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Abstract— The carbon tetrachloride(CCl,) has been demonstrated to have a hepatotoxic effect in human or
many other species. To investigate the enzyme induction of mixed function oxygenases in liver of male Spra-
gue-Dawley rats a single 0.1, 0.5 m//kg dose of carbon tetrachloride were given. At 24 hr after a single dose
of 0.1 m! CCly/kg weight, methanol extract of Hedera rhombea leaves was administered with 100, 500 mg/kg
weight. Assays of 7-ethoxyresorufin-O-deethylation(EROD), 7-benzyloxyresorufin-O-dealkylation(BROD), 4-nitro-
phenol-UDP-glucuronosyltransferase(UDPGT), Western blot and RNA slot blot were used as representatives
of the activities of cytochrome P-450 enzymes. The change of the activity of CYP1Al form measured by
EROD assay and Western analysis using 1-7-1 monoclonal antibody was not observed. The activity CYP2B1
form by BROD assay and using 2-66-3 monoclonal antibody was remarkably increased. Elevated level of CYP2B1
mRNA was shown by slot hybridization with 2B1-specific probe, Administration of methanol extract of Hedera
rhombea leaves reversed the enzyme activity and the level of mRNA, which suggest the chemoprotective
effect of methanol extracts of Hedera rhombea leaves to carbon tetrachloride hepatotoxicity.

Keywords || cytochrome P-450(CYP) 1A1, CYP2B1, BROD(7-benzyloxyresorufin-O-dealkyl-ation), monoclonal an-
tibody(MAb) 2-66-3, RNA slot hybridization.
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ZE T Be YA L AF =FAS A7ItHCo-
nny, 1986; Chen 5, 1991). 8 CYPg E4&8AE =
og2i7bz]  #§gEe| ojgte] Wl Phenobarbital#}
PCBse} AA€&3} 72 7t 4 340 &&] CYP
multigene family2] f#%212] B&o] F =¥tk Chen 5,
1991; Nevert %, 1991). #ts+E- 4l N,N-diethylnitrosa-
mine(DEN)el| ofs] 47 +xdA = (preneoplastic
lesion) ZtZAo|Me= A wrl 4 £F9 CYP 49
o] 72w gick o] @de] CYP Bao] HHe) s
t]=¢] procarcinogend] 437t FaFchE AR
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CYPIA1 % 2B1o) Eo)3 s4agAds &7, Western
blot ¥4 % mRNAe| %} slot blot hybridization ¥
AL B3 FzAlslgich

L

AE

HEM T

NADPH, UDP-glucuronic acid, carbon tetrachloride,
resorufin, 7-ethoxyresorufin, 7-benzyloxyresorufin&
Sigma 3)A}el| 4] F-el&}ed 2 BCIP(5-bromo-4-chloro--3-
indolyl phosphate p-toluidine salt)®} NBT{(p-nitro blue
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2% Lowry ¥ (Lowry &, 1951)°.2 =2 &c}
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fluorometry¥l¥(Burke &, 1974)2.2 7#3}9ic}. phos-
phate €+3-£#(0.1 M, pH 7.8) 2 milol| vle]=Z2F 10 4
(100~200 mg ), ethoxyresorufin(50 M in 1.25%
w/v Tween 80) 20 Y= 91 = 4.2 % 50 mM NADPH
10 W 9ol 30C, 3027 iR ¥ dPFFEAE
A45)e] excitation® emission A& 72 510, 586
nmz 3lo] A sleic), 8 B35 A= resorufin(0.01 mM
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z}z} 530, 585 nmZ 3te] A sgic)
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Brian®] fluorometrysF¥(Brian 5).2.%. 4-nitrophenol
UDP-glucuronosyltrans-ferase®] &4%% ZAslich
05M tris-maleate®} 1 mM 4-nitrophenol(pH 7.4) 125
d, H)ZRE, R4 & 517} 200 4= B Fol
37Ce| A 5% S8 B8] %, 20 mM UDP glucuro-
nic acid 50 W2 o] 37Tl 1087 FE{AZ F
05M trichloroacetic acid 0.5mlE ¥ F 4 F
Qg 5% Eob HAg b, 2000glA 108 Ft
QA1 2e)sto] gl A-g A Aslgic A4S 400 W}k 2 M
sodium hydroxide 400 us & 4-& Fol F7 22
mS 937 405nmelx A€ 4-nitrophenylglucuro-
nide S &3 shalrh.
Western blot

