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FHFALANS B¢ 4 A4 94 2 72 53
O g Folw LulE Daletel 22 FE29 659 Aol I MTT assay® @ 2
3 ek Sol wale] xAR AT Rglo] FEEvle] gea MEe] AEgo] Bared, 3

o] vre 39

Mo RgdE FAHLY FEEC] 6F AXTY AEE VA= IF

O W9 o A" 9 4SS 77 hexane, EtOAc, BuOH % =F &= tste] 659 4Al
¥<2l AGS (human gastric cancer), HepG2 (human hepato cellular cancer), HCT-116
(human colorectal cancer), and MCF-7 (human breast cancer) cell lineso] th3gh A&
&5 A

O MFEe AELEL FAo] ¥ hexane, EtOAc FEEo|A AELo] Yol ok a7}t J&
Ao 2 AT

O AEAe 9 a78 XA A3 HepG2 cell line®] 7 -9-ol= IC500] 4.31 pg/mlo = A
TR 250, dHRGE 638 &t E9kh

O oldgt A¥NE FFstH, wWele el THA7F A= Aookm e ogFowEA MY 7k

—

Aol &= Aow FATdH A
H 9 2 2 E Bakkenolide B 5238, HPLCEA WY 2 3 A7j4d 5 &4

O ™ %] (Peatasites japonicus)e] do=ZHE A4S GA5 o] - a397F Jd& &
A2 4# A bakenolide BZ {f—}F‘E—a st9om, 1D-NMR, 2D-NMR % GC-MS spectrum
tolg & o] &3sto] 725 A

O WL o, g% % <4 to:«] AN Al ]tﬂ bakkenolide Be] ¥5FS H7tel7] 9138t HPLC
=4 ”o“jd% gystArt.

O Bakkenolide B9l W7 %=+ 210 nm<} 215 nme| 3o A 254 nm, 235 nm % 265 nmX. Tt}
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H oA EFF A EE petatewalide B9 ttF &3}
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Schisandra chinensis 9] FE=2 d=ZFH Iy =24, FHAZ ALE&H gt w92
T A its 2EY 29 Ao l7] wiiol Schisandra chinensis 7 EHE 3
< W7}l i, Schisandra chinensis =58 2] 8 a-cubebenoate®] &35 A73F3th
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mouse peritoneal macrophage®] LPSE COX-2¢9F iINOSE #2A|#H RT-PCR¥} Western
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O ™ 9] (Petasites japonicus) oA &el2714d 2 A T5o] A+ bakkenolide Bo] 4
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U senecionine &2 #HAaA7IE 7HY 2842 WYL 3y AHelHo dF dxWHol &
HAolm AL 7k ol
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SUMMARY
CEXELS

1. 1st Reseach Section

O In Vitro Anticancer Activity of Hexane and Ethyl acetate Extracts from Leaf,
Petiole and Rhizome of Petasites japonicus

Wild Petasites japonicus, which i1s widely distributed in Korea, Japan and China, is used
as a culinary vegetable and a traditional medicine for treatment of several human diseases,
including asthma, migraines and tension headaches, and allergic rhinitis.

In this study, twelve extracts from the leaves, petioles and rhizomes of P. japonicus were
evaluated in vitro for their antiproliferative activity against AGS (human gastric cancer),
HepG2 (human hepato cellular cancer), HCT-116 (human colorectal cancer), and MCF-7
(human breast cancer) cell lines.

Plant extracts were fractionated using hexane, EtOAc, BuOH and distilled water, after
which the antiproliferative activity was measured by MTT assay.

Cell viability decreased in a dose dependent manner in response to the hexane and ethyl
acetate extracts for all cell lines, with a significant decrease in cell viability being observed
for 100 pg/ml and 75 pg/ml in the AGS and HepG2 cancer cell lines.

The leaf extract appeared to be more potent against HepGZ2, as indicated by IC50 wvalues
of 4.31 pg/ml for approximately 2.5- and 6.3-fold compared with rhizome and petiole
extracts, respectively.

The IC50 values of hexane extracts from leaves and rhizomes against AGS, HepG2, and
MCF-7 human cell lines were greater than those of other extracts, while ethyl acetate
extracts from petioles showed higher significant effect for all cell lines. Hexane and EtOAc
extracts exerted their antiproliferative activity in four cancer cell lines.

Because of the rich natural supply, simple extraction procedure and high yield, further
studies of the LH of wild P. japonicus are warranted.

Overall, the results indicate that P. japonicus has the potential to be developed into

selective anticancer nutraceutical and/or pharmaceutical treatments with low cost.

