I
ARBRIES — 71— D—D L 72505, HITIEIE & L TTId 7 BRI D FhE LB AL
EDREICOWTOMIED I TWwb, MPO OFEHRIEMICHK3 % HOCI ¥ HOBr
mEDO u T AGEERE (KiE~sv 7 v ER) AL RICHEICE A, RS O 5K 725
2B FHEEINDG, 2D X I T, MPO I AENPEBEEOEE RN TH 5 —H T,
RAERFIC IR EZFERL 5 5, L LA LERTOIERSCEIRE T4 cHEfF - i
RINTHZRWEIRICS 2, BIERIEDRIAE - T Z ORFFIAZ D T It
JEFTCD MPO DAFHSENREZ A5 Z L 3L ZHTH 5, MPO 2> 54 L % HOCI +° HOBr
FRIEMED R K BRI 212 { Wwat, MPO Dl - fEF DR E L CZ oEYTH 2
~ay At w v v s EORRN L EMYI SRR T 5w F = VHKD F ) R L
MPO D~V ¥ o X —EHHEIC X D 4 U 5 ZRINABREY) X HOC 7r &It~ ix %
ETHY, ZOREWE AL A~—H— LTEIT 22 & T, EERNTD MPO DIEFA
WOWTORPICORR L EEZLND,



MPO
+H,0,

NO,- Br- Cl-

NO, - HOBr HOCI

Fig. 1. Reactive intermediates formed by neutrophil MPO

1-4. xu b= v

+w b =¥ (§l#. 5-Hydroxytryptamine: SHT) (ZEHGEWET I vo—f<TdH b, 4E
NTIX, BFXZ 0% GEICHFEL TE Y, 8% M/IMRIC, FRD D 2%28 X fiE
ICHTES 2@, BHicE T 2 SHT E. Krilid) e &% Jiti3 2 B AR nEYE <
HY. KRWICEET 2 SHT M FRHICN 3 2 IEMEM. S i5EEeEMAiTER,
IMRBESEIEENF 7 & O A BEET I v & L CEHEREEHIZH T 5,

I OIRDIIEA 71 = R LICOWTITRIATH 225, BEHEDOMICIH W TIT SHT EMK
TLTWBZ b, SHT2B0E/) T IVBARL, ZOBEEME T3 2 itk -
THEN DR DG IS HE X 4L, 5 DR FIET 2 Lo £/ 7 I VIR
RIBIN T 3%, —J<, IBD BF OB TlX. #@FZ% SHT B, &k & Icfs
T2 SHT ZEROFERIM 72 E AL 2172 > TW B, Iz T, SHT (i i EAE
CEMRE R COMBRTTHE L bIFHI T ®E2),

SHT ¢RILE/ 7 IV THE F—o8I vid, ZOMERIAEN—F v Y VIHORIEIC
Bl L T2 2L A>T 200, FEllIZEE 2 BT L %23, SHT IZ2W\» T
b, B RERERESE L MBI T2 OMLEICHZ b ) T I v 4554
# v (Tryptamine-4, 5-dione: TD) 2343 % Z & B FHE N5, Fig 2 ISR T X I I,
TD IZ. Y AT A v FA—nH (SHE) ~DEmwRIGHEEZRTC, TD iF, 2 v
HoFA—NVEeRIGT 5, —HF ) VEKIIKIEIICEILI NS 23, ELh I HE)
ML C, ¥/ VEKEETZTD & XY 2B L DFIRICZE 233, 2nFTDin
vitro 1 FF 2 AT CIIMRREFE L RB I N T E 2049 2 oFEPLEHIC2 W T
IO T TR,
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5- hydroxytryptamme Tryptamine-4,5-dione TD adducted Protein

Fig. 2. Adduct formation of a protein with TD mediated by MPO

1-5. 7 98 4 Fic & 5 ZIEMHIBIE

B, AL E 2720 I AN F - RKEEL MG T 25 (—XHE). £
7o, Bk, BRHSPHICZ R e, FAT: b ORBIFICHE % AT THRE (T )BkRE) 28
Hb, oic, ERFEEE (CREEEE) 3. HXOoRFED2 SERORIEL PP L 720
EVIOEREMOEE Y LEDICFLAHEPEDON TS, TNE TILBRRT X 218
PERIESE, R ff o FHE LK & 7p 208 & 0P EFSAE L A L o il 2 B8 3 <.
BT ORERETEIC B3 2 RHERERILZ R IR L. 5% X U Z 0 EEESE L Tl
EEzoNS, UTFIAHETEH L7 7K 4 FiZonTEICHEN

77K AFNERY) 72 —nVDO—HHTHY, 20D VEVIERDKE 3 DTG
N AR E% O FRILAY TH 25 (Fig.3), T 51T, CEROMIREZ & DiE»
KXY, 79Ky, 79K —1L, TV b T=vREilnpang, 772° /4 FiZ
Bex etSretE2 B L. 2 OMIcEEND 2 &0 b, HENRREE 28 L g
RV CTE IR DO —2TH %, 774/ 4 FREEREEZ RTHEBO D
ELT7 7 —WHKBBRIC X 2B TCERET O, ANETEZHET 2 7V A0 (5
I HANEDIEEEFNE) I L, KBEEFPETF MG TT U AMERINET
2, MAT, CRECEEDAL ML 2o FuF  HE2FT2hT7a—-1EEE
AFXvoFL—rigxk AL, ROS 24U 2EBEEA 4 v 2 fife 3 % C & oHii{iE
PICHET 5, 20X 5FHED O TR L LT A TR 7 &, 18 E R a1 B
Y B WIE 0 DTS 2> D JEETAE £ TLIRICTD 72 D D 5T 509, KIS CFf
KCEHLZZ7 7K A FO—~FTHEALTAY ViF, Sk ) —T7 7% L4 i)
TV avRERE LTEENTEY, BHF#EE LTOMonTE 2, ERIC
TﬁJv%ﬁﬁé&tvﬁXTiHMWH%%VXJVﬁ#%@&%ﬁﬁaméﬁamk
FAEBEIE B O FIE TR CIBIE BN TE 2RSSO —2 & LTHffEh T3
RE BEE R A ﬂTé»TﬁJV&E®77$/4F%@ﬁﬁ&W%%Eﬁleﬁ
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TEAUL, B - »~— 7 X B EEN R O —Im D fEIIC O 23 ) | IHEE DITEIA
BICDRH B AR & 5,

Fig. 3. Basic structure of flavonoids
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FrE BEEHECYTS e = vEE{LY TD OFMH: L REEH

2-1. ¥#E

PIC BT, MIREEWME CTH 2 SHT IO = 2 — v v it & ., IS,
AR BB, R IRRUR SOk A AN 7 e v RICBE G 508, o v Tic,
SHT 3 A —S—FF L F7 =4 v 7 A ARIHERMPO 72 & vt o X — ¥ D ILE
EhVEBtIh, RIGHEICEDF ) vIFTHZTD L2 Z L BHL IR > TE YU
WEERIT, AFAKREEIEICKRSG LT T 7 4 v 2aDMNICE T TD 235 H
INTWEW, 7, TD ik + 77 v — LHBIIREE LR EIC B WTH . Z @ SHT LH
Y s-e FueFxs 4 v F—EERE (5-Hydroxyindoleacetic acid: SHIAA) @ ¥ / V(K
(Quinone-SHIAA) & & HiT, & v o3 7 B DGR ERTHER I LTV 2W, o %
JETERIAE 2> & MPO 2SI I N2 C L o, TA VA <~ —MREZ R L T 2 iRk
T MPO #HL LA S 217 o TH Y P AN TD MPO IC X % SHT DIEfLIC & B
759 TD A MRANEEORIEPCHERICB G L Cw 3 HREEDZE X b b,
INE TIOYIFFEE CIX, MREFIER R SH-SYSY MllED a-F 2 — 7Y v $B-F = —
TYVY, EAVF Y, Za—a7 47 AV LA EDHIEEK X v o378 % TD 25MEH
TEZLEALICLTE O, MM I ERIERE PR & v o 2 REMEL A L.
INOENL THREILET 22 L THROREZHIFIL T\ 2, DG % SR
LHUNEE. a-BLUB-F2a—7 V) vBHRAIWICEAT 5 & iCLo TEKI ATV S
@, TD DFEEPFTIE, F2—7Y vOoHCESOYIABREERIC»MEE X v, —77 T,
ZOBHOMERIEHHEINSE LW IFHREIHE LN T B0, 2002 FFD Jiang &
Dryhurst D52 ClZ, TD (3fEfE R ERECH L v v v BBUKEREZHE T 5 C
EHRLTWEE, SHT LRI CMRMmEDE CTH D F—¥I v (kP e LT F—
IVF /) VvERAELTI Fav P TORRBREEZ2FHET L0 X—F VY VRO
JEICEDE T2 oo v 2L A VR EDR Y NI EREMiTE L BMEINT B,
IR E ST TD 2% in vitro TF 2—7 ) VOHACEHAGICEE X G 27L& bE
Z BB O MIRHIEPN T TD i X 3 & v < 7 H{EHi % /v L CHlTutae 1 2 % &
T AREMED B 5, —J7C. TD IR E L FHI N T 328, EROMIIEEEIEM 1
ZEALETARLNTE LT, AT TD BN OEEFRIFICE 2 58 ICO» Tk
KR I Tnkn,

TDF o-F /7 VIEEZE L, GOHETHEEZ R T, Hl2 X, ACEETEMECTH S
TA—EAPER T ATICE TN 12-F 7 X VRBRESA VT AT A — M
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MO EME R R T 07 T KB T IR AR O 72 0 O JTIE LG F 0 2 7 & OEIGIG
BhFET 2 eAMEIN T W0, i, TD Ik Ll L =BT HEYE L
FEOEVERZE T2 RTINS, T 77y yF ) ve b= v
Jvig¥, TD ERUL 7 vERZROVEIR, 2V X7EH2 DNA DT L L
ROS DFEAZN L CHEMEERZRT EAHETNTHEEL2, LarLED—FT,
W OhDF ) RTIE, HIEBIERIEE I TIZIBL X b L RicH T 2 (R#EEH 2 6
TEZELHMEINTWEO, TD ICBAL TREITHFRICE W CHfREHEL RB I LT &
7225, Ml ERL L TOEWERIIRMHATH 304, 22T, RETIE, TD
25 SH-SY5Y #ifEie o LK 35 XL N ROS DRERICE 2 28 2T~ L L b ic, TD
I X BRI 08 SO E O FEEMERIC O W TR L 72,
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2-2. EBE

2-2-1.3%K
Polymerase chain reaction (PCR) 7 7 4 ¥ —3 X ' 5-(and-6)-chloromethyl-2’,7'-

dichlorodihydrofluorescein diacetate (CM-H,DCF-DA) (3 Invitrogen (Carlsbad, CA, USA)2»
5§ A L 7z, Dulbecco's modified Eagle's medium (DMEM) /Ham's F12 nutrient mixture 551,
Cell Count Reagent SF, 7 F L Hii#7] HIKARI (Immunostain Solution B), Chemi-Lumi
One L ¥ X U Protein Bicinchoninate assay (BCA) & v + & F 4 7 4 7 &2 7 (Kyoto, Japan)
X Y AF L 7z, Mammalian protein extraction reagent (M-PER), 7'vu 7 7 —-¥PHEH|H 7
7 V3 X U ProLong® Gold | Thermo Fisher Scientific (MA, USA) 2> A L 72, Block
Ace IZRKRHAMF KBIHE (Osaka, Japan) 75 AF L7z, 7 ¥ FHK NQO1 ikl Abcam

(ab34173; Cambridge, UK). 7 ¥ ¥ Hi2k HO-1 Jii&1 Enzo Life Sciences (BML-HC3001;
New York, USA). 7 ¥ F K B-actin P14 1Z Medical and Biological Laboratories. (PM053;
Nagoya, Japan) . HRP B35 & Hisk P17 ¥ ¥ 1gG $ifA1x DAKO Japan (P0448; Tokyo, Japan),
v ¥ ¥ H 2K Nrf2 $1fA& Santa Cruz Biotechnology (sc-722; CA, USA). FITC %V ¥k
Py FgGhiikiz> 7 ~7 v N Y vF ¥ v ¥y (F-9887; Tokyo, Japan)2> b AF L 7z,
Propidium iodide (PI) solution (¥ Dojindo (Kumamoto, Japan) X 0 BE A L 72, fert-
butylhydroquinone (~-BHQ) (ZH FA LK T2 (Tokyo, Japan) X » AF L 7z, Potassium
nitrosodisulfonate. 0.4% (wAv) P U oXy 70—, SH-HCl, H.0, & X ' ISOGENT %
sz OR. 857 4 v 2 HDEME) (Osaka, Japan) X W HEA L 72,

2-2-2. HfiREREE

SH-SYSY #fidix. 10%IE@L Y o RYRIME (Fetal bovine serum: FBS). 100 units/ml ~%
=2V v, 0lmgm AL T b2V, 2mML-Z V& I v % & T DMEM/Ham's F12
VT, 37°C, 5%CO &M N ChEE L 72,

AT, HELEEZROVBRVZDOSL, 025% (whv) PY 72 v 1 mM
Ethylenediaminetetraacetic acid (EDTA) - 2Na i (AT, MY 7o VIER) 2L .
T 12 7RIS 2 MEA D KA din U CE L, 3 DR ICHT L WER I IE % 2>
A Tze FEERITIZ, IS % Rt 2-3 HERE D b D2 iz, 72, BHREGEHE 2 <
2R AUl O %2 ik UL B 72 ICBRAS ORAF L T 72 Al &2 ol L T BRIC IV 72,

B, 6well 7L —tFEHVIEEICIE, FY-D-V Y v RACKEREZEEKT 50
pg/ml ICHRLTTL — FOEREIZEDLDNS L 5 ICHEEANT 20 FiEE, 2 ml OJRE
KT3[Ewash LTZ V) —vRYFHATEBEIELZSDE, KYD- IV Vva—T4v7
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TL—F & LTHW,
PCR BX Uy x4 v 7uy MCHWBEAIX, SH-SYSY AT (2.5 x 10° cells/well)
% 6 well 7L — MCIBREL ., 24 BT CEB S B 2%, MEZHFML T xwEi
(LU, fEfydssih) i@ &2, TD & 5\ IE SHT Z3ML. 30 9. 37°C. 5% CO;
FHTICTHELL, 20k, MIGEAY DHLWEHICEZfEZ T, v Fa~x—F L,
RNA OfiiiE X N2 v X7 DI % T o7, 72, ROS I EEE X SHRE R T D
AN DBE2 >~ P o — e LT +BHQ (50 uM) Z 7=,

2-2-3. MHRELEFE DHIE
1) b UV T —Betic X3 EMIIEHEGE

SH-SYS5Y #ifid (1.0x10* cells/well) 1% 96 well 7L — } I 200 pl 3" OFFFE L, 24 FFiH
T CES X%, EIMERH T 12.5-200 pM F TEREFAR L 2B 2 F5m L. 30
g7, 37°C. 5% COSMFTICTHREL 72, 20k, MIEAY OFHICEE iz, 51
24 WPERGEE L 72, RO Z LY PR\ 7z, T+ U 7o vigiR (10 pl/well) % 1-2 4340
BL, ROTMHEAYEHE 50l MATHY 7o voiftEzilz, By T4 v
7 L7 8 B 4% well DAMIEIEEITR Z B L 72, MM E b U Sy 7 —IRKAY 101 &
5 X IRA L, MR EIE L 72, ed. SH-SYSY Mgz 7L — 25 Rah
LTV D, 96well 7L — b TORMIOWEIEEICIZTA 7 2=y bRV,

2) KEWT P 7 V) v LR EEIC X AR OHE

FEED b YNy T — BeEICEEHE D T & [RIRRICEURH 2 i AN L. IS A D B
ICHE E 2 C 24 IS L 72, SEIMSHTHIIC X0 &R 100 uM & L 72 Hy0, ICIE
Tz, I oI 12 A EL 2, 2ok, EIMERM & Cell Count Reagent SF DiEA
W (10:1) ICEEHZ, CO M v Fax—F—NIiC 12 FEFHEL, Bhakic~frn
7L —F Y =X =T 450 nm PO 2 HE L, EfFR2RE L 72,

2-2-4. FE PCR (real-time RT-PCR)
1) RNA i

2 RNA OHHH IZEERSY e, 3K b X U038 E 13 9°_ T RNase-free D b D % fii
L7zo BARMICIZ. UTOFIECEML 72,

fAERTE%. PBS TR L =M% ISOGEN 1750 ul TIRfEL, ~4 270 Fa—7
I L 722 1 B3R U 72, & OMIFIEME 750 pl i3 L, 150 ul @ 7 v afov L% il 2
THHEL 72t2ic, & 0508 (10,000 g, 5 min, 4°C) L7z, 2o L& OKJE) % 300 ul 1
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INL, HFED 2-Fu ) =A%k ANz~ A70Fa—7ICBLTH 1 0EHEL, 109
FRCTHE L 72, ZDtk, =0 (10,000 g, 10 min, 4°C) 1 X > T RNA Z I & ¥ 7=,
BN OHREREL, KETHAILTH W T75%T %) —N | ml Zh1Z, G
BB X EL (6,000g, 5min, 4°C) TMBYIZPEH L7z, =X/ —Lv&+nIclREL
Teth. MUBIDERICR 2 ETF 2 —T7DEEZH T CHARZHE S, WHIL 72 30-50 ul
DWHEAKEZMA Ty T 4 V7 LT, 30 N7z IZ-80°CTIRTE L 72, ERIIFIC, 3
FKT 60 5L, 60 ul FEEE % trUView ¥ =~ v } (Bio-Rad) 1% L, K4 A1)
FHEERE (X7 e — o8 U-2010, HZAER) 2#HWCUToORX2HE RNA BB L O
PR 2 HIE L 72,

*RNA & (ug/ul) = WEEE 1060 x 40 x FHUEE x 1/1,000

2) BEERIG

filiH L 7248 RNA % T, PrimeScript™1II 1st Strand cDNA Synthesis Kit D~ = =2 7
MTHEW cDNA Z &L 72, BARRYICIZ. RNA2 ug & 72 % & 9 IC RNase free H,O THi
ML 723 @ 8ul, Oligo-dT Primer ¥ & U8 ANTP Mixture % 75 1 ul % 0.2mlPCR tube (7 X
7Y 8EHAA T F—LBF v ) IKMAT, 65°CT5oMEAL, KETHAL 72,

[@ % v b ICE £ 415 PrimeScript Il RTase 1 pl, 5xPrimeScript 11 Buffer 4 ul, RNase Inhibitor
0.5 ul. RNase free HoO 4.5 pl ZNEY - iHBEZE DO F o —7icimz 20 ul & L, By
T4 VY7 LT, ZOREHEE% C1000™ % —< Y 4 7 F — (Bio-Rad) % T, 42°C

(60 min) — 95°C (5min) — 4°C (0) DM TRIGE ¥, cDNA #5472,

3) PCR Kt

FER PCR OMHNICTIZA v 2 =L — 2 — k272, 2-2-4 124t > TIERC L 72 ¢cDNA
1 ul Z T, Power SYBR® Green Master Mix (11 pl), JE 7K (11 pl). Table 1 1733
10pmol £ ¥ 2Rt Y A7 74 ~— (1u), 10pmol 7 ¥ F LV Z7T74~=— (1) %ik
ABLERFP T, VT 24 L PCR ZE (Applied Biosystems 7500) % F\>T Table 1
NI ST PCR G ZAT ., HWIEEY ZE=2) v 7 LT,
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Table 1. List of primer sequences and amplification conditions used in the PCR.

