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ABSTRACT

Analysis of anti—cancer effects of Anthriscus sylvestris
Hoffmann aqueous layer on subcutaneous xenograft

nude mouse tumor model

Bo - Ram Park
Advisor : Prof. Chun Sung Kim, ph. D.
Department of Dentistry,

Graduate School of Chosun University

Objective : The anti-cancer effect of Anthriscus sylvestris Hoffmann aqueous
layer (ASAL) investigated by subcutaneous injection of KB human oral cancer cell

and A549 human lung cancer cell of xenograft nude mouse models.

Materials and Methods : Cell viability and cytotoxicity effects were evaluated by
MTT assay after ASAL treatment for 24 h. For western blot analysis, primary
antibodies such as phospho-p53 (Ser 15), phospho-ERK 1/2, EGFR, phospho-EGFR
(Tyr 992), phospho-EGFR (Tyr 1045), phospho-EGFR (Tyr 1068), Bcl-2, cleaved
caspase—3, cleaved caspase—7, cleaved caspase—8, cleaved caspase-9 and poly ADP
ribose polymerase (PARP) were used in vitro and in vivo. KB oral cancer cells and
AB9 lung cancer cells cultured and subcutaneous injected them to nude mouse.
ASAL was administrated to xenograft nude mouse tumor model orally every day.
It has been raised and treated up to 17 days and 30 days. Their body weight,

tumor weight and tumor volumes were measured every other day a week.

- viii -
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Hematology and serum biochemistry were performed for the safety assessment of

ASAL in wvivo.

Results : ASAL significantly inhibited cell growth in KB, FaDu oral cancer cell
lines and A549 lung cancer cells in dose-dependent manners without toxicity in
NIH/3T3 fibroblast and primary rat chondrocyte cells. ASAL-treatment cells
showed inhibition of ERK 1/2 phosphorylation in the KB and FaDu oral cancer cell
lines. It also significantly inhibited EGFR phosporylation (Tyr 1068) in the A549
lung cancer cells. Moreover, ASAL inhibited protein expression level of
anti—apoptotic factor Bcl-2. In contrast, activated cleaved caspase-3, cleaved
caspase-9 and poly ADP ribose polymerase (PARP) in the KB and A549 cells.
KB subcutaneous xenograft nude mouse tumor models (ASAL ; 400 mg/kg) and
AB49 subcutaneous xenograft nude mouse tumor models (ASAL ; 80 mg/kg, ASAL
; 200 mg/kg) ASAL treatment groups of were suppressed 40%, 45.6% and 59.4%
tumor inhibition rate compared to non-treatment group, respectively. In addition,
tumor tissues of ASAL treatment groups, poly ADP ribose polymerase (PARP)
cleavage was significantly increased compared to non-treatment groups.
No significant differences in body weight, hematology and serum biochemistry

between control and ASAL (500 mg/kg) group were found.

Conclusion : These results indicated that ASAL may be suppress of cell
proliferation and subcutaneous xenograft nude mouse tumor growth by inducing the
intrinsic and extrinsic apoptotic pathway. Furthermore, it can be a basis

development of water soluble anti-cancer drug.

Key Words : Anthriscus sylvestris Hoffmann aqueous layer (ASAL), KB, Ab49,

Anti—cancer effect, Subcutaneous xenograft nude mouse tumor models.
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F EZ, el BY S ¥ od Age A0R /1%H0] Urk30). A FHR
O

2% Anthricin  (Deoxypodophyllotoxin), Lignin, Anthriscinol ¢ 13, = %ol

=

Isoanthricin, Podophyllotoxin, Angeloyl podophyllotoxin, Morelensin, Yatein, 7-hydro
xyyatein, Anhydropodorhizol, Arctigenin,bursehernin 5= W E3 gad AL
=4, Praeruptorins A, B, C, E, Qianth coumarin D, Acetyl angeloyl Kkhellactone,
Acetyl tigloyl khellactone, Decursin, Nodakenin 52| fuldl Ad 52 2 A2 o|=
AL & B Ads st Avk0). ek A9l Acetyl angeloyl khellactone®t
Acetyl tigloyl khellactone®] &3t&E H&1e] 58 JAEY WMoz 32+ F
2 Z7FA1719, Anthfalcarindiol, Angeloyl podophyllotoxin, Morelensin, Bursehernin
2 b Mo st M= vt Bad bl ui4l, 42). 53] HEel| v

Hol 9= Fadt AE EZ F Anthricin(Deoxypodophyllotoxin)< PC-3 A #HA ¢

A Z, HeLa A 45¢ A 2 SGC-7901 YIUAE 5 theFst A Fol A A EE e
Wl AEF7] oA 2 AEAE #d gd dd Gl o g mFe] tta
B (43, 44)

2 dAFoAes 71 FEAY 4o WA 8-S S5 St LudEY
Ao R Agele] FHE A4 AP AL A FE A HAED A

5]

=
(Anthriscus sylvestris Hoffmann) 258 $84 FEES TEstoH, o=
ALl Eo 5847 FrI&ud digk FAE TAHES dAEd & 7 UEs

AsdG dEel TG AE L A ATl B AZYY A &v o
o

SN
o i
&2 fo ol

Sh
2L

NAe gAsa, TG L A olFolH FEVEE FF RUL ol§dte] T
Bge AAFoEH AZE AAE Fu FEAH FAA A ALe] Fag Aol
Hul, e FAAZA o & HAS AT F ol 7w wpAsng d)
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2 A AMEE HdEes 100% WEE FE 5, &viiEd 3 F8&F
Al A Eol mo] ARSI AlXE v = 10% fetal bovine serum (FBS, GIBCO,
Rockville, MD)3} 1% A Al(penicillin 100 U/ml, streptomycin 100 gg/mé) (Sigma
Aldrich, USA)E 3]43&lo] ALg3icth. 12 @A phospho-Erk 1/2, phospho—p53
(Ser 15), EGFR, phospho-EGFR (Tyr 992), phospho-EGFR (Tyr 1045),

phospho-EGFR (Tyr 1068), Bcl-2, cleaved caspase-3, cleaved caspase-7,

tjo

sAdx

i

cleaved—caspase-8 (p43-p4l), cleaved-caspas-9, poly ADP ribose polymerase
(PARP) antibody (Cell Signaling Technology, Beverly, MA)$ /4 -actin antibody
(abcam)= A3t o™, 22 A= anti-rabbit =+ anti-mouse antibody (Santa

cruz Biotechnology, Inc, USA)E A}-&3}31t}h.

2. A3 S8 FEE(Anthriscus sylvestris Hoffman aqueous layer,
ASAL) £¥

B Ago AME-H HZ(Anthriscus sy]vestn's Hoffmann)+ ##dgE SAt=
AAAE AEZ 20149 Fo AFHI AEE AetAT. A Az dy FU|=

AAsEAL et do] olgde AAF Az ste Agol Agsidt. A=

o
2
2

By 500 g2 VIS olgste] HA B T 5 09 100% HE2S H7Fshe]
56C incubatoroll Al 48A17F &<t &% FE39Y. E-EES AHRARE AqFHE H,
APeF7z sFete] guls SLAA I 50 gof : eEE

ChA] daE Frkste] 5970 200 meo] =
mhaxane, ethyl acetate, mbuthanol =22 Ztz} 33)|% THo =z RIFslo] &
5ot tkFig. 1). HF T35S B0ColA 24~48X3F #2410 x Ao, F&st
AEE 20ColA WE masigich, 228 ¥ ASALS g9 1 ml
e A8E FdssH

1o,
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Dried roots of Anthriscus sylvestris Hoffmann

¢

Extraction With methanol

é

Vacuum evaporating

&

Lyophilization
<

Crude extract (Dissolving in distilled water)

Add ethyl acetate fraction (x3) .

Add n-buthanol (x3) .

