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Abstract

Reactive oxygen species (ROS) are produced by oxidative stresses which cause various chronic diseases such as diabetes
and obesity. Ginseng (Panax ginseng C.A. Mayer) has been reported to contain various biological activities such as
anti-cancer, anti-diabetic, neuroprotective, radioprotective, anti-amnestic and anti-aging effects. In this study, we investigated
the effects of Panax ginseng, treated with high temperatures and high pressures, on oxidative stress in C2C12 myoblasts
and 3T3-L1 adipocytes. Oxidative stress was induced in the C2C12 cells through the introduction of H,O, (1 mM), and
cells were then treated with various ginseng preparations: dried white ginseng (DG), steamed ginseng (SG) and high
temperature and high pressure treated ginseng (HG). In addition, 3T3-L1 preadipocytes were treated with various ginsengs
for up to 8 days following standard induction of differentiation. Our results show that HG treatment significantly protected
oxidative stress in both cell lines and enhanced gene expression of antioxidant enzymes. Therefore, in this study, we
investigated the protective effects of ginseng on the oxidative stress of adipocytes and muscle cells.
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Hydrogen peroxide(H:O,), hydroxyl radical(OH - ) & superoxide
(O ) 53 2 GAJAAZ(ROS, reacitve oxygen species)=
T ABAEE Bolo] AT AH )7t &4
< 57 "thHalliwill B 1996). AWoll= ©]2]g ROSZF-E
AAE X)7]7] 93t ®Wol7]7E2 Mn-SOD(manganese superoxide
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AAE 2 ke 24 5, L A4k (Panax ginseng C. A.
Mayer)-> =3 @ 52t D2 35 9 W FHAR 085
o k31, Q5 A2 EA EZ=Z ginsenosides, polyacetylenes,
AVITHEA, i, HmA SRbE Fol g8 EEA 3L
THSanata S 1974; Kitagawa 5 1987; Park JD 1996). Q1A
SOD, CAT, GPx 5t 22 AW FAitetA a4 4% 5
TH7le Ae® g A Ql=tl, Lee 5(1995)2 SD rato] 2l
4 FEES 69T FSHAE o 1F 22 W SOD, CAT,
GPx9| /o] fo& oz Frtstlrtal Baustgch Jun &
Chang(1993)%= ICRA A AT oA Aot 2ARE & &
4 FEEY a5 AIYFE 23, SOD, CATY] &4 9] 3%
&7 wekRAtky B 351 o m, Kim 5(2007)2 V79-4 A
o] it Ak 84 AYS B9 S Fole AU
SOD &4 F7H71, @3 W MDA S Ro3e=
AN 7= Aeg2 Bagt vl Qth Xie $5(2002)% db/db
mice®]| protopanaxatriol 4] €] ginsenoside Re2} ginseng berry 5=
29 Eojr} A% 2712 ZaAYIE Roz Bushth
Wang 5(20060)2 Ql4t3Ed Fojo ©E AWEsE 2L
SFE A, Liu & Xiao(1992)9] <14F T AFEITA = A}
o] ahulet &3] o) ®nalATh

A 100 | 7 e 1ROk IS 2 B
£ 95t AFA E(Kim - 2009), &A% 2)(Hyun 5 2009), 3
3kA2(Song T 2011) 59| bRt =0 A= UL,
4] AR AR, AMITHA, A, =

4 =24 52 1Y € FeHAS 5, 2875 A
A g 2y YA § gy A Bk e A
W 71s FA A B3 s3] s 53 78S d4E 2A

A 52 TUrHLee T 2011). o5 U4

fe:]
Foiere o] A7 uh ook S, &
A7e] ofs) el 3w, 1ok Helw AL sy
29} BlEl BEWIB} olRolx A ST, Fa 2871
A= obd] 2719Ae] Sltk T, B Ao B 9
1% HeE FA S84l FUhE A AEsiYL,
CXC12 THAE D 3THL AHALE o] g3t 0|5 Qo]
bkt 9 g B Wk Al Aehe Aeds
Agh 3 9 A A0 SR WA 5 2SI

