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Cytoprotective Effect by Antioxidant Activity of Codonopsis lanceolata and
Platycodon grandiflorum Ethyl Acetate Fraction in Human HepG2 Cells
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Abstract The objective of this study was to determine whether Codonopsis lanceolata or Platycodon grandiflorum ethyl
acetate fraction (CLEA or PGEA) protect cells against sodium nitroprusside (SNP)-induced oxidative stress via the
expression of various antioxidant systems. The HepG2 cells exposed for 24 hr to 0.5 mM SNP showed a reduction in the
cell viability by an MTT assay. Pretreatment with CLEA and PGEA resulted in an inhibition of SNP-induced cell death.
In addition, the effects of CLEA and PGEA on the expression of antioxidant systems via RT-PCR analyses was assessed.
The levels of catalase (CAT), glucose-6-phosphate dehydrogenase (G6PD) and metallothionein (MT)-1A mRNA were
increased after 24 hr of CLEA exposure. The levels of Mn superoxide dismutase CAT, G6PD, MT-1A, and MT-2A mRNA
were increased after PGEA treatment. In conclusion, CLEA and PGEA exert indirect antioxidant effects, perhaps via the
induction of a variety of antioxidant systems which, may protect cells against oxidative stress.
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Ak 34 g Ty 9] whe] AJ2EIR1 tocopherol, vitamin
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BHA, BHT, Troxol-C 5°] ATHKS8-10).

Aubz o2 FPLNALFTELS ASH flAle] BAREEA, oFE]
L S EAke] WS Bl S skl o A Sl 9
3 A&HoR AgEo] L &4 FEHIE o IAIZIARE ol
st AT B4S Haslele RIS AEe 7
Atk dE E°] SOD= O7F & 7le] AAE Wolse] FAH
superoxide anione hydrogen peroxide(H,0,)2 HIA7|= 2H8-&
gro2x) w315 AN, CATE AT} 7hol] o] &3}
" H,0,5 75749 H,0& 3JA7IAY hydrogen donore] 4ks}
of #git}. GPxE H,0,9 glutathione2] W3- EXIA|A 34l
3 glutathione(GSH)S 4F3}8 glutathione(GSSG)2-2 HHA] 7=
A Ao|H, GST(glutathione-S-transferase)y= A& H|2]&4 GSH-
PxEX XA EFS FEIAIE AHE FTeEN 2
Ao pbsls RS ek Al ZA GePD B/do] HAEW
glutathioneS AP O 2 FA|3l=d] FF2]20 NADPHE A&
F A "ok 2 A3 AR siET]se] AstEe] AE WA
AREE AHrEtZelg itsas AR sisstA] Rsh |
o} 53] it o¥kd Z27F NADPHE AAsh= #YUd 4=
<l AYTox 9 GePDe] AP A4 EAE oIAIIE
3t} GSTE= A 24F sl=3F 424 GSH £3S Znjsled =
q A EAE SASAIA AR uAAA BAE Resh=
Ao deA v

A Qo] W] A2"lS FIAA AbslE WX 9%




A7} HepG2 Al 2ol A TY B 24| o dotAl o] &

B ?i?—é— F A sl el tigh Ak FdsiA 1
=t 3], Oh(11)y= ZUE Aol AAske 2122
& AgAol AT Aee Ausiaa A S35 1274,

/\].0};1 o A]_g_ )‘\l—-}]_ﬁ_ = g_g..ﬁ_ 1527(4 }:_g_}d 417(4 = z;:
323 A9 oers FEFEo| 3 DPPH radical 2ASHS =
AtRom, Ko 5(12)2 FAiksHd £40] A& Eofde /A