\ 4

Aqueous layer (ASAL)

Fig. 1. Isolation and partition from the Anthriscus sylvestris Hoffmann aqueous
layer (ASAL). Extraction and solvent fractionation of ASAL using mhexane, ethyl

acetate, and n-buthanol.
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3. High—performance liquid chromatography (HPLC)E 9]
584 2ZE(ASAL)E ¥4

TS A9 ARE 22 3 @ ASALS dEuF 1wl 250 mg sEE &35
045 m syringe filter® o33k & EA8L HPLCE E4S F3sAt. EAA| "1
Agilent 1100 series HPLC system (Agilent Technologies, Palo Alto, CA, USA)<&
o] &3od CAPCELL PAK C18 AQ [10 mmLD. x 250 mm (SHISEIDO Inc, Tokyo,
Japan)1ZH S A&t HPLC ol €vl2 slovent AT ®|irs, solvent B
100% ™etesS AFg3te] 129 5 me F&Ho=2 &&39th(Table 1). HPLC
42 210 nm, 230 nm, 250 nm, 280 nme UV spectrumol A z}7}te] 1=aE
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Table 1. Instrument and operating conditions

chromatography (HPLC) analysis.

for high—performance liquid

Items

Conditions

HPLC System

Agilent 1100 series

CAPCELL PAK C18 Cat. No. 92075

Column
TYPE : AQ 5 um, SIZE : 10 mm LD. X 250 mm
Flow rate 5 ml/min
Injection volume 100 w1l
Mobile phase 5 ml/min
Gradient Time [min] % A % B
5.00 95.0 5.0
65.00 30.0 70.0
66.00 5.0 95.0
69.00 5.0 95.0
70.00 95.0 5.0
80.00 95.0 5.0
- g -
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4, A xe)g

41 A F TRE ATF AT

KB, FaDu A%+ American Type Culture Collection (ATCC, Manassas, VA,
USA)el A 93tk KB, FaDu A%+ 10% fatal bovine serum (FBS, GIBCO,
Rockvile, MD, USA) % 1% &AA(100 pg/m¢ penicillin, 100 Unit streptomysin)
(Sigma Aldrich, Michigan, USA)7} % Dulbecco’s Modified Eagles Medium
(DMEM, GIBCO, Rockville, MD, USA)S AF&3td o, 37T 5% CO, 713} A

uh ¥t

4-2. At 3 S AEF A EZeF

AB49 A= ATCCOlA Tttt 10% FBSSE 1% A8 #17F 3% RPMI-1640
medium (GIBCO, Rockville, MD, USA)& AH&3F o™, 37C9 5% CO, Z3}ol A

¥t

4-3. AFA & wio} X HAfolAEF AEu|Y
NIH/3T3 AM3EZ+= ATCColA F43tA T 10% FBS9F 1% SAA7F &2
medium< AFEEF O™, 37C 9 5% CO, Z7A3dFol| A k&l o},

4-4. 8F & 2d dSAXE £ H AXHF
A5 54 © dAol COE Folste] vwiAsta, & @4 F

)

s =3AAH B4

F9E AASAT. AFHT ALFE A4 S5 %ﬁ 2 33 MAst, ME7IES
ANAs7] ko] 1% collagenase type II (Sigma Aldrich, Michigan, USA)<} 0.25%

trysin-EDTA (GIBCO, Rockvile, MD, USA)& 45 H7bste] 37C9 5% CO,
o4 2417 BSF WwEHATh W F, A4 §F Sow MAGUA &

71 248 A AASty, d= HFET G olE 1,300 rpmeZ 5
=

r-{m

oo
2
=
el
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>
)
4
v}
M
an}
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e,
o

jus)
——
o2
flo

10% FBSeF 1% &AA7F /¥ DMEM/F-12 medium (GIBCO, Rockville, MD,

USA)E& A&t om, 37C 9 5% CO, st A vl ¢Fstsitt.
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o

5. AEEA A

ASALel o3t AMEEAHL MTT assay [3-(45-Dimethylthiazol 2-y1)-25-
diphenyltertrazolium bromide] o= H&sATE 12 well cell culture plate©l
3x10° ¥ 2 seedingdtil 12A]17F Fo ASALS tst 5% (0.1 mg/ml, 0.25 mg/me,
05 mg/ml, 0.75 mg/ml, 1.0 mg/ml, 1.25 mg/ml, 1.5 mg/ml, 1.75 mg/ml, 2.0 mg/ml)= =]
sttt 24A17F W8 12 well plateoll = wiFHS AAstL QA 2F RO
ZPRA AAT F 950w AE wigde] 50 we] MTT £9(Sigma Aldrich,
Michigan, USA)<& #7tete] o] Tz gy =2 Yil 37C9 5% CO, wik
710l A AAZE gk AAZE §bE 3 it S Al ASHaL dimethyl sulfoxide
(DMSO, Sigma Aldrich, Michigan, USA)E 1 m¢ #7}sle] formazano] &3% %%
7)o 2087 Saskdth. &8 ® OAMESF wigAS 96 well culture plate©l
100 & &7 skar Ak &5 &9 100 s A ske] Microplate Autoreader ELISA
(Bio—Tek Instruments Inc., Winooski, VT)& ©]&3} 562 mm FFLolA AX AESS
SAAT. FFEE MTTZF Ao 93 formazano = #3lE FS UeUT. o &

Z} well9] viable cell =9} thx73}F vl sle] WMES (%)% FEASFA T

_‘IO_

Collection @ chosun



6. AZAE #d duld oy Wst

ASALYl digh MEAbd #d dwd iy s gdolry] 93] 12 well cell
culture plateo] 3x10° A% 4= seedingd}il 24417+ WkS-3Fith. ASALS KB, FaDu
T MEFTS AS49 HS MEFTA 1.0 mg/ml, 1.5 mg/mbs X%HO]-MFL NIH/3T3
AN EFE Husxed 20 mg/mS A gtk 2447 A8 & 12 well plated]
Qe wMgds AAs QA g o=z iAo WH MAF . 0.25%
Trypsin-EDTAS o] &3t MxE FHATh F3¢ AEXLE 1500 rpme = 53
o 94 Egska, pellets FH3lo] Protein lysis buffer (iNtRON Biotechnology,
Inc., Korea)E #H7}s] @widsS HEostdty. ¢ EdolA HE=3 x2S Protein
lysis buffer 1 mbE H7lstal %2 FH7]1& o] &35t A& 4ds &4 3 3
o] 12000 rpmo® 5% Ft €4 skl pellets FHsAoh @A el
Protein lysis buffer® #3F3}aL, 10~20 3] A% 73}A tapping 3 35, iceoll A 30%
REE-akal 12,000 rpme® 15% F¢F A4 E#stke] pelletS A9 FTAE 2L
FHO &7 dMds Aduk. #7] " @S BCA protein assay kit (Sigma
Aldrich, Michigan, USA)<& o] &3to] Wl dS AFst stath 20 pgo] @ AS 8%,
12% SDS-PAGE®] 1X running buffer (25 mM Tris, 192 mM Glycine, 0.1% SDS)E
°]-§-3t] loading ¥ ¥ 120 voltage= 2A1F &<t A7) %5 st A oA 24
w2 western blot analysisE T3 3t7] 18l WA polyvinylidene fluoride (PVDF)
membrane (Millipore Corparation, Bedford, MA, USA)S wWEgrLd] 587 AA 3
PVDF membrane ¢lo] d7195& +38% A5 vl ol & transfer buffer (25 mM
Tris, 0.2M glycine, 20% methanol)ES ©]-&3}to] 400 mA= 1A]7F 30% =<t transfer
3ttt Aol A PVDF membrane® & transfer® membranes blocking solution (5%
BSA in TBS-T containing 0.1% Tween—-20)< ©]-&3Fo] 1A]7F E<oF wk&-3F3 ). 14}
4] phospho-Erk 1/2, phospho-pb3 (Ser 15), EGFR, phospho-EGFR (Tyr 992),
phospho-EGFR (Thr 1045), phospho-EGFR (Tyr 1068), Bcl-2, cleaved caspase-3,
cleaved caspase-7, cleaved caspase—8, cleaved caspase-9, PARP 2 4 -actin antibody
£ blocking solution@} 1:1000 H]&=2 3s|4st = 4T =7 3ol overnight= HE-S-
sttt 1% &A= overnight 3 %, 1x TBS-T (pH 7.6)5 o]&3te] 3 A4 &haz,
22} @Al anti-rabbit Hi= anti-mouse antibodyi= blocking solution®} 1:1,000 H] & =

=

_’I‘I_
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g sto] 1A WES AlAY. 22k @Al REESAIZ] PVDF membranes 1X TBS-T
(pH 76)& ©]&3te] 3H AAggh & WA w2 stehd3 Al <8 Micro Chemi
(Dong—-il shimadzu Corp, Korea)oll ] ECL kit (Millipore Corparation, MA, USA)<S
Abgete] Tl ] WstE Felsklth

