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Anticancer Effect of Erythronium japonicum Extract on ICR Mouse 
and L1210 Cells with Alteration of Antioxidant Enzyme Activities
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Effects of Erythronium japonicum methanol extract on ICR mouse with induced abdominal cancer and L1210 cells
were studied. Administration of methanol extract (10-100 µg/20 g body weight) prolonged life by 47.8% and
decreased number of L1210 cells with IC50 of 54.6 µg/mL after 3 days culture, whereas little effect was observed
against normal lymphocytes (<6% compared to 83.2% of L1210 cells under the same condition). Increased SOD
and GPx enzyme activities, and remarkably augmented generation of O2

− ion in L1210 cells by E. japonicum
extract, implied that reactive oxygen species including O2

− ion, might have participated in L1210 cell death
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���(Erythronium japonicum Decne)� ���(Liliaceae)�
��� ��� ����� ������, ���, ����, �
����� ����� ��, � �� 2�� 5��� �� �
�� ���� ���� �� ��� ���� ��� 25-30
cm �� ��� ��� �� �� 30 cm �� ����, ��

�� �� ��� ���� ����� ��� ���� ��

���� ��� ��. ��� �� ��	 ��� ��� �
� ��� �� g/kg�� ���(1), � �� ��� ��
�

���� osmoprotectant � ����� �� �� �� fructan
�(2,3) ��� ���� ��.
�
 ���� ���� ��� ���	 ���� ���

���� ��� ��� ���� ����� ���� ��

� �� � ��� ���� 
�� ���� ��� � � �
�. ��� ���� ���� �� ���� �	 �����

����� �� ��� ����(4,5)� �� ���� ��

�� ��� ���	 ��� ��	 ��� ��� �� �
�. ��� � �� ���� ������ ��� �� ��

��� ����� ��� ��� 
�� ��� ���� �
�� ����� ���� ���	�� ����� �� ��.
�� ��� genetic changes� epigenetic changes� 
��

�� oncogenes� ������ suppressor genes� �����

�	� ��
 �� ��� ��� � � ��� ��� ��

��	 ����� ��� ��� ���� ��� 	� ��

�� ����(reactive oxygen species, ROS)� ����� �
�(6,7). ���� �� ����� ���� �� ����

doxorubicin, cisplatin, vincristine, cytosine arabinoside, meth-
otrex, bleomycin �	 ����(8-11) �� ����� �� �
��� 
��� apoptosis ��� ���� ���� ����

� ��� ��� �� ����� ��	 
��� 	�� �
�	 ��� ��� �� ���.
� 
���� �		 ��� ���� ��
�� ���

�� ���	 ������� ��� Sarcoma 180�� ��

�� ���� ICR 	�� � ���
 ����� L1210 �
�� �� ����� ���� ��� normal lymphocyte�
�� ��	 ��� ����, � ����� ����� ��

��� O2
−��	 �� � ������ SOD, GPX, catalase

����� ���� 	� �� ��� 
� ���� ���. 

���� � ��

��

Ferricytochrome c, xanthine, xanthine oxidase, superoxide
dismutase, glutathione, glutathione reductase, phorbol 12-
myistate 13-acetate, nicotinamide adenine dinucleotide reduced,
trypan blue, dimethylsulfoxide, ethylenetetraacetate� Sigma(St
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Louis, MO, USA)	 ��� ������, RPMI 1640, fetal
bovine serum(FBS), penicillin/streptomycin mixture� GIBCO
BRL(Grand Island, New York, USA)�� ������ ���

��� ����� ��� ��	 ��� �����.

��� ��� ��

���� �
� ��� �����	 ������ �� 2-
5� ��� ����� ��� ��� 	
 ��	 	�� �
� ���� �	�� ����� 	�� �� ������

� �����. ��� ����
 �� ��� 
�� ��

�
 �� �� ��� ���� �����. �� 10 g� 100
mL	 70% ���� ���� 24�� �� ��� 
 ��


� ��� ��� 	��
 �� ���� ��
� ���.
�� 
� ��
� ��� 7�	 gauze� ���� 
� �

� �� Watman ���� ���� �
� �� ��� �
� �	 ���� �
� �����.