O Isolation, Quality Evaluation, and Seasonal Changes of Bakkenolide B in
Petasites japonicus by HPLC

The leaves of Peatasites japonicus are a traditional oriental medicine with diverse
biological activities.

A simple and specific analytical method for the quantitative determination of bakkenolide
B constituents from methanolic extract of the leaves of P. japonicus was developed.
Bakkenolide B was isolated from the leaves of P. japonicus, and its structure was
elucidated based on 1D, 2D NMR, and GC-MS spectral data.

- viil -



A liquid chromatographic method was developed to evaluate the quality of P. japonicus
through determination of major active compound, bakkenolide B.

The wavelengths at 254 and 215 nm were chosen to determine bakkenolide B.

The recovery of the method was in the range of 986 to 103.1%, and bakkenolide B
showed good linearity (r2=0.999) within test ranges.

The developed method was applied to the determination of bakkenolide B in the plant part
and seasonal changes.

The results showed that the content of bakkenolide B in the leaf was higher than in the
petiole and rhizome.

In this study, a simple, rapid, and reliable high-performance liquid chromatography method
was used to determine the percentage and composition of bakkenolide B in P. japonicus
procured from different Petasites species plants in South Korea.

The method can be employed in routine quantitative analysis and quality control of

different products in the market.

O Isolation and structure elucidation of pure compounds from adjunct Houttuynia
cordata Thunb and Lufa cylindrica

Three - five pure compounds from Houttuynia cordata Thunb and 2 pure compounds
from were obtained from Lufa cylindrica

These compounds screen the biological activity including antiallergic and antiinflammatory

activity etc.

2. 2nd Reseach Section

O Anti-allergic and anti-inflammatory effects of bakkenolide B isolated from
Petasites japonicus leaves

To elucidate the anti—allergic and anti-inflammatory effects of Petasites genus, we studied
the effects of several compounds isolated from Petasites japonicas leaves.

Bakkenolide B was isolated from Petasites japonicus leaves. Antigen-induced degranulation
was measured in RBL-2H3 mast cells by measuring b-hexosaminidase activity. Induction
of inducible nitric oxide synthase and cyclooxygenase 2 was measured by Western blotting
in peritoneal macrophages. Ovalbumin-induced asthma model was used for in vivo efficacy
test of bakkanolide B.

We found that bakkenolide B, a major component of the leaves, concentration-dependently
inhibited RBL-2H3 mast cell degranulation. Bakkenolide B also inhibited the gene
inductions of inducible nitric oxide synthase and cyclooxygenase 2 in mouse peritoneal
macrophages. Furthermore, in an ovalbumin-induced asthma model, bakkenolide B strongly
inhibited the accumulation of eosinophils, macrophages, and lymphocytes to bronchoalveolar

lavage fluid. Bakkenolide B has suppressive properties for allergic and inflammatory

_iX_



responses and may be utilized as a potent agent for the treatment of asthma.

O Multiple effects of a novel compound, petatewalide B from Petasites japonicus

To explore the effects of Petasites genus, we isolated a novel compound from Petasites
japonicus leaves (a butterbur species). It was found as a new bakkenolide-type
sesquiterpene and named petatewalide B. Petatewalide B inhibited the antigen-induced
degranulation of b-hexosaminidase in RBL-2H3 mast cells, but did not affect
antigen—-induced CaZ+ increase in the cells. Petatewalide B also showed inhibition of the
LPS-induced induction of iINOS, but not COX-2 in mouse peritoneal macrophages. Nitric
oxide production was also inhibited by petatewalide B in macrophages. Petatewalide B
increased the membrane potential of C6 glioma cells in a concentration—dependent manner.
The current study shows that petatewalide B from Petasites genus not only has
anti—allergic and anti-inflammatory effects but also induces a transient increase of

membrane potential in C6 glioma cells.

O Therapeutic effects of s—petasin on disease models of asthma and peritonitis

To explore the anti—allergic and anti-inflammatory effects of extracts of Petasites
genus,we studied the effects of s—petasin, a major sesquiterpene from Petasites formosanus
(a butterbur species) on asthma and peritonitis models. In an ovalbumin-induced mouse
asthma model, s-petasin significantly inhibited the accumulations of eosinophils,
macrophages, and lymphocytes in bronchoalveolar fluids. S-petasin inhibited the
antigen—induced degranulation of b-hexosaminidase but did not inhibit intracellular Ca2+
increase in RBL-2H3 mast cells. S-petasin inhibited the LPS induction of iNOS at the
RNA and protein levels in mouse peritoneal macrophages. Furthermore, s—petasin inhibited
the production of NO (the product of iINOS) in a concentration-dependent manner in the
macrophages. Furthermore, in an LPS-induced mouse model of peritonitis, s—petasin
significantly inhibited the accumulation of polymorphonuclear and mononuclear leukocytes in
peritoneal cavity. This study shows that s—petasin in Petasites genus has therapeutic
effects on allergic and inflammatory diseases, such as, asthma and peritonitis through
degranulation inhibition in mast cells, suppression of iNOS induction and production of NO

in macrophages, and suppression of inflammatory cell accumulation.