VERCTTY
1. 02, 0ekA 2| QlAfe| M=
# A70] AHEE RIIRE Al 7K £RE A8
ZQ14H(dried ginseng; DG 4A T4, A4S #HA T
2l 4K(steamed ginseng; SG) 4 T4 FAtlA #¢
Fo] AlgslF o, 712319A 2] 214k high temperature and

Lort Y

O

high pressure ginseng; HG)-2 Fh2] FAFY A 73t A
ZHo weh 4dE S 50T EF 22 13 =26t 3 kg
cni(140C) 8] F71¢F sholl A 208 B¢t 7FEA =T 7, €52
ol ko] 42 BFo] 15% olakrt w2 27 Axsto] Ab
23tk ol& QA BEY A REL PBS(phosphate-buffered
serine, 1x)(Life technology, New York, USA)ef| %91 %, C2CI12
THAEZ 9 3T3-L1 XA 20 Ml Z=4 © Al ZES Y
of A=k

2. dlEM=

C2C12 A2 9} 3T3-L1 A HHA|Z 9] ufjek @ Balo] A}
€5 Dulbecco’s modified Eagle’s medium(DMEM), bovine
serum(BS), fetal bovine serum(FBS), horse serum(HS), penicillin-
streptomycin(P/S), phosphate-buffered saline(PBS) ¥ trypsin-EDTA
== Gibco(Gaithersburg, MD, USA)Z €] £33, insulin,
dexamethason(DEX), 3-isobutyl-1-methylxanthine(IBMX)-2 Sigma
(Sigma-Aldrich Co, St Louis, MO, USA)ZX-E £{35}o] ALE-
it

3. C2C12 MIEHHF & 25}

C2C12 ZSAE 31 F DG, SG, HGof| 2Jgt Al 9]
morphology HSHE TSk} AZS] &4 o]RE BIskyT
oA Gl C2C12 M| ZF= American Type Culture Collection
(ATCC, CL-173, Manassas, VA, USA)S. 2 X HoF dlo} A}
2314tk C2C12 284 ZE 60 mn petri dish 1x10° cell/ml 2
seeding®t &, FBS(10%) ¥ P/S(1%0)E $H&3t I 2
DMEM(89%)°l| 4] 100% confluent & wj7}A] vjoFslct o]
% HSQ%)E &3 DMEMS 2 254|329 B35 =35}
Aok ZEAIEZ E3Kday 0) Al HS2%)E &3 DMEMe] 1
M} h0:2} A 2E 212} 100 pgnl A2 sto] AL
morphology H3} % AbSh2] AEFA &4 oA anE W
3ATE AT 2 (positive control) O 2= A AGAEA|Z &
2720 NAC(N-acetyl cysteine)Z ol &-3t.oml, AL 2348 9
sff i 2% HS7F *H-5 wijA] o 2448 AlRE EFste] 5

