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Summary

Study on the Isolation of Bioactive Components and the Identification of
Title of Project |Biomarker Genes from Oriental Herbal Medicines (Project 5: Epimedium
koreanum Nakai and Cnidium officinale Makino)

Epimedium koreanum, Cnidium officinale, isolation of natural compounds,

Key Words . ) ) . .
HPLC-LC/MS simultaneous analysis, DNA microarray, biological marker gene
Institute Korea University Project Leader | Young In Park
Project Period 2005. 4. 26- 2006. 11. 10

For the standardization of herbal medicine, the isolation of bioactive compound, the
development of HPLC and LC/MS based simultaneous analysis method and identification of
biomarker genes from Epimedium koreanum Nakai and Cnidium officinale Makino were carried
out in this project.

Fifteen compounds were isolated from the 70% methanol extract of Epimedii herba by column
chromatography. Among them, 12 compounds were identified the chemical structures as icariin,
hyperoside, chlorogenic acid, epimedin A, epimedin B, epimedin C, hexandraside E,
epimedoside F, epimedoside A, 2'"-O-Rhamnosylicariside 1I, icariside II and quercetin.

Eight compounds, which are Z-ligustilide, Z-Butylidenephthalide, Neocnidilide, Senkyunolide
A, Ferulic acid, Chlorogenic acid, Oleanolic acid, B-Sitosterol, Pregnenolone, Levistolide A,
were purified from the 70% methanol extract of Cnidii Rhizoma. And one more compound
was isolated and is under the elucidation of the chemical structure.

A sensitive and rapid LC/MS/MS and HPLC methods have been developed and validated for
the quantitative determination of 5 compounds (hyperoside, epimedin A, epimedin B,
epimedin C and icariin) which are main components of 70% ethanol extract of Epimedii
herba. 70% ethanol extracts of Epimedii herba which cultivated from several different place,
were analyzed their contents. For the chemical fingerprinting of Cnidium officinale Makino, A
LC/MS/MS and HPLC based methods has been developed and validated for the simultaneous
determination of chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide, which are
major components of Cnidii Rhizoma. 70% ethanol extracts of Cnidii Rhizoma which
cultivated from several different place, were determined the contents of these five components.

After the determination of each components of Epimedii herba or Cnidii Rhizoma using
HPLC/UV/MS, database were created using the retention time, m/z value and UV
absorption area of each peak and the ratio of mass intensity to each peak. Total ion
chrompatogram which were obtained from the analysis of the 70% ethanol extracts from
several batches of Epimedii herba and Cnidii Rhizoma using LC/MS, were applied to the
database, analyzed their major components and determined the similarity of each sample by
similarity index.

To observe the change of the gene expression profile by Epimedii herba and its components,
icariin, epimedin B and hyperoside, LNCaP cell line were selected by the observation of
gene expression change of the male sex function related genes. SK-N-SH cell line were




Study on the Isolation of Bioactive Components and the Identification of
Title of Project |Biomarker Genes from Oriental Herbal Medicines (Project 5: Epimedium
koreanum Nakai and Cnidium officinale Makino)
Kev Word Epimedium koreanum, Cnidium officinale, isolation of natural compounds,
e ords
y HPLC-LC/MS simultaneous analysis, DNA microarray, biological marker gene
Institute Korea University Project Leader | Young In Park
Project Period 2005. 4. 26— 2006. 11. 10
<continue>

used for the determination of gene expression profile by the Cnidii Rhizoma related to
antisedative effect. Cnidiin Rhizoma extract and its effective components, ligustilide,
Senkyunolide A % ferulic acid, were inhibited the NO production induced by NMDA which is a
CNS stimulating toxicant.

For the DNA microarray experiments, ABI Full Genome Expression Human Microarray was
used and array data was filtered using the criteria of signal/noise ratio > 3 (50% samples), flag
< 100 and normalized using Quantile method. Then DEG analysis was carried out to select the
significant genes which were significantly changed more than 2 fold the expression by the
herbal extract or their components (P<0.05). Significant genes were analyzed using the gene
clustering and biological signal pathway. From significant genes, over 20 known genes per
each extract or component were selected and validated using realtime PCR.

DNA microarray data from the 70% ethanol extract of Epimedii herba and Cnidii Rhizoma and
their components were provided to the database team to create the database for the biomarker
genes of herbal medicine.
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Figure 1. Picures of Epimedium koreanum Nakai, Epimedii HerbaCnidium officinale Makino and

Cnidii Rhizoma
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gHeFafol A1 DNA microarray el ol &4 = A& F2 Ao a5s glstr] 93 3 wyo
2 F2 AgF1 v =, ginkgo biloba (Watanabe et. al, 2001), licorice (Leung et. al, 2003),
Scutellaria barbata (Yin et. al, 2004), huanglian (Kang et. al., 2005), Echinacea purpurea (Yang et.
al, 2006) 59 @Y ok F=E ¥ olya}l Herbal medicine Inchin-ko-to (TJ-135) (Sakaida et.
al, 2003) H3 Al o oA Tess sty A AA e AEFAY FHA HY
HstE A#Eetr] 9 W o E ARSHATH

o Herbal medicines = Alefo = 7etr] fsix e w29 FEsp7t vl¢ Fa3H, ol & 9lst
o HPLC, GC, LC-MS, LS/MS-MS %9 FH4l ZX7|7|&& o] &3 thdst FAHEe] A&y
Atk 1 FolA DNA microarray WHol gtekAle] #H R TsIE 98k biological response

<]

o

fingerprinting (BioReF) WS ©]-83F human celloll 4] botanical drug productel biological response
£ YeEl= 9™ marker genes Z 57| 93 AEHES HT 2RI (Rong et al, 2006).

i

SSZolt} Agol tist dAZ U A= dHdez Wol Hi X o FE AR A&
S 5] SFYAES #EASE AFE0] T, Fo P AEIAES FALZ AdgHI
Sl A$ Aol Chiba 5(2002)2 syringaresinolE &% o 2 HEl B alo] PC12 A F oA
A& Eo A dose-dependent neuritogenesisE YWEFATt B 3ot 28l F29 Guo 9 Xiao

(2003)2 F=rjo] = Epimeidum herba Epimedium sagittatum, E. brevicornu, E. acuminatum, E.
koreanum, E. pubescens, E. leptorrhizum and E. wushanense & 7%°| Wiste] Tue £ 2 A
i, 98ty EAe diste] Haslg o, Sun 5(2004)2 5S rRNA gene spacer?] @7|Adel <]s}
o] o]5S5 EF3leE Aol dete] Attt 18] icariin® HL-60 39| differentiation <7} 2
s BEs did gl gl old tE oA gel dtdE #EsAT 18y 2 F
(2004)& &-9%Z o] methanol % %o°| anti-cholinesterase 2F-8& zta glom 7|oad 3y o259
FAE UEtd 5 dS Ao o

Ao Afees T2 Fevetst 42 s AR % &5 Ads Axedn vt
B HAILEo v A4F W AEEAel AAH vk AId sAItiEde] AusFEHS
ethylacetate <©] nitric oxide productiong A &|3ste] A AANELHETAES YET L H st o,
falcarindiole] °Fe]2&& YElUE 2242 Hisdo. Ag&dista GuFgS Ao Al
butylidenephthalide g ¥ 3}o] acaricidal activitysS Zr=thal H 135k e Fg TS ELS
A8 FEE°] antiangiogenic activityE 2t Jquhal H sl dE I} k=] FE A 54(2003)

of 9]3}e] 1,3-selenazol-4-one derivatives (Sz-A, B, C, D and E)°] nitric oxide productiong #] 3l
sl AAMERFTAES YERign  Husgow, HF AFAHAES A5 TH2002).
beta—heteroglucan®! cnidirhan SIIA©| anticomplement &%= YEW T Tomodas(1994)0] X 113}

5 AT YT dUd BA5e Bstel 5 BEsn A

Aogo] FUWAANZOL BepASel t Aol tig Bl FUHWA Thakd dopA)
%

N
rl
m

A 9 ZedaMd i dA7F SulelA @ds] dgE L vk Sd S}l
Az W 1995)7 Z2ara was(1983)¢] flavonoid glycoside Al%&S w28t 2.H, icarisid I+
DEAARS 28-S Uetdle Aoz nusidity. 53 A4 24" 01990)2 s Ashite =4
w2l E AAEte] B-sitosterol AlEel ERES] FxE el vk vk FHd HFE weEH(1992) % 4
sl 9 wEEA997)°] 5% methanol FEEY d-FEEc] AYs Ak &S U S
BHaustlal, dad Asd wFe1997)2 SdF2el vefstunt débebdags vedit skt F
L] &Rl w2001 SdF2e] FrFolel oste] st whet sk (He] e UiAlEAE
o AEE HE AaARS RasdA wdr])e ojgduiited FEE & 5 dS AS dAd



sl F o Sed A7k AAE vk elvetel 4§ A Aol stystelo

& ethylacetate =°] nitric oxide productionS # 313} A7 A S
o falcarindiolo] ¢Fg] &8-S UelE EdE Husdct ALty ¢twiyg e

s
for
L4
ofo

o
v
o
e
i

¢l butylidenephthalides 3} acaricidal activityE 2zt
THE HFe F=E] antiangiogenic activityE 2t lth
o] FEFAF(2003) ° 2lsted 1,3-selenazol-4-one derivatives (Sz-A,
nitric oxide productions A 33l A FMEHTAELS YEAY T Hustdon, A
s BASATH2002).  AEgAWY =% wFEH(2003) T%]/\]'T’} = Ak
patterns GCE o|&3ate] A0S Wl L 59 FFFAtol7t F3lo]
Baustde s 2hE7] " (1998)S EX G } AT H]JLO}OL% ofu]
o] Bou FTHAFES Mol ¥ wWol FHstal dow, = o 3
Hgo] HE AEska Aotk ot A E, olBls waE(1989)
DHEIZ a7t 91%:—% LERETAS e A=

@ M
K
ol
ol
Sats
v
s
fe o

H o o R
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FJ HE
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ol

Ph O e
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N2

o}zl SUZol} HFo] the DNA microarrayS o83 A3 ZAyE= A3 By nprl Qloh

SET AT FEAE BAE AL Y AP ¥ B 4799 ATARE BE gelsd ol
o}

AT BA S A% =9 A% S ERE-E

-&-9%k# o] flavonoid AE <
T (A4 et al., 1988)
-HPLCel 93 S <
icariin A% (A=Fd et al,|-HPLCol 23} icariin®
1989) slaF B4 (Sha et al,
-GC/MSel o] A=A -9 2 9]|1997)

-71%¢] HPLC #4¥
2 jcariinTHS o=
Aot 2 AT A =
icariing® X33 5F9
flavonoid glycoside®] o &t

fo
<t

L FFol F(HaE AR AT (A2 et|-Micellar electrokinetic =) wAW 3 e
- . = |©° RN = B u
FAE  EAal, 1990) ] caplll_ary chromatography = "HPLC /K/[SH MSZ ol ed
WA -HPLCell o] &4 F|o] &% flavonoid A& &4 oopzio] HaMo XOo 3
icariin® epimedin A ¥29]|{(Wang et al.,, 2003) o e orRe uo
AAA T AT (B et RS 183 ANTARN To g vy maz g
al., 1991) Ay (Jin et al, 20000 |57 000 amel mao -
—HPLCOH 9]-(:51, %ookg} % ‘o— }\]1;__7’_;—1 u/] 1o = %
o =3
icariin®] = ¥4 (ZE7 et -
al., 2001)
1€ ATe TR AT
oA ek EAdSE YEE
} o AeEs e A7 ¥
-2 9 acidic So]m] o = EER e ;
polysaccharide ¢ f - HE%_ Oﬁ‘:;ﬂﬂ L;ﬂ;]
} o = . ‘ _,|(Tomoda et al., 1992) L, thT T E >
73_%94 'ITE_ _HPLCoﬂ 9]?1’ Eﬁ%ﬂr Q‘—_]'Zi _24:(519/] lucarl 2] B o:]?_ eﬁ]—'ﬁ‘
% 49|39 phthalide 3 wla (o] 00 08I SO T R AgelAe HPLCS
Ly %9 et al, 1990) N LC/MS/MSZE 9]

-39 alkylphthalide
A AR AT

9
(Tsukamoto et al., 2005) Aol EaA prelel md
S 9gk HEHEAHY A&
S Ae AET
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M2z SZAT/MLLA S 2T AL HE X EH
2.1 =¥ AU E E9 2 oA A AT

7}

KN
=]

e

&
i

A

o

iy
B Aegyd 4% 29, r2E4
[e)

o HPLC/UVE o] &3 A 4% 3% 2 validation

oz
i
—

o HPLC/MS/MSE o] &3 54 4% &% 2 validation

(1) $FZe 79 2 AF

o 20059 5¥ AYx HAY AuiA o #HES] (Figure 2), A%3% 2% 2 12 kgs A4 FYARL
W 1 T 1lkg¥ Awielal & AATFEER 1S Ay ojAd ngEA Bue] 74, A5 wote

gl il
v, F7F AdE 98 20066 119 2&& XolA 18 kg ¥ T8t

used in this experiment (Chulwon,
Kangwondo, Korea, 2005. 5).

(2) Ak R 717

o 'H-NMR¥ Y“C-NMR< Bruker CXP-300 spectrophotometer® A}43t93, TMSE  internal
standard® AF&3Fth. FAB-MSE JMS 700 spectrometerE AF&3+91th. Column chromatography
9] packing material> Kieselgel 60(70-230 mesh, Art. 7734, 230-400 mesh, Art. 9385, Merck,
Germany)®} Sephadex  LH-20(Bead size 25-100 pm, Pharmacia, Sweden), 1231 Cosmosil
75C18-PREP(nacalai tesque)S AFE3}it}h. Thin layer chromatography$ platet precoated silica
gel 60 Fosy plate(layer thickness 0.25 mm, 20x20 cm, Art. 5715, Merck)$®} precoated RP-18 Fasy S
plate(layer thickness, 0.25 mm, 20x20 cm, Art. 15423, Merck)E A}&3Fg o, dwalx ko 7= 10%
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b

HoSOs % FeClzZ& AFg3lth 3%, 23 2 column chromatography & Al 2Fe EF 2 EPH &7
& AH&SEA

(3) &% 70% ethanol FEEAZ
o Oligo DNA Chip ¥ HPLC/MS/MS A3 8l AbA|elA A Fdst AR HsA A F943g
A W FA SBS Ax Adste] BEuE wE1 o] water-bathol A 70% EtOH=Z 7+
F 523 & 54 A%3 LC/MS/MS 2 Oligo DNA Chip ¥4 8o] A3t}

soiie A4S A9 Az % 2w

A 92 % 6kgS 20% MeOH
2 7EFEFS 33 HHES & ebEEcle] 4 MeOH extract (1800g)E n-
B =5

Hexane, CHCIs,

o EtOAc HFE (120.3g)S silica gel column chromatography (Hexane — Hexane:EtOAc —
EtOAc:MeOH — MeOH)E co]&3te] 7719 AiEdE Ao o5 &%% F No 7=4H
compound 1 ¥ compound 7 & 4t} thA] No. 5 3L silica gel column chromatography
(CHCI3MeOH:H.O = 25:4:1)E A5l 8¢ HE& ?—j?i&tt], 1 % No. 8 3% Sephadex
LH-20 column chromatography (MeOH)E 2 A]&}e] No. 6 A~w& 22 HE compound 6 AR

o 59 EIES A silica gel column chromatography (CHClg-MeOH-HZO 25:4:1)8 W& =3
3to] No. 3 2834 compound 8 No. 6 2E3 A compound 25 AUt}

o BuOH #35(3204g)ol W3t silica gel column chromatography (Hexane:EtOAc—EtOAc:MeOH —
MeOH)E A Aldte] 8719 AR IS Ao IF  No. 3 oZ vacuum liquid column
chromatography & &3l A 67019 &F8S Ao 1 5 No. 3, No. 4 #8225 E compound
4, No. 5 38 0o2%E sephadex LH-20 column chromatography (MeOH)E %3] compound 5 &
AT} No. 6, No. 7 8o g2 8¥ Z}Z preparative HPLCE %3] compound 9, compound 10& +

2] skl

Epimedium Koreanum NakKai

(Dry and Ground leaves (6kg))
Extraction with 20% MeCOH
Filtration and Concentration
Methanolic Crude Extract (~1800g)
|Partiliun with CHC,

| I
CHCI,; Extract Aqueous Layer
IParmmn with EtOAc

| |
EtOAc Extract Aqueous Layer

S.C.C (Hex:EtOAc> | Partition with n-BuOH
EtOAc:MeOH->MeOH) |
T T T T T 1 n-BuOH Extract ~ Aqueous Layer

1 7 3 4 5 6 7

S.C.C (C:M gradient)

scc | |13'::‘|;:t]!ex LH-20
C:M:W=25:4:1
{ Comp 3 Comp 1 | 'l 'I | | | | |
Comp 7 1 2 3 4 5 7 8
12345678 \,,_cc|
S vt [ | | [ | | Comp9 Comp 10
(MeOH) » VL s
1234567889 Sephadex LH-20
Comp 1 (MeOH)
Comp & Comp 2
Comp B Comp4 Comp5

Scheme 1. First isolation of bioactive compounds from E. koreanum Nakai.
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H SFEEY ol ATy e vlE) 2, sevF 7]l FehA Eoke A
ol AelA, AN st i wu A % FHAQ e 2 E 98 20059 1€ 7
Ft Ax B F 12 kgg 70% MeOH= 7M9FE& 33 W&t #Ads5ste] 42
extract (2600g)E n-Hexane, CHCl;, Ethyl acetate, n-BuOH=Z AZ&3 s 7 =38t 2179
extract® &R 3HTF (Scheme 2).

o 71 5 Ethyl acetate ¥+8E&E ¥ 100g2.= silica gel column chromatography (CHCls:MeOH = 98:2—
50:50)2 Ea) 11719 2288 Ao No. 4 AR F A filtrationS E38] compound 11& #323d}
gom, EFFo oyAoF (Cl8 resine O]%f?} solid-phase extraction (50% MeOH—100%
MeOH)S 3] 9& 100% MeOH #38o 2FE preparative HPLC column (ODS C18)& %3}¢]
compound 125 E#3dt. No. 6 A£E3FL Sephadex LH-20 column chromatography
(CHCIzMeOH = 1:DE a3l vAl 6719 awdez £dsta, % No. 5 42w ozid
preparative HPLC column (ODS C18)& &3}° compound 13 & #3833t No. 7 £33 S
cosmosil 75C18 resine ©] 83t reverse phase column chromatography (50% MeOH—100% MeOH)
2 23 12719 2B o=w Ui 1 F No 5 AEFO=ZRE preparative HPLC column (ODS
Cl18)% %3l compound 14, 155 #&lste] dA +x &4 Folv, UywAe 3 9 CHCl; +3=
25H IgES Fdstaa dds 38 Folrh

Epimedium Koreanum Nakai

(Dry and Ground leaves (12kg))
Extraction with 70% MeOH
Filtration and Concentration

Methanolic Crude Extract (~26009)

| Partition with n-Hexane

n-Hexane Extract Aqueous Layer
| Partition with CHC,

CHCI, Extract Aqueous Layer
| Partition with EtOAc
| |
EtOAc Extract Aqueous Layer
| s.c.€ (CHCI,;:MeOH=100:0 > 50:50) ||"a”'"°“ with n-BuoH |
! é ! ! I (L ; é ! 1|0 1|1 n-BuOH Extract  Aqueous Layer
FiItrat;:n » T glt{uatﬁn
cphadex Comp
{CHCI,:MeOH ci8c.c
EA4F =50:50) (H20:MeOH=50:50->0:100)
SPEC®| comptt — 1T T T 1 [T T T T |
1 pid 3 4 6 1 2 .. b 12
WM M HPLC (ODS C18) ’HPLC (0DS C18)
HPLC Comp 13 Comp 14
(ODS C18) Comp 15
Comp 12

Scheme 2. second isolation of bioactive compounds from E. koreanum Nakai.
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< E4€ >

(1) A8 A=

o B o = AT TE 7F 24T ARHE Ao 0% ¥ FEE 21F, B A EZYE
3t 70% o Ee3=%E9¢ Ext-PR, Ext-GT, Ext-CT-& AF-&3th. Icariin, epimedin A, epimedin
B, epimedin C, hyperosidet &% Zo2ZHEH F2d ATFS ALY, UERSEZZE AE3

digoxin, a-naphthoflavone Sigma-AldrichZ2% 8 Fwlstdth Z+ A5l AHx], F4H, 534 ¢

<3 2o
AEHS AEA] TYA Ak FA (g F=2E FA (g FZE ANEHE
8.50 EK-K1-1
K-1 Sh=2k JEFx 40 8.48 EK-K1-1I
8.71 EK-K1-1II
R 8.46 EK-K2-1
K-2 gt : ‘f’: i 40 8.21 EK-K2-1I
(D) 8.16 EK-K2-111
A 24k 7.18 EK-K3-1
K-3 B At shoki}a) 40 7.21 EK-K3-1I
GE) 6.99 EK-K3-III
7.76 Ext-1
K-4 By A A= 80 8.01 Ext-2
8.53 Ext-3
7.20 EK-C1-1
C-1 =2k A7 F=A 40 6.98 EK-C1-1I
7.35 EK-C1-1III
7.69 EK-C2-1
C-2 R Fof oG A} 40 7.99 EK-C2-1I
8.06 EK-C2-1II
7.23 EK-C3-1
C-3 F oAk ST = 40 7.44 EK-C3-1I
7.16 EK-C3-1II

(2) A1k & 717
- HPLCS &7 J. T. Baker (USA) AI%2 A §3tgom = 9 2AE Ake m% SFAGS A
43ttt Compound profilinge 913 A&l Agilent 1100 series LC/MSD trape AH&3t3 o™
S| 2 &)

o A+= HPLC A]~=®¥2 & Shiseido Nanospace SI-1<, 48 ZHY& Capcellpak Cis (46 x 250
mm)S AREEth. LC/MS/MSE o] &3 sAEAY Addi= HPLC Al2~=¥lS & Shimadzu
HPLC system LC-10A seriesE& mass detector= API2000 triple-quadrupole mass spectrometry £,

#2498 AY L Capcellpak Cis (2.0 x 150 mm)S AF-&31 o

(3) EF 49 =A)

o ¥ FF fcariin, epimedin A, epimedin A, epimedin A, digoxin, a-naphthoflavones W&o =

==
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Img/mLel %7t A% zAse] B oz AHgsech

(4) Ad =4

o Z}7te] FEES 2 mg/mLe FEE WEo] Ho] FHooz Algsl).

(5) LC/UV/MSE °] &3 &4 F2E9 compound profiling

© 3% $¥% FEE £0& LO/UV/MSH F5ke Zztel @ UVel MS profiled 2912 HPLCSH MS
2312 vt 2o

(7}) _HPLC-UV_condition

- HPLC-UV-MS system: Agilent 1100 series LC/MSD trap

- Column: Capcellpak C18 (46 X 250 mm)

- Mobile phase: (A) 90% ACN in 0.19% formic acid, (B) 0.1% formic acid

- Flow rate: 1 mL/min (split ratio 1/5), Injection vol.: 20 uL

- UV detector: 320 nm

- Sample concentration: 2 mg/mL

- Solvent gradient system:

Time (min) %A %B
0 30 70
10 70 30
20 70 30
21 30 70

(1}) Mass spectrometric parameter

- Polarity: Positive

- Compound stability: 50%
- Nebulizer pressure: 35 psi
- Dry gas flow: 8 L/min

- Dry temperature: 350°C

(6) LC/MS/MSE ¢] 4% T4 249H &9 2 validation

M

(7hH HPLC/MS Z4: %% FaA4%Y A 248 93 HPLCS mass spectrometer?] A& oS3 2t}
o HPLC condition

- HPLC system: Shimadzu HPLC system LC-10A series (Kyoto, Japan)
—-  Column: Capcellpak Cis (2.0 x 150 mm)
- Mobile phase: (A) 0.1% formic acid, (B) 90% ACN in 0.1% formic acid

- Solvent gradient system:
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Time (min) %A %B

0 65 35
4 35 65
5 65 35
7 65 35

- Flow rate: 0.2 mL/min
- Injection vol.: 10 pL

- Column oven temperature: 35°C

Mass spectrometric parameter

- MS spectrometer: API2000 triple-quadrupole mass spectrometry
- Polarity: Positive

- Dry temperature: 350°C

- Nebulizing, turbo, curtain gas: 40, 80, 40

Analyte Precursor ion (m/z) Product ion (m/z) Collision energy(V)
[cariin 677 369 47
Epimedin A 839 369 57
Epimedin B 809 369 51
Epimedin C 823 369 61
Hyperoside 465 303 33
Digoxin (IS) 781 97 61

—Multiple reaction monitoring parameters:

(b Aa 24

o Z} ¥ 3 (icariin, epimedin A, epimedin B, epimedin B, quercetin)ol o3 3%
MeOH)S 7FA 2 Z+zbe] F=7F 05, 1, 2, 5, 10 pug/mLeo]l H%E5 70% ol &
100 pL #H3 T YR FF=9¢ digoxin £H(100 pg/mL)S 5 plLA 7lsle] & Z}
¥ 10 pLE HPLC/MSOl 93t mass spectrum o ZH¥ 33 WA S ettt o9 e =

-

2bS 3 wHESte] I aH Aol digt Fd A5 Fete] HFAS AT

(th) €Ul ¢ A8 2 AdAd

o Z} ¥ F3F(icariin, epimedin A, epimedin B, epimedin B, quercetin)ol w3 & fAS 7txju Z
719 %7} 05, 1, 2 10 pg/mLol HES 70% ez fAske] 22he 100 yL A% F UL EF
olQl digoxin € 4(100 pg/mL)S 5 plLA 71sle] QCE EFNS ZASIT 4 E+d 10 ubLEs
HPLC/MS®l F3t] mass spectruml ZHE 3 WAL £t o9 e %28 sFd 53
HHEsle] U AdAd Y AEAHS Tt ud 2 ARE 13 543 BASe] A3 AdAd T A

=
gAS Fadnt. AAAPS JeElE YU EE relative standard deviation (%6RSD)E veR a2 A &
= 7 V4

=
A ANBR2EYH SA4E w0 " olEgks vaste] YEER FASAT

_22_



() ¢4

=

=4
25(30, 40, 50°C), gradient =S WHIA|AA 338 W& EXMS Folo] EAH AAAHE AHs)
ok A AlFES 93 gradient =4S Ty Zr)

° 2 ng/mLe] QCAl=el thate] &wie] pH(S, 4, 5), A¥ T (Capcellpak Ci, YMC Cip), 2d 23

° Gradient—1 o Gradient-2
Time (min) %A %B Time (min) %A %B
0 65 35 0 70 30
4 35 65 4 30 70
5 65 35 5 70 30
7 65 35 7 70 30

b2 A|E F icariin, epimedin A, epimedin B, epimedin C, hyperoside] 3}z &4

759 FEFeRTH FEE T 2MY ¢ FEE A

o AA7F A7) vE ko 158 247t g =
o 2 mg/mLY FEE ZA3 F 100 uLE FHalA digoxin 4100 pg/mL)S 5 pLE H7Fste] A
3 g2 zAsIY. 2o EAWe wel 10 uLE HPLC/MS Fd3ste] 43 3 7+ A& o
g s AsE AT

(7h) HPLC =7 ¥ a8 sA &4
- HPLC system: Shiseido Nanospace SI-1
- Column: Capcellpak Cis (4.6 x 250 mm)

- Mobile phase: (A) 0.1% formic acid, (B) 90% ACN in 0.1% formic acid
- Solvent gradient system:

Time (min) %A %B
0 75 25
12 50 50
15 15 85
20 15 385
22 75 25
30 75 25

- Flow rate: 1 mL/min, Injection vol.: 10 pL
- Detection: 260 nm

- Column oven temperature: 35°C

() H=d A4

o

o Z} ¥ 3 (icariin, epimedin A, epimedin B, epimedin C, hyperoside)o] w3t ¥+ ¥ (1 mg/mL

in MeOH)& 7FA|aL z}zke] Fk=7} 2, 5, 10, 25, 50 pg/mLe] == 70% &&= 34sto] zH2h&

100 pL #3F 3 WEFF9N¢ a-naphthofalvone €100 peg/mL)S 10 pLA 7}sle] EE&HS %4

stk 7+ ®29 10 uLE HPLCH F%lste] UV azstzadeozie 92 942 7aac. o
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(th Wl 47 ggd 4 AdA
o Z} 3 3 (icariin, epimedin A, epimedin B, epimedin C, hyperoside)o] ™3t T+ dAL
FE7F 2, 10, 50 pg/mLel =5 70% oleh& w2 s|Aste] zZbzbs 100 L AT &
a-naphthofalvone £ (100 ng/mL)< 10 uL 7}3ste] QCE EF S &k ot
%IWMMlZ“&ﬂlﬂfﬂi@i:%giaazwagag 39
HhEsto] Al AddH A4S Tt wid 72 AlsE 134 5‘?4_7} A st
gAde et AP S YEhE AU EE relative standard deviation (%RSD)Z e}
Sl = 7 7 %

4 ARRRYH S48 s Fvits olEael i MEER BASAY

T
ﬁgrﬂ
o
LS
0 ["10
1‘§ N
N o b
- N
=
o o o X
1=
BRI
ox 2 = M\

<

_ﬁ
2
o By 2 N

=
&l

o o?ni (L

() ¢4

o 25 ng/mLe QCA &) tidte] A FF(Capcellpak Ciz, Beckman Cig)E w®}4-o] 33 Wi F2i3}o]
2 FAHe] A S AP

(v}) &% A& F icariin, epimedin A, epimedin B, epimedin C, hyperoside®] 3F=F 4

o AA| 7} 247 g2 T7Fe SYFoRREEH FEFH F 219 FEE AEE WEEd 59 2 mg/mL
9 xR ZA3 T 100 uLE FHMA a-naphthoflavone & 94(100 peg/mL)S 10 pLe H7}stod A=
gole AT 9o EA W wel 10 uLE HPLCY F¢ste] A8 & 7k i) st 3=k
< AitstA Tk

(8) Aeke] 2 #AFE AT HAEH

° TF0 S FEE MMI%wJN%%%%r@1,MP2NP3E$H+%%
Fdste] Z+z+e] 3k total ion chromatogram (TIC)E AUt & 7% FEE9 TIC dlolgE vt
B 0o & retention time, m/z value, peak intensityS U ]E1§}0}°4 SAS 8.02 X213 (SAS Institute
Inc, Cary, NC, USA)S ol&stol EAA 2 stk vz deA A4S fste] FAE 24
(Principle component analysis, PCA)<S F 332", Bray-Curtis? S o] &3ty 7z F&EE
similarity Index (SI)E AAFeA . Bray-Curtis? < th23 o

U o g2 ,C/MSol

2 me (xij )
SI= =1

S

Z (%‘j + )

1=1

<upol 2 HE>

(1) Cell culture B 5%, 1 =459 Ax =4 34

o AM|EF LNCaP (prostate), MCF-7(Breast), A549 (Lung), ACHN (Kidney) % CCF-STTGI1
(brain, astrocyte) & 659 AXF+= 10% FBSE 33t DMEMo]Y} RPMI1640 medias A&
sFo] 37C CO. incubatorol| A vl 3%

. AT
e

sAUx

—

5%
542

542 70% ethanol FE=Eo|Y GdEHAES
W d

St AR
72 AP A3 3 MTS assay (Promega, USA) o2 A

ot
2
H 42
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(2) RT-PCR= o] &% Alx5F AAS 93

i1k
e

° A549 A ES LNCaP A ¥o] 4% F552 9 11 ByEAEE59 o] 28 2447 ot
% total RNAZ 3ol RT-PCRS ©]83le] PDESY HAT=2E A4 2 28 3d a4E59
HdS sk x%ﬂ T 9 NYXFE AAsI e, A% T % 0 6