�� ICR ���� �� ����

ICR 	���� 
�
� �� � Sarcoma 180 cells� ��

� ICR 	�� ��� 1�105 cells/10 µL/20 g body weight	
��� �	� �� 24�� 
��, ��� ���� 0.5%�

�	 ���	 DMSO� ���� 10-100 g/20 g body weight	
��� �� �� ��� ��	 � ���� � �� ���

����� �
�� 
����. Control	 ��� ��� �
�� 	� ��	 DMSO� 	��� ��� 	�� ����

�� �� ���.

L1210 ��� ��

� 
��� ��� L1210 cells(murine lymphocytic leuke-
mia; ATCC CCL 219) ��� ����� �
(��� �
�

	�)�� �� �� �����. �� ���� 37oC, 5% CO2,
humidified condition�� 
����� 
�
� 10% FBS� �
�� RPMI 1640���, ����� penicillin/streptomycin	 �
�
� ������ 
� 
�� 3-4�	� �
���.

Normal lymphocytes ��

����� �� ���	 ��� ���� 
� ICR 	�

���� normal lymphocytes� ���� � ��� ��� �
�� ���	 ��� �����. Normal lymphocytes	 ��

��� Boyum(12)	 ��� ������ ��� ��� ��.
Mouse� ether� 	��� 
 ����� �	�� heparin �
�� � ���� ��� � 15 mL tube� ��� ���

dextran ���� Histopaque R-1077 3 mL� ����
 ��

�� 400�g�� 30�� ���� 
��� ���. 
���


 pasteur pipette� ��
� plasma�� ���� lymphocyte
� ��� ���� ���� ��� phosphated buffered saline
(PBS) 10 mL� ����
 ��� �� 250�g�� 10�� 

��� �� ��
� 
�� 
�� ���� �� 2� ��

�����. 
�� normal lymphocytes� PBS� ���� �
��� 
�� �� penicillin/streptomycin�
� 10% FBS�
��� RPMI 1640 
�� ��� 
����.

L1210 ��� normal lymphocytes� �� ��� ��

��� ���� ���� L1210 ��� 	� �����

normal lymphocytes� �� ����� �� � 	�� ���

�
���. 24 well plate� 1�106 cells/mL ��� L1210 �
� �� normal lymphocytes� ��� ��� ��� ����

��� �� ���� 
� 
 Thayer(13) ��� ���

hemocytometer� ��� trypan blue exclusion��� ����

��� ���� control ��	 ��� ���� �� ���

(%)� ����� 
����. 
 control ��	 ��� ��

� �� ����	 ��	 ���� ���� 
����.

��� ��(%) =
Control�	 ��� ���−���	 ��� ��� 

�100
          Control�	 ��� ���

L1210 ��� O2
− �� ��

L1210 �� 
�
� ��� ���� ���� ����


� 
 L1210 ��� ���� O2
− ���	 ��� Markes-

bery(14)	 ��� 	�� �
���. � ����� L1210 �
�� 1�-3�� 
��� 250�g�� 
��� 
 ��
� 

�� ���� 24 well plate� 1�106 cells/well, 700 µL PBS,
50 µL cytochrome c, 5 µg/mL	 phorphol myristate acetate
(PMA) 50 µL� 
�� ���� 60�� 
� 
 
��� �
��. ��
 200 µL� PBS
 ��� 1 mL� ��� �
�

� 550 nm�� ���� �����. Ferricytochrome c	 �


��� 21.1/mM/cm	 	��
�� ������ O2
−����

moles/60 min/108 cells� �����.

