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Protective Effect of Korean Ginseng on Cytotoxicity Induced by
2,2',5,5'-Tetrachlorobiphenyl in Human Neuronal SK-N-MC Celis

Sang-Gu Hwang, Ji Su Kim, Hyung Chul Lee, Young Chan Lee,
Young Mok Jeong, Woo Yeal Jeong, Byung Hun Jeon*

Department of Pathology, College of Oriental Medicine, Wonkwang University

Polychlorinated biphenyls(PCBs) are large scale industrial chemicals which are using in diverse applications. The
goal of this study was to determine if exposure to 2,2',5,5-tetrachlorobiphenyl (PCB 52) leads to an increase in the
production of active oxidants, and subsequently promotes apoptosis of neuronal SK-N-MC cells. Reactive oxygen
species (ROS) formation was examined in SK-N-MC cells after treatment of PCB 52 by concentrations and incubation
times, respectively. it showed that the rate of ROS production in the cells was increased in a does-dependent manner
to 45 min, followed by a return towards control levels after 120 min treatment. We also examined the association of
PCB-induced apoptosis with the modulation of biomakers of oxidative damage to lipids (malondialdehyde [MDA]) in
SK-N-MC cells. Increased MDA was observed in a dose-dependent manner in groups treated with 10, 15, and 20 xg/
m¢ of PCB 52 for 24 h. After treatment of PCB 52, the cells did not show any significant change in the rate of
Cu/Zn-superoxide dismutase (Cu/Zn-SOD) activity. Whereas, the cells had a two-fold greater rate of change in catalase
activity at 20 ug/m¢ of PCB 52 for 24 h when compared to contol group. Korean Ginseng is one of the most important
crude drugs which has been used as a traditional Oriental medicine. We next investigated protective effect of extracts
of ginseng on cytotoxicity induced by PCB 52 in SK-N-MC cells. Pretreatment of SK-N-MC cells with 25-200 ng/ml
of ginseng were reduced cell death in a dose-dependent manner in PCB 52-treated cells. To examine the sensitivity
of beta-catenin to ginseng, the protective effect of a range of ginseng concentrations was examined in SK-N-MC cells
treated with PCB 52. The result demonstrated that ginseng efficiently blocked PCB 52 inducible beta-catenin
proteolysis in a concentration dependent manner. The ROS formation was also measured in the presences of exiract
of ginseng and superoxide dismutase (inhibitor of oxygen free radical production). The both SOD (400 U/ml) and
ginseng (200 ng/ml) significantly inhibited ROS generation in PCB 52-treated group.
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1519] A3 Jug 8 g stalshil HEA o] gekg nixH,
Holuh BAZAE, 71gor 24 Bl oligt B8 U2 &
= & QRS Al 4zt 33lE FA Ue ALE oA
1P, AR BIE WREH ZUERL 142 507 o] Sl
5] QIAe] A FHE Hole EZEE polychlorinated
biphenyl(PCB),  polychlorinated  dibenzo-p-dioxin(PCDD),
polycholrinated dibenzofuran(PCDF) £0] om, 01Z0|A %L
sFelE 07 Qrg o] m e Holut PCB= QA £HE S EE,
ERE Ed] 2 Aol T Holgtke Alo] waix| 1Y, He o
2EZAE BildiA HSERS d4¥E vHeths Aol Bis
1 Rem?, o] 22o) HoA Tkl S8 g8skEE 433
2220 g8k vidA Tapnlel 448 AAsiH FEoiu A
g £ 8 A2AFIE S AEEHEHE 7RI UBol Al
71511 Ueh®. B3 PCBE TIYSt QERA7 WA 2EE o] Q
I A ol 418kd AERA MEEAE FESHL HIYA
&4 8], 2= DNAY &40 ooy FHol tish kg
FHIRIcHE 9 Rt Y. ol e adEd 2
1 AkshY AERAE QIR0IA 4E G5, FuE|AH#EY,
%, BldY A 242 tjyst ThE ) 2 e @wdol A
= A0 4zecy. gosbl A FH 0107
RE NE, BE BE 59 &% ME W TR A8 #RE
Ager 4= ok olEdl @@l x| Fol tHEFQ akEo] Ql4do]
o TjkS T A Zglo] X goll Jel 0|88 ¥ 1l ohzl vl
CHEE L Bo] ARBE L Q) Q4] #ike HiRES - HiE
S RIS 5 - B - B - B9l 4 €olil, K@K - WEW &
RS EREGE LREAR 89 85 7KK o dy AT
A g ek A E@HAE A5 AE 4= Us Aotk A
4 Fx0l td AEH JFZE protopanaxtriol] BUNE T
9] BhIQ] Rgol LETHAL W iksAlol mIAlE 8, ¥
Lot wRAd IRISRA dA 9 fFaldaE AASHE 248
Aol ER, £ SIS0 7} A8, ginsenoside
Rb29] Z}& channel &4 oA, AZHZolA] xanthine
oxidaseZ ST free radical Z7} A", NI M E9) 15}
H&a Hoig 3 W ginsenoside-Rb22) Cu/Zn-SOD SHA &
AEEEBES Z7KITIE AR ASS BTSN ]
IATERE o] 7K TE Zglo) AR 1 549 9
HZ 71™o] BEsA geiXA Zil A AFolrt. o] ol
Al PCBY] Z 20} coplanar 72 E 71X A2 AAEHE Fat
3= Ao R g5lA JXITF noncoplanar X E219] AFEY
ol thgt A7} ol FAAA] YTt ololl AXHs BN IHEE
ZA] noncoplanar 7-£9] $h4Q1 PCB 52 (2,2,5,5- tetrachlorobiphenyl)
£ o|8skd AlEe] HAFAZFQ] SK-N-MC Al 20 MR|51L,
AIRIES 7o) Qg 415 AEHA Fub gRigE 84
4o HalE AFHBPUCM, o] QT SK-N-MC AMEilA
(apoptosis) W A E W ASHL 7Mool Fé Fake BEBINTE
Jg)a o3 AEENE 71X 8lod PCB 529 4151E L&Al
A5 MESHel ik QIS EES MEFYH Wojgaet 1
718 A7l {948 U ZIHE gl Biasks vlolch
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1. M Euft

