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Apoptotic Effect of Luteolin Isolated from Scutellaria barbata

Eun Ok Lee, Jin Hyung Kim, Kyoo Seok Ahn', Young Doo Park?, Sung Hoon Kim*
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We previously demonstrated that the methylene chloride fraction of Scutellaria barbata suppessed human
leukemic U937 cell proliferation by inducing apoptosis. In the present study, we have isolated luteolin from Scutellaria
barbata and evaluated its apoptotic mechanism in Lewis lung carcinoma cells. Luteolin inhibited the proliferation of
Lewis lung carcinoma cells in a concentration-dependent manner. Luteolin effectively increased the portion of sub-Gq
DNA content {apoptotic portion) and apoptotic Annexin-V positive cells in a concentration-dependent manner by FACS
analysis. Caspase 9 and caspase 3 were activated and PARP was effectively cleaved by luteolin. It also increased
the ratio of Bax to Bcl-2 through the decrease of Bcl-2 expression by Western blotting and reduced mitochondrial
membrane potential folowing TMRE staining. These results suggest that luteolin can induce apoptosis through the

mitochondrial mediated pathway.
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1. A ZuReF

Lewis lung carcinoma A|3E&= FBS7} 10% H71E RPMI
164080 Kol A] 37 C, 5% CO, ZHLE o5t 2r Trypsin-
EDTAZ X2I5ld ERlATolA] MEE erksld AthisiiTh

2. MEZEA"

LLC MZZE welld 1 x 10° QF 21 244|7} £ luteolin
S XIEIEEL. 24417 O HiYE PMS (sigma P-9625, 153
mg/ml) 10 ul®} XTT (sigma X-4251, 1 mg/ml) Imlg Stk
welled 50 ulE H718F & 2417 Zof] 450nmoflA] EETE &8
33Tt

3. Annexin-V staining

LuteohinS A28} cellS 4=AH3}0] PBSE A RSIACE Cell
2 05 ml 1 x binding buffer 2ol 2 /Bt & Annexin V-FITC
conjugateZ 5 uld EAC} erdollA] 1587 HIZAIRIF 1 x
binding bufferS H7F5l 1417} oluloll FACSE EA5IRAr,

4. M EF7)| 24T

LuteolinS X 2|3t cell2 4=A8lkd PBSE A|HTH & 75%
cold ethanolS @I -20Tol|A] 14171014} WIRIGINIET. YA 2E]
AASIL PBSE A& 3I%rt PBS 100 ulol cell
RNase A (20 mg/ml) 10 ulE Az|ghaL 37°Col
It Pl (50 pg/me) 400 ulE Hriet & 42,
} YX]E FACSE 24513rt

5. Western blotting

Luteoling &2l3} celle 443l PBSE A& GIRACE 100
ul lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 10 %
Triton X-100, 0.1 % SDS, 1mM EDTA, protease inhibitor
cocktail)2 @1 GS4olA] 3027+ WIS & 12,000 rpm, 4 T
oA 2087 FAEEIGIANE 45HY wldg Bio-Rad DC
protein assay kit IIZ 0| &5} F&dt T 20 ug 9 ChZ S 4x
SDS sample buffer®} B85l 5271 EHrt PaaolA 5&¢
A151& A UEIGH] 4-12% SDS-polyacrylamide gelsollA] Z7]
HAESIHC} (gel running buffer : 25 mM Tris, 250 mM glycine,
01 % SDS). olF 300 mA oAl 90E7FSQE nitrocellulose
membrane (Amersham pharmacia biotech, UK)oll transferd}3
T} (transfer buffer : 25 mM Tris, 250 mM glycine, 20% MeOH).
Transfer® membranesS 0.1% Tween 20 9} 5% skim milk7} 2
&}=)l TBS buffer & 41204} 9087} blockingA]7] rabbit

anti-human cleaved caspase-3 and caspase 9 (Cell signaling, 1

=
-

0
o

: 1000 dilution), mouse anti-human PARP (Pharmingen, San
Diego, CA, 1:1000 dilution), mouse anti-human bcl-2 and bax
(Pharmingen, San Diego, CA, 11000 dilution) primary
antibodiesE 0.1% Tween 20 ¢} 3% skim milk7} ZE&H TBS
bufferc]l B|A8kd 4TollAl overnight @2 HHSAIZCE 01%
Tween 200] E3HE TBS bufferiz 10271 45] A& % 1:2000 3l
4]} goat antimouse IgG Hoseradish peroxidase (HRP)
conjugated secondary antibody (Zymed) 3= goat anti-rabbit
IgG Hoseradish peroxidase (HRP) conjugated secondary
antibody & A 20|41 9027+ BFSAIZIC) 0.1% Tween 200] &t
= TBS buffer2 1027} 43 MBS ECL western blotting

detection kit (Amercham Pharmacia biotech, UK)ZE gHiAIZ1 &

Agfa X ray filmsoll \=&A|# SAUSIUCE

6. Mitochondrial membrane potential

Luteoling &g)ét AlZZ PBSE MA & TMRE (150 nM)
AMelghad 37 TollAl 1027 GAs6IIct @48 & PBSE Al
I gZENACE EFsIRct