7. AIZALE S FEshy w3}

AEArde] geehs Wsl Foll shuE & A A& inter-nucleosomal DNAS] #4-&
golsl7] GAEES 12 well cell culture plated]l 3x10° A% = seedingd} 3l th.
24 A F ¥ ASALS KB, FaDu 773t A2 2F AlEe] vbpEx]Abe 5221 1.0 mg/ml,
AB49 #t AEFE REEAANE FEQ] 15 my/mlS AP SEATE 2441 AHE &
12 well plateel Q= wiGFHES AAS L 4t ¢kF &Aooz 7PA AFedE 5 0.25%
Trypsin-EDTAS o]l &3t AlxE st 8% AEE 500 1 genomic DNA
lysis buffer (20 mM EDTA, 10 mM Tris (pH8.0), 200 mM NaCl, 0.2% Triton
X-100, 100 ug/ml proteinase k)= &3 A1A 57C incubatorel 1A1ZF &<k §FEA|Z T
IAIZE REg % 12,000 rpm 2 5% & A4 #fste] FFHs R FH &7
w3 F&9 phenolichloroform:isoamylalchol (25:24:1) (Sigma Aldrich, Michigan,
USA) €945 ¥a1 Fd2olA 5F &<t vtk g % 12000 rpme =2 5% &<t
A4EE skl genomic DNAZF 23tel AFdes M=ZE FHA &4 2919 100%
o &h&¥ 1/109 3M sodium acetate (pH 7.00& 2ol -20CelA 1AF ¥k
1A1ZF & 12,000 rpme 2 158 &< 94 #F3te] genomic DNAE &FA At}

=% genomic DNA& 70% olete= 1WH AAS & A4 Este] AEAS AA

pellets AZsIAT. AZH pellets B4 20 W= 3 AA ethidium bromide”}
2 15% agarose gels ©]83ke] UV transilluminator (Spectronics Corporation

Westbury, NY, USA)°lA] genomic DNA #4& #z3}¢]ch

_12_
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ASAL®] &% ‘%Uﬂ 2HE FAs] 98 w8 EdEs AT 20~25 g, 6851
F(Samtako Bio, Inc., Osan, Korea)oll A F13le] Ado] Alg
Atk FES ’5}1/}9] Aol A & 3npH FEsta, HdPs=8 1F AR
Afr2ol HFES o, A9 A4S 2% 23 + 3T, dUlFE 50 £ 15%
k7] 315 10~203)/hr, 12A417F ek F712 FAstdT 2 A9 HEFE & AES
T4 HESF KB9 #H AEF AS9E AT AYFLoR v, nh3
Frule-~o) oot WAt a9l 1x10° cells/mouse A EFE QA9
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ATFe i, AEaelE kg 80 mg, ked 200 mgel ASALS ATFo] 3l
< F | 38 A3 NG 2 A F 2Y HA o
AEED Fo e syolgs 22 F43te 7|53t om, KB o]Fo]4 2

& ASAL A7 Fol AlZY RH 179 RH AB49 o] F ol Frmp9- Fok
2de 30d A HE & vbe2E AN A F, gt EAEe F
o] FA9 =y 2 F¥ oA 23S AU ANE ofy 4

F9Fe] =7](V, mean tumor volume)
] X ©= Zo)?) /2

F9F o4 &€ (TV] tumor vloume inhivition rate)
= 1-(ASAL A9 FF H3 Hargk / Ao S5 Hagh) X 100
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9. Zro] = 7}

ASAL®] tolmA4 H7ME 98 F=
LI RN B B o R R s R
W e A5EE AR FA3AT ngoL;LL% ket 500 mge] WitZ AT
slom, AWTe ke@ 500 mgel ASALS 2897 FEFelstil, 2094 &4

3 - 5}5hH AALE AASATE B Al npeso] Ao A Ao A3 6]
EDTAZ} €+ bottled] @& AFAsta 7PEAl &S0 EDTA®H Holkes 3o
ofo] o] Wol my AT, Fdoelatd AR wWET AP FHmIedl A
: %

S48, i .
AA R dr FH GPT, 94 GOT, Le7d, 22, & guads =43t
HhEEolo] wE telmA g rtE AAISAT AT E ] @91 Table 49 YERH ST

10. A4 A%

BE AYE 33 ol wiEsigon, Ad AL Hy £ 3T AAE ALE
ZAsAY. 4 AT 3] FoA4 HHS ANOVA (Oneway analysis of varienced)
2 AZF %o student t-test= 3+ o™, p-valueZ} 0.05 7] 9Hx, p<0.05)2} 0.01 ==+

(e, p<OOD®] AN BAH fro4e] sz Alow e,

- 14 -
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m. 2 3

1. A% 84 FEE(ASAL)Y HPLC &4

=Ry

4
1
el

ASALS S o]g3te mb ¢ 250 mgo® &3lste] olFAt vl "4t
100% Wetes o] g3t £9 5 me F&Fo= FASAtHTable 1). ASALS] 7 &l
A UV ads AdAskr] sl o2 7hel sl 210 nm, 230 nm, 250 nm,
280 nm= Z}7}F HEskelow, zhzbe] UV sl A o 7hA A7 dart A=
=tk 230 nm¥ 250 nme] ¥ ZNA vl S YEFIATE 250 nme] 3] F ol A
o =4 HZE2HAJY 210 nmeF 280 nmel A+ 230 nmeF 250 nme] Il A H T}

o

veret W=k A% H9en, o e mAUS ualth ol#de 93k ASALY teba
ol Fhsol A AAATHFig. 2.
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Fig. 2. High—performance liquid chromatography analysis (HPLC) of
Anthriscus  sylvestris Hoffmann aqueous layer (ASAL). The HPLC
chromatogram of the ASAL detected at (A) 210 nm, (B) 230 nm, (C) 250 nm, (D)
280 nm. Separation of the ASAL achieved at 45° C on a CAPCELL PAK Cl18 AQ
column with dimensions 10 mm. x 250 mm using a one step linear gradient and
flow rate of 5 m¢/min. Mobile phase A is an water and mobile phase B is 100%
methanol ratio where changed run time was 80minutes. Gradient elution separation
of ASAL. The initial mobile phase is 95.0% A and 5.0% B. The percentage of

mobile phase B increases in 5 steps.
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2. A% 784 FE=(ASAD)Y] He =W dSAX Al 54 BT}

= ] } g}, ASAL/] A AL ] "Hd AxEdd A &B3s Flstr] 98k

=3
AxE=dol A8 gl WAL 20 mg/mt AAE Hil s2 dAs] & dde 1

_‘I7_
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Fig. 3. Cytotoxicity effects of Anthriscus sylvestris Hoffmann aqueous
layer (ASAL) on rat primary chondrocyte cells. The cytotoxicity effects of
ASAL on cell viability in rat primary chondrocyte cell was treated with various
concentrations (0.5 mg/mé-5.0 mg/ml) of ASAL alone for 24 h, and viability was
assessed by MTT assay. percentage of cell viability was calculated as a ration
of 562 nm. Data are presented as means + SD of three independent

experiments.
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TE&4 FEE(ASAL)Y Wd KB, Fabu 772 AEF A=

ASAL® 9]3t NIH/3T3 A2 AdfolAxT9 Ax=4d H7kel KB, FaDu 74%
AEFe] Mg oA 9 ke XAbES #Estr] 98] ASALS ohds % (0.1 mg/me,
0.25 mg/m¢, 0.5 mg/ml, 0.75 mg/ml, 1.0 mg/ml, 1.25 mg/mlé, 1.5 mg/ml, 1.75 mg/ml, 2.0 mg/ml)
Z 24X A2l $, MTT assaye T3ttt 2ol A=AMxEe] Aol w7 =
NIH/3T3 A& Aot 250l ASALS 2.0 mg/mé 744 A2k Aol Ax Y=&
o] Wslrt gldlom, o= NIH/3T3 A& AlfrobAlzFo ASALo] WX+ A|3E=7d 0]
o= G 5 vk v NIH/3T3 A frobAl 259 22 =2 KB, FaDu 774¢
MEFo] ASALS AHEldlS w, 025 mg/mé HE|$ KB, FaDu T4 A EF ol A
°F 20 %9 MEA Gl JAHNLH, Tt mope Wt sk gFEHoRE A
aR7F F7rke UEhide 7S AlEFel A ASALS MEAE JAZE oF 50%
Al Fave v AAbFo] KB 74 AlEs 1.0 mg/meelR o™, FaDu 74¢ AlE=

1.0 mg/ml 9 & & AAH(Fig. 4).