o] A oA AE-g she A2 EE A Wl U9 ¢ At
Az ot 5o AEd 7lex Rkt
sk AAz FollX B9 (Codonopsis lanceolataye o 25
28 2 ko= gy o] &HAL glom oA H 7es =
AT 7t E flelge AR AREEo] A Y, A, 5]15
ul Hle_ ‘/] zh:ﬂzlg_‘,] _‘114 oz /\]__Q_Q;/_ 9}1;]_(13) I:I:s]_ 1:_]
‘:401]\_ saponin, inulin®} flavonoid 52| A& 2ol ghFala 9l
3 EH AA 7rud B stad) § oy 7 AR
°] A= Aoz RIEATK14-17). =R (Platycodon grandiflo-
rumye PN SRR ARSEZE shal ARk g R I
o] &3 U= ARAAFSZEA triterpenoidAd] AFEY, FE 2 A
28 shrstal Aok o] 3t titerpencidAl AREZH-S FEA T
oA &, A2, 32173 JAZE, 4 T8, Y 2
] AAZE, dHS Pt dgE HEFE @"6}7&' S
&, FHZHE At Rz, st B EkkaE Tt Fol e A
o2 e th(18-20).

A AaZo] A W o]&o]

=2 0 -

4

525 AAskE Ft ellA

*Méﬂl o5 BTl olsl Hlo] H AkstH fEH A=

& 7F AR BEEolA Ark2l 23) AR 219 ME
ol A *E*é% LT kAo FHE U1 FskA|
o efsf 2AE & UTh24). wEbA Al W kst Wor2H)
S /A & e st BF g ATela] FHe 7k 9l
Zre] WA EQ HepG2 MEES B2 ARSI 9o 1(25-27) 2
d 011*1 uy 2 =2HE 70% e FE3 93 2

5, AdotElelE, Fekg T8y &2 AT gt &
*lL %‘— Za¥E ol 7}%} U odopAH|o|E £E
o] HepG2 AW W1 o A=’ F7HAA Ahshs =
P2 RE AZE BRI F A F8 st fax L
2AE AEES TR otr sttt 3 o5 A
24 s S8l A 7154 Aok LAiEts AT 71
g 434 sk

'rmIJ

N

2o | e rlo
m

I’.ﬂl

ME R Uy

gz

B Aol A8 BY(Codonopsis lanceolata)®t Z=2A| (Platy-
codon grandiflorumy= 2007 84| 2FF*)(Cheolwon, Korea)> =
HE Bagez Algtel Al 100go 1081e] 70% oleHeS
7Fate 80°CellA] 8A17F Ft SFztsldA 33 F& F =A
& FElolA ZSE Atste] SANRAZY Y& Alxe 9§
N, ZEREE, A DoMEOlE, PHE L B30 AFR
F oldebiElelE 39 5% 0 54 Axse WEiel wa
seal Aol AHgsie,

M=ZLH Metd A AN Cfst ANSa)

Q17F 7¥FAIEQ] HepG2(hepatoblastoma, KCLB No. 88065):=
Korea Cell Line Bank(Seoul, Korea)Z €] T3] g A&
AT HepG2 AlE+= 24 well plateol] 5x10* cells/mL &%

1 mLA 7} wellol] 715t 5% CO8F 37°C 704 4877 &

Ty 5| dits) g o) M EH S g3 697

F HFAIT & A RS FE ME AESO FFE FAA
e AR =Sl MEM wHe] e el Ag |
mLA H71eke] Th] 2441 S9F Mtk T F 2 welld
AEAE AAT F 05mM el SNP 8 1 mLE 24417 A
Zelo] 2k8} AEd|A 20E FU8 TS SNPsodium nitro-
prusside) &-1-& A7}t

o] B AlEZe] AJFEE-LS Chung 5(28)°] ARE-3F MTT %+
2 i okl ST 5, o welel MIT §24(mg
mL)yS FBSSF AAI7F H7tEo] A &2 MEM HjA]] 10
9 1& 7EIFR, 5% CO,F 37°CollA] 4x17r ©f wieFste] MTT
£ AN A APE formazano] HiR|o] whEl UrEA] REF Hl
AL 2AZHA AABATE Fot e wWiAE &3] AAs]
Al 2ol 3087 WX 3 DMSO(dimethyl sulfoxide)S ©]
&3l 8382171 A|EE Micro-Reader(Molecular Devices, Sunny-
vale, CA, USA)E 570 oA B EE A5 T =
A Al FAIEE DMSOZE 3laL, Al Ee] BEEL vhast 7ol
A2kt