SR EEL8O)A]  Alzle) HEEE] 2208} neuronal
SK-N-MC MEE £ ot A#4oA 37C, 5% CO 35 £
e ZHE MrioA sigsisich AlE sigE Qs siRle
MEM BRI & ARSI of7jo] 2 mM ZFEN, 10% 84, 1
mM sodium pyruvate, 0.1 mM Z40lu| -4+ Hr5Iict &
YA ZE 100 units/nt HU AR 100 pg/nt AEHETIONES
AHZBIAT.

2. 4k AlgS) &l

Q4 200 g2 E2 ETtA o] Wi 74 2000 mig €
F 3 A7 B U1, £&8l1 AFEE M JHXE 0]83lA
3 3] IR 0] GI AL rotary vacuum evaporatorol] 4} 2+
o, SE5IRTE S5 8NE 70T deep freezerollA] 12 A|7}
S0 AR|SLL, 30 A1t SO freeze dryerZ 58 AZ8KA 10%
9 £801 20 g9 BUS ATk

3. gkA 9 Aok

B Agol ALET Aok ' FIAE Tt LTt Monoclonal
beta-catenin &A= Transduction Laboratories (Lexington, KY,
USA), monoclonal Cu/Zn-SOD g}A = Sigma-Aldrich Co. 25
Bl 7IGHICE AAU| 22,55 -tetrachlorobiphenyl (PCB 52)&
AccuStandard Inc. (New Haven, CT, USA)S ZRE] Fe &
DMSO0] =0] 20 mM 9] MEEHOZ BHsio] AESIFC.
Superoxide dismutaset Sigma-Aldrich Co. 22 FE] TI5HH
400 U/t B2 343lo] AIBsINTh

4. Western blot analysis

Afol] 0|8 MEE T scraperZ FHOJA] 15 m FH
HE F 4 TY PBSE 2~3 ¥ ML 2000 rpmol|A] 3 B2+ A4
2215100k AANE QI8 & M E pelletol] EBC lysis buffers
€l 20 B 42 Aol FobFHA b 2ot} 2484 ARER
o} A ZFEHS 13,000 rpmojlA] 15 B S¢F A4 B2 L,
ARale 4Eg Yol TiE Fuol KAk 2 AEERI 5
Qo ojo] chlAlE SDS-PAGEE o83l Ezlsliion, &y
o] Y HE WAL I F nitrocellulose membrane
(Hybond C, Amersham Corp.)CE &AHZT}. Membranes2
05% Tween-202 E8+8 TNT bufferS 0]83l THE0)Zl 5%
nonfat milk solutiono] WolAl HAE Bl¥ch Anti-Cu/
Zn-SOD % anti-beta-catenin YR} FAE 1 pg/ml =EZ T
B 1 Al & 42004 membraney} YFEAIRL. Y &
membraneS TNT buffer2 10 £ ¢t 3 HA Rl o]x} &
AZ 1 A7 B 4204 membranei}t YHEA]ZATT. Membrane
£ TNT bufferZ A|&E38l % enhanced chemiluminescence
reagentE o]80dld 2837 dFEAIZ] &, HEE 0|83l 1 &
T & &4
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i1gt Bl @it Ea8 &FGP) Asl tiaT # 48T
I 5T E SYSH TEULE o] W ol wd &3
M2 bovine serum albumin (BSA)E standard® AMESH=
Lowry W90 phid Qg ZE3INCH Bu4A EHY 53
2 nonfluorescent probe 2,7-dichlorofluorescin  diacetate
(DCFH-DA, Molecular Probes, USA)E ]88} "ol ukz} A)
ABIHCE. alg FHAY) BN E HASHL MEE PBSE 2-3H Al
ARt IF scraperE O18310] ME oY HAIZEE AlZ
E Fojulo} 40 mM Tris buffer(pH 7.4)7} 2 mt E0IJE FHO
Bt viEheo] %o0l)E DCFH-DA B5s5k 5 tM)E RE
o H7ISkL 20 £7F 37 TolA] siYsIA. 20 £ + 5 10, 15
pe/mt SEO PCB 52€ 717} 40 mM Tris bufferg 718 FHoj
Hrislgrt. EBEA9] YHu1EE  Shimadzu spectrofluorometer
(excitation wavelength = 488 nm, emission wavelength = 525
nm)E o]83lo] m 15 Erlc} 120 E7MA HFSINT. free
radical MA 7t Y& £HEIA 8449 FEFE STV
Qlsld WA MEE DCFH-DAE 20 27} i) & uUH(HSS
T 200 ge/mt)3 SODESET 400 U/m)E A7I5HL 5 BT
BlBIcE 1 & 48 Agol wet PCB 528 Aokt
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6. MDA =3