d St A

4. 3T3-L1 M|=HHQF U 23

3T3-L1 AAIEZ B3 F DG, SG, HGof| 2J3t A=W
HYAE2F(ROS) 9] WSS st} vk {2 3T3-L1
M|ZF+= American Type Culture Collection(ATCC, CL-173,
Manassas, VA, USA) 0 2 2| BokS Hlo} ALZ31¢ T} 3T3-LI
AFAYA 2= AFEZ o] uha} 24-well plate H 60 mn petri
dishol] ZFz} 1x10° cel/mlE seeding@t 3, BS(10%) = P/S(1%)
2 393 7%= TE DMEM(89%)0 4] 100% confluent
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2 wj7hA] wjgstgich o] 2 RE 29 o, AYAZ £t
= 225 pgnl insulin, 1 #M DEX, 0.5 mM IBMX)Z} FBS
(10%) ¥ P/S(10%)E -3t DMEMO & HAR|A|ZE A
Alzz 23 =8tk AAIE £3Kday 0) A DMEMO]
NBE 27+ 10, 50 E 100 pg/ml2 A 2] ste] A LAE 2
3 oA ant 9 AW 254 HekE sl A
Aze) Boke 2ot g BAS A2t 5, 220ic} 2|44
S 2 5 ugml insulin, 1% P/S, 10% FBS7} 335 vl x| o] Z}z+
o] A =E A3t £, 8Y 5 £3HA7|HA] ROS e &
Zsta k. FA O 2w (positive control) 0.2 =84 H]EFT E
ol TroloxE ©]83}E Tt ROS &AL 24-well plateo]| A 8
ot Babel IT3L1 AEY Wikl AAT T, PBSE 23]
A3t F 0.2% NBT(nitro blue tetrazolium) solution 200 &
F7¥ske] 907 F<t incubatorof| A ¥RS-AJRTh 902 ¥ NBT
solutiong A|AstL ZF42 23] A3 H SA3] ARA
Atk NBT solution¥} ZgHe 43 AZE HEZ 100% acetyl
acidE o|g3te] BT 8=X]7] &, ELISA(Techan, Kawasaki,
Japan)E ©]-&3to] 570 oA FF=S ST

5. XTT assayZ O|&8} DG, SG, HG AlZ2Q| MESAMmI}

C2C12 Z5AIZ 9 3T3-L1 AP 22 tfgt A& 9] A2
E4%7Hs Kim 5(201D)9] S #Psto] XTT {2,3-bis
(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
innersalt} assay kitS o]83te] =33t} XTTo] election
coupling agent &S 1= PMS(phenazine methosulfate)S %
74819 bioreductiong Z7FA7)1A| 3+ 3, A|EZ o XTTL PMS
£ H7}lslke] Atopgl= AJEZ 2] mitochondria dehydrogenaseo]]
O3t XTT9] tetrazolium ring®| £3JA]# formazan crystal2 &
A8HA =9, formazan crystalS =80 Zof =TS 1}
A Ht}h o] =S ELISA(VersaMax ELISA Microplate
Reader, Molecular Devices, Sunnyvale, USA)Z &73}o] A|3E

3% - o9 -

AR o9 - A ol9B  BRABIFEA
5/ B7hl o]-&3qtt &, C2C12 ¥ 3T3-L1 A= AF
A 1x10° cell/md =2 96-well plate]| seedingd}il, A|2E
Ag)sto] 24X)7F Fet ikt £, —20TCof] By F1 XTT
2 PMS reagentS 37 Co| A &A3] 5 A)A XTT reagent 1
mlg 20 1l PMS reagentS &¢}5}o] working solution2 FH|
3lo] =31, pipet ©]-&35F] 96-well medium H-3] 2] 20% =
= & B Fstod, Z2H2H9] wellol] 2AXAHA H71ste] plate
£ vl 2% JHE ASFeE 7PHA E5HA E7st
o] CO, incubatorof| A 4A17F F<t BieF3t &, ELISAE ©]-§-5}
o] 450 nm S35 FhollA 655 e FFE= gk W A} e

2 AZSgE AitsiAth

6. X LUHHZEAL

C2C12 Z-SA|Z @ 3T3-L1 XA E]| A B3lo] Bols)
EFa fARE bske AR gistel ZAE L A
WA 2o EA3= total RNAE &3 &, A ETas
(reverse transcriptase) S AFE-5}o] cDNAE THEITH dA4E
cDNAQ} ZFzFo] G- R} primerE Reverse transcription (RT)-
PCRE 523 ¥ $2710 Wa HEE 248l cHTable 1)
C2C12 9 3T3-L1 AlZ& PBSE o]&3lo] 23] A &3}, 1
nee] TRIolS: H7}5to] Zkzbe] MESS S3aHelc). 1 miel
TRIzol reagent®d 0.2 ml2] chloroforma Y1 1527+ & &&
of & 7 ALLOA 2~387F §SAI7T, 12,000 rpmoflA] 10
B3t GaBeE ¥ 4SS Aolio] B Rl §715,
isopropyl alcohol 0.5 mtE Y11 1087 HHA|AH RNAE 3 A
A AT JAE RNAS] 70% DEPC-ethanol 1 ml2 R o|Z &
12,000 rpmolA] oF 5EZF Al Eskal, Ao pelletS
5~1057F AZA|7] TH, DEPC water 40 109]) 2501 4] spectro-
photometer(260 nm)Z O.D.ZF2 &4 35}o] total RNAS] ==&
A7k}t ¢DNA Premix [Maxime RT Premix(oligo dT primer),
Seongnam, Korea]ol| 5 Y3t 5= 9] total RNAE 22} 5 pugX