_19_

Collection @ chosun



-— KB
-=-FaDu
140 1 =<=NIH3T23

100

1)
I

80 -

60 -

10 |

Cell viability as control (%)

Control 0.1mg 025mg 05mg 075mg 10mg 125mg 135mg 175mg 20mg

Concentration of ASAL (mg)

Fig. 4. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
cell viability and cell death in NIH/3T3 fibroblast and KB, FaDu oral cancer
cells. The effect of ASAL on cell viability in KB, FaDu oral cancer cells and
NIH/3T3 fibroblast were treated with various concentrations (0.1 mg/mé-2.0 mg/ml)
of ASAL alone for 24 h, and cell viability was assessed by MTT assay. ASAL
reduced cell viability in KB, FaDu oral cancer cells in a dose-dependent manner.
The percentage of cell viability was calculated as a ration of 562 nm. Data are

presented as means £ SD of three independent experiments.
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4. AZ 84 FE=(ASAL) WHF KB, FaDu T3¢ AXF9]
3 W DNA £43

ASAL®| ti3] KB, FaDu 7-7¢F Al32F2] gk Abgko] oF 1.0 mg/ml s &lgh vt
(Fig. 4), ASALl| 9Jgt KB, FaDu 774 MEF2 AxAbde] & o Jejss wsiel
DNA #4315 ASAL 1.0 mg/ml A2 Fo #&pdh AxEAEe] 7] HdE iAo =
A g-=87] 74 Z(death-receptor pathway)®} AFHA| 7 Z(mitochondrial pathway)”}
Z g Ee] Atk AAEA ARe AEAREE AEAE ¢ (cytochrome o7F f&%
T, @AIAQl caspases?] A3 E T AIE AF B3 A g4E A ALY
Al o 2ZH HFEA OS2 endonuclease’t E/dstE o] & U] DNA 4 (fragmentation)<
do A #rh45). ASALS KB, FaDu 774 AT wrxARER] ¢F 1.0 mg/mé-S
24X A 2lste] genomic DNAE #7195 Atk ASALS A A &2 A4+
+ DNA 43t g Abvke] moFo] yepuA] ko, ASALS 1.0 mg/ml
g diZ2atol A= DNA #4st7t Fs8istAl @2 Ath(Fig. 5). o]= KB, FaDu
b AT A ASAL o3 AEAFG AT AMEAPE 71l st Aot
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Figure 5. DNA fragmentation induced by Anthriscus sylvestris Hoffmann
aqueous layer (ASAL) on KB, FaDu oral cancer cells. (A) The KB, (B) FaDu
oral cancer cells were treated with or without ASAL. And then, genomic DNA
were isolated, Quantification the electronic porosis on 15% agarose gel
electrophoresis with ethidium bromide. After that time, genomic DNA ASAL
observed using a UV transilluminator. DNA fragmentation was induced in 1.0 mg/ml
ASAL treated KB, FaDu oral cancer cells, which indicates cellular apoptosis.
M = 1kb DNA marker; Con’ = without ASAL; ASAL = with 1.0 mg/mé ASAL,

24 hr incubation.
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KB, FaDu 74 AXFe A% A5 dovls A4 711 5 AxAde #x
2 4#A Q= caspase family S H o] 349 dAIE B7] 8l AlE W caspase-3
protease®] 7]d Tl PARPO HAd HEE western blots &3 st
PARP:E= & oto] &A3HA £A4E DNAS Eo #Adw @z 24 caspase-3
proteaseol] °J3] 116 kDa Z7]¢] @l o] Aol 8 kDa®] WA Z WSl
o] ddtg #E= Zom AFAEO FREHISTS ¢ F UTH46). KB, FaDu
T MEF ASALS 1.0 mg/méES A shal, NIH/3T3 X2 Afrobal 2o
ASALS 20 mg/me® Fx= 24A%F A2 5 @id Bds ALeE vusith
NIH/3T3 A& AdfrebMZzFe4 ASAL AHgtA & w3 ASAL 2.0 mg/ml A &g

il

i)

o Hlus] HokS W, cleaved PARP ©ild &4do] {iss dAtS #FE
AT o= NIH/3T3 A< AfrobAl 50l ASALC 9|3k Al ZALE ] FrvA] Fas

AAFEEE KB, FaDu 779 AlZFo A= ASALS Al oA PARP] Ztto]
doji} cleaved PARP @z wddo] G4ty o] gdd] F7HEATHFIg. 6A).
Cleaved PARP ©@¥ld e A g Fall4 KB 74 AlZFod e ASALES A2l 8HA
g2 ol Hlal ASALS A2 el oF 30 Ak, FaDu 4% AlZFoA=
oF 40} Ak ASALel ofsf MZEAPEC] FRHIA dFS S8 F vk v ASAL

o]&] NIH/3T3 A= Aot 2Fol A= AEAPE o] s ] %3k th(Fig. 6B).
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Fig. 6. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
cell apoptosis and PARP activity in NIH/3T3 fibroblast and KB, FaDu oral
cancer cells by western blot analysis. (A) Western blot analysis for the
expression of cleaved PARP in KB, FaDu oral cancer cells and NIH/3T3 fibroblast
treated with ASAL (KB, FaDu oral cancer cells : 1.0 mg/m¢, NIH/3T3 fibroblast
cells : 2.0 mg/ml) for 24 h, using A -actin as protein loading control. Significant
cleaved PARP (85 kDa) was observed at 24 h after the treatment of ASAL in KB,
FaDu oral cancer cells. (B) Summary of densitometric analysis normalized to
control. The results represent the data of three assays (means = SD). * P < 0.05

and ** P < 0.01 versus the control.
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Figure 7. Anti—cancer effects of Anthriscus sylvestris Hoffmann aqueous
layer (ASAL) on tumor growth in an KB subcutaneous xenograft nude
mouse tumor models. (A) KB s.c xenograft nude mouse models were
administered 400 mg/kg once daily orally for up to 17 days. Tumor volumes were
measured every other day a week using a caliper and calculated as (width)? X
length/2. Tumor volume between control and ASAL treated group was statistically
significantly different at 2 < 0.05 by two way ANOVA. Data are presented as
means £ SD of three independent experiments. (B) Images of KB s.c xenograft
nude mouse tumor models and xenograft tumors obtained from mouse. Tumors

were resected from the mice on 17 day.
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Table 2. Inhibitory effects of Anthriscus sylvestris Hoffmann aqueous layer

(ASAL) on the tumor growth of KB subcutaneous xenograft nude mouse

tumor models.

Tumor size (ur)

Group and dose Tumor Weight (g) | TIR (%)
Begin End
Control 8.25+1.43" | 507.75£2.21" 0.830£0.48" -
ASAL (400 mg/kg) | 8.50+11.81° | 242.06+£2.13" 0.335£0.70 400 %

Data are expressed as means = SEM (n=3); * p < 0.05 versus control, ** p < 0.01

versus control. Significant difference was calculated by on-way ANOVA.
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7. A& T84 FEFE(ASAL)Y Higt KB o|Fo|4 FEwugsr FTF
Z ALY dhilg gy

!
i)
o
B
1%
o
=
I

KB 4% AEZFA ASALS] Aol o] MEARE 3x @<l PARPY

= b
gl A o] Aoy o] cleaved PARP w1z whd]o] A3t A F7lE 2R A EAE O
g g2 A¥(Fig. 6), KB o]&o]2 Fune2 T RdolA A T4
ZHoRHY dMAS FEEste] A XAbEO  #ek whlzd wbd S BASS )

Pro-caspase-9< A XAE O] %7] AlPAZEA HEAIES] AP F
cleaved caspase-9°. 2 &4 3}% o] 72 pro-caspase-3, 72 A o]
caspase-3, 7, & A XEAPES] AgedxE wHETE ASALO] caspased S FEIIEAE
Aset7] f1ste] ke 400 mge] HitTE A7 FAS AT ASALS ked 400 mg=
BT ol 3 Aol T Ao A FeEg G AR o]E caspase®t PARP A&
A&t whald o] Wk WstE vl wskgith. ASALS ke 400 mg= AT o AE
o] AAato| HE] cleaved caspase-3, cleaved caspas—7, cleaved caspase-99]

okl A o] dbgo] F71EFSlal, caspase-37F A& ol ulgl PARP7F AwE o] cleaved
PARP thd o] wrdo] F7bslvh(Fig. 8A). ASAL Aol o3 whujd wdo] A=
S ASALS AHEehA] &2 wo wild wds gz vustelS w, cleaved

A ¢l cleaved

caspase-92 <F 13Wl, cleaved caspase-7= <F 64, cleaved caspase-3= ¢F 8ul,

cleaved PARP2 ¢F 10¥] F71ES wuwd 4 A (Fig. 8B). o] KB o]F ]2
Tk 4 2o ASALS AFFAR A% TSI A a7t AEATE JAHS
% .