AEZ AEE©%)=[NEAT Y] /2] F85]x100
HepG2 MZ0f|M total RNA &£2|

5x10* cellssmLe] AIXZE 24 well plated] #53F] ZF Fujr}
50 % 100 ugimLe) FER HE % w2 odoliEelE 8
55 A AFste viFsiaict. Mg Algke] B = HiRE AlA
& TRIzol Reagent(Invitrogen, Carlsbad, CA, USA) 1 mLE 7}3}
of &3] 834171 3 TRIzol €9 ImL & 02mL2| chloro-
forme B 1527 & 5] & F A9 2387 ¢ vk
A Zt. 4°coﬂA1 158271 %J*‘%a(lz 000xg)sted FFoe & &
g3l tE 2 &7 ¥ isopropanols F7}sle] RNAE
ANFHS 1 = 4°C°ﬂ7\1 1027F 941E2](12,000xg) 5 35
S HEz FAE 75% DEPC(dleﬂlyl pyrocarbonate)-ethanol-=-
ImLS ¥ 2 H &5 T TA] 4°CollA 527 AAEE
(12,000xg) 3FATh 4123 RNAE AZ % 0.1% DEPC 275
995 uLoll &3lsted EFF=A(GE healthcare, Pischaway, NIJ,
USAZ &35Z =43ke] RT-PCRY| |83tk olm 260 nm
9} 280 nme] H|7} 1.6 oldd W TEHAIR Pt

RT-PCR

2 ¢ total RNAS ©]8-3l] cDNAS FAsk= A 34
oll4+= Reverse Transcription System(Invitrogen)S A3} th =,
HA oligo(dT),; primer(500 pg/mL) 1 ple} dNTP mix(10mM each)
1 uLE Y% 4Jo] PCR HFH YW &3 RNASH RNase-ﬁee
FRTE HF F9/ 2ut HEE BRI 65°CollA 5%
QF Bl T FA doolA WA HTE 5x first-strand 9}1"“
4 uL, DTT(Dithiothreitol, 100 mM) 2 pL, RNase-free 575 1L
A7kt = 3l
42°Col|l A 50%, 70°CollA] 15%-7F wt

g2 SuperscriptTM II Reverse Transcriptase 1 uLs
o7 ZIF AUt 1 &
SAIZT

7 FAA EE s o }Eﬂ fste] PCRE AAlsHiATh Aol
ARESE primer B71M €L STE 01 AS ARESIIAL(29), Table
19 YERHRIT:. Table 29Jr 72 z710)4 SOD1, SOD2, CAT,
GPx, GR, GCS, hGSTAI, G6PD, MT-IA 2 MT-2A°] mRNA
o W A A3, 1882 WH EFE FAAE AMEst
Atk PCR #F M2 0.002% ethidium bromide’t F7Fel 1.2%
agarose geloll 100Vellx] 30i27F 77195 ¢t - image analysis



698

Table 1. Primers used for RT-PCR*

A2 E815) 4] 40 A A 63 (2008)

Gene Forward Reverse

SOD1 5'-AAG GCC GTG TGC GTG CTG AA-3' 5'-CAG GTC TCC AAC ATG CCT CT-3'

SOD2 5'-GCA CAT TAA CGC GCA GAT CA-3' 5'-AGC CTC CAG CAA CTCTCC TT-3'

CAT 5'-AAG GTT TGG CCT CAC AAG G-3' 5'-CGG CAA TGT TCT CAC ACA G-3'

GPx 5'-GTG TAT GCC TTC TCG GCG CG-3' 5'-CGT TGC GAC ACA CCG GAG AC-3'

GR 5'-CAG TGG GAC TCA CGG AAG AT-3' 5-TTC ACT GCA ACA GCA AAA CC-3'