48 A& ste] total RNAE 2t RT-PCRS A Akt

o Bg]3l total RNAE reverse transcriptase?t dNTPZS o] &3le] cRNAES $Asom o]E t}hA]
PDES, AR, 33-HSD, aromatase, CYP17, B-actin 52| sense, antisense primerZ ©]&3}o PCRE&
3le] B-actin®] 3} Wl ste] zF gl o] mRNA 2 W E A2 olu SUdH FEEI
o3k Wy W3ty 2 M EE DNA microarrays 93 AlXF2 AAE A

i~

Z

(3) ¢ % 2P PeBdol NO A4ol WA 9% B3

o

o W YE A EF LNCaP (AHA ¢hA|EF)= chamber slideo]l 10% FBSE &
E AR&ste] 37C, COp wig7]ol A 24 AZF &<F F-2akdnt. o] AlEFo|
70% ethanol F& %<5 100 ug/ml, 200 ug/ml ¥ % 24 A7+ < A8t
2l icariing 10 uM, 20 uM, 200 uM ©] FX=® 24 AZF F<F A28t

St ok RPMH64OHH Xl
=4 A
al

’

o Z} sampleES A3 AEXZHFE S NO #ALS DAF-FM diacetate (4-amino-5-methylamino-
2" 7' —difluorofluorescein diacetate) 2 A Msto] &l sATh =, 7} samplese] A H H]JA S
DAF-FM diacetateE® 5 uM<e FE==Z 37ColA 1 AIZF &<t HEl3ta, PBSZ 13] A&t & 3
v (Ex. 490, Em. 515)2.2 NOAA S =439

(4) DNA microarray A&

o MEXF LNCaP (A g IdMEF)E 10% FBSE i3t RPMILG40w A & AL&38te] 37T, CO:q
Feldeh o] MaEFeo] 54 1Ax3 S%¢FY 70% ethanol =5 10 ug/ml %

Hj 71 el A wl <
2 3 Al 6 AIZE 24 A, 48 ARE %?l A2eta, 100 ug/ml F=2 24 Al7F B2t HEsH o
o o] TdAdEA jcariing 1 uMe 52 3 AZH 6 AIZE 24 A17F 48 A7 B¢k A gty
3, 10 uMe] FER 24 AIZE FF AEstdh B tE 5dHe] ddE42 epimedin B 4] 1

3 ARE, 6 AR, 24 AIRE, 48 AlZE Eeb AEekelal, 20 uM94 TEE 24 N7 B

uMe] FE=

A28k o1, hyperoside™ 10 uMe] == 3 Al 6 AIZF 24 A7 Al s A skea,
50 uM9e] TEE 24 A7 ZoF Attt T3 Quercertin® 2 uMé FEE 24 A7 Bk A
3

o 7} sampleE& A& MEZFEH total RNAE RNeasy Mini Kit (Quagenerl, USA)€] protocol
of whg} EFsgith. 1 & RNAE AA 260/280 ratios FA3dte] 18 oldel Hie= A
formaldehyde gels& ©l&3dtel 7] &3 § 2 bands &9l 2 AFste] 28S, 1859 ratio’}
1.8-2.3 W9l A= RNAE Aol AH&33A

o ¢cDNA 34, cRNA labeling, sample hybridization % detection Applied Biosystems
Chemiluminescent RT-IVT labeling KitE ©o]&3te] A=A protocoldl &l cRNA Az 2
hybridizations 9] #4& APt =, 5 ugd Total RNAZHE RT-IVT Labeling Kit v 1.0
S AFE31Y] labeling® cRNAE W= om wr5olR labeling ¢cRNA 10 ug2 1700 Full Genome
Expression Human Microarrayel roadingdle] 55ColA  16A17r E<¢F  hybridization*] Z t}.
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Hybridization A]%] Microarray= A% % antibody binding®}* & A% % Chemiluminescence
Detection KitE AF&3}o] detections 3}, image =412 Applied Biosystems 1700

Chemiluminescent Microarray Analyzer < A}-83}%th.
(5) DNA chip data analysis

o DNA chip datax Avadis Explorer 3.33 GenPlex 2.0 (Istech, Korea)Z o]&3lo] B3¢t}
Microarray 9] ©Juj#A| & 273t A2 fo]E]E signal/noise ratio > 3 (50% A1 &), flag < 100 ¢l
Ho]E £ filtering 3+ ¥ normalization 33T, 7 & DEG 2418 AA|Ete] k&gl 9sle] 2
v o] Frbsta, freldom od (P<0.05)°] Wshdt fFHAnks AWt clustering A E

AzEe] AETH 7] 2 &4 biological pathwayE +43F5 o
(6) Real-time PCRS o] &3t S%Fd4 A5

o WA cDNAZ Adt7] 9ste] oligo dT 2pl¢t Spgel aldstsE 2213 RNAZS A oja 70°CellA
10& =<t incubation*] 71 ¥ iceoll ¥ +=t}. 2yl transcriptase RT enzyme, RNase inhibitor 2pl, 10
ul 5X RT buffer, 10ul dNTP$} DEPCE %ol 50pl= BEFa1 42°CollA] 1A &<t reverse

transcription Al 71 & 95°Coll A 5& <t reverse transcriptaseE & &4 3} A 71t}

o 4% cDNAZ 1/10 34 AAA 1ul cDNA, iQ™ SYBR Green Supermix 25pl, primer 2ul$}
DEPCE il 50ul2 2t53ich. PCREACZ A cycledl A 95°Col A 28 &<t Faatlar vw |
cycledl A= 95°Coll A 30%, 50°Coll430%, 72°CollA 45% =2 40cycles Mini Opticon(Bio-Rad)Z
o] &3l F=a& At Z cDNA sapmle triplicate® =3)3F% 1L, B-actin cDNAQ| real-time PCR
data® %3] normalization¥| ! T}

o PCR quantitation data®} melting curve: Opticon Monitor software® £3] dom, 71 Axe=
2—((sample Ct-B-actin Ct)-(sample control Avg. Ct-B-actin control Avg. Ct))é

i

22 A3 A 429 £, o4 R w& AL W 24 I

7t AFAE W&
o ArorEEH AP A& e, FREA
o HPLC/UV/MSZ ©]-&3} chemical fingerprinting

° HPLC/UVE ©] &3 s £4% &4 3 validation

o HPLC/MS/MSZ o] &3t H A

S

X
o
)
i

o A HEHE AT AR B4
. Age FA RS 9 AEAARA ] AL

. WF) AAAE B

yul

d AEZF AA

Ry

o DNA microarray 2%, =4 2 23 #AZ5



. 8y

< EFHE >
(1) AF9 +¢ € AF
o ZZ(Cnidii Rhizoma)& 3 AT AAS ot oA
AR Fdste] Agdgtu o deto] JFo=
o1
AN

o}

F (Cnidium officinale Makino)& A

Azsta 4gol At

(2 %%
 AFe AR ARS REALOR dm Ut Adom thE Aok AgHt FEds vE FEUS
AgaloksEe otdlel Schemeel Wl FEaAAth F AmEPH 4F $0E B FEAE Pue
2e At

gom wE 70% ethanol 3

Wt e

(7}) 70% EtOH extracte] |z
o A EH(25kg)S 70% ethanolZ 2% (reflux, 3417}, 33])3}¢] ethanold vacuum rotary evaporator® ©|

|3t g Bl b FAARA 9st 70% ethanol ext.& | &3

W =9 F=
o Scheme 39| Wz} HZF EZG kg WA hexanelZ 2F(reflux, 3417t 33])8le] vacuum rotary
evaporatorg ©|838t4] S F=3lo] hexane ext.E AAUTh ©FoZ FET hexaned A2ollA FEA
71 92 ether® &H (reflux, 3417}, 33])3}aL etherE T %5319 ether ext.® AU
Powder of Cnidii Rhizoma(5kg)
| Hexane
v
Hexane gxt.(267g) Residue
Ethyl ether
Et,0 ext.(84g) Residue
Methanol
MeOH ext,(494g) Residue
CHCl,-MeOH-H,0(8:4:3)
\ M o#{ (464g)
€ ext. g
CHCI3| ext.(34g) | E{OAC/H,0
Hexane-MeOH-H,0(20:10:2) v
H,0 layer
| BuOH

v v
v v

Lower layer Upper layer
CRC trigl id
ElOOgg ( rl(gc);gle{r; 2 EtOAc ext. BuOH ext. H,0 ext.
(285¢) (CRE) (CRB) (CRW)
(14g) (59g) (350g)

Scheme 3. Solvent fractionation of Cnidii Rhizoma
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o Th&o R B etherE Aol Z2A7 th& methanol® & (reflux, 347, 33])3l%] methanol ext.
S AATh o] methanol extol EFHH UdeE AFAH ELY FA4 ELES syl fskd
§

chloroform-methanol-H»O (8:4:3) . & #

o Chloroform ext.¢} &olAl A& hexane ext. @ ether ext.& et FA E237 v IFAH E4& UFrr] 9

3t hexane-MeOH-H:0 (20:10:2)% #3283} hexane ext.} methanol ext.E& AUt}

o oA AL methanol ext.S Eol HAEA| 7] ethyl acetate® 3} ethyl acetate ext.Z LA}t HF
Ao 7 & fraction butanol® &3}l butanol ext.9F & ext.E AUth

(3) 4 &9

o Ao =4 #Ee 2AdAMIEC] HFH e EE
9. 2 FdAX%E Fr. CRC 2388 F4 3
HPLC +#4] data(Figure 3)2%-
3o FozHHE 1X}AMIE £289 Fr. CRH, CRWE Al&stal 71 2 3 o]a, 73:67'9] -‘r’r;@l
o7 olAw 1 9lE alkylphthalide?’} F& E%Lﬂq A= EEol7] wFo o] oA HF AxEEH0

Tl s olof at7] wEol At

450

C. officinale extract

~ 06101 4Cni-Sa032-1

1: chlorogenic acid

[mv]

2: ferulic acid
3. Senkyunolide A
4. (Z)-ligustilide

I1S: a-naphthoflavone

10
[min]

Figure 3. HPLC chromatogram of 70% EtOH ext.

() Fr. CRH 389 &% ¢
o Fr. CRH 10g< silica gel 60(70-230 mesh) 1lkg, $v|Z4+= hexane-EtOAc(9:1)& ©] €3} column
chromatography(SGCC)E AAItAth B5F o719 £8& da 7z £89 245 A A AT

Fr. CRH
SGCC(Hexane-
EtOAc=9:1)
CRHI1 CRH2 CRH3 CRH4 CRHS5
Recrystalli-
zation
Compd 9
B-sitosterol

Scheme 4. Isolation of compounds from Fr. CRH
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Fr. CRH2E MeOHZ Al 27 3}o] Compd 9= &8st

Compd. 9: ¥ AA o7 Liebermann-Burchard ¥H3o| A %A1S YERN AT

1H-NMR(500MHz, CDCls): § 5.35(1H, m, H-6), 3.52(1H, m, H-3), 1.01(3H, s, H-19),
1.01(3H, s, H-19), 0.92(1H, d, J=6.4, H-21), 0.83(3H, d, J=6.8 Hz, H-26),
0.81(3H, d, J=6.9, H-27), 0.85(3H, t, J=7.8 Hz, H-29), 0.69(3H, s, H-18);

BC-NMR(125MHz, CDCly): 6§ 37.3(C-1), 31.6(C-2), 71.7(C-3), 42.2(C-4), 140.7(C-5),
121.6(C-6), 32.0(C-7), 31.8(C-8), 51.1(C-9), 36.4(C-10), 21.1(C-11),
39.8(C-12), 42.4(C-13), 56.8(C-14), 24.2(C-15), 28.3(C-16), 56.0(C-17),
11.8(C-18), 19.5(C-19), 36.1(C-20), 18.7(C-21), 34.0(C-22), 26.1(C-23),
45.8(C-24), 29.2(C-25), 19.8(C-26), 19.2(C-27), 23.1(C-28), 11.0(C-29)

(1) CRC 39 54 #¢

o CRC 50g< silica gel 60(70-230 mesh) 3kg, & 24+ hexane-EtOAc(9:1) — (1:1)S o] €3}e] column
chromatography (SGCC)E AAIsA Y. 25 19719 E3ow Yy 7zt 3o E4S Az AAS
S A9 gtol e TLC(silica gel 60F254, solvent: hexane-EtOAc=7:3) spot9 elL UV(254nm, 366nm) 2
Ak wbalo 2 Q159

Fr. CRC

SGCC(Hexane-
EtOAc=9:1-->1:1)

Voo

CRCl1 CRC2 CRC3 CRC4 CRCS CRC6 CRC7 ee++ CRCIO <<+ CRCI9
SGCC(Hexane- SGCC SGCC SGCC SGCC SGCC
CHCl1,=3:2-->1:2) (CHCI,) (Hexane- (Hexane- (Hexane- (Hexane-
EtOAc=7:3) | EtOAc=7:3) EtOAc=7:3) | EtOAc=7:3)
Compd. 1
(unstable) Compd. 4 Compd. 5
ompd. ompd. Compd. 10
(unstable) (unstable) (u?:tgble) v

Neocnidilide Senkyunolide A Compd. 11

Pregnenolone
Compd. 2 Compd. 3

(unstable) (Z-Ligustilide)
(unstable)

Scheme 5. Isolation of compounds from Fr. CRC

o Compd. 1: CRC29 main spoto & 3ako]| o]t WA o g whle] %= EZo|t. UV 254nmel
AN Ao Hole E4Ho| 4 7] wj¥i-o] 2% SGCC(silica gel 60, solv.: chloroform-
hexane=3:2—1:2)5 A Algte] ddst 42 3t a4 o] E42 32 44 Fol Urh

o Compd. 2: CRC32. 2% chloroform& ©]&3t: 23 SGCCE Compd. 3BT #HA Eg¥HE 42 UV
254nmeol| A RF 8kQlo]l =31 UV 366nmoll A= d3S el A &= Edo|t),

Colorless oil
UV(MeOH): Amax 262, 312 nm
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ESI-MS: m/z 189(100) [M+H]+, 171, 153

'H-NMR(500MHz, CDCly): 6§7.89(1H, d, J=8.0, H-7), 7.64-7.69(2H, m, H-4, 5), 7.50(1H, ddd,
J=11.0, 75, 1 Hz, H-6), 564(1H, t, J=7.5, H-8), 2.46(2H, td, J=7.5, 7.5 Hz, H-9), 1.56(2H,
tq, J=7.5, 75 Hz, H-10), 0.99(3H, t, J = 7.5 Hz, H-11)

P“C-NMR(125MHz, CDCly): 6 167.2(C-1), 145.7(C-3a), 139.6(C-3), 134.2(C-5), 129.3(C-6),
125.2(C-17), 124.4(C-Ta), 119.6(C-4), 109.4(C-8), 27.8(C-9), 22.5(C-10), 13.8(C-11)

o Compd 3: CRC3C.ZHE dojxl= EARZ ALY dd spote@ UV 254nmollA ZA o= Holal UV

366nmeoll A A g33S et Ak B A E 4 2SS e 9T a8y o Spot—o—

& EAo] o}yl chloroforme A7/|E&AZ 3 TLCAA 2719 spotlZ vyojAE &£3&

o]t} Chloroforme w2 AF&3}E 22 SGCCE A A8t UV 366nmolAl dFS e

AN =5 28tk o] 3HgE2 Figure 19] tg 138%9] mA9 =43 xS &

Zl o FAlgte m=Fo] HW Wsls Wee
A2 Akt

7

g M
PN of)
we ool

HE
fd oM

=
“

}

=
R

oft

Colorless oil

'H-NMR(500MHz, CDCL): § 6.29(1H, dt, J = 95, 2.0 Hz, H-7), 6.00(1H, dt, J = 10, 4.0 Hz,
H-6), 5.22(1H, t, J = 7.5 Hz, H-8), 260(2H, t, J = 95 Hz, H-4), 2.44-2.49(2H, m, H-5),
2.38(2H, dt, J = 75, 75 Hz, H-9), 151(IH, tq, J = 75, 7.5 Hz, H-10), 0.96(3H, t, J = 75
Hz, H-11)

BC-NMR(125MHz, CDCly): & 167.6(C-1), 1486(C-3a), 147.0(C-3), 129.9(C-6), 124.0(C-T7a),
117.2(C-7), 112.9(C-8), 28.1(C-9), 22.4(C-5, 10), 185(C-4), 13.8(C-11)

ESI-MS: m/z 191IM+H]", 173(100), 145

o Compd. 4: Compd. 49} 57} 43¢ 31+ CRC4 £3& 23 SGCC(Ev: hexane-EtOAc=7:3). 2 Ez], AA|

= o] Eith

Colorless oil

"H-NMR(500MHz, CDCly): § 6.75(1H, dt, J = 35, 35 Hz, H-7), 397(1H, ddd, J = 86, 7.0, 6.0
Hz, H-3), 248-253(1H, m, H-3a), 2.35(1H, ddddd, J = 20.3, 68, 35, 3.7, 1.2 Hz, H-6),
2.16-2.25(1H, m, H-6), 2.05-2.10(1H, m, H-4), 1.94(1H, dddd, J = 139, 6.8, 3.3, 3.2 Hz, H-5),
1.73-1.81(2H, m, H-8), 1.48-1.60(2H, m, H-5, H-9), 1.34-1.47(2H, m, H-9, H-10), 1.14-1.22,
1H, m, H-4), 092(3H, t, J = 7.0 Hz, H-11)

BC-NMR(125MHz, CDCly: & 169.8(C-1), 134.8(C-7), 1309(C-7a), 85.0(C-3), 42.8(C-3a),
34.0(C-8), 27.2(C-9), 25.1(C-4), 24.7(C-6), 22.2(C-10), 20.5(C-5), 13.6(C-11)

ESI-MS: m/z 217 [M+Nal', 195[M+H]’, 177, 149(100)

o Compd. 5. Compd. 57} main®]x Compd. 47} Sv# 4o = CRC5 £8S 23 SGCC(Evl: hexane-

EtOAc=7:3)0.% 2], BAE 3sto] AU

Colorless oil

'H-NMR(500MHz, CDCly): § 621(1H, dt, J = 100, 2.0 Hz, H-7), 591(1H, dt, J = 100, 40 Hz,
H-6), 493(1H, dd, J = 80, 35 Hz, H-3), 247(4H, m, H-4, H-5), 1.87(1H, m, H-8a), 1.54(1H
m, H-8b), 1.33-1.45(4H, m, H-9, H-10), 0.91(3H, t, J = 7.0, H-11)

BC-NMR(125MHz, CDCly: & 171.2(C-1), 161.4(C-3a), 1283(C-6), 124.5(C-7a), 116.9(C-7),
82.59C-3), 31.9, 26.7, 22.4, 22.3(C-10), 20.8(C-5), 13.8(C-11)

ESI-MS: m/z 215 [M+Nal’, 193[M+H]', 175, 147(100)
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o Compd. 10: Fr. CRC7& hexane-EtOAc(7:3)& 22 SGCC=E AA|ste] dolzl F4 ol Aeje] &4 366

nm UVellA ofgh 35 Wt =4
Colorless oil
UV(MeOH): Amax 232, 278 nm
ESI-MS: m/z 381(100)[M+H]+, 191

'H-NMR(500MHz, CDCly): 67.35(1H, d, J=7.0 Hz, H-7'), 5.07(1H, t, J=8 Hz, H-8), 5.00(1H,
t, J=7 Hz, H-8'), 325(1H, d, J=9 Hz, H-7), 299(1H, m, J=6.5, 2.5, 2.5, 25 Hz, H-6'),
255(1H, dd, J=9, 65 Hz, H-6), 2.29(2H, m, J=8, 7.5 Hz, H-9), 2.20(1H, m, H-4),
2.18(2H, m, J=7.5, 7.5 Hz, H-9'), 2.06(1H, dd, J=17, 5 Hz, H-4), 1.95(1H, dd, J=13, 3 Hz,
H-4"), 1.87(2H, m, H-5, 5), 1.56(1H, d, J=13, H-4"), 1.53(1H, m, H-5), 1.45(4H, m,
J=75, H-10, 10"), 0.92(3H, t, J=7.5 Hz, H-11)

BC-NMR(125MHz, CDCly): § 168.1(C-1), 155(C-3a), 148.1(C-3), 126.6(C-7a), 112.1(C-8),
38.4(C-6), 41.6(C-7), 29.0(C-5), 28.0(C-9), 22.3(C-10), 19.8(C-4), 13.9(C-11)

o Compd. 11: Fr. CRCI02. 24 hexane-EtOAc(7:3)E 22} SGCCE AAsle] dojx FA AAA Ed=2

Liebermann-Buchard ®Fg-o %Adolar &4 TLC co-spotting 27 2 & pregnenolone® 7 ¥t}
Colorless powder

IH—NMR(E)OOMHZ, CDCly): 6 5.35(1H, t, C-6), 3.53(1H, m, H-3), 2.13(3H, s, C-21), 1.01(3H,
s, H-19), 0.64(3H, s, H-18)

BC-NMR(125MHz, CDCly): 6§ 209.6(C-20), 140.8(C-5), 121.4(C-6), 71.7(C-3), 63.7(C-17),
56.9(C-14), 50.0(C-9), 44.0(C-13), 42.2(C-4), 38.8(C-12), 37.2(C-1), 36.5(C-10), 31.8(C-8),
31.7(C-7), 316(C-2), 315(C-21), 245(C-15), 228(C-16), 21.1(C-11), 19.4(C-19),
13.2(C-18),

(th CRE #389 =2 &¢

o CREE chloroform-MeOH(9:1-51)2 SGCCE 3t 117 #3222 yra Zt £304 E2S £,
g A & A

o Compd. 6: CRE10 #%& 22 SGCC(&-vl: chloroform-MeOH=5:1)2 AA& 3}o] &

92
2
il
i
oo

Yellow powder

'H-NMR(500MHz, DMSO-d¢): 6 7.60(1H, d, J = 16 Hz, H-7), 7.170H, d, J = 2 Hz, H-2),
7.06(1H, dd, J = 85, 1.5 Hz, H-6), 6.81(1H, d, J = 8 Hz, H-5), 6.31(1H, d, J = 16 Hz, H-8),
3.89(3H, s, ~OCHz)

BC-NMR(125MHz, DMSO-ds): § 171.2(C-9), 150.6(C-3), 1495(C-7), 147.0(C-4), 127.9(C-1),
124.1(C-6), 116.6(C-5), 116.1(C-8), 111.9(C-2), 56.6(-OCH;)
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Fr. CRE

SGCC(CHCl;-
MeOH=9:1-->5:1)

Voo

v

Lo

CREl +++ CRE8 CRE9 CRE10 CREI11
Recrystalli- Recrystalli-
zaion zaion
v
Compd. 6 Compd. 7
Ferulic acid Chlorogenic
acid

Scheme 6. Isolation of compounds from Fr. CRE

o Compd. 7: CRE1l #3%& 22 SGCC(&vh: chloroform-MeOH=5:1)2 AAE &}o] Ao 2

%]

o]
R .

3
Yellow powder

'H-NMR(500MHz, DMSO-ds): § 756(1H, d, J = 16 Hz, H-3), 7.05(1H, d, J = 15 Hz, H-5"),
6.95(1H, dd, J = 83, 15 Hz, H-9'), 6.78(1H, d, J = 85 Hz, H-8'), 6263(1H, d, ] = 16 Hz,
H-2'), 532(1H, td, ] = 87, 45 Hz, H-5), 417(1H, m, H-3), 3.72(1H, dd, ] = 87, 3 Hz, H-4),
2.03-2.24(4H, double AMX, H-6e, H-2a, H-6a, H-2¢)
YC-NMR(125MHz, DMSO-ds): & 177.2(-COOH), 168.8(C-1"),
146.9(C-7"), 128.0(C-4"), 123.1(C-2"), 116.6(C-8'), 115.4(C-9"),
72.1(C-5), 71.5(C-3), 38.9(C-2), 38.3(C-6)

149.7(C-3"), 147.2(C-6"),
115.3(C-5"), 76.3(C-1), 73.6(C-4),

=]

Rl

(2}) CRB 89| 24

o CRB %< chloroform-MeOH-H:0(13:8:2)¢] &vwj& AR&3te] SGCCE AAlste] 571 8oz v+l

t}. Fr. 12 MeOHZ AZAAS WHE31] compound 8& ¥t} o] &# 2 Liebermann-Burchard W3-l
%ol TLC co-spotting® A7 02 oleanolic acid® FA¥t. Fr. 3 ¥ Fr. 4% chloroform-

MeOH-H:0(13:8:2) 2.2 A column, MeOH-H,O(5:1)¢] &rf ZA SR Lobar column® & 3%9 E24&

lstar F7F AAl ol A+

3}

=

Fr. CRB
SGCC(CHCl;-MeOH
-H,0=13:8:2)
CRBI1 CRB2 CRB3 CRB4 CRB5
Recrystalli-
zaion THSGCC(CHCl,-MeOH
-H,0=13:8:2)
Compd 8 Lobar column
Oleanolic (MeOH-H,0=5:1)
acid

Three compounds
=IHEHSD)

=

Scheme 7. Isolation of compounds from Fr. CRB
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Compd 8: =

S 2 methanolZ A2 A3} T},

Colorless powder
"H-NMR(500MHz, CDCls): § 0.75, 0.77, 0.90, 0.91, 0.93, 0.99, 1.13(3H each, s, 7

CHs), 2.82(1H, dd, J=4.3, 13.8 Hz, H-18), 3.22(1H, dd, J=4.5, 11.0 Hz, H-3),
5.28(1H, t, J=3.5 Hz, H-3)

BC-NMR(125MHz, CDCls): § 183.4(C-28), 143.6(C-13), 122.6(C-12), 79.0(C-3),

55.2(C-5), 47.6(C-9), 46.5(C-17), 45.9(C-19), 41.6(C-14), 41.0(C-18), 39.3(C-8),
38.7(C-4), 38.4(C-1), 37.1(C-10), 33.8(C-21), 33.0(C-7), 32.4(C-22), 30.7(C-20),
28.1(C-23), 27.7(C-15), 27.2(C-2), 25.9(C-27), 32.6(C-29), 23.6(C-30),
23.5(C-16), 22.9(C-11), 18.3(C-6), 17.1(C-26), 15.5(C-24), 15.3(C-25)

< BE49 >

(1) AdA=
o B AFgAE A7 47 g2 HF 0% olEE FEE 15FS
ferulic acid, senkyunolide A, (Z)-ligustilide®™ HFOERE FEH¥H TFES A&, Wi

S AFE3 Tl Chlorogenic acid,

242 AFE3 digoxin, a-naphthoflavone& Sigma-Aldrich® %€ Fujstgtt. A Fo A5 240
AREE ZE A Alme] ARA, A, ARl 2290 Aok FAIeL 70% oerEE FE Ao F
59 A= oy 2ok
A8 HE AEA] 844 T4A Aok FA () F=E FA (@
K-1 iy EdT Qs 40 11.11
K-2 Elsraly A BE 9 40 8.66
K-3 ey SR A dS 40 11.73
K-4 Elaa A= BE 24 40 8.71
K-5 iy EXT Rl 40 10.02
K-6 iy A5 QY 40 11.65
K-7 Elsaly A Skl 20 7.00
K-8 iy SR g A7E 20 6.29
K-9 Eleals dHT HEA G 20 6.90
K-10 iy A Mg A7E 20 6.96
C-1 S T4k T A T, FH 20 3.96
C-2 Ay T ok E T, FAAA 20 6.80
C-3 STk THHRHE T, dFAE 20 6.50
C-4 s THHAE T, IHAE 20 7.94
C-5 oA THA e T, A=A 20 5.09

(2) AleF R 717

° HPLCE &vi= J. T. Baker (USA)AFE= Abgstslon], o1 of 248 Aok BF S3Ak= A

{399tk Compound profilingS $13F A3 o=

Agilent 1100 series LC/MSD trap2 AF-&3F31 o
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(3)

o

28 AAL Capcellpak Cis (46 x 250 mm) = AFE3FA Y. HPLC/UVE ©o] &3 FA| &4 H A9
o A+= HPLC A]~#l© 2 Shiseido Nanospace SI-1<, #+48 AL Atlantis Ciz (4.6 x 150 mm,

Waters)S AF&3stth LC/MS/MSE ©]-&38 A4 AdolA= HPLC Al~¥19 =% Shimadzu
HPLC system LC-10A series® mass detector® API2000 triple-quadrupole mass spectrometry=,
248 AYL Capcellpak Cig (2.0 x 150 mm)S AH&3}4i ).

ETHY =A
¥ 3% chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide, digoxin, a-naphthoflavone<
Hgtgo o] Img/mLe] FX7F H X5 At xF Aoz ALEsAT

(4) Ao 2
o Z}7te] AF 2HEL 2 mg/mLe] HEE 70% EOHe) o] Helo= Agaglt.

(5

o

) LC/UV/MSE °]| &3 AT FZFEF compound profiling
A FEFE S92 LC/UV/MS Fdstel zZ+zbo] digk UV MS profiles Ao HPLC9 MS
F1e g2y 2o

(7}) HPLC-UV _condition

HPLC/UV/MS system: Agilent 1100 series LC/MSD trap
Column: Capcellpak C18 (4.6 X 250 mm)
Mobile phase: (A) 90% ACN in 0.1% formic acid,

(B) 0.1% formic acid Time (min) %A %B

Flow rate: 1 mL/min (split ratio 1/5), 0 30 70
Injection vol.: 20 pL 10 70 30
UV detector: 280 nm 20 70 30
Sample concentration: 5 mg/mL in MeOH 21 30 70
30 30 70

Solvent gradient system:

(1}) Mass spectrometric parameter

(6

Polarity: Positive

Scan range: 100-500 m/z
Compound stability: 80%
Nebulizer pressure: 35 psi,
Dry gas flow: 8 L/min,
Dry temperature: 350°C

) LC/MS/MSE °]&% 54 244 &

(7}h) HPLC/MS =7

o

o

AR =] BAS 93 HPLCY mass spectrometerd 278 they Zt}

e

A At
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HPLC condition
- HPLC system: Shimadzu HPLC system LC-10A series
(Kyoto, Japan)

Time (min) %A %B

- Column: Capcellpak C18 (2.0 x 150 mm) 0 90 10
- ) ) o . .

