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In previous study, we have shown that continentalic acid (CA) isolated from Aralia continentalis induced the
growth inhibition and apoptosis in HepG2 cells. In this study, we examine the effects of CA from A. continentalis on
growth inhibition and apoptosis induction in human leukemia HL-60 and mouse fibroblast NIH 3T3 cell lines. The
results demonstrated that CA decreased cell growth of leukemia HL-60 cells but not human HaCaT keratinocytes,
assessed with the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] and LDH (lactate dehydrogenase)
assay. Flow cytometric analysis of mouse fibroblast cell lines exposed to CA showed that apoptotic cells increased in
a time- and dose-dependent manner. Treatment with CA decreased the number of normal cells and increased the
number of early apoptotic and late apoptotic cells in a dose-dependent manner. The induction of apoptosis in mouse
cell lines by CA was mediated through the activation of caspase-3, Bak, and Bax and the down-regulation of Bcl-2.
Our results suggest that CA efficiently induces apoptosis in human leukemia cells.
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1. A=
MTT dye [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl

tetrazolium bromide], propidium iodide, ribonuclease, T

SigmaAk(St. Louis, MO, USA)ZHE FY3AT. Annexin
V-FITC, anti-capsase-3, anti-Bak, anti-Bax, anti-Bcl, anti-a-actin
antibodies ¥ anti-rabbit secondary horseradish peroxidase
antibodies -2 Santa Cruz BiotechnologyAHUSA)ZFE 5]
3te] ALE-3FATh Caspase-3 activity assay kit R&D Systems
(Minneapolis, MN, USA)ZFE FYsHT.  Dulbecco’s
modified Eagle’s medium (DMEM), bovine calf serum, and
antibiotic mixture (penicillin-streptomycin) &< Gibco BRLA}
(Grand Island, NY)olA FH3t92H, 7]g} A2 reagent
graded ©|4& SigmaAtZHE FY3te] ARSI

2. CASl £

CAv 71x¥ 5Z(S. miltiorrhiza) ¥ Z5-F Jeung =g
Wil whet BEsisith. g AHEtd, dA = E T T
E B3 95% oY «£xE IRl oH, CAY FxERE
"H-NMR, PC-NMR$} MS spectra A8 S A3 Han 5'9¢] 23}
S} Wlaste] FA 3 tHFig. 1).

)

,,,////

“COOH
Fig. 1. Chemical structure of continentalic acid (CA) isolated from
Aralia continentalis.

3. Al Za)

A7te] wEY M x5 HL-607 2234 MEF?] HaCaT
+ American Type Culture Collection (ATCC, Rockville, MD,
USA)ol A ]l 3he] ARE-3tgiTh HL-60 Al E9] w92 10% FBS,
0.15% sodium bicarbonate®} 1% penicillin-streptomycin©] -
H RPMI1640 viA S AFE-3}3 3L, HaCaT AMES wjFkL 10%
FBS, 0.15% sodium bicarbonate®} 1% penicillin- streptomycin®]
$Hi-¥ DMEM i A& AF&-3ke] 37°CollA 5% CO, FASHE vl %
71 A v FetEA AF e AHg-EFAT

4. MTT &4

MTT #42 Mosmann®e] WH< Wasel Zgstqc
a3 Awsh, HL-60 AZEs well F 5X10705 24 well
plated] E 3t 0-50 M CAE A8t 24, 48 & 72417 &<
H %atglth HaCaT Al EE well T 1X10°715 24 well plated]
HE3kL, 12 AZE Fo) 050 uM CA -8 Wl AE 1 ml¥ F
g 3, 24, 48 B 72X Ft v ol CA9 &<l
dimethyl sulfate (DMSO)¢] =+ HFTHOZ 0.01%°]3t=E &
gatAet. 2 AzEell A gHeA Hj FE MEZE MTT &4 A+
9. MIT €98 5 mg/mld =52 AidF49
(phosphate-buffered saline, PBS, pH 7.4)° ¢ 045 ym ZE
£ o] &3t BHAIA AHESIATE 7 welle] W FA S A A3}
3, A2e wiekel 90 pe FEa, 10 ple) MTT 9405
mg/ml HEFE)E TYatd, 5A M F F, o] MIT &85
AASF AT Crystal formazane DMSOZ £33t 570 nm
microplate readers (Molecular devices, USA)Z FHTE =74

et

5. LDH &5 33

Lactate dehydrogenase (LDH) fr8l52 S42 o2 ]85
T kit (BioVision, CA, USA)& #&3te] =433tk HL-607}
HaCaT Al Z= MIT B40llX 9t 2& 2102 CAS AP st
wjFatdeh wjkol 2 H welll X 459S do] LDH 3
S A8 AT. 54 UYL Sigmarlyt A W o] F3)e]