Suematsu £9] 2ol w2} standardE malondialdehyde
E AIR35190m, A8 @0l 20 % acetic acid 1.5 m¢, 8.1 % SDS
0.225 ¢, 3%} £74 0075 e, 1.2% thiobarbituric acid(TBA) &
of 1 ¢, JI2)1 PCB 528 Foj¢} SK-N-MC MZFEY 0.2 ot
& ¥k 1 890] EojUs AIFEE 30 B S 7185k
Zol1L, 3,000 rpmoj4] 10 23} AEESI HAAES F A
532 nmojl4] BT E SH6HL TBA 2y B39 g¥8 Z
It

7. SOD %! catalase &4 &3

SOD 4% £8 McCord 9] 2ol me} xanthine
3} xanthine oxidase?] £xl Gloll 4% superoxide aniono]
cytochrome C9) 1S A7} HHSHEIE 0185t &,
Algdo] 01 mM EDTAE &®3dle 50 mM potassium-
phosphate buffer (pH 7.8) 2.1 ¢} 0.5 mM xanthine 0.3 nf %
0.1 mM ferric cytochrome C 03 mE 713} TS, cytochrome
oxidaseol] QIgt BAHY] cytochrome C9| MAISLE 27| LaH
H}2 ool 50 ¢ M potassium cyanide 0.1 ®E 7}5I{T) AFSN
ol m-AIE 281A1717] AalA] sodium deoxycholate(10 mg/ mf)
2 01 n¢ BYUCk o] EfNG & 42 T} xanthine oxidase
01 mt 9 PCB 528 =8 SK-N-MC M E 8% 20 & 7Vt
% 550 nmojlA EHTY E7teS S0tk &85 StE
ofl thdl 71EL2 xanthine oxidase?) BT E ZAd T 5
V& BY 0.0210] EHTE I3rh Catalased] &4 £ Aebi
9} w0l W} Al ol 130 mM sodium phosphate(pH 7.0)
0.5m¢, PCB 52 (2,2',5,5 -tetrachlorobiphenyl)& ¢} SK-N-MC

AE 8N 04 me, 38 B2 066 ot & 7129 15 mM H,0; &
N 18 ME JISICE 8UE & ERS TS THE 240 nmoflA
3 2 8% HO: 5kl 98 EBL9 48 F8sIct &
29 8485 1 2 3¢l 1 pwdd] HO:E 23471 84
9 U2 1 unitCF FAIGKICE

8. SAAE

A= B + IEARNE FABINCH, 2 A4S
dZFol] tist MEEE el 2F 2719 EAF {94
gl HESE Student’s t-testE Ol 2BIUTCE

A 3

1. PCB 52 Bcio] QI3 AIZ W BB Z7t

A ECE YR Oy, OH, HO; §9 RIS eidE
ko] sl g4o] sl HA ME FHEZHN} M
ol £ SAZA A8 AE WolA] LEE AEHA
711, I3 28 SK-N-MC A Zoj PCB 528 S48 &
AZ IR} S4to] o8 E4Ea9] wilo] 71018t A
IR UTE. SK-N-MC M ZE0] E0l= o] &
S5 BN E we 448 DCFH-DAE goj 20 &
A BESAIZICE. I2H AlZTol] EXishs ol AElgiAlol 9
CFH-DA g7} DCFH He2 #HohH gt 7L £ 5, 10,
15 pg/meQ) TIS L& PCB 528 21219] gietolol) £oish
PCB 520 Q3] FaslE & g g2 S80It &
A0l ZetsH= DCFH el DCF el Z HolHA 83
Mg UehiA Hed o] HHEZHY ZTE spectrofluoro
-photometerE 0|83l 15 2 U2 Arj 2 A3} 8¢t FH35)
Aok 1 A tEFME Akl WE dE9 kol Mt
A9 PROU, ABFOIAE FoI 5T7H £OW £248 DCF
FHEZLY ATt YHHLE EUCHFig. 1).
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Fig. 1. Reactive oxygen species (ROS) generation in SK-N-MC cells
by exposure to PCB 52. Cell suspensions were loaded with DCFH-DA for 20
min and then various concentrations of PCB 52 were added. DCF fluorescence
was monitored over a 2 h period.
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A28 2,2 55 Tetrachlorobiphenyl9] AZME S4of it Q14 Woidint

PCB 52 £of & 45 27HAE skl vlEisld 39 3k
7t BE Zaou, olF 2 AVAE 83 AT driEd
E7} £RE ol oU ETHIRE A% £2 $AE B9F
RACHFig. 1). ol AIH= PCB 527} Al W} 84149 Y28 &
TIAZAL, O12 Qal A3k 42 (2 AES0] IAEE A
€ Hoj& Rojrt.

2. PCB 52 Fajoll ot Alzut A@akigie] 571

URIF O A EE AEZ oA S4itaFEo] HTIEIA
WEEH ASE AE A0 Oa) MERY KR IS 2ES0]
7heslE) 1 A= A EE who)] ¢ilo] ZEiEo] AEAlo] XY
o, 1222 PCB 528 £oi8l & AZ W XZIKIE BT
£ Z338 BY SK-N-MC A Zolx¢] &X4ta 5719} ol wh
B 03 AEYA EE SUE & 4 UE AV EE Aol
o} wekk] X2 E 8L HTE malondialdehyde(MDA)S]
oz ZHFATE 10, 15, 20, 25, X 30 pg/miS) PCB 528 T}
ot EEE AZuleF viXlol Foig & 37 Toll4 24 A7 ¢
AEE ASIFCL BETH A Aol EBTE F8 ng
protein & MDAS} &g Al4Fst 23}, 20 pg/mb SETHAE Sk
QEXMOF MDA Yol A< &7t 37t 20 pg/ml SEOIA
HIXE O1FCY} 25 pmg/md BEOIA B7180] AAES Hol
Ao hx2T Hobs AlS 52 £A1E HolH, 30 pe/nl skol
AE R HECE P2 X8 BACkFg. 2). oIAS B
pg/ e} 30 pg/ S FANUES wie PCB 52 ARHQ) B4 3l
ME WES0] F3] Lok HFZQ! gho] opd uhls
ddolet & 4 Urk
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Fig. 2. Lipid peroxidation in SK-N-MC cells by exposure to PCB 52.
Celis were incubated with various concentrations of PCB 52 for 24 h and MDA was
analyzed by spectrophotometer.

