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A, EFREFET DI XA TRITZEDOTERVEAITH Y, FhOmm REE DI
FHrFA SN, TETHEIEAOHEITIE LTibh s, —7, TE, AARZOMOE~
ZRWTiE, BMLE LThERA 2O < LRI S, MEIRRICATHLZ &
PNEEICFE SN TR WEMaA ST E -, 1980 4R L 0 & dh 2RI IR TR
BAEIC RN T L 9 & T 2B BEFICIER L 72 0, RS OREREHEICBE T 2 F5e R LT
(1) . BEHOIFERBMNIL, A - FIREELE L OMEDSEIFIEL, FRCT7 TR/
AR, TARIAR, XTFRREBFERTOWREEL AT L2 NP LNIESNTND, F
7o, RIS EERO TR IIFFCE 5 12 ORAEENAR STV TH 7 BHIFENE N TN D,
1991 4B B A S THERENEZORS ATRE L 72 0, 2015 4E DITAERERSL bt G & 72 o 7203, BIfE
IZED ETRRORE L 2o T AR ML 2 MBI E e (2) o HrEtEoRmFRICB
IR OREN R 2 I e B AHORIL ORI RER H D, I HIZ, AT I E
13 U A S 2 Hllk oo TR S e & OBRBEEREIC L 0 BRI O 5 R B A HERENE
DERDZENMBNTEY 3) , HWEEOT —XIIINOOERZEELI-HDOTHD Z
EDRRO BTN D, P DTSR DRI T 2 G - E2 "7 — 2 NSRS
NooH 1, BEOREA~DELBEE > T TEHREEL RESN TS, LiL, <D
AR IR AE A GE T DV AT YT 4 v/ L Ea— DT — X LRV IS HAITE L
SARBRLTWLONRBURTH D, HIFFEFEIIXKGINLGFEEHLZ s, BRAEICENTDH
FERERERE 2 T b O b 2 BREHERF~ ORI 2 51T 5 Z ENEEND DS, B AROK M CHES S
NTCWHEHF ORI 60 FELL Ed D L Wbt TR Y, FEFMFEOE Ve &% Xl L -
PEREICRET DRI TH D, - T, AFEDO—oDHINE, HIEDOMEHRERE (A
ANARGEER) OFREFMFRIC L 2B A ONCTHZ L THY, FEEL L HAZRET
BB 3 K OMEAEIT OV T HHCAHAII L 563 25 A B E O Hel 21T O E L E L D f
BERERHEZ A DT LT,

O, MRE, MR, B, THRZRETHY (@) , KEORE, B SRRSO
FERIZIR 2w T, BEHIZBNTE, #1921 74 ZITh LTHERAZE S, Emi
JEREFEDOFIFOMN 5 >~ Sivd T8I0 ORLAIL L THAENMEN ST 5, D
BIRBIZ BT 2 RARZE D HIE, RO AR X Db A b L A EEOREIER, FH
FLIBSGE R EOMENH Y, FGIER O ARG O RECHBELCE T 2 E b ik
HEINTnb, A ML AMLAELEROERMEZ Y I, R R 38 2 T 7R AED &
FIIHUE 520 TANEBZ TR REREEMEE 7> T D (5) o 2011 40 b IXEFFHEC
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BOWTHEMRBIIAEREER O —DOIBMES NI, BHEREORIERTOZ  ITAHTH 2,
1998 4 Eriksson I T HIE =2 — 2 U BFEL THD Z 2RI LT, #FrAEshic
PRSI, 0%, R, S bz iR CREF ORI & mhR I K DS A TER L TR > b
T — 7 B AR L, B iR AL L TS Z LA BNE RS TS (6) . ZDK
) IR D AT b D A%, BDNF (brain derived neurotrophic factor) 7z & Dk
KERFOBEICL VMRS TND, LL, S=F YUK, TAY N ~v—IF, 9O
728, 2L OMRRIRBTIE, MROFAENKIL, MMM ELZT, Ry hU—72
DOFRERLDD UARRENEE SN TND Z BB LMMC S (7)), MREER - L~L
DIETR, BEA N L AEBMERAE D T RE(LIZ L DRI DA EEE DR A MR R O LB D
FIEER TIZRVINE ZE 2 B, BEA L ADH, MR T DOIEML, FRRIRE S
D I AR N IR B O T IR IR 72 > TR Y, BUEER T 72 —F R 7R ETn
Do KBTI, BMUEEOREFEMCHRIENEN, MR RN (IR ORRRRRFE IR 1
LHPOIER) (\ZBE REE 2R IAEEWIMFEL TV D 2 b (8) , L9 B HRRLH
R D AT DUEECIREFIIIRZ R T 2 ENEZ bND, AWFETIE, By EEMmIZ &
DR ISR R DB T TR RERI R 36 1T 2 BRI 215 28U D, DT TR ) A4 R
RNV TN A REDT 4 b I AVOFHREFREHIIIT RS 5, MR R FARIER (583
B) , B b U AREER] (B4 5) , MRRKIESUSOMHIE (55 5 &) 1IZoWT, Y =
S —IALEIARE < B2 5 BEG OB &3EmE (Fig. 1.1) Oikat1) 0 & L TR
21T o7,

1.2 BIEOTEH

X, FI7RX7 BOSFEEONY) (Chrysanthemum morifolium) T& Y #EFH O, 58
FEIEALERICHN T D, FEIETE T 2000 4220 BRI BIA & LTREF ST
BY, BRERRO MEARR] CHEFRO [AEHEA] ICRR#rH2 @) . AAZIIZER
AT E DAk L, FLFRO AR TEOG] SE#RH ) RESERR L
RO E LTHWSRTE R, BIfE, BANERS (EELOBMSIEES) ([JITGE S
TWRWDS, BAERTAMESHRAELPEOEF T TH 5 [ NERILmERL] ([Cef s
NTRY, B TEREND SRR IR ST\ DR E, BEHEZHET 243K L LT
HEVEILE\, Chrysanthemum morifolium Ramatulle (¥ 7) , Chrysanthemum indicum
Linne (¥ ~H>¥7) ThOHINEDEIIE BH) , LEFED QHAE, BAEs A
STV D, BUAIE, WAES, MEVHRD S, B Z 51O TCRF OO £ O 78 &
WZAEDTHY, AT, WAH <, EE, EGIRICT N, DENRSELOE, HOFEIM

IZHENTH D, BAEIT, W<, EEERICT hTng & s, RO RG22 21
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IR Z T, EREETHEHIBIHLTRRNOEE T2 SN TS, ARTEHE LTHESE
SNTW5B% (Chrysanthemum morifolium Ramatulle, ffl) 135 60 flidh 5 & Sbil, KHh
THIE SN TS (9) , HARREHHOGRECHEAD [FEE] &, [WEIR, #FsR s
DSREATRIRFLERED [ T ) R0 | (ZEFEREDN% < AARO R ONREN 2N TH 5,
[T/ AH ) RIS D5 VIRIRIC LY TEMEE) , TBHVLoiED) , [h&Eot
L) EOWOLLH D, BT, BARRESCREL BN A~AEL, ARIMTT BT
WRWEEES BV, B CEI ST — ZIIFE LR, A— A=V TR LT
LEMH ORI Z I TRT, 2010 EFORBHAOIGERITHK 1,132 F T, £D6FIFHE, OF
H& LTRELOE E VI bN TV D, BRIt 50 RnlEERT, 1R 212 &
¥, R 82 b, FHARILE0 Frliao TG,

13 74 My IINOEGTEEER

NBITREAELIR, a3 E L TRIAL TE LB 2 6, MOERYN O3RN R
Mo TND, B EOmPYERS BERICAH Th 5 2 LI EOFEERFEA Bz T
5L IATHLN, ITFEORFENFRITEYMERMCEEND60HE, FY, WHHG 7R E DR
BRIEBNEER H D Z L #HLMNILTWD, ZNHDFEWEILT7 4 I v
(phytochemical) & KiFi, RV 7 =/ —JH, Shifbet, Y FATTR— N, I
T A N, TASEIRENRRE 2D (100, 74 R I TR, SRRSO,
FHFECR M EFOBENOH AT LT OIAEFET 2 B Oy L B2 b TEY, =L
F—REOF T H - BRRERSE O—IRIREED &3S, ZIRAEED & b Jidn T
Wo, 74 Mk, sl TSR L0, REHEE, MR - lBEs O REER,
DS AN R 72 SRk 4 7R B« FEPN R 2R 9703, ORI (A =X L) 128V T,
RN 7 =)= NVEEDLL DT 4 N7 I AIEEMDA T D HIR TG B2 5E) 1272
STNDHEZEZLNTER, LinL, TRHOAER - FEEMER (Table 1.1) O£ <L, 74k
7 I AACEDB TR L E 2R AR ET 5 2 LT & A LS (11,12,13)
iz, T, FEDT 4 N I M EWE TSRS DR T ORAES (14) , ERBIECEY
TOEBTFHEL, O EHET 2 Lo 7O 3 HlEIER 24T L7 RS
ENEREN, T4 N7 LAY XD BTN, PURILEE ORI b TIERS T (2
BRIz S 7 E) ~OFE EBEREREIC K> ThrshiTn s LB b L 912k
STz, BIRIZIE, 7 IR ESCT == a8 ) A REEIC X 2 EMAERROE 2 MEEEHE
AV T TRFEOTA S u RIS R EBAH LM STV D,

BIE, BLAIR N L AITKES D7 I AR L S A T L T d % NF-E2 related factor 2 -
antioxidant response element (Nrf2-ARE) #¥E03MFEH I N->>H 5 (15) . R TIE, Bk
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—HIACD T v ANHND L IEVEIRHERRIC L 0 RN I3 2 2 b S, 2 OfktE
Db D, ZOX ) 7R EA S L AR L, Nrf2-ARE #REIZ T A0 iR MR SRR G
KL, PiBUEESR (VA TFA AR~ LA X7 —E 1 (HO-1) fth) Z25BFHE
T2, ARITA NV RAFTTHEESND 200 OB Z, T OB Uil 22w kg <
Bigew RV R” ERESEN, Nrf2 [ 3R N L RICKT HHRVI VAN T5EE52 5
NTWD, 74 M I AOFIZIE Nref2-ARE &R 2 1E ML T 2L & 2 STl Y,
D7 4 Mg EHREOBRWEEFHWE L EX L2 ERHRD) OFERIZELYD T
Nrf2 2NEME b S, KVEERA PV ASDHANTED ZEIE-T, REOTY - v
(RA RS 2 AR SN TV D (16) . FIEDOMIRIREIERCHIENEH O 371G Mk
FINTH Y o Th D05, Nef2-ARE BRI 215 b L HO-1 23583 2 Z & Al S Tn 5,
o C, AFMDHE 5, HIEOMRMIAOB LA b L AMSEREEMICBOTE, Nrf2-ARE
R A2 TEME LR L OVHO-1 OFEORF 21T 7=,

1.4 HHEARROMETIME - BN - RAE & AIRAE R

PRI D T < DR E ATV D, BFEOMRRBIZIZZNEIURF R 725
SEREFT DMEE SILD D, AW FRIZRIRERMIE OEAT R, MfasEA K3 & 5 728 [3REE
R CTh DT VY NS iSO L5 IR MR O H 72 5T, Kb ESED e
PRSI ) ICB W T HIRREAIT SR L, (1 D2 OFEMN R BEN RN Z SN, HEsian
THEE TV DB T L~ TORIEMRE O MEIANEED BT D, BUE, RRAMAA
RUET AR QR IIFE LRV, L L, AR B S b
SNTET, MRSl O LIfasstE, MRy MU — 7 FEFUARD ATEDIRT, 77U 7l
RTEPEALIT P S AR O RAEMESE B3 2 8EIIE, 2405 ORSRER O I5E L 7o 1B
& LTERRIIIEM TR TWD (17)

AFFFEUT G AR A O HARAFRA ORI ER OMF E1T 5 O TH Y, HIDHETHRL
7o Z 91T, MR ORGENRIZEA LT, Magatt, mrostE, RAEFREOBLE N OMET 2175 Z
LT Uz, AR b B MIC IR VIR CH 0, R R ClIk & Bl a 21 5, Fhik
MR B OFRIECIEIR OMERITIENERESE (ROS) DORGEM I TR Y, msiiaoiz{k 2
b L AT D METIESFIRE L 72> Td (18) . B LA b L R ITxEd A RBHE -0
THLAZREEE 2> T D Nef2-ARE BRI ITLT A4 D Ui EORIERHIIEE T 5 2 L &
D (19 , F5ETIIEE=a—a Ml (SH-SY5Y) ZH\, et omib A kL2
(2t BRI R E I DO TIRAT 21T o 7o, MR AEMER B OTRBN D 72\ K & 728 R
TR A S NN ElZH D, LavL, HIOI TR LT X OIS - RICEBT
HIEHHR = 2 — w1 o OFE LRI OB MR - x> b U — 7 BHERIE, Ry bU—
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7« RRHEREOMERF, HUEORHEIC R RIEHRThH D, 53 I T, RO AHMEA
BETLBUELY, MRREET LV E LTUASHNLATW S PC12 Mz Ay, S5/EHhHY
DOFFFRIERLPRIGPE A FEAE & L TSR B IR FARER OME 21T o 7, RIEITEGT L
—, BLA N L AICKHET ARG TH Y, ~7 17 7 —VEOREHian s > 7L
PIEHP~FEE O NFENE, flix DA b L ARERISNEELEND, LnL, RIERIGR
EIE U TR T 2 LB HEREAR IR ,, 2L DFEENFERTL LB 6N TWD, S
ENEIRORE 72 £ ORf &2 BB IRB T 2 2 OFIEER & LT, BHRIENSER SNVTV D2,
T IV NA =I5, JERIEFEOMRAMREFIEOFRNC bR > TN D LEZHLILTVD, ik
DESHEREIE = 2 —r A E ZOMBIZ L VR EN s =a—n Ry RT—Z1ZBWT
RV SNAERS T FTNVOERZLD, L, FHREHIEI= = —a Hifla s, Zo
50 5L LB 7Y Tl (T A hathA b, 277U T7E) hoRInTns, IR
70 TN OSSOSO & 72 DRI TH Y, SERIAO bR B/ 4 g & L LRk
DIRFERERELT > TN D, LNLRNG, YD 5 WA I L v b L= 7 =
70 TILBEFIRRIENEY A B A L OBWR LI ) = a—n r OEEEZSEE (20, 21),
ZORTDEMERL, 7 v 2 U 7 ildo a8 o mE SRS MR B SR ERAROTa R
IZE > THETH D, MIRIEEINIHEORBERL LN THL T Lnnb, H6FEITEW
TiE, MNORERE O 2DTHH 7Y THIKIZER L, e O EE R 1 #EA D
PSR FE IN 7B 7 & OAFRIIE DA~ IFHERIC W TRF E 1T - 72,



Fig. 1.1 Variant of edible Chrysanthemum flowers, Aboukyu (Left) and Enmeiraku
(Right).



Table 1.1 Bioactive function of phytochemical and their effective concentrations

Effect Compound ICs0 (uM)  Reference
Luteolin 14.9 (22)

Antioxidant Apigenin 131.9 24
Eriodictyol 19.8 (22)
Epigallocatechin 16.3 (22)
gallate
Luteolin 6.5 (23)

Transformation of AhR  Apigenin 3.2 (23)
Quercetin 1.5 (23)
Epigallocatechin 35.0 (23)
gallate

Inhibition TNF-a Luteolin <1.00 (25)

production Apigenin 8.9 (24)




A Neurons B Microglial cells

Fig. 1.2 Functions of brain cells (neuron and microglial cells)

Neurons (A); carry information/messages throughout the brain and body (SH-SY5Y).
Microglial cells (B); immune system in the brain. They keep the brain under surveillance
for environment and defend against invading microorganisms, damage and disease (MG5).
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Fo2E EBRFHE

21 AR

SR L AT
Apigenin, Luteolin : Wako Pure Chemicals
Acacetin : Santa Cruz Biotechnology Inc.
luteolin-7-O-glucoside : Extrasynthese SA
Tertiary-butyl hydroperoxide : Wako Pure Chemicals
Lipopolysaccharide (Z.col 0127) : Wako Pure Chemicals
MEK inhibitor (U0126) : Wako Pure Chemicals
p38 MAPK inhibitor(SB203580) : Cayman Chemical
Nerve growth factor : Sigma-Aldrich
Tumor Necrosis Factor : Wako Pure Chemicals

Monoclonalantibodies againstp44/42 ERK1/2, p-p44/42 ERK1/2, p38MAPK, p-p38MAPK,
: Cell Signaling Technology

alkaline phosphatase-linked anti-rabbit IgG antibodies : Cell Signaling
Technology

1-Step™ NBT/BCIP : Thermo Scientific

SOD Assay Kit-WST, Cell Counting Kit-8(CCK-8) : Dojindo Molecular Technologies Inc.
BCA Protein Assay Kit : Thermo Scientific

Griess Reagent System : Promega

LOFRIE, AT TR, Ol 2 V72,

2.2 FEBHEE BB OFRR

AR A OB & IEMEITRIE B ORI SN b D&M Uiz, ABFE Sk
FEDOR T OMEIZHE R L, HEORE - FHEHOMAZRAA LD THL Z b, HiE
KRGS M 72 L ORI X DB EBARET 5720, WTHORMAE G R UEE CHbs S h,
FIRE (10 AhAi~11 A Bf) IS = b O & Uiz, {6 2 ke Lz,
Wit LI fbF % BEEONFTH L, 80% A &/ —/b, BUKTEFEMIZHEZITV), ~F3
H5y, A% —/V#isy, KEGHIG & TR L,
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2.3 Lo

231 7=V« T=R{E

Folin' Denis £ (1) ICX V&7 = /) —/LEMDEAE (total polyphenol) DORIEZEAT
ole, 7= ) —IWEEMD T = ) — VHAKEBREIS T N VT & o T AT Bk, EY
7T U AR L CET A E GE 700~T7T0nm THA LER L, EEHE L L CER TR
2R, 27z ) = EYOGREATRER 1g Ho ORBEFBEYE (mg/g-dry
weight) T&R LT,

232 BCA¥

Smith H DL (2) IZHEW, TaTA T yeAf e ra=ymgxy N, 77
VEMFETTH U RI-EIZE > TRIESNT, LIOA A Re v a= Uik b BAFES L
THU D50 % 540 nm Thefh L7, BEUREX LoV L LT BSA #HW, BERL D # X
7 ERE AR LTz,

2.3 3 TEMEMFIHERR O (SOD)

HRDOF v ~ SOD Assay Kit-WST 25 L, NBT DAL~ % WST-1 AL~
ICEE X S BIEICHE T T2, VU F Yy - X F ot v A —BhEA——FF |
ERRRE L, WST-L A~ P2 DA—/ 8% NI & HETEUE T/ Lo R a2 HE L7z,
HEEME PHEEE) 13, A—_—FF% 2 FERRIGABIZ A 78 (sample) , A—/3—7
X RERROLN L2258 (blankl) , o F o EE»H22 58 (blank2) , 9o
Y DHHGRLHFE (blank3) DOAFISROUWSCERIERR LY, WIRTAUHE RO,

Ablank1 - Ablanks) - (Asampl — Ablank 2)]

=R (%) = [(
BT (%) Ablank1 — Ablank3

x100

2.3.4 —B(LER

GBI S fH S 72 NO IR ER L ST NO2IZ72 0, S BHIT/K & B L C Hiihiig
ROMHWE & 72 % 8 Z D K 512 U TA UTo bz %, MRy 72 NO sEAE R L U CRHili L Tuh 2,
HAEERIL 7 ) — AL W CER LTz, S Miafiliko* ~ b (Griess Reagent System)
RV, ANVT 7 =T X REHEBRO YT VALBISIZBNT, N-1-F7FLF Lo P73
Y DF T RO KV AERRT 5TVt %A 540 nm T URE 72 NO PEA= & 2 3T
L7z,
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2.4 HRERIHT

