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Cytotoxic Effects of Methanol Extract and Fractions from
Echinacea angustifolia on Cancer Cells

Joon-Kyoung Lee and Sung-Ja Koo*
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Echinacea is a North American native medicinal herb used traditionally for wounds, burns, snake or insect bites,
colds, infections, and inflammation by indigenous Americans. We investigated the effects of the root and stem of
fresh Korean-grown Echinacea angustifolia methanol extracts and fractionation extracts on the cytotoxicity
against cancer cells (HL60, 3LL). The extracts were prepared by step-wise fractionation of methanol extracts of
Echinacea angustifolia using hexane, chloroform, ethyl acetate, buthanol, and water. From the tests, root and
stem parts of Echinacea showed the cytotoxic effect on cancer cells. The cytotoxic rate of the ethyl acetate
fraction of the root parts showed 79% against HL60 cells at low concentration (0.125 mg/mL), and hexane
fraction of the root and stem parts gradually increased as the concentration of samples increased, and the root
parts showed 82% at 1.0 mg/mL concentration against HL60 cells, chloroform fraction of the root part showed
78.4% against HL60 cells and 68.4% on 3LL cells at 1.0 mg/mL concentration, water and butanol fraction of
the root and stem parts showed 60.1% to 77.1% against HL60 cells, after testing by MTT assay system. From
these results, it is considered that ethyl acetate fraction of the Echinacea angustifolia root parts has stronger anti-

cancer effects than any other fractions in vitro.
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M Echinacea angustifolia{purple coneflower)y &
o] Z7] olFHlEH AFVENA FoF kg 2 Eo]
H, #HI7kA Bohigltel H9o] AghE A oA o]
3ATH. A2 AFNA ks FE=, 2b 9a3A, A, A
A, Aol Pz ofmEl7t dFlel s 1600dT] olH=
olg-sojx 3 WA WA FXAZ P 2 LA A
o 3F7] 729G, 82U, &, 9RASS e REhoE s
Aol HlEold HWAZZHAZA o] &= macrophages!'*'”
g =791 2371 9492, macrophage= TNF, IL-1,
IL-6, TL-109] AA+S Z7}A1A tumor celWEHI 164 cell)S
Selvhar deld Aoy
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carboxylic acids®] isobutylamides"¥Z. &FFZAZA cycloox-
ygenase®}t 5-lipoxygenaseZ HAAZITHE H 7} Qlomdo0)
oA A& w9 echinacoside®t TFEH2! echinacine
Bt B9 FFFo] E4L 7Y, B dela HoA)
AY 28 715& RAFATAE BF2B23 o 7)|A)
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717 JAE, o7l BAAE0R FUE F AT
A7 AREAL = ARtk B A dFidiAele] A
B9EDE B3] A8k Echinacea angustifolia®] Z7]9
¥2] methanol FEE3 E8ES FAEML60, 3LL) U
& AEZAHEHAE AN SHE o]&8 71T AF 7Y
e AF 71 ARE ATt
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B AP ARE 7Nk AEE H3E RS
FHAM Ak Auiste] 19993 1099 ANHG 2348 Echina-
cea angustifolia(Compositae family)Z Z7]9} ®a]2] metha-
nol FEE7 EHFEL HAEF Qg NEEHAH
(cytotoxicity)l] AHE-3FATE. YA ES2] HL-60(human promy-
elocytic leukemia)y> 3= M| EFE 230 2 HE B wol A}
231493, 3LL(lung carcinoma) Al XS 733 tistw ks
sto 2 RE EF wol AR-SINTE 3-4,5-Dimethylthiazol-2-
y1)-2,5-diphenyl tetrazolium bromide(MTT)$} dimethylsulfox-
ide(DMSO)= SigmaAl2HE TYIA2H, 7[g} AFES
EF B 47 AloFES AREsidh

M=o & % 28

NFA LA R)e] E71(1146 g)9 BEl@dl6 e &S B
2 Kol AozE EVIE AAS T At FF9 10d)
methanol2 24 39 7k FE3 F 2,000X gollA] 4087
HAESA FFAE FHAh o] AL 33 NHESS
de AEAE rotary evaporator(Heidolph, VV2000, Ger-
many)E ©]-§3td ZYESE ¢ AL methanol FEEE 3}
3L, methanol FEEE §v¢] S W} hexane, chlo-
roform, ethylacetate ¥ buthanol2 =X E3&H 2, nix)2
G FAAES acqueous YO 2 JI¥T) 74 HIYEL
Bt AxAIZ § -20°C BE2o] BASHEA ARSI o H,
AHA] DMSOe &31A1#H(<£0.25% DMSO) A3t}