������ ��

L1210 ��� 1�106 cells/mL ��� �	� 
�
 10 mL
� 50 mL culture flask�� ���� 
�� 
 1,000�g��


��� �� ��
� ���� ��� L1210 ��� ��

���� 2� �����. ��� ��� 5 mM sodium phos-
phate buffer(pH 7.4) 1.5 mL� ���� Elvejehn homogenizer
� ���� ice bath��� 5�� 5� ��� � �� � �
�
� ��� ��� ���� ���� �� ��� 30��

3� ��� ���� mitochondria matrix� 

�� ��� �
�� MnSOD ���� ���� � ��
� 4,500�g�� 

����� � ��
� �����
�� �����.

Superoxide dismutase(SOD) �� ��

SOD��	 ��� ����� McCord and Fridovich(15)	
��� 	� �����. 3 mL� 50 mM potassium phosphate
buffer(pH 7.4), 100 mM cytochrome c, 50 mM xanthine, 0.1
mM EDTA(pH 7.8), ��
� ��� �
� 25oC�� 15��

��� �� xanthine oxidase(XOD)� ���� ��� 	��

��� ��� 550 nm�� 10� �
� 5�� ���� ��

�� �����. Xanthine oxidase ���� ��
� ���

� �� ��
	 ��� ��� �� ��� 0.025� ���

�����. SOD ��� ��
� ���� �� ��
	

cytochrome c	 �
��� 50% ���� �� 1 unit� 	�

�� unit/min/107 cells� �����.

Glutathione Peroxidase(GPx) �� ��

GPx	 ��� Maral �(16)	 ��� 	�� �����. 50
mM potassium phophate buffer(5 mM EDTA, pH 7.0), 8.4
mM NADPH, 1 unit glutathione reductase(GSSGR), 150 mM	

glutathionc(GSH), ��
� ���� �� ��
 2 mL� ��
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� � �� 37oC�� 5�� ���� 
 0.16 mM t-butyl
hydroperoxide� ��� 340 nm�� 3� 		 NADPH	 ��

� 	� ���� ���	 	�� ������ NADPH	 �
�
�� 6.22 cm−1mM−1� ���� ����� 
����.

Catalase�� ��

Catalase ��	 ��� 250 nm, 25oC�� ��� ��� 	
�� �� Maral �(16)	 ��� �����. 50 mM potassium
phosphate buffer(pH 7.4), 12.5 mM H2O2 � ��
� ���

�� ��
� 2 mL� ��� � 
 250 nm�� 10� �
�

5�� ��� 	�� �����.

����

�� ��� mean�S.D.�� �����. Control�� ��

� ��	 �	�� Student’s t-test� ���� p* < 0.05, p** <
0.01� ��� �	�� �� ��� �����.

�� � ��

��� ���� �� �� ICR ���� ������

Sarcoma 180�� ���� ICR 	��� ��� ����

�� ���� �
�� ��� control	 �� �
�� 
�

� ��
���� Table 1� ��� �� ��. ICR 	���

���� ���� 
�� Sarcoma 180 cell� �	�� 24�
�� �� 
�� ��� ���� 10-200 µg/mL� �� ��

	� ���� �� �
�� 
�� �� control�	 �� �

 ��� 21.3�3.7 days���� ��� ��� ���	 �
�
���� 50 µg/mL	 ���� �
� 	��� 70 µg/mL
����� 143.7%� ���� ����� ������

111.7%-143.7%� ����. ��� ��� ���� ����

���� ICR 	��	 ��� ��� 
���� ��� �
����.

��� ���� L1210��� �� ����

��� ���� ��� 	��
�� ��� ��
���

� ������� ���� �
��	 ����� ��� �
��. ���
 ���� L1210 ��� ��� ���� 10 µg/
mL�� 200 µg/mL ���� ��� �� 1-4�� 
��� �
��� 
�� ��� Table 2� ���� ��� 
� 1��

�� ��� ��� �	 ���� ���� ��� 	���


���� 	���� �
� ��� ��� �����. �
� �� ��� ��� ������ ��� ���� ���

��� �� cell cycle arrest� �� ���� �� ��� �
�� ��� ����� ����� ����� �� ���

�	 ��� ����. 
� 3�� 
� 4���� 50 µg/mL
�� ����� � 50%��	 ���� ��� �����,
4�� 
� ��� �� 98.6%	 ����� ���� ��

�� ������ ���� ��� �	 ���. �����

�� ���� �� ��� 
� �� 3�� ���� 
��

IC50�� 54.6 µg/mL���.