O Identification of a novel anti-inflammatory compound, a-cubebenoate from
Schisandra chinensis

Extracts of Schisandra chinensis have been used as an anti—fatigue and tonic agent.
Because chronic fatigue syndrome 1is related to inflammatory and oxidativestress, we
assessed whether Schisandra chinensis has anti—inflammatory constituents and studied the
effect of a novel a-cubebenoate isolated from S.chinensis.

a—Cubebenoate was isolated from an extract of Schisandra chinensis fruits. The inductions

of inducible nitric oxide synthase (GNOS) and cyclooxygenase 2 (COX-2) by



lipopolysaccharide (LPS) were quantified by RT-PCR and Western blotting in mouse
peritoneal macrophages. Nitric oxide (NO) and prostaglandin E2 (PGE2) were also
measured in the media by Griess reagent and EIA method. A mouse model of LPS-induced
peritonitis was used to test the in vivo efficacy of a—cubebenoate.

a-Cubebenoate (5 - 10 mg/ml) inhibited the inductions of iNOS and COX-2 in mouse
peritoneal macrophages at the mRNA and protein levels. LPS-induced productions of NO
and PGE2 were inhibited by a-cubebenoate (5 - 10 mg/ml). In addition, a-cubebenoate
inhibited the LPS-induced activation of JNK, but not those of ERK and p38 MAPK in
mouse peritoneal macrophages. Furthermore, in the LPS-induced in vivo peritonitis model,
a-cubebenoate (1 mg/kg) strongly inhibited the accumulation of polymorph nuclear
lymphocytes in the peritoneal cavity.

a-Cubebenoate inhibited LPS-induced expression of INOS and COX-2 in a
concentration—-dependent manner, thereby suppressing productions of NO and PGE2 in vitro
in peritoneal macrophages. a-Cubebenoate also inhibited LPS-induced accumulation of
polymorph nuclear lymphocytes in LPS-induced peritonitis model in vivo. a-Cubebenoate
may act as an anti—fatigue constituent of Schisandra chinensis through anti—inflammation

and could be of therapeutic use as a treatment for inflammatory diseases.

3. 3rd Reseach Section

O In research to optimize the extraction process of petasin from P. japonicus leaves by
response surface methodology (RSM), the petasin content was significantly affected by
ethanol concentration, extraction rpm, and extraction time, tending to more increase with
increasing ethanol concentration. The optimum condition for petasin extraction from
Petasites japonicus leaves was 79.92% in ethanol concentration, 178.10 in extraction rpm,

2.06 hours in extraction time, respectively.

O Petasin extracted from Petasites japonicus leaves has been well known to be effective
in the treatment of allergic asthma. This study was carried out to optimize the extraction
process of petasin from P. japonicus leaves by response surface methodology (RSM). The
dried powder of P. japonicus leaves was extracted at ethanol concentrations ranging from
40% to 80%, extraction rpm ranging from 125 rpm to 225 rpm, and extraction time ranging
from 1 to 3 hours. The effects of the extraction conditions on the dry yield and petasin
content of the extracts were investigated using a second-order Box-Behnken design. The
petasin content was significantly affected by ethanol concentration, extraction rpm, and
extraction time, tending to increase more with Increasing ethanol concentration. The
optimum condition for petasin extraction from Petasites japonicus leaves was 79.92% Iin
ethanol concentration, 178.10 rpm in extraction rpm, and 2.06 hours in extraction time,

respectively.
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O Optimal conditions for extraction of bakkenolide B from Petasites japonicus leaves were
determined by using response surface methodology. The response surface plot described for
bakkenolide B content showed that the maximum bakkenolide B content was predicted as
121.6 ug/g at the extraction conditions of 127.1C, 46.6 min, and pH 7.7. The extraction
temperature and time were important factors in case of bakkenolide B content. The
correlation coefficient between the inhibition effect of mast cell degranulation and
bakkenolide B content analyzed by the regression equation showed low correlation

coefficient.