StMZ= Hf ke

HL-603} 3LL Al X:= RPMI-1640 ) <] (Nissui, Tokyo,
Japan)?l 10% FBS(fetal bovine serum, Sigma)®} 1% antibi-
otics (penicillineG/streptomycin)s 715t v gslglom, o]
€ AEFE 37°CY 5% CO, Wi7|oA wlYslnt. 3LL
WA E= dFYel 2~338] MZe vjxZ w33} PBS(phos-
phated buffered satine, pH 7.002.2 A3 &, trypsiEDTA
(0.1% and 1 mM) solutionE AHME-3le] H38 HNEES Hos}
o AEY F F, JFE AR wiAE B2 FMET}
Z3F BEAFELCE myoz F 38l T75 cell culture

flaskel 10mL¥ LA F st FY3tx, 3 Lot A
HjFsm A Ao ARSIt HL-60 YA 2= 2~3 dvjrt
At wFstEA Aol A WAL L-Glutamine
o] ¥3¥ RPMI 1640 104 g, NaHCO, 2g ¥ 1% antibi-
otics(penicilline G/streptomycinyS o] &3|A]7|3L pHE 7.2
2 23 AAFE 12 o 22 Ad dH7E o
#3 F AFEEI}F 10% A=S vjx)9] 10% FBSE 71t
o A&

MEZE ZH(cytotoxicity)2| SH

SFA) EF(HL-60, 3LL)d thet A89 EAE&3= MIT
colorimetric assay 'WH®o 2 AH3Hrh. WA wlSH cell
A wixZ AAF F PBSE Arisl] sHEA AL F,
PBSE ThA] A|ASIL trypsi/EDTA(0.1% and 1mM) solu-
tiong A7Fsted 37°ColA S¥7+ Wikl cello] culture dish
o] nigo g RE 43 A=A AWl BEE
Z, culture WIS Friste] @ EFslA cell FE 1X10°
cell/mLE ZA 3} Ao AREEIRTE 22| Al8E PBS
o) gajA1zl ¥ 0.22um membrane filter2 343t F AL
3t 48 cellE 96-well microtiter plate®]l 10° cell/well
FEE HESIY 37°C, 5% CO, incubatorol|A] 1A|Z} prein-
cubationBLLZ 24X7HA1Z) & A|EE 0.0625~1.0 mg/mL &
T2 248l 7} welld] ABE TEEE FA39Y AX
F9 ANgEde] AT HE plateE CO, incubatorol|X] 484]7F
H %A 7] ¥ MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide soln.(5 mg/mL) A& Z} wello] 50 uL
A H7pste]l MTT7F AE GAIEe] ahztgo o) s
=5 A7 o wfdEtdnh. 4o A8 3 welle &
d P02 AT MY FEA] A4AEH@50Xg, 10
min.)3t] AA RS A AL sEFo] DMSO 100uLEg H
7¥8) AAE formazan 28E £81A14 540 nmollA] micro-
plate readerMolecular devices, USA)Z F3=& =33t
NZFZOZXE cell suspension 100 uLol sample ThA1 HiA]
100 uLE FH713 AL, blankEAM = 7+ F=2 sample 100
pLol ¥iA 100uLE ¥e ODAE &3 ued e
Ao cyotoxicity index(%)E YEHATE FF=E MTT/H
Mo 93} formazan(blue)o. 2 Esi¥® %S Jehix wal
Azt well®] viable cell %} H[#3}S cytotoxicity
index(%)2 YERAATH®,

(1 — sample O.D.-blank O.D.)>< 1

control O.D. 00

Cytotoxicity index(%) =
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Ii‘chinacea angustifolia (S 1146g, R: 416g)|
Extraction with methanol for 3days, 3times
Evaporation
[MeOH extract (S: 65.18g, R 28.96g) ]

[McOH extract (S 20g, R: 20g) |

H.xanE/HzO (11, v/v)

Hexane fraction
(S 2.15g, 10.75%)

(R: 22.11g, 1055%) Aqueous layer

Chloroform/H:O (1:1, v/v)

CHCl; fraction
(S 0.85g, 4.25%)
(R: 050g, 2.50%) Aqueous layer

Ethylacetate/H20 (1'1, v/v)
EtOAc fraction
Aqueous layer
Butanol/H:0 (L1, v/v)