Mobile phase: (A) 0.1% fonm'c acid, o 0.5 10 60

(B) 90% ACN in 0.1% formic acid 4 5 95

- Solvent g.radlent Sysjtemi 5 90 10

- Flow rate: 0.2 ml/min - 90 10

- Injection vol.: 5 pL

Mass spectrometric parameter

-MS spectrometer: API2000 triple-quadrupole mass spectrometry
—Polarity: Positive

-Dry temperature: 350°C

-Nebulizing, turbo, curtain gas: 40, 80, 40

Analyte Precursor ion (m/z) Product ion (m/z) Collision energy(V)
Chlorogenic acid 355 163 27
Ferulic acid 195 177 17
Senkyunolide A 193 91 33
(Z)-ligustilide 191 91 47
Digoxin (IS) 781 97 53

~Multiple reaction monitoring parameters:

o Z} 3 F3E(chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide)el w3t F&= A (1
mg/mL in MeOH)< 7}FA 3L chlorogenic acid®] “4-%-, 0.05, 0.1, 0.2, 0.5, 1, 2 ug/mL, senkyunolide
A, (Z)-ligustilide®] - 0.1, 0.2, 05, 1, 2 ng/mL, ferulic acid®] A% 1, 2, 5, 20, 100 pg/mL% &
7 HEE 70% dee2 s|Aste] Zb7HS 100 pl AgE & YHFEF A0 digoxin £ 94(100 pg/mL)

10 uLA 7hste] o s 2ASH Y. ZF 59 10 uLs HPLC/MSe 593t MRM mode=

A ¥ extracted ion chromatogram® ®=FEl 32 WS 3ot o9 e xS 3W wkEg

g AA Ao g3 HAE Foto] HFAES s

ot ML o

(th) #F A& = chlorogenic acid, ferulic acid, senkyunolide A, (7Z)-ligustilide®] 3+ 24

o AbA] EE V]Yo] ME TE 15F9 HF FEES 50 ng/mLy FE7F HEE 70% EtOHO %<l
5100 pLs  FHdte] WEEFNC digoxin 9100 pg/mL)S 10 uL H7}ste] A2 S A8
§ .

ol
o 99 A w2 A g9 10 ubE LC/MSO F438e] MRM mode® 4] ¥ extracted
ion chromatogram® Z%-E Z} peak WAH]S 13 & z} Ao 3 staks AAEHA
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(7) HPLC/UVE o] &% TA 4% &3 ¥ validation

(7}b) HPLC =7

c WY FEAR A BAS 9% HPLCY AL b3 2

HPLC system: Shiseido Nanospace SI-1
Column: Atlantis Cis (4.6 x 150 mm)
Mobile phase: (A) 0.1% acetic acid, (B) 95% MeOH in 0.1% acetic acid

Solvent gradient system:

Time (min) BA %B
0 80 20
9 30 20 - Flow rate: 1 mL/min
4 45 99 - Injection vol.: 5 pL
10 15 85 - Detection: 280 nm
14 15 85 - Column oven temperature: 35°C
15 80 20
20 80 20

(b AEa A4

o

o

L

¥ <% (chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide)e]l w3 T+ L (1
mg/mL in MeOH)< 7FA| ot Zbzbe] H%7F 2, 5, 10, 20, 50, 100 pg/mLe] ¥ %=E 70% &&= 3
At 7bzbS 100 uL F g § YH-EF N a-naphthofalvone §9(100 ng/mL)< 10 ulL® 7}3}ed
ETdSs Z2ASAY. 72 259 5 pls HPLCA F438te UV AZvtEIf o2 RE 93 HAS
TR o9k #2 A& 3W whEsto] sad Al gt HEAE Fote] HEFEAE e

7} ¥ =3 (chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide)o] ™3t 5+ HHS A2
7y zke] w=7F 2, 20, 100 pg/mLeo] H %= 70% olet&= A ste] 7+2bs 100 pL FH 3 & yHEE
ol o] q-naphthofalvone & <4 (100 ug/mL)° 10 pL 713t QCE FFdS ZAs9T 7 59 51

£ HPLCel F9lste] UV AmntEIH]OZRY ¥ WHAHS Stk oo 22 245 st
59 wHEste] AW A A BEAHAS Fotr vl A ARE 13 493 A5 A3 QA
A S FaAanh AdAdS JeElllE AU X relative standard deviation (%RSD)Z YERH L A
dre= 4 ANSEFEH SA4E w59 Hdahs olEgke dd WEeE xS

50 pg/mLe QCAlZol disle]l A ZEF(Atlantis Cig, Capcellpak Cig), column oven temperature
(30, 35, 40°C), ©] 542 acetic acid & %=(0.05%, 0.1%, 0.2%)5 WA A Z}Z} 33] W& FE2Aslo]
EAMO SH8S AFsHATh 4 & dojl ARntETIe] diste] o]E&wg (NTP), peak UH]
(W), retention factor (K), tailing factor (AS) &< #S Alitste] &4 =19 wWgld wme 414
< YEr Sl
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(2}) "<& A& % chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] % #24]

o AkA] Hi= 7]¥o] AME g 15F9 HdET FEEES 25 mg/mLe FE7F HEE 70% EtOHe| =<l

%100 uL # &t WHE-EF99e a-naphthofalvone -&<H(100 pug/mL)< 10 pl Z§7}3}°5| AgAs =
Atk 919 A Mol wel ZF A g9 5 uLE HPLCO FYdte] UV AmntEaH o ZRE Wi

Ao digk 93 AAHE e F 4 Aol A RS ALkstdoh

9) FTY 2 #YE Y3 HHEHY &

o 156%9 He F=E &d& HPLCH Fdste] Zbzbe] thsh UV A2vEIRS 42 F, o5 ve
o7 UV AzvELY Ao wA% = ZF peak? retention time, peak areaS U|o]E]3}5}e] SAS
8.02 ZZ 1 (SAS Institute Inc., Cary, NC, USA)E o]-&3to] sjEAA RS 3P}t oA
A BAS 9Jdte] FAE EA(Principle component analysis, PCA)S 3o,
Bray-Curtis? & o] &3] 72 &% 709 similarity Index (SD)E AlAtslgltt.  Bray-Curtis? & t}
= 2o

2y min (x;;, ;)

Sl =1

S

Z (9%' + )

1=1

<vpo] @ JE>

(1) Cell culture 2 A, I 2IEZEY AxX 54 =H

o Neuroblastoma /‘ﬂ¢~?‘ﬂ SH-SY?5Y, SK*N*MC, SK-N-SH, Prostate cell line®! 22RV1, PC3,
LNCaP, #H A X5 A5499} W Al MCE7 cell line 5 8%F9 AXa+ 10% FBSE g3t
= DMEMeo]Y} RPMI1640 mediaZ AH&3te] 37C CO, incubatorel] A i &} oi ok,

o AIXFO FANZS HE 70% ethanol FEEo|Y HGAEFAELS & 5ub AR w2 AHEgh & 24
AZF 743 & MTS assay (Promega, USA) WH o2 AE5AHS ZAs IC50 at AlAsEA

(2) AlZF AARE AT FAHE2Z 48 NO BEF S7F 2 ATl 9 NO A4 o 41

o MY MAEF SK-N-SH (X7 o}HEFF)= chamber slideo] 10% FBSE 33
£ Abgste] 37T, COx wid7]olA 24 AZF sk F-&sigd. o7]le] &2 dx3 Ha9 70%
ethanol F&&& 10, 20, 100, 200 ug/ml F%2 4 AZH 24 AZF S A,
N-methyl-D-aspartate (NMDA) 100 uM & g3 7 & d5oz 24 A7 & AFsA
o Hge ©d EHQl Ferulic acid (100 uM)®} Z-Ligustilide (50 uM), Senkyunolide A (100
ug/mh % 24 AIZF Qb A2 skl

o Z} sampleES A MEZFEH NO @A DAF-FM diacetate (4-amino-5-methylamino—-
2" 7' —difluorofluorescein diacetate) = A Msto] &l ATt =, 7} samples°] & H H]JA o
DAF-FM diacetateE 5 uM<] F%== 37CoA 1 AIZF &<k A El3ta, PBSZ 13] A&t & &3
#n 7 (Ex. 490, Em. 515) 2.2 NO A4S =433t

= a-MEMH]| A]

5
B
S
1k

_37_



(3) DNA microarray 43

o AXEF SK-N-SH (AAHAEZF)E 10% FBSE di3dlE a-MEMBIAI S AFE3Fe] 37C, CO:;
wjF 7o A v et o] AlEF T2 AxI AL 70% ethanol FEES 20, 200 ug/ml &
=2 4 ANZF 24 ANZF A8 A7 Eor A 73kl a2, N-methyl-D-aspartate (NMDA) 100 uM &
T A S wEoR 24 A Fot AEed e, deel ©d =Z<Ql Ferulic acid (100 uM)
¢} Z-Ligustilide(50 uM)%= NMDA 100 uM¥} st/ & "5 o7 24 A7F 5 A8 3. &3k
A A FEEA CL, C3, K4, K7, K8& 200ug/ml s%==2 24 AF &<t A s oh

o Z} sampleS<S A g3 MEZHE total RNAE RNeasy Mini Kit (QuageneAl, USA)2] protocol
o we HesEch 7 F RNAS AA 260280 ratioS =Aste] 18 ol Ae] HE= A3}
formaldehyde gels ©]-&3te] 7] &g F 1 bandE &9 9 A=Fste] 28S, 18S9 ratio7}
18-23 W9lol 9= RNAS Aol 2433

o cDNA &4, cRNA labeling, sample hybridization % detection2 Applied Biosystems
Chemiluminescent RT-IVT labeling KitE ©]&3Fo] AZAFY] protocolel] wa} cRNA Az 2
hybridization's-¢] #4<& A3Pstgdet. = 5 ugd Total RNAZRE RT-IVT Labeling Kit v 1.0
S AF83819] labeling® cRNAE THE o THEo] X labeling cRNA 10 ugS1700 Full Genome
Expression Human Microarrayel roadingdle] 55ColA  16A17F “5<F  hybridization*] Z t}.
Hybridization A%l Microarray= A% 2 antibody binding® A& % % Chemiluminescence
Detection KitZ AF&3lo] detectionS 3t 3, image 418 Applied Biosystems 1700

Chemiluminescent Microarray Analyzer & A}-83}it}.

(4) DNA chip data analysis

o DNA chip datax Avadis Explorer 3.3 GenPlex 2.0 (Istech, Korea)E o]-&3&}o] A&t}
Microarray 2] o7 A& 271slo] A& Hlo]E]E signal/noise ratio > 3 (50% A &), flag < 100 <1
Ho]H & filtering ¥ ¢ normalization 3ttt 1 % DEG 413 A A|gte] F&EA 2 ol 9]ste] 2
v ol FUteka, feldow wE (P<0.05)o] Wt fAANES ARslo] clustering A%

HAAE] AELA 7% 2 BHE biological pathways 413815t}

Ho

(5) Real-time PCRE ©] &3 E554A AF

o WA cDNAZ $A3d7] Y38t oligo dT 2ulet Sugoll siEstsE 23 RNAS 4]olA 70°Coll A
105 =<t incubation*] 71 ¥ iceoll ¥ +=t}l. 2ul transcriptase RT enzyme, RNase inhibitor 2pul, 10
ul 5X RT buffer, 10ul dANTPS} DEPCE 4Yo] 50ul® 2331 42°ColA 1A]13F &<k reverse

transcription A%l 5 95°Coll A 5% %<t reverse transcriptaseS &34 3} A 71t}

o §4%E cDNAZ 1/10 YA #AA 1ul cDNA, iQ™ SYBR Green Supermix 25pul, primer 2ul¢}
DEPCE ¥ 50ul® %Attt PCREAHCSZE A cycledl A 95°Coll A 28 &<t =3)aS) L v A
cycled| A= 95°Coll Al 30%, 50°ColA30%, 72°CollA 45% = 40cycle= Mini Opticon(Bio-Rad)=
o] &3] 83 A k. 2 ¢cDNA sapmle triplicate® +3)3}% 3L, B-actin ¢cDNA9| real-time PCR

dataZ %3 normalization¥ % t}.

. . - . . - ~((sample
o PCR quantitation data®} melting curve= Opticon Monitor softwareE &3] dojx i, 2 P
Ct- B-actin Ct)-(sample control Avg. Ct- B-actin control Avg. Ct))% =3 wasat
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Fluoiescence

Real-Time PCR9] cycle spectrum
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M3 SZATMLLA S =T AL 2zt

o AR 7 B E TEY 4 ARERYH 7} 40g AE2EES 70% Ethanol= 7}%{ =25 33 ukx
sto] 73 3 A1 XE3EY] Ethanol &S R, 24 A& sete] FEES A
zsto] AR AFetAeh 24 A= A, YA, FEFS S %L}.

AW 22 TY9A Aok FA (g) FEE FA (2)
850
K-1 Bl dE o4z 40 8.48
8.71
8.46
K-2 Blaais AF7Feka (29) 40 8.21
8.16
e 7.18
K-3 gk A e 40 721
(1A 6.99
7.76
K-4 Bl A A= 80 8.01
853
7.20
C-1 E A 7] GEA 40 6.98
7.35
7.69
C-2 ER s o ok A} 40 7.99
8.06
7.23
C-3 2k Az gk 40 7.44
7.16

U SSFo2HE YUY E9 £8 € 54
o Compd. 1 : 3}824& CyuHyOs, LC/MS 2 FABMSO| 93] =AHwA EA5FS 67601, spectral
datas 33 vl uws)E A} Icariin 9= &5 oW (figure 4), 33HE9 &2+ 92.7% o]t}

Figure 4. Chemical structure of Icariin
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o Compd. 2 : 3}8F2]2 CoHHxOr2 ©1™, LC/MS % FABMSZ 4% &A= 4640]t}. spectral
dataZ £33 ®Hlua|E A3 o] 3dES HyperosidedS 221315 21 (figure 5), 5% 93.6%
o|t},

Figure 5. Chemical structure of Hyperoside

o Compd. 3 : 342 CillsOy o] LC/MS % FABMSO| 93] 484 &4
dataE w3} vus|E A o] 33E-2 Chlorogenic acid® 1% %1
100% ] t}.

Oﬁ

& 3540|t}. spectral
H (figure 6), ===

10

o Compd. 4 : 3}82] & CyHs50090 ©]™ LC/MSe} FABMSo| 93] =4 ¥ 2122 {389|t}. spectral
datas T3 wHlusE A3 o] 33L& Epimedin AR elE oW (figure 7), =% 94.1%0°]
1=

Figure 7. Chemical structure of Epimedin A

o Compd. 5: 3}8HA 2 CiHigOwol™ LC/MSE Z4 3¢ FxF72 808°]t}. spectral datas &3 ¥
H ] A3 o] 3¢&E-S Epimedin B2 2<% % oM (figure 8), =+ 85%°]t}.
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69.6% ©|

= ExgEe 8229t} spectral
SEE

9

Figure 8. Chemical structure of Epimedin B

CyHs0019°1™ LC/MS 2 FABMSo] 9
o] 3}3l&E & Epimedin CE &<l

o Compd
datags

o Compd. 6: 3}8+2]2 5
datas =¥} vl A
o}
Figure 9. Chemical structure of Epimedin C
o Compd. 7 : 338212 CpHxOpol™ LC/MSS FABMSe] ol&] =A% Ex %2 6789t} spectral
datas ¥ wwsfE Ay} o] 313E-S Hexandraside EZ 2% % oW (figure 10), =%+ 87.4%
ot}
Figure 10. Chemical structure of Hexandraside E
.8 3}k e CaosOs ol LC/MS 2 FABMSe| 93] =A4d EAp=2 6789t} spectral
ZAbE . A o] SHgtEE olH /A we A A FUd MEL SFELS dollden 3
Epimedoside F&} %™ % oW (figure 11), ==+ 82.2% ©]t}.
— 42 -



Figure 11. Chemical structure of Epimedoside F

o Compd. 9 CaHz015°1M LC/MS % FABMSe®| 93] &AHH Ex2F2 6620t} spectral
datas F33 vusE A3} o] 3}sEL Epimedoside AZ &5 oW (figure 12), &=+ 70.2%
ot}

Figure 12. Chemical structure of Epimedoside A

o Compd. 10: 3}2}2]

2]
3 wlasiE A
96.3% ol tt.

2 CuHipOwuolal LC/MSO o3l S48 FA=F2 6600t} spectral datas
7 o] FHFEL 2“-O-Rhamnosylicariside M & 21 Lfigure 13), <%

=]
fLE
R
.

Figure 13. Chemical structure of 2“-O-Rhamnosylicariside II
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i A o] powdere]™, UV 254nm, 365nmol /\111 ‘?‘ Aol X]
oA w=@Mow wAdE [LC/MS o =
NS &2l o (figure 14),

o Compd. 11 :
g o g AR = FoZ uFo terpenoid AEYE Ao
o Compd. 12 : yellow powdere]™, 10% 3}FAFdFA
AF#ES 514.2 o], spectral data® w3 I W wd]E AI} jcariside I
CoiHs0010°1tF. HPLCZ 913 2 A3} 956%9 =& YER ST

o°
T

334

Figure 14. Chemical structure of icariside II
, §L/\ H]—}ﬂl/\] L—E}-}\ﬂ o7 bﬂ—}\ﬂ%. LC/MSOH
ZA 3} Flavonol A€ 9] Quercetin®! &

A7 98%9] +==E YEATL

9|

f

S W= yellow powdere]™

SAUS
302¢]1 spectral datas =33} H
CisHipO701 % HPLC #4142

o Compd. 13 : <¢k7t9
o3 H4¥ FAHF
gkol & A th(figure 15). 3} &

flavonoid A€ <] 319

Figure 15. Chemical structure of Quercetin
ik A g o 7 Wk E of
6, 93.6%° s vty A4 &4 A& F<l

vellow powdere]™ 10%
52

o Compd. 14, 15 :
22 FAYY, HPLC ¥4 23 ztzF 945
oA 23 compoundo] W3t HHE ol table 13} 20 A& st

_44_



Table 1. Name of purified compounds from E.koreanum Nakai

Comp

No Name Synonym IUPAC name
4H—1—Benlzopyr n7— BOI}SB,S—I[(G—deoxy—aIL— aémh
. s opyranosyl)oxy]-7-(B-D-glucopyranosyloxy)-5-
1 Icariin leariline y(pﬁr]oxy— —24—13171ethoxyphe§yl —éjy{?)—me%hyly -but
enyl)-(9CI)
) Hyperin, 4H-1-Benzopyran—4-one,2-(3,4-dihydroxyphenyl)
) .. F3=(B-D- t 1 -5,7-dih -
2 Hyperoside Quercetin-3-b-D-galactosi de(chB galactopyranosyloxy) thydroxy
- |3-(34-Dihydroxycinnamoyl) Cy th xanecarboxylic_acid
3 |Chlorogenic acid quinic acid, ,3—]t 3—?3,4—d1hydroxyphen l)—l—oxo—Z—ProFenyl]o
3-Caffeoylquinic acid ~ Xv]-1,4,5-trihydroxy-, (1S,3R4R,5R)- (9CI)
4H[—1—Benzop ran-4-one,
) ) 3- (6*deox3177 - *b*P*%lucopyranosyl*afoman

4 Epimedin A nopyranos Zoxy ~{—(b- —glucogy anosyloxy)-b-

hydroxy—2-(4-methoxyphenyl)-8-(3-meéthyl=2-b
utenyl)= (9CI)
4H[*1*Benzop ran-4-one,

) ) 3-[(6-deoxy—2-O-b-D—xylopyranosyl-a-L-mann

5 Epimedin B opyranos l%x ]*7*(b*D*gluco§y anosyloxy)-5-h

yvdroxy-2-(4-methoxyphenyl)- —{3—methyl—2—but
enyl)— (9CI)
UH-1-Benzopyran—-4-one, 3-[[6-deoxy-2-O-(6-

] ) ) deoxy-a-L-manngpyranosyl)-a-L-mannopyranos

6 Epimedin C Baohuoside VI vlloxy]-7-(b-D-gl cogayganos loxy)-b-hydroxy-2

—(4-methoxyphenyl) -8~ (3-methyl-2-buteényl) -
(9CI)
7 | Hexandraside E e Do o) 5 hydroxy-2-(4-h
1s(b-D-glucopyranosyloxy)-5-hydroxy-2-(4-
exandrasice droxyphe%yl)—gy(S—mgthyIXZ—butgnyl)—y (9CI Y
) ) 3,4" 5-Trihydroxy-8-prenylflavone 7-O-[b-D-
. Epimedoside F glucopyranosyl-(1-2)-b-D-glucopyranoside]
4H*1*Benzopyr1 nf4jor71e,(bgflg(6*1deoxy*a*L* |
: . : f annopyranoSyl)oxy]-7-(b-D-glucopyranosylox
9 Epimedoside A Epimediside A Ethyp TOXY~— *(4*I¥ydroxypherglylll)*é)yé*mest]hyly
2-butenyl)-(9CI)
., H-1-B ~-4-one, 3-[[6-d -2-0-

10 2''-O-Rhamnosy| ?Gdlfxgﬁgzﬁg%%nréo%@eranzos 41)*§£t)§ymarﬁnop3ﬁa
Fearia nosylJoxy]-5,7-dihydroxy-2-(4-methoxyphenyl)-
licariside II 823 -methyl22-butenyl)>(9CT) ypReny

o Baohuosid.e L Baohyoside I4H—1—Benzopyr n-4-one 3.—[(6—dGOX\é— -L-
12 Icariside 1I Baohuside I, Icariin II, |mannopyranosyl)oxyl-5,7-dihydroxy- *?4fmetho
Ieariside TI xyphenyl)-8—(3-methyl-2-butenyl)~ (9CI)
3'4’' 5, 7-Tetrahydroxy— L e oA
13 Quercetin  [flavonol, Sophoretin, Meletin,4H 1-Benzopyran-4-one, 2-(34-dihydroxy

Quercetol, Quertin, Ericin

phenyl)-3,5,7-trihydroxy—(9CI)
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Table 2. Purified compounds from E.koreanum Nakai

Cl(\jlgl.p Name M.W. ar(nntzglt Purity(%) A& % (mg)
1 Icariin 676.2 12500 92.7 3,000
2 Hyperoside 464.3 1670 98.6 1,000
3 Chlorogenic acid 354.3 67 100 50
4 Epimedin A 838.7 15 94.1 3
5 Epimedin B 808.7 175 85.0 10
6 Epimedin C 822.8 64 69.6 10
7 Hexandraside E 678 38 374 2
8 Epimedoside F 678 34 70.2 5
9 Epimedoside A 662 20 70.2 3
10 2""-O-Rhamnosylicariside II 660 57 96.3
11 compound 11 (FZEX4 %) 49
12 icariside II 514.2 1080 95.6 500
13 Quercetin 302 17 98.7 5
14 compound 14 (F+ZEAF) 29 94.5
15 compound 15 (F+ZEX4 %) 30 93.1

A9 72 2 validation

i

9

e

%. LC/MS/MSE °l 8% =¥% &4

o Positive ion modeol A #413591S w hyperoside, epimedin A, epimedin B, epimedin C, icariin,
digoxin(1.S.)& m/z 465, 839, 809, 823, 677, 781°1A Z+Z} protonated® molecular ion peakZS HE}
Ao z+ 3}8tE 9] molecular ion peaks precusor® 3ol MS/MS 48 433 A3} flavonoid
glycosided] TFZEHE o] ¢=x14 o2 B2 H fragment peaks &3 4 Ut (Figure 17). Z+
3 & tidte] MS/MS spectrum Aol 74 2 ZEE YedlE fragment peaks Al €l s}o]

parent

_46_



Hyperoside

CH-,OH

Compound R1 R2 MWy
Icariin Rhamnose Glucose 67667
Epimedin A Rhamnose-Glucose Glucose 838.81
Epimedin B Rhamnose-Xylose Glucose 80879
EpimedinC Rhamnose-Rhamnose Glucose 82281
Hyperoside 46438

Figure 16. Chemical structures of five flavonoid glycosides from Epimedium koreanum

100 69
100 69 A 4—[M+H-Glu-Rha-Glu]* B
«— [M+H-Rha-Glu*
>
5= M+H-Glu-Rha]*
Zz ES [ 531 :
2% [M+H-Rha]* g-
N 531 - =
2 [’g";H] : [M+H-Glu]* [M+HI*
677 839
L m/z il L | L miz
100 200 300 400 500 600 700 300 400 500 600 700 800
9 100 369
o [M+H-Xyl-Rha-Glu]* C [M+H-Rha-Rha-GIu]* D
z_ £ _ [M+H-Rha-Rha]*
£ s + g 531
5% [M+H-Xyl-Rha] - M+H-Rha]* [M+H]*
2 [M+H]* £ [ a]
= 531 677 823
[M+H-Xyl]* 809
677 “ |
I m/z ‘ m/z
300 400 500 600 700 800 300 400 500 600 700 800
100 [M+H-Gal]* E
2
2s
E ~
£
[M+H]*
465
[ m/z

50 100 200

300

Figure 17. Icariin(A), epimedin A(B), epimedin B(C),

spectrum (MS/MS spectrum of

hyperoside(E))

400

icariin(A), epimedin A(B),
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13¢5  Icariin 3.08 XIC(677.0/369.1) 1.0e4 3.05 XIC(677.0/369.1)
Al | 2l
1_594} Epimedin A 2.63 XIC(839.0/369.1) 800 2.59 XIC(839.0/369.1)
J ] L

36e4  Epimedin B 273 XIC(809.0/369.3) 6000 2.70 XIC(809.0/369.3)
| I ] N

30e4  EpimedinC 2.82 XIC(823.0/369.1) 8000 2.79 XIC(823.0/369.1)
| flo |

600(j Hyperin  1.76 XIC(464.9/303.0) 1.2e4 1.79 XIC(464.9/303.0)

| N
8600  Digoxin (IS) 353  XIC(781.2/97.1) 8000 347 XIC(781.2/97.1)
1.0 2.0 30 40 5.0 1.0 2.0 30 4.0 5.0
Time (min) Time (min)

Figure 18. Extraction ion chromatograms of icariin, epimedin A, epimedin B, epimedin C,
hyperoside, and digoxin(IS) in MRM mode: (A) Standard mixure, (B) E. koreanum extract.
peak¥ &7 MRME 93t precursor, product ion pair® AF&3FAth o] ¢} o] AAE MRM =745
gl o 2 LC/MS/MS #4418 43138 A3} hyperoside, epimedin A, epimedin B, epimedin C, icariin,

digoxin(LS.)&= Z}ZF 2.6, 36, 3.8, 3.9, 42, 47 &7 A==HJow EE EAEZ ds&] Sz
peak shape®} intensityE K. FTh T3 o] B4 X Ao 2o 93 Wl peaks FERLEA] kg
ow 3k Aed S B tH(Figure 18).

o Zb BEE AR diste AFdES AHET A ZFEHY % 05-10 ng/mLe HHelA AT
(") 0999 ool ¢48 AAAS Yo, webd 05 pg/mle AARFIAZ HAsAct
(Figure 19). vl 5%(0.5, 1, 2, 10 pg/mL)e] QC A8 & 7FA 32 L], ¢3t validations 3Pt} .

— Epimedin A -
0L MW Epimedin B //

A Epimedin C e

O Hyperin P
10 | Alcarin -

Arearatio

Concentration (4g/mL)

Figure 19. Calibration curves for icariin, epimedin A, epimedin B, epimedin C, and hyperoside
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A G o]&X tiH] 90.08-110.6%, %RSD+= 0.39-651%= -3t du By DA
A A4S o]&A fiv] 92.28-111.0%, %RSD+ 1.07-7.78%= -3 Uit A

o 2 EAHY &4 (Robustness)E HESIA 2 ng/mLe QCAlE] tiste] &vfe] pH(3, 4, 5),

o FF(Capcellpak Ciz, YMC Cp), 29¥ 2E 2%(30, 40, 50°C), gradient =7 WHIA|AA F

stk 7 =39 ®Wskd wel gayn] E ]%LTJ H7E el ey 93 HES
_]

5

Azt ARS A BA5S uje= column«l ZHFY column oven &% wWE Z xjolE= HoOJ
oF o
PN —

7]
o1 gradient elution =79 7]1&7]1& W3slH S wWx= B4 Aol & Hol= YERLA Sk

[eX3
152
oh e glel pHE 4914 3w 52 WAL W Fuwel Qo] 70% o T WaE B
of LC/MS/MSE ©] &% &¥3e] #& 4% #4440 pH 27| 1§ F2F2 Aratsin.

@}, HPLC/UVE o] 43 24F Fa8A4AE 4 /Y 2 validation

P

o o]oFE El: HAE HAA HHEA O ALEHI glE HPLC/UVE o] &3td &% FEE A
}

ol A icariin, epimedin A, epimedin B, epimedin C, hyperoside¢] 57HQ AR gt A B4

EE|
A
A
7}

A

s dstAth 5719 flavonoid glycosideo] tiste] A A o2 UV &57F ZA JeEtE 33<¢ 260

nms AF IFFoz MHAZS FAS A3 hyperoside, epimedm A, epimedin B, epimedin
icariin, a-naphthoflavone(I.S.)> Z+Z+ <¢F 47, 87, 89, 9.2, 9.8, 190 #AA H=HJoH, U3
peak shapeE YEMNRATE HSH o] 4 7oA 4o ot W3 peaki= WEFUA] gk ow
T3 AeAS Bt (Figure 20).

Standard mixture

g
&

550 E
HP,

450) \ EB

- 060522-inter004-1

(@]

Ica

\ ).627
) _
wm

19.187

.663

-- 060523-Sam009-1

1
-18.980

Figure 20. UV chromatograms for standard mixture and extract sample of Epimedium koreanum.
HP: hyperoside, EA: epimedin A, EB: epimedin B, EC; epimedin C, Ica: icariin.