2.4.1 LC-DAD 43#T

74 hEAF— RT LA midiik s v~ v/ 7 4 — (HPLC-DAD) ##ni%, 74 h&A
A— K7 LA g (SPD10-AVP) , 7 —XEi 27 A (CLASS-LC10) % CHipiand
EHERUERTHRL D HPLC LC-10 2/ L7z, & 7 A% ODS #i#§ D Mightysil RP-18 (150
mm X 4.6 mm, 3 um) # 7 2 (Kanto Corp., Tokyo, Japan) L, #» 7 LIEEIT 40°C, i
HE0.7mL/min. & L7z, 0.2%F a5tk (AR BEIOAZ ) —n T F=FJL K
BEWR (9:9:2, BR) D2¥RIZED, 4HDD 20 75 B R 2 20%I 20/ FF L T %
11725 7-1%, BIEIRE% 10 43T 20%7°5 65% % C_EF S EREAREE 1T/~ T2, Bl
TR 230, 250, 270, 290, 310, 330, 350 LN 370 nm DAL E 7 + b FA A — R
T LA R (BEERERD ISRV HPEL, #EHAICA Y —27 DUV AT MVT—F Rtk
L7z,

242 GC-MS 43#r

HAY < w77 7EEHH (GC-MS) HIEE, HH GC-MS-QP 2010 (EDZ LA L7z,
BT 2NTVE, BRI Z 2 DB-1 (30m X 0.25mm X 0.25pm; Agilet) ZfH L7=, GC AN
IEIL 250°CE L, 320 CIZE L7 10 oMIfRFF L7z, T U 7 H AXEHREDO~Y 7 Lz [
W, A A AUITETEE (ED ETHY, A FAbEE 650 eV TITo7o, A AV BtiTE
R m/z 40~ 600 T 0.5 D A% v MR TRtsk L7z, 0t RIE MU 74X/ A RTh
HZLmEEBL, EHI N U AF L UL (TMS) fEFEk & Uiz, sElo~F5 Ao
5mg % 0.5mL TMS-HT (#rt{bpk) (2T 70°C, 30min ML TMS b L7z, KE~FH %
MxiRE > LChmEt:, LA oBERMG L aodratkl s L,

2.5 MfaEER

251 PC12

7 v MRIBEEMIEER > O PC12 Ml (Cat. No. 88022401) 1%, ATCC(American Type
Culture Collection) L VA L7 b D &H L7z, H54&1%, 10% HS, 5% FBS, 100 U/mL
penicillin G 3 XU 100 pg/mL streptomycin % & ¢¢ DMEM 55l GEAREEH) 2 VY, 5% CO2
& 95% ZERDKAAT, 3TCTITo7le, 3 HREEEL, T0% FEDa 7Ty Mol L
IAHT0.06% U7 YU RCHBES 2 2 LIC X0k EIT o7, MHRIBHC i OMlin & %
BRI Lz, SRR 10 BILIN ORIl Z vz,
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2.5.2 SH-SY5Y #ifa

b MR EEE SH-SY5Y flifia(Cat. No. EC94030304)1%, ATCC LYV EA L= b D% f#
H L7, 55#1%, 10% FBS, 100 U/mL penicillin G 3 X0 100 pg/mL streptomycin % &1
DMEM/F12-HEPES kil (GEAKGH) % HAVy, 5% COz2 & 95% ZEROEHM T, 37°CTIT-
720 IS L OKERER D72 D OMIFEFEILLL FO@E V1T 572, 80—90% a2 7/ k7o
7-#ifR %2 PBS THE L, 0.25 % b U 73 2 -EDTA 1Ak % FVCHE 2 FI8E L, 320 (1000rpm,
3min, ZEil) TEUEIEARRTHUZERE L, MAREFERIZIZ 10em 7« v =2 ZH, =X
7wy NAIZIE35mm 7 4 v =, AR HICIE 96well 7' L — h~JiEIEE O
EHE L,

2.5.3 RAW264.7 #ifa

~ U Aw/ 17 7 — U RAW264.7 filfiE, ATCC X VA L7=H 0% {# L7=(Cat. No.
EC91062702), £5#1%, 10% FBS, 2mM Glutamine, 100 U/mL penicillin G 3 £ T 100
pg/mL streptomycin %% DMEM 15l GEAE ) 2 VY, 5% CO2 & 95% ZEX DX T,
3T CTIT o7z, MIS KOERER D7 D ORFEFEIZLL F D@ 17572, 80—90% =1 7 /b
v ol Ml E AT LA N—THEEL, #0 (1000rpm, 3min, ZEiE) CHEINEZ A
M IRE L7z, ARREEEEICIE 10em DT « v =, HIRIEVEH OFRBRIZIT 96well 7 L —
A IERR O A AR L7,

254 MG5 ffifa - Al HIk

p53 /v 77U h~ U AWK 7 v 7Y T ilak MG #ild(IF050520)3 LU~ 7 A Hi3k
T AT a4 Mk Al IRAFO50519)1%, [EHREE - (- S5t JCRB flifn N 7

IRESNI b D&M Lo, Al MO RI21% 10%FBS %51 DMEM Kiihia fu iz,

AfRIXEIZ 28], PBS Tl L& Y 7y B XD R L, split ratio 1/20~1/30
T76cm2 7 7 A2z L TR L7-, MG MIlROREZR I NE e A1 MIRRORE RIGITRO
EOIC LT L, 75em2 7 7 A3l a7 /Lm s M E THIGE L 72 Al AR ORK IR
1/10 % 175 cm2 7 7 A 2| XiAte, 7 a7z FOREBIZETHIELZH, 7T A
72V 60mL OE AN —WiksE T 5, B A, A B L, [iEE o7 L2 —7T
AL, Al MO HEE Lz, MG5 #iflloiilid, DMEM /10%FBS & Al ffifdd
B Bl 377 O TESG LT MGS Mlafisss L TH -z, MG5 MifaossEIc
10em 7 o v ¥ =2 & iz, kI L OB O 72O ORIEREIILL T 0@V T o7, 4 °C
PBS T 5 7MfHE L7=1%, B/ A7 LA /S—THEEL, &0 (1000rpm, 5min, =) THIINE
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RS IR LT, MCEER 1213 10em DT ¢ v v =, BIRIEMERH ORERIZIT 96well 7' L
— M~ EE O 2 FEFE L 7=,

255 1929 HujE

TNF- o M~ 7 A BURHHESE IR L1929 A (JCRB9003) 1%, HYt w5t RBC #f
fa S 7 L0 asEsnic b O Lz, 554813 10%HS, 0.1mM NEAA GEXZET I /)
% & 1r Eagle's MEM 55l GEAKGHE) 2 HVMT722 072, RIS JOERBRO 720 OB fRFE
IZLLF OB 17572, 80—90% 2> 7/t kb7psT-filaz PBS CHf L, 0.25% VU~
v -EDTA ik 2 -V CRltia 25108 L, .0 (1000rpm, 3min, =E{R) TEUNZ ARSI
W U7T=, MECEEEICIE 10em OF 1 v > =, TNF-a O7 v &A1 (121% 96well 7' L— k-~ 1IF5L
DA 2B L 7=,

2.6 FERHE

26.1 MREFRORERE

FMPRAEATE (cell viability) OFHfiiZE/L I T T 4 7% kb (CCK-8) % M\ Ishiyama
FOFEHEC TT 2723, FEMEDT R 7Y U ULl (WST-8
[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt]) (F4#MiE dehydrogenases (Z XV iET IS4 Lo ORI~ o AFE L
72%, BFROULEIT MBI ST 5 2 L2 b, ZOBFED 450nm OYEE 2 JIE LA
75 FHl Uiz, EFROFHBZAT 5 & 7 = /LA AFRREK TH%, KRR D 10 00 1 FD
WST-8 Z/z 1~3 ] CO2 A o F 2 _X—Z —|ZWE LT, JUGE~ A 77 L— ) —&—
Y TR 450nm, U 7 7 T AR 500nm THIE L, AEFREZHET 5,

2.6.2 PRRIGEMRIEMEOFM

PC12 HEOMFRIEE IR OBEE L Kamata %D HIEICHEL TfTo72(4), 27— v a—
k6 SOEE Y =L L— bk (TYPE-1 collagen) (Z PC12 #ifd% 4 x 10 cells/mL O T
i, 24 WeFIREARERA CIRMIGERH (IIEIREE A EE RO 10 00 1 & Lio) 15cH L —t
B UTe, PTEIREE OB N2 7o 5 & AH L 24 R EIES A4 AR Ik i R 2 N AH ZEBRAMEE

(FVU 2 /3R) FOREE LT, MR A  SMilaz MM & fE L, 1 well H7z W TEED
3 HiEF T 100 E DM DUV TRAE L, 45l x4 2 BEadi o |5 3R 2 it 28 onk
e LTR U, ERZ W TIE, BUBHNIND 2 KRNI PRSI 4 & e AR R EE Y
ML, ZO%REEZIIN LER AT 572,
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2.6.3 BALGEREER OFM

b AR AR SH-SY5Y 4 96 /¢ L— MZ 5 x 104{E/well THEE L 7=, H, #
k2 BT RIMER T LB MEIREZ 1% FBS & L7o) (24 UTER R,
Y72 EE (0.13~0.15 mM) @ t-BHP % SH-SY5Y il A R S H7=, PBS TUL
L7, CCK-81Z & VMR RAZGHE Lz, MR, ARBRO t-BHP R
FEOW RT3 D A RBREEOWSLE DO (%) TR LT,

2.6.4 HURIENER OFAM

RAW264.7 £ 7212 MG5 #ii % 96 well plate (Z 1.0x105 cells/mL CHEFE Li5# L7-, % H,
PR 2 N2 7o bkl & 25 U ~RLBE At U 7o, 1 Refilf%, SofEiiile (RAW264.7 7=
I3 MG5 i) 215 LRIER G 2 492 HRYTC, K5uc LPS ( A& : 10 ng/mL) %
Nz 24 FEfEIRGHE U7, SEMila’ iEA=3 % NO, TNF-a ##IE L, LPS HlEx B0z s
DREEA R L T 2 2 LT 80 JIEMHIZ R 25l L7, NO #13 2.3.4 ([T EHIE Lz,
ORI L Griess RHK (5% U VD 1 % AL T 7 =T I Figik L 0.1 % n-1-F 7 F /L=
FLUVT = ) ZIRA L, 540 nm OWEEEAHIE Lz, NO EEAREL LPS #ili
% BEEE DR (563 B4Rt OWOLE DR (%) T L7, TNF-a BEOJIEE FRioN
AFT vEAEZIVERELL,

2.6.5 TNF-0 DAL ZT v&A

TNF-a iE1%, Kerekgyarto D5k (5) [ZHEL TiTHo 7=, 37205, L9929 Hifuz 96 well
plate |Z 4x105 cells,/ mL TIEFEL, 2 7NV hERDETHEE L., T7F /)~
D (4pg/mL) 50pL & RIERER AT - 78548 BiFI L OKIRE O TNF-o 1Rk 50uL N
Z, 3TCT20HHA »Fa—a L, £DKE, CCK-8F v FaMHNE well D cell
viability ZHIE L7z, W1 TNF-a JREIZ63 2 1929 MR AEAF3R THRERL L7 Mt 2 v,
Redhrp oA & TNF-a B 42 w8 LT,

266 Zm~F X7 LAF K DNA B LR

L2~ DNA i L, RNase ZLEE, ¥\ )T proteinase K ALFE A 1T -7, DNA %y
LERIKENZfE L7z, DNA OFEHRL - XV € 7 U 2% F|H L7= Mono Fas Hasifa s
/ 1 DNA #itH v S &{#i L7, proteinase K WFL AT~ 7=ika T U T/ Y ADAY U H
T AL, W S DNA a5 Z L2k b, DNA Z0BR Li-, v—F (v 7k
ZIMAT A 00— ABXRIKE ZAT > 124%, HFERFMEOFOEHE Novel Green (Bio-Helix) TY
L7z, VKBV VA UV R T U AA LI 32— —CRG LBIEE, sldkaiT o7z,
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27 YTAZ Ty ME

271 F U7 BOMH

AR & X7 BHIHIIIR D L 51T o7z, K ET~vA 7 FL— R EidT 4 vy ak
2mM TBS TV, RIPA /X v 7 7 —(Santa Cruz Biotechnology Inc.) % Nz #ifa 2 ¥afRE L7=,
R L7z filia 2 4°C15,000g T 30 il LB L L2 v = 22 7wy Mot Lic, #
ZUNTEIZY) Y 2T MlRE S XX AT 7 2 —Fy a2 HOGEE AT
MRS R iy a B L atTicii Lz, £72, # o\ B ®IZBCA ¥ XV HERS
> B CTHIE LT,

272 BREKBBITA L/ Ty b

& o7 fhHiR % sampling buffer (2 1:1 TIEA L, 80°CT 5 7t Lz, ikt % SDS -
AU 727 VAT I REXUKEICH#EL, PVDF A7 7 cxLy br7ay MILVEEE L
Too AL 70y MWL, BEHEA LT T 070y X IR TI~2 KA v Fa—a
L7t%, —WRGUABUE (4C, —B) , KRS ZAT o7, “IREUAE LTT 2 U R A
7 7 X —BHEHTT VX IgG (Cell Signaling Technology) % fv 7=, Ffi 1-StepTM
NBT/BCIP % (Thermo Scientific) T T{To72, A L/ 70y FOFRERIFA A—TTF T4
#— (Kodak EDAS 290) X v lifg % Bufs L&/ RORE 2t~ 7 & (Kodak 1D Image
Analysis Software) % V(b L7,

273 FZ 7 O WBICAWE—RILER X ORARGER
- p44/42ERK1/2 ¥ X 0" phospho-p44/42 ERK1/2 (p-p44/42 ERK1/2) D,
Rabbit anti-ERK1/2antibody (Stress Marq Bioscience ; 1:3000 in Can Get Signal
solution 1)
Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (D13.14.4E) XP® Rabbit mAb (Cell
Signaling Technology ; 1:1000 in Can Get Signal solution 1)

+ p38MAPK I LT p-p38SMAPK D,
p38 MAPK Antibody (Cell Signaling Technology ; 1:1000 in Can Get Signal solution 1)
Phospho-p38 MAPK (Thr180/Tyr182) (D3F9)XP® Rabbit mAb (Cell Signaling
Technology ; 1:1000 in Can Get Signal solution 1)
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« Nrf2 O
NRF2 (D1Z9C) XP® Rabbit mAb (Cell Signaling Technology; 1:1000 in Can Get Signal

solution 1)

- HO-1 Of
RabbitHO-1 (P249) Antibody (Cell Signaling Technology; 1:1000 in Can Get Signal

solution 1)

« B-Actin OFEH
Rabbit Anti-B-Actin pAb (MBL; 1:1000 in Can Get Signal solution 1)

2.8 HuEtE

ERRT —Z P = BEERZE TR L, VPIEOAEAREIE Student-t FER LT
— IO 2 TR Lz, fEBRER 5% Rz &> THEAEDH Y SHIE LT,
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EBIE FHRICEEND T =/ —/LEWICET 2R SO B

31 WS
X7 IIBIE M OM, RIS T Y BARTITN 60 FAFHTHE ST\ D, FHlk

FAFRHL ST 2 PSS STV 2360 [FIEE ] &, (WBR, BrisR CREE DA IRALER
Ao By T ) B0 (ZEEENL S AAORRAFOREN 2B ERETH D, £y T /8

JEEMISS D WVIERFICE Y BEm%) , TRbW0IEh) , IhEob ) FEOND
Abd D, FEITEDRH Y, FETIIIEE LTI TWT, T8 72 2 O
EOBEEREAIL 72> TD, BATH HARF /M SHERIFLR S BT Tzl
RENTND, FIEDHMT, MR, fis, 8Um, HRRETHY, KEORMA, EE W
72 EDIERICIRZ RS, S BIZE L OFEMMTOILTER Y, MMt O L FRERIC X 28k
A ML AGEOREEM R L, MEICT2EABIER STV, ZRbDFNE, 77
RIAR, TARIAR, 7anF U BEOT = ) —/VRRMEEMIZ IS DTHY, HOH
%, fiE, U7 VAR —E AR E LTUE, 7R A RoATAY - (luteolin)
T B = (apigenin) , 7 HE&F > (acacetin) BLUEFHATH S 3',4',5-trihydroxy
-flavanone 7-O-glucuronide, apigenin 7-O-8-dglucuronide 73 & OIbAWA G TEHY (1, 2),
Rl ke, DUIETER, RFHERECRIE(ER, PUMEM, i me—3 a VdEER & 27Rd
Byl LTClE, T2/ A K® brein, heliantriol Bs, heliantriol C 72 EDibEWRH Y, £
7o, HUCIER, 28 AUMREESEImsIER 72 E2md ko & LT, 7 =/ —VBRIbGm o o
2 v/ % (chlorogenic acid) , 3,5-O-dicaffeoylquinic acid, 7-O-B-d-(4B-caffe0yl)glucuronide
72 EDALEWDF DTN D (), FREFTEIC & 0 SGED ALK A Hel L 72 < D DS
WEENTWD (4,5,6) , BEAFEIC K D EREOTEMERS OB OIEE, £t
DFEE TR R HEIEH 2 IE T DAL FHIRHE L 72> TV D23, BIEZ N BIZET 2%
Z LW, FEICRWTIE, SERE ORI E L TEERMVEICHY, FEOLT A v
KO ma 7 U BROEHEEFOBEIC L LS LT 2RERRINTVS6) » AAIZRD
T R & T TN T 2 B0 DRFEIRE RS 2T STV 228, FaliilE S
T BEREME R AR B S I BE CIIAERE R S DR~ OTE 2R3 5 B O RIRZARERMIZ D
JRF TS, LAL, AEfERiE—MRICmiEZ T CoBR T 2 RS RE R LIk v 20
BASREMEDN R 5 Z MBI TER Y, HIEAFINT o AR TR e & T A HIR T
DIEMERGy ORFMFERRILA B HMCT 5 2 L DBRD BTN D, BIRO K 5 IZBIERHE 3
REINTRTEY, ENOBHELREHE IOV THIEHOILRNLEEN D, AWFSETIIZHIE
ORISR E A 2 a3 2810 m e LT, AARORENZRERAEOMEE & MmO
COORSERORHRDO I 21T > TE Y, ARICBOCUIEBEREN I D, TR
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DEERERDTIRIAR, TAXIA R, saal  BREEORIGHEREZ, bR S
NoFH AR LORA & 7 — VI O TSRS IR O Hi 217 - 72,