(St 0.13g, 0.66%)
Aqueous fraction

(R: 0.20g, 1.00%)
(8: 10.70g, 53.50%)
(R: 12.00g, 65.00%)

BuOH fraction
(St 069g, 3.45%)
(R: 1.56g, 7.75%)

Fig. 1. The procedure for the solvent fraction of methanol
extract from the Echinacea angustifolia. stem and root
(S. and R. represent stem and root of Echinacea angustifolia)

20 g% hexane, chloroform, ethylacetate % buthanol-»] b &
W AFEE sl Rujsle] £719] 3% hexane 2.15
g, chloroform 0.85g, ethylacetate 0.13 g, buthanol 0.69 g,
acqueous 10.70 g9 FEES AU, H2)9 H$E hexane
211g, chloroform 0.50 g, ethylacetate 0.20 g, buthanol 1.55
g, acqueous 13.00 g8 £IES ATHFig. 1).
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4 F B W0 oM BE YA JET o)
2ol RAAEA st NEZEALTAE Jehle 52
= ;(}—:—"-t;ij OZN 1 xﬂui}ﬂ = 6‘]-}(]}\]7]]:]-— HI7F A
O, WE b 25 HL60o] that o7]dlAJoke] methanol 3
=74 24 &) 2EES MTT assayell 93t MxE=A s
£ 3R] A% Fig. 20 Uehd vieh gol 7} yyBEe)
AR L E 0.125 mg/mL, 0.25 mg/mL, 0.5mg/ml, & 1.0

mg/ml¥ YZ} FIIATIEA G EF H71E AT ethy-
lacetate, acqueous, buthanol £-EEL 0.125 mg/mL F XA
272y T1%, 14.3%, 122%2) £ A345 Yy, s=7}h
SHETFE XTI, I ZasAY H%e 528
FAstY LOmgmLEs=oANe 22 554%, 70%, 60.1%2)
NE=EANEAE B TEEET AEDdARE NEEAE
7t Hojds & AUk SAFAlo} ¥a]e) methanol
FEE9 HL60 cello] 3t AEEAFTAE o] Hush
HE®9L mER7ER 2 0.125 mg/mLe) AFEIAEE =4 &3
7¢ 744%% Zow Fx ZUigel wet SAHEH} g 7t
2(1.0mg/mL, 583%)sh= Aol Yerds & 4 Uk
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Fig. 2. Inhibitory effects of each fraction from the Echinacea
angustifolia root on the growth of HL60 human leukemia cells
in MTT assay

Hexane 28 &2 #55(0.125 mg/mLplA 16.1%1024 &
= YEHor XA AEISAHEAE JeERINeH, 1.0
mg/mL F=AA 82%°] =& AEEAEHES VR
242 FE(1.0 mg/mL)*IA chloroform &% 0.125 mg/mL
FEAAM 18.1%Y EAHE EIOoU 1.0mgmL FE A
784%2 AHE HTh

%719 7%+ buthanol, ethylacetate, acqueous 2IE2
0.25 mg/mlAlX 22 72.2%, 61%, 55.8%2 =& &5 )
o] Bae] Ag-o vRVRIE AsrdN e s
e ATHFig. 3). Hexane #8E% 0.125 mg/mLolA 6%°)
RNou T YEAoRE HAA NESAEAE eI
°oH, 1.0mymL X 743%2] B NZTEAHEHE U
Eifio] Hele] 99 e AE YERAICE £7] methanol
—%%%-9] HL6O celle] ek A= AsEoMe B8
7h @skov VSR A9 SAAEI e o] X3 o
X%_,] /\164(28)_,,]- 7o 7361:0]21]4— 23 E
of Hlws| AAEHAE HolA] ¥ F
TdgEe] ZgRhe ofy o8 A
o 9Jg Ae=E Az}, chloroform £
-9 2ol A

