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%&'( ��)*[1]. �  !�+, -� *.�� /) �

	'0 1� 2345+,6 �7 � 8+, 9: :%; <

�'= >( �) %�)*. �? %�$ @A'B %C D

E��( FG$ HC IJ, KL$ )MC N�OE, DP

� OE Q$ *R'S TU'= >*. '�� %�� VB

�W) XY= FG Z+6 ?�� [\]) ��0, 9�J

+ �C ^_M�� `@[ Xab �8� '4)*[2]. )

cC Xad$ ef'B %C g��� ^_M) ��0 h

: i+( jk$ l@� m( 9�J� 
�) In'0,

�� �	$ oDp F >( qrL st �Ku� 
�+

�C rv[ 
�'S )wX�= >*[3].  iPx� *R

C 1]+ y5 zS apoptosis{ necrosis� 4|X }*. ~

C �] �( L3� :�+ �� 4�4( necrosis{( �

3 apoptosis( \���  iPx �h� '4�  i �^

� ����) h�'S )wX��, PxC*[4, 5].

Apoptosis(  i� �8 ��,  i� ��,  i� � �

�� ��, DNA ��N Q� �:) gX40 �����

 i; ��� s6C*. 9���; [�( KL�) � 

i+ �'� apoptosis s6+ ��4 �����; ��'

( �) � @A� ��b KL
�� ��L� ~V = >

*[6]. Apoptosis( ¡¢£ ��] ��� l¤¥¦3� �

§] ��{ ¡¢'� Bcl-2 family� :����  i¨B

VI+ �C B\� VI$ ��'( �) ©2 8O'*[7].

ª«4¬(Platycarya strobilacea)( [t4¬�+ ­'( F

®��, o�^¯ °©{ ±3( KM�� )M X ²�

0, ±3{ F«( ��_M) >( ��� ³a´ ²*. ª

«4¬( 9 µ, 9}µ, 9�¶, 9·N � 9¸N 
]Q

) >( ��� rv[ ¹=£ º >*[8−11]. ª«4¬ F

«+, »¼C ]½��( quercetin, myricetin� ¾5¹¸

)¦{ afzelin, quercitrin, myricitrin� ¾�¹¸)¦ ¿3

À¦; iÁC ¾5¹¸)¦Â � Ã ÄÅ7�) Ás X

>*= rv Æ*[12, 13]. 1�, quercetin, quercitrin� *
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This study investigated the anticancer activity of methanol extract from Platycarya strobilacea leaf in AGS

human gastric cancer cells. We determined the cell viability effect of P. strobilacea using MTS assay. Apop-

tosis induction and cell cycle arrest were confirmed by fluorescein isothiocyanate and propidium iodide

staining using cellometer K2. The mRNA expression levels of the Bcl-2 family were confirmed by reverse

transcription-polymerase chain reaction. The cell viability was decreased in a dose-dependent manner

treated with different concentrations of P. strobilacea. Total, early, and late apoptotic cells were dramati-

cally increased, and the cell cycle was arrested at the sub-G1 phase. The mRNA expressions of Bcl-2 and

Bcl-xL were reduced, whereas pro-apoptotic factors, Bax and Bak, were increased in a dose-dependent

manner. These results suggested that P. strobilacea leaf extract induced significant apoptotic activity

through an intrinsic mitochondria pathway.
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*[14, 15]. ){ Ç) ª«4¬ »¼L+ �C 
�C rv

+6 Èv'= � i+ �C 9� 
]) >(�+ �C r

v( �¬C nh)*. y5, É rv+,( ª«4¬ Ê

»¼L$ )M'� � i�  iPx+ �C 
]) >(

�; ��'=,  iPx� ¡¢£ apoptosis 
]+ ¡�'

(�;  i� ��] ��; H� ³�¹= 9�J�, [

\]) >(�; �}'=� C*.
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�" %�  i¨� AGS  i( CË  i¨ �U

(KCLB, Korea)+, vÌ'� PM'Í*. AGS  i( 10%

fetal bovin serum (FBS, Korea){ 1% 9	J(penicillin/

streptomycin)) Î[£ RPMI 1640 Ä�; PM'� 37Ï,

5% CO
2
 ÄRB+, 2−3g "Ð�� !� ÄR'Í*.