32 FERLEBE

3.2.1 BHRELHHET =/ —/VELEWOMBE L UEHEDO LK

T EDRINDNIZARIR 7 = ) —ACEMDAE L, (LEWDORHEIZ L0 5872 & T
W5, 1XUOIT, LD T = ) — /UL EMOME 2R T 5720, STl S 7z
Sy OEELZRD, BRI E Y L72 (Table 3.1) o 7/b~/ A RigdilanF4 04
Z ) —)VEOEEIH S, 778 A RiZ80% A % / —/VEICHIH S5, Wil o
#180%IE, A X —MIREIRRS THEO LIS ZEMb, 7TR A MEEMOFMILD &
WZEDRIB I, FTo, FEAEIC K DEITIZEAERD Lo Ty, o~ R
43 D LT IE MR LA~ TRV MEZ 7R L (5,63 % vs. 1.78 %) (t-test, P<0.05), 7 /v
Ny A RORMBELIEREE TEW I L DVRE S L7z, IR TRE S O8I S 715 A
& ) —AHHEZONWT, &7 =/ — /M bEMOE A& (total polyphenol) 7 4+—V - -
T=AEZ R0 ot USREE & Lo B FROEE TR L (Table 3.2) . FIEEIB LIV
SEADOIEFDORT = ) — LA E A BT EREE Y Y 221 21.8 £ 1.07 mg/g B LW
11.4+1.01mglg THY, WIFNbmWEAEELR Liz(t-test, P<0.01), £7z, HIEMLFEIC X
DHTCIIEAEICK 250ERH Y, FMEEOHTNEVEZR LT, 612, fx OAPE
PEDSEN DAL, BAEDFHENI 72 7 TR 7 A REfRT Lo NG, 7 857 = (apigenin) ,
T AV (luteolin) , 7 HtEF 2 (acacetin) (ZDOWT, TDOEHFELS HPLCIZ XLV E&
UAkES S0 fE CLb#z L7 (Table 3.2) (t-test), ZiLH DAY OREE% Fig. 3.1 (T~ Lz, 3k
ARIZ LY, TS = LT A ) o OEHBITHRINEE R L, IEAEE TR E TS
NT AV o EAENEL (3.24 £0.17 pmol/g vs. 1.30 £ 0.34 pmol/g ;4% dry weight) (t-test, P
<0.01), TEF=UEAREIIEL, HCPEE TEVMEZ /R L7z (0.88+0.16pmol/g vs. 2.48
+0.95umol/g; 4% dry weight) (t-test, P<0.01), 7 E# =2 LT 4 U D LU TfERE &
SEAREED T TR ) A R DBNEBE IR TICAEM TH D Z &R I 72, Sugawara %
DWETIE, EME EEIE) TTEF= DR EL, VTFH ) DL~ MENE T
D, KX L ITHOFER A BE LTV D), FERMDELSTZBHRICOWTE, RS TH
S THRIMATRZR > TWDATREMER?, EFEREEDENR EOERNEZ b0, JRRITAH
T VR REFE L B 2 b b, Sugawara S TILTE THEE SN TV D EDOBHD R D,
A NTHR, AUNE, EvT /AD ERELE, HE) OEFOT TR A NHEE T LK
L7oibR, BOFfIZ X O RE SRR Z L 2R L, FRFICT DA/ WHETEME S B
STNDZEND, MROFHBENAEFERORI 72 E~RE ET L 2 L2 LT LT2@),
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T H T OER BIImEES G TEITERD b e 72 (0.71+ 0.13pumol/g vs. 0.78 £ 0.16
pmol/g; 45 dry weight)

3.2.2 HPLC-DAD {2 & 23 TERERL T = / — /L& DRIFE & HBEMTEIC X 5 bk

RIZ, BFREERIOEMED T TR ) A SHEORHEZ i 2720, A% 7 — itz
T & A A= FT LA BEEdiRiA s v~ 872 7 ¢« — (HPLC-DAD) 2LV o3trL

(Fig. 3.2) , &7 = /) —/UULEMOHHEL 2D UV AT hLF—4 L0 ZEEMOETE b
LSIBHEE ZFATM Tz, 7 A T — R7 LA RHERIE, 85 OHHER SRR E R ORI R
ZRERFROIC 2 ROTTRT DITKT L, Ry O], WA R L & 2 D5 2[Rl
ERANTE S 2 =t/ n~ b7 T LT =2 L LTIHL Z LN TE %, HfEx & 7 —/Uhi
Y CBIZE SN B E e 12 D E— 7 OFALAEMITONT, UV A7 RV LD Z 2ok
W R ZRD, K —7 ZMRRINEROFEL Y, Z7IR AR, ruaF U BEDT7 =/
—UigRbA (caffeoylquinic acid derivatives) 3 EONZDM~ESFHL, &K E—7 DREED
&L LTz (Table3.3) , 7774 /A FiX252nm, 265~268 nm 35 X" 332~348 nm |ZH
KRB ZFFORHEN DY, 7 = ) — VR LA 239 nm, 300 nm 35 L TF 326 nm 7 £1HiR
R ZFF RN D 5, [FIEE, EEWEZ HE LTSI ONWTIE, BEEME ORER
& UV A7 M EHIEOZN L 07— 2 L I LR LTz, ZO/R, RO 6 ©—2 12
DOWTC, B—7 1137 ua 8 (chlorogenic acid) , E—7 2| luteolin-7-O-glucoside,
t—7 413 3,5-di-caffeoylquinic acid, v —7 83/ 74V > (luteolin) , E—7 11I7 ¥
7= (apigenin) , B —7 1217 7 ¥&F > (acacetin) L[RE L/, E—2 6 D UV A
7 MV TF Y O LD THREIL TWT, ERRIR-NENZ ST F Y 0
FLBERCTH D 2 EAHEN STz, FRROBH D, =2 b BRI —2 7137 5 =0l
BER EHERI LT, BB R d & QMBI TRBO L2 TEAR Z 6D 12 D E—7 13,
HPLC-DAD 73#7iC & 54 ' — 27 ORFFF#E7Z2 5 NZ UV A7 bLT —Z NEWIC—E LT
WHZELY, ZhBEDE—7 OILEWNIAR R IEEITAAE L TV D 2 L AVRENT,
LirL, THOE—7 OEfE-IIRE S EipoTEY, EMETIIFEE &, v7F4Y
v (=7 8) X°luteolin-7-O-glucoside (E°—7 2) , ¥—7 6 OEfEIINEL, T/ =

(=27 11) , T = OfdfERLHERI SN D B —7 5, ©'—7 ToOmBEITNEL, TS
=UBXOALT A CERROMREEMT LD TH T,

323 GC-MSIZXABHIENY TR A FORE & £BEEIZ & 5
RV ERNIBIEOFNDOEE AT Z T EDOTHY, RITIAX) A NIT7ITR A R
EARTFELIT D 720N B2 D50, BIEOPIIEER 2RIy 0OFLE 72T H O TH

23



D EDD, FEONFY AR ONT, U TR A RILEWO T &A=, BEIC
FAED NV TN A ROMIZET 2370 E 2572 4T Y, Ukiya %13 24 @ triterpene
diol & triol, BL 32 DZEN 5D 3-O-fatty acid ester % ZyB[FIE L TV 5(8), AHFIEIZIU
TUE, BRI LD b U T A A BRE T 288 L0, SgiE~% a2 7 2
rvma~v N7 7 4 —EEGHTEE (GC-MS) 1L VW RE LTz, &EtE MU AF v Y bak
K& L, EIV: (Electron impact (8 1-#%) %) (245 GC-MS oM &1T-72, B 7 LIRE
Z 200CH2 5 320CE CTHIR LB TN ED h—F VA F 7 a~ 7T L% Fig. 3.3 1T7R
T, FERI120E—7 ZBOE S L, TORRRHE B —2 32 /ML L2/ E—7 O
FEXHREE (%) % Table 3.4 ~R9~, WHAEFFED 12 O B — 7 OEEFFFIE L v~ A A7 |
INDT T T A hRE—= TR L TEY, ~FY ORI HAR IS L C
FALLLTWD Z B LTz, UL, FEXRPIREE 2 Hled~ 2 & IEmEEIC bul LU CRIBEE 1230
TiE, B=7 17, 11, 122ME< 72> TEY, ZNEDILEWHIES SRR ORI ARy D 3278
FREL 2o TND Z &R INT, K E—27 DILEMZONT, YAAXT MADTFATF
U —7—% (NIST21; 21,250 L& 7T — % UL, ¥ K OVNIST107; 107,886 {0 {L&4)
T2 a2 Lo, BIOT AR A R T 28RO 7 F A T — g v
IRB— RRFFRIE A 2B L TR R T 272, 74 77 V=T =2 DAY kL L gy
EWHLPEZ R LT E—271220W T, ZO8HEEE (%) S{bEW4 ; B —2 5 : campesterol
trimethylsilyl ether, E—7 6 : stigmasterol trimethylsilyl ether, t©—2 7 : B-sitosterol

trimethylsilyl ether, E°—7 9 : B-amyrin trimethylsilyl ether % Table 3.4 ~R~ L, &t—7
DY —=AXT ML by NLTETAT TV —DARYT MLVER LT [X% Fig. 34 ~R~L
Teo ABIOKACIRE N EWZD 0 7 MREILEIR & 720, W LT AT MUVITIE T 7 206
FIS T L DR D m/z 207, 281, 341 HXHDT T 7 A MPIMEANRT bbb 4
TOT—=F DAY NUIEHRSTNDL I Lnh, KT T 7 A NOWELEA Lz T
TY =27 PLE LT, LinL, T DEEYMDFREIZIT NMR 72 EfMOFFREN AN KT
HY, FETIERALEWOFAM L L TRLZ, E—2 8, 10, 11 IZi% Oleanane/Ursane-type
DI TNRJ A ROFHETH S, FTREDE m/z 203, 218 DAY MHGERD LD,

m/z73 L MY AFAVINVIERRO T T 7 A N Th b, 72, HEICHB W CEREM A RS
EEmE LTHRESNTHDIEMD O D, T4 77 ) =TSN TN D DL, Litfks
YOI, lupeol DA TH Y, HIEOHTRIEIEED IR MEAH) T 5 heliantriol C 25| T, =
NTELT, MOE—27IZONWTTA4 77V —RIITAR»>Te, FOETRT LI, it
PAEVEPEI T HRET S CRE <HBR Y, IEMBIZHAPFTHEE TRV EQXRENTWT, £0
SR & U Clis SRR TR DR 72 > T D, B—2 7, 11, 12 DILEHOFRE DO
ZENEZOND, B —7 11, 1213 T AT TV —RBREATH T LITTE R0, STk

24



DIRFFRFFRCZ A RICEAT 2R 8 L0, ZhEh, faradiol ¥ XU heliantriol C T S
TNRENEEZ HNT(7),Fig. 3.5 ~E—7 11 BL W12 D~ A AT kLR LT-, Faradiol,
heliantriol C |Z taraxastane-type ® kU7 /LX) A4 RTHY, B —7 11 BILN12121F,
taraxastane-type (281412 m/z 408, 365, 203, 189, 175D T T T AL " AU IRFRD 5
ND, MHOHIET 220 DNLEDKEEEOHEEIZT TH Y, W —7 DAY MUTITFE—HK
LTWD ZEpvRENTz, £, BREFHOBWIEICHN D E—2 1~4 137477 U —fR
I RILKFEHTH D Z EnHEE SN (Fig. 3.6), N U T ) A ROERT AT L ARk
TOREMEED AT LV Gy LB Z HINDD, KHEE— 7 DIFHAEL Y ATF L HO 5 F 8%
ETHIEIXTE RN,
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HEIZIBW T, SETEGEORAR & L THERERMEICH Y, RO m e 3w
e L TRHHETWD, —F, FE, BRZOMOEXICHEWTE, BHE LThikx 2o
FHoHNE IVFIH SN TE 2, BREMEDREMFTRICIEWTIE, RO 2 R F
FHIRILCRTBERH D, TR L L THRAESN TS O TRAZEIC b B o R
BBZRTHDOBE, LnL, BRMICHEND513HENZ <, AHEHORME L ZHETH 2,
1E>T, BHH7: AR OBREIEFR RSO Tz > TIIAmfE, ApERE XA L CHEREMEDSTFE
WRET D RERHI N E L SND R, FOT—XIFE LI AE LTS, T4, Sugawara
VIR OFEL TR L A PURRLRE DO A 7 TR ) A Rk & DPPH 7 ¥ W iHATEM:
MHEELTNDM@), £z, Xie FIFFHM L BHOIGEDHFZHONTT TR/ A Nk L,
In vivo 3 L W in vitro DHLT LIV —VER N BRFTEIT 2 72(6), AMFFE TIZFIED FHZAfRE
HIREIE 2, AARDOREA LB ORI E & LEMAED DD LD Ll & ffEi
HZEEAE L, REICBWUIAEEREOEKRERDZ 7 IR AR, TAXJA K, 7na
1 RIS O R R A WA S A TR LTz,

BIRBE (NFH 2, AF =)L, IK) ~EUL S AT SGAER 53 O Wzt i % Febs bR C L L
TR, TV U HB Sy O R I IE AT LB T < (ttest, p < 0.05), T L% A
R OAARIER G CTEVRTREME S R S iz, ZRLSMIFOERIL Th o7z, 74—V
o T ABE VG LIE T = ) — U E I E A BT E O N EMEIT K 2 &
WEZ R L, A FEIC L0 K& < B2po7z(ttest, p < 0.01), BIEDOABUEHEICKE b5,
T ES =2 (apigenin) , BIOVLT AU (luteolin) OEH R, IEMEEE [T THHR
H72EZ R L, JEMR TR EEIC VT 4 U ERENEL 7 U7 = S &K<
(t-test, p < 0.01), BFIEE TIXZORMRITH L 72> TEY, B{LAEMOFELOFMEIE, FEE
LIEHED T TR ) A NHROFHEZBE IR T D EEZ bz, LrL, Sugawara %D
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EMBEDOFER LITHRR > TH VAP LETHDH, HPLC-DAD THILAMN T 57 =/ —/L
LEMERFT LIZRER, FE2 12 D(bEMOKEITT v o=, V74U v, BTN
SOEBHRNOR D EBZ b, TEF= T H Y o L)L ORI L DRI
HPLC-DAD ZpHms 5 b br s, BEEFHARIZOW T L EEROBRS RSz, £/, Zihuh
D 12 DALEMITmFEL W TR Th o7, —T7, ~F Y OBt e AR 5
HIYT EFGC-MS IZ L W it &1T o7, IR LT 12 O B — 2 ORFR &~ A A7 F Lo
T T A hoNS— ATHERE R T AN L TR 0 i O BRI IEER L TV D
ZEPRESNTL, L, IEMEREICHE L CHMEEICRWTIEE—2 7, 11, 12 OEXFREN
<, BEEMHER OGO LD F 2 HE L 7o TWD Z LR S, B —7 17, 11,

E, WIFNBREICIEE > TRV, 7477V —HRRELVE—7 TIEB-v h AT r—
LD TMS FHER, ©—27 11, 121338 O% b U T2 A RICBET 28 F0mMAL Y, 77
DHA—, ~UT Y A—L C oD TMS ik L Hell S -,

KRR EOABEND, ThoDT7 = /) —/MEEMITER L T D Z L D7 20, £
O DOFRMAEBEREI IR D RB L, AKT = ) — /UULEWIEERRS TIERW= s
PUBLAE ) 70 RIS 2 HAE A 2B & T 2 U CERZ R T EB 2 b T& i, L
D UIEE, FED 7 = ) —/MbEE 85T DAL AR, AERPEICEE T 2 Bn 58 E0
S Z T D B> 7 F NGy FRET T DRREIE 2 LA E B S S 2 B &
M, &7 /) — LB ER OR RN TERZ B L CODEE0H 5 Z L0130 h
S TE, Wo TEHI D70 D B ORE A BIR TBCIRFEEHEI LT L 5 &I R
FERETEBIERE 2 1E L < ERfiET 25 2 EMKEITH 0, Aim OREEC LR & AZRREAT

B HHx DILEDOFEBALA WK T DAEBRDOISE SRS LEbYE, REOFME
OFRVERRILE B R T DFEAERNKIITH L L B2 b, REICBWTUE, REBRTH
F S 2 AR Sy ORI CREVE ] OB I C B3 2 FJEIC esn B, S RIFZERTS & LTz
BB E 6 K OMEMZED FE R AR T 27 TR ) A RET N~ A FORIER T 1
74— UZOWTHLMNCL, (REEBOMRGZED L7 —% & LT,
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Table 3.1 Content ratio of each solvent extract from Chrysanthemum
petals of Aboukyu and Enmeiraku

Aboukyu Enmeiraku
Fraction weight % of extract
(solvent)
Hexane 5.53 1.78
Methanol 47.26 44.32
Water 5.99 6.19
Residue 41.21 47.71

Dried Chrysanthemum petals were extracted with hexane, 80% methanol and hot
water successively and collected in three fractions. Values are weight % of
extract against dry petal.

Table 3.2 Total phenolic compounds and flavonoids content of
extracts from chrysanthemum petals of Aboukyu and Enmeiraku

Abohkyu Enmeiraku
(mg/g dry wt.)
Total polyphenol 21.8 + 1.07° 11.4 + 1.01°
(umol/g dry wt.)
Apigenin 2.48 + 0.95% 0.88 + 0.16"
Luteolin 1.30 + 0.34° 3.24 + 0.17°
Acacetin 0.71 + 0.13 0.78 + 0.16

Total phenolic component content was measured by Folin- Denis, using standard as gallic
acid. Contents of flavonoid were determined by quantitative HPLC analysis. Values are
mean + SD of three determinations. Statistics were calculated by t-test. Difference at
p<0.05 are indicated by different letter (a and b). (From D. J. Ma, Y. Wako. 2017. Food
sci. technol. Res., 23: 457-467.)
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Fig. 3.1 Chemical structure of some major flavonoids found in Chrysanthemum petal
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Fig. 3.2 Three dimensional chromatogram of the chrysanthemum flower extracts from

Aboukyu (A) and Enmeiraku (B).

LC-DAD was carryout using the shimadzuSPD10-AVP photodiode array detector. Spectra from
220 — 360 nm were collected at 1.2nm resolution. Compounds corresponding to six peaks were

identified as chlorogenic acid (peak 1), luteolin-7-O-glucoside(peak 2), 3,5-di-caffeoylquinic

acid (peak 4), luteolin (peak 8),apigenin (peak 11), and acacetin (peak 12). AUC (%) for twelve

peaks of Aboukyu and Enmeiraku were listed in Table 3.3.
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Table 3.3 Peaks data list from chromatograms (350nm) of chrysanthemum flower

Aboukyu Enmeiraku

Peak. No Tg (min) UV Amax (nm) Area % Area % identification
Flavonids

2 22.821 + 0.125 252 265 347 448 + (.52* 12.48 + 2.35° Luteolin'7'0'glucoside*

5 26.244 + 0.360 283 328 12.04 + 5.23 3.24 +0.39

6 27.018 + 0.114 253 265 347 6.86 =+ 2.68" 21.97 +92.11°

7 29.732 + 0.087 266 336 26.21 + 5.54° 4.30 =073

8 31.476 + 0.079 253 265 348 3.59 +0.82° 9.91 + 181"  Luteolin”

9 32.701 + 0.718 266 331 4.96 + 998 1.43 + 0.40°

10 34.313 + 0.194 266 337 7.50 +0.42* 3.12 +1.01°

11 34.724 + 0.297 268 332 7.88 + 92.35% 1.94 + 0.25 Apigenin*

12 40.713 + 1.156 268 332 1.72 + 0.46 2.32 +1.01 Acacetin”
Cafeoylquinic acids

1 12.173 + 0.199 239 300 326 2.47 + 2.06 427 +1.34 Chlorogenic acid”

3 24.338 + 0.128 239 300 326 2.40 +1.30 5.81 + 3.83

4 24.469 + 0.128 239 300 326 3.77 +2.65 4.62 +3.77 3,5-Di-caffeoylquinic acid™

* Peak estimation was confirmed by comparison of their retention times with those standards.
** Previously identified from NMR and mass spectral data.
Values are mean + SD of three determinations. Statistics were calculated by t-test. Difference at

p<0.05 are indicated by different letter (a and b). (From D.J. Ma, Y. Wako. 2017. Food sci. technol.

Res., 23: 457-467.)
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Fig. 3.3 Total ion chromatograms of the trimethylsilyl constituents of Chrysanthemum
flower extracts from Enmeiraku (a) and Aboukyu(b).