_49_

Cv

)
pul
[e)

T



25 r y =0.04315 x - 0.01042

R’ =0.99998 * Hyperin
o Epimedin-A
Y =0.02523 x - 0.00167 s Epimedin-8
R? = 0.99999 -
3= 2t © Epimedin-C
T y =0.02805 x — 0.00172 X |cariin
S 2 _ .
o R? = 1.00000 x
@ y = 0.02576 x — 0.00064
< 45 R? =0.99999 )
A
y =0.03468 x — 0.00026 P
R? =0.99998 P
. L
1 F . v ///
. s
X o
. - e z
Y 9%
05 (o
R
"'K/’/
/-
2
0
0 10 20 30 40 50 60

Conc.(ug/mL)

Figure 21. Calibration curves for icariin, epimedin A, epimedin B, epimedin C, and hyperoside
based on HPLC/UV method

o 7} EFE Ao et dFMS A A mFA FE 2-50 pg/mLe WA AIAFG)
0.999 o]e] $-43t ZAAHS YeER o weElA 2 ng /me HAAAAHFFAZ A (Figure
21). Al F%=(2, 10, 50 pg/mL)Y QC A B E 7FIA 1 4, A7t validationS St I A&A

< o] &A] tiH] 95.88-103.5%, %RSD+ 0.19-3.33%= -3 dul A AEAdES Bk L1
A o] A tiv] 95.12-104.9%, %RSD¥ 0.46-4.38% % -3 Azt A4 AEAES B

o B Bl 974 (Robustness)E AESILA 25 ug/mLe QCAIZEO thste] Ao Z7{
(Capcellpak Cis, Beckmann Cig)& W3tA|A 43519 Capcellpak Cis, Beckmann Cig9] 714
AL 7M1 B 383 23 A H o ® Beckmann Cigg ©]&38Fe] EA 4] retention time©]
ol 11 o] 27t 7HA 8 th Epimedin A, epimedin B, epimedin C, icariin® % $¥ =3 X o &=
2 AolE HolxA ko) hyperoside® 7% Beckmann ZH oz FEXAl ZHX7} o] & <]
71%%2 e wlg- 2 Zo)E YERYSTh ol AR FHol met Edeo] AEFE A=t ﬂﬂl
debd 7 ASS e webA ghekAle] FA #eedl o] It A fE AR w4

|

o] Folx 7] el BAF ARL AT B o] o FolAoF & Aol

pul
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v, &$%F FEFE AE F hyperoside, epimedin A, epimedin B, epimedin C, icariin® %3
4

o flof zro] JhE FAl EAWME ol&ste] AAVE BE TFY FEH ARFFA 4T, THA 3F)
2HE w507 21709 FEE AE(Z A= 3 batch’t ©& 37}741 FEE) 1'415}04 hyperoside,

epimedin A, epimedin B, epimedin C, icariin®] ?}%L% 43t LC/MS/MSH S o] &3Fo] 4

ki3

A¥= Table 33 o, HPLC/UVE o]&3F ZAyl= Table 4, 53 #th Z} Al&9A19] flavonoid

glycoside®] ¥ 24 AxE Bl $PH AR WA meh K& ¥ FF BEel Aolrt

= S & 4 Atk hyperoside®] 74 3*01 ANz A e AEHA @Eon EK-K-1 A59] 4%

24 thatel 5709 flavonoid glycoside?} A5 A& A & gko),
o LC/MS/MSHell ogt aF &4 Aol HPLC/UVel ok d3F #4 Z3= EK-K-1 Al5& A
gt 659 Y AEe dAIASRE B8k A YERET
o F7F 156F 9 Y ARE A% 2y, 9FS K4 A5 A9 hyperosideo] £ o] At K
Z9A &, T F C2 A 89 H$ epimedin Col9le AHEE HAEHA 4gron
S |

vl s 10u) o] =9kth FaAb AlE9] 9= epimedin Co

1-‘ FlO

L=
=
=
-
=
Eko] =0 7ﬂ 07]. ‘E—L?}ﬂ-,

Table 3. Contents of flavonoid glycosides, hyperoside (HP), epimedin A (EA), epimedin A (EA),
epimedin A (EA), icariin (IC) in E. koreanum plant based on the results of LC/MS/MS analysis

Flavonoids content (%6 of dried extract) LC/MS/MS

Sample No. lcarin __ Epimedin A Epimedin B Epimedin C hyperoside
EK K 11 ND ND ND ND ND
EK-K-1-1I ND ND ND ND ND
EK-K-1-TII ND ND ND ND ND
EK K- 2-1 1.86 0.45 0.76 101 ND
EK-K-2-1I 194 0.34 0.63 0.85 ND
EK-K-2-T 312 0.35 058 0.43 ND
EK K31 2.92 0.47 0.68 0.25 0.21
EK-K-3-1I 188 0.44 0.66 0.29 0.31
EK-K-3-TI 215 0.33 0.59 0.24 0.30
EK C-11 322 0.65 11 0.50 0.28
EK-C-1-TI 246 055 0.75 0.37 0.32
EK-C-1-TII 2.16 058 0.81 0.44 0.25
EK-C—2-1 453 0.83 326 144 ND
EK-C-2-TI 475 0.69 335 1.47 ND
EK-C-2-TII 483 0.82 3.44 153 ND
EK-C-3-1 3.09 052 0.86 0.34 0.283
EK-C-3-1I 278 058 1.03 0.39 0.40
EK-C-3-TII 19 0.48 0.72 0.43 0.31
Ext-1 291 0.86 121 0.88 0.73
Ext-2 2.04 0.59 0.89 0.63 0.59
Ext-3 930 0.73 107 0.87 0.66
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Table 4. Contents of flavonoid glycosides in E. koreanum plant based on the results of HPLC/UV

analysis
Sample No Flavonoids content (% of dried extract)_ LC/UV
’ Icariin Epimedin A Epimedin B Epimedin C hyperoside
EK-K-1-1 ND ND ND ND ND
EK-K-1-1I ND ND ND ND ND
EK-K-1-1II ND ND ND ND ND
EK-K-2-1 1.92 0.48 0.68 1.07 ND
EK-K-2-1I 2.17 0.39 0.56 0.85 ND
EK-K-2-1II 2.88 0.43 0.62 0.47 ND
EK-K-3-1 2.94 0.55 0.70 0.25 0.24
EK-K-3-1I 2.11 0.43 0.60 0.19 0.25
EK-K-3-1II 1.79 0.44 0.59 0.17 0.26
EK-C-1-1 3.00 0.65 0.87 0.41 0.29
EK-C-1-1I 2.29 0.59 0.76 0.47 0.31
EK-C-1-1II 2.14 0.52 0.75 0.64 0.24
EK-C-2-1 491 0.99 4.08 1.58 ND
EK-C-2-1I 4.87 0.88 3.59 1.34 ND
EK-C-2-1I1 5.83 1.37 476 1.82 ND
EK-C-3-1 3.16 0.55 0.74 0.40 0.29
EK-C-3-1I 2.66 0.64 0.89 0.50 0.42
EK-C-3-1II 2.10 0.53 0.70 0.41 0.31
Ext-1 2.84 0.80 1.03 0.93 0.25
Ext-2 2.43 0.69 0.93 0.66 0.58
Ext-3 2.40 0.88 0.92 0.62 0.55

Table 5. Contents of flavonoid glycosides in E. koreanum plant based on the results of HPLC/UV

analysis (57} 15%)

Flavonoids content (%6 of dried extract)_LC/UV

Sample No. AEA] TYA . . . ) ) ) ) .
Icariin  Epimedin A Epimedin B Epimedin C Hyperoside
EK-K-1 L= I = e 3.18 1.47 2.07 1.81 0.21
EK-K-2 ElaE s AL kY AL 6.13 2.39 2.95 2.33 0.58
EK-K-3 Ela=ialy A 7]5 A % 1.44 0.73 1.05 0.50 0.26
EK-K-4 3H4He1%) &9 0.00 0.00 0.00 0.00 0.51
EK-C-1 S EFEAE 2.91 0.82 1.32 0.65 0.69
EK-C-2 T A 0.00 0.00 0.00 3241 0.00
EK-C-3 T Y 2.97 0.80 1.35 0.55 0.74
EK-C—4 oA AEFe 2.13 0.78 1.26 0.78 0.85
EK-C-5 T AGAF 1.68 1.14 1.55 14.93 0.61
EK-C-6 S EYAE 1.23 0.55 0.69 6.20 0.00
EK-C-7 S AVIEAE 2.18 0.71 1.12 0.45 0.73
EK-C-8 T AT 10.44 1.70 3.54 7.60 0.00
EK-C-9 T AREUA 3.70 0.82 1.14 14.38 0.00
EK-C-10 &=t A7sAF 1.57 0.49 0.72 0.70 0.35
EK-C-11 T BARAE 0.94 0.52 0.64 557 0.00
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i, HPLC/UV/MSE ol 8% 4% F&E 9 chemical profiling

o Lokt =B AR chemical fingerprinting WHY FHE $95te] HPLC/UV/MSE o] &3}
chemical profilingS 3t FetR o= Ao Edo] iAoz 320 nmolA 54242 UV &
FE BYo=Z 320 nmolA UV S5 &8t 5A9 mass detectorE ©]&3ste] 7+ I3 ot
m/z S et x4 &% FEE9 UV chromatograme Figure 220 YeElW itk UV
AzvE NS T3l S oIy #E&S YElE FAEQ icariin, epimedin A, epimedin B,
epimedin C, hyperoside 59 peakZ 28 4 dgom, o5 ARS 3o &4 Z=ZHZEo
UvazEneEasd A9 & 22719 peakell thale] chemical profilings 33ttt #x7F & &9
#F FE% I 00, Mol tiste] UV azvt=a3] 49 7Zh peakel ™3t retention time, m/z #tS EA|
33l UV &9 mass intensityE BB o2 3] Z} peake WA S AAste] FAISEA T (Table
6). 37FA 9 2% FE=E A5E UV mass dataol 73+ chemical profilingol] Qo] f-AF3H 3 &l
S HTh

o

=2 T MM o=

Itz ns.” E12.0: 0 Chpm atod@m, 320000 im
50 2
50—
N 10
I —
30 -
- 5 Figure 20.
UV chromatogram for E.
1o | koreanum extract
o :
T T T T T T T T T
2 [

T
& Tine fnh]

Table 6. Chemical profiling E. koreanum extract with HPLC/UV/MS

o UV (% area) Mass (% area)

Peak No. RT (min)  m/z Ext-1 Ext-11  Ext-I  Ext-1 Ext-1  Ext 1l
1 31 342 14 19 17 19 20 0.7
P 33 207 214 25.3 241 57 56 %.7
3 37 319 48 47 47 14 12 11
4 43 303 24 23 25 23 26.0 211
5 48 370 17 16 17 10.8 107 89
6 53 517 12 09 10 88 71 5.0
7 65 839 34 30 33 51 51 31
8 6.7 809 46 39 41 5.1 47 37
9 6.8 823 4.4 35 39 58 65 51
10 72 677 19.4 180 162 165 155 109
1 75 821 22 21 33 7.4 65 6.4
12 8.1 617 36 34 36 11 0.9 05
13 9.4 719 44 44 43 0.3 0.2 0.1
14 100 355 0.9 08 1.0 19 18 17
15 106 699 24 24 26 0.2 0.2 0.2
16 111 669 6.3 69 72 17 0.08 0.1
17 11.8 746 05 0.4 0.4 0.01 0.06 0.03
18 12.3 369 103 10.4 9.8 43 4.4 35
19 126 659 05 06 11 0.09 0.06 0.1
20 130 783 11 12 11 0.2 0.2 03
21 148 825 05 05 05 0.06 0.1 0.1
2 159 331 11 08 08 01 0.1 0.1
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o 2ok#to] fF BT oAXE H 1A flavonoid glycosided &2 ¥ ol &% E3HE] o]
A= AA AR dd ARE vdd Fd AHYHEES gHs7] fshd, + =
LC/MSZE EA3F 5 Ado]x total ion chromatography(TIC)ol tisle] si&l <12 B

o LM FEl 22 BEAWMozA Jpg dubzoz ol FAR EXW (Principle component
analysis, PCA)& Zg3lo] o] PC score plotg Z£3dlo] &4 FE5 A8 33 AE I

Ho| w2 EXE ##3F . Score plot (Figure 21)& 2H B, PClol| 3l A icariin, epimedin A,
epimedin B, epimedin C, hyperoside®] =5 HAEHA] &AW Kl A& A3 R 4L Alae
AAAom dAZ s Yelid e Fdato] ofd thE kA A8 (NP)9F &gk Aol & e
Atk PC2ll olafiA = 7 Al5e] AbA o] & Mgk FFito] 7hestd em, PC3el osjA = i
o] SdH Almel gk Ao]lE Hol= NP9 Kl A= olfjel] C2 87l & Assd} 35
o] clusters FASAT C2 AN 72 %% hyperosideo] AZE% A &2 ™ icariin, epimedin A, B, C
o] o]l g FEE Almol vl&) dAGA =& ol vE AES FEE clusters: FAT A<
o7 AaHEY A28 07 PClY 3 7}A] factorr o 2% E} o 9 | 7}ssti e, PC2,
PC3E F7H o ® A &atds w A4 = 7[dAE Gl 9§ Aolg i3 + AT
o

o
=
=

4l
e
o

o BEl FAS o] g3t ghekA)
3o Similarity Index (SI)
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Figure 23. PC score plots for E. koreanum extract sample
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Table 7. Similarity index for E. koreanum extract sample

K1-1 | K1-2 | K1-3 | K2-1 | K2-2 | K2-3 | K8—1 | K3-2 | K3-3 | K4—1 | K4-2 | K4-3 |C1-1|C1-2|C1-3 | C2-1|C2-2|C2-3 | C3-1|C3-2 | C3-3 |[NP-1|NP-2 INP-3
K1-1]1.00 | 0.88 | 0.86 | 0.40 | 0.43 | 0.40 | 0.45 | 0.38 | 0.40 | 0.34 | 0.35 | 0.34 | 0.33 | 0.32 | 0.30 | 0.37 | 0.40 | 0.39 | 0.36 | 0.32 | 0.30 | 0.31 | 0.33 | 0.36
K1-2 1.00 [ 0.90 [ 0.42 | 0.44 | 0.41 | 0.48 | 0.40 | 0.43 | 0.33 | 0.35 | 0.33 [ 0.33 | 0.32 | 0.30 | 0.37 | 0.39 | 0.37 | 0.34 | 0.30 | 0.29 | 0.30 | 0.35 | 0.37
K1-3 1.00 | 0.47 | 0.47 | 0.43 | 0.53 | 0.45 |0.46.| 0.35| 0.35 | 0.33 | 0.34 | 0.34 | 0.32 | 0.38 | 0.40 | 0.39 | 0.36 | 0.32 | 0.31 | 0.29 | 0.34 | 0.38
K2-1 1.00 | 0.87 [ 0.86 | 0.79 | 0.81 [ 0.85 | 0.74 | 0.73 | 0.69 [ 0.80 | 0.81 | 0.77 | 0.62 | 0.61 | 0.64 [ 0.81 | 0.79 | 0.74 | 0.23 | 0.26 | 0.27
K2-2 1.00 | 0.88 | 0.75] 0.76 | 0.79 | 0.74 | 0.72 | 0.71 | 0.81 | 0.80 | 0.80 | 0.64 | 0.64 | 0.65 | 0.82 | 0.80 | 0.80 | 0.24 | 0.26 | 0.29
K2-3 1.00 | 0.72 | 0.74 | 0.78 | 0.77 | 0.75 | 0.73 | 0.83 | 0.83 | 0.80 | 0.66 | 0.65 | 0.65 | 0.82 | 0.79 | 0.78 | 0.25 | 0.29 | 0.30
K3-1 1.00 | 0.85 [ 0.81 | 0.68 | 0.68 | 0.65 | 0.69 | 0.72 | 0.68 | 0.61 | 0.59 | 0.59 | 0.71 | 0.70 | 0.68 | 0.22 | 0.24 | 0.26
K3-2 1.00 | 0.86 | 0.68 | 0.67 | 0.64 | 0.74 | 0.77 | 0.74 [ 0.58 | 0.55 | 0.55 | 0.73 | 0.73 | 0.71 | 0.20 | 0.23 | 0.25
K3-3 1.00 | 0.70 | 0.72 | 0.68 | 0.77 | 0.79 | 0.76 | 0.60 | 0.58 | 0.58 | 0.76 | 0.76 | 0.71 | 0.21 | 0.23 | 0.24
K4-1 1.00 | 0.88 [ 0.90 | 0.75 | 0.75 | 0.74 | 0.66 | 0.65 | 0.65 [ 0.79 | 0.81 | 0.78 | 0.28 | 0.29 | 0.32
K4-2 1.00 [ 0.93 [ 0.75|0.73 | 0.74 | 0.64 | 0.64 | 0.64 | 0.76 | 0.78 | 0.76 | 0.25 | 0.29 | 0.28
K4-3 1.00 | 0.73 ] 0.71 | 0.72 | 0.63 | 0.63 | 0.63 | 0.74 | 0.75 | 0.75 | 0.24 | 0.26 | 0.26
C1-1 1.00 | 0.92 [ 0.92 | 0.68 | 0.65 | 0.65 [ 0.83 | 0.82 | 0.81 | 0.22 | 0.25 | 0.25
C1-2 1.00 | 0.93 | 0.68 | 0.64 | 0.64 | 0.84 | 0.84 | 0.81 | 0.24 | 0.27 | 0.27
C1-8 1.00 | 0.69 | 0.66 | 0.65 | 0.81 | 0.83 | 0.83 | 0.22 | 0.24 | 0.25
Cc2-1 1.00 | 0.90 [ 0.89 | 0.69 | 0.67 | 0.66 | 0.22 | 0.26 | 0.26
c2-2 1.00 [ 0.93 | 0.69 | 0.66 | 0.66 | 0.26 | 0.28 | 0.29
Cc2-3 1.00 | 0.71 ] 0.69 | 0.66 | 0.27 | 0.30 | 0.29
C3-1 1.00 | 0.91 | 0.87 | 0.27 | 0.30 | 0.30
C3-2 1.00 [ 0.90 [ 0.25 | 0.28 | 0.29
C3-3 1.00 | 0.25 ] 0.28 | 0.29
NP-1 1.00 | 0.61 | 0.61
NP-2 1.00 | 0.69
NP-3 1.00
<Hfol] 2 3>

7}. DNA chip 28 93 AXFe Agza 44

o A2MF DNA chip ZANA = stekAl #stals 98t 4=y 71 F4 < icariin, epimedin B
9 1%ﬂ B2 Edo] FAx @& profiled] " A= S B 9dte] A3 AxFE HAA

3k & DNA microarray 23S 2 A&}t

o DNA microarray A d& 3 MEFE AAS7] Hst] S 70% ethanol FEES LNCaP
=

(prostate), MCF-7(Breast), A549 (Lung), ACHN (Kidney) ™ CCF-STTGI1 (brain, astrocyte) %
67FA oA 7] FrHl GAEF o FEE 72A1%H
MTS assayE AASFATE. WA serum free HIA
ethanol F&& Aol 9t sk EA O AEF
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2 A&7 A e

mr ﬁ i Ay

b A F AEFY A A=s
AREERlS W L2048k 2ol 70%
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o FYTE WA FE T AU T8-S et AFEEta e Ao w SdFe FA
-9l icariin®] phosphoesterase 5 (PDE5)E A 3lsle] A7|sdyd 2E&S Yeldvg=s s vlg
o5 AEFo|A PDES7F welE= oz delxl AB9A RS Ad7]s 283 WEE prostate

9 k==
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O,

1 )

]
serum< 2L WA (serum media)®t @A & vl A (serum free media)oll Al #&3FE W serum
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Figure 24. Effect of 70% ethanol extracts of Epimedii herba on the cell proliferation and IC50 values

in various cancer cell lines

mediadl A= AESF2 A 7F wl$ @A YERG ¥WEH serum free media®l A= AXEF 2ol AA
A= ATt (Figure 24). Hh oz Aol MEE serumo] J& o A7 wEo o] F9

olm
E L

Adol= 10% serume ks WA E AFESFI
=3

HA % androgen receptor?} aromatase, 71 @ A<l FES YEldE o
3t PDESE AdAste] 4% F55 9 icariind ¢Jsto] &3 9 Ao mE {fdx} ddw st

%%"5}915} Figure 23¢ A4 ¢} o] 5 FEZol 9ste] LNCaP Alx2eA o5 A9
F YEb oy, AS49A oA = PDESS] & ®Wstr 2% 249kal ARC|Y aromatase2]
A gt wekA DNA chips o83t 4% F&5= 9 2 Z2egg=d o 74
A HE WsE s BEE] 91dke] LNCaP M EFE

e o
ftllo
worE |
Lot
N
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c S¥F AT FESh ALS AR Asel SFT FEEL 13 50 pg/ml FEE 0, 3 6, 12, 24
48h &<+ A€l & PDE5S®F androgen /3340l F o3k ¢S g+ S45° mRNA WS E
RT-PCRE %3 #2351 v, Figure 2591 48k 2ol PDESE A% %o $4% 52 ool
Mah golot wFEE s wis Aol dojel met wdol FHE AL BB

5&
z
A
o
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= At 23y androgen receptor (AR)2] 7 $-ol+= AFE Ao & 3Fo] A7to]
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Figure 25. Effect of 709 ethanol extracts of Epimedii herba on the gene expression in LNCaP and
AB49 cells.
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Figure 26. Effect of Epimedi herba components on the proliferation of LNCaP cells.
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2% 70% ethanol F&E2 FAELS 1A4F EAdgA E243% A3 jcariin®] 71 Zo] 759

9lom™ hyperoside?} epimedin B7}F ooz wWo] A3 SokFol&= FZ  flavonoid
glycoside 7} ®o] &A1 glem, E3] prenylflavonoid R3] To] t}E o] @o] =1 9
o wEbA 2 Ao A = ghEFo] wWol lom, - prenylflavonoid R3S ZEal oy 44 ol
£ icariin®} epimedin BE X3+ quercetin® 7 YA ol galactose’} ] = hyperosideE &% &

Al 242 dAste] &% B4 % DNA microarray 2 dS 2 A8 T
o Jcariin, epimedin B 2 hyperoside®] ™3t &= A ¢35} A LNCaP A Xol| o8 FEo #
YEHAES 214ATEL HEd & AE5AHS SANS W icariin, epimedin B 2 hyperoside 5 <]
] or A o

glycoflavonoids= A 3E5A o] A2l UERLX
Alxz=do]l AA Yetstth (Figure 26).

%2k o 1 hyperoside®] aglycon?l quercetin< 4Fth %

o Sk FAR jcariin® AFFAS H7] Yste] 1uMI 10uMS 0, 3, 6, 24, 48417F E<F A g
3k & PDE59 androgen A 3o 23 9858 = 459 mRNA #3dWsE RT-PCRE
o #ESHAS o Figure 273 2ol YEFWth  1uM icariin A 2]ol] °]ste] ARS] o] A Al
ol AojASE AA S/AEAY 28y 10 uM TR E AFE (luM) Aol o3 Fxx o
A= @l vErsh
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| | |
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Figure 27. Time- and dose-dependent effect of icariin on the gene expression in LNCaP cells.
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Figure 28. Dose-dependent effect of epimedin on the gene expression in LNCaP cells.

gﬁLQ. 3= &4 24 OXJX]— uL

gefshel UMHE A5

374] JEA ergkth maka &
#3le] epimedin BE A A 6}

o] uf %%3} S o epimedin A, B 4 CollA %ﬂx} HL&]%@}

9k Zoll = epimdin B7} 714 %o] X8 2% DNA microarray 2

At (Figure 28).
o Hyperosideol| 9]+ f7xx 2d WaslE #23l7] 918+ hyperoside®t 1 aglycon©] querceting ©]
2 FEE 24X 7 E<F LNCaP M4 A3 3 RT-PCRS 3ttt =L Wl quercetin® aromatase
e oy aglycone d8 W7t YERUA] ko

A
wdo] % oEHow At HAEFS
(Figure 29), querceting &%Zo= 79| hyperoside E|E &4 32 & hyperosideE A A st}

Hyperoside Quercertin

1 10 20 5 1 10 20 50 (uM)

C
Ny & & B 5. 888
PDES  _ - S EE e
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=—————.——-—-.

B-actin |

Figure 29. Dose—dependent effect of hyperoside and quercetin on the gene expression in LNCaP
cells.

o DNA chip 43S 9gt ZgEHE o] Ax=d 9@ Arjsdd a459 23S 7|Fo2 3ty
B2 A o) A= icariin, epimedin B ¥ hyperoside 59| 3%< 4439t (Figure 30)

Figure 30. Chemical structures of three compounds isolated from Epimedium koreanum for DNA

microarray experiment.
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Figure 31. Effect of Epimeii herba extract and icariin on the cytotoxicity, the production of nitric
oxide and expression of iINOS in Raw264.7 cells.
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Figure 32. Effect of C. officinale extract on the cytotoxicity and the production of nitric oxide in
HUVEC cells.
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DNA Microarray
Cell line: LNCaP

! !

| High Concentration l

[ Low Concentration l

! ! | } | ! ! |

EH Ext lcariin Epi B Hyper EH Ext lcariin Epi B Hyper
10pg/ml 1M 1M 10pM 100pg/ml 10pM 20pmM 50pM

24 h

lon| |3n] \6L\\24h\\48h

Scheme 8. Design of the DNA microarry experiment for the selection of biomarker genes in the
70% EtOH extract of Epimedium herba, its major components, icariin, epimedin B and
hyperoside.

Table 8. Experimental and analysis conditions of DNA microarray for Epimedium herba extracts,

icariin, epimedin B and hyperoside in LNCaP cells

Experimental condition

Epimedii Time ( 4 conditions)  3hr (10ug) 6hr (10ug) 24hr (10pg)  48hr (10ug)
herba Dose ( 4 conditions) 1ug(24h) 101g(24h) 50ug(24h) 1001g(24h)
learti Time ( 4 conditions)  3hr (OuM) 6hr (OpM) 24hr (OuM)  48hr (OuM)
cariin

Dose ( 2 conditions) X 1uM(24h) X 10uM(24h)

. ) Time ( 4 conditions) 3hr ( 1uM) 6hr (1uM) 24hr (1uM) 48hr (1uM)
Epimedin B .

Dose ( 2 conditions) X 30uM(24h) X 30uM(24h)

' Time ( 4 conditions) 3hr (10uM) 6hr (10uM)  24hr (10uM)  48hr (10pM)
Hyperoside .

ose ( 2 conditions) X 50uM(24h) X 50uM(24h)

@ Array Type: ABi human chip
4 Number of Total spots: 36179

@ Data pre—processing

¢ Quantile normalization

¢ Data filtering: Signal to Noise ratio 3 "]%¢] spot©]

spot¥} Flag 1000]4 AA

@ Number of Total slides: 69
4 Number of Blank and Control spots: 674

A

x4 30%

o’d& AAE=

@ Hierarchical clustering with complete linkage and similarity measure by Euclidean distance

o Microarray normalization 23& tfZa
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Figure 33. Volcano plots compared control to experiments for the selection of biomarker genes in

Epimedium herba and its major components.

=& Welch’s T-test 275 YeH)S o] 8351o] 2u] o] W&ol WA3LE I, Welch's T-test P>
0.059] F9A4S UYedle A4S 7 2e A tH(Figure 33, Table 9).

o Figure 339 Volcano ploteZFE 7 Ag 79 AHEAF 9 Fo wd fF9o #
W table 9¢l A1 ¢} o] HeArgte] AoAFE Fo FHa #7F S7tstdn. &
et Aeds w ddo] St ARG A Flo] wktow, M A te
o] Szt FAA Uk AUy or Wol FrtEAY. 28la A4 2 icariin®] Y epimedin B2
s A o8] Edde] wstE FAA g Ao WstE fHA ¢ BHu A2 Aow UE
Yok 23 Y hyperoside®] 7ol 10uM Aol 93t Feold oz Wiy FAAS7) icariin®]
Y epimedin BE T Aoy 50uMol A WHatE FAAE7F 10uMel A Hate Fdx Fxg g =
Al ek

o Y FEE H 2 BYEAEC 9t A % & wE F9 FHATFE BT Hds o
= & 75770 o]l o™ icariin, epimedin B % hyperosidex= Zt2F 1004, 1373 2 59871 <] %A
th. o] &9 biological pathwayE #3237 918+9] gene annotations 39S o %% FEE2 98
N (12.9%), icariin® epimedin BE Z+Z} 981 (97.7%)3 1345 (97.8%)7) 12| 1L hyperosidex= 585

(98.0%)78e] F+42 7lee & 7 AN
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Table 9. Gene numbers satisfied the conditions; 0.5<expression changes>2 and P<0.05 from Volcano

plots which were compared control to experimental groups.

Gene Number

Exp Name -
Up Down Common Total Annotation
Eum_Ext Eum10_3h 52 64
Eum10_6h 92 127
Eum10 24h 61 95 1 757 98
Eum10_48h 119 107
Eum100 24h 103 67
Icariin Icariinl_3h 32 129
Icariinl_6h 92 83
Icariinl 24h 136 130 0 1004 981
Icariinl_48h 237 190
Icariin20_24h 71 36
Epimedin B EpiB1 _3h 396 104
EpiB1 6h 70 67
EpiB1 24h 163 154 3 1373 1345
EpiB1 48h 312 292
EpiB20 24h 61 99
Hyperoside Hyp10 _3h 16 59
Hypl0 6h 15 55
Hypl10 24h 41 41 0 598 585
Hypl10 48h 76 88
Hyp50 24h 217 90

O

o 7} 2459 Al ofste] ARl Zhzte]

frAsE At A
stol Ae] Ede aEHE fA4 Fd WEE B3

Zstd ) (Figure 34).
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Figure 34. Cluster analysis of time- and dose-dependent expression data in LNCaP cells treated

with 709 ethanol extract of Epimedii herba, icariin, epimedin B and hyperoside.
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c. Epimedin B
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o Hyperoside:x 32 43S F9o F42 5087/0E #2el S wl Figure 34-d¢t #2o] &A1zt
9 oA &gl wel ZH2b 16 7EA9F 87 AR I Ao R Uk Rd gl 2Tld e Aast
RAT7E Alzro]l A EFaE Frtele FdS HEWE FAAVE P Bka, 2 g3d e 27)d e S
btk zE Algbo] A da& FhAdte S UEle AR Bk

o Volcano plotollA AEHE {FAX F 7579 thdt S4Z F=Fo| th3k biological pathways -2 3}
AS u 12.9%0°l I3t 987}14 S A} wo] AR 750 AR Aow 1 FoA AY 11F9

biological signal pathway+ Table 103 7%t

.

Table 10. Major biological pathways of significant genes selected from Volcano plot of Epimedium

herba, icariin, epimedium B and hyperoside.

a. 70% Ethanol extract of Epimedium herba b. Icariin
Gene Gene
KEGG Pathway Counts KEGG Pathway Counts
Wnt signaling pathway 8 MAPK signaling pathway 15
T cell receptor signaling pathway 7 Wnt signaling pathway 11
Insulin signaling pathway 7 Regulation of actin cytoskeleton 10
GnRH signaling pathway 7 Insulin signaling pathway 10
Purine metabolism 6 Cell cycle 10
Neuroactive ligand-receptor 6 Axon guidance 10
Interaction Purine metabolism 9
MAPK signaling pathway 6 Calcium signaling pathway 8
Gap junction 6 Pyrimidine metabolism 7
Focal adhesion 6 Natural killer cell mediated cytotoxicity 7
Calcium signaling pathway 6 Gap junction 7
Adherens junction 6 Cytokine—cytokine receptor interaction 7
c. Epimedin B d. Hyperoside
Gene Gene
KEGG Pathway Counts KEGG Pathway Counts
MAPK signaling pathway 19 MAPK signaling pathway 12
Regulation of actin cytoskeleton 16 Starch and sucrose metabolism 9
Focal adhesion 13 Androgen and estrogen metabolism 8
Cell Communication 12 Metabolism of xenobiotics by 6
. . . cytochrome P450
Calcium signaling pathway 12 . ) .
. . Tight junction 5
Neuroactive ligand-receptor 11
interaction Regulation of actin cytoskeleton 5
Glycan structures - biosynthesis 1 11 Porphyrin and chlorophyll metabolism 5
Cytokine-cytokine receptor interaction 10 Pentose and glucuronate 5
Insulin signals 0 g interconversions
nSuin sighating pathway Oxidative phosphorylation 5
GnRH signaling pathway 8 . .
) ) Insulin signaling pathway 5
Gap junction 8
Cell cycle ] Wnt signaling pathway 4
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Figure 35. Significant genes selected by treating the 70% extract of Epimedium herba in MAPK
signal pathway

T4 FE=o 9ste] FAA EEWsE g wol e AL dHolet #wHE Wnt HEo|w,
T cell receptor signaling pathway, Insulin signaling pathway, GnRH signaling pathway &°] L H
£ oAt

o S-k# 70% EtOH FEE9 F A E<Q icariin, epimedin B % hyperosideo] ¢]3le] wdo] H3lH
FAAY 7)s F FEZOFE MAPK signaling pathway?} 7V 24 W3tk a8y 294
FEE 93] WH3lE FHA 7]TolA MAPK signal pathway (Figure 35)°] ##¥ F4dx F+=
o] % %

A P QR o A w247 D9k
9

o SYH FEE L I FAE 3% AHUle #E FAAES Wl 2 AgUzlaas 3Es 4
7F gllor, 53] 54 FEE icariindl 9 gk PDE5SOl 9]¢ NO F7Fell 2st Ad7]s ol #
= YEA] gk ko) hyperosideo] 2]3}e] estrogen¥} androgen metabolismel 3¢t