O In research to develope the process for reduction of toxic pyrrolizidine alkaloids from
Petasites japonicus, heating by using warm air and alkali treatment were -effective
methods, however, heating by using warm air was more effective and adaptable method in

industrial field.

O To find the optimal ratio of Petasites japonicus, Lufla cylindrica and Houttuynia cordata
for development of a functional drink, all of which are supposed to have anti-respiratory
diseases effects such as rhinitis, the experiment was designed by mixture design and
included 12 experimental points with center replicate for three different independent
variables (Petasites japonicus 30770 %; Luflfa cylindrica 10730 %,; and Houttuynia cordata
10730 96.). Based upon this design, the mixture was extracted in hot water at 121°C for 45
minutes and observed anti-allergy activity and anti—-microbial activity. The response surface
and trace plot described for the anti—allergy activity showed that Petasites japonicas was
relatively important factor. The correlation coefficient (R?) value 82.10% for the inhibition
effect of degranulation analyzed by the regression equation. Analysis of variance showed
that the model fit was as statistically significant (p<0.05). The optimal ratio of mixture
was Petasites japonicus 0.715%, Lufia cylindrica 011% and Houttuynia cordata 0.14 %.
Anti-microbial activity for each extraction of mixture was valid on gram-positive such as
Staphylococcus aureus ( KCCM 40881 ), Staphylococcus epidermidis ( KCCM 35494 ) while
was less effective on gram-negative such as FEscherichia coli ( KCCM 11234 ),
Pseudomonas aeruginosa ( KCCM 11328).

4. 4th Reseach Section

O To optimize the optimal process of functional drink easing the allergy asthma, the
study was carried out in collaboration with the 3rd Reseach Section. The optimal process
was determined by the research result on the material mixture ratio and manufacturing
process for the functional drink. Trial products (Ist, 2nd and 3rd) were made and carried

out the sensory test. As a result of this test, The final product was finally produced by

- Xl -



the revised material mixture ratio and manufacturing process.

O The gum which contained extraction of Petasites japonicus was developed. Functional
compound of Petasites japonicus was extracted at ethanol concentrations ranging from 30%

to 50% and made in dried powder for the gum.

O Allergic rhinitis i1s one of the most rapidly increasing respiratory diseases in modern
society. The functional drink with anti—allergy rhinitis effect was also developed by using
Petasites japonicus, Lufla cylindrica and Houttuynia cordata, all of which has been known

to be effective in anti—-microbial activity.

- xiil -
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A1 A AE I A7

O ™2l (Petasites japonicus {Sieb. et Zucc.} Max)©= & d|ato] =35t3} v 9&d &3t =
Hozx A AA ¢ 20F0] ok, eyt H9et M9 (Petasites saxatilis
{Turcz.} Komarov, 2t %)) 2F0°] 9o #o= 43 JHS H8oz A8&3ta 9o}
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Petadolex

Butterbur Petasin
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butterbur

g

Petadolex Butterbur
Petasin 50 Capsules

POWER HEALTH
Butterbur 100mg 90
Tablets

FSC Butterbur 58 mg
(Standardised) 60 Caps

- X% 9| (P. hybridus)
B F&E 50 mgl A
petasin¥} isopetasin. 7.5
mg ©°]d 3t

- Pyrrolizidine alkaloids free

- A% (P. hybridus)
el &= 100 mg

- Tablet & 0.5 mcg®]
pyrrolizidine alkaloids &
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A=A F5= 58
mgl 2 XT38t Ao,
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st (8 mg)

B
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FEES TRl Ade

- Pyrrolizidine alkaloids 1%
o5 &

- Urovex Purple Butterbur
Wy 22224 75 mg9
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H 3E A 7T =4 HE X 2at

A1 A AAT BRI EE S T F4 254 34 R

TE T4

1. 99 74 SAHEH FEE0] 6F dAX AEE WA= 9F

Of

RN

(D 4% A=
A% ART ohgA A
2How BRsel dxd o

HS

W 9] (Petasites japonicus Max)E +3 3} A=

Ag =2 ARE-stA

o] 2=
al SX ’
KR
=

(2) AloF
Hexane, dichloromethane, chloroform, ethyl acetate, butanol, methanol %2 ¢}A|%E-& Fisher
Scientific Korea, Ltd. (Kangnam-gu, Seoul, Korea)Z%¥ TH3to] AFE39 o™, Sodium
bicarbonate®} dimethyl sulfoxide (DMSO)E Merck (Darmstadt, Germany)=Z4%-8 T3t
A3t RPMI-1640 medium, polyoxyethylene sorbitan monooleate (Tween &0), cell
freezing medium-DMSO, trypsin-EDTA solution, and penicillin/streptomycin (P/S) £ <&
Sigma-Aldrich Co. (St. Louis, MO, USA)Z%4-¥ CN-diphenyl-N’'-4,5-dimethyl thiazol-2-yl
tetrazolium bromide (MTT)E  Promega Corporation (Madison, WI, USA), Fetal bovine
serum (FBS)¥ Invitrogen Canada Inc. (Burlington, Ontario, Canada)A} =58 T 3lo] AF&

