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Abstract

The present study describes the cytotoxic effect of Artemisia fukudo extracts. The extract from A. fukudo
by 802% ethanol was fractionated with n-hexane, dichloromethane, ethylacetate, and butanol in serial. The
cytotoxicity of A. fukudo extracts was examined for its effect on the growth of HL-60 cells by the colorimetric
3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide (MTT) assay. In addition, we used the HL-60 cells
to see what effects the A. fukudo extracts will have on apoptosis of cancer cells. We checked the cell activity,
cell morphologic changes, DNA fragmentation, and DNA content after 24 hr incubation with administering
25 pug/mL of the A. fukudo extracts. In the treatment of the low concentration of n-hexane and dichloromethane
fractions, the survival rate of HL-60 cells is lower than that of the control. The laddering-pattern DNA
fragmentation was observed in the treatment with n-hexane and dichloromethane fractions. The DNA content
of the cells apoptosis measured as the density of sub-G: hypodiploid cells by flow cytometric analysis. The
number of sub-G; hypodiploid cells increased in the treatment with n-hexane and dichloromethane fractions.
These fractions obstructed the cell cohesion and caused the blebbing of the cell mnembrane and fragmentation
of the nucleus, both of which are symptoms of apoptosis. These results suggest that A. fukudo has a great
potential value as food additives, medicinal supplements for patients with chronic diseases, and preventive

measures against cancer.
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Al Al Z7EE I ek o] AEeA Rad Ao
3A1-E o= gekdtk 33852 sesquiterpenes, flavonoids,
coumarins, isoprenyl coumaric acid =4, caffeoylquinic
acids, acetylenes, sterols, phenoxychromene, anacetophe-
none glucoside, phenylpropene, methyl jasmonate®} a-
tocopherol S-0] ®.3% 3 9Jrh(13). 2] A #F o
T2 Kim $(14)% W] Lees} Lin(15)°] 24 (A
asictica Nakai)3}+ 32 (A. lavandulaefolia D.C)& ©]-4-3}
gEodulo] 32 B9ty Hwang $(16)2 %(A princeps
Pampan)®] & AL& o|43lo] st ZFA JdAxAE
galggict. el 3 Xu SU7NL %A agpillaris)®] 44
22320] FPAAUAS FHAATE £3F ST
Rasld s, 2 ofel 49 HEA SFEe] ddEE B
= uf Qlek18).

£ QAo &4 A EF vlgrted $2 A4 ste 24
2(Artemisia fukudo; 71%)S A2 11 fFEAIHo] 3t
A AL FlEARR AHE 5 leA S48k, AEA
oA FFAFNE 7HA 7154 AELZE] FHeAE wel
2 FA O wet Aoz vl REste] 2} H-52e] oA
gko gl A EF4 HL-60 Al 2o 3Hrgre 2y ohAlZ
Z X I Al (cytotoxicity) &3}eF o]2dt Q1A A EFo 7
A 7 4] B2 & JRSe Ao Bl AXAAAL
(apoptosis)ell €13+ ZAQ1A] 4 7}A] apoptosis Fr= A&
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WEL
4 AFeA N3y FA A R HL-60 Al 255
A 23S (KCLB) 2.2 4E] HoF whol 100 units/mL
2] penicillin-streptomycin(GIBCO; Grand Island, NY,
USA)3 10%9] fetal bovine serum(FBS; GIBCO, Grand
Island)e] &= RPMI 1640 #lA](GIBCO; Grand Island)&
A3t 37°C, 5% COz 327100l 4] wiofstgl ond, Ale) uf
oF2 3~4del g 1Y Aot

etM|z B4 oH|Z D (cytotoxicity) HH

ZF 4ui En% 225 Y $AH 2 E9 HL-60 Al
o dl&r 24 A&7 MTT assay® (20)& o]-4-3}e] o
ol xgtr}. HL-60 A E(5.0x 10*/mL)Z 96 well plate?] z
welld] Y17, A5 FEHEZE Ar1siadct o] & 347t s
3t t}e 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium
bromide(MTT; Sigma, St. Louis, MO, USA) 100 ng2 #7}
kAL 44| 7F 2ot ] wljokslgdch. Plate 1,000 rpmell Al 103
7Zb xRt 2 2A A E AAT o, dime-
thylsulfoxide(DMSO; Sigma) 150 uL-E 7F3le] MTTS| 3
Ao o8] AAE formazan A EEL £ A7 F micro-
plate reader(Bio-TEK instrumenis, Inc., Wincoski Vermont,
WI, USA)E A3+ 540 nmell A 3 =5 S sl
Zt Ngael ud g F3x g ek o, 2T
FAE g3 vwsle Ax $A9A A=E Ao