Peaks assignment listed in Table 3.4. Constituents of Chrysanthemum flower were isolated from
the dried petal with hexane, and converted into trimethylsilyl derivatives by treatment with TMS.
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Fig. 3.4 Comparing a query mass spectrum (upper side) with reference mass
spectra (lower side) in a library via spectral matching
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Fig. 3.4 (continue) Comparing a query mass spectrum (upper side) with
reference mass spectra (lower side) in a library via spectral matching
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Fig. 3.5 Electron impact mass spectra of peak 11 and peak 12
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Fig. 3.6 Comparing a query mass spectrum (upper side) with reference
mass spectra (lower side) in a library via spectral matching
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Table 3.4 Peaks data list from total ion chromatograms of the trimethylsilyl constituents
of Chrysanthemum flower

Peak Ty Relative height  Similarity Cmpound (high similarity) type Formula M.w.
(min) (%) (%)
Enmei  Abou. (Enmei)
1 9.710 37.2 24.5
2 11.830 74.4 83.2
3 12.399 100.0 100.0
4 13.520 65.1 47.5
5 14.968 31.1 25.2 63 campesterol trimethylsilyl ether C3H50S81 472
6 15184 38.2 47.1 92 stigmasterol trimethylsilyl ether CgoH560S81 484
7 15.641 65.2 33.7 82 B-sitosterol trimethylsilyl ether C3,H;530S1 486
8 15.866 62.4 47.7 Oleanane/Ursane
9 16.143 72.6 68.9 85 B-amyrin trimethylsilyl ether Oleanane/Ursane C33H;30Si 498
10 16.465 27.6 21.6 Oleanane/Ursane
11  16.889 71.2 32.1 taraxastane
12 16.976 40.6 30.3 taraxastane

The compound, which has high similarity, in analysis of GC-MS data by matching the experimental
mass spectra to reference mass spectra in a library.
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PRSI TR 2 iR S, MoRSIdOMIR, BHRZEE L T 7 2Afa a2 52 &
IZE DRI Cry hU—2) ZIBECL, T8-S0 AR oD i B 7R iR 2 R84 L C
Wh, TR, MRy U —27 ORITARR S 2 <AFIEL, URITRBEL T ZT EEL
BTN, 1998 4 Eriksson 3 A CHIEHE =2 —a U RNHEL TS Z 2 R L
7= (1,2) o FrAESHIMREAIIIE, S, H0E, bRt CRAFOMREHND & fhig i K 58
faEi L Cma—n Xy MU —7 2B L, BBtz td, Zokok==
— 0 MR O TR OO E 1S, PR (nerve growth factor : NGF,
Brain-derived neurotrophic factor: BDNF, fi) (2 X%, #RREHIIEZE f OMRRAHR R 152 24K
2 LTz, MROBERMUIC L > THERFF STV A1), LAL, /S—F Y [, T
A ~—9H, IR E, < OMRIEETIE, BDNF OB/ ORI O X HHhsE 0%
FLRE O OFER, IRIRENEE SN TV, MREBOERIC2>TnDHEEZLNT
W5B), - T, 5T, MMM %% T & DB ER 267 2bamix
T A =" (AD) 7 & ORI DIREIEIE D v — X & L TH I G
ARt d 2 2 Linn, £ < ORI D MR E K TR OTEME 2 JiA3 205805 T
NTCWA (1, 4) . Asano FIREMST DA V—=2 T 1, 7I9KR ) A ROriLtvF 2
(AR AR FARER 2 28 5 L C, Na /K /201 ik A B 5- L T\ b Z L& LB), &6
(RN DIFARY A R VT TR O—FETHD /) B LF U BHEREEZ R 2 L
ERLLTNDO), E7z, MEEHIAOFASCHEIZREMRESEDONL, H D WITRBHLRLEOE
B EIITEN O > 7 REOIEME(ESS, CREB (cAMP response element (CRE)
-binding protein) fEAERTHEORBDBLETH D Z LB TS, ADFIRME TH D
AB 7T NI, MilaNT 7 VAT ERK1/2 (extracellular signal-regulated kinasel/2) 33
JKO'CREB DY UL ZERD S5 2 LA S Th (),

FAEITIIREER, R, $UW, THRZREDIEDNH Y, EORE, I, IR LDk
HAOWHITHER, T8, HIERIC OV CHE FLRIGEEHOMREIER 72 & 03>
WTHEERR SN TNDEB, 9) o HWHIZEWTL, #1954 71 F1Tk L TISERE4
LI, FmMEREPEOIEIRPH 5 D ~L)T S DI OBAI L L THAERER ST
WD Z LMD, FEDOMOREERITT 2GRN FRIND B ARHDER L,

AREIZRBWTE, FEOFHOEER S THL7 7R/ A4 RIZEH L, MROEFESHMEIC
9% L OMREREREFERIERNICOWT, M bEe7 v & LTSNS 7 v MRIBHHER
HMIRAE A SRk PC12 #ifiM (rat pheochromocytoma cell line) % FU MR S (iR yf i &
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FRIE L UHET LT, S 51T, ARSHITR O B E OSSR R 5 DO/ b OB FF-oR B O Ak ~BE
B4 BN 7 MRIEREEIZHOWT, ERK1/2 %0 p38 U kit %4 Western
blotting {£IZ & U M 21T > 7=,

42 EBERLEBR
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PR IR TR O 22 e 2 I U, A L 7oA RHIR A~ & M EF B R 2 9
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1%, MRl O ZE RN R 3 L O RIERIC K A FRREIREIZAIC K D RS TR,
Z O XD RAAFHERHERIC AR 1 AVEL B o TV D, £ < OMFRE R Tl
KFMETLTNDZEND, ZOBEZEET 5 2 LA TEIITHTZRIBR~OEDHT 5
EBZ BTV, HEo TS Tt Lz £ 2 ITHIREB IR B 203 LA 215%
IRARFED D HIVTIR Y, MRS & [FERIIEM 2 AT 256, & DIGMEZ R AR R+
BER L IEATWD, T v bRIBRIEEMIAER KO PC12 ML, R K 1 CuEid
D L HGEAAT I AR ISR AR L, BRI = 2 —n VR A RO L D IS D 7e®, 1
Bl « ZBEMREDOET VL E LTUASHNLITEY, AHEICBWTHEM LT,

LA Z ) — /Ui C© PC12 a2 A8 L, ZSEh R OFZRERIEE 1 0 MR8 K TR 1EH
DR EAT o712, PC12 Ml piksaet, 16 RFRIRMIEREHCE 28 Uiz, T O®%REIEA & ) —
SRR 2 N Z T ARIMYE R & 28 Ha U 24 e RFR 21TV, MR 2R U7z, AR ZEBAMERIC
L0 200 THIMLOTREZBIZZ L, #ik% Fig 4.1a ~r¥, ERFETRLEZLEBY, 2k
REA I 7IHEED 3 HEHZBT, £ 100 ORI SV TISER MR O 4 ]~k o
BT 2 28RN EDSTRD L S Ml E /3 # TR L Table 4.1 ~r L7z, 1213 50 ng/mL
® NGF CHIB L7235/ 91.7T £ 2.8% Ch o 7o, Fiz, JERRIEIEIISG LR ) O LB
WZRV R0, RRAETRTIREITEESEIC LD B2 5700, SR EM R K2R~
BECHT 5 Z L2 AL Uiz, FIF SR K OMEGER OO )7 O3S RO ORI L
ST, HWEROMENMIZSN, HRMEAaTIXTNEN, FERE TIL25.3+2.5%, it
M TIL26.3+4.0%ThH Y, FEMMEDEMORIEIC L 258 MRIINER R b DIZo 72,
F7-, WG CHERZEITRD bR -7 (ttest, p>0.05) . 7277 L, FcRDZEEH
FA a7 i OREE, FFEE T3 200pg/mL Tho7-DIZkt L, FEMAHETIEK
300ug/mL Th o7z, Ziuk, HHEREICHT S 7 =/ —/bEMOER EIFEMRIT AN
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S TNRAFEHES 2 ATREMEDS IR SHUT2, S E DR IR FARER S 2 k5 il K 5
R, ZSEMREFFERROFEN b 1T S e o7z,

4.2.2 FIEHIHY OMRRREBR TRRIER IR D ¥ 7 F BRI OEHELI VT

AR IS U RIS T 23556, R OERIZENCHIaN T H 0 DE S E LTEZ D
NHMENH 5, MAPK (mitogen-activated protein kinase) IZAfiEm (H95E, 701k, 417,
5E) OB I b EHER Y VI IMREIGED VAT A TH DD, MRERMEOFEICIBNT
b T T MRERE & LT R THA Z BB LMNC SN TEY, Midlino MAPK Oif
PEASEY TAREAIN ORSRE ML OFRIE L L CHEA D 2 &3 TE 5, MAPK T DORRBE DMFAE
57, ZZTIE, ERK1/2 #8366 KO p38 &I H LIRS L7z, Lin %374 Y & O]
WMIZ Xk v PC12 Ml CREMENFHFEINDHEE, ERKY/2 35 L O PKA O 7 /LR S EE
b95 2 L &EHE LT 512), F7z Nishina Z3V7 A4V HIRMIC & 2 2SR 13 p38 #2#
EIETDZEICED, K0iERLERD 2 EEBIELTWDHA3), AW TIXSE LRI
2R DERMENTFEINRD 7T AR EZH 22T 5 HE B ERK1/2 3 L0 p38
MAPK # & FHET 2 Z LIT kY, 26 OREEDREEGAZ DWW TR 23 72, R OMHEIX
TIENORRN)72BHEH], U0126 (ERK1/2 #2#5) , SB203580 (p38 #2#%) # M\ 7=, 10uM
7 V0126 Z A L 7= PC12 #ifia C 3G {6 ORI & 2 Ze i 352 Rl Ml S h,
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ERK1/2 &0 > 7 F Ui B LT D Z L iR sz (Fig. 4.3, E-F) . Z o#ilix
B E, FEMIENTIUZIBWTHIRETH -7z, RIT 20uM @ SB203580 THUFL L, it
Wy Il U 7= MR CIE 2 iR OB EI3ER D DAL A BERIFEALE ORI & b LR <

(Fig. 4.3,H + ) , Nishina EDOZEEMPENIEHR LD LV I BIZITHILINT, p38 KD
Rb b 25 Z LixTE Aen-72(13),

MAPK (25T 2 & 7 F /MR EE SRE IR A MR T D B DS EEHAI IR & & ) (b A 0 3RS
R R VT TMREMTON TN D Z E D MAP S —E 0 27— R & bIFEN5S, A
WHRICIVTIE, MAPK RSO SGERERN S 7 F MBI RT3 5E1 %, MAPK BER O
U UL L~V OEBNOBEN S biRE L7z, PC12 #lild% 100, 200pg/mL O3EEA ¥ ) —
SV C 30 SRR U721k, EHICHIEO X Lo el Ly =2y v TayT o7
(2 & W ERK1/2 B LUV Uk &7z pERK1/2 & TN ORFRPUIATYEA L, TORER%
Fig. 44A TR LT, 72, EEMIENH DD, ERK1/2 DR ROT VT 4 —Z6T 5
pERK1/2 D/ ROF 7 4 —H KV EEED Y L ORREE 23l U 7=, M iz 52
PRV IRIC e L, 39 e iiiic L v, pERKL/2 OsRiZ FR L, MBREISUTE S
I EH Lo, PRREE (it o s (Cxid % pERK1/2 O HRIFIEMAS & e ~PTHEE TR
Motz G COT —2 137  IEMEZRIEIT TE s, BEMEFHFEX 27 TlImigkss
R CH BT R SN TE 5P (¢ test, p > 0.05), pERK1/2 DR & =R HEFHE A 2 7 RIC
FBIEERD b 7eds- 72, Watanabe %1%, ERK1/2 1328 MEFHED Lo 7L e LT
RAIRDIFETH DD, FHEINHEEOEE L ERK1/2 OV UL L-~L L I3EBERTH S
ZEEHRELTWAHA4), p38 MAPK D U VRl LUz DU, 200, 400ug/mL DAL A
Z ) —)VHR L O BT L, REER% Fig. 4.4B ~R U7, Mgz ko v gk
~ULOEENTFRD BT, 400pug/mL OFFEE TROCEVMEANBE S ND DD, WTid
R DA BERAITRD b o T (ttest, P > 0.05), p38 MAPK I8ROV PR
IR EDA N L ATHT DM E &I 5> 7 UREIZE G- LTERY, 778 A R)

R EKFE IR LD T AR b — 3 ZFE0 il & Oreg 4 52 TlgE M b S 7z p38 MAPK
DY AR L~LBIIHI ST D (14)  REHIIAO 532 p38 MAPK D U UK I AT
RTHDHETHHANS H—T7, p88 MAPK @ U UL DOPIHI DR ISEFHEL =D & T 5
T 2E RS TnD (14, 15, 16) . ABIFRICBNT, ZHOT7 TR A REREE
D HEAEH ) ORIPLIZ X 2 2t (i R OF%E 1L p38 MAPK D45 BRI T d % SB203580 12
XoTUTE A EMHI SN2 D272 Z &0 6, pP38MAPK O U URLIZ AT RO H D TILRNZ
EHEZ LN, ZEERFEICRT 5 p38 MAPK MBI D IZOWTIEE 572 HDMRFTDMET
5,
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BDNF 7 & OMRFAEA 1%, RS ERICB W CTMiR il 02, B85, b, AE7ekE
FROBEIEM R CICHEREEZ R LTV D, SHIC, MRERMERR LUV AKIC
L DRI EE DT E 7o I X PR A1 T 72\ R R O IMEERE & MERF L T D, AFRZEL R /n &
[E] & DB IR 2 Ze IR R DB L 7o TVND Z D, ZTOIRETE L L CTHREEIN T
DBEEDDHZENBEZBND, LnL, MREERTEZHRE LGS, ERanFThdi
b, MIRNORENEE <, MEMBERT i L7 72 iR N 1 B IR 2753 & LCH
WD ZEITTERY, KR &0 MR ISEFHE R 7 ErR R 1 LR B & (MR
TERER) AT 280 LA BRI TR Y, MR ROTBRHA e R AE DR
IR LA Z bbb LS TS (@) . —J7, e, B TS 01
T A IR U THBE SITE Y AR TIHMBARITE BT D 3L OMIRESEE~DIERIC
DUV THIER B R AR ER OBLED O RRGET LTz, S 51T, MRBRFARER 0BTy 7
FIURER O MAPK #5038 -> Tinp Z & L0, MAPK & 7 VA2 20T b iRat 21T
-7,

PC12 ffaDBIZL L v, siEhtmIIss VM RFEREL ~3 2 L 2B 6 Lz (Fig
4.1) , EAREFEE CIILT 4V LT A= OMRITRE S B, 74D AR
FIRZERMEFEER 2R LT B 7 = 23T & A EERN RO S Bk SRR I 22 &
BEICAH B2 721388~ 7=, Nishina 233 HICEEND T TR ) A ROALTHI v, ThvF
UINEWERMREFERE T EARE LTS (18) , 7, BEEAHEESRE ST
WAHDIFARI A RNFT T IR/ A RTHHY—7 T—h—IZEBIZEENTNDL / ELTF
Thb, EEORILE 72 pREE FOBEMIZHOWT, FRMEFEREICET ML, Ml
HEGEINHNE MBS DRSS DR CTh 573, / ELTF U OHRAEBERD 3, 4D-0CH3
FEDTEMEREEICEE CTHH Z LRI TS, MAPK > 7 VA0 ERK1/2 D U 2k
VL B R IR TR L7 FE R, IS OB EE - T ans, ke o R
BIZIIABERETEDONT, VT4 T = OO A TIIER 2 T & e
Z ARSI, AEREIT NGF OZERIMRFEREZFRMICE D DB E VRS, £0
IhR D IEMEE L BRI L DIEWVTERO o Tz, B ICEENDH L DT TR
J A4 T, FRSOERMEFEIET ) ©LF o SRERMEAEWE R E B TOMERITE
VWA, FgE7e BICEEND T TR A RPHEAICEE L T — VR b & LTI R 14k
VERZ R AlREtEI I 0B 2 DL, 2O Z L &R T — OB O b R ST
s

PRERAEEDER & L CEAME A R L AT K D HHRISEL D FEJR0 AU 5 RIS O A3
HY, TNHDOANLADY T I p38 MAPK IZ X - TR SV ZEE O RL B -
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TWHEENTWD, LL, 77R /A RIZXDZEEMEIZ p38 MAPK O U UL A3 3
ThoHETHWE LS D, RETIIHEMHY OZE I EFHEREICT 5 p38 MAPK Df%i>
D ket 578, eI K% p38 MAPK U Rk L~ L D2k 72 5N p38
MAPK D5 5HEFH] SB203580 (& L 2 28 M EFE~DRZE LR L1220, AERZ(LITE]
22517 p38 MAPK O&FENZSWT ORI RITE bR DT,
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Table 4.1 Neurite outgrowth score of PC12 cells treated with the extracts of chrysar
petals, flavonoid specimens, NGF in combination with the extracts, and inhibitors.

(Score %)

treatment A. Control B. Aboukyu C. Enmeiraku
Extract 1.33 + 058" 2530 + 2.50°  26.33 =+ 4.04"
flavonoid or D. NGF E. Apigenin F Luteolin
NGF(50ng/mL) 91.70 + 2.80" 2.00 + 1.00°  25.00 + 2.65°
G. Control H. Aboukyu I. Enmeiraku
NGF(1ng/mL) 4567 + 6.03° 69.00 + 6.24° 63.70 + 6.70
J. Control K. Aboukyu L. Enmeiraku
Inhibitor (U0126)  1.67 =+ 0.58" 5.33 + 2.08° 2.67 + 1.15°
M. Control N. Aboukyu 0. Enmeiraku

Inhibitor (SB20358( 1.67 =+ 0.58° 25.33 + 4.16" 14.00 + 2.65"

Cells were seeded on collagen coated plate and serum starved by low serum medium for 16 h and
treated with no addition (A), with 200pug/mL of Aboukyu extract(B), with 300 pg/mL Enmeiraku
extract (C), with 50 ng/mL of NGF (D), with 20 uM of apigenin (E), and with 20 uM of luteolin (F).
PC12 cells were treated by combination of NGF and extracts, treated with 1 ng/mL of NGF alone (G),
in combination with 100 ug/mL of Aboukyu extract (H), and with 150 pug/mL Enmeiraku extract ().
Effects of inhibitor U0126 or SB203580 on neurite outgrowth induced by chrysanthemum extracts in
PC12 cells. Cells were preincubated with U0126 (10 uM) or SB203580 (5 uM) for 1 h before addition
of extracts, and treated with no addition in the presence of U0126 (J) or SB203580 (K), with 200
ug/mL of Aboukyu extract (L) or 300 ug/mL of Enmeiraku extract (M) in the presence of U0126, and
treated with 200 pg/mL of Aboukyu extract (N) or 300 pug/mL of Enmeiraku extract (O) in the
presence of SB203580. Photographs were taken 24 h later under phase-contrast observation at a
magnification of 200x. Statistics were calculated from three values by t-test compare to control A.
Difference at p<0.05 are indicated by different letter (a or b)
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Fig. 4.1 Morphology of PC12 cells treated with extract of chrysanthemum petals and
flavonoid specimens

Cells were seeded on collagen coated plates and serum starved by low serum medium for 16 h
and treated with no addition (A), with 200ug/mL of Aboukyu extract(B), with 300ug/mL
Enmeiraku extract (C), with 20uM of apigenin (D), with 20uM of luteolin(E). Photographs were
taken 24 h later under phase-contrast observation at a magnification of 200x. (From D. J. Ma, Y.
Wako. 2017. Food sci. technol. Res., 23: 457-467.)
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Fig. 4.2 Morphology of PC12 cells treated with extract of chrysanthemum petals and
NGF in combination with extract

Cells were seeded on collagen coated plates and serum starved by low serum medium for 16 h
and treated with no addition (A), with 200pg/mL of Aboukyu extract(B), with 300pg/mL
Enmeiraku extract (C). PC12 cells were treated by combination of NGF and extracts, treated
with 1ng/mL of NGF alone (D), in combination with 100pg/mL of Aboukyu extract (E), with
150ug/mL Enmeiraku extract (F). Photographs were taken 24 h later under a phase-contrast
observation at a magnification of 200X. (From D.J. Ma, Y. Wako. 2017. Food sci. technol. Res., 23:
457-467.)
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A Control B Aboukyu C Enmeiraku