3. PCB 52 Sojol of8} BHIslEAL) 84 W3}

PCB 528 SK-N-MC Al Zol Eoi3ie ml S48 aAS0
4T ojue Wal} et AE YohEirh PCB 528
10, 15, 20, & 25 pg/mee) THITH BT ALY BiRl0] o]
8 = SODO| BNT Wake SHok) Ysiol 8 A7 24 417

E¢F NEE 37 T uiel)olAl vigrAIZcE MEZZRE] HoiAl
LT A E 0|83 Cu/ZnSODY] A vty FE &
Western blot2 2 FARE 3R 2, Cu/Zn-SODQ) 4T H3}
=  spectrophotometerZ O|83l SHIINHCE wxTy
SK-N-MC Aol PCB 528 Azigt A FEoIA Thild uky
AL E "l 2 23 PCB 52 o] sk E¥0 ozt Y
A7t XO1A T YRUCHFig. 3A). 019} TIRIMA R 2 4
BT ZFolA Cu/ZnSOD 4% HEPt BAl 988 RAF
RACKFig. 3B).

0 10 15 20 25

Fig. 3A. Effects of PCB 52 on protein level of Cu/Zn-SOD in
SK-N-MC cells. Celis were incubated at 37 °C with PCB 52 by concentrations
(10, 15, 20, and 25 &/ ml) and times (8 and 24 h), respectively. Whole ceil lysates
were prepared using EBC lysis buffer. The samples were resolved on a 125%
SDS-PAGE gel, transferred to a nitrocellulose membrane, and the blot was probed
for CuZn-SOD.
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Fig. 3B. Effect of PCB 52 on CufZn-SOD activity in SK-N-MC cells.
Cells were incubated with various concentrations of PCB 52 for 8, 16, and 24 h,
respectively. Assay was analyzed by spectrophotometer.

Catalaser= AE oA WEHE hydrogen peroxideE
H,09} OF E3IA]17]1= g40ltt I8 B catalaser A ESHE
Asle mEdA BHEE HOot AZHg &MATIE AE
molFEo] MEE BEsle £9¢ A8 it PCB 528 10 ug
/meS) ©el mEE AE uiet vixiol BTt £ 8, 16, W 24 4]
2 EQY MEE 37 T uiY7olA siYRIHT) MEZERE Fof
A BSYTY S O|83K] catalase®] BHT WHILE
spectrophotometerg 0183} EA3IXct. 1 A1 PCB 528
oot & 8 Aj7F Aol chRF) vl wdle] AEolie E A}
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O]Eo] YIRSLE 16 AIZ Foll= oF 1.2019] &Ho] S7I5KAL,
24 A2} FollE oF 2 RS EHo) BTIERE ¢ & UATH(Fig. 4).
Catalase®] &0l E7Ish= A2 PCB 529 Fojoll 9Ja) A2
W E4o] AlZio] AdsE AoAlE Ae € F UL

2.5

1.6 |

Fold tnduction

05 |

0 8 16 24
Time (h)

Fig. 4. Effects of PCB 52 on activity of antioxidant enzyme, catalase
in SK-N-MC cells. Cells were incubated at 37 °C with 10 we/mi of PCB 52 for
the indicated times. Catalase values were assayed at 240 nm using Perkin Elmer
spectrophotometer.

4. SK-N-MC HZ SAlof) thigh o EXEEY 85

SK-N-MC M Z9] &3 FAlol tigh 149 aAE ot
HI] 3l Q4 EREES AT 2 W 5k HE M EZm
Ao} FA541 5 % CO.SH 37TY £HUE ZE Wi E miY
SIFCE Q4 EREEE 25, 50, 100, 150, ® 200 pg/mt ==
oISt & 12 A17HH 24 A1} uiQ) & AIEY) AMYEN BAES
MTT assayE 0|83l ZAIBIREE. 1 23, Qa2 Al € &
T e wollA] 12 Al 24 A7 S0 AlZEH W F4lL0|
oFER FEE XA EFE & 5 UACHFig. 5). ©FA 200 pg/
ne8 SEZ XNl MEolA] 24 AT S i - M =EA}
go] gojt AE 2 4 A2 7ol gIUrkFig. 5). J2ivt
300 pe/mel) s olCFZ XElE MEolA 24X E¢F elY
g 22 dExEH sk Fo40] e MEAPEo] ottt
(data not shown).
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Fig. 5. Effects of extract of ginseng on growth of neuronal SK-N-MC
cells. Cells were incubated for 12 and 24 h at 37 °C with the 25, 50, 100, 150,
and 200 w/ml of extract and MTT assay was carried out.
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5. PCB 52 B0 Z QI8 MZEH U ZAlx|o] tigh &5