DNA ttEst si4h £ (analysis for DNA fragmenta-
tion)

HL-60 A £(35x10%/mL)ell A 25 Azl sle] wjofe] &
G & A Z2E 438 Promega Wizard® Genomic DNA
Purification kit(Promega, Madison, WI, USA)E- o] 45}
DNAE 2z 3}sct 223 DNAZE 1.0% agarose geloll A1
20%-(100 V) £oF A7]94ES 3 o} ethidium bromide®
o A3}3 UV transilluminator 3tol|4] DNA w53} |41-2
FAssdch

MZF7| 24 (cell cycle analysis)

HL-60 Al £(35%10%mL)ell A& F=% 25 pg/mLE A
2] 5to] 24417k wlekgt F, HL-60 Al X5 -3 sle] PBSE
A A steieh. HL-60 Al £ 4°Coll A 70% o &h-& = 304 &
oF A AIZ ¥, PBSE A8}, RNase AS A2 vh
propidium icdide(PL; Sigma)Z <4 3}32, BD FACSCalibur
™ Flow Cytometer(BD Biosciences, San Jose, CA, USA)E
AEF71E EA3HATH

go| selistx W5t (morphological changes) &3

Az el Fejshy E4 F9 shal o] wiss 3
#3}7] 98} HL-60 4] £(35x10%/mL)ell Al &3 A 2lstd
wefol Fitr] 308 Al DNA So|A o2 A sl AA
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33} o el Hoechst 33342(Sigma Chemical Co.)& AHE-
3le] DNAS dAstw FFHvi7oz st

EA2M

A3 A 3}= SAS program(statistical analysis system)&
ol -g-sle] B-Aelel, A9} EEAAR vebch 1%
7re] foAQ EAAE BAs7] sk p<0.05e] o
ZFo)| A Duncan’s multiple range testE A A]3}¢ith

ElE FEE U =X2EE

2|2 A 512 k) 80% oIBH&2 223 & o 3}a}o]
dolAl FE AL 7t F35319 219 g& At
T3 7]4] dojA elwkE 2Z2(100 g)2 10W] =
FoR A7) Fof 4, Tl F2 2oL o delAHe]E
aEly BREE o2 eAHe R I A FdlA
901 g, S22t 2|4 1246 g, ol DolAEHIo)E S0
A} 1339 g, HEHE- Zoll4] 2201 g @ AR B ZelA 3306
g9 #IES Aok 7 #AA £ &9 &2 Table 10
el o, F&d A3 En% oEHE S5 EY
£ oF 1825%0°]%tt. oEH-g &5 Eo g 7 &x
Z A4 B3 E $8o] 901% 2 71 Jokw, 84
o] 3BOS%KE 74 T2 F&& Bk

LM Z B4 AH|ED}
&g #5894 A SolE3E2] HL-60 A2 A4
Aol gk Al 224 Al 2= tetrazolium saltd] shtel

Table 1. Yield of each fractions extracted from Artemisia
fukudo

Solvent Yield (%, w/w)”
80% EtOH extract 18.25
n-Hexane fraction 9.01
CH:Clz fraction 12.46
EtOAc fraction 13.39
BuOH fraction 2291
Water fraction 33.05

Yyield (96)=solid extract or fraction (g) / raw material (dry
weight) X 100.

2o AlE FA AA A 821

MTTE A8t MTTY 24 9)s] A4 == formazan
o) FHER 248}, 2 A} Eu)% 80% JBE &
E9] ICs 32 108,69 ng/mLE B.glow, @il tj 22 2r
e o eolAElo) & B FEre B3 EL 7hzb 1353 ug/mL,
17.01 pg/mL, 41.93 pg/mL ¥ 127.68 ug/mL2} ICs #&
vehich 2eu FA S84 2EEQ A B Al
A" FE Wleld e I 3 TF 47 e, Ank
Moz BE AHFoM FEIEH MESA AL}
7} vebdel &E B oadpo] AHS-E 27)% % 25 pg/mL
A RE] A EZFA oA]Fo] 50% o] A4S B A= ¥
Azt o) g2 e 13 Eolglon, Tk oEA o AX
Az dAadrt o E9d 2352 YEERHd 28 E
olgrt vl R 2wt B3B8 o7 TR A gL o
o] MEAA AAE-L 25 pg/ml, 50 pg/mL, 100 pg/mL %
200 pg/mL FEA 2+ 64.54%, 79.15%, 87.66% 2
86.59% % Al A ZAAY A &aHE HylcH(Table 2).
Hwang S5(16)% olA|&d] 23] &R 2:(A princeps
Pampan)®] f&A%c] A7 felo 938y Qs xal
L12103} elAe] A=l £l HCT-48, ol A 7rdA| £l
Hep G2l WlalA &3] =& X Z4] oA a3} e}
Wdoka Buskc} =3 Lee SR AVA2HA apillaris
Thunb.) ol8h-& FEEo] SR/ FEFEE AR AdAX
T2l AB49el tiaflM =& AZAA JAEAE Bt
Basisdch