Fig. 4.3 Morphology of PC12 cells treated with extract of chrysanthemum petals in
combination with inhibitors

Cells were treated with no addition (A), with 200pg/mL of Aboukyu extract (B), with 300pg/mL
Enmeiraku extract (C). Effects of inhibitor U0126 or SB203580 on neurite outgrowth induced by
chrysanthemum extracts in PC12 cells. Cells were preincubated with U0126 (10uM) or
SB203580 (5uM) for 1 h before addition of extracts, and treated with no addition in the presence
of U0126 (D) or SB203580 (G), with 200 pg/mL of Aboukyu extract (E) or 300 pug/mL of
Enmeiraku extract (F) in the presence of U0126, and treated with 200 pg/mL of Aboukyu extract
(H) or 300 pug/mL of Enmeiraku extract (1) in the presence of SB203580. Photographs were
taken 24 h later under phase-contrast observation at a magnification of 200x. (From D.J. Ma, Y.
Wako. 2017. Food sci. technol. Res., 23: 457-467.).
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Fig. 4.4 Chrysanthemum petal extracts of Aboukyu and Enmeiraku induced MAPK
phosphorylation in PC12 cells

Cells were cultured with extracts of Aboukyu and Enmeiraku(100 - 400 pg/mL) for 30 min. Cell
lysates were prepared from these cells and subjected to western immunoblotting using
anti-phospho-Erk1/2and anti-total Erk1/2 antibody(A), or anti-phospho-p38and anti-total p38
antibody(B). Data are represented as mean ratios of phospho-Erk1/2 to total Erk1/2(A), or
anti-phospho-p38and anti-total p38 (B) from densitometric analyses. Each bar presents the mean
+SD from two independent experiments. *, p< 0.01 versus untreated control cells. (From D. J. Ma,
Y. Wako. 2017. Food sci. technol. Res., 23: 457-467.)
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HOE FIEMHY ORI T 2 BILEEREIEM & £ OREEMREIC X5 i

51 #¥&=

Al IR ITERFRNT & A EAHE LRV BREE T CREAE L, ASKIKAEBREE CAEM A B D
I LoV AT L AT 8K AME LTI LT, OB T F—EEOFEIAFIH
THIARAEDNTE L, KETHOBREREN L4500, %< OEMITIERIC X 5k
EFA—=VICR D IR T b D EEZ BILD, EDOFTRROFEMEA D) H bR R % &
AT Z LI KV AEZIEOT kR A AN B L NS EDO—EBTh 5, ST, 1954 4
Gerschman HIFERIC L 2B EITME T VML DD THLZ EEIEBL (1) , £0%
D EEESTHA—N—FF T RURLZ —PREFR (SOD) OFENHLMMZEN, BIfE
—RIZZT AN SN TWDIERRIC L 2MAREGE R & eo7c (2) o EMEERIT, T
RERIIRFNC LV IANOKRBIRELTEL D Fuxs T390 (OH') <, EROB{LE
TRV A U A TR L SN BBED A —/—FF > KT UL (02 ) 7 ETH
Do Fiz, HEEPHAEHNE L-—EbEER (NO) OEABANEG T TiRE TRy, o
O DOIEMERRHEN DHILD Z LT TE RV, HFLIE TIIFFRICHI S DR D 3 ~10%H3E
PRI LT 5 LB R TN D, TEHERESLT U —F NN bH 25T HHRIT, &M
feFR7e EOMHEZAT OBERIZ L D b O AR FHR MBI IO S D, HEREROTL L7
HHDIE, SOD I X T7—ETHY, AiFL 02 % HoOe ~EWT 5 Z LITE D O~ ZBRrE
L, #%H1T HeO2 & MEE 72 HoO & O~ T 5, IEHFE~LAF % —E—1 (heme
oxygenase; HO-DIZ X 2BR{LHEINNER ST 5(E), HO-1 IZ~ARHHIZEb 2iEETH
% LRIRHZ, bR P LRASE LRI TL 5, BUEE DMz T o8E S o 78
TH Y, IEMRERFEARRITKT T 2 ERBEI S 2T L Th D fifa CHRERTE AT DR O —
OThD, —F, BHTOMERIE, SRRSO INVETFA Ly, UARE, EXIVE, RE,
EUNAECRETHLN, BRFEICHRT 25 2 I VG EIRET & U T#ReT 2, IT4F,
PP« RESICERIHHET DR 7 = ) — ORI EROBLEEDOHEIC AR TH 5
LEZONDILEMIVRSNTEY, ERORIVEEEIISGRAR T\, L, £
DAY 7 = ) — )V OFIECAEFBEIZIIAAD AL, RV 7 = ) — /U — @
PR LIEEZ AT 25 2 EMEB DRI E 72> T D0, TEREEIZ W TEOHIR LIEHED
RN R T EENI DTN E B X HiILD L DI o>TERY, AP 5B s T35
RENS EHIET 5 iR > 7 A FREC KT DIHEIER 2 Uizt fE R 25505
HEhdE S TnDd, BEOFERRERENEIT TR ) A RET A A4 RTHY, FHIED
FEEMER S 2N OICHR L TERY, ARFETIISEOHI RS ORI REE R ORI DU
TELEEIToT,
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1985 4= Sies 1%, £ TR WEHEYD)E (prooxidants) & HilE{L#/E (antioxidants) & DI MR
TeVTRRBIZH U, Z DO¥IET)S prooxidants N < & AKEEN Z 5 L35, ERORRL
A MU ARERE L2(4), ZOMEEE, BlRE(, DR, U7 EORRA RERD, T
K DB LINHIESE OIEPHR T 72 E & O T, R AR S 4 TEMERESR A S AUkt 5
ZEDBFRNTIR S TWNDL EDBEIHFICEET HHDThoTo, 7/ A ~—Jp (Alzheimer’s
disease; AD) <°/X—F >V i (Parkinson’s disease; PD) 73 & OfRAME AL, 72B%
DIFFNZAOWTIEH SN E 2o THRWA, EOREOEERERIZITELA N L ADOL D
BAERLENDR DD D LBEZ LN TND, MRS =Y E O 7 SR oORERE
RS DI OICKEDO TR =P HE SN T D, MO 2R EIC 5 2 EEERIT
#2 %l E 72D, BRSATHE TR EROHE ED 20% %2 5D 5 EHEE S TWT, £DIF
EAEIEI ha vy RY 7 CORBEERIZE VSN TN D728, BERMRIZH: S SOSHED &
VRPN FIRFREAE L T D, 165 7C, MMIaILZ OIGE A HERFT 2 ECIEMRHRIZ L 5
AL HEOMRICHEICIRE N TR Y, MRRANEDO R ERERATF L > Tnd, ZDXD
IS B DATRAENM R B OB =721/ T 7 o —F L LTER(LA b L R TRI3 2 Bt 2 7%
PEAL &/ 2 FIEDBEER STV D DRTZA R IBREE OB ITIZE > TR,

TERERDO BRI BN\ TUIAEMEAEM DR O N &1 5 U — NMeaW 2 &R Ui & i
OFHRICTEREIC BT 21T 5 2 D 1, MESHIaOREIER 2 B8 L 71RO B
TlE, RWERERD S 0 M E B2 EZR rEE7R 7 7R /A RARY LFoinTlh, KA
DOFTT TR A NI ORI ) 2RO ED—> & LTEH ST 5, 2011
A Lin S53 b MFEREEIEHIRIC SV COLT A U VSIS E R D B A R R A "
LEWELTNDHG), AEIZBWTE, FEICEENLIZHR T TR /A4 RITERL, b
ORERDEVHER LA b L A% D MR E H OTE I E RS 2 & oo X 9 1221k
SELEMETL, ROGEIERICEBED MW FRR EEZHIEL, HEDOT TR/ A RO
ARSIV E ] ORFMA B D NCT 2 2 E 2 AL LT,

Flo, PREMEASOXRE LT, #RD X 5 RinEobs 4 BT b o Li3Hlic, By
AT LOBERBIK T 2 BFIC L 0 BT 55l b e SR STV %, 2000 4 Butterwreck
137 748 7 A K (quercetin) A O SIFEE T VERICBW CTHEBIERZ 7~ 2 L@k
L), 77K/ A FEDT = ) —/UbLEW O EMRI 7B O THi 8 5\ FdGE
BB TH D ATREMEAEFERESC M ARBRIC LV RE STV 5, 3 BICBWVTHARZNAE
THRRECTHDPFEE LIEMBEDT TR ) A RO OFIEITRE S B 2 b %
~LTC,

AREBEZBWTIEZED T TR ) A ROGFRENGE £1E ORISR ORI 5 2 DO i
OB DONT, TOMRHIREER &2 T2 2 21280, &7 TR A RO
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TARFEEH ORHEIOB R EA-A DL & L bIT, RSB FHILBLIN O RAG OREREERIC
K HORBEFROENI KD, EOREERET 22 L2 HRYE L,

52 FEBRFEREEBR

5.2.1 FgieHHM OTEHERRRIHEREIC 1T 2 Fets M D Lk

WEICEEND 7 =/ — kG (R 7=/ —) [3EEEO 7 = 7 — A HoKERRE (X
B VBRICEBOKIEEED S LTV o) AR o TR MU A R BB L 2o TV D,
BHHROGURALTE IR OFERUL, AERICAK o> TODIRIEA - L AR A 77 =X 2
EMGET DX 2R OO TII ARV L OWIRIN G, EFHERFICAERE B2 N TS, L
LEZL DG, 7= ) =GN OFEBER 27 TIREIL T =/ — /U bamhssi b e
EARTIREZDIZDNIEN LV TREE CTND Z e, 7o/ — /LA OKEERILE
B OER 12N LTERRRSOGIC L > T DO TIERWINE DEZ RS H, AEITENT
1%, HHED T TR A RIZ K DR ER ORHE A SN2 2 L2 gL LT D
Z D, SR OPIER TG 2R L CRB L MERH Y, 1F UHIZ 2 DOFEE RO
FE ¥ K OMEMSE D 4G EREIINT ST Z O LIEIE A RIE L=,

ARITIFA—R—=FF L RT 4 ALZ—Ele &, IGHEERE (02 ) ZBRET 2@ % 2ROt
FNZ L DERAEBIEN A J1 = XL DHES D (7). [FRRDIER 2R i St b B D&M %

202" "+ 2H* =~ H20z+ Oq

SOD #&EE L a2 5E08 5 0, ABFIETIE 2 OFHIEIHE BT FE 8 L OHEMEED A &
J =V O IR ED el 24T > 7=, SOD BEENED I IZSUSRNIZHIT 5 02~ PEA
DIEFHRTEL, 50%DAEMNRE b 72 b AR DOIREE 2 ICs0 & L ZOED R L 0 7
fili L7z, MEAMEVERITIEMED @V 2 & 2R 2, P56 K OMEAR oLl D EEds
OO 7 = ) — LAY LTI B ESR A Fig. 5.1 (R Lz, HEEH7-Y
O ICs0 1T E T 370 pg/mL, FEMHETH 1060pg/mL & 720, FFERH A BRI L 11 % %
T2 7-DIIE T ORER K 0 EE 1 g/mL 726 T ng/mL BRE ORI AFEIET 2 MEA
% & DTz, ANZE IR RS 2 5946 OIS EIREIE R 72 & ONTHIRIELE
AEERF LIZb DO TH L0, 2 b OVERITH 1 g/mL 25 B 1 g/mL OSBRI EE OHiFH C#l
BEINTEY, P LIEHEZ R EO— 5 1/100 FERVRE CERNEE TR Y, fitw
DFRAL IS 0 & DAER O EZERIFERITIEZR > TORW I EAVRIR S LT,

PO TGRS SR TR > TR Y, FIEE/EFHILY O IEMIEOZ L &L D IEHE
NEWZ EAvrEnz (Fig. 5.1A) . L L, Zhucx LigtEE 7 = 7 — U b A isE LT
X472 0 CTHE LG AR EE LR O SOD BEEEIL T ¥ VA RRE D 1Cs THI 15
pg/mL TH2HDITxEL, IEAFEAEFIHEY D ICs0 1350 2Tpg/mL TH Y il OFEE L~ uidh»
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2R PEL LZDOETE LM -7 (Fig. 5.1B) . H 3T TR LI E B MmO 7 = /
— LB DTER Y 1= ) DS RITIEMEITHAFIEE O 2% 2 528 <, FiMUIEM H &
W72 I EEACR I O BEMEE R LD, IEAIEF I e~ CR R G
FROFHNT = ) —MbEaE LD << GATWDTbEEZ BN, LML, 7=/ —UbE
WraA EE ML U CEHE ST IR ED LI 38U T b W OIZIE D DGR B

N2 & XY, 7=/ —UULEWOFRIC L VIEMERER D Z L2VREN, DT TH D0
FBED7 = ) —MEEMZERER L T DS DDF P IEMIIZ L~ EN T LRI ST,

5.2.2 LM D = = —r HRICKHT 2B LG EREERA L ToREREIC L D1t
L3

f s TR _T2 L 912, 2 < OB, B FEREF IRV TRl o2 b
L 2k Dt I & e o T D, Bk A B L RISk DBl & @ 2 FIER ST S
AVAUFRRERAE M 2 JFUR] & 3 2 AR B OTERIEDBIRIT LR E K HIT 2 2 & L7210 £L<
DRFDRENTWD, 7= /) — MBI HOWTIEHI LA b L AERICET 5 %< R
WEEINLTEBY, 7=/ —/Mbaz B8 G LR OB R R B b6
T ORAERE B R IN TV D(8), AT TIEHMAHRRD = 2 — 1 Al & U CRAEARRREE I
fid SH-SY5Y # VY, S LMt OfE LA b L ALRFE/ERIZ- DU T in vitro O 21T o 72,
PRSI OER LG FEIIAR, TEMEL L= 2 7 /il R o s s HIE MR Ch 5 — B LE
# (NO) SOMRZEME ChHDH I/ NVH I VIBFICL > T ERIINDD, AHFFEICHENT
IFLE LTCRB b A S LV AARTZAT O 2 ENHPR, A ML ZAAMITAS s Tng
tertiary-butyl hydroperoxide (t-BHP) |Z X 0 #ifu~{LEELMA 52 1L, HHLLH
A ML RAGEAT O 12O O 72 t+BHP OWREOMHER AT 7, E1z, S{EHiH o Mfia 22
AR 5 120, T THIM A ALER U 7-BR0D cell viability % & LN~ 24 3 J I3
DR E1T>7=, Fig. 5.212, SH-SYSY #lfl% 5x105 cells/mL D% CHERE L —MipiEs
D%, FAERSEREOIEMSRR L OWEE O A %/ —Abffiti¥ % 800pg/mL DL F O LR
D CEEPEAOIC AR L7 R & 0 fif 2 16~18 FERIALER L, MfA(E=R (cell viability) %l
E LTRERZ 7T, XD cell viability & el L, [l OfMH2IE 800pg/mL £ TZEITFEDH
SR T=hS, IEMZROFHY TIZHK 300pg/mL %8 2 5 I EFIFH T cell viability (ZIKF
DR HAVIRI DTSN RS 5 Z L3R bl 16> T, 200~300pg/mL LA FORE T
XS FE & b RE 2BV EHWT L, DA% 2 OREERIPI CHEBRAITS 2 &1C L, K
\Z t-BHP OREORGEAT - 7203, #5E Lol 0%, SUBO BN 72 & DSAFIC L D A
NUADAETFITET HZ D000, FEBROFMITIE bl 7R E 2R IRT 50BN B 5
Z LWy hnotz, Fig. 5.312, SH-SY5Y iz 5x105 cells/mL D E CHREREL, LA X/
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— /U GE6) (280 Ml 0~200pg/mL OF L T 18 R piE Z 1T - 720
t-BHP &#\Z L 2MLEEOBILM R4 7~7, 0.13mM @ t-BHP % 24 Rl & L, fMind
175 (cell viability) Z & L7=f55E, cell viability 2349 60% £ Tl LTH Y, £7-551E
FHH DIRINT X 0 MR 2 X — D3RRI S 11D 2 L MBIER &, T DFEBREAT:
TiE, BMuGEAMSEM S LT t-BHP ORET 0.13mM 2NN Th D Z & s L,

XU OIS, BIEDONFTY A & A & ) — VRIS OW TSI OB LI 5
REVER OB 21T o 72, BRRO X 2 AT AT MY T of RPEICEIL S, A ¥
=N ANTT TR A R aaF UER ERRE NS, Fig 5.4 (2 t-BHP T L7z
EGE T D~ A O ORGSR 297, BRI AIR Lo it Cifile 2 4
Bl L7, t-BHP 22588 L C 24 RfiEE2 1% O cell viability 27~ L72, W OFEWREIZES
WTH t+BHP (285 L7-8E (BoE7 7 7) Tk, slEtOTRINED S %2 51206 - T cell viability
T LCTRY, ~F Y HE s B UG ERENRITGED O, L LAREELIR L
Tz, ~F D cell viability (23t 258 (BkE 07 7 7) 13, FEE TR
FELZHE Y cell viability (3 ES-LTEY, IEMEETIL 40pg/mL F T LR L721%, 80pg/mL
TIIAEAFRDPE L <D UMD R STz, IRIZA & — AN DWW T, IR ERERO
TS EREER ORM E21To 2R, WO SEICB O T H it o0 c X
Y cell viability DEHEFED HiL A Z / — /UiHE N CREH RO H 5 = L vz (Fig.
5.5) o ZOBEGDERMIINET TR /A RTHDHZ b, RENRIZT TR A RITERT 2
TENBROLND, Lo, BERGFEIC LV REENROFHE R e o7, JEMEETIL 125 ~
100 pg/mL OFIFH TR EALAFHI /MG HIRER RO _EAGED bz (Fig. 5.6B) . ZhiZ
xtL, BIEE OfIHY Clk 25 ng/mL OB £ TIAREDRITRE ISV EA- L, £
UL EORE CITIREERNIR T L, IREIC K 2/EH O RSz (Fig. 5.5A) .
HITETORLEZEBY, FESBLOEMED A X ) — VAR ORRSy OFRII R E < B
> TE Y BRI A THHT EF = BROAVT A COEFER, FEME T
NTFVBEODIZHR L, FEETIET B =0 n3m<, MROICHsten R -7, 2o
ZE LY, WICHHESEOMIEGEREIEH ORHEOBENER S BT, TE/ =0 BLD
NT AV O LEGEREERZ K L7z (Fig. 5.6) . 7EZ7=0BXONVT A4V 2L 5%
(G FE R R ORI T AT B 36 K OMEME DO IRFERN R O FE & AR D 1A 2R
L7z, 37bb, WA o CIIBERE LY B AICONURGERN R E TV 5 M LI EORE
Ti% t-BHP FEEEDORIR L 1FIF R LU % T cell viability 23E## Lz, Ziucst L7
T = TR EE Tl DG80 BV 528, 2.6 pM LA EOJREE TITR#EN IR T L,
S HIZHI10 pM L ETl3t-BHP ORUGEEEH RO TN D Z DR ST, ZOBIEE LY,
HRE AR CEIZE SN TR ECREE OB ORRIT, FIFEE B X OEMEDT 7=
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BIOULT AU OO EN ERFRIZ /A > TWA Z EDRBENTZ, (E-T, 7IR
J A ORGSR DEEA b L ARENRITZ O FRUC L) RESRRD Z LAVR
S, VT FH ) AIEEERICERT 20 FREORFTHSH Z LB b, KRENCRBWTE
DRI EERE SOV CTRFT 21T o T2,

