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Inductive Effect of Scutellariae radix on Glutathione S-Transferase
Yc1/2 from Rat Liver
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The water extract of Scutellariae radix was treated to rat and the primary culture of hepatocytes, and the
expressions of several glutathione S-transferase (GST) isozymes and the activity of GST Yc1/2 were investigated by
Western blot and by the use of HPLC. The results were obtained as follows: The water extract of Scutellariae radix
did not induce the expressions of cytosolic GST Ya and GST Yp in rat livers. But, the extract increased the expression
of cytosolic GST Yc1/2 to 2-4 fold higher than control. The expression of GST Yc¢1/2 in the primary culture of rat
hepatocytes was induced by the water extract of Scutellariae radix in a dose-dependent manner, reaching 21-fold over
control with 50 wg/mé treatment. The induction of the expression of GST Yc1/2 in rat livers increased the formation of
AFB1-glutathione conjugate from AFB1-8,8-epoxide which was made in the metabolism of AFBi.
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uhl 237 (ultimate carcinogenic metabolite)S E3|5h= M)
HEEE EXIsle) kol uMiE ARsHs Aot} GSTe &8
I A Eo] EXMSIHA A4-EERY] XHAK 2o 8y 2
ZEMR2E FET1E G470, tlo|n(dimen)E ExjsiH,
10009 &0] FEE o A’ A wor 23 (procarcinogen)@l OFE
2= Al(aflatoxin)  Bi(e|d} ‘AFBr'gl i}, WX (a)mlw
(benzo(a)pyrene), 7 12-CiHEHZ(@@UIEZNES AIEAE
(cytochrome) P450 §4-Eol Q18141 HHS4o] M2 & dlEAlo]
E BEA, & ¢ ud EYE HEF 1, o]E2 DNAY &+

W E (covalent adduct)E A5k HUNZE Gz A
Al71=H], GSTe= 0] ol ZAWIE FEAE0] DNAE &£441717]
Hojl o ZAIE FEA SRER|SS ZEAIA dIFAR|IEE
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g0l W9 7 27 STERIL ollL-Hol Har Yc1/29) Wl &3

27} eke o1k ekt 2o LEHCIEIE SYAEI &
AEg JEse £7] 18 & At = e Aol o)t 7|
o] ot vt AAAY TAER dEE S4E v FEE,
ol EAl A (Ethoxyquin),  t-HE  FE=EA|oh) & (tert-butyl
hydroxyanisole; BHA), SE|Zg}=(oltipraz), #H'hlZ8E
(phenobarbital) Eo| ATt F, viE FEES HEY 1xEN
FUXE S GSTEEE S7KIA 712CIMER = (a)QtER}
dloll SJ¢t DNAEYE dAlsl FEUUY Wi g HokErhks
BI7t Uup. 3, oS, t-2Y FlEEXjoplg, SE1ZE}
z9, 9 32’ §2 GST Ycg BIRe 59 GSTY ¢
g E7KIFIER AFBiIg HASt e EZES SEREE &
SHoE AASIL Hiso] ot B3], SE|ZEI=E GST
Y2g ZE oz} RO GSTY Wil g 3-4 S7MI7IEET,
0} Johns Hopkins th3tw o] Kensler @132 SA1ES &3
AFBI0l X&Eoz 29Eo] It Wdgo] 52 F39
QidongAld} AlEEAIA SEIZZIZE SodtL 1 THY oy
ETE TAKSH 23, GST Yoo wdio] 71t g 8% 0R
ZRAATHL BASIAN .

olof & dF= BZ(Scutellariae radix; Scutellaria
baicalensis Georgi)Q & HEE0] GST Yc1/29] W g HFXIA]
7 DNAS &4g AASIEE 9l Wi g AAE 4 k= A
g wsly olg Ridlke dlolch