SDS-PAGE%: Laemmli®¥(Laemmli, 1970)°f w2}t
A8 3k9i o). Microsomal¥-3 b3 30 yg< 0.25 M su-
crose -8 Al-gated & R-¥7} 10 WHA & Fel 10
@2) protein denaturating bufferst & 410 100C #
LA 2% ot Hxleta LA AEN S gelol
applystalch, A7) 52 150 V, 80 mAcj A 14)2F A7) et
& o]0} 200V, 80 mAol| Al Al&slsde}. o] geld nitroce-
llulose paperol] 4Cel A 60V, 15 mAR. 3131 54k tra-
nsfer glr}. ¢] paper® PBSZ #-& Fel 3% non fat
dry milk(in PBS)-& o2 27k <t blockingdhsl
1:200 % 1:5002= 3]43F monoclonal antibody
(MAb) 1-7-1(Fujino %, 1982)%} MAb 2-66-3(Fujino %,
19842 a5 Ee WX gt 0.05% Tween 20(in PBS)
¢} PBSE A& Zo| 5% goat serum/PBS §H o2 1:
100022, 3)4§} alkaline phosphatase-conjugated anti-
mouse IgGE 24]7F B3t Ao XX 8ledr}. o] & 0.05%
Tween 20(in PBS)3} PBSE #-& Fof BCIP/NBT pho-
sphateZ 7|42 AM&-3}e] Aok
RNA slot hybridization

7372 500 mg% 4.2 M guanidium soln¥} 0.1 M mer-

Table I. The effect of methanol extract on 7-Ethoxyresorufin-
O-deethylase (EROD) activity in carbon tetrachloride treated
rat liver microsomes.

Treatment nmol'e S/m.g
protein/min
control 045+ 0.010*
CClL 0.1ml 0.34+ 0.010*
CClL 0.5ml 0.29+ 0.007*
CCly 0.1 m/+Methanol extract 100 mg 0.35+ 0.03%
CCl; 0.1 m/+Methanol extract 500 mg 0.35+ 0.033*4

*significantly different from control value, p<0.001 “significanily
different from control value, p<0.01 ‘signifficantly different from
CCl 05 ml value, p<0.05.

captoethanol 5.0ml& wA3HA|7] &, 2M sodium ace-
tate(pH 4.0) 0.5 ml, phenol 5.0 ml, chloroform : isoamyl
alcohol(49 : 1) 1 mi5 Fo] A EE FA3}aleich 10,000
XgZ 208-7F 941823 3 RNA phasecl] isopropa-
nole 50ml 7}s] B93 FAen AL st 22
RNAR A& 75% ethanol® A DEPCE A3 FF7
2ol 2ol® En 2 2Act 20 g2 RNAE slot blot
appartus(BRL)Z Ah#-8}o] Nitran paperell loading}ti
i o]= 50% formamide, 5XDenhardt’s, 5X85C, 0.5%
SDS, 100 ug/m/ salmon sperm DNA zAJ¥ sh3-8-oY
o2 55Co)|A] 8-%%} %3} prehybridizationdtsi e}, CYP
2B1 cDNAE [a-*P]dCTPE +}8-38}9] random-pri-
ming3}ted probed 2593 o] & 1.0X10° cpm* A pre-
hybridization & of) W31 55T 4] &5 Fab hybridi-
zations}sit}. FA]¥ nitran paperE 1XS88C/0.5%SDS
aelo @2 65T A 1522 4 membranes & Fol
hyperfilm(Amersham)oll autoradiogram-&  A]88 3}t
(Josef, 1994).
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slodc}, CYP1Alel| E-o]gk wh-&-4l 7-ethoxyresorufin-O-
deethylase(EROD)&4 =2} CYP 2Bl¢] %13 uhg2l
7-benzyloxyresorufin-O-dealkylase(BROD) 2 =& &
zsted Table 13 o Jelfigich

