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Induction of Nitric Oxide and Cytokines in Macrophages
by Codonopsis lanceolata

Mi-Sun So', Jin Sil Lee?, and Seh-Yoon Yi®**
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2Foodservice Management Nutrition, Sangmyung University
3Department of Chemistry, Suwon University

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)B, interleukin-6(IL-6), tumor necrosis factor(TNF)-a and interferon(IFN)-y; IL-1p and IL-6
MRNA were gradually induced up to 24 hr. TNF-ao mMRNA was regularly induced up to 24 hr, and IFN-y 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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Table 1. Oligonucleotides used in RT-PCR analysis

At Nitrite?] =& sodium nitrite(NaNO,)E A&-31e] d&
EEZAA Y vt st

Reverse transcription and polymerase chain reaction
(RT-PCR)&Hof| 2|8t iINOS ¥ cytokine FHAL &d& =F

100mm dishell 1X10° 7H/mL(E 5X1071) RAW 264.7 Al ¥
£ ATHIAIE Aol 2407 B g &, AHY FEES A
glsle] AIZPEE incubationdt & RNAE #2|sh7] $l8ll 4%
A5 WAL 1mLe] TRIzol reagent(Invitrogen Life Technolo-
gies USA)S o] oA 387F vhSAIA 15mL tubeol] &
Attt 7)ol chloroform 200uLE YWl 15%7F & &80 &
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S B3Th oA £ColA 12,000< g2 57 YAEEE st
Azl A7 ea RNA pdletS clean benchollA] oF 30%
AzA7 %, dighylpyrophosphate(DEPC) water 23 uL ol
RNA pdletS =3t RNAS A2 508 3]A48E & UViis
15353 = A (SmatSpec™3000,  Bio-Rad, USA)E o] &3}
260 mell Al TS SA S

RT/PCR Premix(Bionesr, Seoul, Korea)oll cytokine®] 20
pmole/uL 2] sense primer(Bionesr, Seoul, Korea) 1uL$} 20
pmole/uL 2] antisense primer(Bioneer, Seoul, Korea) 1ul, 1ug
o] RT A&, DEPC 2|¥d S/HTE Yol #ZHu7l 50uL
HEE 3 ¥ RI-PCR(PTC-0200 DNA Engine, MJ Research
Inc, USA)S <33l t}. RT-PCRS cDNASHA; 42°C, 60%,
predenaturation; 95°C, 5%, denaturation; 95°C, 1%, anneding;
55-65°C, 1%, dongaion; 72°C, 1%-< 31 cydes3t o}, poste-
longation; 72°C, 5%-7F =333 th RT-PCRe] A ES 0.1%
ethidium bromide(EtBr; Sigma Chemicd Co., . Louis MO,
USA)7F E3¥ 1% agarose gel(Cambrex Bio Science Rock-
land Inc, Rockland, ME, USA)S Alg-3le] 75vellx] 4087
27]9%(MJI105, Mgor Sdence Co., LD, Tawan)sted UVell
A AT ZF primere] 971492 Table 101 YERAITE
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Oligonuclectides Sequence Size (bp)
iNOS 5-primer 5-CCTTGTTCAGCTACGCCTTC-3 499
! 3-primer 5-CTGAGGGCTCTGTTGAGGTC-3'
TNE- 5-primer 5-GCGACGTGGAACTGGCAGAAG-3 340
o 3-primer 5-TCCATGCCGTTGGCCAGGAGG-3
L1 5-primer 5-TGAAGGGCTGGTTCCAAACCTTTGACC-3 361
-18 3-primer 5-TGTCCATTGAGGTGGAGAGCTTTCAGA-3
L6 5-primer 5-ACCCCTCCTGTCTTCCTCCTG-3 155
) 3-primer 5-TCTGACCACAGTGAGGAATGTCCAC-3
IFN 5-primer 5-AGGTCAACAACCCACAGGTCCA-3 397
i 3-primer 5-CCAGATACAACCCCGCAATCAC-3
. 5'-primer 5-TGGAATCCTGTGGCATCCATGAAAC-3
B-actin 349

3-primer

5-TAAAACGCAGCTCAGTAACAGTCCG-3
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Fig. 1. Effects of Codonopsis lanceolata on the proliferation of
RAW 264.7 cdlls.

RAW 264.7 cellswere cultured in RPMI 1640 containing 10% FBS.
Each well of a 24 well plate was seeded with 1 X 10° 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.
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Fig. 2. Effects of Codonopsis lanceolata on nitric oxide production
by RAW 264.7 cells.

Codonopsis lanceolata enhanced NO production. RAW 264.7 cells
(1X10° cellsmL) 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 IFNy was
ng/ml. The nitrite accumulation of cultured media was determined
by Griessreaction. Each value represents mean SEM (n=3).
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Fig. 3. Codonopsis lanceolata enhanced iNOS mRNA induction.
RT-PCR anaysis of iNOS mRNA induction by Codonopsis
lanceolata: semiquantitative RT-PCR products from untreated
(control) and Codonopsis lanceolata (0.1 mg/mL)-stimulated
macrophage a various times were analyzed on 1% agarose gel
electrophoresis.
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Fig. 4. IL-13 and IL-6 mRNA induction by Codonopsis
lanceolata.

Semi-quantitative RT-PCR products from untreated (control) and
Codonopsis lanceolata (0.1 mg/mL)-trested RAW 264.7 cell at
various times were analyzed on 1% agarose gel electrophoresis. The
levels of mMRNA in RAW 264.7 cell incubated with Codonopsis
lanceolata were normalized to control.
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Fig. 5. TNF-ao mMRNA expression by Codonopsis lanceolata.
Semi-quantitative RT-PCR products from untreated (control) and
Codonopsis lanceolata (0.1 mg/mL)-trested 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.
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Fig. 6. IFN-y produced from RAW 264.7 cell cultured with
Codonopsis lanceolata.

RT-PCR analysis of IFN-y 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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