GSC 5'-GGG GAA CCT GCT GAA CTG-3' 5'-GCT CCA AGG AAA GAT TAA CTC C-3'
hGSTA1 5'-TCC ATA TGG CAG GAG AGC CCA AGC-3' 5'-CCG AAT TCT CCA TGA CTG CGT TAT TA-3'
G6PD 5'-CCG GAT CGA CCA CTA CCT GGG CAAG-3' 5'-GTT CCC CAC GTA CTG GCC CAG GAC CA-3'
MT-1A 5'-CTC GAA ATG GAC CCC AACT-3' 5'-ATA TCT TCG AGC AGG GCT GTC-3'

MT-2A 5'-CCG ACT CTA GCC GCC TCTT-3' 5'-GTG GAA GTC GCG TTC TTT ACA-3'

18S rRNA 5'-CGG CTA CCA CAT CCA AGG AA-3' 5'-GCT GGA ATT ACC GCG GCT GC-3'

* Abbreviations: Cu/Zn superoxide dismutase (SOD1), Mn superoxide dismutase (SOD2), catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GR), y-glutamyl-cystein synthetase (GCS), human glutathione-S-transferase (hGSTA1), glucose-6-phosphate dehydrogenase (G6PD),

metallothioneins (MT-1A, MT-2A)

Table 2. Amplification conditions for RT-PCR* (unit: °C)
Gene SOD1 SOD2 CAT GPx GR GCS hGSTAl G6PD MT-1A  MT2A 18SrRNA
Initial denaturation 95 95 95 95 95 95 95 95 95 95 95
Further denaturation 95 95 95 95 95 95 94 95 95 95 94
Annealing 52 52 52 60 62 52 60 95 55 55 60
Extension 72 72 72 72 72 72 72 50 72 72 72
Final extension 72 72 72 72 72 72 72 72 72 72 72
Cycle 22 23 22 25 21 27 26 21 25 20 16

* Abbreviations: Cu/Zn superoxide dismutase (SOD1), Mn superoxide dismutase (SOD2), catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GR), y-glutamyl-cystein synthetase (GCS), human glutathione-S-transferase (hGSTA1), glucose-6-phosphate dehydrogenase (G6PD),

metallothioneins (MT-1A, MT-2A)
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Fig. 1. Effects of Codonopsis lanceolata and Platycodon
grandiflorum ethyl acetate fraction against SNP (sodium
nitroprusside)-induced cytotoxicity. HepG2 cells were incubated
with 0.5 mM SNP (24 hr) and/or with C. lanceolata (CLEA) and P,
grandiflorum ethyl acetate fraction (PGEA) and their viability was
assessed by MTT assay. "Results are from three experiments and are
expressed as mean=SD. *®Means with the different letters are
significantly different (»p<0.05) by Duncan’s multiple range test.
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Fig. 2. Effect of Codonopsis lanceolata and Platycodon
grandiflorum ethyl acetate fraction on the expression of SODI1,
SOD2, CAT and GPx mRNA. "Results are from three experiments
and are expressed as mean+SD. “"Means with the different letters
are significantly different (»p<0.05) by Duncan’s multiple range test.
NS=Not significantly (»p<0.05) by Duncan’s multiple range test.
Abbreviations: SOD1=Cu/Zn superoxide dismutase, SOD2=Mn
superoxide dismutase, CAT=catalase, GPx=glutathione peroxidase.
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Fig. 3. Effect of Codonopsis lanceolata and Platycodon
grandiflorum ethyl acetate fraction on the expression of GR,
GCS, hGSTA1 and G6PD mRNA. "Results are from three
experiments and are expressed as mean+SD. *Means with the
different letters are significantly different (p<0.05) by Duncan’s
multiple range test. NS=Not significantly (»<0.05) by Duncan’s
multiple range test. Abbreviations: GR=glutathione reductase, y-
glutamyl-cystein synthetase (GCS), hGSTA1=human glutathione-S-
transferase, GOPD=glucose-6-phosphate dehydrogenase.
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Fig. 4. Effect of Codonopsis lanceolata and Platycodon
grandiflorum ethyl acetate fraction on the expression of MT-1A
and MT-2A mRNA. "Results are from three experiments and are
expressed as mean+SD. ““Means with the different letters are
significantly different (»<0.05) by Duncan’s multiple range test.
Abbreviations: Metallothioneins (MT-1A, MT-2A).
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