5.2.3 FEHHMIC X DBMLGERES X OWIRSEHEIZEE T DMt

PR AR R O Jig 72 SRS ORSEE 2 (RFF T2 7o DIC KED =R L F — )
WEEE SHL, U CIIER MR R AN & TR Y, ZAU OISO @O TEMERE SR 23 5 R
FAELTWD, IEMREEREITARERERR T 2 % o3 B0, 88 Sl Er 5.2, il
RMies DRSRER R4 5| i 29720, AMRITIEMERE R 2 MU a5 & £ & K 2B
iz T0D, Lo, IERIZRTEMEESR ORASCHERSEEDIR F e Sl L HEAREMEA b L
A T GBI THIRsE S 58 S VIR BB R S v D, 2D K ) 2 BB L7 AR b —3 Rz &
% H O TREIHERESCR AL E b SOk 7 BRBOIRIBICEI G35 Z L 03 B, ARRZPER
BOFERIZHR>TNDEZZLNTNDO), 728, 7THR F— 2 (apoptosis) &1, K%
£ BVREBIZIR DT DI ARERIT 72 o ToAI-OA FH ol 28R 9- 2 72012, FEiRAYIC s & i
ZEINDER - HE (e T T L) SNCMIED Z & Th D, ARETIIIREFEH ORI D3
BRICH W TRl A t-BHP ~288 LI LG HEZMZ TIT > TWDHH, 2D & 5 b A b LR
TR =Y RAEFHET D ZENMONTND, AREITIIAGIED A & 7 — /Ui 1 2 #igH
TADUEER DA N = X L% BETHBE L0, BEHE2Z-MinoORRE#EE, % DNA
DWiFS> NAC(n-acetyleysteine) |- L B LEE ORI ATV, REDHRENDT R h— R
OPFIWERICER LT\ D Z &2 LT,

TR P AFEIZBW T, MRS OZEL & F AU D MR OME NS — DR
THY, 7u~TF L RIER OG22V IRFOICESE L, oAk Z 5, £2T
AEITIX, ==a—nm g (SH-SY5Y cell) (235115 t-BHP (2 & BERLIEE & At o
TRAEEIC DN T, BAMERIC L D AIZRE OBIEE72 & ONTEZ DNA O 7 7 v — ZEERKENIC &
% DNA A ZOBIEL LY, TR b — ZFFEDORM &2 Wi LT, SH-SY5Y #ifdZ 100pg/mL
DHICHIE 2N 2 TR, 6 JOMERINOE M TR L, 2 RFRRTAEE 21T - 721%%, t-BHP
ICRHE L 16~18 IFfiEsaE L7, BMEiEILEEs L OV DNA OBESUKEWREH OR#IET « v v
= % FV > cell viability JIEIIE5 58 HIF—E&%Z 96 V= /L7 L— h~FB L CCK-8IZ LV HIEL
7o MLOEFERSMIIATE & [FBRIZAT 572, Fig. 5.7b ~E5#% O cell viability OfER % 7R7,
0.13mM O t-BHP O#FEIZ LV cell viability (33 HEDK) 70%I2 F TR F L7223 t-test, p <
0.05), JEAMZEDOHMY) TR L7 MBI T FTRIR E M L~V &R LTz, UL, FIEE OfH
YTl t-BHP Tz L7k R L [R L ~UL D cell viability 27~ L, PRENRITERD HivZeino
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2o MO D t-BHP ZFEIZIBWN T b [FAROM MBI Sz, 0.13mM O t-BHP %z 2% L
TR O AR ZETE SR 2345 % Fig. 5.7a ~R L7=, t-BHP %82 X £ < OMIE FER
L, 742X 0FEELIAR L 2o IR ZE D b, MOl s A & 72 0 228 %
b, TERROIBTHIRZ I BIE SNz (B) o EmEEOREY) TP L7 ifaix B & t~E
FAAREA 2 <, RFSILTO ORISR b 2GR b (C) . FMEE O TLE LT
AR CIET 4 v = K0 RIBE LR L OVERRO R i ilan 284 o 7 R b— v ADik
ETCND I EBHEES NI, F72B & AARICHRZ LTSl b imsl s AR & 72 0 13 & A
E ORISR DN T TBRROIMTHIZRZ b @iz shiz (D) . DNA DT Hr—2%
BARVKENRG R Fig. 5.8 ~R L7z, ®IROVKEHREFIZ L —2 (a) , t-BHP Z&#& L7-xo
BRI L —2 (b) , MEAEIS J OB Rl CREL L 7o fifa ofE RiE L —2 (o), (e)

IORENTERY, TR L7-#ila% t-BHP THE LB RIL—r ), © IORS
nTnd, L—r (@), @ , (e TIEEDFEDONEIZNY KRB, Koot
T FH~DT =V 71355 < 2 b OFFOMIITIER ZR0RIBICH D 2 & R Sz, Zhid
%LU t+BHPIZ LV LA R L A% B 2 7= active DXIR (b) TILED 1D/ RO FFITHR
TV T A —DT =Y TMHTND Z & ABIEE S DNA OIRGHEAEEE Tnd 2 &
BT AR M=V AFFEORE TN D Z EAVRE ST, SH-SYSY Mifid Tl t-BHP OMLEIZ L
1EMERESE (ROS) 23 U ROSp53 RIZE > TV AR h—Y ANFHE I VIIBEN R X 5 Z &
MBENTND, ZIUTK LIEMEIMH OLEL U728 (d) ([2BW T LNCT—D v 70
TrUTA—IEHEVEL Lo TNDLZE LY, TR MV AFEOMHNEE TNDHZ &N
RSz, L LRSI AEERE () CTik7—V v 7 13de LA E - TV DA 238152
ST AR =V ARIHI STV RN Z LRz, Y EOBIEE LY, SiEMHMIC X 5
LEHEREERNTT A b= AFBEOMENEHOFR L B S, IS ENLLT Y
VIR ERIILDETERT R b= REEE B OLL DT TR ) A FYFRER, HMOMR#IC
HEKALTWDHDEEZBN5H(10), ZiuixtL, FEEHMES TIILTA Y VEDOHT A b
—VAMRERTHT7TR ) A ROGHEMEL, Hlcyatxv 2y MhRerTT7TE =
/ﬁk@77?/4%§ﬁiﬂmwk%z%muv Bl 5 e il A 23— B R EE LA B CIIR#E R
RERIRVEHRIZR>TNDH D LEE X bz,

7 x= ) — G WIEHE TRV 2 R TR, 7 = ) —UEE M OREHIC L - TULERSRF
TE T Tl bk FE LT D2 L1 TEVERE SR LRSS & i DR 2R 55803 &
D, ZOERIZT vA ¥ 70 FMAREMHINT = 7 — kG OAOME & L TA Mbh
TW5b, 7 EF= LRI KEFE FCTT R h— Y AFFE A S 5@ & 280<, ZofE
FIREBE L KEN DIRHIEREOREZ @D D Tt F v 2 MRIck b EEZH5NT
WA, FIENCERWT, FEE OMHYR L O B 7 =0 TIRREN LA 212 >ruiiie s
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EETHEE 2 THZENRENT, £ T, AFICBWOIMEE#EEE L7 ES
=7, +BHP D FC EROT K h—2 A& FHE LTV D b0 L E 2, MaREER O
Br%z1T-7= (Fig.5.9) ., SH-SY5Y i, 200pg/ mL OFEEMMEY £ 721X 10uM O 7 ¢
=TI L 72%%, tBHP ~ NAC OFAE FE2ITIEFAE N TR Lz, NAC [3Himeq(lAl
THY, FHEHMEFEROS)ps3 RICL DT R b= AFHE BT 58K TH 5, T DOFiHE NAC
1%, FIBEEMEY S L O B = TR L 72 C 3T, 10pM~100pM O TR K
A EA b L AOBEEE ST, ZORELVEEOMEME LT er=r08
R DM sERENE L ROS BEAEICHE D 7R h—3 AFFEIC L 5 Z &avrigsh, &
EHOMIERRFES t+-BHP ORELMIC L > TINBIET R M —V AFEOMER] & LTl =
ENRIBEE T,

5.2.4 FiEHH OB EREIERICKIT 2 NRF2 KTFHIRRLBERFHE T 2 MG

AEFIEHTHANT- L1, 7=/ = bEMNEEMER 2RI 7 = /) — U LEY
DHIACER 2R TEE L0 2 NUERN LV TRE TS Z &6, 7=/ — Ao
RFEMEICITEA DIERY S 1 & T LT R B2 SUS DAFAEDR TRl STz, AT A DT
e R0, BETEO NTALFWEI KRS DT8O A REBE DR R 2 Sz
(12), BlEFWEPEERT Nef2 205 L, S bAISERS] (ARE) %4t L CEIs 738
BEHIEL, IAEFA L~ ILFF U E =B, ~LAF T T —E 1 (HO-1) 72 & Ohile Ll
#°NADPH &/ v A% RL &7 24— 1(NQO1) 72 & O MM REE N HET 5,
(BN L DD ARSI B BN &tz £ D%, Eggler =0 Itoh 1 3ME) D — Ik
W7 & ORROBIETHEDEIZB N TH Nef2 2L L, 05 A ORIHICIR L E Ik
T ORI R AT 20N E A LTS Z L 2o L=12, 13),

ARFEZIBWT, JEE O t-BHP 2882503 2 Ml OB LIS EREER O—>D A
ZALELT, HIITIEET R F— AOFHEZIH L2 R#E L TN D 2 EaHEZ L, K
IR OLREZN T 35T 5 Nrf2-ARE #2# OB 5- 2 Mt 9~ 2 Bl o, N O Nrf2
LUV KO E OFile LRSS HO-1 ORBLEOMGET 21T o7, (XU OIT, fEhhttidnsth
PR 2 t-BHP 282 K 0 (RE3 H 0%, S p o 3l 28 & 23 o EREo K 5 Ze A RBAE
BREOE X 2 IS5 2 & TREDIRN B 720 STV A DO EREET 5 HIO G, flHiy
DO L t+BHP B0 X A 2V T BB 2T IROFEREI T T2, KA Y 2—/V% Fig. 5.10
~7, Pretreatment #fi% SH-SY5Y #lifldz miksatk, /B 24 7= 100pg/mL & L
ToBEHC 18 s LW L7-, 2%, A REBIRE O t-BHP 202 7o 851 & 2eHa L
4 RS T 5 2 L THIlRIC X L - BHP O&FEE1T, Btk cell viability ZHIE L7z,
Simultaneous BEIIRTEE %, B2 & £ 22V AT Pretreatment A & [FIFFREE#E L, 0
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%, HfbHbititn & ¢ BHP O 2 5 Tesh & A L, [FFRIT 4 IRefEfREEE L71%, cell viability
ZRE LT, ZTORR%Z Fig. 5.11A ~R§, SHEORKANL, AkE ORI O t-BHP 25
DIHITHT-RE, KAADOFEI O DOFRIL Simultaneous £, /MADEDIE - D#EIT Pretreatment
BEaF L=, tBHP OZFEIZL Y cell viability 133 L <K F L7=(t-test, p < 0.05), \ 3D
IR FIEORETHIRER IR E L7253, Simultaneous £ Cid t-BHP 1B O _EFIZHEOEhER
1 L7223 ANOVA, p < 0.05), Pretreatment £ Tl RN MR S 1ut-test, p <
0.05), FLAEEET LY EOEIERINGRD ST (t-test, p < 0.05), T 72 H, #fE) t-BHP (28
B SNLDBE, M EL TR L BIREIRPEL TV D Z b, HlEE T Z L
(2 K0 IR DO BEIBERE A T L T D 2 EARIE STz, 10pM OT B =2, T F Y
ANZOWT b AEROMET 21T o 72 (Fig. 5.12) . VT AV 2B W T, FIRED t-BHP O
FTCBNT, WTNORETHRHENIED RS, Simultaneous #£D 5 53 @\ VR & 7= ]
WRDHNTZ, ZOZ L XY, VT AU AT OB 2 Tl ST LR Ommn 2 &
DRBE NI, ZHUIxL, TEZF =280 T, FRED t+-BHP OZ&RICHB T,
Simultaneous #f ClIR#EN R 2 R TH[AI A HAL7273, Pretreatment B CiX 7 ©°0 = UL
WZEDFELWHIREENELT, 78575 = A3~ TS 2200137: <, LAY m
FXUH U PELUTHRELTWD Z ENEZ b, YEOMFIEY, V74D U EeEtesd
e ClE, RO B EERE 2 TUE S B QD ATEEMED VR ST 72, IRICHRIE o
BN O Nrf2 L)L L OHIIE OFig SR HO-1 ORBLEOKG 21T > 72, SH-SY5Y i
% 200ng/mL DGR A I % To k5, 38 KOMERIMOR I CLBE L, 1 RERRTEG & O,
BRI ¢ BHP 238 % 0.1mM & L% t-BHP ~ 6 RERR&EE L7, 55k, Mink
DHIE LS NI BRIl MilE R KO Z X7 BT OERG R A Nrf2 72
5 N HfE 1 o Hile bR HO-1 % SDS EXUKEN Tl Dz EnND & /37 &y~
ATy T 4 ZICEVRE L, ZORHIRE 2 BEigEHH L 77 712w Lz (Fig. 5.13) .
Fig. 5.13A ~E£3 LOMIIE @ Nrf2 (n-Nrf2, c-Nrf2) oA RoER L& KoYy
CBIRED T T 7 %R d, FEMEMOLELC LV t+-BHP OFEZFE (-) Of% Nrf2 O3B
EED, XL UIEME TIN5 (ERE, PEE Cl4SRERE -7, 778 /A4 N
X Nrf2 % Keapl X VS, BNL~LE LRI ZENMONTEY, ZiUuIsgithm
HCEEND T TR /A4 RIRE LR EE 25 5H(18), t-BHP 281255 Nrf2 L
NOEAIE, HRCITIERE & I A_O0m E DEMN RO, SIERIH LR ClI i &
SR 2ERE-TIY, M TITIERBE LA 36 1T LKL, FEE TERIL~LTH-o
7oo F£72, HIEE D Nrf2 (e-Nrf2) L-LinInofELR L~ Thotz, ko Z & X
D SGAEFIHI XTI OFRFRFEICIB N TS, O Nrf2 LNV ERE DD 2 EDRENTe, K’
\Z, Fig. 5.138BIC HO-1 B LU —F A v 7 br—/L & LT B - actin DHUAY AR BOE
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HEZN RO (HO-1/B - actin) DOYLsRELLD 7T 7 24, AEME OB LY,

IEASTIIBEHENE 0, %R & e t+-BHP OIEETE (-) O TIEHK 6~7 (552, t-BHP
i LTI I 9O S RRE CTh o 7=, EAUTKE LRTE B O BRI Z 35U Tid t+-BHP

BT - ERFBOVTHOMICE O T HRRED IR DT, TSR HE S
TWRNWT EAVRIR I U7,

53 #E

PREHIRR IR L A b L AITK L CHESS CThd 0, AR MR B OFIECHEI TO R E 2R EK & 7
S>TW5, HEHO R L L TRDIZEENTND T = ) —/HEEMITIE, 2D X5 7%
FOFNRERERE T OM R DO ME B 7R & O FRIZEA 53 DR b A B L A Z T DHRe A A
THHLONRHY, ZOREIERMEHE OIS IERIEBFRICBIT 5 Y — Meagh & L ToE
MM B D T PIOMEAT OB AR KB R OMPIC L > TRO TEETH S (14) .
ARETIE, HEMEDRIIEA N VR EAN LTz =2 —a Uil O bR 283 2 /EAIC
DT, FHESFEO B L D RS ATV, 7 TR A Ry X D EA ORI L E R
HOEBIC OV TER L,

SEAHEOD A X ) — VI CALER A L 7= SH-SYSY Ml Tl t-BHP 2B IC L W 8 s 5
FAZEARE St (Fig. 5.5) o (RHEVEMITALERIEEE A 100 1 g/mL A ORI CHLEE AT
EHL, MREEFL-VETERE Lo, REMETHIIEDT TR /A4 RICkdbDEBEZ 6N
Bo 7THR A ROBAEELGERME IOV T, T Nrf2-ARE B OIEMH(L A LMl
DO DFFEIC L A Z EDRHALINISN, 7 TR A Rl =it 1O 513
72 DTIHRNEBZ BTN D, REIZBWTHHEEA X/ — Vi OHE LiENE
(SOD) ZIE LA, L iEE ICs0 1359 1,060pg/mL TH YV, HIKEOREVER 271
TIRE LV ITZDMCEIRETH Y, PR X0 IREERZ #3252 LiXT& v, Kang
X, MRSEIREIER 2 R D 7 TR A RIZOWT, EOIEMERESETEEGE & ARk
DOURFEVER OFEIE & 72 5 T 23— BHIHNEME O el 2 AT WO NI IFRAME 2 2 & 7R L,
PRI AR ER ~OIE R EREOBE GI3ARHTH 5 = L 2R LTV 5H(5), KEEEE
ST —HWFEFT (NDL) 13, ZhE CRAOBEESEDIEL LT, R 7=/ —LE2E&4
THRMOFIEEZ R (ORACHE) ZARL TE, oL, ZOFIEEIIAR O
FHBEMEDN 220 E WV D < ORISR SNTZ 2 & 2520, AL 2012 2T —F _— A5
R4 ORAC il Z HilBR L 72(16),

LRI ORI R E R 3 N REIC L 0 K& < B0, FEEOHMEmIZBW X
25 ng/mL O FE F TITRFENRDFRO B DD, ZHUL EOWRE CIIREFEMIZKT L,
REZ L DERO MRS RSNz (Fig. 5.5B) . Z OREDRORHIT, i fEo 7 7R
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J A ROMBHNAKRE LS BARDZ LIk 0T, MER CHALLOEWT B = OREE
KL=t DThD, 7= ) —MEEMOFEREIC X - CIIIG RS AR RG % i LTSRS
ARESEL I MIRETRTOLONRHY, TEF= ANENBEORELED T
R b= AFFE A S HEE 3R, FENFEII L ART br—AnilaN T e AR o x4
YRELTTR M=V RAEFETHLERELTWDHAT), TrAF o Zy MIRITT =/
—LEOADRIFE LTE 2 b H D0, TR h— A EEHE TE W EEEZ -/
RIRORERA AT IR Y 9 HDERMMIDREIIAR AR R T 0 v A THY, TR b— ZFHFEEME S
HERDOIEFMHERN B R D D, 62T, MEEMEMOREIER OREILT 0 = ARk
NN L 2R LR L S 2, BERRIC X HIEORBAEEN K E S B 2 L2 A
K7l & LR LT,

GHEHIHH Y OB UG BRSOV T, Nrf2-ARE B OTEPEAL 21 L 7= Hila Bk
WEOFEIZ LD Z L& “ OOt K O HEE LTz, SERHINC KD 0R8ERINS, A2 b
(6T D EEERZRER T2 <, MO A KRS 2 JUE S SN2 R TH L 2 L &
FAFT 2 B CIROFEREAT o7, MM A A5 et%, A6 62 N 2 7= K5 C 18 IRFR
BeA% LA U721k, ZOHMiAFRE t-BHP 200 /-85t & 25#2 U ¢ BHP OFFE ATV, cell
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Fig. 5.1 Reduction of the superoxide radical anion in the presence of Chrysanthemum
petal extracts of Aboukyu and Enmeiraku

Inhibition (%) is showed in (A) as a function of chrysanthemum extracts concentration.
Inhibition (%) is also expressed as a function of the polyphenol ingredient concentration in (B).
Values are expressed as mean + SD of three determination. (From D.J. Ma, Y. Wako. 2017. Food
sci. technol. Res., 23: 457-467.)
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Fig. 5.2 Cytotoxic effects of Chrysanthemum petal extracts in SH-SY5Y cells

SH-SY5Y cells (5x10° cells/mL) were treated with Chrysanthemum petal extracts (0 to 800
pg/mL) from Aboukyu and Enmeiraku for 24 h. Cell viability was evaluated using the CCK-8
assay. Each bar presents the mean +SD.
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Fig. 5.3 Oxidative stress injury induced with 0.13mM t-BHP in SH-SY5Y cells
SH-SY5Y cells cultures were treated with various concentrations of extracts from Enmeiraku

with or without t-BHP for 18h. The cell viability was estimated colorimetric methods by CKK-8
assay. Each bar presents the mean +SD. *,p<0.05 versus LPS treated control (O pg/mL).
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Fig. 5.4 Protective effects of Chrysanthemum petal hexane extracts on t-BHP induced
oxidative stress injury in SH-SY5Y cells

SH-SY5Y cells cultures were treated with various concentrations of hexane extracts from
Aboukyu (A) and Enmeiraku (B) with or without t-BHP for 18h. The cell viability was
measured by the CKK-8 assay and presented as percentage of cell viability relative to untreated
control. Each bar presents the mean £SD. *, p<0.05 versus t-BHP treated control (0 pug/mL).
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Fig. 5.5 Protective effects of Chrysanthemum petal extracts on t-BHP induced
oxidative stress injury in SH-SY5Y cells

SH-SY5Y cells cultures were treated with various concentrations of chrysanthemum petals
extracts from Aboukyu (A) and Enmeiraku (B) for 2 h before the addition of the oxidant. Then
cells treated with t-BHP for 18h. The cell viability was measured by the MTT assay and
presented as percentage of cell viability relative to untreated control. Each bar presents the mean
+SD from two independent experiments. *,p<0.05 versus t-BHP treated control cells. {, p<0.05
versus untreated control cells. (From D.J. Ma, Y. Wako. 2017. Food sci. technol. Res., 23: 457-467.)
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Fig. 5.6 Cytoprotective activity for the oxidative stress of apigenin and luteolin as a
function of concentration

SH-SY5Y cell cultures were pretreated with various concentrations of apigenin (A) and luteolin
(B) for 2 h before the addition of the oxidant. Then cells treated with t-BHP for 18h. The cell
viability was measured by the MTT assay and presented as percentage of cell viability relative to
untreated control. Each bar presents the mean £SD from 3 determinations. *,p<0.05 versus
t-BHP treated cells. , p<0.05 versus untreated control cells. (From D.J. Ma, Y. Wako. 2017. Food
sci. technol. Res., 23: 457-467.)