DNA chmst st

2% LUl L&) AZFA A ¥ HL-60 Al X
ol 2] AEZA A 2-8-0] apoptosis Fr-Eel 23 ZAAA]
a2 71AE fotRr] $ste], apoptosis frEof o8t vE}
e DNA @33} dAhe 2719455 53 galstdc) o
BHE FEE Y o3 4B EY FEE 25 ng/mLE
sto] fAg A5t 4 2 FE2A " £33 5o HL-60
Azl gk DNA <3 f4ale] 71 F22{)A) elytc}
(Fig. 1). o1¢} 22 A= Hu $(22)°] L xah AL % 54
A FZEo] A% 7¢t AlEZFQ SMMC-77210 Hh3ke] Al
Exd AL 4349l DNA w3l A2 vl nuet
] g}, o] = Eu)2: =3 HL-60 Al £E apoptosisel] 9
d AEAE S dog)E Zlog AdH

Table 2. Cytotoxic effect of Artemisia fukudo extracts on HL-60 cells

Treatment Growth inhibition (%) ICso
(ug/mL) - 25 50 100 200 (ug/mL)
80% EtOH 24.16+2.63" 36.10+1.98" 4765+1.70" 55.37+541™ 108.69
n-Hexane 72.32+558" 82.92+1.29™ 88.08+0.24™ 85.26+0.18" 1353
CH:Clz 64.54+1.79" 81.15+0.23" 87.66+0.04™ 8559+0.06" 17.01
EtOAc 39.34+3.29" 54.29+1.74™ 67.25+5.80" 70.20+1.43" 4193
BuOH 25.30 251" 3366492 4375%569" 59.84+451™ 127.68
Water 487£288 6.99+2.48 2493+4.15" 39.39+4.10" >200

The data represent the mean=SD of triplicate experiments. Significantly different from negative control; ‘p<0.05, “p<0.01.
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Fig. 1. DNA fragmentation by Artemisia fukudo extracts in
HL-60 cells.

HL-60 cells (35X10°/mL) were treated with the A. fukudo ex-
tracts (25 ug/mL) for a 24 hr. The DNA was isolated and sub-
jected to 1.0% agarose gel electrophoresis for staining with ethi-
dium bromide. Lane M: DNA maker, Lane 1: Control, Lane 2:
80% EtOH ext., Lane 3: n-Hexane fr., Lane 4. CHoCl; fr., Lane
5: EtOAc fr., Lane 6: BuOH fr., Lane 6: Water.

MZEFT] 24

7t goid En)% 258 9 £314 £3] 59 apoptosis
Fr=ell &Jste] sub-Gi hypodiploid Al £7} S7Fet=A] o}
Hgkth & DNAY] Agsle] 3-8 el
dium iodide® A4 ¥ H5 A 247 (Flow Cytometry)
£ o] &3] AEY DNA 5% sub-Gi peak 77H-& 34t
3}te] apoptotic cell®] percentage® A sttt 2 A3, &
At Y E2 2" 23 EeA HL-60 Al ZEl| 25 pg/mLo

44l propi-

L

R S

=2 A3l controls ¥ IFA], sub-G; hypo-
diploid Al Z7} control(5.75%)] uv]3] oete ==go

9.09%, dAt £ E-L 8483%, T2 2wt B B2 85%,
dotielol B 23] E& 1552%, Fuhe £ B2 7.31%
a5 e84 F3 L 621%2 vebdth 53] @4k o

22wl 2359l ASE 2FEE JEhe B3 Fo
8lgte] Go/Gy M X7} oF vl A 7493 sub-Gy hypo-
diploid A1 Z7} ¢ 9.3u] o]k 75l tH(Table 3).
AZe AR £492 37 $l8lA G AZF71E AA S
AEZF7]12 o) si 5] ojo} g1ch(23). W H-8-9 Fut B3} A%