=
bl Fpgel AAES A4 B F 9
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Fig. 8. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
the expression of cleaved caspase-3, 7, 9, PARP and cleaved PARP in an
KB subcutaneous xenograft nude mouse tumor model tissue. (A) Protein
samples extracted from the tumors were tested for expression of cleaved caspase-3,
7, 9, PARP and cleaved PARP proteins by western blot analysis. /&-actin served as
loading control. These protein expression changes are implicated in the apoptotic
pathway. (B) Summary of densitometric analysis normalized to control. The results
represented the data of three assays (means = SD). * P < 0.05 and ** P < 0.01

versus the control.
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FaDu AMEFlA = oF 8ul= wwld o] wado] FHAE Itk Bel-29 wdo] 3HAag el
uwte} cleaved caspase-9, cleaved caspase-37} &43l=o] HFH oz & Y PARPY
Aeks Feste] AxAbge] =89S ¢ 4 AUtk ASALS Aol 93] KB 74
MEF 49 cleaved caspase-9°14 <F 9, cleaved caspase-3°4] <F 4u] A=
gl d wyo] FIFE O™, FaDu 749 AlXF9 4% cleaved caspase-9°l A
oF 8ul], cleaved caspase-3°l4] ¢F 11v] AHE= wlzeo] utgo] F7lgS st
1 Ao Aole gz Fom Hweth(Fig. 9). HAFAHOE AZAE o]
ah= 714 @Al PARPO Ao g Qlste] KB, FaDu 77t MEFol| A Al ZAME
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Figure 9. Molecular Mechanisms of apoptosis related proteins by treatment
of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) in NIH/3T3
fibroblast and KB, FaDu oral cancer cells. (A) Cells were seeded at 3x10° and
then treated with concentration of the ASAL for 24 h. Phospho-Erk, Bcl-2,
Caspase-3, 7, 9 were determined by western blot analysis. Whole lysates were
seperated by 12%6 SDS-PAGE. The amount of protein normalized by a comparison
with the actin levels. (B) Summary of densitometric analysis normalized to control.
The results represent the data of three assays (means £ SD). * P < 0.05 and **
P < 0.01 versus the control.
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AMEF} Z2 22 A9 HE AEZF ASALS AgIdS v, 0.75 mg/me A 2]
AB49 H<F MAEFONA F 30 %9 MEAA] JA| HYoH, FE7F ol ueh
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He AMEFA= oF 70% MEAFAo] AdAHES YEFAT. A549 HA Y AZFoll A
ASALSl MEAZF A7 50% A= FAhEH= v AAFS 15 m/mds & F

2l tHFig. 10).
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Fig. 10. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
cell viability and cell death in NIH/3T3 fibroblast and A549 lung cancer
cells. The effect of ASAL on cell viability in A549 lung cancer cells and NIH/3T3
fibroblast were treated with various concentrations (0.1 mg/ml-2.0 mg/ml) of ASAL
alone for 24 h, and cell viability was assessed by MTT assay. ASAL reduced cell
viability in A549 lung cancer cells in a dose-dependent manner. The percentage of
cell viability was calculated as a ration of 562 nm. Data are presented as means £

SD of three independent experiments.
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Fig. 11. DNA fragmentation induced by Anthriscus sylvestris Hoffmann
aqueous layer (ASAL) on A549 lung cancer cells. The A549 lung cancer cells
were treated with or without ASAL. And then, genomic DNA were isolated,
Quantification the electronic porosis on 1.5% agarose gel electrophoresis with
ethidium bromide. After that time, genomic DNA ASAL observed using a UV
transilluminator. DNA fragmentation was induced in 1.5 mg/m¢ ASAL treated A549
lung cancer cells which indicates cellular apoptosis. M = 1kb DNA marker; con’ =

without ASAL; ASAL = with 1.5 mg/m{ ASAL, 24 hr incubation.
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Fig. 12. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
cell apoptosis and PARP activity in NIH/3T3 fibroblast and A549 lung
cancer cells by western blot analysis. (A) Western blot analysis for the
expression of cleaved PARP in A549 lung cancer cells and NIH/3T3 fibroblast
treated with ASAL (A549 lung cancer cells @ 1.5 mg/m¢, NIH/3T3 fibroblast cells :
2.0 mg/ml) for 24 h, using A-actin as protein loading control. Significant cleaved
PARP (85 kDa) was observed at 24 h after the treatment of ASAL in A549 lung
cancer cells. (B) Summary of densitometric analysis normalized to control. The
results represent the data of three assays (means £ SD). * P < 0.05 and ** P <

0.01 versus the control.
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Fig. 13. Anti-cancer effects of from Anthriscus sylvestris Hoffmann aqueous
layer (ASAL) on tumor growth in A549 subcutaneous xenograft nude mouse
tumor models. (A) Ab549 s.c xenograft nude mouse models were administered
80 mg/kg and 200 mg/kg orally for up to 30 days. Tumor volumes were measured
every other day a week using a caliper and calculated as (width)? X length/2.
Tumor volume between control and ASAL treated group was statistically
significantly different at 2 < 0.05 by two way ANOVA. Data are presented as
means £ SD of three independent experiments. (B) Images of KB s.c xenograft
nude mouse tumor models and xenograft tumors obtained from mouse. Tumors

were resected from the mice on 30 day.
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Table 3. Inhibitory
layer(ASAL)

mouse models.

effects of

on the tumor growth

Anthriscus
of AH549 subcutaneous xenograft nude

sylvestris

Hoffmann

aqueous

Tumor size (mr)

Group and dose Tumor Weight (g) | TIR (%)
Begin End
Control 85.10+1.43" | 1706101225 0.840+0.48"
ASAL (80 mg/kg) 53.09+250" | 816.10+2.13 0.496+0.70 45.6%
ASAL (200 mg/kg) 94.81+1.80" | 906.70£1.26 0.606+0.82 59.4%

Data are expressed as means £ SEM (n=3); * p < 0.05 versus control, ** p < 0.01

versus control. Significant difference was calculated by on-way ANOVA.
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Fig. 14. Effects of Anthriscus sylvestris Hoffmann aqueous layer (ASAL) on
the expression of cleaved caspase-3, 8 and Cleaved PARP in an A549
subcutaneous xenograft nude mouse tumor model tissue. (A) Protein samples
extracted from the tumors were tested for expression of cleaved caspase-3, 7, 9,
PARP and cleaved PARP proteins by Western blot analysis. 4&-actin served as
loading control. These protein expression changes are implicated in the apoptotic
pathway. (B) Summary of densitometric analysis normalized to control. The results
represent the data of three assays (means + SD). * P < 005 and *x P < 0.0I

versus the control.
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Fig. 15. Phosphorylation of pb3 by treatment of Anthriscus sylvestris
Hoffmann aqueous layer (ASAL) in A549 lung cancer cells. (A) Western blot
analysis for expression of phospho-p53 (Ser 15) in A549 lung cancer cell treated
with 1.5 mg/ml for 24h, using B —actin as protein loading control. The expression of
Phospho—p53 (Ser 15) significantly increased in ASAL treatment. These protein
expression changes are implicated in the apoptotic pathway. (B) Summary of
densitometric analysis normalized to control. The results represent the data of three