Genes Sequence (5'to 3") Cycles Annealing °C

(SCC)

. Forward CTGCACCACCAACTGCTTAGC 60
GAPDH" 40

Reverse CTTCTGGGTGGCAGTGATGGC (60)

_ Forward TTCCATCACCACTGGTGGCAG 60
NQO1™ 40

Reverse TCCTGCCTGGAAGTTTAGGTC (60)

., Forward AGCTTGGTCTAGAGTGAAAA 60
HO-1 40

Reverse GAGGCAGAATCATGAGATAT (60)

*1. Glyceraldehyde 3-phosphate dehydrogenase
*2. NAD(P)H: quinone oxidoreductase 1

*3. Heme oxygenase-1

4) WE C B oRHEENT

HHEE(R 7D C, (Threshold Cycle) f% NTEME= ~ b v — CABECTHITE L. FHXHE %
BH L AR O A 1T o 720 HIHEDEHIILAT D X 5 1Kf7 572,
*ACAE=2—7"v b CAE-NTEE= v F v —)v CfH
*AACAE=2%—7" v } ACAE-NTEME =~ F B — v ACfH
- A =244

2-2-5. TD DAK

TD (X SHT %W TSR L 7209, 5213, 1 mg @ SHT HEFEHE % 500 ul Dtk
ICIAAE L. 6.3 mg @ Potassium nitrosodisulfonate (Fremy if3%) EiEA& L. W EEIC
75 ¥ CERTRICIE 72, ¥, Fremy it#(3-20°C T/N3 0 L CiREL.
BIIEREIREHAL, EB LT 74 VLATER L CHEAHIEEL -, $7-. &
HOFAL v UEPBE LR TCRIEL Twa L CllomEmzHA Lz, 5
L@ 7 L (Discovery® DSC-18 SPE Tube, 500 mg) % [E#H#Hi%&E (GL-SPE Vacuum
Manifold ; GL Sciences) 1Z+t > F L. 3 ml ® Methanol (CH;OH) & 2 ml Dffi/kc7' L
avT4vazv s Lk, TOHTLICKIGHE 500 ul ZH L. 3 ml DK THEL 72
#. 1% Formic acid (HCOOH) /70% Acetonitrile (CH;CN) &€ 1.5 ml TIHFH L, EWw»
FEOMBRD A %K) 100 pl UL 7z, —#F% & D 0.1 M U v EEERER (pH 74) T
100 5 I AR L. WS (UV mini 1240 5 SHIMADZU) % F TR 350 nm THIE
L. IBEZEHR L (= VIOEEREC: 1100),
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b, BFEBCTHOW/AEE 2 v — (Vehicle) 1%, TD &K DD v ICFHED
K Z IS L [EVR I ARl LR U 7= BR o ¥ R (1% HCOOH/ 70% CH3CN) % v 72,

2-2-6. ERIKBYBX NV RZ v Tuy T4 vy

SDS-PAGE EXWKEI B X UV A X v T ay 74 v 27 iF, BICHERPNCE S W TT -
720 2-2-1 ICHEWALEE L 7=/l % . OK¥% PBS Tt L. M-PER & HALT protease inhibitor

(100 : 1) RAWEFWCHE L, =008 (10,000 g, 10 min, 4°C) 2. ki % [\]IY
L. MRERRR & L7z, MIRERRRD 2 v X 7 BIRE X, v v a= Vg (BCA) ikIC
Ko THBEL 720 X v XV H DR B E R AITIZ 10K 7 T2 v 7L b 7-0.5PLGC
T b 7 GROERRAER 7 4 v 2 —) R, 0 (10,000, 1547, 4°C) L.
ZANZ—EOGESFREINL 72, MFZERRIL 2% SDS. 10% 27 ) 2o — XD
/» & @ Bromophenol blue % &1 62.5 mM + U AIEEERMEE (pH 6.8) (LAF. Loading
buffer £ %) & XU, 5% p-mercaptoethanol & B L. 3 rfEIEHE L 72 & © % vk#hatkl
L7z, ek, FL—ITiE NQOI I X U B-actin BiH T 1Z 6 png. HO-1 DA 18 pg
B X R VAN EERMATZ, TD fHNZ o) 7B O T, IREE L 72 Hikg
fHRIC, 1/50 & &£ 725 0.5M TCEP (Tris 2-carboxyethylphosphine hydrochloride) % s/l
L, BiRTS /MBI L 2%, IM M) RBEREZFHFT22LickvhRILEZ, &5
IC[A] & D Loading buffer &iE& L. kR kIS L7, 1L—v DXy N2 HiTSug e L
726

B 72 0kEhEA R % 10% (wwv) SDS RV 727 VAT I FERIKECTEiL. PVDF
AVTVLICTay T AV I LTz BBELZAY 7L VMUK CHREIL 72 4% X F L4
I 72 (Block Ace) Hicf L, EIRT1KMIREL -, 7oy v g, Av 7L UvE
0.1% Tween 20 Z &y b U AIEEEIRMER (Tween Tris Buffered Saline) (LA . TTBS) T
3 [Al5E% L. Table 2 ISR EMETHMU 2 1| KUk 2 v 7L v % 4°C ST WK
J6 X472, TTBS T 3 [MIGEHH#, AR L 72 2 XYk (Table2 M) & A v 7L v R E
TCI1REiIRES 7, THICTTBS T3 MEHL., X v 7L vicfbERNEETH 2
Chemi-LumiOne L Z 7ML, v 3/ 4 X =¥ T F 7 4 % — (LAS-1000 plus ; FUIIFILM)
T bEF T — F (Chemiluminescence) 12 & 0 Z v o3 7 HJR 2 L 72, H{RD
FAMTIZ. Image Gauge software (ver. 3.4, Fujifilm) Z M7z, 7o, HLHO-1 HilkoG&
X, PURoFwRIC Y 77> 88587 (Signal Enhancer HIKARI) % F\» 7z,

TAREDOEEE, 7.5% (W) BEREAEIRIC 1/5000 & SYPRO Orange protein gel stain
FRAELZEERICIAVEZR L, XL A0S 1 KFRRE L 72, 7.5% (»n) BERBET <
15 iR, FEREFZGFLIZHER VI A A=V T F 745 —Clilitx RE L
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THOUR 2R L. [FERIC L CTHRIT L 72,

Table 2. List of reaction conditions for western blot.

1st Antibody Dilution 2nd Antibody Dilution Solvent
TD- Anti-mouse
1B76Y 2,000 . . 10,000 TTBS
adduct IgG™'/HRP™
NQO1 Anti-NQOI1 antibody 2,000 TTBS
Signal
Anti-rabbit Enhancer
HO-1 Anti-HO-1 antibody 1,000 10,000
IgG/HRP HIKARI
Solution A/ B
B-actin Anti-B-actin antibody 2,000 TTBS

*1. Immunoglobulin G

*2. Horseradish peroxidase

2-2-7. MIKEA ROS EEAE OB

SH-SYSY e (2.7 x 10* cells) # F + »»¥— R 7 4 F (Nunc Cover RS Glass Slide Sterile,
8 well) ICHBREL ., 24 WIS L CEA S B2, & well EIIFHEHICAM L 72 CM-
H,DCF-DA (Invitrogen) (5 uM) ICE E 22 T 30 0REEL 2. 51 TD 5 Wi
SHT % NN L 7= SEISH 5 & % 2> 2 30 95588 L 72, CM-H.DCF-DA (3058 % %
Fo7D, 7)) —vRVFICEWTHE T COEFEL L, #MilEAND ROS Lt %
HHHEBEMEE (OLYMPUS CKX41, Jifift 7 4 /b % —BP460-490C, WX 7 4 /v % —BAS520
IF) ZHWTHEL -,

TD & X U SHT DO FTLERIC X 2 flifa R E ofat <id, Mifldz 24 KRG & L TF
H 372, TD/SHT ZiIN L 7z EIMGERS I © 30 05 L. A D Biitcsgia L <
I HIC 24 IR E L 72, % 0fk. MIAE % MMEE AL 72 100 uM D H,0, THIFK
L. 6 FFERSE L7z, K5z MG Es A% L 72 CM-H,DCF-DA (5 upM) & Z8#a L,
30 PALEE L 7o, [RIARIC LGN © ROS EEA: % 5 L 72,

2-2-8. Mifagts

SH-SYSY i@ (2.7x10%cells) ZF ¥ v "—Z T4 F (8well) ICIERE L. 24 FBiffEs
BLTEESE, K welliZTD H 2\ ik 5HT (100uM), b L BB a vy e —0
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TH 5 t-BHQ (50 uM) % ihN L 7z MEIMERTHICIE 22, 30 0R5E L2, 2ok, 1M
HAD B R L T 5T 3 KEREFE L7z, & well % PBS T 3 ik L7z0bH, -
20°CITiAHI L THh W 7z CHsOH IFIRIC 10 53], R TR T 0.5% Triton A Y PBS &
12 10 432 1A A 72, PBS T 3 [IPEH . 3% 7 U IiE 7 v 7 2 (Bovine serum albumin:
BSA) AV ® PBS TR7A4 F LofildzEw, ERc1RKHE7ey*v Lk, 5
IC PBS T 3 % L 7214, 0.5% BSA-PBS T 50 fiFIC# R L 7291 Nif2 (Nuclear factor-
erythroid 2-related factor2) JiiE% A, A74 FAHZALICH FL, BEEZR-72F F
2 WEEME L7z, R 74 FEREEE. PBS T 100 f5Ic /B L 72 FITC #4174 ¥ 1gG
Pifk L 60 ng/ml ICFFE L 72 PI Z I P L. & 5T 1 O LIRS 2 fRo 72 £ %
FHE L 72 Z D% PBS THH L. BERTIEA] (ProLong Gold) %4 7 AMEICH T L. 7
NN IR pEE~v=F 2T THALL, 2o, il 488 (Fifk) X 543 nm

2-2-9. FEEHERIFENT

n=3 LI ECEBEZ{T-725 DiE, ANOVA i\ > T Tukey b L £ i3 Games-Howell D
ZHRE % SPSS (ver. 22.0) ZHWTT — X fi#HT L 72, p <0.01 TH 2 5EICHGETFIY
CHETH D LA L 72,
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2-3. FER

2-3-1. TD 2% SH-SYSY Ml A fr# I X OHINEN ROS EAIC 5 2 % 7%

TD % SH-SYSY ffZicasm L., Mg & v o8 78 ~d TD O FHIHERRIC D CTREGT 21T
272, TD XD TH 1 EE Ml s v 2B LG L, A X TIROPERLEED b
7z (Fig. 1A) o TD MK F 7 & @0 F £ Thk & effiid & v o3 7 B 2 B8 L 72 53, K5It
fal 1 Rl %2 v — 271 L, KA IC TD B8 % v X 7B DS v FH3EES L 72 2 & 2
5. L7z TD BARRETH 25, H 5\ id, B & v o3 7 8 D5y fREERE A T
5 EBRTFRINT,

% Z°C. TD O icxnt 3 2 EFEM 2 MG 32720, TD I X % o xfliElk e LT
Flv 72 SHT % B4 7R < SH-SYSY Mo . MilaAdfFRE 2 0E L 7z, kb, £F
HOME I 72KEME S V=5 (WST) #Eid. ROS DFFTEIC X o TRHEHE <
70 REOMIAFRI Y S EVEIEAH 2 2 & AP I N7 EMIEEHEGE L
Hb THIIEFEROUE 21T 72, EBIC ROS Z4 L X ¥ 3EE TH % TD150-200
uM ALEIC BT, WST 35 CHIE L 7 Ml A i i3 A s Tk & ik L < fiE %
ML727e®, 2 2 CTIHEMEEEBIEDRE R 2R L7, Fig. 1B I3 X 91, TD % 25
uM IZ BT, MAEETEIEEF R 278 L7z, — T, 150-200 uM @ =ik EE eI < ik, A
R EZHERIET 87, £z, HERICH W SHT ZEFERICGEE L 5 2 kb -
726

RIT, TD MLHIC X % SH-SYSY MAEAN @ ROS FEA % | LR ITRZ %2 H 3 2 40t
A3 CM-H,DCF-DA % i</ (Fig. 1C), Btka v bue—nr e LTHWZ H0,
(200 pM) TIFBEE = MIIEA ROS EEA DR b7z, 100 3 X 18200 uM O TD % 30
SHALER L 2z MfE T ix, MIFEN © ROS FEA A TD EERTFAICITEL T3 2 238 5
DT o7, —/7C, FERRE D SHT % 30 Z04LFE L < 3 Ml ROS EEE 3B I Wik
D077,

DT L6, TD IR CITMAEETE, SR < I MAEM ROS FEAE & Mifnd:
DIKT#FET 2 LIRS NIz,
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Fig. 1. The effect of TD or SHT on SH-SYS5Y proteins, viability, and cellular ROS 8,

(A) SH-SY5Y cells were treated with TD (100 uM) for indicated time (0-12 h), then lysed for gel stain and
western blot analysis using anti-TD-adducts Ab. The symbol “*” in the upper the gel means that the sample
was rapidly collected after the addition of TD. The process approximately took one minute to complete.
(B) The effect of TD or SHT exposure on cell viability in SH-5Y5Y cells. SH-SYS5Y cells were exposed to
the indicated concentrations of samples (TD/5HT) or vehicle in FBS-free medium for 30 min, and the
medium was then replaced with flesh medium containing 10% FBS to remove any unreacted TD. “Vehicle”
indicates a solvent only control. After a 24 h incubation, the cells were subjected to a cell viability assay.
The data are expressed as mean + standard deviation (n=5) and represent percentage control. Statistical
significance was set at **p < 0.01 and ***p <0.001 vs. vehicle using the one-way ANOVA and Tukey post-
hoc test.

(C) The effect of TD or SHT exposure on intracellular ROS generation in SH-5Y5Y cells. SH-5Y5Y cells
were pre-loaded with CM-H.DCF-DA for 30 min, and then treated with vehicle (a), 200 M H.O. (b), 100
uM TD (c), 200 uM TD (d), 100 M 5HT (e), or 200 uM SHT (f) for 30 min. H.O. served as a positive
control. This experiment was repeated three times and similar results were achieved. Scale bar in the image
(f) as a representative indicates 70 pm. DCF-derived fluorescent intensity of each image was quantified
using ImagelJ and expressed as relative to the control (a); values are means + standard deviation from 50
cells in triplicate experiments. **p < 0.01 and ***p < 0.01 indicate significant difference vs. vehicle using
the one-way ANOVA and Games-Howel post-hoc test.
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2-3-2. BEELKEIFET 3 MEHEE TN T 5 TD OWIFIER

MR BE FIEE I X 2 AHINERR ROS 1T X 2RI & DT 2 b L A BAfif %
ZFBHT LT, ZRAMLRICH LIEYIEZERT 2, Fig. 1IR3 X511, TD X
FlEEB LU ROS EHFFEREEZ A L Ch Y, #EREN T CITMBoBEICInE %83

LZHREMEDS D %, % & O M I AR 2 HREITE T ¢ 2 Wi o TD (100 pM)

EIR L, TD BFEHZIC H0, THIE L 72K o MifaA 7% 5 X OHIFEN ROS FEE % HIE

L7z Fig. 2A IS0 YD . H0, I X B AEFER DK T X, 100 uM TD D REIULEEIC X
STHBEICIHI Xz, £72. H0, DT X » THE & h 2 Mty ROS A S . TD
ZHLEET 2 C L cHIflE g 2 EBHSL I o 72 (Fig. 2B), —75 T, LR IC
v 72 SHT i3 M ZEFR 0K T 5 X U ROS EA % I3~ 2 fERIERED b in 22 5 72,
IO DR S, HATD TD 100 pM 72 13 Ho0, 238 2 flifastt 2 MHl+ 5 2 &
RIS W
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Fig. 2. The effect of pre-treatment with TD or SHT on H.O--induced cytotoxicity (A) and ROS generation
(B) 9.

A: SH-SYS5Y cells were treated with either vehicle or samples (TD/SHT) in FBS-free medium for 30 min,
and then the medium was replaced with flesh medium containing 10% FBS. After incubation for 24 h, the
cells were further incubated for 12 h in the presence or absence of 100 M H.O., and then subjected to a
cell viability assay. Vehicle indicates the same as in Figure 1. The values presented are means + standard
deviation (n=6) and are expressed as percentages relative to H.O.-untreated control cells. Significantly
different (the one-way ANOVA and Tukey post-hoc test) from vehicle, **p <0.01. B: The cells were treated
with either vehicle or 100 M samples (TD/5HT) in the same way as the above and incubated for 24 h.
After the medium was refreshed, 200 M H.O. was added, and the cells were incubated for a further 6 h.
CM-H.DCF-DA (5 uM) was added to the treated cells for 30 min. Images: The fluorescent signal was
photographed using a fluorescence microscope. The results shown are representative images of experiments
performed in triplicate. Scale bar indicate 70 ym. Graph: Quantification of ROS in cells pre-treated with or
without TD followed by H.O.. Intracellular ROS generation was determined by DCF fluorescence and the
intensity was then calculated as described in Figure 1(B) legend. The data is expressed as relative to vehicle
control without HO.. **p < 0.01 and ***p < 0.001 indicate significant difference vs. vehicle without H.O,;
#p < 0.05 indicates significant difference vs. vehicle with H.O. using the one-way ANOVA and Games-
Howell post-hoc test.

26



2-3-3. TD MEIC X 2 BHEAH - B LEERR O REFE

2-32 T/R L2 & 90T, 100 puM @ TD ALELIC X 0 HIIE 0 IG I E 25558 X 5l RENE
DR S 7z, TD IZHETFHEYE C©H Y ARNCHIlEN D % v o8 7 B % G L il 2 DX
ERIGT B T ERTREINSA, EERIC Fig. 1A IR L72 X 91 TD IZHIEN & v o3
78 R AIEMI L 72, BETHEE IZIE R T Nef2 20 L, 55 2 RS X 05
LB OB FRAZHET 2 AT CICHE IR TWE®, 22T, TD 25liE
N Nrf2 TiBEIR B X O X v X0 BOoRBNGEE 5 2 5 Rt L 72,

TD ¥ X O SHT % 30 3 ALBR L CTHEM 223 L, BICREIRFRVIC S E L 72 & 2 0K EIR
T ORILE % F 72, Fig.3A IR T X 5T, NQO1 5 X N HO-1 i%, Ao v b o —
L (Vehicle) ICHRTHBICELGTORKRALER L, 512, NQOI X U HO-1 D
B BTN 2 TD I & O SHT DIREAKIFIEICOWTRE L7z & 2 5, TD Tldi
EBETFED 50X U100 pM THEEICEEAA LR L 20icx L, SHT THEEARFEH L
ADBRON7ZDIXHO-1 DA TH -7z (Fig.3B), TDUURIC X > T, BEEFL L TOD
BB T ORREFADRENZZ DO, EHICE VY ANTHL L TORBEICO W
TR L7z, ZOfE, EBH0 X v o8 7H 3 100 uM TD LBLC X > THREAR EH T
% Z LR X 7z (Fig. 3C),
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¢ ¢ M 5HT (100 uM)
x Q2 gg 50
S%0s s
<G - )
22 z¢
=
E 8 1.0C EQ 30
0= o
£=
2 05 =
& g 10
0.0 T T T 0.0
0 6 12 18 0 6 12 18
Time (h) Time (h)
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2.0 A 1.6 A
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N
!