ERODEA == Algddlebs: FoiFd 734 01lml F
AFH 05ml FoATEL tlETol vle] &) A3
Zhaghe JePlcHp<0.001). £ de-& 28 Fo
o) AS Apdstglint 01 ml 57 ol Bls 24
T wWEy ggout AdEets 05 mE T’ T
Hrhes BAR7E 78 cp<0.05). dxFel v
Fof &8 100 mg/kg FoITH 500mg/kg Foiw BF
A5 9] AT ZYTHp<0.01). o= A sttt

Table II. The effect of methanol extract on 7-Benzyloxyreso-
rufin-Q-dealkylase (BROD) activity in carbon tetrachloride
treated rat liver microsomes.

nmoles/mg
Treatment protein/min
control 0.20+ 0.005*
CCl; 0.1 ml 0.07+ 0.006*
CCl 05ml 0.05+ 0.006*
CCl, 0.1 m/+Methano! extract 100 mg 0.11+ 0.014*#*
CCl; 0.1 m/+Methanol extract 500 mg 0.11+ 0.012*#*

*significantly different from control value, p<0.001 “significantly
different from CCL 0.1 m! value, p<0.02 ’significantly different
from CCL 05m/ value, p<0.0l.
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Table III. The effect of methanol extract on 4-Nitrophenol
UDP-glucuronosyltransferase activity in carbon tetrachloride
treated rat liver microsomes.

Treatment nmol_e s/m.g
protein/min
control 0.59+ 0.103*
CCl, 0.1m/ 3.11+0.133*
CCly 0.5 m/ 3.82+0.177*
CCl; 0.1 m/+ Methanol extract 100 mg 249+ 0.010*¢

CCly 0.1 m/+Methanol extract 500 mg 2.18+ 0.074* "

*significantly different from control value, p<0.001 “significantly
different from CCl; 0.1 m/ value, p<0.01 ‘significantly different
from CCl; 0.1 ml value, p<0.001
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Fig. 1. Western blots of CYP2B1 in rat tissue microsome.
Monoclonal antibody(MAb) 2-66-3 directed to CYP2B1 was
incubated at a dilution of 1: 500, followed by goat anti-mouse
secondary antibody(1 : 1000) conjugated to alkaline phospha-
tase. Bands were visualized by incubation in BCIP/NBT al-
kaline phosphatase substrate.

lane 1: Liver from saline-treated rat, lane 2: Liver from CCl,
0.1 ml-treated rat, lane 3: Liver from CCl, 0.5 ml/-treated rat,
lane 4: Liver from CCl, 0.1 m/+Methanol extract 100 mg-
treated rat, lane 5: Liver from CCl; 0.1 m/+ Methanol extract
500 mg-treated rat.

o vetE 22 o2 CYPIA1ZA & i of o)
githe Aa9Es Bol Fch

BROD%J_HE— Aldsiel s FolFe) AL o :To)
Hlgte] 01ml $oT 05 m/Folte BF 5AEA
o2 el st eip<0.001). o Hwke 5%
A FoATe Ae-e Adstuant Fo43 TR &
AE7} A Eskant 0.1 mlE Foi3 Folv} 0.5 mlE
Fogh FHT} 25 BAstgo g ogiA Frigle
(p<0.02, p<0.01) HET-ol] w|slod= ZF 2]ejg)A 3t
23193 H(p<0.001).