assays (means £ SD). * P < 0.05 and ** P < 0.01 versus the control.
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Fig. 16. Inhibitory activity of Anthriscus sylvestris Hoffmann aqueous layer
(ASAL) on epidermal growth factor receptor (EGFR) in Ab49 lung cancer
cells. (A) Activity of Erk and its downstream effectors as assessed by western
blotting in A549 lung cancer cell treated with 1.5 mg/m¢ for 24h, using A —actin as
protein loading control. The expression of phospho-EGFR (Tyr 1068) significantly
decreased in ASAL treatment. (B) Summary of densitometric analysis normalized to
control. The results represent the data of three assays (means = SD). * P < 0.05

and ** P < 0.01 versus the control.
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Fig. 17. Molecular Mechanisms of apoptosis related proteins by treatment of
Anthriscus sylvestris Hoffmann aqueous layer (ASAL) in A549 lung cancer
cells. (A) cells were seeded at 3x10° and then treated with concentration of the
Anthriscus sylvestris Hoffmann aqueous layer (ASAL) for 24 h. cleaved
caspase-3, 8, 9, PARP and cleaved PAPR were determined by western blot
analysis. Whole lysates were seperated by 12% SDS-PAGE. The amount of
protein normalized by a comparison with the actin levels. (B) Summary of
densitometric analysis normalized to control. The results represent the data of three

assays (means = SD). * P < 0.05 and ** P < 0.01 versus the control.
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Table 4. Hematology values of nude mouse treated orally with Anthriscus

sylvestris Hoffmann aqueous layer (ASAL) for 28 days.

Control (n=5)

ASAL (n=5)
- ) e — -
Hygy FHYF  FHEIZ - di4n Jdz3 g3 FFF 37 ZEF
Group £RE
10%m  10Ymt g/dl % 10w % % % % %

Contral | 125 07 142+ 466+ 6175+ 476+ 14+ 448+ 48+  Ol+
omrol - 17 o4 135 135 B3 654 033 6.41 150 001
ASAL | 12t oL 451+ 451+ 6473+ 391+ 17+ 533+ BI+ 04+
024 104 450 450 1100 581 034 837 110 005

Data are expressed as means £ SEM (n=3); * p < 0.05 versus control, ** p < 0.01

versus control. Significant difference was calculated by on-way ANOVA.
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Table 5. Serum biochemistry values of nude mouse treated orally with
Anthriscus sylvestris Hoffmann aqueous layer (ASAL) for 28 days.

Control (n=5)

ASAL (n=5)
gro g3 GPT g3 GOT IR 2] ZE2HE 3 g9z
Group
g/dl U/L U/L mg/dl mg/dl g/dl
Control 147+ 2127+ 31.20+ 0.01+ T 429+
ontro. 0.04 181 183 0.01 637 0.05
148+ 2340+ 3343+ 0.01+ 7580+ 463+
ASAL
S 0.19 391 162 001 401 0.09

Data are expressed as means = SEM (n=3); * p < 0.05 versus control, ** p < 0.01

versus control. Significant difference was calculated by on-way ANOVA.
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oAM= WA GG AE dAFe 2o wjF A=AlES} vk A2 AfrobAl £l A
ASALS Aelste] AlXZ5AS F7F 3 A3 H 552 50 mg/m7HA Al EEES
obtdl ®Wstyh fIlvk(Fig. 3, 4, 10). %3 F=vk¢-2o] ASALS kg 9§ 500 mg¥
30 Eot Wil B Foste] Frmbg-zo] defstH, A - shehA HApel A E fo S
RERE Apolzb fllem™, ASALC] fEvhe-olM kg B 500 mgZbAl e Ao
HtE At (Table 4). ASALS] AlE54 H bdA &1l §-, ASALS KB, FaDu +
FFo] At MEZE A ZHE KBSt KB, Fabu 774¢% AlEFA

T EH o AXAY oA BE oW (Fig. 4, 3 Wl DAN 423 2 Ax

Gl

AxARe]l $EHE & 4+ ANTHFg. 5 6. TFALE
A

o

b
=

td
o 4 oo

o

i
o 5 shurb EIStelth wE FHZol HY AEAE TE FEAQD AT E o
TGN E FAEIATE ASS BHarste] 7 Hds At A7 oA ol
Ay g ¢ JQuk25, 26). TS vZEAI R AB49 HF Al XTI E ASALC
o 93] TE oEXHow MIEARH A aHE HIAOoH(Fig. 10), & W] DNA
wAs 2 A AME @ a3y WstE 8 AXEAEe] FEREES
(Fig. 11, 12). °1¥ 3 in vitro A3 A¥= =3
TE EES wEo] ¥ AY A E23E < & v AT S V2 E keW
400 mgel ASALS AFFo] 3 Aol oF 40.0%9 FTIHLS AAAAG
(Fig. 7, Table 2). A549 #H ¢t o]Fo]2 FEnk-2~ T4 A= kgd 80 mgol
ASALS AF5Fo g Aol A s 456%, kgd 200 mgel ASALS A+ Fof 3
Aol A= oF 594%°] T4 3= AsfetAth(Fig. 13, Table 3). 71E9 AS &
s & Agste FHdEd A7 Havb Jdom(4d), [z
TFE&4 FEEA gaA sE APRES T3 A4 Baod vk glth o)y Alx
A B FTFET A A 71 dol o]H e o] AFeAE= EGFR 2
growth factor receptor tyrosine kinase?} €/dst=o] Mo F24, A%, #3& =4
st=d F23% 98-S vy HauFa Qom(59), Extracellular signal regulated
kinase (Erk)7} &4 3stxo] 3 W9l cyclin D1 848 fF=3ste] Gl 7194 S 72 Al
EF717F v HA DNA F4S doA Alxe] S, A& 2 23 59 A% 22z
oF AR Avto] Hvkar B g wk AtH60). Wk EGFR 9 Erk A5G A A
o A= & A8 9F e Ao 2 5 Uvh B APdZA Il KB, FaDu
=

4
of 9% E7} Az AGAA JAZ 9 § A3, ASALS
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A% (Anthriscus sylvestris Hoffmann)= &z Zol= Fuid 9 gad AlE 59
Fe Aol frEe o, SHHEH dxE fYE ol&ste] FE, 7], WA,
A4 so RmztaR] AsAZ AREH] vk ey @A kAl g AlEAA
AA B TG A FdtaTel] ik A 158 AeiolH, ddolA AHEE =
2] AV 2844 Edolgts Aol wEt = At ufol] i =/
Mage] & EAR zAgsta Ak olHe EAHES fdsty] Hs HAAE F
TEA A AeF o]l AT sttt 2 AFNA e A5 &8 FEES
5ot 7t 2 A MEAA AEAGG A 2 1 BAH THE Fleta,
o]F ol Fr FF LS o]fste] FUIAHY AA aE FlsAdn
1. A% Wge FFES nmhexane, ethyl acetate, mbutyl alcohol®] &viji-2 2748
A T84 FEES 85360, agilent HPLC chromatograms ©] &3] 84 F&%
o] st s fa= %*—.’3}914
2. A% 784 FEES IAY =d S A=Az Mt 50 mg/me7kA] AlE
=0 M3 glom, Frute2E ol &k FNEH - A5tetA HA AL foE
ek Apol e HolA @t ole HE &Y FEEY FAo dd kS AAE
Ela=

3. s 84 FEES KB, FaDu T4 SA X st sz HZ39 e v, 5%
oEzHog AE AFol JAHIoew, M Yo EA 5= genomic DNAE A3}
Aoz MNEAES FE3tnh ol#d M EAES ERK 1/2 MAP kinases<]

5k caspase 24 AMEAIEO] FEEE EAHA 7] - o]t}

[-40
.
ol
12
2
=

o

4 A5 84 FE=5 AN HEA R S w22 AHgsides W, & oEH
o8 MEAFA] AN, 3 el EAet= genomic DNAE A3} A7 0= A
E
[e}

A A FHAR] pd3 (Serlb) 9]

_66_

Collection @ chosun



A
pu

b5}

el

t1 o™ EGFR receptor tyrosine 10682]

S

Aol fEEE #4H 7)deld

z

4 Al

I caspase &|&

=)
s

Aol 2]

2]
Sai

Wl 4] ok 40%¢]

-

°F 59.4%

1
o

ol A

]

st om, A49 HSE o

PG oA

=
[}

caspase 24 Al

-

AspeA,

A9

L

Aol 2w UE

=

asitt. wer

~
;OO

T

o

)
L

el

ow AlmH.