Bow e AMEe AT wWizbA -20°Cel Akl FEUH
1 kg 5,000 ml Erlenmeyer flaskell €3 3,000 ml®] 70% ethanol
(final concentration)& 7}atal 214 7] (Hanil, Bucheon city, Korea)® A&t} Atz Zep~
A E sonicator (Kodo, JAC-4020P, Hwaseong, Gyeonggi—do, Korea)oll =71 % A WA= 24
b v 70% EtOH 3 L& 7hshe] 23] ¥ FZE383ith 70% EtOH F+&=29 §E 45C 9
5] %4k 7] (Heidolph, Rotavapor 4000, 91126 Schwabach, Germany)oll 4] <4k 3t

A7 F7ksko] hexane, EtOAc, BuOH ¥ FT/HFT2 &2k &d3ste] o, 949, 749 hexane,
EtOAc, BUOH % TH/4 FE2ES Ao (Fig 1. 479l %+ DMSO= 34 (3125 1
g/ml to 100 pg/ml3ate] Mzl AFE&ES ZASHA

¢

o

(4) ME WF
AGS (human gastric carcinoma), HepG2 (human hepato cellular cancer), HCT-116 (human
colorectal cancer), ¥ MCF-7 (human breast cancer) cell2 RPMI-16409] 10% FBS, 1%
P/S, 10% fetal bovine serum, 100 IU/ml penicillin ¥ 100 pg/ml streptomycin (Invitrogen,

_5_



Carlsbad, CA, USA)7} 7 wjA oA a]gstdtt. & A+ Korean Cell Line Bank®
FE Eodolad Abgsldt. Z7be] AlE+= 25 ecm?2 tissue culture flasks (SPL Life Sciences,
Hwaseong, Gyenggi-do, Korea)oll A/l wj&fstslon, % 95%, CO2 5% % =% 37C=2 x4
H CO2 ¢l5H o] g (Sanyo Electric Co., Ltd., Moriguchi, Osaka, Japan)oll A w93} t}.

(5) AxX BEE A7}
oz Erd He —%%U% 96-well plates (SPL Life Sciences, Hwaseong, Gyenggi—do,
Korea)dl # 713k o8 F&=E& (3.125, 6.25, 125, 25, 50, 100 pg/ml<= #H7}ste] AEAE=SS
ZAeA T AlEE 104 cells/lOOul/welli skt 652 AMEE 96 well plateol 4] 24 h
B9 37C, 5% CO2 o= 3L st & 7 5% Hg 1 ROl 555 449 &
T2 Agstdrt 24 h wigst xS PBSE AlHsta MTT €92 ng/m)S  #H71ste] 3 h
Fot vk A7l & AAHE formazans DMSO9] =9 570 nmoll A =A 3t} o} FAE A

2 37 g HZAIES gRToR 9 100% 7oz ol Aol AY AESS I}
ATt

WeE <, <
tt (Fig. 1). 7

1 = R4 q—% [e}
7‘4‘&0} Za= %1" 70% °ﬂ e FE5E 1 Lol hexane 1 LE #H7Fste] 2A17F &9t HFX] 3o &
> =, o o
Ao F& F3F9
7

90 g, BuOH F=%
Aot (Fig. 12 Table 1). &
H o] hexane FE % 099 g, EtOAc &5 033 g, BuOH FEE5& 618 g ¥ & F&&
gol Attt 7 9] hexane F=&2 1.03 g, EtOAc F

g % & FEE2 4131 gololdlen, & FEE2 5333

o|2AT}t. Hexane FE=ES A9 FEE0] 13.06 go=A FH <4 oF 108 ol B3he

33 gomA o 6wl olshz FHB9 Fe] AUk BuOH F%
!



