BERRHEYOHERERFHRIEH

A B
® W

77K A FBLXOZEOEMERIL, HFA22EMCEENLET7 74 NI NVORKTHD, 79K/
A NI, HREHRIT LV —1EH, PUEGEN 2 &% < 0BG S Tw 525, &4, )
DT HREEMZ R TR AVRIEEN TV D, HEHHEDOT IR £ FIZIZBEA PL AL LS
MFIL OB EZ B, MRRERTRERN 2R3 2 LWL s, s EadimfE) 25
Hiflk X7z acacetin, luteolin 2 ED 7 5K 4 FIZH MR O LN TWD, AR TIX, MRS W
FEDWA DN THRRFERN TRIEA 2 RE3 2 B2 S, 2R A5 7 —ViliihoR) 727 —
VHLBAZ D WT HPLC 4347, UV AT MIVORGE 47V, & 51 in vitro 12817 % PC12 Mg & Fwv
7= MAPK @) Y fk, MM EOBIZ 2 7% -7z,

FoU— R, TIHR AR, HiO O, AR T

Extract from Edible Chrysanthemum Flowers Induces
Neurite Outgrowth and Erkl/2 phosphorylation in PC12 Cells

Yutaka Waxko *

ABSTRACT

Emerging evidence suggests that dietary phytochemicals,in particular flavonoids, may exert
beneficial effects in the central nervous system by protecting neurons against stress-induced injury,
by neurotrophic action. Recently Nishina showed that flavonoids isolate from methanol extracts of
chrysanthemum petals induced phosphorylation of ERK1/2, and neurite outgrowth in PC12 Cells.
The active flavonoids compounds in the extract has been estimated with 5,7,3'5-tetrahydroxy
flavanone,luteolin,and acacetin. In this study, we investigated that the potential neurotrophic action of
methanol extracts from chrysanthemum petals of "Abohkyu".
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BIMIE SRR ERFBEE o Tnb, HL) D3ILH#
REDOE I AT SN, BIFAER LT 5 2EIE
HHHFIET 50—, RBREHEE LTl < XD mRMIC
THRENTELRERLAMPGEAET 205, TN HIF—HKIS,
B DB D32 DOMFEZTER L THB 0 EHENE 5%
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FHH L7720 DG DM 2 ENT Wb, RERE
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HENTWS, PCL2 M IZARETE A & 564k L 7= RIE 86
Brg etk Mg, 2SAL UBRAIIR E LT Sh
72b0THY, MK EICHREERT (NGF) %%
R (TrkA) #5BHL TWb, FHIZ NGF 2+ 5% &,
WAL, MRS A PR L, 2RI 5
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ISR TwA, 72, BREEMEOFH LI~ A
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2.1 ##

AHF 7 OMEEB L OEGEIITROS DZMAL
i/ L72.PC12#21% DS Pharma Bio-medical (Ohsaka,
Japan) XD EEA L7z FMfrimiE (FBS) B X UH
# (Dulbecco's modified Eagle's medium ;DMEM) &
Gibco (Grand Island, NY) X Y WA L7z, MR
3£ (RIPA Buffer), —#%Pifk (Anti-phospho-extracellular
signal-regulated kinase; ERK-1/2), — &k ¥t & (Anti-
rabbit IgG, AP-linked Antibody) & Cell Signaling
Technology (Beverly, MA) X DA L7z0 7 %2
BisER ¥ v (BCA protein assay kit) & Pierce (Lockford,
IL) X YWEALZ. Pl kel R 3 (SOD Assay
Kit-WST) & Dojindo (Tabaru, Japan) X A L7z
AR N T (mouse NGF 25S; Grade2) (& alomone
labs (Jerusalem, Israel) X D HEA L720

2.2 HEOAMER) T/ —IVEE

HEHX 7 OMEE B X OEMRE L 220 L, B
B2 1050 80% A ¥ 7 — V- THNEGH U ik % T i
MiL7zo Mo RERE2ME L, EEEE 10mg/
ml &% L) ICREREL, 5L CHEAREZ T -80
C THREL. F72, BIERELZMEEORY) 72
)= IVEHBRE 7+ ) Y -FoAEIZIY)VTE) V%
) RSV g R L 72