Table 1. Primer sequences for semi-quantitative reverse transcription (RT)-PCR analysis

Primers Sequences
Forward Reverse

GAPDH CAAGGTCATCCATGACAACTTTG GGCCATCCACAGTCTTCTGG
Cw/Zn-SOD" CAGCATGGGTTCCACGTCCA CACATTGGCCACACCGTCCT
Mn-SOD” GGGTTGGCTTGGTTTCAATAAGGAA AGGTAGTAAGCGTGCTCCCACACAT
GR? ATGTGGAACACAGCAGTGCA GTGCACTTGGAACTGATGAG
MRF4 CTGACCTGGGCAGTCGGGTGGCTG ATGGACCTTTTTGAAACTGGCTCC
Catalase TCTGCAGATACCTGTGAACTG TAGTCAGGGTGGACGTCAGTG
GPx" CTCGGTTTCCCGTGCAATCAG GTGCAGCCAGTAATCACCAAG

" Cu/Zn-SOD; Copper/Zinc-superoxide dismutase. ? Mn-SOD; Manganese superoxide dismutase.

2 GR; Glutathione reductase. K GPx; Glutathione peroxidase.
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Y HA &) 20 w7} E =5 DEPC-waters 3713t %,
45Col A 60+27F, 95Cof| A 587 A 2|slo] cDNAE 35}
Aok F8 FAAY] YEL RT-PCRE o]gsto] FE3519 S
o, RT-PCR AHFE-S &1¢135}17] 9)5}o] 1.5% agarose gelof|A] &
71953t &, EtBr(ethidium bromide)2 GAMslo] Z}L]AEA]
7)(transilluminator) & ©|-&35}o] ZZ% DNA bandS 321519
t}. DNA band= Carestream MI SE =2 138 0]-8-5}4] band
intensity 2 2| 3}sko] e Tt

7. SHEAM
= A AT= SAS package(release 8.01)E o|-&3}] one-
way ANOVA 24 U student rtestS 35191, F3ke =
A fole p0.0s +2oN AHHAT
Zat Y o

1. NZ =M Ho}

C2C12 ZSAZof|A DG, SG ¥ HGE| 54 H71E $1%
XTT assayS AA|3F AiKFig. 1A), & A|Zo]|A] 100 pg/ml
9] FoAE MZESAS HolA Eqth 3T3-L1 AYA|Z
o] ZSlE 200 ugnl FEAME RE ARH AEEA
© olx) gsktiFig 1B). EAAelo] ofat Wit AR ot
LEQ V794 Aol ek A4S A4S A3 =74l
(Kim 5 2007) Ql4F 2&E9] HE 2 50, 100 L 200 pg/ml
FEE 5t Cell ViabilityS 13 & Fr=2sto] AlZU A
3t A A S AT A == C2C12 AlZoA=
100 pg/ml, 3T3-L1 A|ZoA= 200 pgml=Z ZAASIHE T