UDPGT &4 Table IlIo viepbdl wlel zhom o
Zol wlsle] B2 AT Do) Frisigdch UD-
PGT &4de] izl Blste] Aldslets 01ml F
T3 0.5 ml FoiF A3 F7kE 9 (p<0.00D), F
vt FE2E 4 Fo47 7% 100mg FATe
#4929 500mg FHTY SGHEE BT ARdsEs
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Fig. 2. Slot blot analysis for expression of CYP2B1 mRNA.
RNA was extracted from control rat liver, rat liver treated
with CCl, and rat liver treated with CCl; plus methanol ext-
ract.

lane 1: Liver from saline-treated rat, lane 2: Liver from CCl
0.1 mi-treated rat, lane 3: Liver from CCl, 0.5 ml-treated rat,
lane 4: Liver from CCl; 0.1 m/+Methanol extract 100 mg-
treated rat, lane 5: Liver from CCls 0.1 m/+ Methanol extract
500 mg-treated rat.

0.1 mi=} 05mi Folod B3| EME7 BEAgyen
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Monoclonal antibody(MAb) 1-7-13} MAb 2-66-32
A}£-3+ Western blotting3}sl.2m] Mab 2-66-32] Zi=
231 Jehdiglcr. CYP1Ale] ub$-8l MAb 1-7-1-&
Ab&-5ke] immunoblottingdt A= k3 HEHE P
T flodck 222 CYPIALS] oFxdsls Ald3iets
Folell= =:A AA7L ggdokr AzEc, CYP2B1s
Hl-2-51= MAb 2-66-3% A}&3}o] immunobloting@t 7
e 27 B weia Apedsteta-e CYP2Ble] ¥
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CYP2B1 §-A=}e] 3-8 RNA slot hybridization®
Wo g zalslelok CYP2B1E wix ol vlaly Abd s
g4 0.1 ml FFF 05 ml $o479 42 CYP2B1o]
ZAaEGa $9 e FE2F FATELS TR
100 mg, 500 mg Fo7- £XZ CYP2Bl¢] 7=+
Rg FE T 5 ddHzH 2).
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Atdstetie 8, ZHEAE, SFEK 2 37 F
B2 TR A ST 5 UL AR A A
Aol 7t 42 F= BUE ARl o8] Al
Al dod B ahgol gt B2 A 5-Fo] o]v] Xay]
vl ol Z(Bruckner %, 1986) At A7) F F2 7k
A7re] $abo] o xvt 53] 7F =42 A=A ook He-
patocarcinogenesis £+ FE237 AL oFEtfil &
A9 whde] Wl Ze|o. ufsA o OEE
Fosind F=f ot A7 o 9% &4
FEHo 2 phase | &AA4S(dSEH, cytochromes P-
450(CYP)) ] 0d-S A7) a phase II HA4-E(dE
£, epoxide hydrolase, glutathion-S-transferase, glu-
curonosyltransferase)®] ##-2 F71Aj7ldy By
gt Adeld oz aloji} o]zt W3EE “resistance
phenotype” ]2} H-23L o] AL A E FAdHo]q F412}
EAH B 9§ % Fxlo) o Fa3 A%
&2 AEolr) T Fd Fob vHAA BAAL F
Aol 37 2t Fof A4 ehds CYPES Fad
Aol ohste] e A7yl ZAHe] PrMChen F,
1989; Curtis %, 1979). Phenobarhital®} 7. ure] <l
Al 2b FeF XA (E 9, PCBs, AW 3A)=
CYPEo| o7 ¢FEAl E4AE fxilch Algdsist
2ot 7 FoF Fz A8 #/EE AFFe] o]FA
$tomj(Faber %, 1985) Aldspedi-o] HA2 713 mi-
xed function oxidaseAll| ¢]3le] -4 WAlE]ew v}
epdc}. 22|82 AlgEEs Fo & M &4 A
ZA 3= ZHEAe] mixed function oxidaserd]2] ool
F8% ARl Ag 9 HWaol ik