SK-N-MC A Zol] PCB 528 S0i5lH &844Fo) ag) A
EEYo] FuEI Jol Wt MEZ Blo] dA=E AE oln)
ol QT PCB 52 M) & MEQ HASo) tidh ¢4k g3t
€ goldy] A8k, Qi EFEES AT B SEEE X
9l uiQ} uiAlol 30 7t HA Foidli 1 & PCB 528 S5}
o 5 % CO% 37 T UG ZE |2 viYBIFTE Ql4t
BREEZ 25, 50, 100, 150, H 200 pg/md STE 30 B HA
2ot & 20 pg/mt SEE PCB 528 LFol| T35l 12 A%
24 A7 T BN & AZO AMLEN SAES MTT assay &
o183l ZAKINTE 1 23, PCB 528 ©E AEl$ vz ol
A ol AR AYSHA Ze Fakra vluskad 12 Al
61 %, 2441704 64 %S MEANHE HAF/ULL, Qe TS
AP oA E Fa2d Biwsle 124133 24807 2%
oA} ¥ BEE 7RIA| LRATHFig. 6). 1Lt PCB 528 ©F 5 A
2i8h iz ol ¥ludl Qlkkg MAlgist & PCB 528 Aa)st
AslFoAe A 5T Y Mol 12 X173 24 A7 E9F
B% NEEHE dABIRon 11 3 MxY S4]80] 57151
T AS ¢ & UCkFig, 6).
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Fig. 6. Effects of extract of ginseng on growth in PCB 52-treated

SK-N-MC cells. Cells were preincubated for 30 min at 37 C with the 25, 50.
100, 150. and 200 w/ml of extract and then added 20 we/al of PCB 52 for more
12 and 24 h. MTT assay was carried out.

6. PCB 5282 S5 X beta-catenin®) 7126 5719 oA &5
PCB 52& SK-N-MC A3l Fojolo} S beta-catenin
9l 7i=23) sl Ui QM EFEES S5 HESITH
Ol& Y8l Qi EREEE 25, 50, 100, 150, X 200 pg/ml =
T2 30 27 WA 2ot & 20 gg/me 559 PCB 528 L5l
FOIBHL 24 Al7E U] ol & FEE BY8lAnh 1 & 834
o, R W AT A1o]9 beta-catenin®] THERES QilS
Western blot@E Z}z} niud] 2 23, Faktol vludled PCB
528 ©hE A2l tiaTolA e vhld Bajaao] Ags) Rol
ot 2SE ¢ 4 JUCHFig. 7). Tk tiRTol Hlaskd ¢l
A& 30 B HA Mg 4EFolAE betacatenin®] 7}4=E3



85522 22 5,5 -Tetrachlorobiphenyl®] AZMZ SHoll tigh Q1at0] Wol A3

7} E0l== ddo] Q14 o] A& UehdrHFig. 7). ¢
A 55 25 pg/ oA Ji-Ed AR 37 UER] A)ERBIY
om, 200 pg/nt AN BT E BT FELE EAET
(Fig. 7). o] Z1k= PCB 520 &8 SK-N-MC AZ&= MEX
AL &0l AlZEANE S ZeEE HAFL JoH, eldkil s
o] ©AQ 4157]180] gEES5l &4 318 caspases0] 718E
TP & QUSS HAET &, Q42 Caspase-371 A29 4
Eol] BEQ] TF g 7MEHIAIFIA B E Caspase-39)
715€ AAISIA MEQ AIEE AABIHEE RAEDL

Ginseng (  m/m) o
| ] o©
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Fig. 7. Effects of extract of ginseng on proteolysis of beta-catenin in
PCB 52-treated SK-N-MC cells. Cells were preincubated for 30 min at 37
C with the 25, 50, 100, 150, and 200 w/m of extract and then added 20 ug/ml
of PCB 52 for more 24 h. Whole cell lysates were prepared using EBC lysis buffer.
The samples were resolved on a 75% SDS-PAGE gel, transferred to a
nitrocellulose membrane, and the blot was probed for beta-catenin.

7. PCB 52, Q14+ E5EE Y SOD7} &84ka wijol mlXle a3

o] dElg Sol PCB 520 &® SK-N-MC MzZES2
Arich §E44E WAIA JEE AEAAE FUthe RS
U 4 AU B Y2 01E NESSIL A E FEEN E
Hara A dEQ SODE ol8slo] PCB 5200 oja) 84
B 8449 ANE A4 W AA oRE Yot A} GI
T} SK-N-MC AlZ7} EojlE dEfol &ditast vhashd
34 g yAEE 4UE DCFH-DAE BA o] 20 B vks
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Fig. 8. Effects of extract of ginseng and SOD on ROS generation
in SK-N-MC cells exposured to PCB 52. Cell suspensions were loaded
with DCFH-DA for 20 min and then ginseng (200 «&/m ) or SOD (400 U/ ml) were
added in the presence of PCB 52. DCF fluorescence was moniitored every 15 min
over 75 min period.