_67_

Collection @ chosun



s

ok

1. Cannell R. How to Approach the Isolation of a Natural Product, in Natural
Products Isolation, Methods in Biotechnology. 1988;4:1-51.

2. Puni V, Saint-Dic D, Daghfal S, Kanwar JR. Microbial-based therapy of cancer;
a new twist to age old practice, Cancer Biol Ther. 2004;3:708-714.

3. Reddya B, Odhava KD. Bhoolab, Natural products for cancer prevention; a global
perspective, Pharmacology & Therapeutics. 2003;99:1-13.

4. Geissman, Ed. T.A. The Chemistry of Flavonoids Compounds, Scrence. 1962;139.

5. Yasukawa KY, Ikeya H, Mitsuhashi M, Iwasaki M, Aburada S, Nakagawa M,
Takeuchi M  Takido. Gomisin A inhibits tumor promotion by 12-O
—tetra—decanoylphorbol-13—acetate in two-stage carcinogenesis in mouse sKin,
Oncology. 1992;49:68-71.

6. Stefania Nobili, Donatella Lippi, EwaWitort Martino Donnini. Letizia Bausi,
Enrico Mini, Sergio Capaccioli. Natural compounds for cancer treatment and
prevention, Pharmacological Research. 2009;59:365-78.

7. Patil SL, Mallaiah SH, Patil RK. Antioxidative and radioprotective potential of
rutin and quercetin in Swiss albino mice exposed to gamma radiation, J Med
Phys. 2013;38(2):87-92.

8 Sun L, Li E, Wang F, Wang T, Qin Z, Niu S, Qiu C. Quercetin increases

macrophage cholesterol efflux to inhibit foam cell formation through activating

PPAR y ~ABCA1 pathway, Int J Clin Exp Pathol 2015;1;8(9):10854-60.

_68_

Collection @ chosun



o

9. Seo MJ, Lee Y], Hwang JH, Kim K]J, Lee BY. The inhibitory effects of
quercetin on obesity and obesity-induced inflammation by regulation of MAPK
signaling. J Nutr Biochem. 2015;26(11):1308-16.

10. Lee RH, Cho JH, Jeon Y], Bang W, Cho JJ, Choi NJ, Seo KS, Shim JH, Chae
JI. Quercetin induces antiproliferative activity against Human hepatocellular
carcinoma (HepG2) Cells by suppressing specificity protein 1 (Spl), Drug Dev Res.
2015;76(1):9-16.

11. Son DY, Kim Y]J. Antioxidant and anticancer properties of hot water and
ethanol extracts from the roots of Smilax china L, Korean J Food PFreserv.

2013;20(5):691-698.

12. Liou CM, Tsai SC, Kuo CH, Ting H, Lee SD. Cardiac Fas-dependent and
mitochondria-dependent apoptosis after chronic cocaine abuse, Int J Mol Sci

2014;15(4):5988-6001.

13. Chang KC, Lee DU. Vasodilatory effect of the alkaloid component from the
roots of Cynanchum wilfordi hemely, Korean Journal of Life Science

2000;10(6);584-590.

14. Sternberg CN, Yagoda A, Scher HI, Watson RC, Ahmed T, Weiselberg LR,
Preliminary results of M-VAC (methotrexate, vinblastine, doxorubicin and cisplatin)

for transitional cell carcinoma of the urothelium, J Urol1985;133(3):403-7.

15. Darcy JP Bates, Bethany L Salerni, Christopher H Lowrey, Alan Eastman.
Vinblastine sensitizes leukemia cells to cyclin—dependent kinase inhibitors, inducing

acute cell cycle phase-independent apoptosis, Cancer Biol Ther. 2011;12(4):314-325.

16. Masayuki Fukui, Noriko Yamabe, Bao Ting Zhu. Resveratrol attenuates the

anticancer efficacy of paclitaxel in human breast cancer cells in vitro and in vivo,

_69_

Collection @ chosun

BB



Eur J Cancer. 2011;46(1):1882-1891.

17. Choi YW, Takamatsu S, Khan SI, Srinivas PV, Ferreira D, Zhao J, Khan IA,
Schisandrene, a dibenzocyclooctadiene lignan from  Schisandra chinensis:

structure-antioxidant activity relationships of dibenzocyclooctadiene lignans, J Nat

Prod 2006;69(3):356-9.

18. Yasukawa K, Ikeya Y, Mitsuhashi H, Iwasaki M, Aburada M, Nakagawa S,
Takeuchi M, Takido M. Gomisin A inhibits tumor promotion by 12-O-
tetradecanoylphorbol-13—acetate in two-stage carcinogenesis In mouse sKin,
Oncology. 1992;49(1):68-71.

19. Kim DY, Yu HJ, Yoon MS, Park JH, Jang SH, Lee HM. Gomisin A Inhibits
Tumor Growth and Metastasis through Suppression of Angiogenesis, Journal of
Life Science 2012;22(9):1224-1230.

20. Parken DM, Laara E, Muir CS. Estimates of the worldwide frequency of
sixteen major cancers in 1980. Int J cancer. 1988;41:184-97.

21. Yamachika E, Habte T, Oda D. Artemisinin: an alternative treatment for oral

squamous cell carcinom, Anticancer Res. 2004,24:2153-2160.

22. Capuani S, Gili T, Bozzali M, Russo S, Porcari P, Cametti C, D'Amore E,
Colasanti M, Venturini G, Maraviglia B, Lazzarino G, Pastore FS. L-DOPA
preloading increases the uptake of borophenylalanine in C6 glioma rat model : A

new strategy to improve BNCT efficacy, Int J Radiat Oncol 2008;72:562-567.

23. Lam L, Logan RM, Luke C, Rees GL. Retrospective study of survival and
treatment pattern in a cohort of patients with oral and oropharyngeal tongue

cancers from 1987 to 2004, Oral Oncol 2007,43(2):150-158.

_70_

Collection @ chosun



B BB

24. Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, Nomura T, Saito C.
Impact of lymph node metastasis on the pattern of failure and survival in oral
carcinomas, Am J Surg. 2003;185(3):278-84.

25. Wirth L], Haddad RI, Lindeman NI, Zhao X, Lee JC, Joshi VA, Norris CM ]r,
Posner MR. Phase I study of gefitinib plus celecoxib in recurrent or metastatic

squamous cell carcinoma of the head and neck, J Clin Oncol 2005;23(28):6976-6981.

26. Wirth L], Haddad RI, Lindeman NI, Zhao X, Lee JC, Joshi VA, Norris CM ]Jr,
Posner MR. Enhancement of tumor radioresponse by combined treatment with
gefitinib (Iressa, ZD1839), an epidermal growth factor receptor tyrosine Kkinase

inhibitor, is accompanied by inhibition of DNA damage repair and cell growth in

oral cancer, Int J Cancer. 2003;107(6):1030-1037.

27. Siegel R, Naishadham D, Jemal A. Cancer statistics, CA Cancer J Cilin. 2012,
62(1):10-29.

28. Belani CP, Choy H, Bonomi P, Scott C, Travis P, Haluschak J, Curran W] Jr.
Combined chemoradiotherapy regimens of paclitaxel and carboplatin for locally
advanced non-small-cell lung cancer: a randomized phase II locally advanced
multi-modality protocol, J Clin Oncol. 2005,23(25):5883-5891.

29. Trodella L, Granone P, Valente S, Turriziani A, Macis G, Corbo GM,
Margaritora S, Cesario A, D’Angelillo RM, Gualano G, Ramella S, Galetta D, Cellini
N. Phase I trial of weekly gemcitabine and concurrent radiotherapy in patients with

inoperable non-small-cell lung cancer, J Clin Oncol 2002;20(3):804-810.

30. Hirose T, Mizutani Y, Ohmori T, Ishida H, Hosaka T, Ando K, Shirai T,
Okuda K, Ohnishi T, Horichi N, Kubota H, Adachi M. The combination of cisplatin
and vinorelbine with concurrent thoracic radiation therapy for locally advanced

stage IIIA or IIB non-small-cell lung cancer, Cancer Chemother Pharmacol.

_7‘I_

Collection @ chosun



2006;58(3):361-367.