���	 
 ��
 ��
É »¼L� CËÑL»¼L�U(Korea Plant Extract

Bank, Korea)��^¯ vÌ'� PM'Í*. ª«4¬ Ê�

2004Ò �5Ó6 ^ÔÕ+, Ö×'� ØV£ Ê(54 g)+ 1 L

� ÙÚÛ(99.9%)$ Ü= nÝ+, 30Þ »¼'Í*(1ÞÅ

40 KHz, 1,500 W, 15½, Ultrasonication). ß¯(Filter paper

NO. 2, Whatman, UK)C �à$ �á â�'� ãä 4.33 g

� »¼L$ åÆ*.  inæ+ PM'B� dimethyl

sulfoxide (DMSO, USA)+ 200 mg/ml� JV'� ç� ¹

¡'Í*.

����� ��
AGS  i¨+ �C ª«4¬ Ê »¼L�  i�]$ �

�'B %� MTS ÀK(Promega, USA)$ )M'�  i 	

§è éh$ nÀ'Í*. 96-well plate+ 2.5 × 10
5

/ml�  

i; 'w ^êÀë Z SFM (serum free media Daihan

Science, Korea)� �7'� 24À" ÔhNÀì*.  i+

ª«4¬ Ê »¼L$ â6í(0, 25, 50, 100, 150, 200 μg/

ml)� 24À" î3'Í*. ��) ïð  i� Ä� 100 μl

Å MTS ÀK$ 10 μlñ »['� 3À" Z 490 nm+, ò

ó6; éh'Í* (FilterMax F5 Multi-Mode microplate

reader, USA).

����� ��
Apoptosis+ �C  iPx\ éh� annexin V/FITC-PI

staining kit (Biovision, USA); )M'� éh'Í*. 6-

well plate+ 2.5 × 10
5

/ml�  i; 'w ^êÀë Z SFM

(serum free media)� �7'� 24À" ÔhNÀì*. ª«

4¬ Ê »¼L$ â6í(0, 50, 150, 200 μg/ml)� Ü=

15À" ��Àì*.  i; ÞF'� 1 × PBS� ôXõ Z

70% +ÚÛ� 30½" =h'Í*. 1 × binding buffer+ ^

s£  i+ annexin V/FITC-PI ÀK$ ÜX 30½" Xö

b ÷+, ��Àø=  ià 20 μl; gÞM ù5)¦ ú

û+ �''� Cellometer K2 ü�(Nexelom bioscience,

USA)� éh'Í*.

���� ��
ª«4¬ Ê »¼L+ �C  i¨B+ l@( jk� cell

cycle kit (Biovision); )M'� éh'Í*. 6-well plate+

2.5 × 10
5

/ml�  i; 'w ^êÀë Z SFM (serum free

media)� �7'� 24À" ÔhNÀì*. ª«4¬ Ê »¼

L$ â6í(0, 50, 150, 200 μg/ml)� Ü= 15À" ��Àì

*.  i; 1 × PBS� 2ý ôX�= trypsin/EDTA; )M

'� ÞF'Í*.  i( 1 × cell cycle assay (CCA) buffer

� *À ôX�= 70% +ÚÛ� 30½" =hÀì*. =h£

 i+ PI ÀK$ î3'� DNA; 30½" ��'�  i

^sà 20 μl; ù5)¦ úû+ �''� Cellometer K2 ü

�(Nexelom bioscience)� éh'Í*.

Reverse transcription-polymerase chain reaction (RT-
PCR) ��
 iPx� ��] ��{ ¡¢£ �þ mRNA� F��

RT-PCR$ )M'� éh'Í*. 6-well plate+ 2.5 × 10
5

/

ml�  i; 'w ^êÀë Z SFM (serum free media)�

�7'� 24À" ÔhNÀì*. ª«4¬ Ê »¼L$ â6

í(0, 50, 150, 200 μg/ml)� Ü= 24À" ��À�  i;

ÞF'Í*.  i+ 1 ml� Trizol ÀK(Ambion, USA); Î

['� 10½" ��Àø= 200 μl� ���i�$ Î['�

5½ "Ð�� 3ý ~'S ��X� Z 14,000 ×g� 15½"

��½3 'Í*. :�� 	� à$ ��b Àæ¡�� 
B

= 500 μl� )����Û$ 
X 10½" *À �� Z �

�½3'� �t+ pellet$ åÆ*. 40 μl� DEPC-DW�

pellet$ �� � RNA 1 μl Å â6�$ éh'� AccuPower

RT Premix kit (Bioneer, Korea); )M'� cDNA; �]

'= AccuPower Taq PCR Premix kit (Bioneer){ ��£

�þ �5)�(Bax, Bak, Bcl-2, Bcl-xL)$ Î['� PCR$

FU'Í*. PCR) ïð �+( EtBr) Î[£ 1.5% �[

�� �+ �a )l� ½� ü@(Davinch-K Imaging

System, Korea)� ��; ½�'Í*.