I1F Ql4k 200 pg/mi} SOD 400 U/mlE 242t Boist &
5 27F ¥R2A13CE od7lol 10 pg/m =58 PCB 528 3Et
Hoff FIT} £ 15 B U R 75 7 DCF §HEZS 2&23E
spectrofluorophotometer ZA&313rt 1 A3 PCB 528 ©is
Boj¢t AT E OFRA L MeldlA] %S Fakrol vldiA
Aol W Ed9 eyt B3 xold 8941459 47|
Z718re & 4 UUTHEIg 8). I} thE Tl vlnsld PCB
529} 914} = SODE B Foish AslFoldle DCF HIE
A9 o] Tadlel EH4AES Yol LALEIEE Y +
URACHFig. 8). 5] 400 U/m 59 SODE Aeist g ol
Al 200 pg/mt TS QI4E Reidh dElFEC) E44itho 7t
A HI80] BUeH, M4t AARMY 7158 #E F £
oAl 84440 W HlgE HA £ECEE 8T
RolTHFig. 8).
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Fusle BAE FEE L YoM YA ' Q119 SEEA
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FEME SHACKD. 1|2 5 FAAINY oln] 45
EE9| Fdlol e S ALY sl BS HTE ol
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o] A BJiclke Aotk 2171 AR O Yidlhil e €,
P/ B HA SdAT Aol §FEEE AUEH]
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Hg sl glck=s Zoltt olAE 27t & ok XA 8
ol chalAie THA] SHAN Y26 HE 71218 7HRoF kg
A719] AIHE ok RElES 7HEE0IH BHSEEY H
A1E e, el o] E)) 2219 FEOA JEE 28
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E doxs EdladEdo] K9 HHldy Mg o
8 k2 DIX]|=A] YoHA AL oxidative stress B 71HE Y
SIALA} SIRCt Ol HAdl BHS=EQ YEQl PCB 52E Al
9] yollA] {28 neuronal SK-N-MC AN Zof] B & A5}
E9] F71oll 93} oxidative stress H T E RAKHL, olRo] |9
©] 5o} SK-N-MC AM2Z9)| apoptosis7} EXHEXE HESKI
T}. ROS= hydrogen peroxide, superoxide anion, single oxygen
4l hydroxyl radical@ Z§H51H cell-free system3} in vivo S5
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ok g2 & SODoll QA AAE 7] wiFol, A7 eltiZol 23
fulEls 542 SOD yojrldo) g8l YAHE HEdA ot
I35 2 AR ol&tiArt e SODY] &8 %7t 571
S Ech B @79 48 daolde PCB 52 o] & a3 A
ERo| EXNGH= Cu/Zn-SODVRMIE W3l HES 4T Wal
ol thgl FAHE FolA= ESIUTHFig. 3A, B). &0l

o

n|E&Cgole] EXsHs Mn-SOD*S] &4o] PCB 529 4H
I JEE] AL ACE YA 4B S S ojuiet 2
£ A= X SIPnt B T8 g4sta A0l catalases AME U
oAl ©F4g5k= hydrogen peroxideE H 09 OF EalAl71= &
aolt}. IHER catalaser MESHE 215HES HEolA] B4
= HOJt M zEkg &46le ZEREH HEE Bosle 88
¢t ek Btk PCB 525 $oi¢t & catalase®] 4T IS
£33 23 T8 4olA] HoX|Ro] A|7lo] Xl wizl g4o)
ke & & UUTE F, catalased] Yo Flh= A2
PCB 529] A3 W =do] Alzio] Ad4=E Za|HA] hydrogen
peroxide®] 440l 9§} oxidative stress7t BHUGLIL QLo o]
e SH4AE AAS] st A E W giISLEA0] Yoir| A
o] UeEldE ¢ # At I3y & A B RSk
hydrogen peroxide@] H1&20] FX] QO F catalase®] 7} H]
2 Eg Rl vlusld 18A 24 g2 AR AIERCh

Qi) 4E M2 g MElEHE Wl ap|ElA Zgol @
slole ¢iAf W d7Ut i) JYE L e E8] Alzd
(saponin)2 FEEELTA B2 ATAESY YUY tjyo]
Ha Ark HZo o)EAME AMEY o] EerRHEo]
= Ao F Uzl 4 {ollH| Z(petroleum ether) 2&E, insulin
I 2 AR E e "EIT, deA SHiskd BZE0] Q4
A FEF ALE B A Q4 Atz TlEo /8
HEOZA A 7T 53] A4olA] 7 -pyrone FEAHE
Z&8}0] 0]Z0] in vivoolA] SRISIEEZ UERI QZA] 14t
2 3ol F50] USS HABIF LY, 0149 oereg 1
oEolEIZ 222 w3 SRISHEIE0] JriL sl o™, B
o] wlilol Bl5l BHISHAIRO] At Bud B} Y. 2
iU} Q4] ERISIERY EE Tshlde oldl: B
AT7} 7= 480 8 aFdAE fEUEt L3Y
27 21801 ¢l4o] PCB 5200 Q3] AT E MEZEHE AR
SH=AlE YotR AL Sl HA o] 48 E 9814l PCB 52
o QlgiAgt F4o] Fatxjojol SIEE, Qb AEA MEE
dE€ 427N e 5% HAE Lolok STt Fig. 5SollA] 8 ¢
UY=0] 014t THEC Z SK-N_MC M Zol| EHE Susi= 32
200 pg/mb SE OIMOE 24417 SO NEE uiYE B2
UEhg 4 JUCEE 2 UAEE AdiAe 200 pg/ul 01819 &
T2 AR Qi B FEEE o|83lo] PCB 520 93l
FEEE AZAR S 247 Yok A3, 18] 6ok 8
4 AK0] AUST I} 200 pg/ TR = Q14 skol Q&SI
PCB 528 RIET MEAMEE AASIHETE of 2RE HuE
8h71 aiA MzAbgEo] 718 A2 thildl 27t REe
beta-catening A2 E Q4E AH2lg 42 ohid 2a&irt 2
2BFEANE AR BUch I ZAE I8 73 20| western
blotS 2 &8 & A1l Q14 kol Q)EX O F beta-catenin
o 2371 B1BEHAOH, 2 Q4 sTolME AY FaEl
SEMA JEF e AE 4HEJITE ol 2 Qo] 835 E
EQl PCB 520 9Jall REHE HE MEQ EHol £2 ¢
S n|E £ ASE AAKSE Aolrt. Qlidol Qg A EEH Q)

- 178 -



SHSEE 2255 Tetrachlorobiphenylo] AZME SHol thal oIkl Wol A

a7t 4ol JIAE SXISIEg 98 A/XE Loty
95l PCB 52& Foigt IE PCB 529} Qg &8 o

g AololA] wilidhs ROS &< Hlwdl BTt g4bsAelr

SODE positive control group© 2 0)E€351) 1L, PCB 529} &H7
FoRe W Z4THUE DCF §FEEY Yol =4 585
KA, PCB 52 &% Foigt IR @A £8€ 18 89
Ze PCB 52 of] 9lal eHy R 449 ors Qo] ZaA]
e AYE & 4= AUt olF ZIE SODY F L9 U5}
& ZHEA] oxidative stressE ZAATIE ZELE SiME #

AE Aoltt.

