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The immunomodulatory effect of Codonopsis lanceolata based on the production of cytokines and the activation
of macrophage was studied. The mRNA expression of nitric oxide synthase (iNOS) was gradually induced after
24 hr treatment of Codonopsis lanceolata, and NO production was a maximum after 24 hr treatment with 1 mg/
mL. RAW 264.7 cell on in vitro treatment with Codonopsis lanceolata induced mRNA of cytokines such as
interleukin-1(IL-1)β, interleukin-6(IL-6), tumor necrosis factor(TNF)-α and interferon(IFN)-γ; IL-1β and IL-6
mRNA were gradually induced up to 24 hr. TNF-α mRNA was regularly induced up to 24 hr, and IFN-γ mRNA
level was a maximum within 1 hr. These results suggest that Codonopsis lanceolata exerts as an effective
immunomodulator and enhances antitumor activity of macrophages.
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� �

��(Codonopsis lanceolata Benth. et Hook)� ����

(Campanulaceae)� ��� ��� ����� ��, �� ��

� ���� ���, ��� �� �� �� ���� �� �
��� ���� ��, ��, ��, ��, ��, ��, ����,
���, ��, �� �	 �
� ���. ��� ��� ��

��, ����� ����� ���� �� ��� ����(1).
��� ��� ����� arginine, potassium(2), stigmasterol,

spinasterol(3), squalene, terpenoid, cycloartenol(4), N-formylhar-
man, 1-carbomethoxy-β-carboline, perlolyrine, norharman(5) �

��� ����(6,7) �	 ����� ��� ��. ����

��� ��� �� ���� �� ��� ���	 ����

�(8), �� � ���	 ���� � �����	 ��� �
��� 
�(9) �	 ��
�� �� ��� �����. �
� � ���	 �	 �� ��(10,11)� ��� �� ���

��. �� � ���� ����	 ��� ����, Th ��

� �����. �� ����	 �����(nitrite oxide, NO)

��� ����, �� PMN ��	 phagocytosis� �����

��, ��� �� ��� �	
�� ���� � ��� �
���� ��(12,13).
����� ���� ���� �� ���� ���, ��

���� ����� �
�� ��� ��� �� ��	 �
�� ��� ��	 	�� ��. ����� T���� ��

�� lymphokines� 	� ��� �� superoxide(O2-)� hydro-
gen peroxide(H2O2)� �� ���� �	���� NO� ��

���� �	��� ���
 ��� ���� �����.
� ����� interleukin-1(IL-1), interleukin-6(IL-6), tumor
necrosis factor(TNF-α), interferon-γ(IFN-γ)� �� cytokine �
NO� ���
 �	�� ����� ����� ����(14-17).
� ��� ����� 	� ���� cytokine	 �� ��

� NO ��� �
���� ���� ������ ���	

��� ����� ���.

�� � ��

���� ��

��� ������ RAW 264.7	 ��� 10% fetal bovine
serum(FBS, GIBCO-BRL, Grand Island, NY, USA)� 1%	

antibiotic antimycotic(GIBCO-BRL, Grand Island, NY, USA)�
��� RPMI 1640(GIBCO-BRL, Grand Island, NY, USA)��

37oC, 5% CO2 �
 ��� �������.
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��� ��

��� ��� 500 g� ��� 5 L� �� 15oC�� 24�	

���
 ��� 	��. � ��� 70% ���� ����

� ���� 	�
�� � �� ��� ��� �� 5 mg/mL
� �� �
 �����.

�� ���

Cytokine� 	�
 ���� nitrite� RAW 264.7 ��� �
�� ��� �
�� ��
 MTT ��� �����. � �
�� ��	 �����
 � ��� succinate-dehydrogenase�
	� 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT)� formazan�� ����
 ��	 ��� ���� �
�� ��� formazan	 ��� 	��� �� �� ��� �
��. �	 RAW 264.7 �� 1�105 
/mL� 24 well plate�
1 mL ����, 37oC, 5% CO2 ����� 24�	 	� ��

���. ��� ��� ��� ���� ���� ���
 48
�	 	� ��� �, phosphate buffered saline(PBS; Sigma
Chemical Co., St. Louis, MO, USA)� �� 5 mg/mL	 MTT
(Sigma Chemical Co., St. Louis, MO, USA) �� 50 µL� �
well� �� 37oC, 5% CO2 ����� 4�	 	� �����.
�� �, ���� 	�� isopropyl alcohol� �� 0.04 N
HCl� 500 µL
 �� formazin� ��� �, microplate reader
(Model 550, Bio-Rad labolatories, Japan)� 550 nm�� ���

� �����.