Az 2 Py

1. g

William’s E wix], EetALlobEls Gibeo(Grand Island,
NY, USA)Z2E{, I2]1 AFB12 Sigma(St. Louis, MO, USA)
EHE] FEISrt.  [sHJAFBi2 Moravek  Biochemical,
Inc.(Brea, CA, USA)ERE] FsIFSH, §-GST Ya-A)|, &
-GST Yc1/2-8t4] ™ &LGST Yp-&A= Biotrin(Dublin,
Ireland) 22E] TFl5lATh

™
o

2 228 28] 9 WAl Fo
FZ2 A AN BT Sokgold TSI SA}

o ¥ & udrt DX/ F2 100gE A Be & ZEGH Y
9l 8€ R 54TolA 3417 £ 100TolA RS FHE

Sk 52 AZESI 239 FEES AUrt YF 6FYUo] ¥
Sprague-DawleyZ] 24 WXioll 417] 85 FEEE 447 74
OF 1g/kg/day¥ FA3IHCE

3. 2R AQ) A EE(cytosol) B

WAolA IxRElE 28l ¢ o 100 mM Kd, 1.0 mM
EDTA, 20 uM BHT7} Z&E X712 100 mM Tris-HCl (pH 7.4)
SESENE 4 RoE @i FHSKIHTE 1 o, FEs
g 9,000xgZ 4TolA] 2027 A4 BE 7, U] A g
105,000xg 2 4TollA] 1A1Z7F B¢ ¢4 2Eleh JEHUE AIES
EHOZ o] EBICE

4. 7+ 223} 12} i 7+ M EollA] Western blotiHol] ©}3F GST
IS

7} 2R3} 1x}F oieF 7 A ZolA AESS ¢, 16% SDS-
EojotggoolE HollX AZIFEE HAIS ¥ UEZLE
E2A gl %711 3% BSA-Tris buffered saline (pH 7.5)0l)
Al 1A]17} &¢F d]E0] ZgHnonspecific binding)& XIEHgict. &
-GST Ya-8Hl, 8}-GST Ycl/2-8A = 8-GST Yp-8A(1/400
ollA 1/800 3|A)BNHE 15m¢ H718I, 4THA] SHEt &t &
2 T3, Tri-buffered Tween SaltE 33] A&HSIL. I r}S, goat
anti-mouse IgG-alkaline phosphatase conjugateE 1:1,000 v 2 3]
AR 24} A9} 117 EQF U204 BRI F 38 MABH.
dae 72 E UEZER HESEIEN 5EET4-888
3Q8Y  ZA#0]E(5-bromo-4-chloro-3-indolyl  phosphate)E
ARBBICY.

5. GST Ycl/2 849 &4 b

B2 EPES £ 1 mol, 100 pmolS] WAL} A} 7}
njo] AZ & (liver microsomes), 50mM] Qlitzle HESM(pH
75), 2 mM9 ZEFERR|E, 50 uM AFB1, 18|11 NADPH
generating system&0| EEHEIT). GST EdHYCE = npRAL}
B9 AESE 44 AV o] EFEE 37TolA 1087
Bl2A17]1l, AFB1 tHAMEZES BeckmanA}e]l HPLC(Model 142)
€ 0|83l B3t FYL  Ultrasphere ODS  C-18
reversed-phase column(Shiseido, 5 um, 4.6x250mm)g AFR 3}
i, & 8 20mM ¢HUZ OMBIO[E(CIMEAICE pH
E 4002 2HER 20 A9 oHE JEHHEHSEE
45451.09] HIEE E8E 8w BE AES) 8&4EE 10
nd/minQltl, 80 A9} 1 BE 919 HIEE Z8SH BEE &
18 BEA F, 209 AEE FYUSIAL A0 55 Tl
Ao 308 S¢holl AMA 30% A-70% BY B2 Sujg ¥
FATIEA AIEE BEAUH.