4 £

2 o790 BAES FHSEECE AP Ue PCB 528
o835k Al HZRE FEish AFHEN SK-N-MC Al20]
A19) 4REE9) Z717t YR =AE HA Yot il olRo] ¢
QIOF 3l M oA F4E FUslL AEUATT ZeiHe
711 & 95 2A gF Aolrk E$E PCB 5200 a4 Fxe Al
FAPHO] Q4o QFiA AAIE = USAE ZARBIRL 1 7]
Mol Q4] 8113} gie} AR AJAXE THHBILAL SHAT
E44k400] B4 S PCB 528 5,10, X 15 g/} FOIZ 45 &2
TRIE 557} 2845 4449 alzo] 7181, 1 o]
Zoll= E44kA wiEo] AthiAEQl =XVt Zadhks dEe B
AFEom, PCB 520 &F SK-N-MC HEE= 2710 &44)
A7) ehlghe ¢ 4= UYYCh PCB 528 10, 15, 20 pg/ml 52
Bt & 24 A7 S0 YRS wl MDAS] wryglo] S7lsh=
ATe 2 4 YUt 28l PCB 52 o] & Cu/Zn-SODS) &
AT E AT laslkd AT E X018 E HolA] ¢t
Qtom, PCB 528 20 ug/mo] &L & Foist & 4AIEeH ol
U 1wl catalase®) FH T} tRTol HISKA 2 v 0|49 &
718 BRC QMREES AL 200 pg/ 7RI E 24 AT wiet
Al SK-N-MC A Zoll MEZEHE FekelAl FU2r, 25 ~ 200
pg/mb SEOA PCB 528 Zkl= SK-N-MC HE9] M EAMH
2 =5 OEXHOF 74AAF L, PCB 520 &% SK-N-MC A
3Z¥E beta-catenin®) 7}4E37} I8RO, QUEZFEE
QA 7R GREALH 100 pg/m 0148 LETolA
= A9 HALFEOZ JBHUCE QAUEZZES PCBRRE F
ot AgolA 2440400 Sy A 2RI

o]0 AIME E ut PCB 52&= E44A BoE RdEE
Alg Hol El@Y Halo] Aol A AR MAHH, QiE
ZZE0]| PCB 520 Q& RERHE Mol Edd HEE dAAtg
F UASS YARITEH

0

A 2

o] =F9 YRE 2001 BARA R IR HI €A TH
BRI (PJ9-PG1-01C0O04-0002) 3} 200003 PIBHSIN T ]
Aol Al Q3 FBHARSH ojoll ZAI=-UTH

A 23

1. o|7tE} QRIE, B8HSEE, Mg, oFHIVIAA, pp 13-14

10.

11.

12,

13.

14.

15.

16.

- 179 -

. Safe, S. H. Polychlorinated biphenyls (PCBs): environmental

impact, biochemical and toxic responses, and implications
for risk assessment. Crit. Rev. Toxicol. 24, 87-149, 1994.

. Swanson, G. M., Ratcliffe, H. E,, and Fischer, L. J. Human

exposure to polychlorinated biphenyls (PCBs): a critical
assessment of the evidence for adverse health effects.
Regul. Toxicol. Pharmacol. 21, 136-150, 1995.

. WHO/Europe. PCBs, PCDDs, and PCDFs in Breast Milk:

assessment of Health Risk. Environmental Health Series
29, 1998,

. Peterson, R. E., Theobald, M. H,, Kimmel, G. L. Developmental

and reproductive toxicity of dioxins and related compounds:

cross-species comparisons. Crit Rev. 46, 283-335, 1993.

. Colborn, T., vom Saal, F. S, and Soto, A. M. Developmental

effects of endocrine-disrupting chemicals in wildlife and
humans. Environ. Health Perspect. 101, 378-384, 1993.

. Aruoma, O. I, Kaur, H, and Halliwell, B. Oxygen free

radicals and human diseases. J. Roy. Soc. Health 111,
172-177, 1991.

. Diplock, A. T. Antioxidant nutrient and disease prevention:

an over view. Am. J. Clin. Nutr. 53, 189-192, 1991.

. Fahn, S, and Cohen, G. The oxidant stress hypothesis in

Parkinson’s disease: evidence supporting it. Ann. Neurol
32, 804-812, 1992.

Halliwell, B. Free radicals, antioxidants and human disease:
curiosity, cause, or consequence? Lancet 344, 721-724, 19%4.
Zang, J. T, Qu, Z. W, Liu, Y., and Deng, H. L. Preliminary
study on antiamnestic mechanism of ginsenoside Rgl and
Rbl. Clin. Med. J. 103, 932-938, 1990.

Chung, Y. H, Kim, K. W,, and Oura, H. Effects of
ginsenoside Rb2 on the anti-oxidants in senescence-
accelerated mice (SAM-R/1). Proc. 6th Int'l Ginseng korea
Ginseng and Tobocco Research Institute, 30-32, 1993.
Wang, D. H,, Ishi, K, Zhen, K, and Taketa, K. Enhanced
liver injury in actatalasemic mice following expose to
carbontetrachloride. Arch. Toxicol. 70, 189-194, 1994.