i

Ol

7. AR
HE ASANE B + FEIAE LERARAC
A3 9 2

1. Luteolin®] MZE4H {3}

LLC M=ol tidh luteolin® MIENES &HHAUTEH
Luteolin 5, 10, 20, 40 uM< 2441713 48417 AgIst 2 55
9l A7l QEFHOoE LLCHEY BEEE AU E EQl5H
T} (Fig. 1). 0] luteolin0] LLCHI 9] FA1& Aol SA]

ol ot =4S Lekae gp|gic,
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Fig. 1. Effect of luteolin on the proliteration of LLC cells. Cell viability
were evaluated by XTT assay in luteolin-treated celis. Cells were treated with
various concentrations luteolin for the indicated times. After incubation at 37 C,
50 ul of XTT working solutionwas added to each well. Cell viability was then
determined compared with control. All data are presented as means + SD.

2. Luteolin® membrane alteration 7= g}
Luteolino] LLCH Zoll thal 54 € viepdol wet AlZE LA}
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HIXE S ERE

Z STEl=AE 2QI5IIA} Annexin VE FAGINTE A2
AbZY SEHE Az Mt dojued], 1§ AEHY
phosphatidylserine  (PS)o] MZEZS QjRZ TEI A, oloﬂ

phospholipid-binding protein®! Annexin V7t PSS} ZoiA 2

A B, Annexin Vol] FICTE ZE1P 22X 71011 a
A7} S8 AZAAE ge S UsiiA goh A3E
ELol JEHOZ Annexin VERE S7TKIA ST

20 uMol|Al= 15.7%7HK) A ZEHol HElE Zhelirt (Fig. 2).
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Fig. 2. Effect of Iuteolin on membrane alteration of LLC. Cells were
treated with 0 (A), 5 (B), 10 (C) and 20 uM (D) of luteolin for 24 h. Cells were
stained with Annexin V and analyzed using CellQuest Software with a flow
cytometry system

3. Luteolin®] MZIAl SEa
3} luteolin®] M ZIALE

o TH

G0/G1, S, G2/M FES

o

Tale

gs MZF7]
s ERIBINEE. MEZF7)= DNAY
Z o|AAAT} HE sub-G
ElE BT A=, o) MEZ} FA} (necrosis) 7} ORA ILA
2 ApE#Ecks A2 ougil”. LLCA| Xl luteoling HEieh
3} sub-G1 HEO| 3%l 16%7HA 7151990 Fig. 3). W}
A] luteolinol LLCA ZojjA] M ZIAE S+ 2016k
4. Luteolin®] A\ EILA} BEAQIXI0] el
Luteolino] FEok= MZIANY] N1HE gotEr] L6l Al
FAle] BISHs TEQIAIE western blotQE ERQIGIS
Caspases®] Y2 Mz} |FEY 583 wﬂmwm”
Caspasesy= initiator caspases (2, 8, 9, 10)%} effector caspasess
(3, 6, NE VHAY 0|52 BEEYN HEIE TEAl = ojmgh
A2o] oa) 843 Ty, E5) E4J51F caspase 32 DNA
repair§/-¢! PARPE ABOEMN MTIAE VER A Bt
AP w1 Aol luteolin® M EIAFE §E Gk caspase 93} 3
£ 243} A]7]1 PARPE BY Al7le A€ ERIGITHFig. 4).
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Fig. 3. Effect of |TJL'(2646|in on cell cycle of LLC oe||;%28en cycle analysis
was performed after propidium lodide staining by flow cytometry. Cells were treated
10 UM (C) and 20 uM (D) of luteolin for 24 h. After fixing
in 75% ethanol, cells were stained by adding propidium iodide. DNA contents were
analyzed using CellQuest Software with a flow cytometry system.
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Fig. 4. Effect of Iuteolin on caspases and PARP. Expressions of
apoptosis refated proteins were investigated by western blotting. Cells were treated
with various concentrations of iuteolin for 24 htions for 24 h. The cell lysates
containing 20 ¢ of proteins were separated on 4-12% NUPAGE Bis-Tris gels,
transferred to Hybond ECL transfer membrane and probed with specific
antibodies. The proteins were developed using an ECL western blotting detection
kit and exposed to X ray fims.

5. Luteolin®] mitochondrial membrane potentialol]l W& &&F
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Fig. 5. Effect of luteclin on bel-2 famliy. Expressions of apoptosis related
proteins were investigated by western blotting. Cells were treated with various
concentrations of luteolin for 24 htions for 24 h. The cell lysates containing 20 g
of proteins were separated on 4-12% NUPAGE Bis-Tris gels, transferred to Hybond
ECL transfer membrane and probed with specific antibodies. The proteins were
developed using an ECL western blotting detection kit and exposed 1o X ray films.

Fig. 6. Effect of luteolin on mitochondrial membrane potential. Celis
were treated with 0 uM (A) and 10 uM (B) of luteolin for 24 h. After washing with
PBS, cells were stained by adding TMRE solution (150 nM) for 30 min at 37 C.
Then, randomly chosen fields were photographed under a Axiovert S 100
microscope.
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