| Wild Petasius fapomcus |

1
L] L] L]
Leal (L Palicha {F) I Rhizome [R) |
¥

Girpuned L, P, R with blender

1
L. P and R axtract wilh 700% E1OH in
sonicator for 2 hirg hres Bmes

1
Evaparabe L, P ard B EEOH
eatracts with robary evaporator

1
Partition L, P and R exiracts with haxane,
ErD#dc, BuOH and waler thres limes

[ Rhizome E1GH exiract |

Partfion wifh henra
o ey

Laal EtOH extract | Patigle EVOH extract

Bariin Wi Fenang
Tred Limed

i | I T
LH axtract | Aquieaius | | PH axiract | Arjisus | RH axiraci || Aduaous
Farition wits EFDA Parinoe with P with EXDAL
Fras bme . JERDAL W i B
' ' L :
| LE extract || Aquecus | | PE extract |[ Agqueouws | | RE xcirmc | Agueous |
Partsn wit BuOH Partten with BuDH Partfor sl BuiCH
trres i—ns fhrea bmes thrme Sran
[ LB eiract || LW sxiract | [ PB exiract || PW exiraci | [ RE exract | [ RW ewtract |

Fig 1. Systematic extraction of various parts of Petasites
japonicus MAX with 70% ethanol and successive fractionation
with hexane, ethylacetate, butanol and distilled water.

Table 1. Yields of hexane, ethyl acetate (EtOAc), butanol (BuOH), and aqueous
extracts of leaves, petioles, and rhizomes of Petasites japonicus Max.

Contents of extracts (g/fresh kg)

Plant parts

Hexane EtOAc BuOH dH,0O Total
Leaf 13.06 1.90 4.61 18.60 38.17
Petiole 0.99 0.33 6.186 26.05 33.55
Rhizome 1.03 1.75 9.24 41.31 53.33

One kg aliquots of fresh leaves, petioles and rhizomes were extracted with 709 ethanol for 2 hours
three times. The total extracts of each part were then further partitioned with hexane, ethyl acetate,
butanol and water. Finally, the extracts were obtained by recovering the ethanol in an evaporator at
45°C.

A, 9 % 24 FEE ARG vuwshy] 9ste] A TLCEe] S-S nlgroiA wva
st A3} (Fig. 2), hexane?} EtOAc F=E9 A2 A, 99 % 24 F5& 1o Fdst A

o] 7} k3t

2 B



D:A=855 D:A=8515 D:M=855 D:M= 8515

FRL F R L F R L P R L

g, 23, 949 hexane ES& TILC

D= 100 D:A=955 D:A=8515 D:M=955 D:M=288515

F R L PR L P R L P R L F R L F R L

g3, 23, A Et0Ac F&& TIC

Fig 2. Compare with hexane, EtOAc, BuOH and aqueous
extracts from leaf, petiole and rhizome of P. japonicus Max.

Wele] o W W =79 hexane, EtOAc, BuOH % & FZES5 99 (AGS), 7re+
(HepG2), &< (HCT-116), F3< (MCF-7), &% (B16F10) ¥ Sarcoma-180 A 3ol
3k IC508 FAFaIth (Table 2). 29| hexane F&E9 IC50& HCT-116 cells #<]3tar
60 pg/ml=A] et &¥37F =9tk EtOAce] 9% FEE2 659 hAlxel diaiA 20 pg/ml
24 g & g37F =9k “Hﬂiﬂ EtOAc F%Z& IC50& 45-75 pug/mlEA =7+ A= o
], 9] EtOAc FEE2 B of thafAl °F 95 pg/ml=A wig- e 3¢ &35 HA
t}. 12y BuOHSF &9 <9, <7 FEE9 IC508 100 pg/ml o)A o2A dgot &
#7F S

. l-Ll

Al
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Table 2. IC50 values of AGS, HepG2, HCT-116, MCF-7, S-180 and B16F10 cancer
cell lines induced by hexane, EtOAc, BuOH, and aqueous extracts obtained from

leaves, petioles, and rhizomes of P. japonicus Max.

I 1
Solvents Pla?t Canlug/ml)
parts AGS HCT-116 B16F10 MCF7 S-180 HepG2
Leaf  27.56+0.36 >100 44.77+1.81 21.53+1.05 60.25+2.48 431+0.15

Hexane Petiole 30.94+0.24  39.67+1.92  2859+0.62 31.56+0.81 39.32+0.90 27.31£1.42
Root 21.94+030  63.20+0.38  34.45+0.51 20.47+2.17 43.52+1.70 10.69£0.35
Leaf >100 >100 >100 99.36+1.71 >100 94.57+2.71
EtOAc  Petiole 16.50+0.57  13.51+£0.62  12.65+0.52 14.06+0.23 20.85+0.06 16.66+0.88
Root 44.89+0.22  61.39+1.23  49.67+1.03 57.26+1.48 75.09£2.71 58.57+2.81