����

É rv� �� næ� 3Þ ): �f'� �µ ± ���
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<; v'Í*. næ â6"� H!� s�]� Student’s

t-test; )M'� p-value; v'� �¶'Í=, p < 0.05,

p < 0.01, p < 0.001 )'� �2 *, **, ***� �B'Í*.

	
 � ��

���	 
 ��
� � �� AGS! "#$ %&' ()
ª«4¬ Ê »¼L) %� i AGS 	§+ l@( jk

$ ��'B %� â6í(0, 25, 50, 100, 150, 200 μg/ml)�

î3'� MTS assay; FU'Í*. ª«4¬ Ê »¼L$

24À" î@'Í$ � � i� 	§è� �VÕ+ ��

89.3, 87.3, 78.4, 72.2, 50.0%� â6 �§��� s���

��; ¹Í*(Fig. 1). )cC  i 	§è� ��[

apoptosis+ �C  i�xP ��; ��'B %� annexin

V/FITC-PI �� DE$ )M'� Ã R:$ ¡�'Í*.

���	 
 ��
� � �� AGS$*! apoptosis
+,

ª«4¬ Ê »¼L$ %� i AGS+ î3'Í$ �  

i� ¶Ñ) �Ð'S ��£ �$ ��'= )cC ��[

 i� apoptosis s�� )X�= >(� �^; ��'B

%�  i; �ó ��'� ½�$ nÀ'Í*. Apoptosis

��;  � � i(  i ���� phosphatidylserine

(PS)) ¸¼ = annexin V/FITC �ó ÀK� 1)���

~'S ��'S £*. �C,  i� Px) gX4�  i

�$ H�C PI ÀK) DNA{ ��'� !B(early){ ZB

(late) apoptosis� R:$ ��p F >*[16, 17]. ª«4¬

Ê »¼L$ â6í(0, 50, 150, 200 μg/ml)� î3'�  i

; Cellometer K2� �ó� R:$ ��C �� Fig. 2{ Ç

� ��; ��p F >Æ*. !B apoptosis  i� R:)

Fig. 1. Cell viability of AGS cells by MTS assay. The cells were
treated with PSE for 24 h and added with MTS solution for 3 h.
Significant evaluation was indicated from control by t-test
(*p < 0.05, **p < 0.01, ***p < 0.001). 

Fig. 2. Apoptotic activity of AGS cells by annexin V/FITC-PI stain. The cells were treated with PSE (0, 50, 150, and 200 μg/ml)
for 15 h, and stained with annexin V/FITC-PI solution for 0.5 h. (A) The cells were determined by cellometer K2. (B) and (C) Percent
of early, late and total apoptosis was indicated using bar charts. Significant evaluation was indicated from control by t-test (*p < 0.05,
**p < 0.01, ***p < 0.001, n = 6). 
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�VÕ+ �� 4.53, 7.53, 15.74%� â6 �§��� s�

lC ¶[; ¹)= >*. �C, ZB apoptosis  i� R:

6 �VÕ+ �� ¶['= >�4 H!�� s�]$ "#

'S ¹)�( m$*. ����� ª«4¬ Ê »¼L� î

3[ �7 ��� %� i; apoptosis  i� s6'� 	

§è) ��'Í.$ ��p F >Æ*. 

���	 
 ��
� � �� AGS$*! ����$
%&' ()
 i¨B( '4�  i[ ö 
� %  i� �IC ½

°) gX4( V&N£ �h)*.  i ]ü+ ßF�� G1

(�]��B), S (DNA �]B), G2 (½°��B), M (½°B)

B� '<�� 4�!  i¨B; ()*. * �!í ¨B+

( cyclin-dependent kinases (CDKs) ��[ _M'�  i


]$ VIC*. �h:�� � i( * �!í ¨B+ ¡

¢£ ��[ h:��� VI � +'= ¬C ¶Ñ) !t

£*[18−20]. *F� 9� rv+,{ Ç)  i ¶Ñ ,J

(  i¨BVI� ¡¢]) >�0 apoptosis[ s6 �

 i¨B� *RC �!+, ¶Ñ) -»( �$ ³ F >

*[21]. )+ y5 É rv+,( ª«4¬ Ê »¼L� î

3+ �C  i¶Ñ ,J ��[  i¨B h�+ �C �

)B ³�¹B %� ª«4¬ Ê »¼L$ â6í(0, 50, 150,

200 μg/ml)� 15À" î3'� PI ��$ H�  i¨B;