Kim, H. S, Kang, J. K, Seong, Y. H,, Nam, K. Y., and Oh,
K. W. Blockade by ginseng total saponin of the
development of cocaine induced reverse tolerance and
dopamine receptor supersensitivity in mice. Pharm.
Biochem. Behav. 50, 23-27, 1995.

Lowry, O. H., Rosebrough, N. ], Farr, A. L., and Randall,
R. T. Protein measurment with the folin phenol reagent. J.
Biol. Chem. 193, 265-275, 1951.

LeBel, C. P, Bondy, S. C. Sensitive and rapid quantitation



17.

18.

19.

20.

21.

23.

24.

26.

27.

YT - HRS - 0lBE - 0lGT - BEE - ERE

of oxygen reactive species formation in rat synaptosomes.
Neurochem. Int. 17, 435-440, 1990.

Suematsu, T., Kamada, T., Abe, H,, Kikuchi, 5., and Yagi,
K. Serum lipoperoxide levels in patients suppering from
lLiver disease. Clin. Chim. Acta. 79, 267-770, 1977.
McCord, J. R., Colby, M. D., and Fridovich, 1. Superoxide
dismutase, Enzymatic function for erythrocuprein
(hemocuprein). J. Biol. Chem. 231, 6049-6055, 1972.

Aebi, H. Catalase. In methods of enzymatic analysis.
Bergmeyer, H., Bergmeyer, ], Gral, M. Eds., 3rd. ed.
Verlag Chemie. 3, 273-286, 1983.

Freeman, B. A., and Crapo, ]. D. Biology of disease: Free
radicals and tissue injury. Lab. Invest. 47, 412-426, 1982.
Stohs, S. ], Hawwan, M. Q., and Murrau, W. J. Lipid
peroxidation as a possible cause of TCDD toxicity.
Biochem. Biophys. Res. Commun. 111, 854-859, 1983.

. Halliwell, B., and Cross, C. E. Oxygen-derived species: their

relation to human disease and environmental stress.
Environ. Health Perspect. 102, 5-12., 1994.

Halliwell, B., Gutteridge, J. M. C,, Cross, C. E. Free radicals,
antioxidants, and human disease: where are we now. J.
Lab. Clin. Med. 119, 598-620, 1992.

Shi, X, Castranova, V., Halliwell, B, and Vallyathan, V.
Reactive oxygen species and silica-induced carcinogenesis.

J. Toxicol. Environ. Health Part B. 1, 181-197, 1998.

. Klaunig, J. E. Alterations in intercellular communication

during the stage of promotion. Soc. Exp. Biol. Med. 102,
688-692, 1991,

Schmidt, K., Amstad, P., Ceruti, P, and Baeuerle, P. The
role of hydrogen peroxide and superoxide as messengers
in the activation of transcription factor NF-KB. Chem. Biol.
2, 13-22, 1995.

Sparrow, C. P., Doebber, T. W., Olszewski, ], Wu, M. S,
Ventre, ], Stevens, K. A, and Chao, Y. S. Low density
lipoprotein is protected from oxidation and the progression

of atherosclerosis is slowed in cholesterol-fed rabbbits by

- 180 -

29.

3L

32.

33.

35.

37.

- HYE

the antioxidant N,N’-diphenyl-phenylenediamine. J. Clin.
Invest. 89, 1885-1891, 1992.

. Caraceni, P., Rosenblum, E. R,, Van, T. D., and Borle, A. B.

Reoxygenation injury in isolated ret hepatocytes: Relation
to oxygen free radicals and lipid peroxidation. Am. J.
Physiol. 266, G799-G806, 1994.

Lander, H. M. An essential role for free radicals and
derived species in signal transduction. FASEB ]. 11,
118-124, 1997.

. Schulze-Osthoff, K., Bauer, M. K. A, Vogt, M., and

Wasselborg, S. Oxidative stress and signal transduction.
Int. J. Vitam. Nutr. Res. 67, 336-342, 1997.

Davies, K. J. A. Oxidative stress: the paradox of aerobic
life. In: Rice-Evans, C., Halliwell, B, Lunt, G. G. Eds. Free
radicals and Oxidative Stress: Environmental, Drugs, and
Food Additives. Portaland Press, London, pp. 7-18, 1995.
Martinez-Cayuela, M. Oxygen free radicals and human
disease. Biochem. 77, 147-161, 1995.

McCord, J. M., and Fridovich, 1. Superoxide dismutase. An
enzymic function for erythrocuprein (hemocuprein). J. Biol.
Chem. 244, 6049-6055, 1969.

. Weisiger, R. A., and Fridovich, 1. Mitochondrial superoxide

dismutase. Site of synthesis and intramitochondrial
location. J. Biol. Chem. 248, 47934796, 1973.

Choi, J. H,, and Oh, S. K. Studies on the anti-aging action
of Korean ginseng (I): comparative study of red and white
ginsengs on anti-aging action. Korean ]. Food and
Nutrition 12, 323-335, 1983.

. Paik, T. H, Hong, J. T, and Hong, S. Y. Studies on the

antioxygenic substances in Panax ginseng roots. Korean J.
Food Sci. Technol. 14, 130-135, 1982.

Choi, K.-J., Kim, M.-W,, Hong, S.-K.,, and Kim, D.-H. Effect
of solvents on the yield, brown color intensity, UV
absorbance, reducing and antioxidant activities of extracts
from white and red ginseng. J. Korean agricultural
chemical society 26, 8-18, 1983.