1.5 1

a A
o
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oo o9 o
O N A O
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Relative mRNA expression
(HO-1/GAPDH)

0.0 4
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12 24 (h)

—m_ sma

NQO1

HO-1

.l°
P——
|-

| 432402

B-actin (s |...| |.--|«2 0a
Vehicle + + -
TD(100uM) - - + - - 4+ -
SHT (100pM) - - - + - - +

Fig. 3. Time- and concentration-dependent changes in the expression of the NQO1 and HO-1 in SH-5Y5Y
cells exposed to T or SHT 9,

A: The cells were treated with either TD (closed circles), SHT (closed squares) or vehicle (open circles) in
FBS-free medium for 30 min, and the medium was then replaced with flesh medium containing 10% FBS.
After incubation for the indicated time intervals, NQO1 and HO-1 expression in the cells was analyzed
using real-time PCR. B: The cells were treated in the same way as the above, and incubated for 6 h in
medium containing 10% FBS. The expression of NQO1 and HO-1 was calibrated by measuring GAPDH
expression, as described in the Materials and Methods. C: The cells were treated with 100 M TD/5HT or
vehicle for 30 min in FBS-free medium, and the medium was replaced with flesh medium containing 10%
FBS. After incubation for the indicated time intervals, the cell extracts were analyzed by Western blotting.
The results shown are representative of at least two independent experiments. The values are presented as
mean =+ standard deviation (n=3) and represent percentage control. Statistical significance was set at *p <
0.05, **p <0.01, and ***p < 0.001 vs. vehicle using the one-way ANOVA and Tukey post-hoc test.
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2-3-4.  Nrf2 OHIIENSE TS 2 TD O

TD 233583 % NQO1 5 X U HO-1 i&xf3 2 Nrf2 5%~ %7291, TD (100
uM) MBI X 2 N2 O RTETEIC 5 2 208 e i~ T Bt a v P r— B LU SHT UL
B 7= Mg Cld Nef2 0% < IZMI0E CoO R B S L7 —J7 T TD Z U L 7 #ilfg
TIEZICE T Nif2 OGa3380 bz (Fig. 4). Nif2 DNBITE2HEST 2 2 &2
Mo CTwaBitEay br—1o +BHQ %L L 72l < b FERO IR ED bz
N, ZoZ b, TD X Nrf2 DINBIT2HE T 2 2 L 3R I N7z,

Vehicle

TD (100 pM)

5HT (100 uM)

t-BHQ (100 uM)

Fig. 4. Effect of TD on the subcellular distribution of Nrf2 in SH-SY5Y cells ©¢.

The cells were treated with TD (100 M) or vehicle in FBS-free medium for 30 min, and the medium was
then replaced with flesh medium containing 10% FBS. Cells treated with 50 xM -BHQ were used as
positive control. After incubation for 3 h, cells were fixed with methanol and permeabilized with 0.5%
Triton X-100 and then blocked with PBS containing 3% BSA. The cells were then incubated with antibody
(anti-Nrf2), followed by secondary antibody (FITC labelled). The nuclei were stained with propidium
iodide (PI). Arrows indicate nucleus. Scale bar shows 20 ym. This experiment was repeated three times
and similar results were achieved.
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2-4, BE

b b R IEH I sk SH-SYSY #iiZic BT, TD 13 150 uM Bl E D EE CIZEEIC
MR AT 2 2 &, £72 100200 pM LHHIC X > THIKEHN ROS A % HE
T5Z LI 57 (Fig 1B, C)o EfTHSEICE W T TD I3MifHE L i ST
VB ZNETFRFTAREETH Y, TD IIMANICE W CEIRE CE L -G ICH
HYrE L LEHT 2 WREESRB I 7z, — /T, TD ZAKRE (25 uM) LB L 72 #
R B I EfERE P E R IC ER U 72, SEfTF 9 C ek Ic A E S 2 LR
K F5Z 724K (Epidermal growth factor receptor: EGFR) I EGF 72 & DV A v FfEE T %
& . MAPK (Mitogen-activated protein kinase) #%#<° PI3K (Phosphatidylinositol 3-kinase)
-AKT P& 7e E3EME L S, Ml MR E S 5 2 & B S T v 3P, SH-
SYSY M & EGFR 23FTET % Z & 5608 HNaFR 23380 b L7z fio—>o & L T
TD 7% EGFR Z 41 L CHEhiES 7 F v 2 G AL L 2 vlREME M ER S v B, £ 720 SHT 12V
> DIFERCEEHMIES F ¥ 4 =— X 42 2 —DPE (Chinese hamster ovary: CHO)
MR % I 72 EBRIC I\ C SHT Z A Z /4 L CHIIEN ROS ZFEA X2 2 T & 28 &
T 2 H36% 0 AR5 < idMifa M ROS FEA ICXf L €, SHT O FE A EH I3
LN 0T, TOMEIL, FEATUIE & 1T~ DUBIRH CIRE S R 2720 TH %
EHEERL T B,

HO0, IR 5NN OB EY T H b | SR Tid SH-SYSY #ildD 7 K + — o X %255
326D, TD ZFLE L 72MIiE T3, H,0,1C X % ROS FEADMNG & 1v7- (Fig. 2A),
73, Ha0 CHULERTR, 30 73IC51) 5 ROS AR ICE WD b e o 727280, H0,
JLERFZ 6 IREFETC o ROS AE KR % Bl5% 5 X NHIE L T\ % ,CM-H,DCF-DA 122\ T,
R OA v F 2=y a VICX 2028 T 2729, H0, % 6 RN L 7252 TH
ML, DD ROS FEERZIIE L7, ZDHA. BB L H0, &5 B D X +
L ZEMDE 2 5N REET, CM-H,DCF-DA #H( VAT E T w5720, Hfildo CM-
H,DCF-DA H{ Y iAB &S, DCFH I 7 € F b2 227 7 —¥ DR &% &R
5L . ROSZDHDEIEMICERTE COARWVAFEED H 2, Lo L, MR oK
TIZ2WwTd, TD ZHTLE L 7z#ifg coiifl 2372 b7z (Fig. 2B), TD (100 uM)
ARICAUE S 2 & & THIBEN X v o 2 EAMERT X v, F R AEERICEEE 3T ROS
PFEAEZHEST 2220, TD BAMIFICH L CGlEER R b L REfE 2T 72 2 & THllg
DI E DFE X N RS E 2 b b,

ERic, KETBRR7 X 5, MlgcoEFE R Ic B W TERE2R%E % 5 Keapl
(Kelch-like ECH-associated protein 1)-Nrf2#£5& D T HliE (R TH 2 NQO1H X 'HO-1DF
B X UVFEEED X v 7L~V TORB LA HEZR S 7z (Fig. 3). Keaplidt v
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Y—R VI ETH Y, Keapl D F A —VEDAHEMICHE N TRER N2 A
INd, TR Ics T HETEZET 2LEYELI2-F 7 X ) Vo144V T
IV, Fl. BRI THEA VYV FATT A —FREL VYR VI, Keapl DV AT A v
BRILZERI L. NiRZTEHL T 3 2 & . NQOIPHO-1742 EOFENFHEEINDE Z &8
Wi T T @026 2 72 TDH Keapl IS IIMERIT 2 2 L B8 FHE B2, %
DT RIS 2113, RIEMREE R L2 X Y TDAMRHINERT L 72 Keapl Z Wi 4 2 05
BB, 72, ROSIC X - Td, Keapl N2 1ZiH AL T 1 269, EERIC, TD% LA
L7-MfE Tk, NeROHNBITHAEZR S -2 L 25 (Fig.4). TDIRAAEZAICEL Y A %
N7-t%1CKeapl ZEHi3 5. B L < IZTDIC X o THEFEAE X L2 Ml ROS 23Keapl -
Nif2> 27 L &L T 2 2 Lic X D, NQOIF X CHO-1 DRI FHFET 5 2 & AT
I N7z, MM T, NQOIRHO-11Z ¥ A7 4 v % F 3 2 PIBK-AKR I OEHAL 2 LI X -
THFIDIEMT 2659, TDIC X Y FFE I N2 I0E RGBT 2 FEM 2 BRAEARER 12 5
HOFETH 5,

Plb, REXFE®H 5L, TD I 150 pM LU EORE CIEET 2561013, MRsHg
X LCEEYE L L CAEFRRE T I3 — T lEICA P L 2AARZ 5 2 5 4
(100 uM) TlE Nef2 DEANBITZFE L, MIlENOYIBILEFEOBERFB L X v ¥
7EL L TOHFBPZEIME E72, TD @ 100-200 uM & 9 X, WRMEWE & i3
ADTR Y EFZ 505, SHT ¥ MPO 2 L 25T Ic B W THER L 5E1CiE. B
FITAC —E P i SR CE T 2 W REME D & 5, ARFETIE, TD Mg L, fRi#EM I
bHUEDTE L TCHIFHT AL 2VDTHLPIC Lz, 2D &h b, RIETIICE
WTC TD 2ET 2 56, BUICHERT L LERAT 270 Tch, ZOREICXL-T
X RAE & W3 2 A iR U 3 AIREME AR S ufz, TD IHNRMME cH 5 2 &
b, RIAE/ EICHEWEE NI ERNTER L, Flo 2 v 28 icfER L, fillgo ke
TEICHE R RITT e R TFREND, Stk SHT ICBET 2 RIEEE OBT % EIH 3 2
bEo, EEAKNT LR LAREEDH 2,
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FIE DSSEEETATYZRDOKRBRICHES e + = VLY
TD D4 RK

3-1. %S

LA b L 2O, EC X v o878, BB ED X I Al Es T oBHi%
b7 TO, cno DM XN EERSFOERIT. 7 v — VIRCEEERG R &
IBD7 & DX I ARMEMEBICEHL CTW3 2 LA FRIN®, 2ok gl
B N BT IIPIROIEE L DR V82720, LA P L RA=—A—] L BIT
xNns,

IBD (%, TR &Rz 2 L., gL R 2D IR 2B MERAERERE T
H 5, IBD EE DTl RSN D FGRE ~ DR 7 &L RAE D AHFR AR K S
N GIEREI A = X LB EPEL TV EFEZLND, TND DRIEHIIED T,
IR ER & BERIE MPO R 2 AR - 3279, £ 72, MPO I3 IBD 35 O Cc R
B 200, i 1-3 b7z X 9ic, MPO I3E(IA 4 v B4 v, 3y
A d v, FALT VA A v R DI T I ARELRIGL, Xffixn 7 VETH
% HOC1 % HOBr 7z &', RISHEICE O T OEKZ M4 27, X Hic, XKl ~ns v
Biz7 I /78 eRIGLTr7u7Ive7u 7 IvEEL, £k, 2V s BEFRY VK
HErpGL Tt uervfbkFuyy B-zunFus vy 35V 7unFos v 3-7 0%
Fryv, BIO3svryrEFury) BREZEKT 2, b F v s VEHMiYITR
iE % £ 5 Bk 4 75 CAERBUEI S 2 23, B4R & OBfRTlt, EBRIKIBRET LT 3-7
nuFa Y YREMNT S EAMEINTVREONR, X 51T MPO X, WbW B =LAt
FoX—¥L LTEE, SHT RREE: & Dftt o NERELEY D MPO DEEH L 72D 5 5
T, KRICH T SHT ARSI N EERETH Y. MPO BHEFETNIXZOHEL &Y 5 %,

SHT @ 90% LA E1X B2 v 2811 (Enterochromaffin: EC) Mg CAK X 5@,
T 72, AT T, AR ONEREE & LR L € IBD BE o KB < EC MIRE 38 N
L. 2RI SHT EHBELBINT 2 2 L AHE TN T3, b ok
HeMe 72 KIBREBVETVICE N THBIRINTHEM, bbb, bl X5
I, BBIC B 2 RIERFIGBRTNICE U7 SHT 2 MPO ORLE & 7 b | 2 DFEYI & L TG
HICEG X/ VIERTD BRI N5 LB THEI N4,

1990 FfX2> & Dryhurst 512 X O TD OLE MR KICH: 7 &, AL ERRFEDBH & 221
INTEAZUTO, YIHEEICENTD ., invitro TDO MPO IC X % TD DJER L. F4—
NEEBT 2T AR VN7 ETH 5 GAPDH IS % TD O FRARF 1 7 N G i
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DWTHE L TWw 2, SH-SYSY it FilEMIED - KU B-F2—7 Y v, EX
VI Za—u T 4 7 AV FLEEDWL OOfiflaEK L v X2 ENRTDIC X o T
EERNICBHiIhs Z L dHELTCERC), ZohD—D2TH2 B-F2—7V VILHK
H L 728G Cld, invitro TlZ®H 223, TD 3 B-F=2—7 IV voOHACEHGXZHEI T2 &
ZHO2IC L7200, 2o X I TD EmwRIGtEZH T2 2 L » o EERNTHE L 72 TD
ARSI LCRINBIGZ R C L, & S i3y T ofaeicfil & 2 0 8 % g
FTERTHRING, FICTF A —AF~DMGIE, BE2ETHR LA LD ICHE
T I FIMBEERN LR A RAERISEZTIZEZ LG22 207, TD KD %
TEICBG 3% & 7 F VB ICE 2 5 2 2 WREED H 5,

—J5 T, invivo TTD DAL - FIEICBHT 2 MG IO Thb I Th b, H1EHETD
ARz X ST, T E TICYFIFEECIFR I - TD BRI & v o3 2 HICKr R RE /) 7
H—FAHUERE ML, & 77 r— LEEIIREELIE 7T — 7 ic BT 3 2 v o8 2 ERES
B TD 2SBRHEENTWBE®, 72, invivo TOWEM D TD 12, /KA F L TUE X
7T 774y 2D TCESMFNHECIVERINTHEIDHRTH L, L1l
7508 b BRI AR IR REICR T, 22 A U7 TD BIEHICALZRETH % 72909,
BRI FILZ T © TD OFEREAT 2 2 L IR L B2 5, 20BN R ER
HHID =D BT v T HilERED TD ZFRRNICHRE 3 2 7= ® 072 b
FEOWEEBMETH D,

L7 X9, B3TiE SHT 2MEFENICEELEINTE Y, IBD BFOBETIZEHIC
B Z R T, SHT %R L 9 2 4FHER MPO % IBD Hi# @ RIEEHI 0 BE o5 ©
Fricin L., RIETAICER T2, Cozo, TD EE O KIEME AR S L, KIE
oD EE5 25 b PHINS, L2AL, THETDL IS SHT 3% fF
163 5 HLE TD TD DAL Z OR/TEEICBE T 2 M3 7 v, RE T, BEHERE
ROETNERDTHF AT VEEEF b ) v L (Dextran sodium sulfate: DSS) #5814k
BRET L~ A%, #EHETD 3 X TD & v X7 H ot 2t #is L O
FRRAIICHGT L, B MPO emr vbFoy v EoffE~—7h — L gL 72,
¥/, ZOHMNEERT 5 72 OEHE TD 2558 ML L TRENL TR O EHMERL, &
RERERIERCHET 2 FED HbE THEEEL 7,
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3-2. EBAE

3-2-1. 3

BCA % v I, Protease [HEHIA 7 7 v 5 X 'y 7 F A 845@#A| HIKARI (Immunostain
Solution B). Potassium nitrosodisulfonate, SHT. H,O0, |35f 2 H & [k TH %, $iL TD f
Mz v28<y2%E /) 70 —F A4k (IB7) LU i mrvfiFrr =y 2
®/ 7a—F itk GAS) IKowTRBEHRICE W TFRE N b DR L 7267,
7 B ¥ HRIT MPO Jifk, HRP By ¥ ikt v ¥ 1gG #ifk s L Ok DAB £H/
¥ & X DAKO Japan (Tokyo,Japan) X VA L7z, A+ 774 Vv~ RRT4 v F
v MI=F 1L 44 FH% 4 £ X (0saka, Japan) & Y AF L 72, DSS(MW:36,000-50,000)
¥ MP Biomedicals (Santa Ana, CA, USA) X Y A L 7z, o-phenylenediamine (OPD),
Hexadecyltrimethylammonium bromide. ImmunoStar® LD 3 X U* Isoflurane (3 FUJIFILM
Wako Pure Chemical Corporation (Osaka, Japan) & Y AT L 7z, 5-Hydroxytryptamine-ds (SHT-
ds) 1% Medical Isotope Inc. (Pelham, NH, USA) X Yl A L 7z, o-dianisidine dihydrochloride
FH LT3 (Tokyo,Japan) & W AF L7z, ~<v b F L vBIUP 4T ViRRIZ
(LY (Tokyo, Japan) X W EEA L 7=,

3-2-2. EEREWY)

16 PED it ICR ~ v 2 (7)) ZHARAZ AT ALY =026 AF L 7z, FEEFEIRE
BOHEEL, 12 RROHEMEY 4 70 (9:00 225 21:00) DT T~y Z%FHE L 72,
filH B X OEBROFEMICH /- o Tl BIPEROBEERMEICEET 2454 F 74 v (HA
iR RESF L7z, kb, AL, ERZREOMBRERIC X 3 KRR ICE
i L 7= (No: 171, 236),

3-2-3. KBRETAVOERME XU v 7D EIY

EF OB 2 & T, ~7 & (n=16) 27 v X L2 2DH (n=8) IZ4J 7z,
— /ORI, 0 HEH2H 7 HHE T 5% (w/v) DSS 2 &UAMEKEZHRICE 2 7-
(DSSHH) b H)—HoRfIciz.av e —rEe LTEARBKES 2 72(a v br =13,
BRI 2 HBZICH L WIRRE R L 72, ~ v AOKREIZHEHEFHI L 72, RERD,
fHEOME X, I X OHED HIMIc -0 < FEEBIEHNEAEE (Disease activity index: DAI) X 27
IZ Table 3 ICHEVEIE L 720 7THHIZ. AV 7T VR L T v 2 %2 RHIE X 4,
TREIRD S MK Z R 72, Z 0k, #EEeoBEEE T2UBRL, Kbe LTRS %
HIE L7zo BRE3IED <Y 2D K% b AR IR L 72, KD OFRES LD
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~ 7 AREE, U OB Z TV, MPO 1EEDHRIE R &, 2 Ofthd FEERICHER L 72,
T3~ 2O KGEIKE L 72 PBS T L 72, METMICH & . KIGREZ 2% L 0|
KB LB OER? OB E CORBEEZE L 72, 13 5 N7 KB IE 1 PEic> % 3 %4y
L CRIRE R CRUEEE L, i3 2 £ T-80°CTRIF L 72, BRI D T, fIFIC
HEZHE L 72,

Table 3. DAI scoring system.