Leaf >100 >100 >100 >100 >100 >100
BuOH Petiole >100 >100 >100 >100 >100 >100
Root >100 >100 >100 >100 >100 >100
Leaf >100 >100 >100 >100 >100 >100
dH0O Petiole >100 >100 >100 >100 >100 >100
Root >100 >100 >100 >100 >100 >100

A, Hexane stracts

. AGE Hipa ©  HCT-118 * WICE-T

-
——
-

TSGR IS

...... s [ et

[rm pe—
gk

B Etfiyl acetate axiractd

AdS i Heps2 . . HCT-118 " MCE-T
i == = L o eyl
i - S -H""\-\... e T T "'-\.:\
} \ '\_\.\'_ . 1‘\\.
— o ] — ——
_____ e § [ e = 1 . - v
L. Butamsd extracts
AGE — Hepa2 HET- BACE-T
:I _‘_*_.:-_—1— - Pj_ " : .-&:__-i:_:—--‘l . g
—— — —— = - —— —_——
ey == — = -3 . -
| =
——— 0000 e o i —
0. Aquecus extracts
AGE Hapdl HET-116 “ MACE-T
—r— "——*:‘:—-:.—-—-_'_-
| ———=] sl " e —

Fig 3. Viabilities of AGS (human gastric carcinoma), HepG2 (human hepato
cellular cancer), HCT-116 (human colorectal cancer), and MCF-7 (human
breast cancer) cell lines in the presence of hexane, ethyl acetate, butanol

and aqueous fractions of P. japonicus extract.



[HE2 [HCT-116) - Y 2 A WM ===

Fig 4. Rhizome extracts of P. japonicus induced morphological changes in HCT-116,
MCF-7 and Sarcoma-180 cells (X 200).

Cells were treated with increasing concentrations of rhizome extracts for 24 h and their resulting
morphological changes were recorded. Vehicle control and 0.5 mg/ml of rhizome extracts treated
cells showed normal cell architecture. Few cells in rhizome extracts 50 pg/ml treatment showed
rounding. The rate of cell death was indicated by the shrinking of the cells, and the appearance of
broken cell membranes increased with increasing concentrations of rhizome extracts at doses of 100
ng/ml.

AHA A 718 H 9 Bakkenolide Be &= £ X

7b. s 2 Ul

(1) A& A=
AE X9 ok AAeta = WPl (Petasites japonicus Max)E T3k ¢
TAOE et Axg Oy ARE AREStAT M9 AES -20Te AAstd

’

Oy HC
te o
ko ok

(2) AleF & 717]
HPLC-grade®] &% acetonitrile Fisher (Fair Lawn, NJ, USA)Z%-H G35l A&}
dow. 7 F=7F4E Milli-pore water purified systemolA] 4-& AS A3 th. HPLCO
s = BE fule AF8387] Aol ultrasonic batholl Al degassAlZl tha AFE3FA T A 24
o2 A8 Bakkenolide Bi= & A®o] w9e] owiy FFidste] F2EAT o
S GC-MS (Gas chromatography - mass spectrometry)® X4 98% o] =4S AFEEA

ﬂml

[e)
P =]
TT =

© A
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t}. Bakkenolide Be] F+%+ 1H-NMR, 13C-NMR, 2D NMR % MS spectral dataE ©]-&3}
of oln] BuH Az} Hlwste FHaI T IH-NMR, 13C-NMR, ¥ 2D-NMR<] spectrai=
Bruker DMX-500NMR spectrometer(Bruker, Billerica, Massachusetts, USA)Z4] TMSE W
o FZEEAESA olsAgE  SAHsAY. =4d& eFddstyl g column
chromatography-& silica gel (60-200 mesh)-& Merk (Darmstadt, Germany)At=E 5 € < 3}
A5

(3) &4 W

Bakkenolide B2] 412 vacuum degasser, quaternary pump, thermostated oven device %
a variable wavelength UV detector’} 2% Agilent G1100 systems (Waldbronn, Germany)
o5 FEA43th Chromatographic datat™ Agilent chromatographic Work Station software=
o] g-3lo] FEA3SIth Bakkenolide B HPLC#41e Luna C18 column (5 um, 150x3.0 mm
i.d. Phenomenex, Torrance, CA, USA)E ©|&3lo &wx271-& acetonitrile - water (0 to 100)
o FulZ 358 FoF A TE Sample> 10 ul injectiondt om, Zreleo] %= 30T,
mobile phase? flow ratei= 0.4 ml min-122 ZA3}e] 210, 215, 235, 254 nm and 360 nmol
A ZAbesE o