©] methanol &%
$50) YEd), ol
259 o) 2TRe

= T3 el A
FEO0.125 mgmL)dlA 0.7%2 342 Bo
, 1.0 mgmL F=dAE 76.5%9] & a3E Byt

HL60 thet oll7|uAo} F5&20] MEEHEI= 271
o BEe] MxE=Ado] 13, acqueous, buthanol, ethylacetate
g8 &3t ¢ Ao
HQf MZFGLL cel)oll Chst MZSY 53t
3LL cell] thet MTT assay 2 54@-7—}5 Fig. 49 Yehd
ule} o] of7ld|Alol Bale] methanol &3} zt &0 &
gEo] Msaze vehd Zlo|t). Buthanol} ethylacetate -
FEL 025 mgml EEA 435%, 263%2] A ZE=XF I}
E Ueti oy o] wraMEe 238 o7k sl
1LO0mg/mL FXxoAA 20% Wle] 54832 Jehii,
chloroform, acqueous % hexane £ EL FLojEdoxm 4
EEA0] F71eke] 10mgmL FEoME 247t 63.4%,
60.3%, 58.5%, 49.8%2] AL=4AFE HeRIAUTE Bale
ethylacetate ¥&&8-2 3LIAIE] 3t SH G- Uk o)
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Fig. 3. Inhibitory effects of each fraction from the Echinacea
angustifolia stem on the growth of HL60 human leukemia cells
in MTT assay
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Fig. 4. Inhibitory effects of each fraction from the Echinacea
angustifolia root on the growth of 3LL lung carcinoma cells in
MTT assay
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£7]9] ZA$-E ethylacetate?} buthanol #2E0°] 0.25 mg/
ml, FEA 252%-9.8%F & FxoA HElEt Fe
MEERAEAE e oY, 2ol FXolA ethylacetate
BEIEL 038 7ZA(1.0 mg/mL FEoIX 9.7%)81R32, chlo-
roform, hexane ® acqueous ¥-EE-2 #ig]o] AH-olre} 7+
o] FEoEHoE AEEAEHA} F71819 1.0 mgmL F
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ATHFig. 5). E719) ethylacetate 228 HA| 3LL AEFH
ot HL60 MEFe] et MESATA7T B9hor, 3L Al
FFo] tigk 7MoY NESAHEHE Z7)HY R
i Eo] a37F =4} dLEAF 5 E& HFAAS F

T A, 10,8 e F2 ol g3kt SAT il IC,,
9] el 023 mg/mlold e Yepd FEE] dside &
Aol §IAY PIoksk ez 7HE = e, o7
o} #a]9] acqueous, buthanol ZZ]3 ethylacetate & Zo)
HL60 A X sl IC,°l #kel 0.23 mg/mLel3tZ veht
(@2t 0.143 mg/mL, 0.228 mg/mL 2 0.230 mg/mL) A
o] & A= el IC,o #°] 023 mg/mLe]3=
Bl #2]9] ethylacetate - E°] A5 %E(0.125 mg/mL)o| A

o

100

90

—0—MeOH —@—Hexane
80 | —4—CHCI3 —%—-EtOAc
——BuOH —@— Aqueous

70

60

50 |

40 |

% of control (%)

3 r

0 0.2 0.4 0.6 0.8 1 1.2
Concentration (mg/mL)

Fig. 5. Inhibitory effects of each fraction from the Echinacea
angustifolia stem on the growth of 3LL lung carcinoma cells in
MTT assay

B2 AESEAERTTI%E JEE o= Hol 43 H]
F4 BRE BF #3238 U ethylacetate 8ol ol|F|UlA|
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Fo| 3t Gt FF AEY A2SHEA B Aol
ethylacetate SollA] ol 7¢t MEEHEANE HIATHL KL
gt 3 579 A} fAlsT

1C,,2) %rel 0.143 mg/mL, 0.228 mg/mL.C& WEhd 5|2
acqueous, buthanol EFEE 0.125 mg/mL F=oA 74.3%,
722%8) EIE vepfo Aszeld= AESHENT =
o, RE EFEA 60%-~762%2 AEZZAS FX319
Ed ol& oFIAlolel dE polysaccharide® “d&-2] 2h&-
oz QAT o7 Aol alkamides, caffeic acid -4
(chicoric acid), glycoproteins, polysaccharidesE XZ&3t= F
ZE9| lipophilic polar fractions & T HHEZ17|5%
ot ol gt gow slodgttia A€t Okuda 5%
2 polysaccharide”t AJAIUe] XA A (complement system)l]
#Hddle] macrophage®| 413}, target celle]l Wigh cytolysist
opsonization 7]5-& A OBH IPFF BHE VERIT
2 &%1em, polysaccharided] <3t HA|A (complement sys-
tem)2] B4} e a0 FAFAIE HIVIE St

ool A el7Id|Alole] MEEA G AEF| 3t
AFE(0.125 mg/mLyoA £7]8t Ha)e) FEEo] 247}
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oigt ol e
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Echinacea angustifolia®) Z719 ¥-2] methanol FZ&E3}
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