Score Weight loss (%) Stool consistency Visible blood in feces
0 none normal no bleeding
1 1-5% - -
2 5-10% loose stools slight bleeding
3 10-15% - -
4 more than 15% watery diarrhea gross bleeding
3-2-4. MPO FEHEDHIE

MPO JG P 1%, BEERICHE U CHlE L 7240, BARMIcid, KEREE (50 mg/ml) % 50 mM
BAL~FH T P)AFAT vEZY LR (pH 6.0) H1 T, Branson Ultrasonics
Sonifier 150 Z i L COK L CHREF B L 72, @008, BiE% 50 mMY v Eh )
7 LIERER (pH6.0) T o-Y T =¥ v K (0.53 mM) X UH20, (0.2 m
M) &IRA L7z, WL 450 nm OZ L% HIE L. MPO i&EMED 1 Bifii% 25°CT 1 47 d
720 1 pumol DB % RS 2 DICEREE L CERL 72, HIEMRRIF, X o8
78 1mg H7-H D MPOEEE LTRL T,

3-2-5. TD DHIE
1) ZEFNE TD IHRT 3 7 =+ VEEAE DT
SHT D& E RN SHT-dy % VT TD-ds Z EHL L | & 5 IC 0-phenylenediamine (OPD)

& KOG & 4T TD-dy-OPD #58R (7 = ¥ ViR, WEEEHELS.) %GR8 L 7z, TD-
ds DYFESEIT 2-2-5 LRIBRIC L THT o 7o 1EBL 72 TD- do % B TR I, 2% BFE-T X
J — VTR L 72 0.2%O0PD AR & Fm ClRA L. 37°CT 30 G 27z, b
7z TD-ds-OPD % 0.1%FERE/KVA#/CH;CN (Combi-RP, 20 x 100 mm, Nomura Chemical Co.,
Ltd.) # AW @ik 7 a~ + 272 7 4 — (High performance liquid chromatography:
HPLC) €&V, 7 =¥ Vi RICFEIN R UV A ¥ v VKB EZ R T FE Y — 27 %
SrE - BEL . EIC HPLC I X W AFSLL 72 @0 B imihr o~ 297 4 —0
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PUEEMR % v 7 2V E 8500l (Liquid Chromatography with tandem mass spectrometry: LC-
MS/MS, API3000, AB Sciex) IZ X Y {757z,

2) BHEY v I Ao TD HEAALE X T LC-MS/MS 1T X 3 HI5E

Efes L ORINE 2R T 27200 TD (3, 2-2-5 L[EKRIC L CHERBLZ, K
RS~ 7 v (20mg) 1. PBS (80ul) LEAL. KETEZFHNIHL 7z, v T
Zim OB L TR L 72 BiE 72138 L 72 TD S, (0-1 uM) % 0.2%OPD VAR & %5
BCTRAL. 30 7/ 37°CTRRIC X ¥ 2, FoN/z3% v 7Aoo TD-OPD 7 = F ¥
VIHEREFE VA — P2 O RT 2 200, NEMEHE LS. EIRA L. EHITRY
~—_— 2O HEMHIE 7 7 2 (Phenomenex Strata-X, 30 mg) & X o T, KHEY % bR
£ L7z, BARMICIE, CH:0H 5 X 10 0.1% HCOOH T2 v 7 4 ¥ a =¥ 7 L 7z [EfHHH
77 LCHEMR B O R E Y A — P 2RI L. 0.1%HCOOH /CH;0H (95/5) iR 3
ml THH L 72%. 0.1%HCOOH A (H,0/CH;CN (1/1)) Iml TIEH L7z, EH L7
TD-OPD 7 = 7 ¥ ViFEkE GL ¥ v 7 v XL HRERA O 13, LC-MS/MS % v
THMT L7z, 7BEICiZ. 4 7 L Develosil ODS-HG-3 (2 x 150 mm, Nomura Chemical Co.,
Ltd.) %#%HeL 72 HPLC (Agilent HP1100) %272, ¥ v 7k X OERH OB O
FEAEL S pl FE F 0.2 ml/min & U FEEIHH X 0.1%BEEKER GRIEE A) 3 X U CH;CN
(BIEB) ZH\V7z, 7Y 2V F 7027 413047 B0%. 12 % B80%. 13 43 B0%.
BLU®30 7 B0%E Lz, KT 4 744 Vb coSERIGE=2Y 27 (Multiple
reaction monitoring: MRM) ¥, 3 F A A Y[M+H]" 2 7V h—H—L L1zt ZTDERY
44 v m/z (TD-OPD 263.4/246.2; 1.S. 267.0 /250.2) % & L 7=,

3-2-6. MBI OFAMB LU~ FL ) vBIUTL AL VRAE

i L 7= K% PBS o L. ME7mIct] v B2, 10% R~ ) v Clghtichk
ATZRRETRIE L7z, EE S N2 KIGIXIGE2EZBIECE 2L ) R4 20— 1] #
ICL, XT 7 4 v 7y 7 RCMODAL, YR Gum) 27317 et )T
XLV TVYTA=T A VI LIERATA FH T RCDE T, MR 2 R 5 72
DIT, BRICHE D~ P FL ) VB XD F Y v REEFT 5 7262,

3-2-7. MR E

UHKZF Ly Tl 74 v L, T& 7 —VMRECHEKIIL 72, NRME~LA F >
£ —e iR, =R T30 2. 0.3% H,0,/CH;OH RiRICiRiET 22 & Tc7uy 7 (&
W) L7z, JimFus vk GAS) X OYifkF4/80 7 v + &/ 7 u—F At
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Ko7z DYIFicowTid, FURZIRGEL S 27201, FEJiH (Delicio 6L, T-FAL) %
AL, 001 M 27T vy 77— (pH 6.0) T 10 MG L 72, EHE 2T 7=
%, UIR 3% o % 30 RG4S L 72, L TD & v < 7 EHik 1B7 3 X UL MPO ¥
FXERY 70 —FAHUED G tic B L i3, IS LLEE 2T bR o 72, =7 ZH
i~ v AHRO—RPUE AR L 72358 0NREE~ 7 X 1gG icxf3 2 §uta (falE)
ZREO T, £ 70 —F APk 1B7T 3LV 3A5 ZHW AU R IcowTliE
NICHIREI-Histofine Mousestain Kit ZfH/H L. 1 X¥ifk & 2 KIURDHETIC 7w v F v 7
EEBEILD 7’1 P aVICHEL T TR o 72, 1 XFURIE. 202 ot %, 1B7 (1.0
pg/ml). 3A5 (10 pg/ml). HT MPO Jifk (1 :200 #F) . % 72 1ZPT F4/80 Hifk (1.0 pg/ml)
CEBTM A v F 2 _— 1+ L7z, RIC10mMPBS (pH7.2) THEiF L. 1B7 £ 7213 3A5
PURIc oW TlE, 7 v v F v 7%, Goat HHKHT Mouse 1gG -HRP #553#% (Histofine Simple
Stain MAX-PO) & 4 v F 2 — } L7z, MPO JUETULEE L 72Y)F 13 Goat H1ZK4HT Rabbit
IgG-HRP 225 (Dako) (1 : 100 #8R) & . F4/80 PUiA CTHLEE L 72U H 13 Histofine Simple
Stain MAX-PO (Rat) &, ZiRT 30 4 v F=2~—F L7, ®K%IC, Liquid DAB +
Substrate Chromogen System Z fif] L#HEAL L 7z, 2 D%, ik A4 ¥ —D~< FF )
vOHARE L, iKBX O PBS TOHL LA, ATA FEIZX ) —ABIUFUL
VERGTPUK L7212, BAB X SRS ST,

3-2-8. In vivo TD TD fHhN & v -~ 7 B AR

3-2-3 THEUL L 72 KGRI DS 100 mg/ml & 725 X Hic, TmT7 7 —¥HEA A2 T
% & M-PER % /Il 2. Branson Ultrasonics Sonifier 150 % i L COK_E G UL L
Tro mOTEERR. LED X VoS BB 40 mgml £ 725 X DI 001 M U v EEEE
" (pH7.4) THFEEL. Z DY v 7% Loading buffer £EA L. TCEP (10 mM) %Nl
A WK T 3 B L. 1 M Tris ZKIBHRIC X O RFIL 72 b D Z 9kE) 5 v 7 b
L7,

3-2-9. BifEFEY A — F AW TD B X v VL& v o3 7 BAERRER

3-2-3 TEUN L 72 KGR DS 25 mg/ml &7 b X H i 7 v 77 —¥HEH A 7 Tz s
t CelLytic MT Cell Reagent (Sigma-Aldrich) %Iz, 3-2-8 & [AIBRIC L CREGEHULE L
720 LT EER. BIED 2 Vo VR 1. Tmg/ml £ 725 X 5 ICPBS THEL, X5
2. SHT (100 uM). 4-aminobenzoic acid hydrazide (1 mM). H,O, (500 uM) % 7L .
37°C T 15 RIS X ¥ 720 H0x 1Z 5 0B FICHIML 72, RIRICH X 7 —+¥ (RAKIRE
0.1mg/ml) ZRMT 5 LIC XY IEEFEIEL 72, T DH v 7T 4X Laemmli ¥ v 7
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NNy 77— (Bio-Rad) Z#HM L. TCEP (10mM) #hnz. Bk < 3 RInEL
L. IMTrs /KIARIC X Y FRFIL 72 D% pkEf v Tt L,

3-2-10. BRKBIBL VYR XY Ty 74V

BRXUKEI B XY T AX 7wy PiE 226 ICHELTTo/, 1 L=V DRV ANIE
ElX. in vivo TD TD fitIN & v ¥ 7 E OHfEFEICIZ 20 pg. in vitro TD TD fiHhI& v o3 2
BHOMRICIZ25ug (X v o3odth) X 05ug (v RAZvy7uy b) &Lk, 7
Y1213, Flamingo 7 VA7 4 v (Bio-Rad) ZMf\WT, #iEILo 7' a b a2 u@ b IcfT
ol VIZIAXv7uy b7 ayFx v 7iCld EzBlock Chemi (ATTO) Z W7z, 1 X
Prikix TTBS CHH L 72 1B7(1 pg/ml) T 2 K], 2 XYL 1T Signal Enhancer HIKARI
for Immunostain Solution B CTH# L 72 Mouse TrueBlot® ULTRA (1:2,000; Anti-Mouse Ig
Horseradish Peroxidase) (Rockland Immunochemicals) CTZifd 1 RefE S &7, X v 7
L v DALAEFEEIT I, ImmunoStar® LD % 7z, T 2-2-6 ICHE L TIT 5 72,

3-2-11. MEatLE

a5 E 1%, SPSSver. 25.0 (IBM, Somers,NY) YV 7 + 7 = 7 Zffif L. Student
D REZ L CTHRIE L 7, 0.05 KD p HIHEIHIICHETH 5 & Aixl 72,
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3-3. WER
3-3-1.DSS I X 3 KIBRFH
ICR ~ 7 A1 5%DSS ix % 7 HRETH Bk &2, KIBRET AV EER L 72, REK
h5Z7za v ba—AfL L T .DSSHFOKEIZ 7T HHICHEEICHE A L7 (p<0.05)
(Fig. 1A), DAL 2 2 7|3 DSS BECIZIRA ICHBEICHM L 7225, a v b o —ABETlRH
L 72> 7z (Fig. 1B)s 235 X b DSS HF O KIGIC B\ CRIEDFE GRS L7z,
DSS #HORKBOREIda v b e — BRI R TR &Y ML E I & REE R o
. EFIEDOTEAL L v o 72 SIEDFHE % /R L 72 (Fig. 1C), DSS#Tlia v bmr—n
el CTikE 1 gH72 ) OPEERED ML 72 (Fig. 1D),

A B, »
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Fig. 1. Biological scores and macroscopic appearance of the large intestine of mice administrated 5% w/v
dextran sulfate sodium (DSS) in drinking water for 7 days in ICR mice. Data represent the means + SEM,
and statistical analysis was performed using a Student’s #-test between control and DSS-treated mice. *p <
0.05, **p < 0.01. (A) Percent body weight changes in control and DSS-induced mice. Open circle, control
mice. Closed circle, DSS mice. (B) Disease activity index (DAI) score. DAI was calculated as shown in
the Materials and Methods section. Open circle, control mice. Closed circle, DSS mice. (C) Quantitative
measurement of colon length. White bar, control mice. Filled bar, DSS mice. Representative images of
hematoxylin and eosin-stained colon sections are also shown. Scale bars, 100 ym. (D) Spleen weight index.
White bar, control mice. Filled bar, DSS mice.
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3-3-2. LC-MS/MS IC X 3 KBRS o TD i E R

TD FHBTHYE TH Y RGHERFE W 72009, Ao TD 2 LE IR TR T 2
LN TH 572, £ 2T, KIBMEDOFES A — D TD % OPD I X Y #FEK
L SO NALERT = F ¥ v FEAR TD-OPD % LC-MS/MS # AW CHRIHER L 72,
Fig. 2A X U 2B IR $ & 5 i, HE#ED TD-OPD FHEM & EREE®E (1.S.) & LTHWw
7= ZIE [N TD-dy-OPD (%, 10.7 73 DERFFIFENICER & 7z, WK TD-OPD (3= v
b o — A BED RIS B X ORI T A O R E O R — P b b HIER I N (Fig.
2C). DSSH#DO TD IFa v bt u— Ao &L KL TR 32 f5EfETH -7z (p<0.01),
WEHED TD ISR W L2 b, EEEINAZTD RELZbDD I —fTd 5 1]
REMED D 25, FEEE. av b e — Ao KEHEICARK TD (250 uM) ZFML &€
AXL7zd DIk, REREZ X Tz nxfiigs v 7 v e g L <, TD-OPD ® ¥ — 7
M2 EE X% 1/500 TR L7225 (Fig. 2D, E). RN T4 U 72 TD 133
DACIGREIE & v S 2 T 8IS 2 2 E MR S N, Tab b, Sl 5
ML CERBINS TD IF. MR Z v 2B L RRIGD T bFpIcEEL <
W % EEE TD % RLCw 2 A[REMED SV, TD X F A — B L CRuwRIeE 2B 3 5
e AN TELZTD DS IZ XA VAR IEF I —NVEDL LW IV FFH v &
RIGT 27 & LT, A L LCIIMEIC LR LR WABEEDS R & 7z,
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Fig. 2. Chromatograms of multiple-reaction monitoring (MRM) for the TD-OPD derivative and free TD
levels in the colorectal mucosa and submucosa from control and DSS-challenged mice.

Standard synthetic TD and samples were reacted with OPD reagent, and the resulting TD-OPD was
analyzed by LC-MS/MS. (A) The MRM chromatogram of the standard TD-OPD (30 nM of TD) is shown.
The dotted line shows stable isotopic TD-d.-OPD used as the internal standard (I.S.). (B) Representative
MRM chromatogram of TD-OPD originating from the homogenate of the colorectal mucosa and
submucosa from DSS-treated mice (7 days). Each mouse mucosa was homogenized, and the supernatant
was incubated with an OPD solution. TD-OPD, solid line. TD- d.-OPD, dotted line. (C) TD quantitation in
the colorectal mucosa and submucosa. TD-OPD from samples were quantified by comparison with the TD-
OPD standards. The values were corrected by the protein concentration and expressed as pmol/mg protein.
Groups were compared by a Student’s ¢-test (n=5, **p < 0.01). The significance was compared with the
control group. (D, E) MRM chromatogram of TD-OPD supplemented in homogenate. Reaction solution of
TD (250 uM) without colorectal mucosa mucosa/submucosa (D) and with colorectal mucosa
mucosa/submucosa (E). Blue and black lines mean TD-OPD and TD- d.-OPD, respectively.
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3-3-3. KBS S0 TD B X U ar v{bx v 2 Bokkil

3-3:2 TiRL7z ko, EHEDO TD L LTERLAZDDIZTL—HTh ., LM
oz v EREEAMKIGL TW SRR H 5, 22T, av b —B LN
DSS B KGHIEZ VT, vz x& Yy 7oy MECX Mg v 7 BEolkt 2R
A7z Fig. 3 IR T LI, TD X v X7 BIZRIEOHIIC X 2 2R ITFED LNk
otz —HT, Vrur AT ey v ERHET A CREB L m T vbEI Nk £
VoRZBEIZO TR, DSS HEEIC B W TN Y FORRG b T 708 b B iR {E m 552
O HNT,

< e
& &
,Q

! ‘ : '

"‘: -~ -
control DSS control DSS control DSS
Protein stain Anti-TD Anti-halogenated

adduct stain protein stain

Fig. 3. Western blotting analysis of colorectal mucosa and submucosa samples using monoclonal antibodies
against TD-adduct proteins and halogenated proteins.

Proteins in the colorectal mucosa and submucosa were separated by SDS-PAGE and subjected to Western
blotting analysis with anti-TD-adducts antibody (1B7) and anti-dihalogenated tyrosine antibody (3A5).
Total protein was stained with Flamingo fluorescent gel stain.
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3-3-4. HBRBICX S TDME Vv X7 BB X UBLR LAY —Hh— DK

AR L7z X 91, & v o382 EF 4 —vidilEff TD o FERIER L EZ 550D, TD
et 2 v 7B IR RN T 7 7 v —F Bk % v CRIEHE O ikt 2 g
ZfTo b A, av it —AHOREGEETIZE A ERADPBIE I N o 7253,
DSS #f O KAk FIC I8 E5 235529 & 4 2 REIEERAL < 13 A 72 e 23 B & 7= (Fig.
4)e 72 MPO (H 2 W IZHFEEBR~ LA F o X —F) ICX VAR T2 HOCI 7203
HOBr iC X > CIE I N B 35-V~urvftFrer vy 35y 7ruFry visXU3s-
Yr7mEFRY V) ICREN TGP 2L <. TD RIS EEZFH~ 7, 2
DIER, Kffiv 7 vERICHE T2 35-PurvfbFus vEEERET 2 v 80y
DYeth 13 DSS BECEAE T8 X ., TD BHfi % v X 7 EH O J s CBIS S N0 & JRife
A EE S A

TD-conjugated proteins Halogenated proteins

Control

5% DSS ¢ ..

expanded expanded

Fig. 4. ITmmunohistochemical staining of TD-modified and hypohalous acid-modified proteins in the
colorectal tissue from control and DSS-challenged mice.

On day 7, the colorectal tissues from the control and DSS-treated mice were washed and fixed in 10%
formalin. After deparaffinization of the sections, immunohistochemical staining was performed using anti-
1B7 (for TD-modified proteins) or 3A5 antibody (for hypohalous acid-modified proteins). Scale bars, 100

pm.
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3-3-5. REIBRAMIC BT 5 MPO FEHER X CRIETRHLTD MPO DEE

MPO DR MEIR, 2 v bu— AL LT DSSHEO KGR cCEREIC LR L (p
<0.01, Fig. 5A), Z DFEHE MPO i L <A oiEhn & & i, DSS B0 KGHHA% < 13
R~ g fifia 022 8% X 1u7- (Fig. 5B). MPO (I TD a7 vib ik v 328
ELIBI LD, 334 TREDOLNE TD BLX U uir bz v 7B L —
BMLMRLEER D,

A % B
200
£ ¢
7]
'5 Control
a 150
[=)]
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~ obmn
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Q
© 50 ;
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=
0 Q ) )
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Fig. 5. Myeloperoxidase (MPO) activity and expression in colorectal mucosa and submucosa from control
and DSS-challenged mice.