5. BlAol|lA] 1X} ulQF A EO B2l

wxjol 2aEH(1g/ke body weight)@ BZOZ FAlsl T}
FHA F, BRE N5k SWE 18G FIEE] E(catheter) 2 ¢
Z3t ¥, Hanks' balanced salt solution(013} 'HBSS &} Sith&H
g 15 20 m/min2 EEFBUHEA ZHIE sHAE M (inferior
vena cava)2 Aotsict O T, HBSSE 587 ExH F, 4}
th AT ( superior vena cava)oll 14G FIHHIZ2E AASK <8 S
A7)3L, Zolo] iAW E FEvh FTALoE HBSSE Mol
A7k 15 ~2087 BE(perfusion)E A7 &, 7t ZAE ZA
Bk 74 Z(hepatocytes)E Ee)5L HBSSS Williams” E
WX Z 28] A&t 22le 29 HEE(viability)2 04%
Ez|BEF(trypan blue)EAHO T FATEX|Q) oRE HF)
Fom®, WES0| 95% olael MEDS AIBFIE. Sehlo] A
BE XZFo] 100mme) FHEgZ] Tizlo] TMEE 5.0x10°cellsH
21, CO; i7lollA 37T 2T 2 sigst t4e'?, 4412} Zof
21418} Williams' E X2 2B}
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1. MAolA] B Z&E0] GSTY wigd) nlxX)= &%

wWAjoll Az} AlEo} B2 FEE (1g/kg/day)E 42 6d
7 BAEla, 7 REGIA AEES Beld T, BElF AEE
oo ExgH= GSTY U2 Western blotg O E E4513ct
(Figl). AQ! 1 -32 Wekldsg Med AESdA uEd
GSTY) o], #9) 4 82 BF HEEE AT AEFAA
wal® GSTEoith Fig. 1A%} 1BolAi%t 2o}, GST Ya®} GST
Ypo] WS AT gF FENE FoIE Fols ME )
251k 13U, GST Yel/29] €2 82 2228 Xaish ¥
Aolia PBoitl ZE A EEE0] tETEE} 2 48 L Tt
(Fig 10). o1, & AjgloiA] &3 £&£E9 Soj& 34 g2
ZAGHA] A3 ol o B GST Yc1/29 WEATEE H &
ol B9 5EE 7€ = UL otk

A GST Ya
P2 3 4 5 6 7 8
"'Q.QQ.Q&I
B (STYp
Aoy s é&
S A

Fig 1. Immunoblot of liver cytosolic GST Ya(A), Yp(B), Yc(C)

from control rats {lane 1, 2 and 3) and the water extract of

Scutellariae radix (1g/kg/day) treated rats for Bdays (lane 4, 5, 6,

Zﬂee;g\g 8). Western blot analyses were performed as described in the Materials and
thods.

2. wiAol B 2&E0] GST Yco] g4ol mixle &3
AFB1E AlE A E{microsomal cytochrome) P450E A0l 213
A] AFB1-8,9-0] ZAJ0] E(AFBO), AFQ: I8l 2 AFMIOE HEs
=0, 45 AFBOE GST Yool 9J8iA] 2 ek Faty
o] REN AT JBAL}. IYEE 2 dToAE AFB-EF
ERXIR9 B4YS HPLCE B4l GST Yc1/29 8488 &
3Gk Fig 200419} Zol, E450] W& AFQIH AFMiS] &
SEE AUIG AEEY R0l FUSRICE W, AFB-E2F
2 HEA 88 S5k v WA gAE % 28 FEE
Ag) oAl Z¥2 306, 32, 75pmol/ minZE LIENGTE. ol& nifA
b ZZRY AEBoE WE TRHY AEES0IAM Hrt GST
Yc1/20) o] go] EMFIL USS Avidhz Aol = &
£209] 2= WA 7 229 AIESW GST Yc1/29] §46& 23
Bl B7RIFCEE, B2 FEES AEIE P50 Tl YA
gHEolRlE= AFBI-89-0lZAlo|=E Rr} mlE £EE2 REG
AFB-E2REII2 HANZ BokiUcks Rg o 4+ Utk

400
850 BOIS2 DU 0Z7 04N H3He 2
Sam0 |

AFB? metabolites (pmol/mg prats
o
(=)

AFBO AFQY AFM1

Fig 2. AFB1 metabolites by liver micrasomes in the presence of
mouse(l), rat(88), or Scutellariae radix-treated rat([]) cytosol. Rai
or human liver microsames (100 prmol were incubated with S0pM AFBt and NADPH
generating system, and the indicated concentration of the water Scuteliariae radix for
10 min al 370C. AFB: metabolites were analyzed by HPLC. Results presenied are
means obtained from three experiments (+SEM).