65



a. Cell morphology

A Control B t-BHP C Enmeiraku + t-BHP D Aboukyu + t-BHP

b. Cell viability

O Control @ Enmeiraku ® Aboukyu

120

100—1

80

60 A

40 A

Cell viability (% of control)

-tBHP 0.13 0.145 0.16
+BHP conc. (mM)

Fig. 5.7 Cytoprotective and cytotoxic effects of Chrysanthemum petal extracts on neural
oxidative damage in SH-SY5Y cells

Morphology of SH-SY5Y cells co-treated with chrysanthemum extracts and t-BHP (a). No
addition control (A). Treated with t-BHP alone (B), in combination with Enmeiraku extract (C),
with Aboukyu extract (D). 200x.Cell viability of each group was evaluated using the CCK-8
assay (b). Values are the mean * SD of triplicate experiments. Significant differences from the
t-BHP treated control; *,p<0.05 (0.13mM t-BHP), ',p<0.05 (0.16mM t-BHP).
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Fig. 5.8 DNA fragmentation induced by t-BHP in SH-SY5Y cells

Cells were treated with no addition (a), with 100pg/mL of Enmeiraku extract(c), with 100pg/mL
Aboukyu extract (e). Cells were treated with 0.13mM of t-BHP alone (b), in combination with
100ug/mL of Enmeiraku extract (d), with 100ug/mL of Aboukyu extract (). (From A+, H7.
YRk 28 A\ LR A A A B L B AR R SR U4 12: 57-60.)
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Fig. 5.9 Effect of N-acetylcysteine for the oxidative stress injury in SH-SY5Y cells

SH-SY5Y cells were treated by t-BHP in combination with 200 pg/mL of Aboukyu extracts (A)
or 10 uM of apigenin (B) in the presence or absence of NAC for 18h. The cell viability was
measured by the CCK-8 assay and presented as percentage of cell viability relative to untreated
control (Cont 1). Each bar presents the mean £SD from two independent experiments. *,p<0.05
versus NAC absent cell treated with t-BHP in combination with apigenin. (From D.J. Ma, Y.
Wako. 2017. Food sci. technol. Res., 23: 457-467.)
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Fig. 5.10 Culture schedule

Cells were seeded in a 96-well plate at a density of 5x10° cells/mL with growth medium. After
24 h, the cells were pretreated or untreated with sample to be test for 18 h before the addition of
the oxidant. Then t-BHP were added to each well and cultured for 4 h. The cell viability was
assayed using Kkit.
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Fig. 5.11 Pretreatment of chrysanthemum extract enhance the protective effect against
oxidative stress

SH-SY5Y cells were pretreated or untreated with chrysanthemum extracts from Aboukyu and
Enmeiraku for 18 h before the addition of the oxidant. Then cells were treated with various
concentration of t-BHP in the presence of chrysanthemum extracts for 4h. Significant differences
from the t-BHP treated control in each t-BHP concentration group; *,p<0.05.
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Fig. 5.12 Modulation of pretreatment with flavonoids on the viability in the cell induced
oxidative stress

SH-SY5Y cells were pretreated or untreated with apigenin and luteolin for 18 h before the
addition of the oxidant. Then cells were treated with various concentration of t-BHP in the
presence of flavonoid specimen for 4h. Significant differences from the t-BHP treated control in
each t-BHP concentration group; *,p<0.05.
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Fig. 5.13 Induction of n-Nrf2 and HO-1 in chrysanthemum extract treated SH-SY5Y
cells

Cells were treated with extracts of Aboukyu and Enmeiraku (200 pg/mL) for 60 min prior to 0.1

mM t-BHP treated for 6 h. Western blotting analysis was conducted to measure induction of
nuclear and cytoplasmic-Nrf2 (A) and HO-1 (B) protein.
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Fig. 5.14 Proposed mechanisms of Chrysanthemum petal extracts of Aboukyu and
Enmeiraku in preventing t-BHP-induced cell death in SH-SY5Y cells
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T=t%, ##EE 0 705 200 pg/mL OB T 1 BHEIATLEL L 7=, %\ T 10 ng/mL @ LPS
Z NI UIESOG A 38 U 12 IR 8 HIEPICEAE SN NO IREAHIEL, LPS %
INZ 725D NO pEARITHRT 2 K3 REED NO PEAREZ H 03 TE L, NO FEAEOMIHIZhR
I L7- (Fig. 6.3a) . ZGEaVEHIMEMSE A Ao, ~F 0 At as e b @\ Pl gh R 2
KL, mﬁwML%WKBMTNOEEE%ﬁ%@M%HTETWﬁLtwmmP<Mm
A BT B Y T AR B LN DR AT VR RTET 5 2 L0 b, @D
FEEZ R LIZbDEEZ BN, A X 7 — )LHiEWIEH 100 pg/mL 28 2 % T NO FE
AOTIHINRENBUN D23, Ziv Xk VAR CIE LPS #li4ic X 2 NO pEAZBIET 2 Mtk
RUT, L, A% 7 —Uiit A RICIE NO FEARIERIXIE -T2, A% —Ufilitd
DERDZEIT IR A REEBEZBN, FOMT 2= T a8 ) 4 RES M) TALHEREN
BENDEEZDND, v/ a7y —UMIIZEBIT D, 2 bDEMO NO FEAITH T H1F
HIZBT D8 TIL, ZDIZE A ENEAZAET L2 L2HELTNDD, EN%IX RAW
264.7 Mz W= FBR L 7 v v 7 oA Ty &3 D53 E LPS il & 5 NO D pEL
T 205, 4 Y7 vaal UiEyFERSr T DE531ENO OERE A S/l HE LTS
(5) o HEIIZA Y7 maF UBREENTEY, ARIZEIT D A X 7 —/U il Otk
WRGA Y 7ua S VBRI DA REERE X DD N, EAEDHRRAZRET H7-0I2iES
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SITHR AT O MR H 5, BUKHHITH 100 pg/mL % #2512 T NO BEA O T
BT (t-test, P < 0.05), 1LIH & ITRERBE DO AREKIESIZ DUV T OKIHH RAW 264.7
AR TNF-a FEAEZMEE L7 2 285 L T0D (6) o NO FEAITHIE L TS, BE
OAREL TV D Z e HEI SN D, (RET DD IIRFE SILTHRWD, [EHIE= 2 ) —
REHERNAFAE L, BUTLZE 2517 66,000 UL EOWE TH D Z L b Esmn T ORETH
D AREMEDN IR & LTV D, ANFZETIE LPS filifds L OMELEL O WO FETH A& 72 NO
PEAEDIEHERNRITBIER S e o 1o, AEIKIEAG IR F O RS & 1TSS Y, HKED
%72 EOMFETH 5 Chrysanthemum indicum OFEFEIZET 5 & S, B & 1303 27
LIS D, AWZEICI T D BUKE O NO AR I OWTIE, BEhddT-
TWIRWD KIS FR S Tl CTh D Z LD, FEE TH D TRt mv,

6.2.3 REEBICLD2EEHHES DO~ 7 v 77— ITxT 2HRREER DL
AR OBIIEERNC OV TRERRKR S & DB HEIZRT 23 & LR LS &
DYERDOHIEAT S 128, FIEEIZOWNTHANFH Y, 80% A &/ —/L s L UEUK Ol ]
TZOVT, RAW 264.7 #ifidod LPS il NO sEAIZKT 2 MfiER /et L, ZOfsR%
Fig.6.3b ~R L7z, £72, ZIHDT—H O NO BEAIGREEZ RS MFIC KD R L E &8
TSR % Fig. 6.4 ~1 LTz, BB O NO FEAMGIVERIZIEMSE & [RERDOBm 277 L2y, ~
X0 S IV THEMEE TIE NO FEA R A XD 50% LT £ T3 2 ORI
#)12.5pg/mL Th o 7=DITx L, FIFEE TR 50pg/mL & 720, WEE b fRHE CHifiliE
RESERSTNDZENRENTZ, Fiz, BUKEIHIEHEHE Sy O s CHIsilER 35 b IR
25, FHA OB K 100 pg/mL 130T X0 IfER MBI S iz, S 61, FEE TR L
7o MR 38V Tl LPS MUBR A 1T 072\ e FEE D NO PEAE DI O MR EE D R D
TOREIME R 23 2 E B S, B D RO WIEMEORE R L B o7, ey
12 &% NO EAFEFEROWMEITA S T2 572003, TNF-a PEAFEIZOWTOHRSERH Y, L
H & I 3AEUK RS Ok 75 RAW 264.7 #2360 T TNF-a DFEAZ T 2 2 & i
LTW5 (6) o IEMERIE=S ) — N AREEMEZ R LEFEETH 2 AlRetE 2 e LT, B
FEICEL D NO BEAREER L RO ZHHECTH 2 /IREMENE 2 b, 708, REKIESEIT
HELLE L CTHWOIND DO TH D Chrysanthemum indicum (\ZJg3 503, BEE 72 E & H
DO HED Chrysanthemum morifolium & 138720, OB L EL->TWDHEDEEZD
b, FIFEEIZBVTIEA 100 pg/mL A8 2 2 Tk LPS FIMIC K 5 NO BEAZ T2
EEBIT, FREICEW TG Cld NO PEA A (REET 2, mmDOIEHZRL TV,
MARES Sn AR D LPS B NO pEAEIT T 2 MiliEtEo ik (Fig. 6.4) TlE, Mi#& TEHE/R
R A R EA T S Th D Z ERS T, ZDOZE LY, HEAFTT
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FhHE OV T OEREE DR Z L 0 < LEE L <PIRIEER DR 2175 Z &

Tl RIEPUCDISEL LT INNAT 4 2—=2—Th % NO ITHASIEMES A M A
D—>Ti % TNF-a DORE B % Wik O~ 3 i THllE L i L7 (Fig. 6.5, Fig.
6.6) . FEMEEDOFH AR LPS JIC L > TREAL Ziv72 NO, TNF-a DWW s BEE
WZHIHI L, B BT ORBEAK T SE-oicxkt L, MRS OO Rl e &
ANEFNZ LR ENT, NO 36 KON TNF-a O pEAEH DR 2 BB fiiC K D g 77 712
BEUDTHO% Fig. 6.712~7, NO EAMEFIL, IEm%E T ICs0: 20 pg/mL T 5 DI
kF LR[5E E Tl ICs0: 120 pg/mL T o7z, F 72, TNF-a OFHETEHIFAEARZE TR ICs0: 30
pg/mL T 5 DIZ%F LR E T ICso: 100 pg/mL Th 77, IEMERBS L UOWEEIL E HiZ
[6l U Chrysanthemum morifolium \ZJg3 5% 7 B CTHHIZH 00 b 5T, ZO X 5Tk
PEARE S J72 5 Z LIFERER, BDRO X D 12A~FH O ERINI N U T A R
BLOZOEMNBRT=AT NV EEZDND, TIREEMZRIHED ) T A< A FE LT
helianol, heliantriol C, faradiol, dammar-adienol, cycloartenol, taraxasterol, sitosterol,
lupeol %238 S TH 0 (7), Ukiya FHIXRMAE LY 24 O triterpene diol & triol, 3L
32 DZHH D 3-O-fatty acid ester Z 3BERIE L, £ OPIRIEEMEZ R L TV 5(8), &
DFER, ~ 7 2% AW T=HA O TPA(Q2-O-Tetradecanoylphorbol-13-acetate) #2542 Ht
RIETETEDO T TIX, & DT heliantriol C (IDso ; 0.03), brein (0.05) , heliantriol B2 (0.05)
DBRVEMEZ A L TN D ZEEH LML, ZOMEMEMREIL T 7R/ A LV, HiREA
T 5 hydrocortisone L[ L~/LThDH I EERLTND, 8 3 EIZBWTHIE~FT N
WD GC-MS T &0, b U TN A ROMFEZHER L, [AEICITE - TRV Table 3.4
TRLIZEBY, TA4T7 TV —BROFRIY 4 =2 DILEWEHEE L, ©—2 TIXHRIE
YER %73 B-sitosterol EHERI 72, F£72, 7477 V=27 =2 PGS TWH RN
2TV T A —HRIHT AR T2, STROKAE - U T~ A RIZET DBEHFORE LY,
E—7 11 IIHRIEIER 27~ 7 faradiol, 3 XU —72 12 |[Z5RWHIRIEIEH %2759 heliantriol
CThnHEHEMN LTz, Table3.4(TH-X, MAELMFEDOR ML Z T 5 &, IEMEIT
B E CIXPRIAEIER 29 % B-sitosterol & HEHI X5 B —2 7 OFXEEITN /0D
—Thh (EMHE : 65.2%vs. BIFEE : 33.7%) , faradiol & HEH S5 —2 11 OFHXTRE
FT=0O—LUFTHY (GEMSE:71.2% vs. FIFEE :32.1%) , SOFLRIENEH] 2777 heliantriol
C LHEN SN2 B —7 12 ORI O =FEITIE T LT (EMmZE : 40.6% vs. 15
H :30.3%) o 0T, HURIETEMEDMEMIE O HA~BTFEE Offitd) CHHVEER & LT
%, PIRIETEE AT 2 LHEI SN D B —27 TR IO —7 11, 12 DALEORAE MR 2
EMERFEKR EZ 2 b,
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6.2.4 RIEMMEIC X HHERHE SO I 7 v 7 ) 7HIKIZST 3 FIRREMER O ik

2707 ) THIIIFMOFHZIEE 2N S D L EZ HIVTWERRD D o203, IR
DHEAZ LV 77U 7 Ml IEERE DR - FRETCHERS 2 bV TE UL RICHER &R 2 R
LTCWDZ EBHNIENDDH D, 77 U TIIMOGEEEIC W TR X % L
TWHHIRTHY, 7 a7 T ORROITLEENL, FEARLOBRESREH Y M & L TK
MR OBEREE2ITO 2 L SNTWD, LLERNRG, LI 7 a7 U ThbEAS
ALDIRED NO (X, MEEMRFE CAONAIMREEDEE/R AT 1 =—F —LZEZ BT
W, MO EFEICOED L Z 5 KT O1EMHZ A LT\ D, AWFEIAIERR Y 3 g
ORERENC ED LD IEAERTHMICONWTELETHZ LA HME LTEY, AEH TN
FIEOHRLE 72D I 7 a7 ) 7RISR T 2 FIRIEMEIZ OV TR L7z,

LPS CTHIE LIEME b &7 2 7 v 7 U 7% 2 6 & 5 NO BEEAIHTEM: %
MBS AL FEE T L7z, <27 v 27 ) 7Rl 3R bR > MG5 & Hvy, HIRIEERH OFHmx
~ 717 7 — VRO RAW 264.7 DR OS%E LIRS TIT o722y, AT 5 55H0%
BV a—2A4 A 7O DMEM %7 A hahA MR T 12 BERMAEE L 7= k5% v 7=, Fig.
6.8 ~FIREE DAL T MGS Mifa 2 208 U 7= B> LPS il NO FEAER (A) LV cell
viability (B) DZfb%, xtBR& 722 LPS Z#HR% L T WHilad s &t S8R Lz,
F7o, PRI L D NO sEAR KON TNF- o FEAEOHIGINEE % i L Fig. 6.10 ~R L7z,
HOIEES cell viability ~KIFT BT, FEMIETIE 2.5~40 pg/mL OFPFA T cell
viability (3 F5H L CEY, £ 80 ng/mL ORI S0P T LAY, 160 pg/mL TiEg L
W LT ia(ttest, P<0.01), FIFEEIZIBVTY cell viability (% 2.5~80 ug/mL O#iH T
FEHRLTEY, #hl#)s 160 pg/mL TH LD §, D & X cell viability DK T I 57
Motz, ZDOZ & X0 FEHLER A 80 pg/mL LA O#EFH CIIHIFE D cell viability (2% L
REREEITEGZ TORWT LM ST, IEMEEDO~FH HhitiE LPS fiic kv &
A H1E RGO NO JREE 2 I AR EE LG CIREERAFROIZIR N &4, 49 40pg/mL
DIEEETIE LPS A ORI NO AR & IFIER LUk (ttest, P< 0.05)I2F T F & HC
W5 Z s (Fig. 6.8a) , invitro DFEEFRIR TIIH 503, EHksZIrzn s )7
D NO ERIAPEZ B D8 & Db 5 rleetES R S vic, T8, I7 v 27U 70O NO ApEL
P95 RERDHARC A ST N U T A REEMRH NS, & 61T Kozuka %%
L RU T A A B IOEORENEE= X 7 /VARIFIZ MR T 2 it UAMHIE 2 A8
52 EERLTND(9), T TARBIRIZI T D OMBEMEL N Y 70 1 RIZER
LTWDZ EDHEREIND T D, RNICTEY IAENTZ Z S DA DI OB ~FIE
LAEHT 2 ATREMED 4310 B 2 Hivd, ZHUZx L, Fig. 6.8b (2R L7fIEE Tk NO FEAED
PO I A AR & bl U CE5 <, 9 20 ug/mL 248 2 D IR FEEAT D B IR T80 Hivlz,
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S BIT, IEMEEDOLE L3RRV LPS 2R L THOZRWHIIIZISW T I O LB L -
TR O NO JEEN EH L TEBY, 2.5~20 ng/mL OEEFH T AL, £20 pg/mL %
B2 DRI DI ORREE~ & R DA DAL, OB DA I 5T L 4Bt
R Uiz, FlEEE O~FH AR I NO FEAZ RS DA E TN D Z L AVRIE
Sz, AETIENO OERIEEIT T 2MHEH OB XL Y BEt 217> T 225, NO IR
SRAERIZIB N TER R % Rl L OO D BERAEINEM S CTh D, PHRARERIZEBNT