(A) MPO activity in colorectal samples from control mice and DSS-treated mice (7 days). The measurement
of MPO activity in the homogenate was performed as described in the Materials and Methods section.
Groups were compared by a Student’s ¢-test (n=5, **p < 0.01). The significance was compared with the
control group. (B) Representative immunohistochemical staining of MPO in colorectal tissues. On day 7,
the colorectal tissues from the control and DSS-treated mice were washed and fixed in 10% formalin. After
deparaffinization of the sections, immunohistochemical staining was performed using anti-MPO antibody.
Scale bars, 100 pgm.
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3-3-6. MRS X B TD fHin& v o< 2 B o FFetE ic B4 % BEt

3-3-4 BX U335 X0, RIEFRALICIHE T 5 MPO 5 X N TD & v %78 DR
VRO LT, X 0 FHIC MPO & TD £ DB - RTEM %~ 2 72®, DSSHD
KIGHFED I 7 YR %/ER L. TD fm& v <278 & MPO. TD fix v s &H¢
F4/80 (v Vv A~ 27 w7 7 — Y D) 13 2 Fufigfiks o % 2 2 AT 5 72, DSS #f
D RIETRALTIE, 3-3-4 L FERIC TD & v X2 E DR X T G EREAIES b,
Z DT MPO D AKXy P RREBBIZE I 1 (Fig.6A). 72, TDIME v o7
HIEIHETEO &2 O RE1PRD LN, YVAR IR T 7=V DY —H—Th52
F4/80 D [GPESta o — & —3 L 7= (Fig. 6B, Arrow heads)

A TD-conjugated proteins Myeloperoxidase (MPO)

B TD-conjugated proteins F4/80

Fig. 6. (A) Comparison of the localization between TD-modified proteins and MPO in the mirror specimen
of colorectal tissue from DSS-challenged mice. (B) Comparison of the localization between TD-modified
proteins and F4/80 in the mirror specimen of colorectal tissue from DSS-challenged mice. The specimens
of colorectal sections from DSS-treated mice on day 7 were prepared. The serial tissue sections were stained
by TD-modified proteins, MPO, or F4/80 respectively.
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3-3-7. TD R ic 3 3 MPO EHE O F 5. ic B3 2 T

FHARA I X U MPO 23 TD OYEfr & FE L T b L AL 2 L 72 5 72, MPO
DB G % X VMR % 729, DSS #Hr ooz RKGE+rE A —MicETE
T2 WK MPO It L, MPO OILE & 72 5 SHT 5 L U H,0, Z @A L. TD fhn &
VR EDEREHEEL T2, 72, [FRFIC MPO OIERZIAS 21 3 7291 MPO [
EXN DB P72, Fig. 7ITRT X I TDMIN& v 82813 5SHT 25N 5721 C
QLA THICHO0 DMLY TD fHINE v o 7B Ny F Y@L 72,
—75 T, MPO [HEAITH % 4-aminobenzoic acid hydrazide DISANIC L Y TD flhn £ v 3
7EOGEBMGI S Nz 2 e b, BEREN Y FOERKICOWT, 2l &b —Eik
MPO DERIEHEICHK T 2 2 ERRBI N, NV FORMEIFAXTIC (JAWDT=
%ﬁf)mbant# FFIC 45kDa IR\ 7 F A BE I Nz, TONV FHRED X
IRBEVANIEICHEKT Z200IFHL IR TEL T, SHOBETH %,

N A
e,‘gf
(kDa) O
75
Protein Stain
25
--uudun
VR |
1 | | '
1 ' | N
1 ' | |
| 1 1 1 1
80 ! 1
60 1
3 - e Anti-TD Stain
1 1 1 |
30 | - -
1 ' I f
1 ' | '
20 - I
1 ' 1 '
I 1 : ]
| H | H
SHT - - +l+1+1+1 - -
H0, - + -1+ -1+, - +
4-aminobenzoic acid hydrazide - - -1 -1+ 41 + +

Fig. 7. The effect of endogenous MPO activity on TD formation in the homogenate of DSS-challenged
mice in vitro. The homogenate of the DSS-challenged mice mucosa/submucosa was incubated with/without
S5HT, hydrogen peroxide, and/or MPO inhibitor (4-aminobenzoic acid hydrazide). The proteins in the
sample were separated by two gels and the one gel was then stained with Flamingo™ fluorescent dye. The
proteins in another gel were blotted onto a membrane and synthetic TD-modified proteins were then
detected by the specific antibody 1B7. Abbreviations: Marker 1, XP MagicMark™ marker (ThermoFisher
Scientific); Marker 2, Dual stain marker (Bio-Rad).
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3-4. BE

DSS Z &K E~w Y RICHHBK S &, KBRET AV~ 2 2/FHlL7- ¢ 2 5, DSS
T RBRIFER SN, MHBRIGEXE L (Fig. 1), Invivo TRIGKiIEE X 00~ 7 2
DR T A2 D O WEHE TD #HHER T 2 720, LFNICARERYETH S TD *
OPD & KL E 4 CHKIER T = F ¥ Vg (TD-OPD) WIic &l . C 0iFEfk% LC-
MSMS IC X OV T L7z, ZDfEFRE LT, 2 v b ue— A oiEEHR»2L S TD 25
JEFEICHE S 2 2 LI L 7. TD DREMMZER L CHIEO TD ZEEL 72 & 2 5,
av b= BEOKE L I LT DSS BEO KGR~ 7 ric 5w T TD 25F R ICH
ML Tz,

WEHE TD E V2 F A v ERIETFA—AERE v 7RI RIGT 2 Z & 23A
LNTWV B0, KIFFEICHE VTS 3-3-2 TR L 72 X 9 ICKIGRIE D FATEIC X 0 A
IL 72 TD O 2 1/500 FRE TR L7225, LC-MSMS ICX W ERE Lz
EHETD (. invivo THEUZZ TD DK —HOAREMEDRH 5, odb. AWIFRICK Y. H
g (BHE) 2o WA TD 2 R eyl Thils X ERST 2 2 L ICEYI L 72,

FTTIRIBRTWB L SIC, TD FX VNI EFA— NI RFELIEAT 2 2 L 2L
P> T3, WD TD MHER 7S TIZAEL 72 TD 0% & 2 & e Wil RerE:
BH5.,ZZ T IDHEDOD 5 —2D7 7r—F & L CRETURIC X 2% A7z,
TD # B+ 28R/ 7 u—FAPRIE T CI/ER I LT3 20, v 224 v 70
v bR~ DICABNIE S DT HATH B RYNCKIBRIED % v o8 78 % B0k
Bck W BEL, v RAvTuy btk A EITo-E A, av b —AREL
DSS Bfic BT, TD I Z v X 7B DEVIIRD b s d oz, 2O Eh b, K
Kk Ey 2 — MCE T2 TDINEZ v X7 BOFERIZ, VIR Z Yy T ay METIE
BHRFLUTTH 2 2 L BARBE Nz,

6] U e PR & F o 72 ik e <k, DSS #fo KIGfAk< TD iz v 7 B o
BtEgeta B btz (Figd), VI AZ Y7oy MkTlRBREcx 4, Mtk
Bz LT, vz 2y 7 uy b TREMiE N X N2 EBT ANTHEE
ENTIELL TL F D oIk LT, MRk < iU 2 R ICERE L T 3 7290 12
ic I iz e FExond, iz, MBNICERS XA L2 TD BMFET 22 &
X RN CRHICRIEGALICE W T SHT 2L ENTTDIC R 2 2 L ZRBL T3,
Az X 51, EC f#ilgTo SHT DEA 1L, IBD BHECEEE T LEY O KIGICE VT
BN 2 2 LB MEINT W BB F 7= REENAE L 2 &, PR <=
U BFHRER T X — AV BERLICHEAE S 2 MPO 23S IS & v 2, Ha02 DFETE T T MPO
FREFATT VIERERKT 2 LR L CHONT WS, X T, invitro TORGE 2> 5,
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MPO 1T X Y fiifE X 1% SHT 2»H TD ~DEALRIGIE. A —>3—FF & FIEE T Iic TR
XN D Z L PHE S T B, KEFFETld MPO DRSIRIBEIRAL T ERE . TD i
mz v o328 ORGEG O M HET MPO DGR, DSS #ED KM+ €2 4 — F T
D MPO DRI OE BRI Z MR L 72 (Figs.5-7). 72, Mty +—1t%2H
W7z in vitro s ABR T3 B 5 23, MPO [HERIOFIEIC X V. TD & v o3 7 B LM
flExnzs e dbPorITho7, TNHDHERIE. MPO 2% in vivo TTD ZEK LG5
TEERBLTWDS, 72720 TD 1 MPO 72Tk, MO~ LA F L X —%

(Eosinophil peroxidase: EPO) D X 5 a4 F o X —¥HERICE > THEKT 2 1[HE
W2H 2, £/, R—o8—FF 2 FIBTH SHT 225 TD 284U 5 2 & 5 579, MPO
iz, NRMEDOM DRSS ROS b KNG 7% & DRIEFALT TD 24K T 5 2 L 3T
BMIhz, EEc, flifktEy 2 — 2o 72 invirro DRI TIX. MPO FHEHI % hn x
THEMEAN Y FOAERIZERITIEH TR & b IIRKOEEEZRE L T3 (Fig. 7).

MPO (ZRHi w7 VDB E ML, 2 v o8 Fuy vEEE v s v{bF o
VIR 5, MPO (3 RAERFICHIARICIEIE L 720 hER e Lic sk 35 2 e e E
Vichzs ur At a s VIIRIERMCHEMT 2 2 e EZL b, EEE KERE)
Ve 7 VTR X v X 7 B OBIKSED DO 3-7maFu s v OB HEZRE I L
TWa®, KGRICEE L PRV Y IA20d, 3-=brFusvEBLNs57nm
B2 TAF v FUVELDIC3- s TRy VA LC-MS/MS I X VB X OER
ENTVEP, CnFECIIERECRELR LD a7 VT B 1 o0F v VERILICE A
Env s vfbFaey il T 2RRNEE ) 7 a—F ik GAS) 2MERLE
FRAETERFHLRR V3 L AL L 72 & b BE o gL # R atic v o Tt n b,
7. FIUHIER 3AS 3. AV IE AR VICk-oTHRERXZ TSy MEMED a5
Mer v sBoBH (V2R 2y 7T ay MK SO RS Z®, RIFFTIic X v, 3A5
ik % T DSS B L 7=~ v ARGHiED b~ o 7 Lz v o 7 8 % Gl ey
ficHlo TR L 72 (Fig. 4). ZDFR. ~ua 7Lz v 7B ofEiE. TD B#fix v
NIBEDIFEGML L G K DPEE L TWEZ L HL2NICR - 72,

TD FIFF ICOCERRE . fifEBERTH L LEZAOLNTE 0O, —fRic, ¥/ v
fLaPd s+ — 2 J e IWHEREG L. HIEE2ER ST 509, 20 b0 RIGITEROREE F
T TR 32 2 b L A~DEIG - JREICB S L T 2 AlREMED D 5, 55 2 BT~
72X 91T, TD Z UL L 72 SH-YSY #ifEiZ. NQO1 % HO-1 BER O FH ML 7z, Z
O [ 774 4] (TD HiLE) h7MildiZ, ZD%D H0,IC X o CiFE X 2 il
ROS A% F v v (M) L. 220, AR D #ER L 7209, AW BT,
RIETROLT TD BB L O % OISR S L= 2 Lo b, AR TD IZKBRIC B W
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THRIEFHFAM T 2 IVIREROR T L 2 2[R H 2, Lo L, ZoFMliZiz e AL
HO 2o T T, ILRLMREOEELMLETH S,

PLEoftime U<, KN OBENKY: TD 2 RE AifEk e LTl - €835 C
ST L 72, DSS MLER X o TR R 2 578 L 72 KL © TD i & v ¥ 7 8 % fujis
MR AR L MPO e~ 7 vk F a v v & JGTEME O —BUR fERR L 72, EHERY
BLXOZ VA ZEMNIMEOWFND TD BIC2WTh ., DSS FFRIEKRIG LT T L D5
CHMT 2 EBHAL IR o7, SRIOHKFIIEWERICL 2 DTH B0, 5%
I O I - ML - D FL AT TD DRZTEEIZMET L. T HI1Cide b IBD BFIC
O R 2T 3 2 T, KIERICEH T 3 SHT O#N% MPO D852 IBD 75 &
DPIRICE- 2 DB DBIIC O 2 T L 2L 72\,
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FA4E BROBENMZEBRLAZEMESICE S0 b = v FHifHE

4-1. ¥E8

Frifids X O 3 BEChab7z X 9, SHT 13 B0 EENE % FH8i 4 2 EE A iR
EVETH L —)7TC. RIEICHEWA U 2% 7 SHT 28 IBD O FEHE S 28E O AL 1< B
HELTw3eEZ2LN0T3®, SHT 0%  ZIGE IS % EC Mlg2 @3 2 23,
HEGHIIE S B3P 7w oD SHT Z2AK LI 3 2 Mildo —2TdHh 27, FEEKIC IBD
BEe KGR E T ALY DK IC BT EC Ml IR s g 2047, X 5z,
SHT ld~27m 77— T Mtz & O 0l % EER £ 72 [ XFERICRES 5 729
@788 SHT BRIEHEY A4 b A A VI OREZ N L T o SEEICBE G35 2 e
FREINZ®0, Mz T, HITETRLAZL I IC, RIEGMTO SHT @FE AL, [
UK RIAERAICEER T 2 4 hERICH§ 2 MPO I X 2 TD EEHZFFE L, 0\ TIZ TD
IC X BAHMREE S 22 LIC DS B ATREME D B %

Tryptophan hydroxylase (TPH) (I + VY 7'+ 7 7 v 205 SHT 2 &K T 2 #RiKIC k1T 5 H
W AEHRTH 2, v MickF 5 TPHIZ, TPH-1 & TPH2 D2 2DT 4V 7 4 —
LTIEE L, MRME% o SHT 1331 TPH-2OY, KEMHA&D SHT 1331 TPH-1 12 X
AR E N D, KgAK S W CHIfEZMCH X L7z SHT 13, SHT ZEE~OKE
L C BB EEL )E 2 9 2 @00, 72, MIlESt SHT o3 SHT fnkik < b
% Serotonin transporter (SERT) T X o T _LEZMAEICHL Y JA F 41, Monoamine oxidase IZ
LoTHT 2 7fba stk o ICBbI T SHIAA L Y RE@#FE N %, TPH-1 B X
N SERT #ILDZA{LIZ, IBD ik} % SHT L XA O E B # LT3 & 235 THf
FEIC X o THL I ENT W 3029, TPH-1 BIR T D% A3, IBD &\ < D2 DRELLR
AT 5 BBUERGEERE R O B IER I E L 52 T b 2L b IREIN T Y,
DT LE, TPH-1 28 TR & & v o R MUEHER O EE L ERNTH 2 2 L 2R L T
Wb,

RETON TS IBD OFREARNRIBHEEIZ 5-7 I 7 3 ) FABEA % i & L7z
YL CTH %, IBD IRERE TR EZREV RS Z &b, RoORMAIZERICHZY | FHIfE
A7 & 234 U 2 vRetED B 2 041599, —J5C, R I3k~ R BRREER > 03 &
T, ROERE» SHW L CRfFA A FEX b5, BFIITICK 52 KIBRD
RIEFEAE R BACLHFNC OV TH Z L DWER I N T, BRKGDOEHL TS 7
TR A FHEIZ, BYRLHE, "—TRECELSEENTEY, PITLAX—, K
RE. VIO AAER 70 & DR 2 I EPIAIIBERE R B L C 0 2070, BRI, 7787 4 Fidk

50



W 58 D RAFSEIR 2 SGET 2 AREMER R I T W, & 213, 7k F v 347
“HETHB BT —ABT Y av A L7 7K 4 VKR TH 2T VI,
RIETEY A4 + 4 4 v Interleukin-1p FIHONHIZ /N L T, DSS #FRMERBRET L~
ADRIEAEIREARM T 2 LSNP, 2, v~ VR T7 IR VEREET 2T =V
ZREORG3 5 &, RIEMEREDFIE & % E2 1B D % Nod-like receptor protein-3 4 ¥ 7
7=V — LOIEPAL M E du, DSS FARMEO KIGRIIEL T TE 2 2 & LD
Wl T30 Frr =V bEULK 7 7R VO—FETHELT4 ) v ORROKS X
DSS ARG R ET AT ZADOKIEZIHIT 2 2 L dnI T3, DLED XS
IC% { DIFFEMTO NS . KIGRAM-CHIIIC ST 2 SHT TN 327 787
A PO hE il ahTnin,

Z TCARETIE, 7 v MAEEIERERMEE RBL-2H3 Mifd % SHT E4Mide 7 v e L
THEFA L., SHT AEERA 227 7R 7 A FRBER L2, S LIz Difl A h =X L%
O IcF 572012, SHT 2oIfIfEFAAE RO oL T4 Y vicEmtd T,
SHT % & H - #8132 TPH-1 % SERT 7% & DBL /X v N7 EOFKIME T D> 7 F v
(R D W CHIfE L RV CHIET L 72, X T, 74 ) vic X % SHT RO FHifE
FAZERL XV TRT0IC, DSS KXYV RIBREFE Lz~ AT A4 ) v i
X2, invivo ICE T 5 KM SHT B O3 % NH 3 2 2 BEEL 72,
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4-2. EBHE

4-2-1. BE

Chemi-Lumi One L, ISOGENI, M-PER. Protease FHEA 7 7 7L, HRP By ¥k
PLo ¥ 1gG Yifks X 'Y 3 FHERPT p-actin UfFIZE 2 BL R U2t oA L 72,
DSS. 5HT-ds hydrochloride 3 & U8 EzBlock Chemi 1338 3 B R U &ML Y AF L 72,
Minimum Essential Media with Earle's salts (MEM) (¥7-7% 7 4 7 A7 (Kyoto, Japan) X Y
BEA L7z, iR T LB TH DB, vHFHEKI TPH §iffid Abcam (Cambridge,
United Kingdom). 7 ¥ FHkHT SERT (extracellular) 4% Allomone Labs (Jerusalem,
Isracl) X VAL 72, Z Dfthofiik (74 kT p44/42 MAPK (Erk1/2) $iik, v
¥ H12K T Phospho-p44/42 MAPK (Erk1/2) Hifk., v ¥ FHEPIMEK 12 kB XL O v
¥ ¥ 2k T Phospho-MEK 1/2 $T{4&%) 1 Cell Signaling Technology (Danvers, MA, USA) 72°
5 AF L 7z, Phosphatase FHEH A 7 7 v T 5 X CNIZY 7 ~T A F Y v F¥ %8 (F-
9887; Tokyo, Japan) 2> LWEA L 7z, BIWIEERICH W74 Y v (Wi 98%) (ZHEAL
K T2 (Tokyo, Japan) X D HEA L7z, MIfESEERICH WAL T4 Y v (WE 99%) .
Kaempferol, Cyanidin chloride 3 X Uf Myricetin (% Extrasynthese (Lyon, France) & Y AT
L 7z, Apigenin. Rutin. Quercetin dihydrate. Phorbol 12-myristate 13-acetate (PMA) .
ImmunoStar LD®, PD98059 (3 &+ 7 4 /v L fIe#fi#E (Osaka, Japan) X Y HEA L 7z,

4-2-2. MIfasEE

RBL-2H3 fifgii t = —~ v & 4 = v AWFFEE IR v 7 (Osaka, Japan) £ O AF L 7z,
10% FBS, 100units/ml <= U ¥ 0.lmgml A L7 +F<=4 >V 2mML-Z VX IV
% & ¢ Minimum Essential Media (MEM) % F\»T, 37°C. 5% CO, 5:fF TP CTHE L 7=,

4-2-3. MHRELEFEE DOHIE

RBL-2H3 fiid % 96 well 7L — }IZ 3.0 x 10*cells/well & 7% X S ICHEREL . —He 1)
TEE ST, % well % EMFHE MEM $5HCHRE L7205, 4-100 uM £ CTEEAIR L
787 7K 4 FAY OMMIERMICEZWZ 72, k. #HRIORT 77874 H
EHK|EB XU PMA 13 DMSO ICEEL TR b v 7 L7z @ % EERETICEM AR X b
AR TRV, £ ToFERICH T, MIZics 2 DMSO O RAERED 0.2%LL T
B X5l THIT3071%. PMAIREEDS 250M L7252 X O ICAIL, 51T 10
RefElEs 8 L 72, 2 D%, Mg E % Cell Count Reagent SF % FI\» T X — 7 — DIE7RIC
PEWHIE L 7z,
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4-2-4. Y TNV Z A L PCRIEIC X 3 mRNA OHIE
HHAEIE 12 well 7L — FIC 4.5 x 10° cells/well & 725 X 5 ICHEME L C—ME &, E5 X
Bz, % well ZEIEREHICE Z X, 74 ) v LFHEERZRML 72, 51
30 04, RS 25 M & 725 X 9IS PMA ZIRIIL. fEE (4-3) TR X 5 ISR
ICHEEE L 72, RNA OffiHHICOWTIE 2-2-4 ICHE U TIT - 7245, ISOGEN I D& 13 400
ul & L.ISOGENI D& ICIL U TH 2 fth i3 D 2 7 — v % §ffifi L 72, % 72, RNA
BEOHEICIE, SynergyHI ™4 7V v FwArFE—F7L—F Y =X —%fwiz, il
L 72 RNA (3 iScript™ Advanced cDNA Synthesis Kit for RT-qPCR (Bio-Rad) % Fi\» Ci¥ilis
HL. cDNAZHHK L7, U T VXA L PCRIENERZE L L T MyGo Green Mix Universal
(IT-IS Life Science Ltd, Mahon, Cork, Ireland) % {#f L (Table4). U 7L X 4 L PCR %
& & LT MyGO Pro (IT-IS Life Science) % FH\>T cDNA HOFKEIR T2 IIE X ¢ 72, B
&K 7% TPH-1 ¥ X 18 SERT D EIESEMIC DT ld, Table5 IR L 7zo GAPDH ® 7' 7 4
~ —ichl I X OISR, U CtiEDFRITIC DV Tld 2-2-4 L RIBRICHER L 72,

Table 4. Reaction mixture for PCR using MyGO Green mix.

Component 20 pl reaction Final concentration
2 x MyGo Green Mix 9l 0.9 x
Forward primer (10 uM) 0.5 ul 250 nM
Reverse primer (10 uM) 0.5 ul 250 nM
Template DNA 0.1-1 ng cDNA Variable
PCR grade water Up to 20 ul total volume

Table 5. List of sequences and amplification conditions for PCR.