Nitrite ��

Cytokine� 	�
 RAW 264.7 ��� ���� nitrite� �
��� ��
 griess ��� �����. � ��� griess �
�	 diazo�� nitrite� ��� �	��� 
�� �� ��

��� ��� ���. 6 well plate� 2 mL
 � well� 1�
106 
/mL	 ��� phenol red� ���� �� �� RPMI
1640� �� 37oC, 5% CO2 ����� 24�	 	� �� �,
��� ��� 
� IFN-γ� ���
 �	��� ��� �
nitrite ��� �� ��� 100 µL� 96 well plate� ����.

�� 	�	 Griess ��(Sigma Chemical Co., St. Louis,
MO, USA)� ��, �
	 ��� ��� 10�	 ���� �,
microplate reader� ���
 UV 550 nm�� ���� ���

��. Nitrite	 ��� sodium nitrite(NaNO2)� ���
 	�

�
��� �	�
 �����.

Reverse transcription and polymerase chain reaction
(RT-PCR)�� �� iNOS � cytokine ��� �� ��

100 mm dish� 1�107 
/mL(� 5�107
) RAW 264.7 ��

� ����� �� 24�	 	� �� �, ��� ���� �
��
 �	�� incubation� � RNA� ���� �� ��

�� 	�� 1 mL	 TRIzol reagent(Invitrogen Life Technolo-
gies, USA)� �� �
�� 3�	 ���� 1.5 mL tube� �
��. 
�� chloroform 200 µL� �� 15�	 � ��� 

�, ice�� 10�	 �����. 4oC�� 12,000�g�� 15�	

����� ���
 ���� �� ��� �� 1.5 mL tube
� �� �, ��� isopropanol� 	� �� −20oC�� 1�	

incubation���. 4oC�� 12,000�g�� 20�	 ����� �
�� �, ���� ���� RNA pellet� 75% ethanol 1 mL
� ���. �� 4oC�� 12,000�g�� 5�	 ����� �

 ���� ���� RNA pellet� clean bench�� � 30�
	 
��� �, diethylpyrophosphate(DEPC) water 23 µL�
RNA pellet� ���. RNA	 ��� 50� ��� � UV/vis
�����(SmartSpecTM3000, Bio-Rad, USA)� ���


260 nm�� ���� �����.
RT/PCR Premix(Bioneer, Seoul, Korea)� cytokine	 20

pmole/µL	 sense primer(Bioneer, Seoul, Korea) 1 µL� 20
pmole/µL	 antisense primer(Bioneer, Seoul, Korea) 1 µL, 1 µg
	 RT ���, DEPC ��� ���� �� ����� 50 µL
��� � � RT-PCR(PTC-0200 DNA Engine, MJ Research
Inc., USA)� �����. RT-PCR� cDNA��; 42oC, 60�,
predenaturation; 95oC, 5�, denaturation; 95oC, 1�, annealing;
55-65oC, 1�, elongation; 72oC, 1�� 31 cycles� ��, poste-
longation; 72oC, 5�	 �����. RT-PCR	 ���� 0.1%
ethidium bromide(EtBr; Sigma Chemical Co., St. Louis, MO,
USA)� ��� 1% agarose gel(Cambrex Bio Science Rock-
land Inc., Rockland, ME, USA)� ���
 75V�� 40�	

���	(MJ-105, Major Science Co., LD, Taiwan)�
 UV�
� �����. � primer	 ����� Table 1� �����.

Table 1. Oligonucleotides used in RT-PCR analysis

Oligonucleotides Sequence Size (bp)

iNOS
5'-primer 5'-CCTTGTTCAGCTACGCCTTC-3'

499
3'-primer 5'-CTGAGGGCTCTGTTGAGGTC-3'

TNF-α
5'-primer 5'-GCGACGTGGAACTGGCAGAAG-3'

340
3'-primer 5'-TCCATGCCGTTGGCCAGGAGG-3'

IL-1β
5'-primer 5'-TGAAGGGCTGGTTCCAAACCTTTGACC-3'

361
3'-primer 5'-TGTCCATTGAGGTGGAGAGCTTTCAGA-3'

IL-6
5'-primer 5'-ACCCCTCCTGTCTTCCTCCTG-3'

155
3'-primer 5'-TCTGACCACAGTGAGGAATGTCCAC-3'

IFN-γ
5'-primer 5'-AGGTCAACAACCCACAGGTCCA-3'

397
3'-primer 5'-CCAGATACAACCCCGCAATCAC-3'

β-actin
5'-primer 5'-TGGAATCCTGTGGCATCCATGAAAC-3'

349
3'-primer 5'-TAAAACGCAGCTCAGTAACAGTCCG-3'
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�� � ��

��� ���� RAW 264.7 ��� ��� ��� ��

RAW 264.7 ��� ��� ���� ����� � �� �
�� ��� ��� �
���. ���� �� ���� 48�
	 ��� ��	 ��� 100�� ��, ��� ���� ��

�� �
�	 ����� ��� ��, ���� ���� Fig.
1� ��. ��� ���	 ��	 ��� �� ��	 ��	

��	� ������ 1 mg/mL� ��� � RAW 264.7 �
�	 �� 56%�� ����� �����. NO ��	 ��

� �� ��� ��� 1 mg/mL	 ��� ��� ���� �
����	 ��� ���� �� 80%	 �� ��	� ��

��� 0.1 mg/mL	 ���� ���
 �� �
� ���.