2.3 HPLC IC&3KU7 /=IO

HPLC (BEikra~ s 79 7 4 —) 3 BdsfE
o LC-10 % w720 1 5 213 ODS #8}IE @ Mightosyl
RP-18 (46 x 250mm, Cica) % M\, ¥ i% 0.7 ml/
min & L7z. WM, A% 7 — VP2 T,
02% ¥xr otk (AW) BLXOx% /=1 : 7%}
= MUV KIREW (B 12X D, MDD 30 4HIX
B E % 28% \ZPRFF L T 24T 72 - 7214, B iR
JE2 10 5T 28% 05 70% ¥ T LA SRR
W17 7% 5 720 BiEE R 220nm ~ 360nm [ D4
Wz 7+ ¥4+ —F7 LA Mg (BEEE) 12X
DHIEL, HE—27 DUV AXRZ MUVEBIEL T,



TN O RRERIEIN BRI (B 2E)

2.4 A—=NN—FFT I THIVEEFEMS

WD F v b (SOD Assay Kit-WST) ##IH L NBT
HEORNVTH % WST-1 "IV ICESHRZ 2GR
Bl otze FHVFY - FHUVFUFFUI—EE
A== FF T FEERE L, WST-1 RV HF DX —
N—FF T FIZEBBRICIBTEL L FMENE L7,
W (BHERER) &, A—8—FF ¥ FAEERIC
AEE A 728 (sample), A—/%—F % ¥ FAERZO
A5 HHEE (blankl), FH v F v ElF2 S % 58
(blank2), FH > F ORI 545 (blank3) D%
JERDWICEER AR LD, RITRTRIHEV KD 720
BT 80% T8 — VIR AR LI L 72,

[(Ablankl - Ablank3 )— (Asampl - Ablank2 )]

x100
(Ablankl - Ablank3)

L (%) =

2.5 HfaiEE &R RER FIRIEADOKRE

F v b B A M TR E sk PCI2 MR = v
72o D-MEM |2 10% 7 ~ L&, 5% v ¥ I, iAW
% (penicillin / streptomycin) Z Mz 725 O %KM &
L, 37C, 5% CO, f+7E F CTHi# L 7z p-Erkl/2 %%
fLoWME B LU, # LIGEMEOBISHIKITIR T B2
TEIC X D AT 5720 PCI2Mils% 5 x 10" ~ 10°cells / ml
DIEET collagent ype IV TI— M L7726 R7FL— b
WAL, 24 ~BhifEXTo72. 20Kk, Mz
BEOARRYT 5E8E T (DMEM supplemented with 1%
horse serum) T 16 ~ 18 Wi L7z 80% ¥ /) —
JUVATE TR E I B (RS U 223 Ek), B X OB e
WCHW2NGF (50 u g/ ml) % 30 7 BIfEH S & 7214,
BORG % 21k LA % WX U p-Erkl/2 o flg it L7z,
B E 2RO/ TIE 48 ~ 72h B L, (A ZEBEMR
#% (phase-contrast microscopy (DP72; Olympus Corp.,
Tokyo, Japan)) 12X ) RIS OBILE %2177 - 72,

26 JIXRATAYTFa4>YT

MOl &k oo @ i (RIPA Buffer; 0.2 mM
dithiothreitol, 1 mM phenylmethylsulfonyl fluoride %
G) ICX DB 7z MR % 13750g T 4T,
0 MELSEEL, Fo LEes b s Lz,
Mo ¥ v 87 BHEmidmio+ v + (BCA
protein assay kit, BioRad) #Hw, Z7—<Y =711
7 ¥ b7V =4t L 595nm DWESEEE &l LAT - 720
BBABOY ORI BEEENELL RS L) ITHEL,
p-Erk1/2 &5 H1 1t U 720 MRl %2 12% SDS K
VT 27 UNVT I BTV TRERSIKE) L7-1%, PVDF EIZ
WEE 72, WEE 79y & v 7 (Easy block, Ato)
WERLERTLIREREEL T oy 7 Lz, 1 RIUE
(antiphosphorylated (activated) ERKL/ 2 anti-bodies)
% 0 SOGAEAERZ M7 (Can get signal solution 1) T

1/2,000 I2A ML, #mEEA 4C T—HAf ¥ F 2 X4 b
L 7-% TBS-T TWH (10 5-MidRE , 3M) L7ze =K
P& (Anti-rabbit IgG, AP-linked Anti-body) % 5t
IR HERRME R (Can get signal solution 2) T 1/2,000 (2
ALK T 1 BRIk E 9 L7zt TBS-T CTHki%
(10 43RS, 31) L7zs FidinG iz AP /Ny 7 7 —
(I-step NBT/BCIP, Thermo) 2 LZDH T, K
ISR OB E LY B X h e L7z,
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3.1 EBRAXVRY 7 z/ —ILOREEEE