3. 12} 8 DA EAA BF FEE0] UNEY YESH GST
Yeo] Wl vl &9

UAEE collagenaseZ O]Edld ©d AZEE EZISIL
collageno] EEE MEZ] cifo] 4417t SO BEAIZITY 1 £
HAE nEsla, B2 FEEE 27 125 250, 500, 1000 ¥
150.0 pg/ mt¥ SFOIBHI 48217 BOH uiealod, 29 HES
g &8sk, 1 ZWE Fig 3o LIEMICEL nR2E2 82 &
£28 BAsiA @2 BAFoltt B2 FEEE 500 pg/mt
A 2ol ALols MRS 425 A gg WXl
SEXjT), 1000 pg/ 2B SASIA 2461 1500 ug/mioliAl =
51% 2 UERITE

Viability (%

0 125 25 50 100 150
[Scuteliariae radix], ug/mi

Fig 3. Effect of Scuteliariae radix on the viability of the primary
culture of hepatocytes. Rat primary hepatocytes were treated with 125, 25, 50,
300, 150 ng/mi of Scutellariae radix for 48hrs. MTT assay was used to determing the
viability. Bars, SE of triplicate data points.

1 i Tl Zol] B FEES 125, 250, 500 H 1000
wg/ w9 BT 742t MEISHIL 48417 EQH vl &, GST Ya
9} GST Yc1/29) ukdl AL E Western blot 45130} (Fig.
4). GST Yao] 2@l wiAlQ] in vivo 4@ Ze} upi7IAIE,
B2 2220 XelE| RSN} (Fig. 44). 21, GST Yel/2
o s e g2 AF59 55U 125, 250 | 50.0 pg/mollAlE
HETRC 23Po] 6, 10, 218k S716HiTh

- 1450 -



gZo] W9 7+ 22 SIRER|2 ola-Fol 4 Ye1/29) ¥ 7

GST Ya
- ao» ap e -~
A 1 2 3 4 5
GST Yc = S
S e e Gy e
B R el 4 5

Fig 4. Effect of Scutellariae radix on cytosolic GST Ya (A) and
Yc1/2 (B) in the primary culture of rat hepatocytes. Hepatocytes were
treated with various concentrations of the water extract from Scutellariae radix for
48hrs. GST Ya and GST Yc1/2 levels were determined by western blot analysis. Lane

1: Scutellariae radix Ong/m!, Lane 2: 125ug/ml, Lane 3. 25mg/ml, Lane 4 S0ng/mi,
Lane 5; 100ug/mi.

ST

AFB12 Z3L} ZFol 5] 2HE Aspergillus flavusoll 2]
A1 F4 == mycotoxin© E iAol 1 ppmOE HolH thRE
9] WiAjolA] 7ito] wHET) U, pleAoAE AlEOl 10
~100 ppmE ST Fasuol ol wyB. ol:
AFBiollA] ultimate carcinogenZEJQ! AFB1-89-epoxideE 3438}
= CYP3AAI®E CYPIAA  &49 Azt ol
AFB1-89-epoxideE HHoh= ZASE BISIZ GST YalYe2d}
GST Yc1Yc2*77} miQAolAE E8HOE wTL} WAL} AL
gollAle 2 U FTrt nieA9] 2%80] Zol7] el Aol
o® weldy, 7R EZWS) GST Yel/29] 844 AFBiol] 98t ¢t
Wy o BE ZAFFhs oFF £88 840 Rolth IHEE A
Z oA GSTY WS E7117 | BA 2 W= g8 &
THE 9 wdE aWKOF AAE 4 U Holth