����� NO ��

NO� free radical�	 ����, �� ���� ����. NO
� ��� superoxide� 	�
 NO2, N2O3, N2O4, nitrite(NO2

−)
� nitrate(NO3

−)� �� ��� nitrogen oxide� �����(18).
NO� L-arginine���� nitric oxide synthase(NOS)� 	� �
����, NOS� ��� ��� ��� NO� ���� endot-
helial NOS(eNOS) � neuronal NOS(nNOS)� ��� �� �
� 	� ���� inducible NOS(iNOS)� ��� � ��(19).

RAW 264.7 ��	 NO production� �� ��� ���	

��� �
� �� RAW 264.7 ��	 ���� ���	 �
�� �� ��� �, Fig. 2� �� NO	 ��� �� 	�

����. ��� ���	 �
 24�	 �, �� 0.001 mg/mL
�� 6.3 µM	 NO� ������, 1 mg/mL	 ���� 8.1
µM	 NO� �����. ��� ��� 1 mg/mL�� NO
production� ���� �����. ��� ��� ��� ��

NO ��� ���� �
 �� 	��� �	��� ���

��. �� ��� ��� 1 mg/mL ��� NO ���� IFN-
γ 50 ng/mL �� � �� ���
 �� �	��� ���.

NO ���� ��

iNOS� ����� ���� ���	 ���� ��
 �

��� ��� 	�� ��, 
� �� ��, ��� �� �
�� 

� ��� �� ��� ���� ��(20,21).

NO� ���� ��� iNOS	 mRNA �� ��� RT-PCR
�� ���
 �����. ��� ���(0.1 mg/mL)� ��

�	�� ��� RAW 264.7 ����� total RNA� ���


 RT-PCR��� iNOS	 mRNA � ���� �	���. �
��, ������� iNOS� ���� ���, ��� ���

� ��� ���� �	� ���� iNOS	 ��� ����

�(Fig. 3). � ��� NO	 ��� iNOS	 ���	 ���

	� �
�� ���� �����.

IL-1β, IL-6 mRNA �� ��

IL-1� 17 kD	 cytokine��� ���� ������� �
��� �� �
� cytokine��. IL-1� � 
	 ��� ��

� IL-1α� IL-1β� ��. ���� ����� IL-1β mRNA
�� IL-1α mRNA ��� 10-50� �� 
� ��� IL-1β�
�� IL-1� �� ��(22). IL-1β� TNF-α� ��� iNOS	
��� ��� � ��(20,21).

IL-6� ��� ��	�� �� ��	 ��� �� �
�

��� 23-30 kD	 ��� ��� �� ��� ��� ���

�����. IL-6 ��� ��� TNF-α, IL-1, IFN� �� �

Fig. 1. Effects of Codonopsis lanceolata on the proliferation of
RAW 264.7 cells.
RAW 264.7 cells were cultured in RPMI 1640 containing 10% FBS.
Each well of a 24 well plate was seeded with 1�105 cells. Then
incubated with Codonopsis lanceolata. After 2 days incubation, the
cells were reacted with MTT for counting cell proliferation levels.
The assay was performed in triplicate.

Fig. 2. Effects of Codonopsis lanceolata on nitric oxide production
by RAW 264.7 cells.
Codonopsis lanceolata enhanced NO production. RAW 264.7 cells
(1�106 cells/mL) were plated in 6 well plate for 24 hr and then
incubated with Codonopsis lanceolata simultaneously. The
concentration of Codonopsis lanceolata was mg/ml and IFNγ was
ng/ml. The nitrite accumulation of cultured media was determined
by Griess reaction. Each value represents mean SEM (n=3).