AR TIEEMA T 7 OEMERICEH LT, MEESB X
CIEMED —OOmMOLE 21729 L2 HWE LT
BY, WOIZINEDRY T x /) — VORI W
THF T o720 74 ¥ - FZRBEICEDVTFY
VRFEEESEL E LT L2 28 2 5/ — Wik
WKEENLZRY) 72/ —VElE, WEESLOEMRET
FNFNELRER 1g 14720 157Tmg B LU 295mg TH
D, BIGEE OF LA & B LR 1.9 f58 A AT
WZ EATRENTZ,

WIZ, HPLC # HHWEH X 7 e 2 ¥ 7 — Vil
DHEITEATV, 7+ MF A= F7 L A4 HHEICK
N %58k Y — 7 O 220nm ~ 360nm i © UV A
R7 MVEBIE L7, FEEEKIE O Chlorogenic acid,
Apigenin, Luteolin, 3 & ¥ Apigenin 7-O- (6"O-malonyl)
-glucoside D A7 MLV LIRS 5 Z L12X ) GO
WHEAT o720 FEEB X I X DS N2 o
350nm TEIE S N7 0 v 7S94 %2K 1 1IRT, £
7z, L) THBEOKEVE =7 NRBIIZO~E D H 7
2L, ENEFNOE =7 DARZ VR 2~R L2,
MEEOZax M7 50 —7DIF, HEEMS X O
AT MVH LT OMBEHIZ B TE RN & R IR
DN ” X Y EE L7 35 di-O-caffeoyl quinic acid &
—HLTWwbHZE LD, DnidEE L& & W—1t
EMTHLEHM L7, ¥— 2O, MBI
AT NV HEEREGEL O Apigenin 7-O- (6"O-malonyl)
glucoside & —FHLTWaH I & XY, fE#EztE L E—1k
EWTHDHEHE LTz ¥— 27 ®IT Apigenin & HHM. L
TRARTZ P IVERLTWEIMLEMOREICIZE ST
W, —7, BEEEOY — 7 QIR B X 2
AR MUA, FEHEE O Luteolin & —3H L TWwb 2 &
£ ) Luteolin TH 5 Z LA RB Iz, E—27 @
¥ Luteolin L FHML L7z AR PIVERL TV S IYLE
WOHEITIZE > TR\, M B X OEaELY
WKEENAEERY) 72— VEIZOWT, 7a<x b7 I A4
DY — 7 ORFER & 0 IR % &% < DR O FRFF
BB L T2 225, @T 25 0% <Ml
WOEMWAERII VRN EAIRIBRENSD, E—r 1
TWREZY, FHraEMLAFCIE—72Y 7OREVE
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Fig.l HPLC chromatogram of flavonoids in mhtanol extracts
from chrysanthemum petals of "Abohkyu" (a) and "Mottenohoka"
(b).

D 35 di-O-caffeoyl quinic acid, @ unidentification, (3) Apigenin
7-0-(6"0O-malonyl)-glucoside, 4 Luteolin, &) unidentificotion
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Fig.2 UV spectra of standards (chlorogenic acid, apigenin,
luteorion), and the coeluteing lesion peaks (O, @ and @) were
collected during HPLC analyses using diode array detector.
Standards indicated by the solid line ; chlirigenic acid (a),
apigenin (b) and luteorin (c).

Coeluteing lesion peak indicated by the dashed line ; @ (a), ® (b)
and @ (c).
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Fig.3 Comparison of superoxide radical scavengnig activity
between extracts of chrysanthemum petals from abohkyu and
Mottenohoka.

Antioxidetive activity was showed agains for the extracts of dry
weight (a) and polyphenol content (b).
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Fig.4 Cytotoxicity of the extract of chrysanthemum petal
extract against for PC 12 cell.

10° cells / ml of PC 12 was cultured for 24 h with extracts of
chrysanthemum petals from Abohkyu and Mottenohoka, Cell
density was evaluated by the method described in experimental
method.
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Fig.5 Activation of p-Erk1/2 in PC 12 cell as a function of luteolin
concentration.

Relative linase activity was calculated by normalizing kinase
activity from stimulated cells to the untreated control cells.

The detailed experimental conditions were described in
experimental method.
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Yo PC12 MR 5 % Mgt % et L7z. PC12 M
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Fig.6 Activation of p-Erkl/2 stimulated with extract of
chrysanthemum petal from Abohkyu and Mottenohoka.
Serum-starved PC12 cells were stimulated with extract from
chrysanthemum petal at indicated concentration.
Phosphorylated levels of ERK1/2 were detected with specific
antibodies using western blot analysis as described im Methods.
The graph represents the quantification results from analysis of
densitometoric intensity.

Data represent the mean of two individual experimental method.