Annealing, °C ~ Denaturing, °C

Genes Sequence (5'to 3") Cycles
(SCC) (SCC)
Forward AACAAAGACCATTCCTCCGAAAG 60 90

TPH-1 40
Reverse TGTAACAGGCTCACATGATTCTC (60) (5)
Forward GGTGTGGGTAGATGCCGCCG 60 90

SERT 40
Reverse GCTGGGGCCTGCGTCTTTGG (60) (15)
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425, VXLRER VT F 4 vy

MAEIE 12 well 7L — FIC 4.5 x 10%cells/well & 725 X 5 ICHRREL . —MRiE S, E& X
iz, & well ZMMERHCHHEL 0L, MILERHCLTAY v L < IFBHEA
PD98059 Z i L 7z, & 51T 30 78, PMA IREEDS 250M & 725 X 5 I L 72, B5E
%, WHIL77ZPBS Ty L. v 7 7 —+tFHEA (Protease inhibitor cocktail) ¥ X 87
+ A7 7 X2 —+X[HEH (Phosphatase inhibitor cocktails II 3 X U' Phosphatase inhibitor
cocktails IT) % fIZAMEFE M-PER IC& 1%L 22 X5 ICH O UORA L AR 75u
THlEZ AR L 72 R 27 L — 38— TR L ZZMIISERARIZOK i 10 @ &, X <C#
L f:féé\ im0 L7z (14000 g, 15 min, 4°C), L% 65 ul BUNLL ., 2o —Ffid & v
BHERICHV 7, SDS-PAGE 3 XUy T 2&X v 7Ry ME22-6 LFBKICL TITo 7z,
BYUE R T 2 720 I W7z 2 v X 2 BB L UTURD OGS 1E, Table 6 12K L
T2o XV XZEPR IR SR GeneGnome 35 X UM - f##HT Y 7 I GeneSys
software version 1.6.9.0 (SYNGENE, Bangalore, India) % i\ T L 72, MAPK & X Of
ERK DV Y E{LIC DT, Imagel software version 1.41 (National Institutes of Health;
Bethesda, MD USA) %{#H L CE&EILL 7=,

Table 6. List of reaction conditions for western blot.

1% Antibod Diluti 2 Diluti Detecti Protein amount
ntibody ilution Antibody ilution etection (ng)
Pi- Rabbit anti-phospho- 1.000
MEK" MEK 1/2 ’
MEK Rabbit anti-MEK 1/2 1,000
Rabbit anti-phospho- 6
Pi-ERK p44/42 MAPK 1,000 ImmunoStar®
(Erk1/2) LD
; ; 2,000
erk  Rabbitanti- pad/d2 L 000 Anti-rabbit
MAPK  (Erk1/2) ’ IgG/HRP
Rabbit anti-
TPH-1 tryptophan 500 30
hydroxylase
Rabbit anti-SERT
SERT (extracellular) 500 Chemi-Lumi 6
_— One L
B-actin Rabbit anti-B-actin 2,000 10,000

*. MAPK/ERK kinase

4-2-6. SHT EEE
Ak D SHT 13, BERICEWE TOEEZMA THIE L 72, BARRICIE. KIGKS
B (10 mg) % 140 pl DK 0.1%HCOOH /KIFR THEY F 4 XL, 14,000 g. 4°C T
SR OEEL 720 Bl (75ul) % 25 ul © NEEEHE SHT-d, (1.S.,25uM) ERA L.
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EHICkRE VN7 ED9IC CH;CN % 4: 1 DK (va) Tl A & 048 L 72 (14,000
g, 10 min, 4°C), bi& % WMHE L 7 7 2 (Discovery DSC-18, 500 mg) 1Z@ L., Akt
Y& BRE L7z, ERIHHIZATOMEY & L7z, 3ml © CH;0H & 2ml Dffizk % F v T IH
Mt EZ2avs1va=v Lk, v I T 774 L7k, 61, 2ml D
CH;0H /0.1% HCOOH /KIRHE (5 : 95, vv) Tk L 72, 3ml D 0.1 M Effig7 vE=7
LK TH Y IV BB L B L 729 Y A 3@ LT AR L — 2 — 2l L Tz
L. Y% 200 ul DFFEIH (0.1% HCOOH /KA CH:CN[9 : 1, vA]) THAM L .
Lk, EiEEAL TACE L,

SR SN v i onTid, 422 iICfEWAIIE 2 LR L, K5H (200
u) ZEYULL 72, ZHickt L, 100 nM LS. % &3 CH;CN (800 pl) % il 2 Ciz Lol L

(14,000 g, 10 min, 4°C), Z v 3278 %REL, EERHMEr vy T e Lz, —J5. M
JEPN SHT (. WU L 72 Ml % %A1 L 72 PBS CTHEid L 72#4. 400 pl © 0.1 M NaOH Ti&
fRL72cZ DN, 74 —F200ul ICHCI Z/IZACHB XL Z pH3I &7 5 X O ICHHEL.
I 100nM LS. % &1 CH;CN (800ul) #IMACX v N E%EREL 72, @ OUDHEL 72
%, EEZASNATMICKEL 72,

F v 7 Aho SHT &34 v 7 LMNEKE LC/MS/MS (Xevo TQD, Waters ¥ 7z 1%
API3000, AB Sciex) 56t L 72 HPLC (Acquity UPLC H-class ¥ 7z 1% Agilent HP1100) %
FWCHIE L7z, 578 7 2013, COSMOSILPBr (2 x 150 mm, 5 um, Nacalai Tesque) %
R L 72, fEHERIR D 2 WITEBIOEARIL 5 pl, FE X 02 mUmin & L, BEIH L,
0.19% HCOOH 7K¥&R (AL A) & CHsCN GABEB) Zflvie, 77¥ = v 7w s 7 L
1% 043 B10%. 143 B10%. 10 %7 B55%. 14 97 B90%. 15 %7 B10%. 30 97 B10% & L
7o MRM i, KT 4 74 AL THFAFVYM+HH] " 2 7V h—H—LL7L 2D
P4 A~ m/iz (SHT 177.1/160.2; LS. di-SHT 181.2/164.4) % HE L 7z,

4-2-7. BIERR

20 PE M CSTBL/6N ~ 7 2 (638fi) # HARZ AT A > —X Y AFL, 3-2-1 L[H
CRMFICTEHB 2172 72, 1EABDELIE 2T, = v 2% 7 v X LI 3 > D EEH
K7z, av ba =i (n=5) & DSSHE (n=10) ITIIFEHER AIN93G % 14 HIH
5. 72 7. DSS+LUT #F (n=5) icix, EEMIFEH, AING BEHZEL L T4 Y ¥ (0.1%
wiw) &5 2 7o, REBIL, FEHEN K EOMMEBEERIC X > TKRZRICEM L 72 (No:
171, 236).
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4-2-8. KIBR €TV DESLE X Y v 7 A DAY

FERBEIE 7 HH 2> 5., DSS B3 X ' DSS+LUT #fo~ 7 2iciE, 2.5% (w/v) DSS %
BUREKE 7 HIEBRSUK S &, STRBEHCIIZAEKE 5 272, K P VI A o 72 80RDK
. 2HZ L ICH LKHAR L2 0 Rl 72, AEOME, RIECTE., /. K
FERE D [T HEZF I DT, 3-2-3 ICHEL TYT - 72,

4-2-9. MPO & D HIE
3-2-4 ICHEL THT o 72,

4-2-10. FEHLE

BTOT — &%, Student D FE D L < 1X. —TJCHCE BT one way ANOVA ¢
L EILERIC X LR 2 1T - 72, #E LB V7 7 b 1%, SPSS version 25.0 (IBM, Somers,
NY) ZfEH L7, AEKHEI p<0.05 & L7z,
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4-3. FER
4-3-1. »7 4 Y vic X % RBL-2H3 M OIS SHT & o B8t

TRRETIC 35T, RBL-2H3 Ml DML SHT 2% PMA JUHIC X o TREREMK A
cHEms 2 c 2B L7z (F—23E9), @ PMA BT X 2 SHT /0% Fl
L. Fig. IAWCRT 7D 7 78 7 4 FEMRGcamL., fEL 2 #aisk SHT &1
DWTHILL 7z, b, FANCHldHEEZARICIZEZI I W7 7K/ 4 FOmKkR
EamatL v (F—%533), 2ok, L7784 YohT, v7
Vv T F v ohoflan., Mgk, & SHT o2 < 2 A=l L 72 (Fig. 1B-
D),

Invivo TOMGFTZAE L T, U EE I e 7 v CRIEMTHIOMEDH 5 v 7
F Yy OLIDZ 3L LT DNV 72, PMA HE% iCHIIE AL D SHT & 1317
RIFMNCEEIN S 225, AT A ) v ORI X Y, 812 Kffl oM icowTidvng
NLHEZFICHHI NS 2 & 2MEF L 7= (Fig. 1E-G),

A
HO, 0 O O’.HO 0. O " HO. :) O ” HO. 0. O ”
e SCOEN S S Gy
OH O OH O OH OH O
Apigenin Luteolin Cyanidin Myricetin
OH & OH j§ OH
Kaempferol Quercetin Rutin

(Rut; Rutinoside)
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Fig. 1. The flavonoid effects on extracellular and intracellular SHT levels in RBL-2H3 cells. Cells were
treated with a vehicle or the respective seven flavonoids for (A) 30 min followed by 25 nM PMA stimulation
for the indicated time. Intracellular SHT (B), extracellular SHT (C), and total SHT (D) were quantified as
described in the Materials and Methods. Time-dependent changes in intracellular, extracellular, and total
5HT levels by luteolin or vehicle are shown in (E-G). Control was 0 h with fresh serum-free medium. The
SHT concentrations were adjusted to the relative control. Data represent the means + standard error.
Statistical significance was set at *p < 0.05 and **p < 0.01 vs. vehicle with PMA using Tukey's multiple-
comparison posthoc test (B-D) or Student’s ¢-test (E-G).
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4-3-2 RBL-2H3 ffif@ic 1) % TPH-1 8 X ' SERT RBEIc T 23074 Y v iR
SHT DIEEHEFFICOWTld, SHT AR & MifEs 2 & OB Y AL DMjHI 2> b & 2 5
VBERH %, £ T, +7T4 ) A, RBL2H3 flligsf o TPH-1 (SHT &EER) B L O
SERT (SHT #fiikfk) FRIUCH 2 2 IO W T~ 7z, Fig. 2A IR T X Hic, AT 4
Vv (04 pM) FBREERIFIIC TPH-1 mRNA OFMEMH L7z, T2, v 74V v 4
uM TiZ. PMA WLEEL . 0-12 BFEIC 351> T TPH-1 mRNA O FI % H1H| L 7= (Fig. 2B)
X5, PMAICX 5 CHEEX NS TPH-1 X v XV EORHICOWTH AT A Y v
FEMRAERICHIFI L CH Y (Fig.2B). A7 A Y vIC X % TPH-1 8 {57 FBL 0 I zhH &
WIEL Tz, —H T, AT A4 Y vid, PMA RO 12 F% O mRNA FHE % o
T.SERT ® mRNA & X & v o3 7 ERBICHE it 8 % ) X 72> 5 72 (Fig. 2C-E),

A 16, B
40 rl@ Pma
14t 35 || [m Luteolin (4 uM) + PMA
T L * T
o 2]« o 30 |
55 =%
-4 U] 0 O 25 }
Eo os Eg
i — o r
g +2
I2 06 a5 15 |
F e
0 0.4
4 x 1.
E
0.2 5 |
0.0 0.0 L L L L L L [
vehicle 0 0.8 2.0 4.0 Luteolin (M) ' 0 2 4 6 8 10 12 TPH-1 - .- "4
PMA (zs nM, 6 h) Time (h)
SERT | s it dn i s (¢
C 1.2 D —
. « 1.2 @ PMA -
o { [T Luteolin (4 M) + PMA [ Tot d ) | S ——_——
r 1.0
T
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4 &
0.2 |
0.0 ) L
0 0 0.8 20 4.0 Luteolin (uM) 0 2 4 6 8 10 12
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Fig. 2. The luteolin effect on TPH-1 and SERT expression in RBL-2H3 cells. Cells were treated with
luteolin (0-4.0 uM) for 0-12 h and then stimulated by PMA for 6 h (for genes) or 10 h (for proteins). The
dose-dependent or time-dependent changes of TPH-1 or SERT mRNA expression are shown (A-D).
GAPDH mRNA was the internal control. After incubation with PMA, proteins were isolated and probed
using western blotting with anti-TPH-1, anti-SERT, or B-actin antibody (E). Representative results from
three independent experiments are shown. The black triangle means the location of the TPH-1 or SERT.
Data represent the means + standard error. Statistical significance was set at *p < 0.05 and **p < 0.01 vs.
vehicle+PMA using Games-Howell multiple-comparison posthoc test.

59



4-3-3. AL SHT B & IR TPH-1 BRI T34 74 ) v oxhE

FATWEZE Cix, MifEsks 7 FABE X F —% (ERK) @V v g{b25, SHT % & /Mg
DEFAR EC 2> & D SHT DGR - 73 ICHEE 2 5 2 5 & & A ST 004109,
% Z T, PMA Hl#c X % RBL-2H3 it SHT & D FiICOw T, MEK/ERK ¥ 7' F L
(LRI OB G %~ 72, RBL-2H3 #lifidic MAPK/ERK ¥ 7 —+ (MEK) IZ X3 5 Ff
FEEA (PD98059) % HIUUE L., % 0, PMA R % T - 72, Z OFEH., MIFEN SHT
DIRELIT DT IE PDIS059 LBHIC X 2 528338 ® b e o 7= (Fig. 3A-C), —/7 T,
PD98059 |3 PMA JLHIC X o TN 2 lificdt 3 X U5 SHT & 2 B I T & &, #iig
WT D SHT A KICEAfR T % TPH-1 mRNA I X & v < 2E O FI S 1| L 7= (Fig. 3D,
E).

RIC . MEK/ERK ¥ 7" F MEES FIC 3 2 074 U v ORI DWW TRET L 72, Fig.

3F IR L7z X 912, PMA fIlJiC X % MEK ¥ X U ERK OiEMALORRE X, v 74D v
TORMLEIC X > TflE Nz, THIC, v T4 Y vid MEK & R L T ERK DifE
bz X b < I3 2 Em s B o 7z,
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Fig. 3. The MEK/ERK signal pathway contribution to PMA-stimulated SHT regulation in RBL-2H3 cells.
Cells were treated with the MEK inhibitor, PD98059 (5 M), for 30 min followed by PMA stimulation for
10 h. The relative intracellular SHT (A), extracellular SHT (B), and total SHT (C) levels are shown. The
PD98059 effect on TPH-1 mRNA expression in PMA-stimulated cells for 10 h is shown (D). Cells were
treated with PD98059 for 30 min and then stimulated by PMA for 10 h. After the PD98059 treatment and
PMA stimulation, TPH-1 protein levels were analyzed (E). The black triangle indicates the TPH-1 band.
(F) The luteolin suppresses the MEK/ERK signal pathway which may contribute to SHT increase in RBL-
2H3 cells by PMA stimulation. Cells were treated with luteolin (4 pM) or PD98059 (5 pM) for 30 min and
then stimulated by PMA for 30 min. Proteins were isolated, separated, and blotted with anti-phosphorylated
MEK, anti-MEK, anti-phosphorylated ERK, anti-ERK, or anti-B-actin antibody. The relative
semiquantitative analysis was based on optical density by ImagelJ software, version 1.41 (National Institutes
of Health; Bethesda, MD USA).
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4-3-4.DSSICX BRIBROFEHR LA T A Y vEBHIC X Z3ZER a7 OHRE

EERT A v % Fig. 4A 1T/R L7z, DSSHEDfRHEIZa vy tu—Af e gL T4 HH
22oEL LA L, FU < DSS+LUT #E b AREDHA L7z (Fig.4B), DAl A2 7ICD
WTH DSS #dE X U DSSHLUT #EI3¥EN L 72287 HHIC BT DSS+LUT #£Cld DSS
ML cxa 7 EROMEERZR SN (Fig. 4C), fAEIRHICHEIE L 72 KB F
& (3. DSS B CHEE ICHMES R bz 45, DSSHLUT B3 KGR AN O IIHIER 2/~ L
7= (Fig. 4D), MPO #EMEIC D WTid DSS 1T X B G ERM S v 74 V) v fBEHIC X 0 5]
SN BMHAICH 572 (Fig. 4E), DSS FERMRIED SHT Ik, = v b v — B L [hig
L CHRBEICHM L 7225, DSS+LUT # Tl SHT B0 H B ICHIH & iz (p <0.05,
Fig. 4F), 7ok, PGS WTEIATA ) v i r 2 72~T ATk, KESLZD
OB E LG 2 W L2 ERLTWDE (F—2RET),
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Fig. 4. The dietary luteolin effect on disease manifestations, myeloperoxidase activity, and mucosal SHT in
DSS-induced colitis mice. (A) Experimental design of DSS colitis induction with control or luteolin diet.
The animals were split into three groups: control, DSS, and DSS + LUT groups as described in the
“Materials and Methods” section. Seven-week old mice were fed with a standard diet (the control or DSS
group) or received a diet supplemented with 0.1% luteolin (DSS + LUT group). Colitis was induced by
administering 2.5% DSS in drinking water for both DSS and DSS + LUT groups. (B) The body weight
change rate. (C) Disease activity index (DAI) score. (D) Colon length. (E) Myeloperoxidase (MPO) activity
in colorectal tissue. (F) SHT contents in colorectal mucosa. Control: open circle, DSS: closed circle, DSS
+ LUT: light gray square. Groups were compared by Tukey’s or Games-Howell multiple-comparison
posthoc test (n = 5 mice for control and DSS + LUT groups, n = 10 mice for DSS group). Data represent
the means + SE. Significance was compared with the DSS treatment group. Values designated by different
letters (a, b) are significantly different (p<0.05).
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4-4, BE

ARFETIZ, PMA Hl# L 72 RBL-2H3 flifdic BT, A7 4 Y v HIfEHN4: SHT B X
O TPH-1 B E O ZIH T2 2 L 2/ L7z, £, T4V vk, DSS TKRIE
REFH LI~ ZAOKRIGICE TS SHT OO WTHHIHIT2 2 & 2HLAICL
726

T3, ML <o SHT flffl 2 T3 % 72 o, #ilde 7 1 0#EE %D 72, SHT %
BECART % EC Mifies v e L Cl3BElEASk® BON cell B{ETET 2 23099 ATCC
(American Type Culture Collection) *° JCRB #fiig-Y v 7 12 W CT—XIVICHRTE - 778 &
NTWR W7z SHT 4R < SERT G ICBE 3 2 BE P9t ic d v 5 41T 5 RBL-2H3
HAE 2 2R L 72007110 RBL-2H3 (3, SHT A OEEEEFR ©H 5 TPH-1 % SHT fnkfik
T» % SERT bIEEMICHKE L, 2 FTic, LB CTD SHT AR & &R IcfHE S
284 TPH FHEH OB B TH VSTV 31D, ¥ 7~ RBL-2H3 HilER kD
SHT BE2HM& ¢ 2558/ LT, PMA, VK%M (LPS) X U DSS ® =2 % [t
Baf L7z & &5, PMA ICEW T SHT B3 X UBER TPH-1 OB 225380 b C
Eho (F—2REF), PMARBIRL, COREHCT, ATFHY VEEDTO0D
7 7487 A4 FOSHTHEBIRICOWTEHliZ T o 72 w77 78 7 4 FEOHh TR,
NTFAY v et F AN E b SHT BE0XMAIHEI L 722 &6, IEER
DENAT A=V T FR ) A FICECIGIER2E S 2 2 L ARk X L7z (Fig. 1B-D).
Lo LaRbZnSo 7 787 4 FoEEHHEBE oMmEHicowTit, 5o L
LTEINT LS, BEHRTIIATA Y v ML EMICHR L - ABET L~ 7 RO REE