Fayshent

6. PI &A1 9% flow cytometry

A FE 2] o} X EA]AE Takadae) propidium iodide (PI) ¢
Wil whel S8tk 2es] AW sk, HL-60 A EE 244
&% 47 0-50 uM CAZ AF3FH o HL-60 AEE F74
483 & PBSE 23] Al H3ko] 4ToA 3027 80% g2
etk 1Y AEE A2olA 158 5 40 mg/ml PI &

Ao 2 PME F FACScan flow cytometer (Becton-Dickinson

ST T N

Immunocytometery Systems USA, San Jose, CA)S ©]-&3}4
DNAZS E43t9ch o 10000719 Ao AHE do] A%
ol X EA]2 H]E-E CELL Quest software® 43} T}

7. Annexin V-FITC/Pl @4 <]t flow cytometry
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Annexin V-FITC/PI 9942 Annexin V-FITC kit (Santa

Cruz Biotechnology, USA)& |83t} CA9l 93] fr=€ %
719k F7) o} X EAA B A} HEL =437 Y84 HL-60
AEE (5X10* cells/dish) 6 cm dishell HE3l1 CAY HAE%

=S 050 uM7AAl gedetAl Azlste] 2442 wF
FITC-conjugated ~ Annexin ~ V-FITC/PI  #4& 33
FITC-conjugated Annexin V-FITC/PI &S F¢a}o] 2204

10% &< 44 5 FACScan flow cytometerg ©]&-3to #
A8}9]t}. Annexin V-FITC and PI &1 7] 9442 5259} 575 nm o]
718 & 83t FACScan flow cytometer®] FL 1 and FL 2
channelsoﬂfﬁ B35 2 AdF 2 oF 10,0007 TS oA
2 EA5A T 27]9F &7] ofxEA 2~ ¥ AL H]E-2 CELL
Quest softwareZ 43} T},

8. Caspase-3 4 =74

Caspase-3 E49 =72 R&D SystemsAtollA A3 3=
caspase-3 activity assay kit ©]&3ste SA st tdts] ™
3, CA A¥ § HL-60 AlX& PBSE Al#H3}e] lysis buffer
(1% Triton X-100, 032 M sucrose, 5 mM EDTA, 10 mM
Tris-HCl, pH 8, 2 mM dithiothione, 10 ug/mL pepstatin A, 2
mM phenylmethanesulfonyl fluoride, and 10 pg/mL leupeptin)
£ FY8kAL 4TeA 2083 A thE 3037 10,000 g2 €
At Ao AE L35S AAT dojA AE LES

caspase-3 activity assay kit& &-&3}] R&D SystemsAt7} A&

st Wl F3ke] 33192, 405 nm microplate readers
(Molecular devices, USA)Z &3Z=E =43t}

9. Western blot
HL-60 A2 CA (0-50 pM)S 2] 2] 8}aL 204 2H5-¢k vl o3}

Ak FEAHF FEE AEE W7 lysis buffer 20 mM
Tris-HCl  (pH 7.4), 2 mM EDTA, 500 pM sodium
orthovanadate, 1% Triton X-100, 0.1% SDS, 10 mM NaF, 10 p

g/mL leupeptin, and 1 mM PMSF|& F913te] &3lstA ). Al
FEE9 Puide AFLS Bio-Rad DC protein assay kit
(Bio-Rad Laboratories, Hercules, CA, USA)E o] &3t =H3}
Ak AT @A 30 pge® AAstal, 12%
polyacrylamide gel [sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)|9] 7} wellol]l F¢3le] #2381t
Ao /e @A PVDF membraned] HAMAIZl %, PBS9|
5% skim milk (0.05% v/v Tween-20, pH 7.2)Z 1A%t &<t
blocking3tAth. Membraneel Z} 1z @A (1:500005 43|
4°ColA of 12417 WAFE 5, 23k FA(1:5000)5 FAsHd 14]
b Ft BA ST 24 @AWt PBST (PBS/Triton X-100)2.2
3 AFsgth. gd dEe] thgk X222 Amersham
ECL system (Amersham-Pharmacia Biotech, Arlington Heights,
IL)o2 #gsted SAs sl