BKTF$HI 3L, ZOHATIMBOEEICITE
ACEBEILRWIZ EAURENTZ, 300ug/ml DR TIE
200 g/ml DIEFED cell viability & 1) B AT 253890
LIV OTEEN B OB N TV 5 Z L AR ENT,

4l MAPK OFHALOBEN 2, ¥ 7 F VIRER
DOUEDODORBEOMEEEETH S Erkl/2 B EIF,
COBEDY) YBALE ST LI LITX DITo 7z, WK
T PCI2 Mz 30 sl L, vV v Bk S n7z Erkl/2
(p-Erkl/2) #vx2% 70y 54 72L& )iREE
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NBT/BCIP ®JUtC & ) Ffa L7z R &2 X 6 o LAuR
Lico LI T FNVETFTIZ VA AT TIY ALK,
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DY VEALE B UEHE L 72,

Y U EAL ORI R LR 2 WL T 2 W & R
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Fig.7 Activation of p-Erkl/2 stimulated with extract of
chrysanthemum petal from Abohkyu and Mottenohoka.

Relative p-ERK1/2 activity was showed agains for the extracts
of dry weight (a) and polyphenol content(b).

R85 VIBEAMEE I NG Z EMER I NS (E 1),
EHI2) YLD ST WA luteolin & 1ug/
ml ~ 6ug/ml DEFECTHIT L 72/ %E (K 4), p-Erkl/2
DY VAL luteolin DIRFEDHIMIT 5 DITHEVK X <
GBI EDREN, TZRY Y TUYT A Y TDYTF
VR ERMER VW E SN b0, B RiRE
DEACE BT HHEDPRETH S T EAIRENT2,
FiEmill X OOy R L 2B o
Erkl/2 DY Y BALORFEREZK 6 IR L. Wb
TMOR I & HABHE ) Y BALAMREE L T D 2 &8
REN, JRITEY 7 2 ) — VG R 300ng/ml TH R

Table 1 Effect of extracts from chrysanthemum
petals on the phosphorylation of the Erk1/2

Stimulator Concentration Relative activity
(weight/ml) p-Erkl p-Erk2
NGF 50 ng 8.02 7.13
Luteolin lug 1.12 0.93
2ug 1.49 0.97
3ug 2.78 3.03
6ug 3.34 4.17

Extract (dry weight)
Mottenohoka 100ng 1.95 1.51
300ug 2.54 1.91
Abohkyu 100pg 3.60 2.34
300ng 6.23 4.27

Extract (polyphenol)
Mottenohoka 300ng 2.96 2.71
900ug 2.95 2.78
Abohkyu 300ng 3.37 2.77
900ug 5.70 4.46

Serum-starved PC12 cells were stimulated with
extracts from chrysanthemum petal and standard
reagents at indicated concentration. Phosphorylated
levels of ERK1/2 were detected with specific
antibodies using western blot analysis as described in
Methods. Relative kinase activity was calculated by
normalizing Kinase activity from stimulated cells to the
untreated control cells. The results presented are the
mean of two experiments.

TECHL L 2B MEA R L7ze Y v IR L 2 A i
THEML, ML 7Moo RERRE (K72 &
R 72— VEICHE L2 (M7b) L THEL
TR E, M7BIOE 1 IR L. EREEEYZD
DY) CEALIEMEE 100ug/ml, 300ug/ml DV D GE
AR\ RBEE RO DS h o 725, RY 7= ) —
WVEICHSE L7 fE TR L 72 ) v BB 300ng/ml
DL TITIEM A & P EMICIZE A EETRD LN
Lotz Tz, V) VIBALGERRE OB VAR Wil
ZRLEDS, KUY 7z — VIREREICOWTEL-ER
WD) ¥ ERALA TRE 2D W TIE 300ug/ml & 900 u
g/mlDOFIZIZE A EZTBEDONT, FEMEASLE
EEZONL, LEOKEID, 7MW X 5
Erkl/2 ®Y) Y WAbiZ, RY 7=/ — ViR H72-) T
R U756, AV & M EHMOMIZITE A L2
HENZ AR SN, WHEDORY) 7 = ) — VKO
HEROENI LS YEBALEEOEWCIZ M REE AR
Y (Al

3.4 PC12 #ifaDEHRREMR

B e i B & OVRE Ay S8 O 4l W I L 24h K58
# o PC12 AIEIZ BT % BHIRZS MR 2 f7AH 22 SH M T
BEEL 72 (8o X 8bIZIZM ML NGF Tl L
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Fig.8 Induction of neurite outgrowth in PC12 cells stimulated
with extracts of chrysanthemum petal from Abohkyu and
Mottenohoka.