NO [ THRAREESCHIIENE T > R A vB Vv — & LTO &0, MRMEEIT6R D el
FAMEAEEE S SN2 SN TEY, A L-~ULOEFHNTO NO FEA SR TSI D
AR BRI D FREMER B 2 b D,

RITTEMEA LS 7 v 7Y TR W D2 RIEMEY A S A Th 5 TNF-a FEAITT T 556
e OB EBIE LT~ (Fig. 6.9, Fig. 6.10) , MEAEH LI Lzt cus L= 7
07y THIIRTIE, o EETRO ER L 0D TNF-a #2EEDS, i OMLERREE e
RERIFHNZIK T L, 59 40 png/mL DL EORETE L <K Ft-test, P<0.05) LT\ 5 Z L AVR
Sz (Fig. 6.9a) , 76~ T, EMROMHMII~ 7 17 7 — U RAW 264.7 DA/ 6
T, HHICAAHAET DIEM b S/ 7 a7 U THIRIC k95 TNF-a ALl 276 S A
T 52 EDRENT, IEEEITHIH Y DTS TH LT A A RThhHEEZBND, L
ML, PIEENLHFHM U MEm O L= 7 a ) THIK T, 552 FiEH O TNF-o
FEE, ) OALERE 2 80 ng/mL £ T RIFTHRERE(ITFRD 5417, 160 pg/mL DO
FE TR DN A DA, SEMEI PR ERMEN 2 LR ST (Fig. 6.9b) . 20
2l Hiffio~w s a7y — UM COMRIEIER DO L ZATHwm U L 918, BEE O
Y ClIiRIENEE A2 A7 5, faradiol, heliantriol C 35 XU B-sitosterol & H#EH] X412 sy Of
PR DPIEMRIZ MR oD & B 2 BTz, £z, FEERTITRE LT, LPS FEfioTEME
fEL TV Y TR~ 2 508 U 72 RAC DWW TR L TR LTV D (AR E O
777 TRY) , EMER L OWEE OWTNOMHY OWBIZ X > T, LPS HHED 7Y
7 MR OB FIEH O TNF-a JBEN LR35 2 Eagligish, MtmommmgiEng< 2%
X OERITIDNZ, FREOIZITIITR Lz, NO BEAIZIT BRI Offg THLE L

27 s ) TR TTEER SN, TNF-o TIEmE R TR0 bz, EMEETIT 40
pg/mL OMPREE T b < 72V, FIEE Tl 5 pg/mL OFREE TR bE-72, AR
RNUTNARCD1FETH D VLY —/VERN LPS TR Lic~ 7 a7 7 — VU ORIERME A T ¢
T— X —OREAZTEICIHIT D & & big, LPS Hlii D~ 27 07 7w —Jist LT Y —
IO LV, RIEMEY A R 1A >0 1 FTd % M¢ migration inhibitory factor (MIF)
X interleukin-18 (IL-18) OPEAZMNIEL Z L2WEL TS (10) , T7bbriL Yy —
UVERIZRIERIR & N 2 7=~ 7 0 7 7 — ICB W TEHUSIERNTE < 23, EEfIECRIE O/ I
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SIS THEMEEZ TR T Z EEHLMNICLTWD, EBIT, K BTl o e
#ik7r, Ursolic acid [ Fflifafikio CD36 (RMEARIIEAGT 5 AN ¥ —Z /K ED 1
i) \TREAT D 2 & CIEMRRSE DA ES° mitogen-activated protein kinase (MAPK) #&#oD
TEMH AR L, RIEVEY A MU A L OEAZRET 2 Z L2 LN LTS, ZOIRIE{kIX
VY —)VEEORSERERIA CIIBlE ST, £, ML ICR R~ U ADIENE Mo % v o5
BRCHIEALDV R S0 28, DA b LA v DE)° RAW264.7 i 7 £ OMLAIIE TIZIEF 12
VRS BIESNT, FERIZBIRLE LT 5, BIRO X 5 ICARETIEEIZ NO OiFIA:#E
(2R3 D AGAER G OIHIVER OBLS X VG 21T > T D08, S9ERGS D3R E OB REFR Hi
WZEDE DI BRIEMERT D0 EBLETHZENHNTHY, KD 7 v 7 ) 7Rt
LAEIRTEER 2 A3 2 ENTEERIR TH Y, SEBFELIMFI SN REREHEEEZZ S
o,

6.25 ZFERhHM DORERER F 5T S1EA

2707 )T OAROEREENL, FEAROFRELREHE Y & UGBk OER 2 &%
752 L EaNTVD, 7V 7 HilddkiRe# K+ (GDNF) [3EE F— Iy =a—n
DAFFHERFR & LTSN TLSR, 2 < OMERED BT\ 5, I, IMOEECRE M
72 E OIRBREEFERHC, GDNF 3~ 27 17 7 — U0 7 7' 772 EOE R ORMIEIZ TRIE
IZHREEND Z LG E N TWD, BRI - 7orsiao B FICE L S 7 e 7))
T OFENHER SN Y, MEEERZH-TWH EEZBNEBY, ZOFE GDNF 2i5E
SNTWDHD LIS, GDNF EAICKT 2 4B O B2 I 7 v 77 ) THIIIZ XY
st L7z, 20, 80pg/mL O{EHHME L O 10~1,000ng/mL @ LPS (2 X » MG5 i & 4L
PRLEEER B O mGDNF 2 V= 2% 7 a w7 4 o 72X DG L7afES % Fig. 6.11A (2
AT, REEMZTOZRORIZEW T, GDNF Mg sz, o3y RE R 20pg/ml
DOFACAHPIBEE CIIR & WA T S22 h o 72, 80 pg/mL CiTMlaEEA R L
TW5, LPSHR%TIE 10ng/mL TIXZALITRE®D Hi/e - 72723, 250, 1,000ng/mL ClEsyiis
PEflE NI, iU, 7 el ) THlNEE Sz io LB d, AENTE RN
GDNF 1 Tid72\ iz, 245D GDNF BEAENKITTRELHlrT5 Z L3 T, 4%
RSN NEEL B 2 bz,

6.3 FES

TSR B DO FIEREFF D < IIARHTH 5, B FEOMBRZEMIRBIIZZ N E IR RAY 7
WP MEE S5 2%, JSEORTEATR & U CRARMIITE LS N2 78 7 ) 77 2 |
YA b OB, AR O B I I RIEMEY A A TH D TNF-a X° IL-1 DFIE
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DR SN D. ZD R IR ENOMREMREBIIEDS | E 2L, I 7 v 7 T OEHEE
BHEIIED TR IBOEINZ /2> TS ED RN L L T\ 5, AEICBWTIE, §t
SIEVER D HIE DI bR L BN THDH Z 205 (11) , N OTETHE < L e 5E
A5 70 THIIIZE B L, S5ERIH ORGSR 7 A= O B AR K- F8 B O HE R
75 & DIEIIE DRI ~RIETHER 2 Mat Lz,

AR D IIEN IR O GIESUG BFEPACRA G35 Z & 25, 1IZLDICRHO~I n7 7
— VR AN T & 5 RAW264.7 12331 2 SIEIHIZN RN DV T, 3 BT T & 85465y
D ELHE 72 & NSRRGSR O Hl 24TV MRET Lo, SED R T HRIEMERIZ TS B Y T
A NIZERTLHZENMONTEY, AEICENTE, YT/ A RREZIZEIREND
A RS T B IRV NO EAIHNEMESRBO 6D Z L MR L, £72, EmEs
F OB L0 i U7 s i D R 72 23RO L CITE MRS R E K 28705 Z & 380
2o WO B[R] —RHCHRET SIUZIZFRREHICNE L7 b O Th D Z & L 0 IHMEO TR
B DBV LD b D EEZ bTz, 53 TIZHBWT MU T o RS SR K
DERIRDHZLERLTEY, HEOETHROMBEIZLD D EBEZLNDN, KEoHE % D
TEPEHIITAT - TR LA £ 5 BRI ARBNIIAT 2 72V s, LA & IR OFIBI DV
TS BOBETH D, WIT, AN THORZRGETRE 25 7 U 7 a3 2 3576
DIERINZONWT, Y00 RAW264.7 &[RRI 21T - 72, MM OIRIRIT, € DFERER
FERRIEIHTH D Z ENOERR O TITES, FRIBRIENFRINTEY, FZ7 T
HR D JIERR IS AL & 5 D - 7287 7 0 —F 3B e b 1EH 240 TV A HFEREE ©
HY (12) , 7V THRROTHRIEIZET 5% < DIFRCHMAPSBE L SNTND, IEMEED~
FH U IV L7 7 v 7 ) Tl (MG5) T, LPS RIS U THomsind
TNF-a 3 L' NO O LR L, 45EI3A BRRIEMRSIR Z R T RO E2 B A TS 2 L
DR SNTo, IEEZFFORDIE N Y T A A REZBZONDD, RN TAR A4 RBLOE
DREIEE T AT NARITILIC MR % @i USRI CBEE 2 Z E A 60 E o T
(9) , NMARER e LI L DMERORGEE RO Z E1272 573, HAEOBBUL AR D S ik
REAFEOMDHRDDIZE R TH D FIREMENE 2 DD, R Y T A A RS ARSI 2
T D AN = A NIHONWTE, Tran %723 LPS TiEMHE -2 7 a2 U 7Hille (VB2) 12k
WTnM LD U T AR A RRRIERERS T (TNF-o, IL6 F0EsT) OFIE
92 2 & & L1@), Pareek Z5% R U T4~/ A K7 Keap 1 -Nrf 2 fili#52 %2/ LT
HO-1 7 E QAR B0 5 BIn FREATEMAL L, RIEDUSEEML TS Z & ZHE LT
W5H(13), AHFZETIEI 7 17 U THIKEO Nrf 2 OOV TR L TWOZRNA, §53%=
WZBW B = = —a Uil (SH-SYSY) OB Nrf2 L~-Lv % ER IS5 Z 25
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MIZLTEY, AFFEICENTE Nif 2-ARE RAMBWTWD Z L FREEND, £z, HE
AL & B HEIE I RAW264.7 OAFSE & [RIERIC SEFRIC L D IEPEA R E < H7e b 2 & 2387,

ARFFETIXFAEIIH OB X 0 2 7 v 7' ) THIBORIENEY A v A > (TNF-a) X
TR (NO) DOREADENG S D FTREME RSN, 27 v 2 ) FHllaoMsiatEic s
F 2% 2 EME AR IRER & Ae o T, LPS FERIOTEML S TW I 7 1 77 ) T~ 46~
X I A ALER LTSRS, W OSBRI B W T B ERE SR O TNF-o IBED 5
DB ST, BRD X DIZT ) A RIRRIEBSE R 7 ¢ = — 2 —DREA ZAR SN 72
— AL LT, T A RO YL — VN ICR ~ 7 A DEE Mo % FV 7= S8R T htis
LML D Z ENBE SN TNDORT, MR CTH D I 7 s ) THIIZ ST 2 Wi
TRETZ6 720, FGEIC I 7 v 7 ) 7RIS 5 R iliE s 2 A 5 B DA A E
TEOM, fHELIEHE EDL D LG TH DL NIAS B SN D REFETH D, 171
70 TSI R ERERE MRS R -y W72 ERR A 22 & A4 LT, RN OSERII O BRER
WAERRDIEME, BEREDIRFF R E 21T o TV D, A% IN OO RBH BN ST, JERY
OEFUFEFRICB N TII 7 v 7Y 7RO LL EOMREZ LT OISO FREMENE 2. 6
o,
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(A) NO production (B) Cell viability

0.3 1 120
n = 1
£ — §100 - A
= N
£ 02 5 80
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o 3
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> =
s S
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Fig. 6.1 NO production (A) and cell viability (B) in RAW264.7 cells stimulated with
various concentrations of lipopolysaccharide (LPS)

RAW264.7 cells (5x10° cells/mL) were treated with LPS (0 to 2000 ng/mL) for 18 h. NO
concentration in the culture medium was determined using the Griess assay. Cell viability was
evaluated using the CCK-8 assay. Each bar presents the mean from two data.

(A) NO production (B) Cell viability
O-LPS m+LPS O-LPS m+LPS
120 160 1
5100 1 5140 .
& N § 120 1
s 80 1 5 100 o
= =
5 60 - = 80 A
E 2 o -
3 40 - . * s 60
8. § 40 A
e 20 4 20 A
0 A o H
0 125 25 50 100 200 0 125 25 50 100 200
Extract (ug/ml) Extract (ug/ml)

Fig. 6.2 Effects of Chrysanthemum petal hexane extracts on the production of NO in
LPS-stimulated RAW 264.7 cells

RAW264.7 cells (5x10° cells/mL) were treated with various concentrations of hexane extracts (0
to 200 pg/mL) from Aboukyu with or without LPS (10 ng/mL) for 12 h. NO concentration in the
culture medium was determined using the Griess assay. Cell viability was evaluated using the
CCK-8 assay. Each bar presents the mean £SD. *,p<0.05 versus LPS treated control (O pg/mL).
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a. Enmeiraku

(A) Hexane (B) Methanol (C) Water
O-LPS m+LPS O-LPS m+LPS O-LPS m+LPS
120 1 225 - o 120
5100 5201 * 5100 A
£ £175 E
S 80 2 150 S 80
o o =] *
s 125 & ]
S % S100 | g%
o 151 ‘G
240 2 75 2 40
S S S
S a 50 1 * S
o 20 o o 20
= = 25 A =
0 0 - 0 -
0 125 25 50 100 200 0 125 25 50 100 200 0 125 25 50 100 200
Extract (ug/ml) Extract (ug/ml) Extract (pg/ml)
b. Aboukyu
(A) Hexane (B) Methanol (C) Water
O-LPS m+LPS O-LPS m+LPS O-LPS m+LPS
120 225 - 120
100 A 5 20 = 7 S 100
H * £ 175 £
3 80 | 3 150 | S 80
o o o
2 R 125 *
E 6 | = s
S S 100 g % .
15 . S ©
3 40 A * ;ﬁ 75 3 40
a 5 50 - * =
o 20 o o 2
= =Z 25 4 =
0 A 0 4 0 -
0 125 25 50 100 200 0 125 25 50 100 200 0 125 25 50 100 200
Extract (ug/ml) Extract (ug/ml) Extract (ug/mi)

Fig. 6.3 Effects of Chrysanthemum petal extract (Enmeiraku, Aboukyu) on the
production of NO in LPS-stimulated RAW 264.7 cells.

Petals of Enmeiraku (a) and Aboukyu (b) were extracted with hexane, 80 % methanol and hot
water successively. RAW264.7 cells (5%105 cells/mL) were treated with various concentrations
of hexane (A), methanol (B) and water (C) extracts (0 to 200 pug/mL) with or without LPS (10
ng/mL) for 12 h. NO concentration in the culture medium was determined using the Griess
assay. Each bar presents the mean +SD. *,p<0.05 versus LPS treated control (O pg/mL).
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Fig. 6.4 Comparison of inhibitory effects of Chrysanthemum petal extracts (hexane,
methanol and water) on the expression of LPS-stimulated NO production in RAW 264.7

by cultivars (Aboukyu and Enmeiraku)

RAW?264.7 cells (5x10° cells/mL) were treated with various concentrations of hexane (A),
methanol (B) and water (C) extracts (0 to 200 pg/mL) with or without LPS (10 ng/mL) for 12 h.
NO concentration in the culture medium was determined using the Griess assay. Values are the
mean £SD. Significant differences from the value of the corresponding another cultivar group,
* ,p<0.05.
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Fig. 6.5 Effects of Chrysanthemum petal extract (Enmeiraku, Aboukyu) on the
production of NO in LPS-stimulated RAW 264.7 cells.

RAW?264.7 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane extracts
of Enmeiraku (a) and Aboukyu (b) for 2h before the addition of 10 ng/mL LPS for 24 h.
Supernatants were collected, and. NO levels in media determined by Griess assays (A). Cell
viability was evaluated using the CCK-8 assay (B). Values are the mean + SD of triplicate
experiments. *, p<0.05 versus LPS treated control (0 pg/mL).
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Fig. 6.6 Effects of Chrysanthemum petal extract (Enmeiraku, Aboukyu) on the
production of TNF-a in LPS-stimulated RAW 264.7 cells.

RAW?264.7 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane extracts
of Enmeiraku (a) and Aboukyu (b) for 2h before the addition of 10 ng/mL LPS for 24 h.
Supernatants were collected, and TNF-a levels in culture media were determined by biological
assay using actinomycin D-treated L929 cells (A). Cell viability was evaluated using the CCK-8
assay (B). Values are the mean = SD. *, p<0.05 versus LPS treated control (O pg/mL).
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Fig. 6.7 Comparison of inhibitory effects of hexane extracts on LPS-stimulated TNF-a
and NO production in RAW 264.7 by Chrysanthemum cultivars Aboukyu and
Enmeiraku

RAW?264.7 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane
extracts for 2 h before the addition of 10 ng/mL LPS for 24 h. Supernatants were collected, and
TNF-a levels in culture media were determined by biological assay using actinomycin D-treated
L929 cells (A). NO levels in media determined by Griess assays (B). Values are the mean + SD.
Significant differences from the value of the corresponding another cultivar group, *, p<0.05.
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Fig. 6.8 Effects of Chrysanthemum petal extract (Enmeiraku, Aboukyu) on the
production of NO in LPS-stimulated MGS5 cells.

MGS5 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane extracts of
Enmeiraku (a) and Aboukyu (b) for 2h before the addition of 10 ng/mL LPS for 24 h.
Supernatants were collected, and. NO levels in media determined by Griess assays (A). Cell
viability was evaluated using the CCK-8 assay (B). Values are the mean + SD of triplicate
experiments. *, p<0.05 versus LPS treated control (0O pg/mL).
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Fig. 6.9 Effects of Chrysanthemum petal extract (Enmeiraku, Aboukyu) on the
production of TNF-a in LPS-stimulated MGS5 cells.

MGS5 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane extracts of
Enmeiraku (a) and Aboukyu (b) for 2h before the addition of 10 ng/mL LPS for 24 h.
Supernatants were collected, and. TNF-a level in culture media were determined by biological
assay using actinomycin D-treated L929 cells (A). Cell viability was evaluated using the CCK-8
assay (B). Values are the mean + SD of triplicate experiments. *, p<0.05 versus LPS treated
control (0 pg/mL).,p<0.05 versus LPS untreated control (O pg/mL).
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Fig. 6.10 Comparison of inhibitory effects of hexane extracts on LPS-stimulated TNF-a.
and NO production in MG5 by Chrysanthemum cultivars Aboukyu and Enmeiraku

MGS5 cells seeded in 96-well plates and pre-treated with Chrysanthemum hexane extracts for 2 h
before the addition of 10 ng/mL LPS for 24 h. Supernatants were collected, and TNF-a levels in
culture media were determined by biological assay using actinomycin D-treated L929 cells (A).
NO levels in media determined by Griess assays (B). Values are the mean + SD. Significant
differences from the value of the corresponding another cultivar group, *, p<0.05.

93



A Cont Enmeiraku LPS

— 20ug 80pg 10ng 250ng  1ug

mGDNF =
B Cont Enmei LPS
— 20ug 250ng  1ug
HO-1

B-actin e ey ey

Fig. 6.11 Levels of mGDNF in culture medium (A) and induction of HO-1 (B) in
Chrysanthemum extract treated MG5 cells

Cells were treated with extracts of Enmeiraku (20 - 200 pg/mL) or LPS (10ng - 1ug/mL) treated
for 24 h. Western blotting analysis was conducted to measure secretion of GDNF in culture

medium (A) and induction of cytoplasmic HO-1 (B) protein.
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Fig. 7.1 Proposed mechanisms of neuroprotective and anti-inflammatory effects of
cultivar extracts derived from Chrysanthemum morifolium flowers
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