FAzke] S SUdF FZEA GnRH 420 #odtes x5 ddo] Wyt
o DNA microarray 2@ 43 4% FZ2E4A 7MY w2 F1A 98-S vE 4 2+ biological
pathways Wnt pathway® 8F¢] wwlgo] o]o] d8kS w X1 1o icariin®]Y epimedin B &
Al Zb7E 115 659 @il do] s vx= 2oz YENT (Table 11). °]&& v sAS o
SUYF FEE ostod= Wnt A2 5 DVL29 PRKYS} @& o] £71% 3 NFATS, FZD9, PLCBS3,
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Table 11. Effect of Epimedii herba extract, icariin and epimedin B on the Wnt pathway in LNCaP

cells.
Probe ID ng}renl}fol Con Euml0_3h Euml0_6h EumlO_24h Euml0_48h Eum100_24h
111052 DVL2 1.16 4.02 3.12 3.07 3.10 3.94
126969 NFATS 1.29 0.49 0.45 0.49 0.47 0.46
145949 NFATS 1.10 1.12 0.41 0.70 1.13 0.78
148434 FZD9 1.02 0.64 0.49 0.87 0.90 1.01
175969 PLCB3 1.11 0.97 1.34 1.27 0.49 0.96
181860 PRKY 1.04 4.02 3.12 3.07 3.10 3.94
196110 CSNKIE 1.05 0.73 0.54 0.82 0.42 0.48
212217 NFATC1 1.06 0.77 0.49 0.73 0.84 0.47
Probe 1D ng}glnbe ol Con Icariinl_3h Icariinl_6h Icariinl_24h Icariinl_48h IcariinlO_24h
126969 NFATS 0.82 0.27 0.62 0.60 0.52 0.85
145919 MMP7 1.58 2.52 2.54 3.87 294 2.05
145949 NFAT5S 0.90 0.54 0.62 0.75 0.58 0.65
164611 WNT7A 1.21 1.58 2.45 2.43 2.27 2.28
181860 PRKY 0.95 0.69 0.59 0.50 0.79 0.83
196110 CSNKI1E 0.96 0.53 0.40 0.54 0.76 0.26
200152  CAMKZ2B 0.91 0.61 0.28 0.47 0.62 0.37
201970 DKK2 1.44 0.33 0.82 0.63 1.39 3.11
212217 NFATC1 0.98 0.70 0.78 1.36 1.13 0.34
212244 PRKCG 1.27 2.29 2.34 1.41 2.18 3.72
227829  CAMKZB 0.95 0.58 0.41 0.46 0.57 0.28
Probe 1D S(;renrll:)eol Con Epil_3h Epil_6h Epil_24h Epil_48h  Epi20_24h
118274 FZD3 1.05 2.56 1.62 2.63 2.43 217
123273 JUN 1.69 0.49 0.89 0.21 0.75 0.55
139494 WNTHA 1.09 2.22 1.80 3.23 2.04 1.56
164611 WNT7A 1.15 2.30 1.17 1.63 1.96 1.57
165348 VANGL2 1.02 2.60 0.97 1.62 247 1.08
175969 PLCB3 1.11 0.45 1.34 0.64 1.07 0.86
CSNKIE, NFATCI1 & @do] Zase]l FAA R wdo] T7lHe 2 Hoe 2 a7t g%
A8t WbEo] jcariin®] F$ol= MMP7, Wnt7A, % PRKCGY W&o Frksidloed,
epimedin B2l 4$-9l= JUN % PLCB3 ®wo] Z4F 3 FZD3, WNTHA, WNT7A, VANGL2E <
7betdtt. NEATS<E icariind} &2 Fa=cA 2do]l A #48kal, NFATCL 94 F+ 9
GEA TAFHAY. 28U SU¢H FEEIY icariin I+ 2 epimedin B9 A% Wnt pathway
7 g% @4stE sog odEAn. oldd Ade S&FFe FAEQ! icariine] Wnt F =] J3F
S AN G FEE YA Wnt A2 GFE v FAo=Z A 5500 jcariin?} epimedin B
= 2L prenylflavonoid® 7oy EolQl= o] 1707 AZol7 e EFZE in vitro Add A=
T T AN G B FEFgs MA = HoRE ALREHIAT
°DNA microarray JANZREEH S4+F 70% EtOH F=E3 FAEC icariin, epimedin B %
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hyperoside®l] ¢]3sle] 2&

Table 12. Pharmacological active genes selected from the groups of Epimedium herba,

#)

A= —5@:9—

ARt o Tl w4

epimedium B and hyperoside.

d ok & FAAES A4S Astel 2 BY E FAA Ae

A3 o]

o)
2 rlo
[\]
I~
=
o
Q
o
i)
Q
Q
=N
o
—_
[\]
&

a. 70% Ethanol extract of Epimedium herba

3to] Welch’s T-testoll /] P<0.05°] 3L, 0.5< fold induction>2 ¢l

o

= FAAE R *d%é*o‘bﬂ (Table 11).
fro] A7 AAERNeY 1 F FHaA 5ol oF
ole FHAY A3F FE biological pathways & 3F1
icariin,

1D 10 3h 10 6h 10 24h 10 48h 100_24h Gene_Name
187003 046 073 060 051 027 type | hair keratin KA3S -
152190 062 059 065 033 0.36 solute carrier family 6 (neurotransmitter transporter, betaine/GABA),
member 12
197857 078 075 0.85 043 045 2\cfiec:-ei;gtjgists)|§dpg;aost2ihnoprotein;cisplatin resistance-associated
107304 082 1.10 0.89 037 048  chromosome 18 open reading frame 24
204547 050 053 072 051 049  chromosome 22 open reading frame 8
141522 070 053 064 041 049  hypothetical protein LOCS51252
1680171 176 200 1.55 220 209  hypothetical protein FLJ20534
192781 157 161 126 192 211 suppressor of cytokine signaling 6
156541 152 073 076 078 215 ;E{Lﬁrﬁs@gg‘nm ;g’eq”i}%t'ﬁpgease (reprolysin type) with
138964 1.06 118 240 162 216  phosphoglycerate kinase 1
127002 170 161 096 2838 216  seringfthreonine kinase 17b (apoptosis-inducing)
132554 096 1.34 207 193 218  insulininduced gene 2
141890 118 096 082 144 219 WAP four-disulfide core domain 8
109165  0.94 105 187 141 224 BCLZadenovirus E1B 19kDa interacting protein 3
169650 1.65 147 0.94 133 234 solute carrier family 15 (oligopeptide transporter), member 1
125119 247 270 234 365 280 RALBF1 associated Eps domain containing 2
199871 103 0863 155 252 313 oytochrome P450, family 39, subfamily A, polypeptide 1
131512 183 1.9 1.67 211 335  hypothetical protein MGC10744
218420 133 0384 056 1.07 338  hypothetical protein MGC 26989
176082 068 077 427 198 356  procollagen-lysine, 2-oxoglutarate 5-dioxygenase (lysine hydroxylase) 2
175866 121 057 043 1.08 374 leucine rich repeat containing 19
105946 112 1.18 218 133 482  S-hydroxytryptamine (serotonin) receptor 5A
227204 188 109 1.08 132 508  hypothetical protein LOC30788
109421 0.96 1.36 T 338 544 Akinase (PRKA) anchor protein {(gravin) 12
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b. Icariin

ID 1.3h 1.6h 1.24h 1_48h 10_24h Gene_Name
120417 156 119 1.01 132 029 hypothetical protein FLJ23825
151336 092 098 0.31 019 049 Fanconi anemia, complementation group D2
122793 057 117 239 173 naz hypothetical protein DKFZpd434G0625
112997 145 0.94 046 043 113 cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4)
208509 052 046 045 035 157 aminomethyltransferase {glycine cleavage system protein
Trnicolin 1
177096 087 1.51 218 409 1.70 hypothetical protein MGC26959
117336 0.89 054 050 096 185 Bgé?aeggic;l?nriczﬁgggeelﬂtfltivated cyclic nucleotide-gated
212750 1.07 065 078 0.80 202 hypothetical protein FLJ90231
217622 064 057 062 059 219 E”Oam”giﬂeﬁ’]'t”g'fnga'i‘;tg;tf\?er' ?:ngtease T{CAIC2 activating
705413 176 075 169 095 346 FLJ35767 protein
168970 1.234 070 045 059 385 protein tyrosing phosphatase, receptor type, M
120350 1.70 0.56 152 218 4.07 zinc finger protein 537
231889 0.83 0.96 1.06 0.86 409 calcium channel, voltage-dependent, alpha 11 subunit
135605 0584 09 1.16 07s 4938 tweety homaolog 1 (Drosophila)
124914 135 150 1.05 148 565 laminin, beta 4
c. Epimedin B
ID 1_3h 1_6h 1.24h 1.48h 20.24h Gene Name
TR 011 101 022 018 019 lmmesee T e E s -
158378 0.81 0.54 0.30 0.20 0.35  transmembrane, prostate androgen induced RNA
130316 0.28 0.61 0.31 0.37 0.45 solute carrier family 16 {monocarboxylic acid transporters), member £
130086 0.5z 6,43 0.3z 0.49 0.16  cytochrome P450, family 1, subfamily A, polypeptide 1
113737 0.35 0.43 0.38 0.39 0.36  tibbles homolog 3 (Drosaphila)
2012589 0.g2 0.74 0.41 0.28 0.54 progastricsin (pepsinogen C)
169853 0.2 0.65 0.42 0.35 0.42 MK 3 transcription factar related, locus 1 {(Drosophila)
117183 0.47 0.47 0.43 0.29 0.38  FKS506 binding protein 5
162911 0.38 0.85 0.44 0,37 0,28  thrombospondin 1
115926 0.45 0.80 0.47 0.45 0.46 24-dehydrocholesterol reductase
213619 2.94 1.81 2.65 2.69 2.06 solute carrier family 12 (sodium/patassium/chlaride transparters), member 2
118274 251 1.b6 2,76 2.37 2,06  frizzled homolog 3 (Drosophila)
114422 3.04 1.54 2.76 2.5 2.00 collectin sub-family member 12
163458 2.10 1.04 277 3.10 1.82 mannosidase, endo-alpha
111748 1.37 1.70 2.82 4,00 3,33 protease, serine, 11 (IGF binding)
216999 2.74 0.92 2.93 347 1.42 chromosome 20 open reading frame 100
147316 1.33 0.77 3.10 3.06 1.51 POU domain, class 2, transcription factor 3
203726 3.63 1.36 3.20 2,24 1.63  polvia) binding protein, cytoplasmic §
101582 2,23 1.92 3.37 305 1.82  ARPI0 protein
167316 4,62 1.12 3.44 4,52 2.18  matrilin 2
125526 314 0.88 3.61 2,856 1.24 tripartite motif-containing 2
151904 2,85 0.69 4,08 T.73 2,91 ceramide kinase
116915 3.63 1.41 4,35 3.91 2.94 leucine rich repeat neuronal 1
108283 0.866 0.79 4.64 3.32 0,92 receptor tvrosine kinase-like orphan receptor 2
123436 3.76 1.00 4.81 3.65 2.03 EM non-receptor tyrosine kinase
140953 4,28 0.90 543 9.71 3.81 dopa decarboxvlase (aromatic L-amino acid decarboxvliase)
154434 6.23 2.97 6.12 B0 3.50 amphoterin induced aene 2
122174 V.00 4.20 9.29 9.18 567 cerebellin 2 pracursor
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d. Hyperoside

Probe ID HyplO_3h HyplO_6h HyplO_24h HyplO_48h Gene _Name

204743 015 012 012 011 g;}(l;tlzll‘g)r of DNA binding 1, dominant negative helix-loop—helix
101377 0.61 0.46 0.27 0.21 cell death-inducing DFFA-like effector b

169853 0.65 0.52 0.28 0.22 NK3 transcription factor related, locus 1 (Drosophila)
173876 1.03 0.89 0.36 0.33 membrane bound O-acyltransferase domain containing 2
194271 0.84 0.62 0.38 0.46 transmembrane protease, serine 2

117183 1.15 0.81 0.42 0.29 FK506 binding protein 5

169984 0.78 0.74 0.44 0.38 selenoprotein P, plasma, 1

702618 0.78 0.69 0.46 0.26 FLJ44715 gene product

114304 1.46 1.37 2.01 2.32 homeobox C13

168773 1.07 1.16 212 2.24 homeobox C9

188051 1.18 1.17 2.29 2.65 cadherin 3, type 1, P-cadherin (placental)

122174 1.24 2.11 2.35 2.14 cerebellin 2 precursor

116915 0.88 0.94 2.36 2.82 leucine rich repeat neuronal 1

171247 0.50 0.77 2.39 3.11 tetraspanin 7

167743 1.15 1.16 2.43 2.96 chromosome 20 open reading frame 102

116423 1.49 1.52 2.61 341 GTPase activating Rap/RanGAP domain-like 3

182844 1.03 1.46 3.01 3.97 golgi phosphoprotein 3-like

111620 1.16 1.98 3.29 4.36 deiodinase, iodothyronine, type I

209603 1.09 1.01 3.45 5.77 calcium/calmodulin-dependent protein kinase II inhibitor 1
140953 0.81 0.87 3.71 5.89 dopa decarboxylase (aromatic L-amino acid decarboxylase)
192802 1.17 0.74 3.99 6.62 hypothetical protein DKFZp566]J091

oIcariin A2l e] o= #Fo F82 7k 3570= v el Hste] AA dAEdew, O F
A2 Zeold olFol = AL 1670l eyt (Table 12-b), o1& <Al FHAREe] Ao o&

biological pathway

°Epimedin B A 2|9 A fole F9 FdA77F 5371 oldlow, o1 5 A asolu oF =
AL 2870°1l e (Table 12-¢), ol & HA] FAAZLY] A4S FF biological pathwayE ¥ 3t )

= Ae gl

°Hyperoside A& T2 A¥ole FIF4x AAHESE ST FEE|Y icariin 2 epimedin B9 &
A A ke W FHz #dS FAo R &dvh. Hyperoside 10uME 2441 7hah 4841 7H9F # 2] )
S o] Welch’'s T-testoll A P<0.05°] 3, 05< fold induction>2 ¢ FAAES &= FEZQ 9 &
Az AAQAn. A" Fo F42 T FAAHol Jom, T signal ol AAHom 29 o]
A AL FHAAE gHET FAAR AAGsdn. AAE fo FAA= F 20NE 1 F 24707
gene name®| AN I F 3707F signal Fto] UF Frol ©EtE o] Table 12-de} #o] 21719
AAE oFgis = dAsATh

-

ol\

t}. DNA microarray 23 A

oS4 H 1 FEEE 3T d&E AAYA oFgEs FHAE cyber  green dyeg AMEdho]
realtime PCRS A A3te] A=3}0th. Realtime PCR 4% 1 PCR product’} DNA microarray 2|
oligo probe FHS FTAS=Z 100-200bpE Ztolor A7l & =ZFH 22 PCR primers A 3=
AL ATk oFb2E 1A copy F7F AHS A$olE fold change’t & AE & UEhA Ze
SHAIE YER AT



SU%F 70% EtOH FEE3 A #<l icariin, epimedin B % hyperoside®] w3 gl & 5 A=
)¢t realtime PCRe] A¥}= Table 119 YEF ST

S 42 70% EtOH F==9| gt biomarker genes 7&%3}7] 23] primerE 9577 I E 47) 9
FAadztE AQd 2059 primergs AMEste] Zhzbe]l g FdAbel diste] AFE stttk Table
13-a¢} #Zo] 20 = = 13 o] o]= AHXE microchip data®} realtime PCRe] Ao} A x]dlo] of
65% AE=7} AZE AT

Icariin®] biomarker gene A5 157019 9 FHAA FollA primer A Zo] IE 4/ME A3 1170
o] AR realtime PCRE o] &3le] AAIAT. 2 FolA 57l DNA microarray 23} oA
SFA] ko oF 55% FFet= 6717ke] HF = tH(Table 13-b).

Epimedin B2l 4% 28%9 &9 FHdA F 2352 #HAIeAon, 1 F 48%° ddst= 1171 4
Zpato]l A=Atk (Table 13-¢).

Hyperoside®] 4% 219 2 FAx F 195 AT, 2 T &F 73.7%° | Fst= 145 9]
S5 E A} (Table 13-d).

Table 13. Validation of selected biomarker genes using real time PCR with cyber green dye.

a. 70% Ethanol extract of Epimedium herba

1D S Eum118NA Chgummo Eurrffle(? — I;ECuFr{nIOO el
187003 KA35 0.60 0.27 0.50 0.75 0
152190 SLC6AI12 0.65 0.36 2.33 3.69 X
197857 CROP 0.85 0.45 0.43 0.68 0
107304 Cl18orf24 0.89 0.48 0.60 0.43 0
141522 LOC51252 0.64 0.49 112 2.30 X
160171 Clorf27 155 2.09 091 1.25 X
192781 SOCS6 1.26 2.11 415 2.32 0
156541 ADAMTS14 0.76 2.15 0.87 2.46 0
138964 PGK1 2.40 2.16 2.77 3.70 0
127002 STKI17B 0.96 2.16 0.99 1.32 X
132554 INSIG2 2.07 2.18 095 0.69 X
109165 BNIP3 1.87 2.24 2.00 1.38 0
169650 SLCI5A1 0.94 2.34 2.18 2.40 0
125119 REPS2 2.34 2.80 3.72 1.60 0
199871 CYP39A1 155 3.13 0.85 0.97 X
131512 TMEMI107 167 3.35 1.69 171 0
176082 PLOD? 4.27 3.56 3.77 3.22 0
178866 LRRCI9 0.43 3.74 165 2.26 X
105946 HTR5A 2.18 4.82 1.28 2.43 0
227204 MGC45800 1.08 5.08 213 2.29 0
109421 AKAPI12 771 5.44 499 8.35 0
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b. Icariin

1D Gene_Name — DNA Chl.p - 5 “Realtlme P.CR = Results
icariinl icariinl0 icariinl icariinl0
151336 FANCD2 0.31 0.49 0.89 0.74 0O
122793 PLXNA4A 2.39 0.82 0.02 0.03 X
112997 CDKN2C 0.46 1.13 2.44 2.07 X
208509 AMT 0.45 1.57 1.19 0.74 X
212730 FLJ90231 0.78 2.02 2.63 1.65 X
217622 MASP1 0.62 2.19 0.91 1.21 0O
705413 FLJ35767 1.69 3.46 3.29 4.45 @)
168970 PTPRN 0.45 3.85 5.80 6.40 X
120350 ZNF537 1.52 4.07 1.67 1.98 @)
231889 CACNAI1I 1.06 4.09 9.87 10.29 @)
135605 TTYHI1 1.16 4.98 15.78 17.40 0O

c. Epimedin B

DNA chip Realtime PCR
ID Gene_Symbol : : : : Results
EpiB1 EpiB20 EpiB1 EpiB20
174706 ST6GALNACI 0.22 0.19 0.08 0.12 0O
158378 TMEPAI 0.30 0.35 0.81 0.64 @)
130316 SLC16A6 0.31 0.45 1.59 1.79 X
135086 CYP1A1l 0.32 0.16 0.37 0.45 0
201259 PGC 0.41 0.54 0.42 0.35 O
169853 NKX3-1 0.42 0.42 1.02 0.76 X
117183 FKBP5 0.43 0.38 1.06 1.00 X
162911 THBS1 0.44 0.28 1.11 0.69 X
115926 DHCR24 0.47 0.46 30.17 19.70 X
213519 SLCI12A2 2.65 2.06 0.67 0.79 X
118274 FZD3 2.76 2.06 4.64 5.16 O
111748 HTRA1 2.82 3.33 1.52 2.21 0
216999 C200rf100 2.93 1.42 3.39 2.66 0
147316 POUZ2F3 3.10 151 0.36 0.59 X
203726 PABPC5 3.20 1.63 1.91 1.86 O
101592 RP4-742C19.3 3.37 1.82 4.99 4.65 0
167316 MATN2 3.44 2.18 0.60 0.95 X
116915 LRRN1 4.35 2.94 4.22 3.24 O
108283 ROR2 4.64 0.92 0.69 0.88 X
123436 BMX 4.81 2.03 1.73 2.08 0
140953 DDC 5.43 3.81 1.36 1.68 X
154434 AMIGO2 6.12 3.50 1.73 1.36 X
122174 CBLN2 9.29 5.67 1.43 1.69 X
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D. Hyperoside

Fold induction

Probe ID Gene Symbol DNA Chip Real-Time PCR Result
hypl0 hyp50 hypl0 hyp50

204743 D1 0.118 0.154 0.053 0.123 0O
101377 CIDEB 0.270 0.351 0.731 0.999 0O
169853 NKX3-1 0.284 0.190 0.544 0.918 0O
173876 MBOAT?2 0.355 0.303 0.687 1.569 X
194271 TMPRSS2 0.383 0.253 0.372 0.383 0O
117183 FKBP5 0.419 0.303 0.420 0.425 0O
169984 SEPP1 0.442 0.356 1.291 1.390 X
702618 FLJ44715 0.461 0.400

114304 HOXC13 2.008 1.173 1.568 2.226 -
168773 HOXC9 2.118 3.272 1.257 2.273 -
188051 CDH3 2.289 1.209 1.331 2.082 -
122174 CBLN2 2.353 1.733 5.182 6.471 0O
116915 LRRN1 2.361 2.033 2.730 3.488 0O
171247 TSPAN7 2.390 3.247 3.410 1.487 0O
167743 C200rf102 2.428 2.049 4.148 5.303 O
116423 GARNL3 2.609 3.620 2.051 1.890 O
182844 GOLPH3L 3.010 4539 3.372 5.041 0O
111620 DIO1 3.290 1.394 5.683 5.150 0O
209603 CAMK2N1 3.455 5.995 4.298 3.614 0O
140953 DDC 3.706 6.076

192802 LBH 3.989 2.550 5.527 2.530 0O
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(1) 70% Ethanol extract

h AE dF &8
o 70% Ethanol ext.S °F 785g A AtH(yield 31.4%). ©] % 150g(50gx370)S drefkA2tstsl Abdek Al1A K3
A BAY 9 A4 A BT Al&38 T

(h) ¥ A48
o MW FA89 70% ethanol ext.= 20-40g8 A BZE F&F3lo] 396-11.65gS dAew, o5 70% ethanol
ext.Z Z+ 1 g¥ A" AF3F3).

o Hexane ext., ether ext. % chloroform ext.2] hexane-MeOH-H.O(20:10:2) #&& = *F=(hexane
=) A (267 g)ZEA triglyceride’} 571 H+= EEF(CRH)o| ). dt=(methanol &) H]=4 &2
FTAAE S =2 EZE FHste FF(CRC, A4, 100 g)lo2 HAao 4F A&l = T
Hol e EFo|Ark. o]ojA] ethyl acetate ext.(CRE, 14 g), butanol ext.(CRB, 59 g), =

ext.(CRW, 350 g)& dct dAZHog 2 uf CRH #383 CRW #3o] fJiES A& e
o] = EF& triglyceride ¥ FHF7F 2 HE 1AUAMIE ddE e 2ol 2AARIERZA =

CRC 23 AFH= Ae &t

. 2 &9

2]

M

7} Fr. CRH #99 &4

-sitosterol® A H-NMR, “C-NMR 5¢
A3} B-sitosterolY S <139 tHFigure 36).

o Compd. 9: TLC co-spotting

spectral datag &

r B
=Y,
(o
el
e
. =
o)

Figure 36. B-Sitosterol®] +%
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At
o Compd. 2: ©] 3IFEE Fligustilidedt A & RAE Holv} FFE& 9 UV 571 #43 o=
Hol e Ao &R FAEHY UV &4 pattern® Z Ko} benzenedto] Q& Ao R oAy m H-8
=Rt MS, 'H-NMR, “C-NMR 5¢

o] 257439 protond EA=Z Ho} butylienephthalide® 3
spectral data® & x| ¢} v)lwa] & A3} butylidenephthalide) & <159 tHFigure 37).

O
O

Figure 37. Butylidenephthalide®] %

o Compd. 3: °] 3gEL UV 366nmoll A 743 A2 &3S yell™ UVA 320nm«] T FUE Hole
Ao Hol HF, T 59 AH AEoz EA5E butyl phthalide AES 33
'TH-NMR, “C-NMR %9 spectral data® Z&x)¢} wlas 2 Ax 7 hgustlhd &

38).

mlo m{n
oy i
A
O
¥R @
£ o
-

& 3
E B
S o

O
O

Figure 38. Z-Ligustilide®] +%

Compd. 4: Compd. 33 wFa7}A] UV 366nmol Al ket H Ao &3-S Uehs UVlA 225nmol A &4 =
ch

& Hole Ao Z Hol Compd. 3%+ cyclohexane 189 %7} ©& butyl phthalided #H

=745 mass, 'H-NMR, "C-NMR %9 spectral data® 232} vlws] £ 23} neoclnidilide

dS Edet A th(Figure 39).

O
O

Figure 39. Neocnidilide®] 2
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ety = 3 E 2 UV 366nmeol A &3S
Holth UV 225nme &4 SHE Hols
= Ao® FAEMW mass, 'H-NMR,

& ¥ A3} senkyunolide AY-S <135 tH(Figure

Compd. 5. H&F¢ 70% EtOH ext.&] HPLColA 7}
YE R o UV 254nmel A UVE 7

ZAoZ Hol Compd. 49 FAHSH
BC-NMR 59| spectral datas £33 %} 1]

40).

O

Figure 40. Senkyunolide A®] T%

Compd. 10: BC-NMRoIA &9 7147t 24702 butylphthalide®] 2012 dimer® o] =3 9t}
LC-ESI-MSdataZ searchd A3} butylphthalide dimer®] s}t}¢l levistolide AR A Ht) o]

49 UV, MS, IH-NMR, 13C-NMR& =& 3¢ vlugt A3 Ags] A8k tHFigure 41).

G
0" ~O0
Figure 41. Levistolide A9 +%
F4 %1 Mass,

Compd. 11: LB test ¥4 (2.&24) = TLC co-spotting 27422 & u pregnenolon® & ]
A x¢} vl w3 B A3} pregnenolondS #elagoh

'H-NMR, "C-NMR 59 spectral datag &
(Figure 42).
H,C

HO

Figure 42. Pregnenolon®| T+%
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th. CRE #9¢ &4 ¥
Compd. 6: Mass, 'H-NMR, “"C-NMR % 9] spectral data® &9} v]wdl] 2 A7} ferulic acidy S &2ls}
Attt (Figure 43).

COOH
H3COD/\/
HO
Figure 43. Ferulic acid® T+%

Compd. 7: Mass, 'H-NMR, “C-NMR %¢] spectral data® ## )¢} v]lws] 2 ZA3} chlorogenic acid<
sttt (Figure 44).

OH
O
X OH
O
HOO OH
OH  HO
Figure 44. Chlorogenic acid®] +%
2}, CRE &89 &4 23

Compd. 8 LB test %A (violet) ¥ TLC co-spotting®] 23 oleanolic acid® A% ™ Mass, 'H-NMR,

PC-NMR %9 spectral data® F# 29} vlws] ¥ 23} oleanolic acid ¢< &2latgitt (Figure
45).

Figure 45. Oleanolic acid®] T%

2 EZ S )3 4= Table 149 159

fo
12
ol
8
ful
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Table 14. Name of purified compounds from Cnidii Rhizoma

No.
(Compd. Name synonym IUPAC name
No.)
1 - .
) z Butyhi(cilinephthal 3-Butylidenephthalide |3-Butylidene-1(3H)-isobenzofuranone, 9CI
2 . . .
E - 3-Butylidene-4,5-dihydro-1(3H)-isobenzofuran
3) Z-Ligustilide one, SCT. 3-Bulylidne-45-dihydrophtalide, 8CI
3 B B - B .
(4) Neocnidilide Sedanolide gnOBrllletyl 8131,4,5,6 tetrahydrO 1(3H) 1sobenzofur
4 SenkyunolideA Sedanenolide 3-Butyl-4,5-dihydro-1(3H)-isobenzofuranone
(5) Senkyunohde 3*Butyl*4,5*dlhydr0phthahde
3-Methoxy-4-hydroxy
5 Feruli 'd cinnamic acid ggi(élnydroxy*3*methoxyphenyl)*Z*propenoid
erulic aci _ .
(6) Caffeic acid 3-methyl | 4-Hydroxy-3-methoxycinnamic acid
ether
1S5-(1a,38,4a,5a)]-[[3=(3,4-Dihyd henyl)-
6 3-Caffeoylquinic acid E*OXE)*QZ*groa,eggfho[g(y](*1,4,5}tr¥h§8}rig£yg§/1&ghe
Chlorogenic acid | 3-(3 4-dihydroxycinng X@necarboxylic acid
(7 moyl) quinic acid 1,3_,4,5—Tetrahﬁdroxycy_clohexane carboxylic
acid 3-(3,4-dihydroxycinnamate)
7 . . Oleanol . .
) Oleanolic acid R vl (3B)-3-Hydroxyolean-12-en-28-oic acid
aryophyllin
3 22:23-Dihydrostigmast
©) B-Sitosterol erol (3B)-Stigmast-5-en-3-ol
a-Dihydrofucostero
9 1H-5,10c-Ethanophthol1,2-¢:7,8-c’ldifuran-3,10
Levistolide A | Z-Levistolide —dione, 1,8-dibutylidene-5,5a,6,7,8,10b—
(10) hexahydro, (17,5S,5aS,37,10bS,10c¢S)-(9CI)
10 5 -3B-01-20-
(11) Pregnenolone (AmePregnen 3B-ol=20 (3B)-3-Hydroxypregn-5-en-20-one
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Table 15. Purified compounds from Cnidii Rhizoma

No. Name M.W. | Amount (mg)| Purity(%) | A=% (mg)
(Compd. No.)

(;) Z-Butylidenephthalide 188 60 >95 20
(2) Z-Ligustilide 190 1200 >99 500
(Z) Neocnidilide 194 41 >08 20
4 SenkyunolideA 192 3100 >95 1,000
(5)

(2) Ferulic acid 194 60 >93 100
(S) Chlorogenic acid 354 199 >98 100
(;) Oleanolic acid 456 50 >97 200
(g) B-Sitosterol 414 40 >95 200

( 190) Levistolide A 380 14 >93 100
10

(11) Pregnenolone 316 100 >08 30
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% LC/MS/MSE °| &3 A3 FEAEY E4E AT

o HF9 70% olet2 FEE A&l A chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide
(Figure 44)9] 4719 Ao hat =A EAWNS sy 9Yste] LC/MS/MS multi reaction
monitoring (MRM) modeE& ©]&3}o] EA4HS A1sAdt)

o Positive ion modeol A E413t31S wl chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide,
digoxin(1.S.)& m/z 355, 195, 193, 191, 78194 Z}Z} protonated® molecular ion peakZE YEFU A
o MS/MS A& 813 23 Z+7F m/z 163, 177, 91, 91914 major fragment peaks X At}
(Figure 47).

o o]z 3 MS/MS ¥4 dolHE vy oz MRM=S 93 precursor, product ion pairE A3}
LC/MS/MS 45 433 ZAI} chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide,
digoxin(L.S.)&= Z+7F 241, 260, 455, 519, 257 +4° AE&HAoH EE #4E5Hdd 8] Sz
peak shape®} intensityE H Gl T3k o] B4 ZAANA ElEZo o3 W3] peaks YWEFYA] &t
o 3% AEAS BAY (Figure 48).

o ZF FEFE AFC Wste] H=EAS ZAT A} chlorogenic acidel A, 0.05-2 ug/mL,
senkyunolide A, (Z)-ligustilide®] - 0.1-2 pg/mL, ferulic acid®] 7% 1-100 pg/mLLe] H $foll A
ABAFE) 0999 o)) 58 AMAS Ve (Figure 49).