Normal lymphocytes� �� ��� ���� ��

��� ���� �����	 ��� ���� ���� �
��� ����� �� �� ����� ���� ����


���� ��� L1210��� ��� ICR 	�����

normal lymphocytes� ���� ����� �����. Table
3� ��� ��� ��� normal lymphocytes� ��� ��

�� ��� 
 
� 1���� ��� ������� 10%
�		 ��	���� �����, 
� 2���� 
 ��	

���� ��	� �� ��� 100-200 µg/mL	 �����

5% ��	 ��� ��� �� ��� ����. 
� 3��

�� � 5% ��	 �� ��� �� ����� 
� 4��

� ��� 10%� �� ���� ��� ����.
� ��� L1210 ��	 ��� Table 2	 ��� �
��

��� ���� ���� ���� �� ����� ���

�� normal lymphocyte� ���� �� ��� ��
� �
����. �� �� ��� ���� 100 µg/mL��� ���

3�� 
���� � L1210 ��	 �
�� 16.8%��� �
����� normal lymphocytes� 84.2%	 �� �
�� ��

�. ��� ��� ���� 	���� ���� ��� ��

���� �� ��� �����	 ���� ����� �
� ��.

Table 2. The effect of Erythronium japonicum extract on the cell number changes of L1210 cells

Culture days

Cell number reduction (%)

Extract concentration (µg/mL)

10 20 50 100 200

1 1.7�0.5 1.4�0.8 3.0�1.9 5.3�1.60 7.4�1.2
2 2.1�1.1 5.7�3.8 26.0�1.3* 39.2�5.1** 46.2�4.9*
3 15.5�2.30 23.8�5.70 53.0�2.1* 83.2�2.5** 095.7�3.3**
4 16.7�3.70 32.5�3.9* 072.4�3.6** 83.7�3.4** 098.6�2.3**

Each value represents the mean�S.D. of four individual experiments.
Asterics denote a significant difference compared with the control group (*p<0.05, **p<0.01).

Table 1. The life prolonging effect of the Erythronium japonicum
extract on ICR mice bearing peritoneal cancer

Erythronium japonicum
(µg/20 g body weight) Survived days Life prolonging effect 

(%)

00.0 21.3�3.7 1000.
10.0 24.6�4.3 115.5
20.0 23.8�3.9 111.7
50.0 *28.7�2.2* 134.7
70.0 *30.6�1.6* 143.7

100.00 29.5�4.7 138.1

Each value represents the mean�S.D. of six individual experiments.
Asterics denote a significant difference compared with the control
group (*p<0.05).
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L1210 ��� O2
− ��

��� ���� ���� L1210 ���� �
�
 ���

� �� ����	 ���� ���� �� �� ���� �
���� ��� ��� 	� ����� ����� ���

� �� ��� �����	 �
� ���� ��� �
�

��.
�
 ��� ���	 �� ��� ���� 	� ��� �

�� necrosis ��� apoptosis� 	�� � apoptosis �� �
���	 ����	(8-10)	 �
� �� ��� ��� ��

�� 	� ���� ���� �� �� ���� �
���


���� ����� ���. �� ��� ���� 	� �
��� ��� �
�
 ��� � �� ��� ���� �
� �
 O2

−��	 ���	 	�� ����, � �� ���

�� ���� �� ����	 O2
−��	 ���� �
��

���. O2
−��� ����� ���� ���� �����

��	 
����� � ���� 	�� ��� � � ��

�(11,12). ��� ����� ��� ���	 ��� 
� �
�� 	
��� ��� ���� 50 µg/mL� 100 µg/mL	 �
��� ���� 3�� 
�� �� ��� ����� ��

��� ���� 10 µg/mL� 20 µg/mL	 �
� �� ���

1���� 2�� 
� � ��� ��� ��� �	 ���

� �� ��� �����. �� �� ���� �� 
��


 ��� ��� �� O2
− ���� ���� �
 � ��

Table 4��� �� ��� �	� �� O2
− ���	 	��



 ���.
��� ��� Table 2��� �� ����� ��� ��

� 10% ��� �� ��� 
� 1���� ��� ����

��� � ��	 O2
− ��� control ��� ��� ����

� 	��� ������, ��� ��� 50-80%� ��� �

�� 
� 3���� ��� �	�� O2
− ��� �	���

� 50 µg/mL	 ���� control �	 � 12
, 100 µg/mL	
����� control �	 � 23
 ��	 �� �� 	�� �
��. � ��� 	��� L1210 ��� ��� ���� �
�� �� ���� ��� ��� ���� �� 
� 
�

�� �� O2
−��	 ��� 	��� ���� ��� ��

	 ��� �	�� ����� 	��� �� � � ���.
����� O2

−��	 ���� �� 10−5 sec�� �� ���


 ��(14)�� ��� ��� ���, ��	 
 �� �


� O2
−� H2O2� OH� ���� ����, � �� �
� �

�� H2O2� ���� H2O� ���� ��(11,12)��. ��

� � �� �� ��� H2O2� �� O2
−� ���� �OH�

�� ���� ����
� ��� ������ ��� �
� � ������ �� ��� ���� 
� �� ���

� ��� ���� ������ ���.

 ��� ���� ��� L1210 �� �� �
 O2

−� �
�� H2O�� ���� 
���	 ����� �����

(17,18)� superoxide dismutase(SOD), glutathione peroxidase
(GPx) �� catalase ��� ���� ��� ���	 ���

����� 

�� ���.

��� ���� �� L1210��� SOD �� ��

O2
−� SOD� 	�� H2O2� ���� � H2O2� catalase�

GPx� 	�� ��� H2O� ����� ��� ��� Fenton
��� 	� ����� ���� �OH� ���� ��� �
�� ���(11,12), ��� ���� ���� ���� ��

� �� SOD�� 	�� ����� ���� 
�� ���

��� �
 SOD��� �� �� �
���.
Fig. 1� ��� ��� �� ��� ���� ���� �

�� ��� �� ��� �	�� SOD��	 	�� � �
� � � ���. �� ��� ��� �	 ���� �� �
�� 
� 1��� ��� ���� ���� 
��� 

L1210 ��	 SOD��� 10 µg/mL��� 1.31 units/107 cells,
50 µg/mL	 ���� 0.96 units/107 cells, 100 µg/mL��� 1.64
unita/107 cells�� control �� 0.57 units/107 cells� ��� �
2-3
 	� �� ���. �� �� ��� ���� ��� �
�� �
�� �� 
� 1���� �� ���� ����

��� ���� 	� �� ��� �� O2
−� ����� �

O2
−� ���� 
� SOD ��� ���� 	��� ���

��� ���.
��� ��� 50-90% ���� ��� 
� 2��� 3��,

4��	 ��� �� control ��	 SOD ��� 
� ���

�	�� 2-3
 	�����, ��� ��� ���	 SOD

Table 3. The inhibitory effect of Erythronium japonicum extract on the cell numbers of normal lymphocytes

Cell number reduction (%)

Culture days Extract concentration (µg/mL)

10 20 50 100 200

1 -9.2�1.3* -4.6�2.2 -7.1�3.4. -4.3�0.6*. 3.8�1.7
2 -2.5�1.20 -2.1�0.7 1.5�0.4 3.4�0.80 5.9�1.7
3 1.4�1.5. 0-3.2�0.5* 4.2�1.3 05.8�0.4** 6.7�1.5
4 2.5�0.3. -5.3�1.4 005.9�0.6** 15.9�1.3*0 17.3�3.50

Each value represents the mean�S.D. of four individual experiments.
Asterics denote a significant difference compared with the control group (*p<0.05, **p<0.01).