Fig. 3. Codonopsis lanceolata enhanced iNOS mRNA induction.
RT-PCR analysis of iNOS mRNA induction by Codonopsis
lanceolata: semiquantitative RT-PCR products from untreated
(control) and Codonopsis lanceolata (0.1 mg/mL)-stimulated
macrophage at various times were analyzed on 1% agarose gel
electrophoresis.
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�� ����� �
��� 	� ����. ����� IL-6
� 
���, ����, ����, ����, ����, �� �
� 	����� ���� �� �� ��� ����� ��

��� ��� ��� ��(23,24). �� �� ��� ���

IL-6	 ��� ���� ����	 ��� 
�� ���

cytostatic/cytocidal factor� ��� ��(25,26).
RAW 264.7 ��� ��� ��� 0.1 mg/mL� ���
 0,

1, 6, 12, 24�	 	� ��� � ��	 RNA� �����.
RT-PCR� ���
 cytokine	 mRNA ���� ��� ��

IL-1β� IL-6 mRNA ��� 24�	�� ����� ����

�� 
����(Fig. 4). ��� ��� ���� proinflamma-
tory cytokine	 ��� inducer�� �

�.

TNF-α mRNA� �� ��

TNF� � ��� ��
, TNF-α� �� ���� ����

�� ���� TNF-β� �� �	��� ����. � � TNF-
α� �� �
� cytokine��� �� ��� �� �� IL-1,
IFN-γ� �� cytokine� 
��
 ��	 ��� 	�����

� �� 
�� ������ ���� 	� ��� ��
 �
�	 	��� �����(27,28). ��� ����� ���

���� ���� ��� �� ��� ��� �� ��� �
�� ���(17). TNF-α� ��, ��, �� cell line	 ���

� ���� iNOS	 ��� ��� � ��(20,21).
RAW 264.7 ��� ��� ��� 0.1 mg/mL� ���
 0,

1, 6, 12, 24�	 	� ��� � ��	 RNA� �����.

RT-PCR� ���
 cytokine	 mRNA ���� ��� ��

TNF-α	 �� �	� ��� ���� � � ���(Fig. 5).
���� 	� ��� ��� ��� ���
 �� ����

��� �� 	��� ��� 	 ��� ����.

IFN-γ mRNA �� ��

IFN-� ����� ��� �� ����
�� �� ��

��������. ����� �������� 	� ���

� �	 �� 	������ ���� ��� 	��� IFN-
	 ��� ��� ����. IFN-� IFN-α, IFN-β� IFN-γ �
���� �� 3��� ��� ��. IFN-α� ���, IFN-β�

�
��, IFN-γ� T����� �����. IFN-� ���

�� 
�� �� �� ������	 �� � �	� ��

� � ��.
��� ���� 	� IFN-γ mRNA	 ��� 
�� ��

IFN-γ mRNA	 ���� ��� ��� �� � ������

1�	� � �� �� ��� �����(Fig. 6). � ��� �
��� IFN-γ	 ���� ���� ����� �� �� �
�	��� ��� � ��.

� �

����� IL-1, IL-6, TNF-α, IFN-γ	 ��� 
���, �
��	 ���� �� ��� �� 	��� ��� effector
����. ��� cytokine signal� 	� ���
� ��� �
�� ��. �� ���� ��� ���	 � ���� cytokine,
nitric oxide� �� effector ��� ���� �� �����

������� �
�� ��
 �
���. ��� ����

	� ����	 NO ��� �� 	����, �	 	���

��. iNOS� �	� ���� ��� �����. ��� �
��� 	� IL-1� IL-6 mRNA ��� �	 	���� ��

���, �� � 24�	� ���� �����. ��� ��

�� ����� ����� �� � ��� ���. TNF-α
mRNA	 �� �	� ��� �����, IFN-γ mRNA	 �
� ��� ���	 �� 1�	 �� �
� �����. ��

� ����� ���� ���� �	����� ����	

������ ���� � � ��.

� �

1. Kim JH, Chung MH. Pharmacognostical studies on Codonopsis

Fig. 4. IL-1β and IL-6 mRNA induction by Codonopsis
lanceolata.
Semi-quantitative RT-PCR products from untreated (control) and
Codonopsis lanceolata (0.1 mg/mL)-treated RAW 264.7 cell at
various times were analyzed on 1% agarose gel electrophoresis. The
levels of mRNA in RAW 264.7 cell incubated with Codonopsis
lanceolata were normalized to control.

Fig. 5. TNF-α mRNA expression by Codonopsis lanceolata.
Semi-quantitative RT-PCR products from untreated (control) and
Codonopsis lanceolata (0.1 mg/mL)-treated RAW 264.7 cell at
various times were analyzed on 1% agarose gel electrophoresis. The
levels of mRNA in RAW 264.7 cell incubated with Codonopsis
lanceolata were normalized to control.

Fig. 6. IFN-γ produced from RAW 264.7 cell cultured with
Codonopsis lanceolata.
RT-PCR analysis of IFN-γ mRNA level of Codonopsis lanceolata-
treated macrophages: RT-PCR products from untreated (control) and
Codonopsis lanceolata (0.1 mg/mL)-stimulated macrophage at
various times were analyzed on 1% agarose gel electrophoresis.
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