£ AL AR B2 2R e 54
CYP2B1 #ut3 s} UDP-glucuronosyltransferase(UDPGT)
Ao wlx= WsE A ) REabge] gl
Hedera rhombeal® &+-& FEEFL Fo g o
o] £ AFE FAS/] A3le] v]= F-eo]x el BROD
4, UDPGT#4, MAb 1-7-13 MAb 2-66-3& 243}
o] Western blot 3} RNA slot blote.2 =<}l

Atdsteta Fod® CYP2Ble] Sol3hdl ub-g-3hc
BROD&A) o] ##}3] ZAEHE F3E dr) o= o
thE welE Ao oste] =% 7He] hyperplastic lesion
ulo]| ZRZ9] dealkylation &A=} CYP2B1 wtale] 7t

25E Axs} dxstect (Curtis 5, 1979; Davis &,
1980: Buchmann %, 1989). o]&1 A= A 3pebiel
oste] Gud 2k HAzMew HEEA, WgEA 9
slo] -8-=% hyperplastic noduleel4 %5 dealkyla-
tion&A 7 CYP2B1 o] thzmFol ulsle] zt4dE
591322 4 phenobarbital? 2 9] o}2 Aol 2|3}e]
aAe) 7hsstckar Azbs ek Kraupp-Grasl -5(1990)->
2 # %9} L2416 phenobarbitalE F¢18]-& wf 71 Wis-
ter B¢l AFBE 13 $o2 f%% £4}ol| phenobar-
bital7} £ EAAE adHelgdEs AL LFstuh
o]8l AxE2 AFB %od2 §#5% 7+¢] hyperplastic
lesiono] phenobarbitalel| 2|3}e] ZE3F wpgo 2 Y
3 220 X 2R E 15A4E ATk 28w phe-
nobarbital & §<I3)-8 o) o)E A= Ldde] FtEE
7o) #alE) el Chen 5, 1991).

Western blot#} RNA slot blot-& A4 3}ek4-7} CYP2B
18 AdA oz wH-g ZFaAFches 218 HFa o]
ofZel gsled b HAjzr4oR CYP2Ble F==H+&
% QAHT H vgtg FEF] F5E A% CYP2
Ble] #Eo02 o] AFo] 7t FA}E-S AAZ 7
£ FA5AIE S gAAAFAU

UDPGT+ hydroxy, carboxyl, sulfhydryl =+ amino
group 52 X3l 9l vheket 3h¢HEs UDP-glucu-
ronic acid”} WH8-3le] glucuronic acid®] conjugation-&-
Zujshe G4o)w o] ] PAE glucuronider B]EA]
FRAEA| 2 2ot dEE @4 vl Ad Do Ame-
lizad 5, 1988). 22|22 AHue] FEAEA] F=H
glucuronic acid”} o] =XE33 AEEte] glucuro-
nide® 3 438}A =L ] glucuronide?] 3Ao] F71=4
UDPGTEAle] Z7135H] =k B A A Foigk 4}
Haletsro] ofo] ZFrlgF UDPGTEA] F7lshe=
AL Aldsgtad #5317] 98] glucuronide?] ¥
o] Frks|ER UDPGTEAe) 7% A= A%
Aok £ vegrg FE2ES 5 Fosisle o o
ite] #gAo] PgasE g fFAsdct Fof vwE
F2Eo Fo3lde o UDPGTEA 0] FHamE 2l
Aok &8 osle] Aldstetaol] 2k 77 B4 24-0]
AASE= Aer F255.

Al ek XA 7 FA S-S veplE flE
A AR Fojgdel o} 1 a3 ZUIst $o
S FEE52 Ag3Egkte] SAEAE A7 &
& Ao gl B3 AFE Hgx o] Axk= Az
Bbho o8] A¥gew §xmi= CYP2Blo] #s)= <]
A8EE AL 4 5 Ak

E2S
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