Table 4. The effect of Erythronium japonicum extract on the
generation of O2

− in L1210 cells

Concentration 
(µg/mL)

O2
− (nmoles/60 min/107 cells)

Culture period (days)

1 2 3

00.0 0.09�0.05 0.14�0.03 0.11�0.05
10.0 0.13�0.08 0.18�0.06 00.38�0.07*
20.0 0.26�0.04 00.67�0.05* 0.93�0.11
50.0 00.34�0.07* 1.32�0.13 01.47�0.05*

100.00 0.45�0.13 01.79�0.17* 02.35�0.13*

Each value represents the mean�S.D. of five individual experiments.
Asterics denote a significant difference compared with the control
group (*p<0.05, **p<0.01).
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��� ��	 control �	 5
 ����	 �� 	� �� �
� ��� �� ��� ���� ��� ���� ��� �
��� O2

− ����� SOD ����� �
 ���� ��

� � ���.

L1210 ��� GPx(glutathion peroxidase)� catalase ��

��

��	 ���� SOD��� 	���� �� ���� H2O2

� �
�� �� 	���� 
�� H2O2	 ����� glu-
tathione peroxidase(GPx)� catalase��	 	�� ��� ��

��� ����. Fig. 2	 ��� 	�� SOD� 	�� ��

�� GPx ��	�� �� � � SOD	 ��� 	����

��� ����� �
� ���� GPx ����� ���

�� ��� �	�� �
�
 	��� �� � � ���.
�� ��� ��� �	 ���� �� 
� 1��� ��

� ���� 10 µg/mL�� 100 µg/mL ���� ����� �
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������ ��� ��� �
�� 
� 2��, 3�� ��

� 4��	 GPx��� control �� ���� � 2
 ��, �
�� ��	 ��� ��� �� �� ���� 
� ���

��� ���� GPx ��� ��� 
���	 control �	

3
�� �� �
 	����.
���� ����� SOD� GPx ������ �� ��

	 ��� 	��� L1210 ��� ��� ���� ��� �
� �
�
 ��� �� ��� ����� �� O2

−��	

��� �	��, � O2
−��� ���� 
� SOD��� 	

���, � �� H2O2� 	��� � H2O2� ���� 
�

GPx ��	 ��� 
�� �
 	��� ��� �����.
��� GPx� �� ���� �� ���� �� ��, H2O2

� ���� � �
 ��� catalase� ��� peroxisome� �

�� ���(18,19) � GPx �
 ����� ���� catalase
��	 ��� ���� �� ����� ��� ���� �
��� �� catalase� peroxisome� �
�� ��� ���

������ �� ��� H2O2 ���� ���� ��, �
�� ��� ���� ���	 H2O2� ���� �
 

�

� GPx� 	� �� �� ���� � ��� �����.
��	 ��� 	��� ��� ���� L1210 ��� �


�
 ����� normal lymphocyte� �	 ���� ���,
L1210 ���� ����� �� �� �� L1210 ����

O2
−� ���� ���� ��� H2O2 �� �OH �	 ��

��� apoptosis� ������ ���� ��� ���� �
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���� ���� ����� SOD� GPx� ���� ��

��	 ��� ���� �� ��� ����� ���
 �
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� �

���� ��
�� ���� � ���(Erythronium japoni-
cum)	 ����� �����. ��� ���� Sarcoma 180
�� ���� ���� ICR 	��� ��� ���� � �
� 143.7%� ��� ��
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 ��
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3��	 
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���� ���� ����� O2
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�� �
 	�����, 	�� O2
−

����� SOD� SOD	 	��� H2O2 ����� GPx�
�� 5
� 3
�� �
 	���� ��� ��� ����

����� O2
−� ��� ����� ����� � 	�� �
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