31. Jaiswal G, Jaiswal S, Kumar R, Sharma A. Field cancerization: concept and
clinical implications in head and neck squamous cell carcinoma, J Exp Ther Oncol
2013;10(3):209-14.

32. Schmitz S, Ang KK, Vermorken J, Haddad R, Suarez C, Wolf GT, Hamoir M,
Machiels JP. Targeted therapies for squamous cell carcinoma of the head and neck:

current knowledge and future direction, Cancer Treat Rev. 2014;40(3):390-404.

33. Paez ]G, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, Herman P, Kaye
FJ, Lindeman N, Boggon TJ, Naoki K, Sasaki H, Fujii Y, Eck M], Sellers WR,
Johnson BE, Meyerson M. EGFR mutations in lung cancer: correlation with clinical

response to gefitinib therapy, Science 2004;304(5676):1497-1500.

34. Morris EJ, Geller HM. Induction of neuronal apoptosis by camptothecin, an
inhibitor of DNA topoisomerase-I: evidence for cell cycle-independent toxicity,

J Cell Biol 1996;134(3):757-770.

35. Sharma NK, Kumar A, Kumari A, Tokar E]J, Waalkes MP, Bortner CD,
Williams J, Ehrenshaft M, Mason RP, Sinha BK. Nitric Oxide Down-Regulates
Topoisomerase I and Induces Camptothecin Resistance in Human Breast MCEF-7

Tumor Cells, PLoS One 2015;10(11):1-20.

36. Kim YK, Koo NY, Yun PY. Anticancer effects of CKD-602 (Camtobell®) via
G2/M  phase arrest in oral squamous cell carcinoma cell lines, Oncol Lett
2015;9(1):136-142.

37. Hendrawati O, Woerdenbag H]J, Hille J, Quax W], Kayser O. Seasonal
variations in the deoxypodophyllotoxin content and yield of Anthriscus sylvestris L.

(Hoffm.) grown in the field and under controlled conditions, J Agric Food Chem.

_72_

Collection @ chosun



2011;59(15):8132-8139.

38. Darbyshire SJ, Hoeg R, Haverkort ]J. The biology of canadian weeds, 111,
Anthriscus sylvestris (L) Hoffm, Can J Plant Sci 1999;79:671-682.

39. Hendrawati O, Hille J, Woerdenbag H]J], Quax W], Kayser O. In vwvitro
regeneration of wild chervil (Anthriscus sylvestris L.), In Vitro Cell Dev Biol

Plant. 2012;48(3):355-361.

40. Ko SH, Do SH, Kwon YS, Kim CM. A study on the chemical components
from the roots of Anthriscus sylvestris, Kor, J Pharmacogn 1992;23(4):225-228.

41. Lim YH, Leem M]J, Shin DH, Chang HB, Hong SW, Moon EY, Lee DK, Yoon
SJ, Woo WS. .Cytotoxic constituents from the roots of Anthriscus sylvestris, Arch
Pharm Res. 1999;22:208-212.

42. Hwang DI. Evaluation of the anti-obesity activity and mechanism of Anthriscus
sylvestris (L.) Hoffm for the development of functional ingredients, Department of

Food Science and Biotechnology Andon National University.

43. Shin SY, Yong Y], Lee YH. Effect of Deoxypodophyllotoxin isolated from
Anthriscus sylvestris Roots on the expression of cell cycle-regulatory proteins in

Hela Cells, J Korean Soc Appl Biol Chem 2010;53(3):304-309.

44, Wang YR, Xu Y, Jiang ZZ, Guerram M, Wang B, Zhu X, Zhang LY.
Deoxypodophyllotoxin induces G2/M cell cycle arrest and apoptosis in SGC-7901
cells and inhibits tumor growth in vivo, Molecules. 2015;20:1661-1675.

45. Hitomi J, Christofferson DE, Ng A, Yao J, Degterev A, Xavier R]J, Yuan ].

Identification of a molecular signaling network that regulates a cellular necrotic cell

death pathway, Cell 2008;135(7):1311-1323.

_73_

Collection @ chosun



46. Tewart M, Quan LT, O'Rourke K, Desnoyers S, Zeng Z, Beidler DR, Poirier
GG, Salvesen GS, Dixit VM. Yama/CPP32 beta, a mammalian homolog of CED-3,
is a CrmA-inhibitable protease that cleaves the death substrate poly(ADP-ribose)
polymerase, Cell. 1995;81(5):801-8009.

47. Morgillo F, Bareschino MA, Bianco R, Tortora G, Ciardiello F. Primary and
aquired resistance to anti-EGFR targetd drugs in cancer therapy, Differentiation
2007;75:788-799.

48. Hsieh Y], Huang HS, Leu YL, Peng KC, Chang CJ, Chang MY. Anticancer
activity of Kalanchoe tubiflora extract against human lung cancer cells in vitro and

in vivo. Environ Toxicol 2015.

49. Nurcahyanti AD, Wink M. Cytotoxic potentiation of vinblastine and paclitaxel
by L-canavanine in human cervical cancer and hepatocellular carcinoma cells,

Phytomedicine. 2015;22(14):1232-1237.

50. Barbuti AM, Chen ZS. Paclitaxel Through the Ages of Anticancer Therapy:
Exploring Its Role in Chemoresistance and Radiation Therapy, Cancers (Basel).
2015;7(4):2360-2371.

51. Lim HR, Shin SW. Antibacterial and antioxidant activities of the essential oil
from the roots of Anthriscus sylvestris, Yakhak Hoeji 2012;56(5):320-325.

52. Jin M, Moon TC, Quan Z, Lee E, Kim YK, Yang JH, Suh S]J, Jeong TC, Lee
SH, Kim CH, Chang HW. The naturally occurring flavolignan,
deoxypodophyllotoxin, inhibits lipopolysaccharide-induced iNOS expression through
the NF-kappaB activation in RAWZ264.7 macrophage cells, Biol Pharm Bull
2008;31(7):1312-1315.

593. Jeong GS, Kwon OK, Park BY, Oh SR, Ahn KS, Chang MJ, Oh WK, Kim JC,

_74_

Collection @ chosun



Min BS, Kim YC, Lee HK. Lignans and coumarins from the roots of Anthriscus
sylvestris and their increase of caspase-3 activity in HL-60 cells. Bio/ Pharm Bull
2007,30(7):1340-1343.

54. Jung CH, Kim H, Ahn J, Jung SK, Um MY, Son KH, Kim TW, Ha TY.
Anthricin Isolated from Anthriscus sylvestris (L.) Hoffm. Inhibits the Growth of
Breast Cancer Cells by Inhibiting Akt/mTOR Signaling, and Its Apoptotic Effects
Are Enhanced by Autophagy Inhibition, Evid Based Complement Alternat Med
2013.

55. Wang YR, Xu Y, Jiang ZZ, Guerram M, Wang B, Zhu X, Zhang LY.
Deoxypodophyllotoxin induces G2/M cell cycle arrest and apoptosis in SGC-7901
cells and inhibits tumor growth in vivo, Molecules. 2015;20(1):1661-1675.

56. Cho HJ, Yu SN, Kim KY, Sohn JH, Oh HC, Ahn SC. Screening and
purification of an Anti-prostate cancer compoun, Deoxypodophyllotoxin, from

Anthriscus sylvestris Hoffm, Journal of Life Science 2009;19:9-14.

57. Lee SL, Kim JG. Inhibitory effects of Doen-jang (Korean fermented soybean
paste) and soybean extracts on the growth of KB cells, Kor, J Env, Hith.
2005;31(5):444-450.

58. Park SW, Kim SG, Kim M]. Antioxidative activity and cytotoxicity on human

KB cell of extracts from Rhododendron mucronulatum Turcz, Flower, Korean J,
Food Preserv. 2006;13(4):501-505.

59. Lee KY. Targeted therapy of lung cancer, J Korean Med Assoc.
2008;51(5):483-491.

60. Yu SA, Kim SC, Jo MS, Suh DS, Kim KH, Yoon MS. Anti-proliferative effect
in epithelial ovarian cancer cells by MEK inhibitor AZD6244, Korean J obstet

_75_

Collection @ chosun



o

gynecol 2010;53(3):243-253.

Collection @ chosun

_76_



	I. 서 론
	II. 실험재료 및 방법
	Ⅲ. 실험결과
	IV. 총괄 및 고안
	V. 결 론
	참고문헌