2. C2C12 Z2E2MIEQ| AR AEYA 20X &1t

C2C12 ZEAE]| HOZ APt F, QU4 AR ot
43k AEE A AAANE Fristch WA, C2C12 Z5:A)
EZE 597 B3HX7]1 &, C2C12 myotubeo]| A2 cell morphology
WSS 3eldt A3k Fig 2A)9 2ok dj229) 4, HO,
ol oI5t cell morphology7} H3HA &4 Aoz Sld
Y, FANETL S E NACE A3t AlZ252 HO:0f 9%t
4teHa EAdo] AAE = Ao® FEAEHIICh HG A& &
Az oA = AgZ el C2C12 myotube FHE] L] cell morphology
£ Uil Fad=ZH AR A3 Uit o=
A8ty AEHAE A7l 8 FAStE L] Ao} v
sgh A0, Fig 2BolM2} Zo] HGE Azig AZol A
GPx9] @2 & 2}o|§ HolA] ¢oron}, SOD Y catalase 2]
ahglo] 2ol ujs) EA) ekt QAR SOD, catalase,
GPx T 22 AW FAsHA 249 84& 771 A
o2 a4 JQHKim 5 2007). SOD, catalase, GPx 51} Z+

(A)
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Fg. 1. Effect of various ginseng samples on cell cytotoxicity
in C2C12 (A) and 3T3-L1 (B) cells. DG; dried ginseng, SG;
steamed ginseng, HG; high temperature and high pressure-
treated ginseng. Cell viability was measured by XTT assay.
The exponentially growing cells were plated into 96-well
micro plates at a density of 1x10° cells/well in DMEM/FBS
medium and incubated for 24 hr prior to treatment at 37°C
in 5% CO,. Cells were divided into a control group and a
ginseng samples at concentration indicated. Each value is
the mean + standard deviation of the results from six
different plates (n=6) and is representative of results from at
least two different experiments. Statistical analysis was
performed using the one-way ANOVA (p<0.05).

< Aae AW S8E A BdE AR aam &
A Qltk. 0|5 e Bas AR AE-S B 3o, Al
)] free radicale] 272 Ao 2 BRAL 74X 1 gk
(Kim 5 2007). $+#H, C2C12 Z£5-53}9] transcription factor 5
ol 3hb¢l MRF49] mRNA &&= QA RO A] Thztof H]
3 of7ke] S7HAE Hof Z/AIEY Eof =52 F= A
o= AEH
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(A)

H,0, 1 mM +NAC 1 mM

H,0,1 mM +DG 100 pg/mL  H,0;1 mM +SG 100 pg/mL  H;0;1 mM +HG 100 pg/mL

B)
H,0, (1 mM)

coN H:0. DG SG HG
(100 pg/mL)

sOD

Catalase

GPX

s — [Z Bl = B E=]
onron — [ ——

Fig. 2. Effect of various ginseng samples on morphology
of myotube (A) and the mRNA expression of SOD, catalase,
GPx and MFR4 (B). NAC; n-acetyl-l-cysteine, DG; dried ginseng,
SG; steamed ginseng, HG; high temperature and high pressure.

3. 3T3-L1 X|HIM|EZEL| ALSIE AEMA X 51}

ROSE= A|Z E= 2Z]9] SAHET ofYet AF, =3t &
H WA, T4 A 5 B0l A& Aoz A Qrt
(Kim & Son 2008). ROS2] Ir}3t A3 ROSO]| T3t A3
o] gt o] 717l EAIZF A -, o= Agke] ¥l
o 2 - 7tdZ o2 7oistA E K Turrens JF 2003; Fridlyand
& Philipson 2005). wahA] 3T3-L1 A|Z B3t} £, 7=}
Al A== ROS| et AR &S Fristaal, A4 =
A& 23 4 AlEE9 ROS A7 ad 9 §AA TS
ZAFSFSTE ROS A= NBT assay £ ©]-8§st4tt &, A
UAZ Yol £&E ROSY ¥h-3-3h NBT 892 dark blue
formazang A3 =, o] & &&3t] AlZY ROS 343
F= ¢ o StkLee F 2012).