OH

OH
HQ, /
o
(o]
HO.
\ (0} OH \O
OH OH
HO
Chlorogenic acid Ferulic acid
(mw 354) (mw 194)

gy

Senkyunolide A (2)-ligustilide
(mw 192) (mw 190)

Figure 44. Chemical structures of chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide

from C. officinale extract.
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W 1152 (355.00) CE (35): 126 MCA scans from Sample 2 (Chlorogeuic acid Q3 +) of Cridium.wir, Max. 8,465 cps. W 152 (164.90) CE (35): 126 MCA scans from Sample 4 (Felulic acid Q3+) of Cridium will Max. 2.9¢5 cps.
o . . 89.1 F | d
168 Chlorogenic acid erulic acl
1774
o 117.2
. I 145.3
B 1.6e5 62.8 +
E [M+H]
[M+H]* e 195
3.5e5 778
206 355 Loes
@ 135.1
el 1171 1343 v
20esy 630 1453 6.0e4 62 105.3
15e5 105.3
788 3553 4 es8 o1f3. 952 10 11811 1333 14 17
5000 3 , 1073 20041Hh 3 75| 1“9 ]| 1251 o 1633
I T W O I L 1813 1969 3370 Do loibaes sz pant lors  Mo72) [ 1 Mera_ ypoaf®R® | 174l 19
W T1152 (153.10) CE (35), 126 MCA scans Trom Sample 1 (ToneSampieD) of Unknown 037 wif Wax 1506 cps W 13152 (191.10) CE (35)' 126 MCA scans from Sample 6 (Ligustiiae Q3+) of Crianm witr Tax 5165 cp
. _ wors
on1 Senkvunolide oo (2)-ligustilide
A
91.3
1266 . +
[M+H]
ass
.
[M+H] Jous 191
193 115.3
9.0e5 3| 2,005 76 g 1153
8.0e5 2 -
137.1
7.0e5 137.1 9 2:5e5
5.0e5 681
51.2 33 1473 1.5e5 652 1029 105.2 .
5.3 8.9 5.9 1449
2.0e5 080 1751 22 63l geo 890948 o 3
0 5.0e4 P 1 149.3 163.1 1o
1065 72 020 M7l 1154000 133] . W“ 811 93 1351 44 1s4s 173la
ot WL b NG AP 2 e bl o ! ot Il ot m

Figure 47. MS/MS spectrum of chlorogenic acid,

ferulic acid, senkyunolide A, and (Z)-ligustilide

B XIC of +MRM (5 pairs): 355.0/162.9 amu from Sample 8 (K2) of Ferulic_Analysis.witf Max. 2.6e5 cps. B XIC of +MRM (5 pairs): 355.0/162.9 amu from Sample 61 (Test(+IS)re) of TestTestwiff Max. 4.6€5 cps.
243
2.6e5 4665 240
4.0e5
20e5
3.0e5:
1.0e5: 2.0e5
1.0e5:
ook ——. oo
05 10 15 20 25 30 35 40 45 50 55 6.0 65 70 05 10 15 2.0 25 30 35 4.0 45 50 55 6.0 65 7.0
e, min Time, min
B XIC of +MRM (5 pairs): 191.0/90.8 amu from Sample 8 (K2) of Ferulic_Analysis.wiff Max. 1.86 cps. B XIC of +MRM (5 pairs): 191.0/90.8 amu from Sample 61 (Test(+S)re) of TestTestwiff Max. 1.3e6 cps.
1806 o0 127¢6 510
15e6 1.00e6
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L v T T y v v v T T ; ; T T ) 0.00E 483 4%
o5 10 1s 20 25 30 35 40 45 50 55 60 65 7o : 05 10 15 20 25 30 35 40 45 50 55 60 65 70
Time, min Time, min
B XIC of +MRM (5 pairs): 194.9/176.9 amu from Sample 8 (K2) of Ferulic_Analysis.wiff Max. 2740.0 cps, B X(C of +MRM (5 pairs): 194.9/176.9 amu from Sample 61 (Test(+IS)re) of TestTestwiff Max. 21000 cps.
261 260
2740 2000
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N 092 L L 283 - S
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Time, mi Time, min
B X(C of +MRM (5 pairs): 193.0/91.3 amu from Sample 8 (K2) of Ferulic_Analysis.wiff Max. 356 cps. B XIC of +MRM (5 pairs): 193.0191.3 amu from Sample 61 (Test(+S)re) of TestTestwiff Max. 3.2€5 cps.
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o (| o N 5.18
05 10 15 2.0 25 30 35 4.0 45 5.0 55 6.0 6.5 70 05 10 15 20 25 30 35 4.0 45 50 55 6.0 65 70
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Figure 48. Extracted ion chromatograms (EIC) of standard mixture and C. officinale
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05

y=0.0038x+0.0092 Calibration curve for Ferulic acid

y =5.1153x + 0.2726 o Chlorogenic acid
R?=0.9999 R? = 0.9999 ;
0 E a Senkyunolide A
: 10 1"y = 48087 +0.1656 * (2)-ligustilide
R? = 0.9999

2 03 o 8 [v=41426x+02913

e B R® = 0.9999

©

Q o

4 2 6

E E]

§ 02 ?;

a o

01

° 2 0 & 8 100 0 0.5 1 1.5 2
Cone. (ug/mL) Conc. (ug/mL)

Figure 49. Chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] ©t3F 7 &4 (Calibration

curves for Chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide)

2. HPLC/UVE ol & & AT FEAAE 49 /T E validation

o OJOFE HE HAdE BAA B o® AMEEIL 9= HPLC/UVE ol&ste] da F5& Aol
chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] 471¢] A& st 54 EXHS
Hatath 4719 stgEol viste] diAld oz UV &7 24 Yetvs 330 280 nme #HE I
o7 AHAAsle] A3 A chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide, a
-naphthoflavone(I.S.)> 717} ¢ 51, 65, 105, 11.7, 144%H AEHAJH, 7 peak 24 =9}
peak shape: %333t} (Figure 50).

.

450

Standard mixture

- 061012-SCU015-1

[mv]

- 061014Cni-Sa032-1

Figure 50. UV chromatograms for

standard mixture and extract sample of

[mv]

Cnidium officinale. 1: chlorogenic acid, 2:
ferulic acid, 3! senkyunolide A, 4;

(Z)-liqustilide, IS: a-naphthoflavone.

10
[min]
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I ZFAo FE 2-100 pg/mLel HoNA AEA
(Figure 51). Al ¥%(2, 20, 100 pg/mL)¢] QC Al &
A AFAHES o]&A vl 95.88-103.5%, %RSD
H

o o] #X
Atk A7k AL o]2x wH] 95.12-104.9%,

=

T

=
=

1
.

o i AWMl A (Robustness)E FAESFIA 50 pg/mLe QCAl= diste] HH o] FF(Atlantis

Cis, Capcellpak Cig), 29 & &% (30, 35, 40°C), ©] &4 ¥ acetic acid®] &% (0.05, 0.1, 0.2%)

H3lAl A B4y, 2y 28 25 F 30,

senkyunolide A, (Z)-ligustilide®] peak W74, retention timedl= & =}o]E HolXA &gk} 18}

2] &8 doIA chlorogenic acid®] 7-F 30°Cy 40°Coll M+ peak”} broadsA]al o] 247 &

SHA Hasie] B B 2 HAAE 5= 35°C7F HAo IS € 5 A ©gE A U}
[e)

=229 dF= B4 280l Slof 2 AolE HolA FUdth

o A¥le FTHE Atlantis Cig, ol Al Capcellpak Cig= vFFe] EA3tS we ul sgE] 54 gkl

Z AolE Holx Yo} Atlantis Cig®E 4 w] B} t] W] elution® 2L peak YH] 7} WOl A

ov] o|gus7t 27 Fadtg

o olE o] 39 acetic acid FEEZ 005, 0.1, 02062 WA A AAFALS Wi gAHow =4
ojtf A& FZ & oA Z FolE Holx o}t phthalide AE 22 senkyunolide A
ligustilide®] -9 Aol F%=7F 0.2%Y ol2etrrt o FUhste] AHd 2eA 9 w7 & ¥
& 4= AL}

T MR AR
s BE HolHE FRFNAL W 2 o ex AW TFH, A FE wF me Pbe ozt
g3k ko) chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] A #oll+= & 4
2 #4 skt
3.0 —
y =0.02464 x +0.00729 + Chlorogenic acid
R® =0.999 m Ferulic acid
2.5 [ y=0017 +0.0012 a Senkyunolide A
R? =0.9999 o (Z)-liguistilide
fe!
® 2.0 [ y=0010/x-00042
© R’ =0.999 -
o e
< 45 [ y=00072x-000017 e

R =0.9999

0.5

0.0
0 20 40 60 80 100

Concentration (ug/mL)

Figure 51. Calibration curves for chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide
based on HPLC/UV method

_84_

=
=

0, 35, 40°C=2 W3}AZ S w| chlorogenic acid, ferulic acid,

i
A

Al

L
fu

el

s
5!

KeN
=

Lo

ofk



v, HF F&E A& F chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] 3t

o 918} Zro] JEE LC/MS/MS9F HPLC/UVE ol &3k SAEA Rl oate] Z4z; AHA7F & 16F
(=2 10F, T34 58)9 HF FEFEE AR EH5}°4 chlorogenic acid, ferulic acid, senkyunolide
A, (Z)-ligustilide®] =< w28t LC/MS/MSH S o] &38te] #4138 AxtE Table 15, 167 2
Ofﬂ] HPLC/UVE o]&3 ZA¥+= Table 17, 187 ZAt}. HF A5 #2Xo] 222 senkyunolide A

FEY AY £57) oF 77%0|gonR o]lE Fxdle] BAI F senkyunolide Aol FTFHLS AALE
}\}\q—~

o HPLC/UV Z3= nigoxw 4 ZAyE Ar B, chlorogenic acid®] %2 0.2172.70%, ferulic
acidi= 0.1570.45%, senkyunolide AT 1.78%75.16%, (Z)-ligustilide= 05072.72% = Z}7z}o] sh=F2 A
g Aol wet =g AolE Hou, o v 7kA ] Aidd disiE Tt A A AT

e dHdTH EXNE Abolo] tiAlZ FARe 5 x5 YER Sl

52!

o LOMS/MSE 4% A%t HPLC/UVE #4 @ Aot ofzte] Aol Qo talgos fAa
Ashg wel F A BAW BE AT FQ BUE A% KL AR 2H %% A0E Y

o},

Table 15. Contents of chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide in C.
officinale extract based on the results of LC/MS/MS analysis

Relative percentage of extract (%)_LC/MS/MS

Sample No.
Chlorogenic acid Ferulic acid Senkyunolide A (Z)-ligustilide

C1 2.12 0.40 1.96 2.48
C2 0.11 0.33 3.74 2.14
C3 0.17 0.39 3.02 2.66
C4 0.17 0.35 3.58 2.86
C5 1.43 0.36 3.36 2.72
K1 0.40 0.36 1.27 1.31
K2 0.67 0.71 3.26 1.30
K3 0.67 0.23 2.10 0.56
K4 1.11 0.53 2.58 1.28
K5 0.17 0.49 2.16 1.61
K6 0.29 0.36 2.84 1.26
K7 0.67 0.19 1.37 0.94
K8 0.83 0.34 1.49 0.82
K9 0.51 0.49 3.74 1.37
K10 0.57 0.26 1.35 0.99
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Table 16. Contents of chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide in C.
officinale plant based on the results of LC/MS/MS analysis

Content in plant (mg/g plant)_LC/MS/MS

Sample No.
Chlorogenic acid Ferulic acid Senkyunolide A (Z)-ligustilide
C1 4.20 0.79 3.88 491
C2 0.38 1.13 12.72 7.28
C3 0.54 1.27 9.82 3.65
C4 0.66 1.40 14.21 11.35
C5 3.64 0.93 8.55 6.92
K1 1.11 0.99 3.53 3.63
K2 1.45 1.53 7.06 2.82
K3 1.96 0.67 6.16 1.65
K4 241 1.15 5.62 2.79
K5 0.42 1.23 541 4.04
K6 0.84 1.04 8.27 3.68
K7 2.35 0.66 4.78 3.30
K8 2.60 1.06 4.71 2.57
K9 1.76 1.69 12.90 473
K10 1.98 0.91 4.70 3.45

v}, HPLC/UV/MSE o] &3 H&T FEE 9 chemical profiling
o HF FE=E AHEY chemical fingerprinting R FHE ¢sle] HPLC/UV/MSE o] &3}
chemical profilingS 3}t 270 nmollA4 UV S+& &322 A9 mass detectorE o] &3t Z+

gzl g m/z S &Sl

o AF FEEC HEZ S UV chromatogram¥ TICE Figure 52, 539 YeElyglen z az2nmE1H
Aol YEl = peakoll WEte] retention time, m/z &, UV &5 A2 sid m/zol oishe]
extractions} & W YEF}E mass intensity 5& A stdtt (Table 17, 18).

o UV AZmEIH TIC ol vetv= peak®] #®S ofh zol7b oyt HAT e Fa3 #F&
AEo 7 o7AA+= chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide §¢ peak= UV
ARvtEITHN TICAA EF G = AATh 3FE FolA= UV 5771 iAW vvg 4571
AL A, LC/MSSF #o| soft ionization ZZ1olA & o] &8}= A kol LC/MS oA s & HEY
A &= A7 EASERE, A chemical profilingS $13Fe] UV MS dHolg Mz Hgs}o]
Ab&3ks Zlo] F88 AR AR HT
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Figure 52. UV chromatogram of Cnidium officinale extract

Table 17. Compound profiling of Cnidium officinale extract based on UV chromatogram

Peak no. RT (min) m/z Peak area % Relative Remark

1 3.3 355 291 18.9 Chlorogenic acid
2 3.9 369 13 0.8

3 4.9 - 31 2.0

4 5.3 195 141 9.1 Ferulic acid
5 6.1 211 6 0.4

6 6.5 - 6 0.4

7 6.9 207 41 2.7

8 7.3 - 8 0.5

9 8.7 - 5 0.3

10 9.4 177 12 0.8

11 10.1 - 7 0.5

12 10.6 - 41 2.7

13 11.1 - 6 0.4

14 11.3 - 6 0.4

15 12.1 439 11 0.7

16 12.9 149 7 0.5

17 13.4 - 4 0.3

18 13.8 193 523 33.9 Senkyunolide A
19 14.2 304 10 0.6

20 15.3 195 9 0.6

21 16.3 191 365 23.7 (Z)-ligustilide
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Figure 53. Total ion chromatogram (TIC) of Cnidium officinale extract

Table 18. Compound profiling of Cnidium officinale extract based on TIC

Peak no. RT (min) m/z Peak area % Relative Remark

1 3.4 355 429622298 8.5 Chlorogenic acid
2 3.9 369 109879664 2.2

3 5.4 195 141582453 2.8 Ferulic acid
4 6.2 211 124098987 2.4

5 7.1 207 154490955 3.0

6 7.6 313 41011741 0.8

7 8.3 432 29824390 0.6

3 9.6 177 18211291 0.4

9 12.3 439 31946324 0.6

10 13.1 149 19348949 0.4

11 13.9 193 1597931613 31.5 Senkyunolide A
12 14.3 304 41275257 0.8

13 15.4 195 701823761 13.8 Neocnidilide
14 16.1 217 389534835 7.7

15 16.4 191 1250168460 24.6 (Z)-ligustilide
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A AZF A BYE A% A9 A4 B4

Fy37] SAskel, AF

F

o Aol EstE A& AA AR did A
Al&E HPLC/UVSH LC/MS®E #4] thatol e
wAs T " A BAReRAM P dRbHoer 2ol FAE 4 (Principle
component analysis, PCA)& 331, |8l 4 A5 FXslsl7] st 2t Al=

Index (SDE AlxtslA Tt (Figure 54, 55, Table 19).

o
>

i

7+e] similarity

ol
ax
[o
fr
o

o WA HPLC/UVZ 15%¢ HF AEE 43 & AL UV azvneady AdA ¥ =59
A= 10719 peakE WFE sl FAE 4 335192, o2 15659 AT FEE AR

9] total mass data® W2 o] FAHAE EXME 3

o Figure 52¢] PC score plotg EW, T=4F A5 o4k Al Afold] 28] ¥ cluster’t ¥ S &
4 2t} Chlorogenic acid, ferulic acid, senkyunolide A, (Z)-ligustilide®] 4l 7}#] A& thst
A A= xS A A|RARool] & gHEF ApolE HolA ot siEl A A
Al b Akt Sl AR Pl FAg xkolE vERl e, 060189 SI ghs BT ol
2 FaAh Aol AAAR] AR ZESoA e FEE Aol UdSS AAgoh @ EA
(K27K4, K6K10)# 43¢ (K1, K5) Atelell= & ztolE& yehliA] ol dAl slddA= BT
AH T o] EREo] AREHIL ASE AAET T4 MY Ay T dHFoR dex
C2, C3, C49 7} point:= PC score plotoll A wl$ 24384 ¢Astgon o5 A== 0.8970.969 =

U |
o SIge 7HA ol Azt Aol WS ¥ee & 4 A

]

o UV dataZ o] 83 FAE 24 A9 total mass datas AFE3 FAE 22X A2 b|udd o of
7He] Aol= AP o M S wa oy, F A B A HFI T A AR

= Fds] FEEA
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Figure 54. PC score plots for UV data of Cnidium officinale extract
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Figure 55. PC score plots for total mass data of Cnidium officinale extract
Table 19. Similarity index for Cnidium officinale extract
Kl | K2 | K3 | K4 | Kb | K6 | K7 | K8 | K9 | K10 | C1 C2 C3 C4 | C5
K1 |1.000|0.841 | 0.628 | 0.804 | 0.803 | 0.718 | 0.805| 0.826 | 0.747 | 0.759 | 0.605 | 0.596 | 0.561 | 0.573 | 0.574
K2 1.000 [ 0.713] 0.918 | 0.831 | 0.787 | 0.806 | 0.940 | 0.794 | 0.787 | 0.598 | 0.630 | 0.595 | 0.612 | 0.645
K3 1.000 | 0.680 | 0.610 | 0.658 | 0.811 | 0.687 | 0.818 | 0.823 | 0.543 | 0.416 | 0.397 | 0.402 | 0.456
K4 1.000 | 0.786 | 0.753 | 0.766 | 0.868 | 0.803 | 0.743 | 0.667 | 0.593 | 0.568 | 0.575 | 0.691
K5 1.000 | 0.750 | 0.704 | 0.832 | 0.665 | 0.650 | 0.520 | 0.683 | 0.667 | 0.679 | 0.608
K6 1.000 | 0.733 | 0.800 | 0.694 | 0.680 | 0.690 | 0.704 | 0.672 | 0.682 | 0.553
K7 1.000 [ 0.794 | 0918 | 0.928 | 0.589 | 0.476 | 0.454 | 0.460 | 0.494
K8 1.000 | 0.752 1 0.740 | 0.571 | 0.648 | 0.596 | 0.613 | 0.642
K9 1.000 [ 0.930 | 0.615 | 0.454 | 0.434 | 0.440 | 0.525
K10 1.000 | 0.591 | 0.457 | 0.436 | 0.442 | 0.479
C1 1.000 | 0.669 | 0.642 | 0.637 | 0.603
C2 1.000 | 0.891 | 0.921 | 0.647
C3 1.000 | 0.962|0.711
C4 1.000 | 0.696
C5 1.000
<upol 2 A El>
o Mg A A, FE, JAAFE L AT AH gA| T F FEo] e A2 dHA
A= kAot olelgt A8 nitric oxidest #H Y& FAEom B HAA M= HT FEE
o] gt nitric oxide A W] M2 FH1A TAAS FHS Fo AFS AAFAL
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Figure 57. Effect of C.
expression of INOS in Raw?264.7 cells.
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Figure 58. Effect of C. officinale extract on the cytotoxicity and the production of nitric oxide in

HUVEC cells.
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Figure 59. Effect of MPP or SIN-1 on the cytotoxicity of neuroblastoma cell lines and A549 cells.
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Figure 60. Effect of Cnidii Rhizoma 70% EtOH extracts, LPS, MPP and SIN-1 on the expression of
NO related genes in SK-N-SH, SH-SY5Y, and SK-N-MC cell lines.
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Figure 61. Cytotoxicity of 70% EtOH Cnidii Rhizoma Extract, ferulic acid, ligustilide, senkynolide A

and several toxicant in SK-N-SH cells.
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B Al AT Ay
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YERLEA] 2 Sk

M EEA] o] YEFYX E’%t Lo Al nitric oxide ol W3IE #zsl7] 95t SK-N-SH A EZF9
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Figure 62. Effect of C. officinale extract, ferulic acid, z-ligustilide and various toxicants on the
production of nitric oxide in SK-N-SH cells. Cells were treated the extract of Cnidii Rhizoma or

the compounds for 24h.

Figure 63. Effect
of co-treatment of
Cnidii Rhizoma
extract and/or
NMDA on the
production of
nitric  oxide in
SK-N-SH cells.

Cells were

NMDA100

cotreated the
B cxtract of Cnidii
B Rhizoma and/or
3 NMDA for 4h.
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Figure 64. Chemical structures of three compounds isolated from Cnidii Radix and

N-methyl-d-aspartate(NMDA) for DNA microarray experiment

1}. DNA microarray analysis
o A 70% EtOH FE=&¥ TESAEZ NMDAE 950z e A9 AHIsE S u fdx
g W3E AZsr] Yste] F 6ol 2o Ao AFsdn

o Mg FEEY F FAHAYETLE HFo T2 Eol &A%t & A< Ligustilide, Ferulic acid 2
Senkyunolide A7} NMDA®I 9|3t 42 wt&d wslo] v 2= JFS #2359
st 549 profiles ##31o] profileo] 254 & A F

o AiAZE THE oY X HE FEEY T
A 3%} T3 28 APt o

o AF AL E FAHeR gHET FHAAS AAII] fsle] Ay FEe HTFEET 3T
THEAS Agsted 2485 dAlsdth.  DNA microarry @z FAxS 8ok} el
Table 203 79k

Table 20. Experimental and analysis conditions of DNA microarray for Cnidii Rhizoma extracts,

z-ligustilide, ferulic acid and senkyunolide A in SK-N-SH cells.

Toxicant (NMDA, 100uM)

Samples Experimental condition

= +
Cridii Rhizoma Time (3 conditions) 6hr, 24hr, 48hr 6hr, 24hr
Dose (2 conditions) 20ug, 200ug 20ug, 200ug

Ligustilide Time, dose (1 condition) 50uM, 24h 50uM, 24h
Ferulic acid Time, dose (1 condition) 100uM, 24h 100uM, 24h
Senkyunolide A Time, dose (1 condition) 50uM, 24h 50uM, 24h
Other batch ¢ 200ug, 24h

er batches ol Time dose (1 condition) (Korea: 3 samples,
Cnidii. Rhizoma Chinese: 2 samples)
@ Array Type: ABi human chip @ Number of Total slides: 74
@ Number of Total spots: 36179 @ Number of Blank and Control spots: 674

@ Data pre-processing

¢ Quantile normalization
¢ Data filtering: Signal to Noise ratio 3 7|5 spote] ZA ZAAA 30% o]F=S A=
spot®} Flag 1000]4F A A

@ Hierarchical clustering with complete linkage and similarity measure by Euclidean distance
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Figure 65. Images of box plot and MA plot in after and before the Normalization of data.

o DNA microarray H|©]E]E Table 209 ®AZ7o uwlgl filtering®} normalizationg 3 ¥ box
plotting® MA plotting< filtering 3}7] A, $9 A& W13} normalization®] #4443 F3 T U3

< sttt (Figure 65).
o Microarray normalization 235 Wz 2+ AZES AAH FHA st Gene clustering=

A AEATE. olw]l gene clusteringe Hierarchical clustering with Complete Linkage WWHOE
Similarity measure:: Pearson correlation distance® o] &3} A A&t (Figure 66).

- Figure 669 AwrAel f47 9@ WaE BAsY DMSOZ AZPEE Aeld gzl AE fa%4
Mah WS 2 dehdew, 3 FEE 20 ot 200ug/mLe ALAAL Wel fAx A W
b dzT DMSO Ag) & Ahd §34 2d Wl 0% 2A et Ao w Ut

Figure 66. Gene cluster analysis of time-and dose-dependent expression data in SK-N-SH cells

treated with 70% ethanol extract of CR and its major components with or without NMDA.
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Figure 67. Volcano plots compared control to experiments for the selection of pharmacological

biomarker genes in Cnidii Rhizoma and its major components.

Agel 0% ethanol FHEZ ¥ 4P Ag WEZAZ A4S CR0024h 153} AF4F Fo 3
el K73he] fr7dak wd oFdol wl$ §ALsHAl vhebwtont, $4E (CL C3)F @4k 5 K39 K8
£ FA% Aol FAHA ek

Microarray normalization 235 Wz ZF A8+ Volcano plot (x2 fold induction 23, Y
=& Welch's T-test 7'37Jrf‘i UERY) & o] &3sto] 2w o] o] Wty i, Welch's T-test <
0.059] #9942 Yelle A4S 7 AeA Y (Figure 67, Table 21).

7t A8E DEG 218 ek AR of o5 AETH JHE BHSAS W FHAe] VE
o] &AW FAA (GO FAA}) £AE Table 210 F A3

HAF %5 9 Ferulic acid, ligustilide, senkynolide Al ™3+ °Fg] &% FdAE NMDAC] ¢ &t
Fold change 2 ©]%, P<0.059 =3S WEse FYFdA S d& F=EF 2 Ferulic acid,
ligustilide, senkynolide AE NMDA<S} FA]o] 24A17F S A S w ofr] 3 AR 5
Tow HEolrbe FaAE AAs AT
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Table 21. Gene numbers satisfied the conditions; fold change>2 and P<0.05 from Volcano plots

which were compared control to experimental groups.

Gene
Sample Number
aroup Exp Name Control Up Down
(GO gene) (GO gene)
CR20_4h Con_4h 19 (9) 19 (13)
CR20_24h Con_24h 38 (17) 22 (13)
CR20_48h Con_48h 17 (8) 25 (6)
CR_Ext
CR200_4h Con_4h 192 (120) 69 (37)
CR200_24h Con_24h 94 (45) 58(41)
CR200_48h Con_48h 39 (17) 24 (9)
NMDA_4h Con_4h 476 (399) 556 (280)
NMDA_24h Con_24h 139 (87) 337 (235)
CR20_NMDA_4h NMDA_4h 7 (5) 6 (3)
CR_Ext/ NMDA
CR20_NMDA_24h NMDA_24h 8 (B) 9 (4)
CR200_NMDA_4h NMDA_4h 35 (16) 13 (7)
CR200_NMDA_24h NMDA_24h 17 (6) 20 (10)
FeA Con_24h 206 (203) 362 (257)
Ferulic acid
FeA_NMDA NMDA_24h 179 (111) 248 (159)
) . Lig Con_24h 206 (203) 365 (257)
Z-Ligustilide .
Lig_ NMDA NMDA_24h 179 (111) 248 (159)
) Senk Con_24h 323 (320) 698 (490)
Senkyunolide A
Senk_NMDA NMDA_24h 225 (134) 230 (225)
Cl Con_24h 249 (150) 323 (220)
C3 Con_24h 404 (264) 471 (293)
2k K4 Con_24h 545 (373) 498 (329)
K7 Con_24h 95 (61) 99 (61)
K8 Con_24h 65 (34) 102 (58)
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o Table 21914 CR_Ext -°llA] 9]

1) CR extract®] € FE-A|7tdd & FAAE3} &

ﬂ]}"l'.

A2 wd WH3IZ volcano plot2 o] &3] zZ AIAFE, F

CR20_4h-Con_4h, CR20_24h-Con_24h, CR20_48h-Con_48h, CR200_4h-Con_4h, CR200_24h-Con_24h,
CR200_48h-Con_48h Eo°l ™3 Fold Change cutoff 2.0, P<0.052 # &3l V& Axs &4 s

o] % 573709 HAAIE A=)

clustering 3to] 2} Ad o Wy Ao

pathway= panther siteZ24% 8 Atk

ol A

E o

o]-&3sto] A CR
3= ##E35 o1 (Figure 63), oF&2 o] E9] biological

== X1

TE=E

Aol wshe] A A o=

CR extract Time-Dose dendrogram
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Figure 68. Cluster analysis of time—and dose-dependent gene expression data in SK-N-SH cells

treated with 70% ethanol extract.
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o Figure 68¢] Hierarchical clustering dendrogramoll /] DMSO%F A &3 hZxZ T (con)E% Al 7te] wha}
A Az Wsr AA JERs e, 48A17kE et At (con-48h)e] A9+ 4AIzE Agh gzt
(con—4h)oll H|&to] o FHAA7E v A YERU= HORE Hol 7} timed WE FEE9 855

& = A Al mE dizae] ads vEhATh

o o]lE FHAA 573 F GO FAAE 31072 o=l 9% biological pathways @S uf
Table 22049} 7+o] neuroactive ligand-receptor interaction pathway$} focal adhesion pathway©l
Holetes FAAREl 7H ®o] W3lE yEelAth.  Neuroactive ligand-receptor interaction®] 3
o]3t= f %2 BDKRB1, HTR2A, EDNRB, GNRHI1, PTGIR®} DEFA6 S°] $low, Focal
adhesionoll &= DIAPHI1, LAMC3, AKT2, BIRC3, COLIAl &2 fdA7F 9tk

2
k|

A F

u:ﬂﬂﬂ

oF faA wAWEE QPN Z, 4N7L AN D BATANA HelEE
An g

o
2 9 FAA 2 biological pathways &

=
of w2 wa e, 2 Add DEG 248 0
S A Rob olEel ABSH AuE wAes] dAstel f04e] %ol FeA £A4E Table
230 A5}
‘Table 23014 W@ AT F2E Aelel o3l foHow Washs KA LA oY oz 9
A0, 4 Al F AL Fold FEA0D MAAL FAA SAE 4 A Y BT 5D
o 7 14, 104 BAE ehke. oled Aok A FREA % fa4 BANE T ge

AlZbell WstE = Ao ALREH AT

o AT FEES T, AHEE A d T Volcano plotS ©]€3Fo] fold change>2, P<0.05°]4%
Z

1‘
~

1438 A F T&4A FHA= Y. Table 239 7 sample

q
— hie
groupol Al FE2Z¢ T &3 H-@Ako] th3t biological pathwayE Z&3sl4S wl Table 243 259}

ofrdAtES] BE 2HEL FAAL] Tl wep Tdo] WstE = ARte] defA R T2 EFES A
glettete A Aol wel A Td o]l et ER #o fHAE] HE AL & 5 U

Table 22. Major biological pathways of significant genes merged the significant genes of each
experimental group which was treated the 70% ethanol extract of Cnidii Rhizoma with dose- and

time dependant manner in SH-N-SH cells analyzed using Volcano plots.

KEGG Pathway C%irrllis KEGG Pathway C(j(;lell;llis
i]l%grrgstcigge ligand-receptor 6 Tight junction 3
Focal adhesion 6 Phosphatidylinositol signaling system 3
Regulation of actin cytoskeleton 5 giﬁg% Clﬁl}%er cell mediated 3
MAPK signaling pathway 5 Leukocyte transendothelial migration 3
Wnt signaling pathway 4 Fc epsilon RI signaling pathway 3
T cell receptor signaling pathway 4 ECM-receptor interaction 3
Jak-STAT signaling pathway 4 Cell Communication 3
Cell cycle 4 Calcium signaling pathway 3
Apoptosis 4 Axon guidance 3
mTOR signaling pathway 3 Adipocytokine signaling pathway 3
Toll-like receptor signaling pathway 3 ABC transporters - General 3
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Table 23. Gene numbers satisfied the conditions; fold change>2 and P<0.05 from Volcano plots

which were compared control to experimental groups in CR_Ext sample groups.

Sample

Gene Number

group Exp Name Control (Gotgénes) (Ggoggr?es) ((C}gmg?&g) « (r)f%t;ies)
e D o
CR-Ext gggﬁi}l gﬁjﬁ Si &; 2528(111?’)) 106)  202(110)
o mun e N0 W

Table 24. Biological pathways of
SH-N-SH cells analyzed.

common significant genes of each time CR experimental groups in

4h 24h 48h
Gene Gene Gene
KEGG Pathway Counts KEGG Pathway Counts KEGG Pathway Counts

Huntington'’s disease 1 Adherens junction 1 | Axon guidance 1
Leukocyte . . . . . .
transendothelial 1 Catlfcllum signaling 1 Caglcllum signaling 1
migration bathway bathway
Neurodegenerative 1 Gap Sunctio 1 Neuroactive ligand- 1
Disorders ap junction receptor interaction

Hematopoietic cell 1

lineage

Neuroactive ligand— 1

receptor interaction

Table 25. Major biological pathways of genes merged the significant genes (fold change>2, P<0.05)
selected from each time CR experimental groups in SH-N-SH cells using Volcano—plot.