Table 3. Effect of Artemisia fukudo extracts on cell cycle
distribution in HL-60 cells

Treatment % of cells

(25 yg/mL)  Sub-G Go/Gy S GyM
Control 575 47.20 24.26 22.77

80% EtOH 9.09 4458 25.45 20.77

n-Hexane 84.83 9.15 5.05 1.07
CH:Cl 85.00 8.30 5.79 112
EtOAc 15.52 40.92 23.33 20.18
BuOH 731 42.25 26.92 2351
Water 6.21 47.34 27.34 19.18

HL-60 cells (35X 10%mL) were treated with 25 pg/mL of A. fu-
kudo extracts for indicated 24 hr. For the measurement of sub-Gi
hypodiploid cells, the extract treated cells were harvested and
fixed in 7026 ethanol for 30 min at 4°C. The cells were incubated
in the 50 pg/mL of propidium iodide solution and 50 pg/mL of
RNase A for 10 min at 37°C. Flow cytometric analysis was per-
formed with BD FACSCallibur flow cytometer (BD, USA).
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Fig. 2. The degree of apoptosis is represented as the DNA content measured by the photographs showing cells with highly

condensed nuclei stained with Hoechest 33342.

HL-60 cells (35%10%/mL) were treated with A. fukudo extracts (25 ng/mL) for a 24 hr.



28] 2 (Artemisia fukudo) Z&52] tAE 24

E& A0 GG AZF7) W& slehrt A5 AlE2] At
o AHapoptotic cell death)g %A vk AZr} £4-& SiA
=Hd AZEGDE 317] Aol G AZFo]o w284 AE2}
oA AHapoptosis) E 72 AQlA], £-& £Ake B T AR
& ¥ AAQAE AASA "HAch@24). 1A G A EF7=
Az g4 FAld DA Aol & 4 lth
wepa] 2u)Z%e] Al 9 oF22ew 23 Ee & Gy
N ZEF717} arrest =W 4] sub-Gy hypodiploid A7} &7}
Hebe dsts o APAA GAE 24 oA Falo]
apoptosis x| ol& dolFE A2 A E

de A=t & 5 ek

gjof Hefstx st

Apoptosis 7|A ol disled= SAlsA S vl dx ¢
AZAY FAgA 7t S7ks] ZFelE4 endonuclease’t
#3315 0] Sy DNA #do] dorin], transglutaminase
7} ZA13ks] o] Al EzAY 2 A Y cross-linkinge] 4ot}
HA] AEA FHo] dojvta Foe] Ax yre 2 whxvir}
=4 apoptotic bodiess HAde= Aoz LdEx Yr}
(25-28). ]l apoptosis7} Lot Al EeA B 4 gl= 7P
54l wistal geshd wistg 2abslgdct o Ag) A
Mz Pul= A T2 deo} ikt rjF2n
gk 23 5o] Aed AxdAe Ax =717 4=,
g o] meofo] EafAsty a2 ql o) A AAS A
% Ak Fig. 2).

Lee(29)= Alsh 2137 $-9F A|E£F4] Hela Al Eo| AFA
% V'3 o dolAHo| E £ E-E ML o AE
72 blebbing @ &9 £A3 F AxadAly AHA
EAEo| BARty B wsiyeh

Q ok
e =

2 A= 894 80% EtOH= #&3tx FA ¢ v
Sol 28-S AAsle] Hgt JEZFE gatos 3
w2 Al 241 A (cytotoxicity) Eape} o]z g et
NEF g AEEA Z3r)t A E2Q A apoptosis)ell
o3 dejrp= ZAdA, 2 71R] apoptosis = AL S35
sl ®trh HL-60 Al 2ol Wid S494) avke Auk
L2 BE AP FRdEHq AZZA A A}
vebgten, 53] d4ats) jF2 2vst 23 54 74 7
T AEALZ A EF7} eyl o]t A2 AR
7} apoptosis -F-Eel] 2)3F A=) olr 7] 23 apopto-
sis ol 23 M EAPES] A<l DNA w3}l @448 u)
%3t MZHA G 83 2 fFEAEEA7)E 53 DNA
content® A A=, Tu& $5 5] 93 A E 4]
A A= apoptosisE FE3te] A EAAALE B3 AE
2 AAg AAste Aoz F=g
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