éh'Í*. Ã ��, �¬�6 î3'� m� �VÕ+ �

� 16.3, 20.4, 21.4%� sub-G1B+  i[ �Lc ª«4¬

Ê »¼L+ â6 �§��� ¶['( F@; ��p F >

Æ*(Fig. 3). Sub-G1B( DNA� R) h: i¹* ��

:.�  i�) éh ( �!� ª«4¬ Ê »¼L+ �

� apoptosis �h) gX4= >(  i[ / ): ½°)

4 ]ü'� +'= ½� ( �h+, sub-G1B� ¶[ R

:) "#'S ¡� = >*. ����� ª«4¬ Ê »¼

L î3+ �� %�  i( sub-G1B+ �Lc  iPx)

s6 X � i� ¶Ñ) ,J 0 ��� ��£*. 

���	 
 ��
� Bcl-2 family -.$ %&' ()
 i� Px� death receptor (DR)+ �C 1�] ��

�( ��] �� ö [�� �� gXð*. Ã 8 ��] �

�( l¤¥¦3�; �s'0 Bcl-2 family �2�� :�

_M) 8O'*[22, 23]. Bcl-2 family( anti-apoptosis+

­'( Bcl-2, Bcl-xL, Bcl-w{ pro-apoptosis+ ­'( Bax,

Bak, Bid, Bad, Noxa, PUMA Q�� v] X >*[24].  

iPx) s6 � Bcl-2 family ��� :�_M+ �� l

¤¥¦3� �� cytochrome c[ D¼ X caspase-3� 


]N; H� DNA� ��� ½�; s�C*[25]. ª«4¬

Fig. 3. Cell cycle analysis in AGS cells by PI stain. The cells were treated with PSE (0, 50, 150, and 200 μg/ml) for 15 h, fixed in 70%
ethanol, and stained with PI solution for 0.5 h. 
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Ê »¼L$ î3'Í$ � Bcl-2 family� �� 3N; ¡

�'B %� RT-PCR$ H� ��; ��'Í*. næ ��

Bax( â6�§��� ¶['Í= �C, Bak6 �¬�6 î

3'� m� �VÕ+ �� ¶['( �k$ ¹)( ��+

Bcl-2, Bcl-xL� â6�§��� ��'( R:$ "#'S

¡�p F >Æ*(Fig. 4). )� ��; ä��¹� pro-

apoptosis ��� ¶[{ anti-apoptosis ��� ��[ :�

��� )wX�0 l¤¥¦3�� � 4�]) 5B X

��]  iPx� ���� ��[ }U6$ ³ F >*.

ª«4¬ Ê »¼L� î3( ��] ��; HC  iPx


]$ ¨6'� %�+ �C 9� 
]$ ¹)( ��� P

A£*. 


 �

É rv+,( ª«4¬ Ê »¼L�^¯ P7 %� i

¨� AGS  i+ �C apoptosis[ s6 X 9� 
]$

[�(�; ��'=� C*. AGS  i+ ª«4¬ Ê »

¼L$ â6í(0, 50, 150, 200 μg/ml)� î3'�  i+,

4�4( R:�$ ��'Í*. MTS éh�� � i 	§

è$ ��C �� ª«4¬ Ê »¼L+ y5 â6�§��

�  i+ �]$ ¹Í�0, )cC  i 8.) apoptosis

s6+ �C ���; annexin V/FITC-PI ��$ H� �

�'Í*. Ã ��, early apoptosis; ¹)(  i� R:)

s�] >S ¶['Í*. ª«4¬ Ê »¼L� î3(  i

¨B+, sub-G1B� ¶[� � i[ / ): ½°'� +

'= ¶Ñ) ,J6$ ¹��*. ��] ��+ ¡�'(

Bax, Bak, Bcl-2, Bcl-xL� ¶�$ mRNA F�+, RT-

PCR� ��C ��, Bax, Bak[ ¶['=, Bcl-2, Bcl-xL)

��; ��'0 l¤¥¦3�; HC  iPx� ����

��[ }U = >.$ ��p F >Æ*. )cC ��;

ä�'� ª«4¬ Ê »¼L� P7 %� i+ �C 9�


]$ [�( �\� [@[ >.+ [\]$ JÀp F >

$ ��� 	* 0, »[�� �Lnæ$ HC �7�MÀ

æ� �\ �¶$ H� �Ku 
� [\]$ ���5 C*.
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