4h 24h 48h
KEGG Pathway M| KEGG Pathway (1| KEGG Pathway — SC0€
Regulation of actin . Neuroactive
cytoskeleton 3 |Focal adhesion 4 ligand-receptor interaction 3
Cell cycle 3 |Tight junction 3 |mTOR signaling pathway 1
: Urea cycle and

. . Neuroactive : ;

Wnt signaling pathway 2 ligand-receptor interaction 3 [metabolism of amino 1
groups
) . . Toll-lik
Axon guidance 2 |MAPK signaling pathway 3 Signaﬁng li)e;t%%%g 1
. B . . T cell receptor signaling

Apoptosis 2 |ECM-receptor interaction 3 pathway 1
Phosphatidylinositol . . Phosphatidylinositol
signaling system 2 |Wnt signaling pathway 2 signaling system 1
Neurodegenerative S Calcium signaling
Disorders 2 |Cell Communication 2 bathway 1
Natural killer cell Calcium signaling .
mediated cytotoxicity 2 pathway 2 fAxon guidance 1
Leukocyte 9 |Apoptosi 9 Natural killer cell 1
transendothelial migration POPLOSIS mediated cytotoxicity
Jak-STAT signaling 9 Regulation of actin 2 |MAPK signaling pathway 1

pathway

cytoskeleton
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MDA AZol me 3% 28 Ws 2 oo mMAr AP $3E 2 1 BB o

% FAA AA

A& 70% ethanol F%E(CR)¥ ligustilide, senkynolide A % ferulic acid®] %glEs& #BZ37)
fste] 5474 S5 NMDAE SA4=4 AdAste] Agletd& o nitric oxide Aol F71H5 %
o HF FEHEES A9 s =7FE nitric oxide Fo] #HATS #ETE. oS nigo R
WA 100uM NMDA Aol ot fFdx dd vistsE A 22458 sAd Ags & Fdx 44
S Hlske

HA N

DAE 100uM=E 4A1 7+ 24A17F A2 s <
gu:] P<0.05%! FAAES AAeto, g&2 2
}itt (Table 26).

Ay

Zyzre] )z v wsle] 2 fold o] War}
]_

A & Aol Wi A dd e vus

0 ;O

O

NMDAE A2latls wf 4A7H 24A1 7kl g 54 o2 Yes fd2= & 90712 GO #FdAks
6570 & dEbsith e 3 s F 1R GO FEAE 87670 ©)dth. NMDAo] 9] g
A 2wl sk 4A3e] 24413 Hop A et AE] 27)d fAA 2do] A WetdEe

F A,

1

NMDAo®] ¢a 23 o] Matd HHdAE29 biological pathwayE #23%S wl Table 279142t 7o)
A2 e W 7bd A e T

NMDAce] 23 d3lo] W3yl F-A F focal adhesion pathwayel #oJdteE FAAES BZEs9S
W Figure 699 2okt ZF fFdxE9 A7 HAAEE #EsA S W Table 2804 ¢ o]
FrAd2bEo] NMDA A gol| ofste] Hao] FHAaHAeH, #H FHxk -2 o] 4holi} 24hol A
AE7F FAb FFoe= vEbETh

focal adhesion®} actin cytoskelecton pathwayol] #ojsl= F%

i SR X

e o

Table 26. Gene numbers satisfied the conditions; fold change>2 and P<0.05 from Volcano plots

which were compared control to experimental groups treated with or without NMDA.

Gene Number

Sample
Exp Name Control Up Down Common Total
group (GO #47h) (GO 474 (GO $47) (GO A7)
NMDA_4h Con_4h 476 (399) 556 (280)
NMDA 90(65)  1478(876)
NMDA_24h Con_24h 139 (87) 337 (235)
CR20.NMDA_4h  NMDA_4h 7 (5) 6 (3)
10) 60 (31)
CR200_NMDA_4h  NMDA_4h 8 (5) 9 (4)
CR_Ext/ NMDA
CR20_NMDA_24h NMDA_24h 8 (5) 9 (4)
0 65(32)
CR200_NMDA_24h NMDA_24h 17 (6) 20 (10)
o FeA Con_24h 206 (115) 365 (257)
}?ﬁrMu%cA acid 103(69) 895(573)
FeA_NMDA NMDA_24h 179 (111) 248 (159)
e Lig Con_24h 323 (206) 698 (490)
2 istiide . 106(74)  1312(850)
Lig_ NMDA NMDA_24h 228 (108) 169 (120)
- Senk Con_24h 396 (276) 445 (287)
ounohde A 323(223)  2589(1719)
Senk_NMDA NMDA_24h 1254 (858) 817 (523)
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Table 27. Major biological pathways of significant genes merged the significant genes of each
experimental group which was treated the 100uM NMDA for 4h and 24h in SH-N-SH cells

analyzed using Volcano plots.

KEGG Pathway CGOE?ES KEGG Pathway CGO?JI;ES

Focal adhesion 26 Adipocytokine signaling pathway 12
Regulation of actin cytoskeleton 23 Phosphatidylinositol signaling system 11
MAPK signaling pathway 17 Nawral Kier cell mediated 10
Leukocyte transendothelial migration 17 Jak-STAT signaling pathway 10
Tight junction 15 Gap junction 10
Insulin signaling pathway 13 Cell adhesion molecules (CAMs) 10
TGF-beta signaling pathway 12 Calcium signaling pathway 10
Cell cycle 12 Apoptosis 10
Axon guidance 12

it

o & (CR) 70% ethanol F&=9 dEsdd FAAE A&37] Yste] CR 70% ethanol F&+
20ug/ml# 200ug/ml< 100uM NMDAS} EAle] 4A 7ko|up 24417 =<t A st & fAz 233}

A=
2 B

°Table 26914 2% CR¥} NMDAZS FAlel A2adds o o Fd2 71 vfs AQen, CR =
s

WU Al Zbe] whE WHElE A4 gkoy CR 20ug/ml 352 Ag3 A BoE 200ug/ml =2 A g
3 Aol A ol fAASIE @A vhebgh ol@ @ A¥k: NMDAE 100uM3} CR 20ug/ml & $4)
of &3-S w NMDA® 23 NO A4 ‘%’ﬁ% AaERNo e E FHA Wtels s vA
A e Ao ARHEJT. 283 &% FAAEEE CR 200ug/ml % oo ® MW &%

°

Hs Ad Aoz o=t
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Figure 69. Genes which were obtained from merging the significant genes selected by treating the
100uM NMDA for 4 and 24h in focal adhesion pathway
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Table 28. The list of genes related to focal adhesion pathway in NMDA treated SK-N-SH cells.

gene expression level (log2 based)

Selected genes

Con_4h Con_NMDA_4h Con_24h Con_NMDA_24h
LAMA4 15.672 12.527 13.889 12.355
VAV1 10.475 9.099 9.409 9.630
ITGAV 15.043 14.198 15.524 14.279
AKT?2 9.264 10.087 8.343 10.007
PRKCA 9.480 9.480 11.181 9.122
ITGA6 18775 17.113 18.531 17.405
FN1 11.150 12.026 10.407 11.543
GDPD3;MAPK3 8.827 11.665 9.102 11.307
PAK4 16.148 14.883 15.614 15.166
SOS1 10.293 9.826 10.958 9.696
BIRC3 11.200 9.876 12.119 9.101
SHC3 12.262 10.754 11.975 11.298
BCARI1 11.290 14.045 12.199 13.931
IGF1R 10.020 8.941 9.949 8.612
THBS1 13.883 15.658 15.334 15.350
DOCK1 12.851 12.508 13.798 12.679
MLCK 12.207 10.455 10.888 10.523
PIK3R1 9.915 8.903 10.394 8.424
ITGB4 10.541 12.752 11.265 12.771
PDGFC 15.390 15.198 16.406 15.320
ROCK1 14.014 12.846 14.023 12.834
LAMAS 11.901 13.271 12.367 13.288
PIK3CB 11.259 10.023 11.722 9.656
CTNNB1 11.008 14.844 13.852 14.907
ROCK2 14.928 13.771 14.591 13.768
ROCK1 14.062 13.040 13.977 12.924

o HFd FEE 5t oFg] @% FAAE CR 200ug/ml¥ NMDA 100uM FE& FA]o] 24A17F F<t
Add F waE #9452 THoE A4a. 5 HF BOH $%29 4% Con NMDA o

229k NMDA_CR200_24h ¢ 225 3 527709
Figure 7004 ¢} 7L°] 1478 9] cluster® Y ¥ clusters 4, 5, 6, 7, 8, 9 % 100 &
fold change”’} Con_NMDA$} NMDA_CR200_24h Z]
ZFolm, control group® FHAF copy F7F A o® A3, 7Fo] & FHAE A

slo] Ao 164709

&A=} =

g5 FAAE AEsAH(Table 29).

o Ferulic acid(FeA)+= A& 70% ethanol

100uM
f 422 volcano plot<
= 46071 ol

o FeA9] <8 &%

A2 NMDA w5 A2 & wido] wste
A+E volcano plots E3e] ekt 18l Con_NMDA 9

FAAE

TR 2477 St AREdls
Esto] A sk
t} (Table 26).
of o] 7 wWol #Hs}
pathway 2 MAPK signaling pathway® z+7} 12%

SIS

222 Fd o
u)

) =¥ ¥l Ete] fold change 20]4Fo] i
= 56870e1iom, 1 ?r°ﬂ GO
= %ﬁx}%oﬂ tj3te] pathway analysisE 1S wf Table 2801]

7 2+ Regulation of actin cytoskeleton pathway, Focal adhesion
G A7 B o

g

FeA 100uM¥ NMDA 100uM+<
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= 3z 1012709 A A= Hierarchical clustering 39t} Figure 719149} Zo] 13709 cluster®
U H clusters 1, 2, 3, 4, 5, 7, 8 &3 FAAES Fsto] ¥ 584719 F3A & fold change”}
Con_NMDA¢®} NMDA_FeA Z}zte] tato] 25017 o™, control group® -2+ copy 71 A4 o
2 31, 7]%50°] 482 fHAE Ferulic acid®] &% FdAE A&H35th (Table 31).

o Ligustilide(Lig)® d&a FE&E T ¢ 65mg/g 4% X35 v 242 50uM F==2 24417}
Zot Ayl S v thx+# B sle] fold change 2040l a1, P<0.050]42¢) A= volcano plot
< Fote] AAsAT. AAFH FAAGE Table 26914 ¢F 2o] 13127001, 1 Fo GO #2
A= 807 o]ttt ol FHAE] thste] pathway analysisE 3= uwl Table 309148 o]
7H4 ol #Hsln g A ZE Cell cycle, Focal adhesion ¥ Regulation of actin cytoskeleton 7

Solder, Zt7t 19%, 165 9 1459 FdA7 Bosta AU

Figure 70. Cluster analysis of genes selected from the groups treated with 200ug/ml 70% ethanol
extract of Cnidii Rhizoma with or without 100uM NMDA in the SK-N-SH cells for 24h.
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Table 29. Pharmacological active genes selected from the groups treated CR 200ug/ml with or
without 100uM NMDA in the SK-N-SH cells for 24h

Probe ID  Gene Symbol Con NMDA NMDA_CR20 NMDA_CR200

1 192466  GSG1 9.213 11.261 10.978 9.218
2 142958  MAFG;SIRT7 8.626 10.777 10.985 9.428
3 213890  NRP1 12.279 8.518 9.026 9.586
4 144588  MFGES 8.948 10.752 10.396 9.746
5 159850  AP1GBP1 10.162 8.703 8.939 10.004
6 100694  PHTEF2 11.510 9.004 9.019 10.013
7 213519  SLCI12A2 11.358 9.174 9.764 10.306
8 100966 ~ KIAA1641 10.608 8.572 9.544 10.417
9 123450  NR4A2 10.046 7.788 8.844 10.543
10 236580  GPR125 11.489 9.422 9.674 10.654
11 105113 DOCKS 11.600 9.716 9.425 10.742
12 101594 CCDCY% 10.098 12.073 11.606 10.789
13 113036 PARD6B 11.028 9.679 10.564 10.831
14 225893  PDE7A 11.123 9.757 9.977 10.838
15 227033  DMXL1 10.915 8.737 9.918 10.927
16 235590  DHX40 12.433 9.881 9.420 10.944
17 207047  HESX1 10.510 9.179 9.777 10.994
18 177512  RAB4B 10.411 12.136 11.975 11.056
19 118400  INTS2 11.150 9.811 9.340 11.071
20 117435 EP400 11.281 10.131 9.974 11.279
21 128717  MTPN 11.478 13.074 12.655 11.413
22 143978  CASK 11.503 10.449 10.397 11.622
23 148950  SCARF2 10.920 13.309 13.056 11.696
24 163861  FGD6 12.024 10.697 10.837 11.924
25 162667  STAGI 12.258 10.882 10.951 11.971
26 227835  PDE4DIP 12.496 11.437 11.736 12.522
27 149339  CUEDCI1 12.810 14.114 13.980 12.660
28 150170  SLC25A1 14.542 15.900 15.814 14.001
29 166760  ABL1 15.048 16.120 15.811 14.751
30 172572 TAGLN 16.372 17.808 17.534 15.324
31 125960  CRIP2 16.190 17.450 17.191 15.436

o Ligustilide®] ¢Fg] &% HF##+= Lig 50uM¥ NMDA 100uM< FAlel 24A17F A2 s $ sty
FHAAE NMDA @5 A2 & ddo] wate 49l vasle] fold change 20]17¢] a1, P<0.05%]
FHAE volcano plotS E&te] T8ttt 28] Con_ NMDA 9 422 NMDA_Lig 9
AAE 337 92070 ¢ F A xS Hierarchical clustering 3t 78 37914 ¢} 7o) 10709 cluster® 4}
= H clusters 3, 4, 6, 8 £33 FHAAES Fotol A2 2809 FHA F fold change”t
Con_NMDA ¢} NMDA_Lig Ztztel]l thsle] 250]4Fo] ™, control groupel F+HAF copy F7F A3 o
2 A3, 750 4 FHAE Ligustilided &% A =Z A€d 9t (Table 31).

- 106 -



Table 30. Major biological pathways of the significant genes (fold change>2, P<0.05) selected

from the groups treated with ferulic acid, ligustilide or senkyunolide in SH-N-SH cells.

Ferulic acid Ligustilide Senkyunolide A

KEGG Pathway CGO?J?;ES KEGG Pathway CGoﬁrrll?s KEGG Pathway CGoﬁrrll?s
Regulation of actin MAPK signaling
cytoskeleton 12 Cell cycle 19 pathway 18
Focal adhesion 11 Focal adhesion 16 Cell cycle 15
MAPK signaling pathway 9 g;tgolél}?gg&r? f actin 14 Tight junction 10
Cell cycle 9 Pyrimidine metabolism 13 Tryptophan metabolism 9
Purine metabolism 8 Purine metabolism 13 Purine metabolism 9
Calcium signaling MAPK signaling .
pathway 7 pathway 13 Focal adhesion 9

. ECM-receptor Insulin signaling
Axon guidance 7 interaction 10 pathway 8
. . . . . Glycan structures -
Wnt signaling pathway 6 Tight junction 9 biosynthesis 1 8
Tight junction 6 Axon guidance 9 Axon guidance 8
Jak-STAT signaling 6 Phosphatidylinositol 3 Regulation of actin 7
pathway signaling system cytoskeleton
Leukocyte
Complement and . . .
coagulation cascades 6 E;?grsaeélggthellal 7 Glutathione metabolism 7
o . Jak-STAT signaling Cytokine-cytokine

Pyrimidine metabolism 5 pathway 7 receptor interaction 7
Cytokine-cytokine 5 Insulin signaling 7 Adipocytokine signaling 7
receptor interaction pathway pathway
Phosphatidylinositol ) .
sigcl)'lsgl)inagtl S};]é?grsgto 4 DNA polymerase 7 Wnt signaling pathway 6
Neuroactive s TGF-beta signaling
ligand-receptor interaction 4 Cell Communication 7 pathway 6

. . Calcium signaling Neuroactive ligand-
Insulin signaling pathway 4 pathway 7 receptor interaction 6

. . ABC transporters - Calcium signaling
Gap junction 4 General 7 pathway 6

o

o

Senkyunolide A(Senk)E HF FE& Fol < 239mg/g A= F3Ho] A= EFE 50uM T=
2447F st Agssls 3} wlwdle] fold change 20]4Folal, P<0.050]4¢ SHAAS
volcano plot2 §38te] AAsATE AAHA FARGT= Table 26042} o] 25897009, 1 F
o GO FHdA+= 17197 oAt o5 FHAAE EHE}Oq pathway analysisE 3t S w Table 30
ol Ao} o] 7pF Wol #HI Y= HF=EE MAPK signaling pathway, Cell cycle % Tight
junction F 20| o Z+7 18%F, 155 105 FAA7F #ostn AT

2
i)
BN
d

Senkyunolide A¢] ¢Fg] &% FAAE Senk 50uM¥ NMDA 100uM<S EAlo 24417+ A @d &
HatE FHAE NMDA w5 A & @do] wste fxxkel vaste] fold change 2070l i1,
P<0.0591 +AAZ volcano plote %o G 283 Con.NMDA ¢ #Axte}
NMDA_Senk #¢ #4dx= g3 207078 2 x= Hierarchical clustering 3}01 Figure 72°ﬂ A 9}
2ol 13709 cluster® i F clusters 1, 2, 3, 49 &3 FAARES &3] Q& 556709 FAA F
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Figure 71. Cluster analysis of genes selected from the groups treated 100uM Ferulic acid and 50uM
Ligustilide with or without NMDA in the SK-N-SH cells for 24h.

NMDA_FeA dendrogram| NMDA_FeA profiles || NMDA_Lig dendrogram| NMDA_Lig profiles
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Table 31. Pharmacological active genes selected from the SK-N-SH cells treated A) 100uM
Ferulic acid and B) 50uM Ligustilide with or without 100uM NMDA for 24h.

PO Gene Symbol  Con NMDA NMDA- pep Probe ID nggﬁfol Con  NMDA NMI%A—L Lig
T 22748 SCOTIN 9631 11427 9181 1059 T 113036 PARD6B 11028 9679 10942 10433
2 215361 DAZAP1 9759 11121 9014 10979 2 167731 MAML2 11570 10235 11462 11012
3 163073 PSGY 10761 11773 9741  10.075 3 148527 ESCOL 11972 10666 11877 10861
4 173477 PSG2 12179 13281 11270 11761 4 214622 FBXI21 13248 11935 13137 13070
5 137897 TNFRSFI2A 14331 16436 14445 13708 5 167308 CRY1 11525 9630 10822 10111
6 178131 PCOLN3 10615 12238 10393  10.319 6 148950 SCARF2 10920 13309 11891 12698
7 165200 UCP2 12852 14150 12329 11522 7 150170 SLC25A1 14542 15900 14455 15152
8 160938 TGMI 9618 10650 8968  9.696 8 206444 H2AFX 18027 19240 17786 18109
9 198883 CRIP1 10910 11888 10343  10.668 9 199976  ClOorf54 11800 13745 12291 12212
10 148242 HSPAIB 13367 14272 12.8%6  13.001 10 125674  PDK2 10531 11848 10279 11983
11 129361 SLCIGA3 15278 16442 15023 14.869 11 181105 DPM2 13980 15423 13845 15248
12 167575 ABI3 12858 13721 123  12.426 12 145225 SLC30A7 11061 12651 11065  12.303
13 141668 WISP2 9742 11121 9835 10237 13 101504 CCDC95 10098 12073 10467  11.249
14 161046 WNT3 11744 12690 11430 11315 14 177512 RAB4B 10411 12136 10494 11590
15 234756 TAGLN2 16391 17404 16252 15957 15 185071 NR2F6 10219 11518 981 11341
16 116510 MAGEC3 10285 11330 10181 10212 16 210222 MGC4618 10064 11345 9519 10891
17 112112 NUP43 11680 12767 11671 11.957 17 172180 CENPB 10430 13069 11127 12248
18 117730 SBF?2 13308 11982 13097 13011 18 194434 hCAP-H2 11210 12899 10876 11792
19 197221 MTHFD2 16155 15144 16305 16.605 19 147144 CSGICA-T 10132 12497 10378  11.376
20 128967 GARS 16523 15520 16683 16.4%6 20 134760 FGFRLI 10767 12208 10062 10828
21 129799 DOCKA 12221 10687 11938 12.004 21 203030 TUBB2B 13714 14876 1248 13714
92 214622 FBXL21 13248 11935 13299 13465 22 182241 AGPAT2 10038 13278 10747  12.634
93 167731 MAML2 11570 10235 11614 11574 93 204042 APISI 10900 13744 11194 1253
24 178834 PCSK5 10566 8754 10182 10514 24 211134 ARHGDIA 10122 13779 11214  12.956
95 178586 LRP4 13087 12085 13540 13.151 %5 105119 TKI 14277 16254 13648 15077
2% 207047 HESX1 10510 9179 10635 10771 % 216903 REEP4 1311 13729 11115 12530
27 132892 HIPK3 10530 8772 10330  9.270 27 178131  PCOLN3 10615 12238 9584 11774
98 123450 NR4A2 10046 7788 9673 9781 98 165044  PPP5C 10972 13723 11018 12562
29 222417 STIMI 9606 8430 10417 9.867 29 127877 MAP2K3 10039 11513 8678 98%

- 108 -



Figure 72. Cluster analysis of genes and pharmacological active genes selected from the groups
treated 50uM senkyunolide A with or without NMDA in the SK-N-SH cells for 24h

Senkynolide A_NMDA | Senkynolide A_NMDA
Sc[len drogram ¥ orofiles Probe ID Sgl‘iﬁfol Con  NMDA MDA senk
— 1 176899 IL3 14773 8969 15722 15851
i3 B e 2 213890 NRPI 12279 8518 13364 12954
. 3 173408 CXCL2 128384 9362 12189  12.357
4 182859 TRUBI 11607 9040 12526 12414
5 124216 UHRF2 10800 8235 11896  11.667
6 235500 DHX40 12433 9881 13345 13271
7 100604 PHTF2 11510 9004 11892 11701
l 8 8 123450 NR4A2 10046 7788 10316 9.629
E R ST 9 233086 HIPK2 12645 10430 13353 12618
1B | 10 227033 DMXL1 10915 8737 10914  9.876
- — == 11 107039 XIST 11415 9250 11845  11.346
E 12 219437 POLRIB 13191  11.048 13435  13.037
E s 13 234638 DST 13663 11556 14188  13.359
a 236580 GPR125 11489 9422 12097  12.109

130014 PRKCA 11.181 9.122 11.780  11.332

m
i

T . 16 201517 BAGALT6 11886 9836 12034  11.098
i = W e sl 17 205153  XPO1 11463 9424 12666 12398
f e v —— 18 180157 PIK3R1 10394 8424 10645  10.624

19 143920  IPOS8 11197 9294 11.994  11.682

20 187427 AFTPH 13480 11686 13995  13.819

PhicasialloM P+l 21 234875 GBE1 11934 10165 12582 12613

— == 22 132892 HIPK3 10530 8772 11334 10.775

: 23 135186 ATPI11C 10344 8590  11.078  10.417

P 24 151426  VPS41 11.018  9.271 11982 12.051

, tem—— 25 185324  CCDC6 12632 10.899 13402 12950

== 26 167300 ROBOL 13439 11715 14240 13264

: 27 224778  SENP1 11334 9688 12193 12171

28 178301 PCTK2 12715 11116 13351  13.062

fold change”} Con_NMDA<®} NMDA_FeA Z}Z}to]l tfste] 30]4Fo]™, control groupe A=A copy
F7F ddH ez An, 7]sol &l FHAE Senkyunolide A9l &% FHAAR ATt
(Figure 72).

o Mg 70% ethanol FE=E3 1 F FAAHES FeA, Lig, @ Senk® 747 A s & WHId HFHdA
Foll AAHE fFofdxEe] #Hstal 2= biological pathways "¢ FAFSE Aoz YEtS

HAFFEE2 T biological pathway % Focal adhesion, Regulation of actin cytoskeleton, MAPK
signaling pathway, Tight junction @ Cell cycle 5& ©]E 359 &2 o8 Zog AR HAT}

3) AT AAE aF FAA vl
=

o AT &% S AAHEE vHlustaA AMFEolA B2 AR 15% FAHY AL, Cnidium officinale
Makino) 33 == HEHF, Ligusticum chuanxiong Hort) 2% tj3dle] DNA chip 2382 2 A3}
St AEe I AT T3 EXG FoA 70% ethanol &9 &2 profile?] .71:%’-"4 =
2 3 HdAs9 tH(Figure 72, Table 32).

o HFd FEEO AHESZS HAUS uw AdH Loy EHFT EFA chlorogenic acid, ferulic acid,
senkyunolide A, (Z)-liqustilide s°] FATOE Yelves 3E 2oy EXdTOAE ol AE
so] B2 BAE] IFHuo] JdE AoeE Yt

109 -



CR ext

) C1 4 - 03 g -
1 R
m g % N . :T . ]
= = 1 1
2 i -
gJ 3 m :JL 3 zm LLL_’JE\——-L’
3 [ s ‘ | g
P B S| _. x“\ _,,L Jl"""“""— Ot -——‘LM 'J L\JL W— [ I !J
4 3 " 0 2 4 ] ] 1w I ) ) 8 0 m 5 8
Imn] 1 {min}
. K4 - K7 | K8
001 3 m 5. mw =
. ] [
N i " o : . %
s E ‘ - Q g
| ! | | ’ _L I| ' J i
—_ ./ .A;JL_.',_M-_MJJ._».A—f-w-a e [ I S ¥ ,_‘__,L_—Ju o e o o _T J
] 2 ] 6 N I [ ] 2 ] & 8 m o " 15 TR 0 2 0o " [ .

Figure 74. UV chromatograms for the extract samples of Cnidium officinale and Ligusticum
chuanxiong. 1: chlorogenic acid, 2: ferulic acid, 3: senkyunolide A, 4; (Z)-liqustilide, IS: «a
—naphthoflavone. C1 and C3 were 70% ethanol extract of Ligusticum chuanxiong Hort. CR ext,
K4, K7 and K8 were 70% ethanol extract of Cnidium officinale Makino.

o Z} HAF FEE Wi £ FAAE HF 70% ethanol FEES 200ug/mL == SK-N-SH Al
Foll 24X 75 Age 3 R vlaste] fold change’} 2 o] 4Fola, P<0.05%2 W3H FAAE
volcano plotS &3l T3l th(Figure 74). 283 AHFT AA Ay EXFT A Ao st
9 FHAAE A Figure 720149} 7o) volcano plotS dol4  fold change 2 ©]4o] i, P<0.05%
HetE FaxbE ek

o EXNw 4T AE IF T oA 79 GO Ao td JH = Table 339 YERU AT

o AAF AA AW Kor: tzzs nuagde W a2le fo 448 dgon 2l AAan
Chiel 5ol 1019719 fo] FAAE AQom, YAF F22ol @ Fo FA% 7t EHT
FEEe Anth W AR et

Table 33. Contents of chlorogenic acid, ferulic acid, senkyunolide A, and (Z)-ligustilide in Cnidium

officinale and Ligusticum chuanxiong plants based on the results of LC/UV analysis

Sample AA. el =am Content in plant (mg/g plant)
No. ' Chlorogenic acid Ferulic acid Senkyunolide A (Z)-ligustilide
Cl1 T, 9 Tt A 4.20 0.79 3.88 491
C3 T, dFAY T b F 0.54 1.27 9.82 8.65
CR g, 2= AA ddg 2.45 0.79 7.51 2.05
K4 st AE g4 dd-g 1.96 0.67 6.16 1.65
K7 Sk A& 9 SRS 2.35 0.66 478 3.30
K8 g, A A7E S 2.60 1.06 4.71 2.57

- 110 -



"1 CR200_24h c1 | c3

-4.00 200 0.00 200 400 -6.00 400 200 000 200 400 600 600 400 -200 000 200 400 600
Average log_2(Fold Change) Avaraps l0g_2(Fold Change) AvErage 1og_2(Fold Change)

800 400  -200 0.00 200 400 6.00 600 400 -200 000 200 400 600 -4.00 -200 000 200
Awerage log_2(Folg Change) #verage log_2(Fold Change) Awerage 109_2(Fold Ghange)

"1 Kor _ | chi

Figure 74. Volcano plots compared the control to the experiments treated with the 70% ethanol
extracts of Cnidium officinale Makino(K) and Ligusticum chuanxiong Hort(C) which were
cultured at the different location for the selection of biologicalactive genes from in the SK-N-SH
cells. Kor were united the results of CR200, K4, K7, and K8. Chi were merged the results of
Cl and C3.

ax
o

- BAPH QAT fo §
o=

A Tl FEA FAAE AFASF S u Figure 752 Vendiagram
o A e} o] T4 b

o] TVt = FAAE 15570, HAasEe A 176702 WEbR T

,d
re el

(e}
s
Table 31. Gene numbers satisfied the conditions; fold change>2 and P<0.05 from Volcano plots
which were compared control to experimental groups treated with the 70% ethanol extracts of

Cnidium officinale Makino or those of Ligusticum chuanxiong Hort.

Gene Number

Sample
Exp Name Control Up Down Common Total
e (GO #H7) (GO £8A) (GO £42H (GO #4A)
CR_Kor Kor Con_24h 210 (118) 232 (138)
CR200_24h Con_24h 94 (45) 58(41)
K4 Con_24h 545 (373) 498 (329) 3(2) 1301(833)
K7 Con_24h 95 (61) 99 (61)
K8 Con_24h 65 (34) 102 (58)
LC_Chi Chi Con_24h 465 (299) 544 (347)
C1 Con_24h 249 (150) 323 (220) 362(248) 1085(679)
C3 Con_24h 404 (264) 471 (293)
AgFE= Total Con_24h 131 (78) 164 (114)
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Figure 75. Vendiagram of common genes upregulated or down-rgulated by the 70% ethanol

extracts of Cnidium officinale Makino (Kor) and Ligusticum chuanxiong Hort (Chi) in
SK-N-SH cells.

o AT} EHT FEEC oste] el foHow ®stE {FHAES st Hierarchical
clustering3l 1S Wi, Figure 7691412t Zo] 6719 cluster YW ow, dHdF3 EHF 93 &
A4 wE s PR ¥ A% Aot Qo) AMAon fA4d Awe Yea.

Figure 76. Cluster analysis of genes selected from the groups treated with the 70% ethanol

extracts of Cnidium officinale Makino(Kor) and Ligusticum chuanxiong Hort(Chi) in the
SK-N-SH cells for 24h.
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Table 34. Major biological pathways of the significant genes (fold change>2, P<0.05) selected

from the groups treated with the 70% ethanol extracts of Cnidium officinale Makino(Kor) and
Ligusticum chuanxiong Hort(Chi) in the SK-N-SH cells for 24h.