BT invivo EREZHELTATA Y VEFERL, AP ARICET 30 FL
~OLCDFEM 7R AT % D 72,

Invivo B X W invitro TD SHT N IR B ORE T HBH5- L 5 % 23, R3¢ i3 TPH-
1 & SERTICEHL LAz, TNETIKC, YV RADTPH-1 / v 277 v ik b, DSS iFERME
KIGRPUGI &2 2 &AME SN T 312, TPH BHEANC X Y KA SHT & 1K % E W
THILT, Vo baRVEVALFVYBETHERLZAKBROEEE 2RI 22 LD
B D 221278 o T 53U, SERT OFEHI L ~vd | fifiasl SHT B2 3 2 EE KT
EEZLNT WD, fHilz2 13 IBD BE ¥k X X DSS FRMEAG R~ 7 2D AW TiZ SERT
DHMHPMETTSHZL, SERT %2/ v 27TV Lz~ ATRARGREIEFL BT S
TR EDPIREI T\ B IO,

Z 2T AT A Y v 7% RBL-2H3 Ml iC @0 L 72 KD TPH-1 3 X U SERT © mRNA ¥
KR v A7 ERBICE Z 528120 THGEEL 72, #ild% PMA THEES 2 2 &1 X
D TPH-1 mRNA B X X VoS 7 EHEHBEM L 7225, v 74 Y vidzh b 2L 7=
(Fig.2A,B,E), 2D D6 ATH Y v O & i 2 EHE R D 1 2¢ LT TPH-
1 BEZLNTZ, EHEOHMBIRY TIZ, 77+K/ 4 FO TPH-1 FIMFHIEA I D WT
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X, SRIOFERBIYD COMET L b, —F7 T, V74 Y Vid SERT FHEHICOWTIEFE
BrRIFTE v o7 (Fig.2D-E). 7 v b HI2K SERT % ¥ L 72 CHO Mg Tld v 7
Z U v SERT %G 3 2 BV & (387 25R & 72 o 72, AAf9ETld SERT
Bz oW CHlfAiig % 3k & L CHR7ZDATH Y, SERT DIREICE 2 2 & % IF
WG9 5 7 i i3, MiflaEEc o FATRI S E P EER O & L TR SHT
DELY IARBEER G T 2D BERDH 5, TD-ORMIEDRER D L AT 4 Y 23 SERT I
B2 2580 O WTHHREICR R 2 2 & 3HE L WA A e b T4 ) vidiilaekc
® SERT ® mRNA X VY N7 EORBICITEAEHELE2hweEz2zbNSE, OF
D, AT FY v ORTLEIC X - TR E L7z SHT Mflid, SERT & Heig4 2 & TPH-1 %
HHEICL 2FHEGRREWZ LERBEL TV 5,

FATHFRIC B VT, B2 v 2 8ERIE ¢ & 2 KRI Milfid <o ERK OiGME(L23, #
fadk~a SHT OHIIEAH 2 et 5 2 & HME I N TR0, F7- RAW 264.7
B LCA T4 Y VRG22 LiIck ), LPSICX > THEINS ERK DY v
BRLDSHEI NS L BPL P IR o TR EHEE KFEIC I >TH AT A Y v
I PMA 1T X > CTHIlE X 1u7- RBL-2H3 #fifid®> MEK ¥ X O° ERK Y V(L 2 0| L 7=

(Fig.3F)s L2LATH4Y viF, MEK-ERK & 7 F LI Z T, A AV F ¥ 20, R
R, 2L ZVFAGERKREDI T IEI RN TV 7 FMICHELRITT & T,
HAEN & & OCHIAESL D SHT L <L %13 2 AlREME A E 2 o 201710, 545 LT F
Y vick 3 SHT RO IEHER D T A =X L% FEHT 21213, 72 ZIEDNA~ A 7 1
TLARTRTA I 7 R ERRREN T B2 5 72 &L X0 FEll 2 RET S e BT
horEZIOLND,

RIT, invivo BT VL LT, DSSIC X 2 RIGRFEFE~ Y RIS T 20T 4 Y v D
IZOWTHRET L 7z, DSS #ECid. FEEAD . KGR DOFME. B XU DAI 227 & MPO
WEEORIMAR &, KGRI ICE TN % SHT BICO W T O X IERE L [hikd 2 & 49 2.3
fEHEML 72 —77 T 0.1% A7 4 Y v E%ZIHEE L 72 DSS+LUT #E Tl DAI A 2 7 D
e X OKIGEOEMAMEH 7 (Fig4), TNETICHATHY ViZ /v TFHHK
520 3 XU 50mg/kg) IC X o TRIGRZUET 5 2 & 28R ST 5 3000108119
0.1%0 74 Y vETH ZDMENRI N, I HICEFIT, DSS HIC X 2 KR
HFOSHT BOMMAALT A Y vEBILX > THEIH S 2 2 &2 BH L7 (Fig.4),
5.0.1%L 74 vEIX. vV ADEED 7 Y ICHE T 5 L 130 mg/kg/day & 72 D |
HARAD 1 Hicks T2 FEN7R7 7K 7 4 FOEBIE 1 mgkg & KL T\, &
D= Sk, LV HEW ABHEIGEWEFE W TH A T4 ) VBEIC X 5T 5HT
oMz 2EAZ2ET 2090, BitT 2088l HZLEZT D,

e %2 W 7=8Etclar 74 U v 28 SHT 88z 3- 2FH 2R3 2 & ZB L 20
U FFiC TPH-1 FEBLHNH 2 B S 7 SHT HItH{EARE D —> & L CTIR L 72, 2D 728,
in vivo ET MICHEWTH RAEICH 5 KIGHIES @ TPH-1 oFFEMCeL 74 Y V18
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fHIC X 2 FHIRMH A FRE I N, L2 L, DSSHB LU DSSHLUT e b i, #Eintk
TV R v XI7BLRLTOay bu— AR EDEPEDLNE»P o7 (T —2R&ET),
SERT DRI OWT b KIEOFESL AL TH Y VIBEHIC X 3B FH I U0X v "2 HL
_LTORBRBERBR I NG o7 (F—2RET), DSS KIBERETMICET S
SHT O, SHT %43 % EC Mg o8 hn-LMAEA SHT G a0 b % B4 TPH-1
DOFRMEFRF T TR, BRAEICHED Interleukin-13 O FIIEIMCHBNMERE YT v A D
ZALDHEDLZIT D ERHMONTWRI I 7 ZhE TORITHERICE VT,
NTAY Y (20 BLU 50mg / kg) %V v 75 L7 DSS KIBRET L~ RICE N
T, FEBDR—=—N—FF L PP LAX - X T—FDOEN, BLXOENR & ZDTF
DL TH 5 HO-1 &£ NQOl DL _APEFRFTZ LR HEINTHE, 27
B, AWFFEICEWTH . Nrf2 iGH LI X 2 RAEIH 55 & L€ SHT &= D80 23401
ENSAEENEREZOND, ZDXHIT, invivo BT EZALTFHY VEEICX % 5HT
D X 7 = X LD NTIIEMTH 5720, 51413 SHT 8 BE5 ¥ 3 K+ % 5%
PNCTAR D RE DD DL EZ L, KETHWAZYY ADRMITEF IHDO~ Ty R LR
HbODEL L DSS EHGICX Y RIBREFEL T 5 &h b, FERIC TD 235N T
HEINTwizlEX 25, LaLab, 5 3ETHDL Ik o 72 TD 35 X O TD i
& v 7 EOEBIEMIC O TR CTHEIL CEL T, w74 Y vHEEICX
TD AL DEFHLIC D WTIRT T & DT & b > 72, Dryhurst & D invitro I35 F 5 5ET
W7 <ix. TD 23N D TPH % AiGHEL T 2 AIREMEZ RB L T b T L 2 509 ARk
L72 TD 8 SHT OFELEICEWTC AT T A 77 4 — Ny ZJINER T2 2 & b PR
na,

fhame LT, RETRATA Y V2SRBL2H3 MIlED SHT LNV 2K T X832 &%
HHEL., 20— >o& LT TPH-1 DHEERH ZR/R L 72, In vitro TIEH S & 721
TAY v EBRIC in vivo TEELL THZ /A L TR & U TRINICEL Y JA E 1P
BRI snrTAHY vicowTld, REIAFEHBTERER 2 EZ L2503, invivo TH IV
TA ) VERDSKEGRRED SHT Bmz2if$2 2 L 290 CcRH L=, fMildv~n
bED, VT A Y VP SHT madifilis 29 TR IC oW TIREAZ C & 3% 023,
BEIPOOLT A VIBEDSARFELE SN SHT 20 X823 2 Lick v, RIEREE
ZUGET B ATRETED R LTz,
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BSE R

BHEREIRZOIBELZ O E L TR X b TE Y | KIE DB IZBINREEL 2 1
RAWKE R EDORIE) R 7% ERI® DL EEDNTWSE, DD, FIEHT OfiFIH
3. BREEGOILEMZHIETSHOARICE W CTEERFHEL W 5, FF - Zticix
AR R S B4 R RT. EirlEwR GEtX) 2#H 5 85T, ZDEYTH L 2 v
E ADY 7 FAGTFICh Y S ZIRE., MieEE LA %40 5 B, 43S
W7 I vEREPEDbo T3, At CREGEOEEIENT I v T©H 5 SHT O
REcEH L, 1BMRIERL AL 9 % SHT B oY) (TD) <ol sE H 25 & 7o
% SHT DAERBHNHENC O WTHET 21T 5 2 & T, SHT 25BHHE L 15 2 181 4 0E o fl6H ic 5
AR AS 5T 2L EZHNE Lz, TD ICOoWT MBI ERTFEORMELITV., #
NEIYEBRICIGHT 2 2 L CHEMAKRICO AR > 72, RIEICE DS SHT OHFlfH

THRIZHED 72, T, BREED ., FIRELR SERICHSERFAPHGFIATH IR
e LTeXAAN=Z—ICOWTHEHL, HEFHR, S22 EHMAS I Anks
SHIEIC X 2= X A= — R DREMEICO VBT H RS2 1TV, #Hi#E (Appendix) & L
T L7z,

W2 FETIE.TD AHIIEEN 2 E T2 720 O PRI EEE DR % FH & &,
H0, 23358 3 2 i1 1o L TR IC/ER 372 2 L 3B 6 2217 o 72 (Fig. 1), C
NWE TICERA RBEFEWEIC XV ERANVHEES SO b d L AREINTE
2. 2 D% ZRMPEREFICHEET 20ROV ECTH 572, AifSETEHLZ TD
FNREYE SHT ICHK T 2D D TH H , (KFHED ROS FIC X 2ELA P L R & R
ICRAZITE > THICERNTEL 2TREM D H 5, A7 L L7z AIR I35, SHT
ICBEE S 2 AR R 2 DR RO BT e R it 2 ECHERERICAR S L E
%, EEOMOMFEMILT SHT 225 TD 284 L 5 2 D2, IO W TIISHOFMETH
2, Mz T, TDBED L 5 T A H =X L CHIBRESE L YL BLERE o R 7
FHFELTOWEDICOWTIRBHICE S o 727290, TD DERIS T2 ER L, Hilig
HEHER A P L ZEIGIGE DO FEERICET 2 FICOWT I L R 3RS ETH B
EEZ D,
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BV TH 3 BETIE, EFRNICBEWTRDE K SHT BERINTHET 28 ICEH
L7zo T/ @MERIERRE L LC, RIEMEKED —2TH 2 BB RKBR ICENED
Tz RIEVERHR B EBE ORI C 13 RIEZ EHL T 5 MPO OHEMAZED HNTED
15 D KAE I SHT FEAEMBE O I L O SHT BT 2 &L ofEsRI T

RAERFIC (X MPO 2347 R ER 7 &SIl o /AR & & D icm W iEtE 2R L. it&mm&
APLALTTHET EZ b, MPOIC X Y SHT 23t S LT U 5 TD G R AES L
THEHIN TV TPRINZ, £/, FH2EOMGI2 L. TD 138k 2 FEY D H
b3 AN Y 7P mEERICER 5 2 & CIEEEREGR OB 2 I (L
ICBG- S 2 A[RETED H b . KIGR OFEM 2B 2 Hig 3 LT TD oA /TEIc
DWTHLNICT A Z EIFHEHETH L LE X, L L, TD ISR E <ALFIC
Kﬁi&%%f%b%@ﬁ%%ﬁiz*<w %’T\%3ﬁfﬁ%&%%§bt7W
2 DGR DRI ERE AW LEERIC K Y TD GEEERD) oMHER% .
¥ 7 e R AR é&%%wTDC% i)@%f@%ﬁ%ﬁoto%@ ER. AT
AR o k2> 599 T TD Dt - E;W%L KGR E T N DRGIC B\ CTHlEHED
TD 03 RICHEMT 2 2 &, TD Bk x v X7 HickHBT s e 2 /H L 7=,

TD@ﬁ%%ﬁ\ﬁ%%@%ﬁﬁﬁ%%é&wﬂ/ﬁDﬂwvﬁxﬁ;kwf%@ﬁ
EEINZ, 2o lrb, fELRETD TD REFENICELTHWE I ERREI N
72o RKIGRETNTH 5 DSS YL~ 2BETlE, TD WAL X N TD D & v 82
SRS BN 5 & &L BB O 22T 78 o 72 SR, RAESHALIC 351F 2 TD A3 o FHl
SIS I A iE, R E TR TH o 72 RAEVEIG B O HEFFARI 8T L WG
W& I1C D7 28 2 AIRETE SRR T & 5,
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KIBRETNMTEBEWT, TD DMF %175 T, SHT 2D b DK RIC 35\ T
ZRPEERCH & SHT ZAMRCRIEMILOIEEL 2N L CRIBR OMEMFER & &2 HE T
ZIED L DR b, ERERICEHNC X 2 RIFRBENIC R > T b 2 & cllgk %
Fio7z, ¥72, BB{LRA b L A FCOMEZ SHT 12 TD DAERKICD%R23) . 2D TD 47
LR & LCHRRET 2 REED H 5, 2 2T, 5 3 ETIIRELL SHT B ol
HARICER L CHEL 3 2 L@z 2T, BREGT (77K /74 F) Ick? SHT &
Dl % S U 72 KB 8 40 o T REM: 2 MRt L 72,

BrEMlEE v SHT B2G32 77K 4 FOBERZ{To-L A, FrtTF
vEIOATA Y voilENS O SHT EoMzBEE Icfl &2 L2 /R L7z, v

FTH 5 TPH-1 DFRB MG L SHT iU BS54 2 2 & 29R1E & T \» 5 MEK-ERK
DV VLB IHIT 2 2 RHE L7 (Fig.2). Invivo ICBWTH AT+ Y 12 DSS 5
BARIGRICHEWT SHT BoMMz AR L, RIEX a7 R 22 2L 2HL
DI L7z, 2O e L, HENARRRICETNI LT A Y v OBEIL, SHT O¥IN%
MHIL . KGR O RIEMFHNCE R K & 72 2 aHetEp R & Nz, Lo Lads s, £
CHWZZATAH Y voRiFe FAHERICET 21034 . ZOREVFET 213 H
RAMERBETH S, MAT, BIREICENT, KBRETALTO TD OB Z IS
I L7zhs, T4 Y VIBEAKIGICE T S TD AR (&R #KEks 2 2o
W SBIEET T 2 LD B,
pPA

4 Cytoplasm ‘ )\
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LIE, Rt % & ® % Fig. 31283, TD X, ZDAEKEIC X > Tl RAEHER 1
F2EERTE L <, 5T 3REERARB I N, T, KEBRET ALY RICE
WTC, TDESEML., RIEDOHERICEEG 3 2 a[RetEr P I N/, £/, SHTZD %
D DEPPEE 2 INHIT 5 2 & BKRIGRDIGFIEN D —DOTH 5 Z L IR INTE 725,
AFFEIC XD SR L 727 7R 4 FEob AT A Y vflles X 8L <
T SHT fIfER 2B T2 &) 2 EREL IR o7z, BEERDH, WL DD
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HYV=XHDEEICHMWICEENE e FuFe T v (DIA) BbEOTHAFL
T30, i<, BeRKEYDEGIRIC X 0 AR SN2 7208 A2 BV L R i
Dz VEEMNT 2 e Fr ¥ 25707 5 —)b (Hydroxymethylfurfura; HMF)
10,103 UMFZEFICBWTIZZF D FREARZH T TV 3

DX R R EERSL WERIEORTA LR INTWE T . XA =—%
MU 72T BI L Tid, FRICERHED ST SN T wERICH 5, BT, 5T
MALTHWEZXAINZ—ADDEERPL T IR EDORMII, ED7L—FDX A =
— AL 7Z213R LT ThH, MGOZR EDIRT D EDFEETRIEL T3 2 ICD T
DIERIIFREINT AR, 72, THE TIT, =X = — DN CMGO R 23
D35 LB ERE TN T2 D5, £ ORI T 2 AE L 2z @i c o ZEMEIC
Bs 2 36T HTH 5,

XA == (MLEHED) 1T, BHNEREOWED 2 b3, EuHEEHS DL
AN ORI I N 2 b, SHRILICTFENEE L LB THEING,
ZORR, HEE» O TN, XA A= —FRICEDL L VWDRFERABEENL TV S
s (ﬁi?’?—tmxz)#) I CEELEZ 5, FRHCBICOWTIE, BT 3L

LKA OERDEZLND, LEDOZ b, MGOZIFLD & T 5 ~Xh = —Ff
B ORI X 2ZENCEET 2R A 2T HLELD 5 LE X T,

D70, BRIMHER & oEES I T i X = —ICEH L, B
T2 A85E L 72 T D = X A1~ = — ITRHE e 0y DBV EMEIC DO W T~ = X 7

N=— AV EHOWER ot T2 L EHTELESNEITR o 72,
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-2, EERE

ELE S

~ X Ho=— i, [UMF25+] ® 7'L — F %72, MSYR I Alfa Aesar #f: (Lancashire,
UK) 2*HHEA L 7z, Leptosperin (ZBEHRICHE > THB L TR 7z (Aitken 5%,2013), F
72. MGO., HMF, DiA, MAP, PLA, XT* MBA v 7 <=7V F I v F ¥ % ¥ (Tokyo,
Japan) X V| F 72, NEBIEHECTH 2 Anisole 13FH T4 T 22 XD AFL72,0-(2,3,4,56-
pentafluorobenzyl)hydroxylamine hydrochloride (PFBHA) % U* Forchlorfenuron (1-(2-chloro-
4-pyridyl)3-phenylurea, FCF)IZ B LA T2 (Tokyo, Japan) X D HEA L 7z,

P+ v Il
1) I X 2B DR EERER

RRAANNZ—HE I EREE, BBXZ01gthdkyich T AR BRECE
D &b 150°COEEERF T 0. 10, 30, 60 [EINEAL 72, Zdb. FFICR SR WIR DB
R TEBRL 72, BEOXRBEIAT XA T7ORBE LA L 72, ZDEEDO~y F2~=—
AEBBLZ lom’ TH o7z, WEDHIERRICHEWTIE, 4. 60, 90, 120, 150°CT

SEDMEE AT o 720 IIEER, ¥ v T IUK TN OB ER 2 FHEL L T 0.1
gml &7 2 XL, ATy 7 2B X OBERIEIC X > TAERL 72,
2) BEEEH MGO D 2viE s ER

A=A, TLI P —RABLUORI NI —ZFNEFND 30%ABKRICEAIED MGO %
05 gml &7 2% X HICHEEL 72, ZNZENOREHAERIT 4°CHk X U8 90°CT 60 47[E] D WL
TR o 72,