e Pz &8, g WH 2| A8, YTAG, YA
g, Aal, 4, IXNEES 59 A g0l ALERo} gt Ao
E g3d =g 98 SnRbkoEst
typhimuriumofiA} EEeHo] £3° I8)1 SEEMEIA AT
Bz e AASKE a3 o] B HJYch B d7E wilo)
329 B 2225 595k1, AEAY cytosololA] anti-GST
Ya, anti-GST Yc1/2 12)1 anti-GST Yp antibody &£ 01 &3}
3 5§ GSTY| Wl BT & XTASIACE 1 23 Fig. 10049 &
o] AFB1Y] ¢ WHls g §A5] ASHITIE GST Ycl/29] w0l
229 E R&Ed 3 gL ASS LHsict £
AFBI-ZREIX2 HEA 9 &4 4£5E HPLCE XJ 2438
B, 7 £t 829 & FEE0] AdiAl 0] ojdo] EII6IA
ot WA, 82 FEES YAY 7 ZA o)A GST Yc1/29] &
e H2A711, E7HE GST Ycl/2& 7Hete ovIsittal §idl
Xl AFB1-89-01ZAIEE FEFOE NAHJIER, 85 FEE
2 GST Yc1/20] QJ3iA RESH 222 HEsl= AFBIE AIS
o WetEzlont EYEXR RE| 1€ 236l Eril ARH
k. ol$ Z in vivod] At 1A} vl A ZEoAE UEL
U= A8 ZABINAEL, Fig. 40419} Z20] GST Ycl/29] el
g gl REE0 BEoidol vlaskd 500 pg/meolA AL 21
A TR E7151890) 82 F829 5% 100.0 gg/mQl F
Lojl= GST Yel/29] wr§o] 50.0 g/ m BT A 24613 =0,
O] Fig. 3ollA & &= U= HiQ} 20|, T2 YESO|

Salmonella

SIEE, o1 2QIs GST Yc1/29) wilo] dAlEE AR AlEH
Pk IBA T B2E 500 pg/mlE FA@FKE gojd ks A
ZMA GST Yc& WHAIITIL LTl BAE, +-58 5|55
Ao, gelZetx® £9| AEHD} Z40 44l 0l4) 248
Zolch.

GST Ycl/2= AFBiol] 918t DNAEATS Alehsled ¢ uiilg
AAAIFIEE, 7+ HZolA GST Yco wdlo] &g £&Eol 9
4] EXIEH AFB1} DNAA|S] OHE HHo| #2448 A9
T} ololl, &2 F&EE3 [H]-AFB1E Foi5}1 484108 uj ¥
8 5, 7+ 29 DNAE SharmaE (1994)9] 2HH o2 EZISIN
L} 7 23 DNAWOIA [HI-AFBiolA] S21E ofeiEe) ee
GST Ycudi kvt A 2 vzt (P E 23 wekk, 85
RZEEL2 7 ZOJA] AFBiol 98 DNAEA S AEXCE Al
stetl A7 UES ¢ + Uk

72 &

229 B FEEE WAY in vivodt 1R} viQF T EollA
B8t #59 GST AAE9 W E Western blotH O & &5
Bl GST Ycl1/29 g4 g Z35ld TS 22 ZES gtk

29 & FEE2 WA 7 ZF oA GST Yas} GST Yp
9] WHHTol= FEE FX FNOLY, GST Yc1/29) ¢ W
Z39 2 4EE F7RIZCEL B2Y E FEES WA 1X
HIQF M oA Boidt 2ol JEHOZ GST Ycl1/29) WA &
g Z7NI3ied, 50 ug/mk BT RS 21l BEE &
7IA173C). whA{oll&1 GST Yc1/29] wi8 &7h= AFBio] thakd
Wl 45 AFBi-8,9-epoxide® AFBI-ZSFRERR|E ERAZ A
AT £58 F7HKIHC

AL

ol =R 2001dE PSS Agol A S8,
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