Korea China
Gene Gene
KEGG Pathway Counts KEGG Pathway Counts
Regulation of actin
1 cytoskeleton 9 Cell cycle 21
2 MAPK signaling pathway 9 Purine metabolism 13
3 Cell cycle 9 Pyrimidine metabolism 12
4  Calcium signaling pathway 8 MAPK signaling pathway 12
5  Purine metabolism 6 g;‘g)g?éig?or?f actin 11
6 Focal adhesion 6 Axon guidance 9
7 Pyrimidine metabolism 5 Focal adhesion 8
8 gzlt{};vsvzf T signaling 5 Calcium signaling pathway 7
9 CC;)Srggcli(zrgent and coagulation 5 Tight junction 6
. . Jak-STAT signaling
10  Wnt signaling pathway 4 pathway 6
1 T cell receptor signaling 4 Cytokine-cytokine receptor 6
pathway interaction
12 i?;{g (?[Cigg e ligand-receptor 4 ABC transporters - General 6
3 . . Complement and coagulation
13 ECM-receptor interaction 4 cascades 6
AHAZFH EFNT FEE9 F9 FA1AE i3t biological pathwayE TzHellS wl Table 3404

s}

pathway, Purine metabolism, Focal adhesion, ¥ Pyrimidine metabolism pathway©°ll #¥ =] o]
Rom, FoAk EXG A= Axon guidanced] #HEE A2 4 AT Brh ol HIdoh

7#+o] Regulation of actin, cytoskeleton, MAPK signaling pathway, Cell cycle, Calcium signaling

a2 AdAFH T BT FEEY F9 FHAEY biological pathway S olA cell cycle]l ©
st AS vt s w w4k A gl osiA 9 g Aol oAl EFG gl 2170 @

N

49y W3yl Hlo
cell cycle & Tl 9]
Ao o ATt

o] 5% KEGG chartZ YEMIS o Figure 773 2Z94th  tFE9

98 2 down regulation 2™, cell cycleo] A= Aoz g

ﬂJ

oleld AT} EH FaE=dl o3 Bd Aol FAELS FASY e AEE0
7

of FHslo] qlol ol olste] &

ZA AR Fo) AL AR F AWA 02 senkyunolide AY} Z-ligustilided] 3ol EXE BT} A
QO (IAFE A chlorogemc acidv} ferulic acide =kol7F §lck. 53 EXMTY AS
senkyunolide AY Z-ligustilide®] i $taFe A dH G w|3te] oF 2¢) A 9ot

—IJ:— %‘O] AR AN
SD#t Al F+t g wbE AA yEly AR o we g Abol7h Wel v A & 5 AT

a
T
[e]
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Figure 77. Genes which were obtained from merging the significant genes selected by treating the
70% ethanol extracts of Cnidium officinale Makino(A) and Ligusticum chuanxiong Hort(B) for
24h in cell cycle pathway. Red and blue lines were indicated the up-regulated and
down-regulated genes.
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tgeolls ddTy EXTS AAAEE o] o FAAe] dig A4S AT AR AF
9] Microarray normalization 235 iz Z A8 +S Volcano plot (x=<2 fold induction 4 3},
Y52 Welch's T-test 235 YErd) & o] &sto] 2u] o4 wdo] W3t Aar, Welch's T-test <
0.059] F9A4S Uelle #AxE AAsA Y (Figure 74, Table 33).

b dAT A 2 AAA HE sample® AREE CRO A 49 FAdArE Tl SHE
v AL 9N ol FaEE A 5NE F 154 E YEETE K7olu K8e A fol fFHAst
242y 194, 167702 yEhd CRY fAblou A5 @AoM e K49 45 #9 +#

104370 2 G2 =4k ddgol wiste] #9 fFdAka7E oF 5l o] A ‘%E}‘i

dHAE o2 HEYH d2 f9o FAA 5 F8H22 Yed AL 3712 1 5 pirin (iron-binding

nuclear protein)¥ NDRG family member 4 5 2 Z&%to] GO 2 =}o] it}

S AFe AS CldAE o A7 572717 Bdo] F7tEE AL 2497 oYL A

e 32370 oldth. C39 AS == kAEoR 87579 FY FHAIE AAEAOH, o] F Y
=
!

rie

2

H%
© A% #ZaHEe AL 747 40453 47150 AA sk Ao A ﬂx—.ﬂi Boks o

Z7hs) A
QAT MwAGAS W KIB ANF T4 QAT Fo FRA4 S wshe] of 23w Fuo} @
o] ¥ AL,

Table 339149} o] 7zt AAW fo FAAE T ¥ AT F24 DA FEH fol f
= @gFE ol olato] 504+1.08 7 F7hE 9.

Figure 78. Cluster analysis of genes selected from the groups treated with the 70% ethanol

A= pirin (iron-binding nuclear protein) 3+ &

extracts of Cnidium officinale Makino(K) and Ligusticum chuanxiong Hort(C) which were cultured
at the different location in the SK-N-SH cells.

CR AFA¥ (total) dendrogram AFAH (total) profiles
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o Figure 78441 total 9o FHAESY 28 Y4S HS o Cl¥ C3 ¥ K47F FASE 2d 4
velW o CR, K7 ¥ K82 7%= o] AX| skt ol s A=

[
1T o
e
oS
o
=
of
offt
i

2 K= F& s o] mobA Fda ddwsrt & yEst ey CR, K7 % K89 4 %o+
e AEEY kel AL Heolgl Ao ok WFAQ FHA FHS HERT] HsiAAeE £ d
TS TR 388 AoE AIREUTH

o A HF FEEC AE o] FAAES Hdo] FUEE A AN eE fFHAE U
#H ¥ biological pathwayE ZAMetAT. @do] F7tE+ 79 FAAE 764702 o]F GO F A}
= 462701 o1 pathway analysisoﬂ EHFHY dE FAAE 13170 ¥oll HA] &AcH(Table 35). L
AL biological pathway® EH73F9<=2 w Table 3594 ¢ 7o)l = focal adhesion & 7 2o 7}

upo.

ON

F 2e 9% f{FHAEo THEEHAoHW, thSol:E Wnt signaling®® 8%, MAPK signaling
pathway, Calcium signaling pathway, Axon guidance ¥& A x7} 750] YA}

o A Hg FEEC 9kl up-regulation® = Fo] FHAVE 7HF wel #EH e focal
adhesion pathwayE KEGG chart® ##3}%S wf Figure 799+ #o] yetwrth. ECME +=
lamininE = laminin ¥3, B2, B3%} a57} #of = o] glom ITGB+ integrin beta 4= YERSTE 1
2] GFol &= placenta growth factor’} RTKe| = platelet-derived growth factor receptor alpha<}
platelet—derived growth factor receptor tyrosine kinase’} ##@ = o] At olzj3t Aye= HAF F

&0l 9dto] focal adhesion pathway®l ¢ 2ol IS vAA dA #d F=7}F stimulation
7

Ao 2 AR QT
o A AT FEES AHEYSHS w Edo] FAE Fo FAATE 893E FUtE FHARY 2
27 ke, 1 F GO fHA= 5657001 Al pathway #H& 4 A= 15070 wroll A ¢kodt). o]
A& #4 biologica pathway2 7ol 23 w] =2 cell cycle & {FAA7} ZBZ‘*Q.E 73 woko

] t}&-o] DNA metabolism® ##H ¥ pyrimidine metabolism % purin metabolismel]l A A F 4=}

Table 35. Major biological pathways of the up-regulated or down-regulated significant genes (fold
change>2, P<0.05) selected from the groups treated with the 70% ethanol extracts of Cnidium
officinale Makino(Kor) and Ligusticum chuanxiong Hort(Chi) in the SK-N-SH cells for 24h.

UP (131/462/764) DOWN (150/565/893)
Rank
KEGG Pathway CGOEII}I(ES KEGG Pathway CGO?JI;IES

1  Focal adhesion 9  Cell cycle 23
2 Wnt signaling pathway 8  Pyrimidine metabolism 18
3 MAPK signaling pathway 7  Purine metabolism 18
4  Calcium signaling pathway 7 MAPK signaling pathway 13
5 Axon guidance 7  Regulation of actin cytoskeleton 11
6 Regulation of actin cytoskeleton 6  Tight junction 8

Porphyri hl hyll . .
7 m%ﬁbgilgmand chlorophy 6  TGF-beta signaling pathway 8
3 Metabolism of xenobiotics by 6 Neuroactive ligand-receptor 3

cytochrome P450 interaction
9  Glutathione metabolism 6  Axon guidance
10 ECM-receptor interaction 6  Tryptophan metabolism
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Figure 79. Genes which were obtained from merging the up-regulated significant genes selected by
treating the 70% ethanol extracts of Cnidium officinale Makino(A) and Ligusticum chuanxiong
Hort(B) which were cultivated at different place in focal adhesion pathway.
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Figure 80. Genes which were obtained from merging the significant genes selected by treating the
70% ethanol extracts of Cnidium officinale Makino(A) and Ligusticum chuanxiong Hort(B)
which were cultivated at different place in cell cycle pathway. Red and blue lines were
indicated the up-regulated and down-regulated genes.
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o] Z}7} 18F 07 &S A3 tHTable 35). =@l 2 t}o] MAPK signaling pathway®
13 Fo] A AN, THFAE AAE g FEE 93
7 &> 7M1 Sl

o A HF FEES AYSARES W dde] A Fo Oﬁx}—’,iﬂ 7 Wl yofste 2
cell cycle pathwaysS ##39S u] Figure 0014 o] 23709 FAA+= cell cycle &&=
o] S AjA Ao 2% TGFRS} ablle] #t Z7MANFH o o]58 AWEAH o 72 cell cycle

=
2 Adsts Bow Belsta Jee I & AL

MAPK signaling pathway &

=9l

roox

14
r_ﬁl/
ftlo
ol

4) AZF9 =4 #HYE 9 3% biological pattern recognition analysis®] 2 &

s AF WF fo FAAE o §F YEIA T4 BWS U] Astel AW #9 FHA4E
BE G 1651 $O FAAE olgstel AW 94 RN FYsgch. AW A BAWOE 1Y
AN o R ol FAHR A A3E

2 (Principle component analysis, PCA)S F33}3, #d
7

Fx3}8t7] Yate] 2+ AR 7F9] similarity Index (SDE AlAFsldth (Figure 81-82, Table 36).

o Figure 81-A¢] 3% PCA graphs R4S Wl thZT(con) 3719 sampled} HF FEES o3
A7 YRAE As #2E 5 Adde 28y w4 e K79 ¢ sample? & FAA HE
o2 AlE3 CR sample 3F2 o2 g samples & T4 AT Cl, C3olu AT F K4, K]}
K79 3 sample¥i= ©E fHo] EAES & = AW o5 Z sampled] W3t Hierarchical
clustering® B2 3lFS W o5 sampled FAA W3 patterne FAMSE THE HF sampleE 3=
g2 s ¢ F AR (Figure 81-E). 18]y 39 2 ZE 23 o2 Yo #EASAS o XY
= WoAde= K7 9ol Clol Aol7b #o]l e s & + A2 (Figure 81-B), ©] ‘f"—ui/\]
Hierarchical clustering®l Al = 3Fell zFo]7F & S &2 & 4 qddlo, A4yl Hg F&5
I gz e FA ] "olA = o] AAFATE YZ FolAe JAl K73 Clo] xfol7b Hol ‘/}
= o] Yoy o= gixzate] YA|7F FIHe R 5ot AT AolE #EF I/ JEJT
(Figure 81-C). XZ FelA = 3xde] ez FAFstA vEby K73 CRol tixat3} FASHA &
o, Uz FES 5SS olF 3 A A HFigure 81-D).

o PCA A% similarity index (SD$} Bl st3-S o (Table 36) i+ kel 0.70-098 H=E YEY
I ANeH, o= FAtolyp ghmqtolnd 1 ghe] Aozt A e Al Qbel %o ™ (Figure 82), # ¥
gk 200ug/mL FXxolA g ofelAtgo] 1 AX FAY Hlw FAAFIE UF BobA Ees A
A AR FRA A 2Ty F AolE e A 28 TR S ASE AR AT

o SAR = AA F7] Y] HAE —ir%% 200ug/mL< 24A17F &<k A 2g % volcano plot
B fold change 2°]7%, P<0.05%1 #2 F4dA 152 £& AATI He FE2EE 9d 2 FAAES
ferulic acid, ligustilide, senkyunolide2} NMDA €] 7.:33}01] s = kA PCAS A 3313t

o Zb Ay EE fFAx #d ghel diste] WdEgts Fstel PCAE AAIsHth Figure 83-Ac) A%t
7ol 3D graph® YEAS wf CR20°|4 CR200S f+AFEHAl UEl o, txdoly & +5
sh= Aol 7b 919tk K4, C13F C3= 94l §Absh 9170 £a13k%l o™, NMDA, FeAt} Lig @ol o
A AR YAlol EAsA oY i Eately CREFE o2 A9 Ao, Senk o] thE A
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Figure 81. PCA plots and Hierarchical clustering dendrogram for the 1651 significant genes
selected from the groups treated with the 70% ethanol extracts of Cnidium officinale
Makino(CR, K4, K7 and K8) and Ligusticum chuanxiong Hort(Cl and C3) which were cultured at
the different location in the SK-N-SH cells. A) 3D-PCA graph, B) 2D XY-PCA graph, C)
2D-YZ-PCA graph, D) 2D-XZ-PCA graph and E) Hierarchical clustering dendrogram
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Figure 82. Similarity analysis of 1651 significant genes selected from the groups treated with the
70% ethanol extracts of Cnidium officinale Makino(CR, K4, K7 and K8) and Ligusticum
chuanxiong Hort(C1 and C3) which were cultured at the different location in the SK-N-SH cells.

Table 36. Similarity index of 1651 significant genes selected from the groups treated with the 70%
ethanol extracts of Cnidium officinale Makino(CR, K4, K7 and K8) and Ligusticum chuanxiong
Hort(C1 and C3) which were cultured at the different location in the SK-N-SH cells.

Sample | Con_1 | Con_2 | Con_3 CR%OO— CR%OO— CR%OO—

Cl1l | Cl2 | C31 | C32 | K41 | K42 | K71 | K7_2 | K81 | K82

Con_1 | 1.000
Con_2 | 0.962 | 1.000
Con_3 | 0959 | 0.953 | 1.000
CR200_1 | 0.881 | 0.868 | 0.878 | 1.000
CR200_2 | 0938 | 0.939 | 0917 | 0.852 | 1.000
CR200_3 | 0.746 | 0.725 | 0.767 | 0.882 | 0.693 | 1.000
Cl.1 0.853 | 0.813 | 0.880 | 0.874 | 0.811 | 0.822 | 1.000
Cl2 0.806 | 0.764 | 0.848 | 0.863 | 0.743 | 0.850 | 0.962 | 1.000
C3_1 0.822 | 0.780 | 0.864 | 0.863 | 0.760 | 0.848 | 0.963 | 0.975 | 1.000
€352 0.781 | 0.736 | 0.825 | 0.856 | 0.715 | 0.854 | 0.956 | 0.979 | 0.975 | 1.000
K4 1 0.791 | 0.748 | 0.838 | 0.850 | 0.734 | 0.839 | 0.959 | 0.978 | 0.972 | 0.975 | 1.000
K4 2 0.787 | 0.746 | 0.836 | 0.854 | 0.724 | 0.846 | 0.957 | 0.982 | 0.973 | 0.980 | 0.983 | 1.000
K71 0.835 | 0.797 | 0.877 | 0.887 | 0.773 | 0.860 | 0.959 | 0974 | 0.973 | 0971 | 0975 | 0.977 | 1.000
K7_2 0.762 | 0.762 | 0.735 | 0.824 | 0.747 | 0679 | 0.756 | 0.737 | 0.724 | 0.717 | 0.726 | 0.727 | 0.750 | 1.000
K8 1 0.798 | 0.757 | 0.843 | 0.867 | 0.733 | 0.867 | 0.950 | 0.976 | 0.970 | 0.975 | 0975 | 0.977 | 0.976 | 0.726 | 1.000
K8_2 0911 | 0.895 | 0956 | 0.845 | 0.885 | 0.770 | 0.897 | 0.868 | 0.882 | 0.846 | 0.858 | 0.857 | 0.885 | 0.702 | 0.864 | 1.000

o o5 FAA 3t correlation plotl A= AZo] AFA o] oz el FAGO] m$ =& Fo
oA AE o™ (Figure 83-C), A A2 similarity indexs ##3 }9&% ul (Figure 83-D), H ] FAIA=
0.981= C3¢ K47} 7Hd wrdo] fAbskAl vebw o, HA fAA = dizat3 CR200 Atele] 0.711
2 Yeht ol fHA AAS dixad CR200 AtelolA A7 wiE-d A= AlgEArt. 1
9] e A ET] SI a2 0.711-0.981Ae] o] EAlgh o, SI gho] d7dst ZAxnth v =A e}

o DNA chip 28232 o] &3} biological finger printings 93 PCAE 93te] v 423 7+
A gt EAS A tHFigure 85). W FEEE 5 dAdTH EXGT AA AHE Fote] A
TAINZ T olE tlxa ¥ vluste] 48] o] F7EEH, P<0.05% FAAE AA ] 335 A
th. o]E PCA 7|&S ol £4& HAsA
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D)

Sample | Con |NMDA | CR20 | CR200 C1 C3 K4 K7 K8 FeA Lig Senk
Con 1.000
NMDA | 0.930 | 1.000
CR20 0.861 | 0.851 1.000
CR200 0711 | 0.727 | 0935 | 1.000

C1 0.852 | 0.893 | 0.893 | 0.836 | 1.000

C3 0.853 | 0.895 | 0.874 | 0.806 | 0.978 | 1.000

K4 0.848 | 0.898 | 0.875 | 0.814 | 0978 | 0981 | 1.000

K7 0.798 | 0816 | 0904 | 0.891 | 0919 | 0902 | 0916 | 1.000

K& 0915 | 0930 | 0885 | 0.786 | 0.952 | 0950 | 0.947 | 0.874 | 1.000

FeA 0.853 | 0.883 | 0912 | 0.865 | 0.943 | 0929 | 0940 | 0932 | 0912 | 1.000

Lig 0875 | 0927 | 0.894 | 0.817 | 0962 | 0951 | 0963 | 0913 | 0941 | 0.968 | 1.000

Senk 0.886 | 0.894 | 0.820 | 0.717 | 0.896 | 0902 | 0.892 | 0.800 | 0946 | 0.845 | 0.891 | 1.000

Figure 83. PCA (A), Hierarchical clustering (B), correlation plot (C) and similarity index of 70%
ethanol extracts of Cnidium officinale Makino(CR, K4, K7, K8) and Ligusticum chuanxiong
Hort(C1 and C3) which were cultured at the different location, and their major components and
NMDA using the 152 significant genes selected from the CR200 group treated with 200ug of the
70% ethanol extracts of Cnidium officinale Makino for 24h in the SK-N-SH cells.
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Figure 82. Amplication plots of Realtime PCR cycle
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con
T A
CR20
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(5]

3

k4

k7

kg
Fes
Lig

E)

Sample| Con [NMDA | CR20 | CR200 C1l C3 K4 K7 K8 FeA Lig Senk
Con 1.000
NMDA | 0.615 | 1.000
CR20 0.804 | 0.805 | 1.000
CR200 | 0543 | 0.786 | 0.874 | 1.000

C1 0.186 | 0.696 | 0.457 | 0.630 | 1.000

C3 0.166 | 0.694 | 0.456 | 0.638 | 0.992 | 1.000

K4 0.113 | 068 | 0.413 | 0.612 | 0.987 | 0.988 | 1.000

K7 0.170 | 0.652 | 0.429 | 0.650 | 0.950 | 0.933 | 0.937 | 1.000

K8 0.494 | 0812 | 0697 | 0.765 | 0.859 | 0.876 | 0.839 | 0.789 | 1.000

FeA 0.305 | 0.703 | 0514 | 0626 | 0.792 | 0.775 | 0.803 | 0.839 | 0.701 | 1.000

Lig 0.248 | 0.794 | 0541 | 0.682 | 0.863 | 0.856 | 0.88 | 0.847 | 0.777 | 0.946 | 1.000

Senk 0.657 | 0.685 | 0.717 | 0.607 | 0.449 | 0.469 | 0.402 | 0.336 | 0.741 | 0.399 | 0.465 | 1.000

Figure 84. PCA (A and B), Hierarchical clustering (C), correlation plot (D) and similarity index (E)
of 70% ethanol extracts of Cnidium officinale Makino(CR, K4, K7, K8) and Ligusticum
chuanxiong Hort(Cl and C3) which were cultured at the different location, and their major

components and NMDA using the 33 significant genes.

33 significant genes were selected from the criteria, fold induction > 4 and P<0.05, in the
merged results treated with the 70% ethanol extracts of Cnidium officinale Makino (CR, K4, K7,
K8) and Ligusticum chuanxiong Hort (C1 and C3) in the SK-N-SH cells for 24h.
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Table 37. Validation of pharmacological effective genes using real time PCR with cyber green dye.

a. 70% Ethanol extract of Cnidii Rhizoma

Fold induction

I Sg};renr]laed ?;mAe; prI:cgc:lgct DNA chip Realtime PCR Result
’ D) nvpa MDA craoo Nwvpa NMDAT craoo
192466 GSGl oAt 115 0183 0466 0.323
142958  MAFG ~ (acgactercaiiaancns 153 0250 1422 0950 0854 5904 2468 x
213890  NRPl (o ecromacecommcmin 139 4244 1760 0449 0282 1093 1.199
144588  MFGES  (iaicanloncanion 204 0279 0680 0684 3447 12849 4637 x
159850  APIGBPL 5 i pomrcac At e 128 0404 1154 0799 0473 0399 0718 x
100694  PHTF2 (o e tias 163 0461 1.140 0674
213519 SLCI2A2 o e e 230 0397 1178 1113 0457 0754 0798 A
100966  KIAA1641 on ot hil I eas 217 0215 1705 0726 1000 6942 1181 x
123450  NR4AZ (o s 184 2427 1023 0892 0393 0952 1118 x
236580  GPRI25  A(iraccanmoocronnca 129 3173 1114 3697 1722 3976 1191 x
105113 DOCK5 — pocnscasasecciarina 244 4740 1939 1136 0614 0753 0844 x
101594  CODCY5 i r 194 0483 2117 0904 2834 3101 3292 x
113036 PARDBB (o5 ncncrrcoameGa o 197 3772 1953 1860 0456 0293 0661 x
225803 PDETA  (aopedsGaieaiin 144 5596 2113 5979 0813 1928 1086 x
227033  DMXL1 (anfoocteoalioresact 175 2530 1161 2705 038 0549 0454 x
235590  DHXA0 o e, 195 2612 1270 1254 1072 2159 1116 x
207047  HESX1 o e s 218 0365 1219 1055 0548 0521 0534 x
177512 RABAB L 155 0390 1177 0802 1095 2080 1181 x
118400  INTS2 (e 200 0404 1296 0757 0182 0172 0323 «x
117435 EP400 oA e 209 2110 1214 1394 1344 2729 2393 x
128717  MITPN s 154 2724 1032 0410 0637 0492 0939 x
143978 CASK A (alocacceateatons 154 3470 1650 0623 0830 2737 1452 x
148950  SCARF2 (G e 169 4158 1175 1066 3196 2221 4815 A
163861  FGD6 oo 206 0402 3003 1928 0648 2488 0671 o
162667  STAGL o s 174 0235 0532 0569 0251 1098 0157 x
227835 PDEADIP o ente 242 0079 0187 1211 0157 0336 0286 A
149339 CUEDCI o e 212 039 1.099 0704 0493 0571 0868 A
150170 SLC25A1 (AN iaealiaCiuccanns 218 0227 1191 1745 0851 1622 0639 A
166760  ABLL (5 inmnachihi A 163 0490 1528 1325 0265 0322 0279 A
172572 TAGLN o s 221 0200 0584 0894 3238 6007 1410 x
125060  CRIP2 Lo e s 227 0249 0721 0688 0650 0788 1201 A

GCAGACACAGAAGGGATCAT
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b. Ferulic acid (FeA)

Fold induction

D Gene Name zim;; Pf())?illjct DNA chip Realtime PCR  Result
’ o) NmpA MYDAT pea Nvpa NMDAT pea
227485 sCOTIN  LGLEGLGLGEIATCIGIGAT 27 3355 0707 1890 0751 0798 0973 x
215361  DAZAP1I GASGOAGCIAGIEATGMICT 185 2570 0597 2330 0725 2332 3371  «x
163073 psGy  LGAGCCACTGOCAAGGAARML 343 2016 0493 0621 0591 0227 5160 x
173477 psGz  LGANCAGGETGRAIACCLIICRA 230 2147 0533 0749 1.862 7.395 3834 x
137897 TNFRSFI2A GLSGEGEACLSALEATLEAT 158 4302 1.083 0649 0389 1.191 0399 x
178131 peorng  SESLTRISCAGLLIGAAGTIC 176 3081 0858 0815 1324 0998 4258  x
165200  ucpz  GAGGICCGATICCAAGETCA 128 2450 0696 0398 0643 0873 0591  x
160938 TaMm1  GEACCTOAACEATOGATICIG 204 2045 0638 1056 2825 3246 10287 x
198888 cript  SEEATCTGICIGICACIGAL 85 1970 0675 0846 0484 0521 0406 x
148242 mspai  AQGIGLIMGEIGETTCACIT 175 1872 0687 0776 1013 5851 3697 x
120361 stcieaz  GARGEOTGLCATICCAGACGT 409 9241 0838 0753 0857 1.831 0881 x
167575 ABI3Z  JAGGACOGGAGRGRGARTIT 216 1818 0725 0741 0931 2373 4195  x
141668 wispz ) LGGCTGEAGGCAMCACTIL 118 2600 1.066 1409 0309 0445 1927 x
161046 wnrs  GRCOTGCACACCLGEAATTIR 176 1927 0804 0743 1625 2080 3626 x
234756 TAGLNz GASLOGCCTIGCITCIACAL 125 2018 0908 0740 0317 0780 0448 x
116510 MAGEC3  LGGGTOCAGAGARAGIACEL 200 2063 0930 0950 1.024 0951 5772 x
12112 Nupag GASSICAGACCTIARLGACR 164 2125 0994 1212 0172 0270 0182 x
17730 sprz GRSSIACTHGOEICCIICIT 221 0399 0864 0814 1958 1.841 3484 x
197221 mrirpz  SETACCRAGACCITTIGAGLL 920 04096 1100 1366 0778 1545 0774 x
128967  GARs  JELELAGRACAGOEIGIOAT 155 0409 1118 0975 2080 3192 3708 x
120799 DOCK4  SRGASALEGRCILCGACTIT 203 0345 0822 0860 0335 0214 0337 x
214622 FBXL21  OSEAGLGEALCGATCCLICA 196 0402 1036 1162 1.677 3095 3797 x
167731 Mamrz  SCGARLEAGCTAAGEACACA 159 0397 1.031 1.003 0637 0802 0864 x
178834 PCSKs  GARGGALGEARCGOAAGAGT 132 0285 0767 0965 1.298 0.889 33314 x
178586 LRp4  GOUCAAGAGACCIAGAMEA 102 0499 1369 1.046 1184 0732 0936 x
207047 mEsX1  RGSGLOGLGGATCACCCAR 186 0397 1091 1199 3777 2.244 16373 x
132892 w3 SGALLECAGCACCAGCATIL 166 0206 0871 0418 0484 0466 0527 x
123450 Nraaz  SGTGOGCACAAGIRALIACAC 177 0209 0772 0832 2833 6801 10385 x
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c. Ligustilide (Lig)

Fold induction

D Gene_Name Primers DNA chip Realtime PCR Result

(S, AS)
NMDA+ - NMDA+
NMDA 14 g Lig  NMDA " g

Lig

113036 PARDEB CaG CCOCTITEAMGATEL 0392 0942 0662 0503 1586 0541  x
167731 MAML2 SEGARLCACCIAAGEACACR 0397 0928 0679 1519 6389 4561
148527 ESCOl  SQUGaioCToCtCACATI 0404 0936 0463 0442 0622 0328  x
214622  FBXL2l JqocitanGAGTOCANGEAY 0402 0926 0.8%4

167308 CRY1 SUGRASLCLIACENCGIGAY 0269 0614 0375 2840 3593 8346  x
148950 SCARF2 SGELIAAAGACCOLCICALE 5237 1960 3429

150170 SLC25A1 SGRGLGGAGTACLOCCAARM 2562 0941 1526

206444  H2AFX CUCAATCCAAGCACCIACAL 2319 0847 1059 0863 1882 0866  x
199976 ClOorfsd SAGGULGCCACACAATCTICT 3849 1405 1330 0324 0076 2227  x
125674 PDK2 ~ ACATSCCIAAGCLICEAGIGI. 2492 0840 2735 0406 0379 0838  x
181106 ppm2  GEEGTIAGCCIGATCATCIL 2719 o911 2407

145225 SLC30A7 CelSALGOOGATETASASTA 3009 1003 2365 0572 0962 0651  x
101594 CCDC95  GLCARGRICARCCTEMGIT 3930 1201 2221

177512 RAB4B  [GALTCCCAGICCACGAMCT 3307 1.060 2264

CGTGTCCCAAATCTGTAGCT
185071 NR2F6 CuCAMUCATIACCOTCICEL 2461 0775 2077 1383 2088 2965  x
210222 MGCA618 SGGAARACACACGRCACACT 2431 0685 1774 0540 1154 1492  x
172180 CENPB G FEALCHOACCACOAY 6229 1621 3525 2133 4073 7929  x
194434 hCAP-H2 CEACIAACGICGATCICAAG 3925 0794 1496 0893 1081 0729  x
147144 CSGleA-T GREGEEACASRG G, 5152 1186 2369 1108 2585 2526  x
134760 FGFRL1I SOSASOGOCATCCACOOATA 2890 0613 1043 0345 0697 0373  x
203030 TUBB2B AeaqaGGICATCAGIGATOR 2238 0427 1000 2926 3070 22805 x
182241 AGPAT2 RCEGLOGROAMCOTCACCAT 9451 1634 6047 0309 0651 0497 x
204042 APIS1 SUATGATGCOGTICATOCIY 7078 1226 3103 2487 4310 7165  x

AGCAGTCGTTTGTGCTGAAG
211134 ARHGDIA SC S I AT CACeY 12619 2132 7132 2636 3312 1313 x

GGCCGATGTTCTCAGGAAAA

105119 TKI  COCRCAACTCOATASTARAY 3934 0646 1741 1461 4228 5083  x
GGCTGTGAAGACCAAGAACA

216903 ~ REEP4 GUCLCLGAACATCANCAATR 5344 0873  2.328

CCAGTTCACACCTTCGTTCT
178131 PCOLN3 SCAGLLGAGRACCITCGTTCT. 3081 0489 2234

TTCGGCTTCAAGCTCCTGTA
165944 PPPSC  ASYESAEARCSEEETTIY 6730 1032 3010

CTTGGTGACCATCTCAGAAC
127877 MAP2K3 L rOC COEATOAATASY 2777 0389 0.862
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Table 38. Gene counts of Wnt pathway significantly affected by treatment of Epimedii herba

extract, icariin, epimedin B and hyperoside in LNCaP cells

Gene Counts

KEGG Pathway Eum_Ext icariin epimedin B hyperoside
(98/757) (981/1004) (1345/1373)  (585/598)
Wnt signaling pathway 8 11 6 4
T cell receptor signaling pathway 7 5 7 3
Insulin signaling pathway 7 10 9 5
GnRH signaling pathway 7 5 8 3
Purine metabolism 6 9 6 3
glﬁgggg(t)lr\]fe ligand-receptor 6 6 1 1
MAPK signaling pathway 6 15 19 12
Gap junction 6 7 8 -
Focal adhesion 6 6 13 3
Calcium signaling pathway 6 8 12 4
Adherens junction 6 4 - -
Regulation of actin cytoskeleton 3 10 16

o 7} 2AEY A ¥ YR FHAE AABer] A HHoEE ARMEE #FstE Ao 1 F
& xHo] ofd Ao w AIREATE Al Algte] wE fFHA wEo] bz ge] yEehy o] 5ol tigh
TERFLR F3lS e FAAE 1-270 Arewt AAFHA e o5 Al copy FUF A AU
b 53] fdA AN SAEEY 22 59 25 FUIATIA] @ A FEEOIY o=
= Agstds W A WErE 24 ga Ws  AES FE FAA copyTt AL Aol

52 realtime PCRZ validation 332 Wl copy 7F & #4522 237 DNA chip¥ & o

(

N9

A B2 AoE e

42 Az BYSHAEE €8 2 EerAA QA A7

N

o AT FERAEES AA

S A 7} A butyl phthalided o] A-FAE
%o Aol lvehE

L5 dAmA 7)ok HeA HH Hoh B AFTGA e 7] dA el
Mie 2 AAEE A48 Edle] E2d B ®e oy wo] Uit A EErt ddskA FEaho
AAA R AT Mol =olxA At
ol AJoko] A xEHold FHolA HAW HAE EES HE&SH] st HAAE vE W oWl A
F Fol= Aol dnkAd, 1A dTe] AR 22 BT sgEe B EaEa T A
ol7] o 2eid EHAE AXELAS Aot A2 U7t glojd Aotk wepA A oke] AAsE
2#e FEAdEY] FHF 2o mE AxEEY AAHS Atz A g
o ol A ARFAES A AA e IV AHE g2 EEY Ao de A 2 kg
JHEY Fae FHE d5oz2 vt 2 Aee T3 B4 AHE "vh w4 column
chromatography®] GAIFHE 55 & EE 23S 4 77 oA dgozaH 37 Fo #3E
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