3T3-L1 A|229] B3ty F, A4t ARE A ste] A2
ROS 3F-& 2413 A= Fig 3(A)9F o] HG A 2|3k Al

Agzt - 0|97 - AT - o83 HEREL DR

120

100

80

B0 4

40 4

20

Relative ROS Production (%)

CON

200 pg/mL
(B)
CON Trolox SG HG
(MDI) (100 pM) 100 (pg/mL)

Cu/Zn SOD —>»
GPX =—p
Catalase —>
GAPDH —»

Fg. 3. Effect of various ginseng samples on ROS production
and the mRNA expression of Cw/Zn-SOD, catalase, GPx and
during differentiation of 3T3-L1 preadipocytes. DG; dried
ginseng, SG; steamed ginseng, HG; high temperature and
high pressure.

ol Szl wjs) ol ROSS A SAlE 2
o2 Vet QR AzI F 2% ARe) sishy wgl
of Uoluh 2o YT AR YT TP S} Lo
UrhKitagawa 5 1987; Choi 5 2010, Nam 5 2012). £3] &
of ol BdE= EF 2ol ginsenoside Rg, Rgs, Rhy,
Rh; 50] Ql=H, o]&°] F4ts} 2H80] e AL= HilE
3 glem(Keum 5 2000; Jo 5 2011), Kim 5(2011)2] Z4¢
AT T FE S5 BE s FEE9 st 24
2 AT EEANE AFFUS Fele o] Fast B
of sl =gt B Qick

3, 3T3-L1 AHHAZ 9] HGY] ROS AZtd}t Aoy Q9
PAISFE A0 mRNA FS TS A3h= Fig 3(B)2F o]
HGE A3t A Eof| A Cu/Zn-SOD, catalase & GPx2] W& o]
Control 3} W1t} 792 0 2 Zs1A ettt Catalase2}
GPx= dubAQl EAdiAL 3 Fekol EAYSE hydrogen
peroxide(H:02) & H0¢t 0,2 HEHA 7= J&S sP7] wi&
o] ROSO|| tj&}ste Sa% FAtstaso|d, AlZy RO
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FrojF o g 2At A8 AEHAS AN 5 Utk
(Chance & Oshino 1971). 2 A7Lo)| A= HGoJ|A] 3T3-L1 A4}
A2 ROSE ooz ZAaXF o, o9t Ay NE
Y 9 giatstase] ddx F7HA7|E Ao & et
wpeba] 1.2, IPA e Qlato] BFAZRT AR L A
A T Qlatel| wiE) @Akst 9 a2 Ayt ¢4 vrer
ok AR 2 Ats NE FEAQ 27] AR FF
FERYS u|Este] HGY| 38 A&l tist BExlpEoA
o] Z2-87|1H A7 335 JPE|ojof & Ao 2 AR HITH

o OF
S |

AellA] AstAEd 2] ofsf B B/ ik (reacitve
oxygen species, ROS)— e H v|uk S3t Z-e gk Aske
OF7IANF]= AR A ot 2 A (Panax ginseng)

4R U R 0% 9 W5 SRR 0|8
o a1, AbE Y, AMTEA, Bl SET 22 Rt
gy 248 st ok mEbd 2 dFolle 1,
A Este] Az AT Aol et AsE AEdA A
252 BretaAr shqleh C2C12 Z{A|Zof Abahs] &
EFAE FE3H7] 3 H0, 1 mM sk, A =4

= 2T A A|RE AF3H] cell morphology B g4t}
¥ f2A2 SOD, CAT ¥ GPxZ A¥E gk, 3T3-L1 ]
WA E= E3Y  ROS A4 A a3 CAT, GPx 3

Cw/Zn-SOD2] gH4tstas T {AAS W J=5 2A
ShTE 2, TAAE AR 4EHA AEF AT f2E
C2C12 Z5A1E 9 3T3-L1 ALA|ZoA o202 1hahs
2EYAE At AR Uyt

ol Autg Hol, & Azlof o] AdE 1 W 1
o AEH Q4 ikt E g E go] 7| s vlo|d,
£ A7 FEAIE EolA Y Hlao|s, Ho} ket 248
7)Aol 2L 93 3FF 2120l A7LE E3} u|w Ao
F3Ejojof & Fog Atz

I
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