Phase-contrast image of PC12 cells on 48h after stimulate with
: no additions to the culture medium (a) ; 50 ng?ml NGF (b) ;
300ng?ml, as a polyphenol content, extracts of chrysanthemum
petal from Abohkyu (c) and Mottenohoka (d).

i 35 & OVEEAT AR O a8 i X A2 BV T b 2SRt
BobNiz, DEOERBHEOMEID, ME=ML X
OVIE Ay S8 FE O F A (SRR A E AR § 2 LSS &
RIE X N7z,

4. EZ

HIUE, ) OWOIEWBETIINAT 7 I VIRGLICHE
DK, BRI T b= VY AR HER 2 EAFRIC
BoTWbhe —JF, FIROBIIIIHLA ML A% &I
X 2 MR OB E - BERE L O HI 2 L ATK &
Kb oTBY, MO PRI O B R BT
EoTE, 79K 74 FIZMBEoELE, 7R
b=V AFHE, B TREBR O RMBaiGE 2 P
THLIENHLNE RS TEZH, FIE, T veF v,

FoATFA U REDT FHR I A FIHEEAROMRLSE
MEZMRL, #RBGHEZEET ZWREIRBEINLTY
28, RIS (AR o) S1EH %
Wt L, HBEL 72 acacetin, luteolin 7% EHFion 7 5 K
A4 PSR m T REN 2 380 72 &Y &
BHX 7077874 FOMBIIEKEZITVHER T ¥ 7H
WHEEESR 2L 2 L2 |E LTV D, €2 TARIFIE
T, BEE SO RO W TR R T RE %
32 25, F274EhA5 7 — Vil o R
7 x ) — VA2 DWW T HPLC 70055 UV AR 2 b b
OMETEATV, & 512 in vitro 12817 % PC12 Mifa% H
W7z MAPK @) VAL, fhiEzeiRMEOBIR 21Tk -
7oo Z ORER, BTG E il & IEAT R TIEARY) 7 2 ) —
VHEDRRKELS B s TWDL I EDNGholzds, A—
WN—=FF T FT7=F VHENEIZER) 72/ — Vi
M) o TIIERREO O -7 (K3), Hl
DR OMENIE PCI2 a2 FH ShTB Y,
RGEMEDOFHE T MAPK 20$ 5 ¥ 7 F IUEERIC
I0Fl&RIEND L L), MAPK iR IR
fabgre o fboiaiE L UCEHilid 2 2 L AMEETH %o A
TR Y 7 FIUEERDO O L O DRBORLEHETH
% Erkl/2 #ILY) BVF, COBEHEOY) YEBILEBE L7
ML ORIBN N 72RO EZ R Y 7 = ) — Vw23
HLMETHE L Erkl/2 ©) Y BALIG TR, WA
Fi & MEEROMICIEE A LT EATRIE SN,
MEDORY 7 = ) = VORI X S, )
YALTEVE D@ TN R AR E s, LA L
RV 72— VEARIMEEEON % L, Hab/:

D TR EEO A VBRI SRR E ko7
(X7, %1,

BRI HENICHENZ OREZERNLTWE 7T
R A FHPMRERERTHIEH 2R T 2 EBHL RIS
no2H 1, SEOWFICBWTIE, BHEO 7SR/
A4 FIZowThREfofetadmwZgcidnd, £<
DT TR A FEEWTEEZ R T REEAVR S vz,
I OIRIHHIC BV TIE S, BB OBE R R E
DORAEIZDOVT, S ST SNTT LEDNH S L
WEIN, ZTOBAFL L THENLE T IR/ 4 FE2H
AT AL IZREEEEZORD,

Z £ X #

1) BBk L, AN fEam, 3R, 1 Oh
2FAE), 408-412 (2002).

2) M,Ukiya, T.Akihisa. et al : J. Agric, Food Chem.,
49, 3187-3197 (2001) .

3) M.Miyazawa, M. Hisama, : Biosci.Biotechnol. Bio-
chem. , 67, 2091-2099 (2003) .

4) Nestler EJ, Barrot M, et al: Neuron, 34, 13-25 (2002) .

5) AZRHER, TR, Ah IR SORIRE IR B EE

43—



NHFTHERPI AT —BIE Y AT AR E 5612 %5

47,39- (2011) .

HAEE S RIEE © P LERF SR E I ZEHT
AP, 2, 4349 (2006).

M. Kodama, H. Wada, et al. Phytochemisrty 47,
371-372 (1998) .

SLR R, BT ELESE, b 0 KE - AHENE, 12,
129-133 (2009)

HEE AW, A EEE Zaf T RRE 11,
600-604 (2009) .

44—