HIETT i
1) MGO, DiA ¥ X ' HMF D #IE

(1) -2) CHHBL 7z~ 3 ViEkHZ, 005gml &7 XS ickkzmza, Srry o
Ad L OHEEBRALEIC X o TR L 7209 FREERICIZ MGO. DIA ¥ X U HMF D&
xRz, 100 pl OFED L < I3FHER % 500 ul OFEMRLHZE (2% 0-(2,3,4,5,6-
pentafluorobenzyl)hydroxylamine hydrochloride; PFBHA) Yt iEA L. I ¥ ¥ — (TAITEC
Deep-Well Maximizer, M-BR-022UP) T, 50°CC 1 KfEl#E#E L 72, ##%. ks X O
IR LT, NEREEHER & LT 0.27% Anisole 79 (K: CH;CN =25:75) % 25 ul il 2
oo BOKDO EEZBEERIEK 7 2~ 27 F 7 (Ultra high performance liquid
chromatography: UHPLC) (UltiMate3000, Thermo Fisher Scientific) % F\W>CHIE L 72, 77
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Z v 1% Hypersil Gold C18 column (2.1 x 100 mm, 1.9 pm, Thermo Fisher Scientific) % >,
BT LUREEIX 50°CE L7z, BEMERE S 5\ i3kl % 5 pliEA L. 35 215 nm (DiA)
b L<1E262nm (MGO 3 X U HMF) TORpOEHIZE=2Y v/ L7, fkiE 0.7
ml/min, BEIFH . A #IC 0.1% HCOOH, BiKIZ CH;CN 27z, 77Y v b7 m
77 LIS (B20%). 0.6 77 (B20%). 1.3 47 (B70%). 3 43 (B100%). 3.5 47
(B100%). 443 (B20%) .10 %> (B20%) & L7z, MGO. DiA ¥ X (O HMF O R &E#H (0
—200 pg/ml) ZAERK L. sRRAR T DR 2 B L 72,
2) NZBFIC & 9 ED bz {LEZR S O HIE

4 D DAL FAIFERE I, NZ 55— REFEE 1T X 288 (McDonald %, 2018) ICH#EL T,
LC/MS/MS (API3000, AB Sciex) % H\>-CHIE L 7219, (1) TP L 7z~ F T ik (0.1
g/ml) ZHM/KTE 5100 5L (Img/ml), =& /7 — L CTHBLL 7258 o NERETE
FCF &R (10ng/ml) &AL, Mk & L7z, 77 7 L4 1% Develosil C30-UG-5 column

(2 x 150 mm, 5 pm, Nomura Chemical. Co.) % V>, HPLC (Agilent HP1100) IZ X Y %y
BExR T o 72 BHHERI D 2 WITEAEIOFE AR L S uL, Wi#lE 0.2 ml/min & L, BHEIH
lZ. ARIC 0.1% HCOOH. BiIC CH:CN ZH\72, 77 ¥ = v b 7w 27 L3P
B (B5%). 147 (B5%). 493 (B15%). 10 5 (B70%). 12 53 (B98%) .12.5 73 (B92%).
13493 (B5%). 3043 (B5%) & L7z,

MRM iz, UTo@EY TH 25, F¥ T4 74+ 4LTIE. A+ YM+H] %2 7Y
N—H =, Lzt Z0ERMA A+ m/z (MBA 153.0/135.0, MAP 151.0/105.1, FCF
248.0/129.1) #MME L 7ze AHT 4 74 X ALTIE. DA A Y[M-H &7V H—H—
L7l ZDERYA A Y m/z (PLA165.0/119.0, 4HPA 181.0/135.05, FCF 246.0/127.0)
UE L 7zo 4 D DAL FITEEE O ER (0-1000ng/ml) Z/ER L. sURRAR T DR %
HHL 7,

3) Leptosperin ¥ X (* MSYR D #I5E

UHPLC & L T UltiMate3000 % F\>C, % 7 2 Hypersil Gold C18 column (2.1 x 100 mm,
1.9um) I X DB 72, BEHERH D B W IEEI 2 25wl FEA L, 717 LIREIZ 40°C L
L. & 262 nm (Leptosperin) & 275nm(MSYR) TE =X Y v 7" L 7z, it % 0.4 ml/min,
BEIfHIX. AKIC 0.1% HCOOH, BRIC CH:CN Zfl\wiz, /7Y =z v 7 r 27 Ll
PIIAEE (B10%). 447 (B40%). 547 (B10%). 1043 (B10%) & L7z, Leptosperin ¥
X O"MSYR OfREH (0—10 pg/ml) ZEK L. HERARF OREZHH L 7,

4) BEACEORIE

(1) -2) BRI 10 7rFimEA L CB L 72308 (0.1 g/ml) % 384 well 7L — MIC A

n, ~47v7L—FY—%— (Bio-Rad, xMark) % \»T, & 420 nm ZH#|E L 7=,
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REEHRAT

BWEL T T Ha 3 & UTHIE L, SRR ORERERZE 2 RO T, FEatfgirid, fi#
¥r>v 7 b =7 SPSSver.25.0 (IBM, Chicago,IL) % H\ T, Dunnett T2 X 5L HLL
e KON 2 AUBHE O FEEICIT Student D ¢ MEZ1T/R > 72, WO ER S A EKEZE
5%& LTz,
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A-3. FER
1. 150°CHNEIC X 3 Rl s> DRERFEAL

AREERCTHW 2 X Hx=— [UMF25+] ¥ MGO % 1200 mg/kg LA I, Leptosperin %
100 mg/kg LA LA &L 2 & BAMRERICHERIN T2 D TH D, KEFTH LN

il (hnEho4y) &, +oiczo&tzilz3bDTh 72, £72, Fig. IBEF X U2C
IR X 51T Leptosperin (FCHE{AR) & 7 277U 2 MSYR DfFEFELLIX. T TOHAT
e sBLZABEDOLDTH 7219, =X =—% 150°CTHET 5 &, MGO
I3, 10 73T 12%FRE £ TRE <A L., 30 77 BARECIIRRIRFLAT & 72 72, MGO @
HIERARTH 5 DIA TRERFNICHA L, 1 IR CERREE L 5 7o —77 T MNEADIEEE
T»H % HMF I3RRFIICRK E I L 72 (Fig. 1A), Leptosperin ¥, 30 7 Tl & A &
ZAbE 3. 60 73 TD I 80%5EAFE L T\ 7z, Leptosperin D7 7'V 2 v/ CTdhH 5 MSYR I
DWVThH, 30 DT 85%. 60 3R T 75%IXFLTH Y, HAPIRZALNTZH DD, MGO
EHHd 5 &, Leptosperin & FIFRICENMCLETH 5 Z L BHL 21T/ o7z (Fig. 1B),
NZ B OBHETDH % 4 O DLHHID DIFERD—DTH % MAP 13 10 X E D METH

IS LTHEY, 60 0HICIE32%ICETRE LMD LA (Fig 1C, D),

550
A 1400 .. B 300
450
1,200 . 400
1.000 ’ o 350
4 £ 300
E’ 233 £ ggg —o- Leptosperin
400 - *x 150 -2--MSYR
""" A 100 Aecp____* "
200 A 0 5oy SR '
0 o 0 . . )
60 0 20 40 60
Time (min)
500
C 120 — D
o 8.0 2300
3 60 5 —+—PLA
E 40 £ 200 o A
e =0 *x MoeosXooooseseedoesssssansaanas
0.0 = L i i i M 0 L >_< M N X
60 0 20 40 60
Time (min) Time (min)

Fig. 1. Time dependency of compositional changes in chemical profile of manuka honey at 150 °C
heating.

Each sample was heated for indicate time, then analyzed. The experiments were performed using
n = 3 samples, and results are expressed as mean + standard deviation. The significance of
differences was assessed by Dunnett's test using SPSS (version 25.0). The statistical significance
was set at *p < 0.05 and **p < 0.01 vs. control (0 min).
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2. MNBGREEIC X 2FFE D DEL

1Y DRRAFER R I ANCBET L 72, BT coERBA ARz L 25,
B Em D 150°CHNEACIIEE D 1 FIRRERA L7z (Fig. 2A-1, FEH) . oA, 7K
DREDERERPOERICLZEEZLND, — /T, MBI X 2 F I VIRBRDOE
BICOWTHFRTZE T A, 120CU L THEF I ET L TH Y (Fig.2A-2). EFE
WSS DBITEIC X - T Z DFOEIENMNIT b 7z (Fig. 2A-1, B, & % HlE
L7z& 25, 10 3o ETlZ, MGO 1 90°C % TR 25328 b3, 120°CLA L CHA
FIWCREAD L, 150°CIC B 2 EAEHEIL 4% TH o 72, DIA ICDWTDH 150°CIT BT 5y
R F <A L 72 (Fig. 2B), HMF &3 120°C2» & BEE SN L. 150°CHNER I 13 4°C
EHEBE L T 3.7 51N L 7z, — 77 C Leptosperin 3 & U MSYR (%, 120°CLA ETK % <
WAL b oD, ZDRAVEIIHLTD» 4—T1%RETH -7 (Fig. 2C)e 2D L Db,
FERFALE C 3 1200C R 2 2 AL 1X MGO DR E % K % A ¢, HMF = &2 N X
T L5 EBHLDE T T,

120 7 0.7
. * %
f100 i o o F]os
~ 7 sk A
) 0.5
T 80 27’ E
=] ’ 4 04 o PRl =
<60 | -5 S ‘ ; ¥ F “
g == L= -o.3g & 4 -
g 40 Jo02< 0 60 9 120 150
=
o 20 (°C)
g 0.1
0 0
0 30 60 90 120 150
°C
B 1,400 -
"
1,200 | | Q —~O0—0
1,000 L
- —O~ Leptosperin
x 800 ¢ - A--MSYR
g e00 |
400 *
200 | r=mm——e L= ——pr———p

0 30 60 90 120 150
°C

Fig. 2. Effect of heating temperature on coloring and amount of specific components.

Each sample was heated at the indicate temperature for 10 min, then analyzed. The experiments
were performed using n = 3 samples, and results are expressed as mean + standard deviation. The
significance of differences was assessed in a similar way as Figure 1. The statistical significance
was set at *p < 0.05 and **p < 0.01 vs. control (4°C).
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3. ERIC X 3 RE oG

CRXNNZ—FHACTEELZDbDEZ Y bu—nEe LT, 90°CT 1 Kefim#hes X O
150°CC 10 43 fEME L . F O H T MGO 2D [BIUE % LK L 72 (Fig. 3), &7 L Tl
EHY LWL CTHEEOWAENE L ko725, MGO DEIGRICE W IZFED 6 L7k H

277,

100
%0 - @ Open
80 mClose

Recovery rate of MGO (%)

48 0.9 59 1.0 <«Weight reduction rate (%)
920 150 °C
60 10 min

Fig. 3. Effect of volatilization on MGO reduction by heating.

Control was incubated for 60 min at 4°C. Each sample was heated for 60 min at 90°C or 10 min
at 150°C, and then analyzed. The weight reduction rate against before heating was indicated below
the bar graph. This experiment was performed using n = 3 samples, and the significance of
differences was assessed by Student's #-test using SPSS (version 25.0). The statistical significance
was analyzed between values at the same temperature.
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4. MGO DR ICE 2 3O E

MGO B OMERRIHO—BI L 3570, 3 O (R7m—X, ZJAV7 b=, 7
N —2R) EHOT30%ERREREL 72, ZORMRICIZT I 7 Bex v o7 -, Y
HRD 7 7K 7 A P idGEn Tz, {8 L 2RaIC MGO 2 2. IR o
MGO B~DHER P72 (Fig. 4)e ¥ XA =—Z2D b DlE, 90°CT 1 K fnzkic
X 0 BEEIC MGO 285984 2 o icxf LT (Fig. 3). /KICIEME L TINEAL 72334 v 7' v
& BRI TN E T2 o G O W ICE W ThH | MEFETHE T MGO =i 211352
oo,

B 4°C
120 B 90°C
o
2 < 100
o? 80
w -
%2 60
ol
©
g s 40
£
5.‘% 20
s 0
) ) ) )
s&" 6@“" 0000 c}o""
& S
+MGO

Fig. 4. Effect of sugar on MGO reduction by heating.
Each sample was heated for 60 min at 4°C and 90°C, then MGO concentration was analyzed.
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A-4, BE

AN —BPIRTEN R AR EPWPFINIBHO D2 TH D, BHEIR, v X =
—ZDbDEF TR, FIPHALOMITMDIGEL TW»wb, T RIS TR
WL TWEZXIAANZ—AD DL I EORMIT.IMLOBICZE D% S AL
T3 ZepfEllang, F72, v~ X W == oRICERHT 2 L@ sL v
EH L RONDED, v X A= — % EiR T L 2B a0 2 iconTiz+
Gy IR 7 <O MBI TR X > THEARBRGZEEAL T 2AREED & 5,

AWFZECld, ERROFRBM T A2E L <. MTREOEVCBFREERSRICE 2 5E
WCDOWTHRET L7z HIEL 72 DT, =X =—I1c% {&E N5 Leptosperin
MSYR 7 & IZ BT IR LE TH o 72 (Figs.1B, 2C) 2D &b, TN b IFEIC X
2B D D WL LT MBI TIc X 2P B2 IBIET 220D~ X = —
DFRMEBDOIEIEL 720 5 2 2 LRBEI Nz, —J5 T, MGO 1Z. D2 10 5[ D ik
THo>TH 1200CUL ETHEEARFP %R LT (Fig.2B), 2D Enb, ¥ XA N=—D
HEREME R DI Z HIHIC & ZANTHREE & L Tid. 1200C X Y ARV CTH 2 B
DRBI NIz, R0 Z IERIE. W% 165CRREDIRE TR 725 T TMEL T
BMEINTVWEZ b MEFTHOTHEILICAKE DT AR L SR TRE LTS
BAITIE, MGO 2332 LE x5, BlfE, ~ XA ~=— AV EBML LTO LM
KU L T 325, YR EICE W CERICENATIREIN TV I X h =% &
4288 EN 25 MGO B2 HITE L 728 2 A MHERFLLT 2 5 100 mgkg BL_E MGO
DBEEINIEHETEDOERIEIMRATH o7, FRO=X A =—D 7L — FRBIMNEIC
DX, TNOHDEMDIMTHED MGO mICDOWTIE, ILEAFICL > TEPEL S
AEEMEDS D B, BROMITICH WTIE, 1000CE TilE A FR S FICEESZ Tl
BT 3T EREET 5, MGO DEFRICOWTH FET 2 LT H 2 53, MGO DiEk
2\ 5 & ERET CORKRMEASEL T»Wa e BRBI iz, 7z,
AN LBE»OEZ DL ML LTOMIICIEEL THhWiaWnp, v XA ==
HERSEONRZHH L CRER LW THET 2123, ¥ ) —272 742 MGO
HOBEPECZWIIRETMLITE 2 b0 eHEllxans,

MGO 1R OGRS 5 720, MENGOfF S X B0 ILTFEIC X 258 1co
WTHMETEITo 72, MGO O#iRiiZ 72°CTH H |, HRICL VIBRT 2 LR TFHEH
Tz, BoFMICX VEFR (ER) KEMELZ—H T, MGO BiICiZigE AL
RO ON R »r oz, TOTEHH, MGO BDOAER & LT, MEKRE QT IC
LBEEBIENZ LB THEINEZ, LALARLMEC X VOS> AL 7
MGO ¥ X 2 MGO BB ZHiE T 2 vlRetEd H 5., & b, SefTiisE i, 90°C
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1 KD MER I B W TIE, ~y FAR—20H% 4 Xk 3 MGO BOZH) IR bh
TR WO KPR BT L 7255fF (150°C, 10 min) & (357 2720, 5121
~y FAR—2AFKEOEFLRNDLENDH 5,

WOFEICOWTIE, @EDOANTF I VRO I 7125%03FETH 5 2 & h 5071,
NFIVICEE N FESMERFD MGO DA ICHE 2 g T 2 eI nk, L
L. K& MGO ¢ DEAERB LU, FHERSE MGO OERAKRD WIS, MMEIC XY
MGO BRI L d o7z, AEBRTHOZATHICHT L 2B0EE 13 30% & LT
5729, ~F IV OMBAER L OEEN LI TE RV DD, v X o= —DJNEL
THRMEMGO K ESFALEZRT L LT, ~F IV IET NN OfF
TEDSRE X Tz,

MGO FEDFDT AT FLEYWD—2TH Y, T I ANKZARIGIC XY &2 v
NIBDY) YV BIOTAF = v RECHEO T I ) B R IMERTL 5 509, 2 5
T, ¥ XAAN=—=% 90 CTHMET 2 &, MGO-TAF=vfltkTch 7 rre) I
VERIE DRSNS 2 2 L AER T T W» 309, EERIT, B L 72N F 3 AR
TlE. 120°CLA LR IC B W CEHE ICBZ LT L T D (Fig. 2A-2). WOLEE DM
FIC X > THEODHER I ND (Fig. 2A-1, BHR) . o DEMITIT I/ AR =L
FOGICX 2 d 0L PHI N, MGO DD L XIS L Tz, Znds, RIFFETIETF 2
VHOREL T I VB XV ANIEOT I H S LML TwE I EREZ LD D,
Z DRIGHEE X MGO LR 2 LiRETH D & FREINEX, Lo byt Ehic
5 MGO DiEKICiZ, 7 I 7 AR ARG BEE L T 3 ARt "B I iz, 5
Bz IezottoMILBEREHEL, €7 F v AR ENLEL LRETD, v X
HAZ—FFER D OREEIC O THRE T I2LERDH 2 LFEZ D, T HIC, MEINT
I X % MGO BEOMIFHNICIE, 71 AARARKIGOETTEZIGIT 2 2 L PEETH
59 BT IV RRINEE L, KEWEX Vo8 7B R RE L 72D O Z RN
RT3 H 2 2 b =X =DM TICE TS, & V327 8RR
FIE R IFADINEI O 2> & BT 72 v REME DS R X 4172,

AFFROER LY, ~Xh - =—%FHEICH GV ZBICIZ, MGO B2MEFIC X > TR
PE B AR IR 2 E A TFREI NS, —JT T, MGO 137 X 7 ANFRZ VRIS E D
T2 ML KIGT %720 % ORHERT & 7x 2 MEGEEE & IAWRTIc > W TIIFEET 5
ENEETH O, MAFHEORKRITI A % 78 EDITIEEIS & & BEME D DA%
fi< o eicolkh s el iz, £7-, BrOELER KRNI O &1, 100°CLLE
D R T OB ITEET 2 & & B EAREZHIET ECIEE L W L ARRI N
726
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LCOERIEH 2D 0D, FEER Z BT 2 OfEEMIc oW T+ ARt EBs R I N
T\, fF, v XA == KGRET L~y R E5E1C, BIEICE
WTRIGRIGIEIC X 2 READ B X EFRISEES 2 2 L BNllER P8 2 X
IETTEHRINTWBEO, T 5, v~X A A=—BEIUCX D, WbW 2 ELFHFEL G
N7 r—Z B WTHEML, EEICHFS T 2SRRI N T30, 207z,
v X AN =L, FADRBICE T 3 FENHRIR S HfFcE 2 BFEMO—D2TH D,
SHEIV ZOEERERBF COW RT3 2L PEENDE, 20720, H&lE. <
X S~ = — R S DYE R BIEMEIERBET Ic oW T oM A2 e & i,
T, HEBAN B AL, B LI ERkDOOH X VRN ARE (B%h) Boro
B EORERIT) L8, SHOMPELE S 25, MA T, FHIEPLHE 45 THRGET
LTERBRET VBT, X A= — O REIHIERE T T 2 253,
fifl Z DFFE K DYURIENE AL BNMRE#E IC 5 2 2 HEIC O W TR TH 5, 2D
b, AMUEN TR AV ENTFED Va0 6 BREO T 2iaHK. [FiE
~OMRBHFEN D v X = — OERBFRIIC O R T 72w e F 2 5,
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Appendix DBEEE

HMF hydroxymethylfurfural
HPA 4-hydroxyphenyllactic acid
MAP 2'-methoxyacetophenone
MBA 4-methoxybenzoic acid
MGO methylglyoxal
MSYR methyl syringate
PFBHA 0-(2,3,4,5,6-pentafluorobenzyl) hydroxylamine hydrochloride
PLA phenyllactic acid
NZ New Zealand
UMF unique manuka factor
UHPLC ultra high performance liquid chromatography
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