(4) Calibration curves, limits of detection and quantification®] =73
Bakkenolide B¢ Z+%4 20 mgS 2 ml methanolol] oA stock £H o7 AFE3FA T}
Stock solutione THE3F 55 % o)Ak (500, 250, 125, 625 % 31.25 mg/ml) o &2 3] 3}e] 3utE
O 2 A calibration curveE T3t 37 A A4 (regression equations) y=ax+bo. 2 UE}U
Rom x = peak area®lA S ™, v = contents of compound®] 1t} Bakkenolide B9 3|4 5%

£ o] &3} limits of detection (LOD)<} limits of quantification (LOQ) kS T3} t}.

(5) Precision, repeatability 2 accuracy =73
Bakkenolide B ¢ dS wgh&e] 3243 & &33to] #lx¥ Bakkenolide B EF8& 42

2 A & A (repeatability), 424 (precision), & (accuracy)s =43

. 23 2 a3

FLel2r] E5o =2 He AFS A fEiAe AR EY FHol =& A
Hal= Aol Foru Fasith. wepd WY FdddEr] 2 = Fa A
bakkenolide B$} petatewalide B¢l 3#S HPLC %715 & 93&9t}t. bakkenolide BeF
petatewalide B9 %<& =4d 4 9= HPLC ¥4 Luna C18 (2) column (150 x 3.0 mm
id, 5 m particle size (Phenomenex Inc., Torrance, CA)S. 2 215 nmolA 435S o] +
72 A Eo] BEE HAaE A& £ YgArk ey 7S Rud 2o w REsgs 4G
e F Aio] stue vaE #FHAT.

-I U

e
Mz b
ro
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Table 3. Values of correlation, regression, LOD and LOQ of bakkenolide B and
petatewalide B from P. japonicus leaf.

Compounds Correlation (r?) Regression LOD LOQ
Bakkenolide B 0.987 y=14372.0x+7857.9 1.472 4471
Petatewalide B 0.999 y=14372.0x+7857.9 1.453 4.404

wEba B oAoA e wyor mE 495 EH 1Y thow 8¥7bA A=V U
Lo ® LRt A3 the bakkenolide B¢} petatewalide B9 $F#FS FAFsFSiTh.

(1) =99 A A7E o, 9% 2 2734 Petatewalide B2 3%
Hel AFH A7 Aol M petatewalide Bo ke Hlalgh A3, 697 = ol Frbetth
7F, 78 ol Fell= ol A9 filth AWM= TEol Fae AlEA oF 02%=A v
okttt WA Ao A= 59 ol HddlE 02%EA w9 v oy 69 ool HA FUHeA

.

Petatewalide B in leaf

0. 10
0030
0080
o070
O.0=0
Ouos0
0.0a0
0030
o020
o.010
0000

mg/100 g freshweight

&, i Bday  lune Bulky August
Rlomth

Fig 5. Seasional change of petatewalide B from P. japonicus leaf.
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Petatewalide B in petiole
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Fig 6. Seasional change of petatewalide B from P. japonicus petiole.

Petatewalide B in rhizome

O.X1z20
==
‘_5. Q. 400
= p.oso
=
‘: O.0o=0
(- ]
S 0.080
i
"E 0.020
el N B

Apmll Bay June Buly  August
ot

Fig 7. Seasional change of petatewalide B from P. japonicus rhizome.

(2) M9 AH A71E o, 98 R 2794 bakkenolide B9 %
AH AAE A, 9 2 Aol A bakkenolide Be ##S wlmd A o fdW = 2

FollA 4ol 8E7EA FFo] HlHHoR AT A A= 4€el bakkenolode B
skako] 0.3 mg/100 g AAlFold Aol Ho= oF 1/32 #FA3te] 01 mg/l00 g BA|FTo =2

I
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Fig 8. Seasional change of bakkenolide B from P. japonicus leaf.

Bakkenolide B in petiole
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Fig 9. Seasional change of bakkenolide B from P. japonicus petiole.
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Bakkenolide B in rhizome
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Fig 10. Seasional change of bakkenolide B from P. japonicus rhizome.
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Petasitus japonicus
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Houttuyrnia cordata (HC)
dried powder (1 kg)

Extract with hexane 3L in Sonicator x 3

Hexane ext
(39.79 g)

Residue

FtOAC dxt
(8.58 g)

Extract with EtOAc 3L in Sonicator x 3

Residue

MeOH ext
(11843 g)

Residue

Fig 12. Successively extraction form Houttuynia cordata (HC).
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