7

_7

10. EA A2

2 2Hmean*SD)Z AP OoH, T
£ ANOVAS$} Student's t-test2 &3l on, 294 344

jihJ

1. HL-60 A £33 Al W= CA9 9T

CAZ} A7 fref W&y AE< HL-607 A7 fef 44
FHNEF<2) HaCaT] 4A4AA ] v]xE JTFS golny] 9
&AM, o8 7HA 2 CA(0-50 uM)S 24-72 h7hA] g3},
MTT 413 LDH 253 4t 1 23 Fig. 2A9} 20
HL-60 A= CAY s&} ARt JEHOZ FoJ3A A
(p<0.05) = 1 o™, 72412 ¥ A] IC50- 8.5 uMo] At} Hgh Hl
A W2 #== LDHY €4S RAg 23 Fig. 2B} 2o
CASl AE=ALe AR} = ez AAHAG
(p<0.05). EHEAE Z2¥4 MEFQ HaCaT AE AE,

= 0o
HL-607} 22 sE9 A2 CAE A3t e, Fig 2B

[e]

=

O

Fig. 3Bl Al HoJFE ulel Zo] Axo 4347 EA4d & dFS
T2 FATE olH T CAY HHH MEAGF] Ao} 540
g &3= HL-60Z 28 GAEFE SolsiA Fd35te e
A Wgog HolE Aolg AR wEbA] ofEEA| 26 1lX]
= CAY &3 dist 48 AP EF<2] HaCaT HE7}
obd HL-60 NXE tdoz gt
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Fig. 2. Effect of CA on the cell growth. (A) Effect of CA on the inhibition
of cell growth in human leukemia HL-60 cells. (B) Effect of CA on the cell growth
in human HaCaT keratinocytes. Cells were treated with 0-50 uM CA for 24, 48, and
72 h. The cell population growth was measured by MTT assay. The data are
presented as the means + S.D. of three independent experiments.»=p<0.05 vs.
control.
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=3 48 Continentalic Acid7} 917+ W& HL-60 M AAA|9} ol XEA L fEd & F

B7] & A CA(10-50 tM) S 244| 7k3} 482417 B¢+ A E)star PI
9} Annexin V-FITCEZ A3}l flow cytometer® #2443t o}
EEAX %‘”Q 2R84k Pl @A) 98 sub-G1A7]9
DNA%S BA8 A7 Fig 449} o}EEA 2 EE CAY 5%
o 17J°ﬂ Fola 2 0] AT (p<0.05).
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Fig. 3. Effect of CA on the cell cytotoxicity. (A) Effect of CA on the
induction of cytotoxicity in human leukemia HL-60 cells. (B) Effect of CA on the
cytotoxicity in human HaCaT keratinocytes. Cells were treated with 0-50 uM CA for
24, 48 and 72 h. The ccytotoxicity was measured by LDH leakage assay. The data
are presented as the means + S.D. of three independent experiments.*=p<0.05 vs.
control.
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©
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Fig. 4. Flow cytometric analysis of CA-mediated cell apoptosis in
human leukemia HL-60 cells. Cells were treated with 0-50 M CA for 24, 48,
and 72 h. The percentage of apoptotic cells was calculated by CELL Quest
software. (A) Pl data. (B) Annexin V-FITC data. The data are presented as the
means + S.D. of three independent experiments.*=p 0.05 vs. control.
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7| caspase-39] &4 Z¢ A Fig 5A9 #o] CAY ¥
o} AlZbe] ©JEA 0.2 caspase-39] &/do] F7HE ATt HE]
CA(10-50 uM)E 2042+ &<t A28t caspase-3 mRNAS] Hd
= ZAR 23 gAY 243 fASHA Rt 2595 5
7} th(Fig. 5B). ©183 AoE CAZF HL-60 M| 9] o} ELEA| 2
=0l caspase-37F THAHTU= AMES AF FAU ES CA
7b FESte ofEZEA L oA, Tt dd A TE
vAE FFS LolR7] AN olTEAL fE FLEAS
Bak$} Bax mRNA 2#-& ZAMeIQAT. 2 23 Fig. 5BSF #o]
Bak mRNA9] #HLE CAY F=o| EH 02 FYsiA 715
%131, Bax mRNAY] 2& L 25 M3} 50 uM oA 718+
A% HAth 224 Bd-2 mRNA 23] Z9-E tjzwo] ¥
3l CAS] Fol &R fFelsA °—14X1]5]‘i’iﬂr oz g A
= CAV} ol X EA 2 #H BAE 24 5 A AIA HL-60 Al
9| X EAEE FEITE AS AAHFUA.

1

A B

CA 0 100 23 30

Concentration (uM)

Fig. 5. Effect of CA on caspase-3 activity (A) and apoptotic protein
levels (B) in human leukemia HL-60 cells. Cells were treated with 0-50 uM
tanshinone lIA for 12 and 24 h. Caspase-3 activity levels were measured by ELISA.
Protein levels were analyzed by Western blot analysis. The data are presented as
the means = S.D. of three independent experiments.*=p<0.05 vs. control.
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