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Abstract—In an attempt to define the effects of biphenyldimethyl dicarboxylate (DDB) on the lipid peroxidation
and oxygen free radical scavenging enzymes activities in mercuric chloride-induced hepatotoxic rats, we studied
malondialdehyde (MDA) level and the activities of catalase and superoxide dismutase (SOD) in liver of the
rats at 24 hr after the injection of mercuric chloride. Sprague-Dalwey albino rats were injected suhcutaneously
with mercuric chloride (5mg/kg) only and mercuric chloride (5 mg/kg) plus. DDB (200 mg/kg/day, p.o) is
administered for 4 days prior to 3 days from the injection of mercuric chloride. The group treated with
mercuric chloride showed significantly higher MDA level and lower catalase and SOD activities as compared
with that of control group. The group treated with mercuric chloride plus DDB showed significantly lower
MDA level and catalase activity and higher SOD activity as compared with that of mercuric chloride-treated
group. These results suggest that the excessive oxygen free radicals resulting from the depression of supero-
xide dismutase activity is an important determinant in the pathogenesis of mercuric chloride-induced hepatoto-
xicity and DDB has antioxidant effects.

Keywords [] biphenyldimethyl dicarboxylate (DDB), mercuric chloride, hepatotoxicity, malondialdehyde (MDA),
catalase, superoxide dismutase (SOD)
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& ¥Rl A collagen} elastin &eko] Fri=lciy 3}
9 2 Seltinger 5(1991)=} Ballatori 5-(1988)-2 L2
A Eo A $L& sulthydryl group2 82 Fe so-
dium ion 2]Z&A] alanin %# ¢} Na*/K*-ATPase 24
EE oogicta shgich

A F7)A A Ee| A= superoxide radical(O,), hy-
droxyl radical(OH ) = hydrogen peroxide(H,O0.)7} 2
A = glew, o FejEAe} FF Fo| FEH
dg W BAgeelAE olgo] sfeiaA AxHol
ZA e 252 £4-2 18 5= 9rHGoldberge} Stern,
1977; Simon %, 1981: Moody$} Hassan, 1982; Jun-
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queira %, 1986). Cadmiums] Z2E 55 A
superoxide radical®} hydrogen peroxide®] AAe] =
7} 31(Sajiki 5, 1983) A FHAbspub-go] 31k
3} (Klimczak %, 1984; Jamall®) Smith, 1985; Hus-
sain 5, 1987), Shin¥} Koh(1994)%= &9 754l
& &t 2871 o 24 2] oxygen free radicaldle] 3
AS Basiedc)

o FHellAle ) A Q] B v AW Schizand-
rae chinesis)®] Gvllol| A 25 B4 AH-9] Schizandrin
Ce AFEA 2] shlal biphenyld1methyl dicarboxy-
late(DDB)Z & AE-23 3 AAE 71dEe 2542
Al 7pEsted(Wang, 1984) Al-8-3le] gton} DDB] &
AbslE 3ol dEF B 9l AAe]|B&E o]e] oxygen
free radicalsell 98t &7} Aedo] gl 3 A2
2 754 8342 DDBS] AA 3}44ksle} oxygen
free radical A|AZ A Aol A& S PA3)o]
DDB9] &4lsta -2 pysiax}l B AgS Alxslein

Al

AYEEL AF 280~300 g9 Sprague-Dawley 7
IAHE AHE3glen AHZ|ZHE AlESt B2 8=
AFsHA stk #F TelR|Y S e sto] Ay
< DDB(EZ#| 2 Aok FA3)AN) FAF, 93} A2
(Sigma Chemical Co.) F<%F % o3} |252-DDB
HrolFod FE3l9a, Sk Ae]dY9es 5
g FES dEzToex sk FAgE Fok AF
kg 3t Ael 5mg—- 13] o 8}5Apehel
DDBE= 200 mgs 93 A2 Fof 3¢ HEE 149
13]¥ 43 AFFE el 43 A2pe FF F 244
Zholl B2 FFEA, 753 phosphate buffered sa-
line(PBS)& EHEulo B3 7hahyz AFA7 & 7}
2% wojjo] 7kz2]-& pellet pestle tubeel] 23 pota-
ssium phosphate hiffer(pH 7:3)2 4 #vhomogeniza-
tion) A7) ¥ &3} A EZ B 7)(ultrasonic cell me-
mbrane disruptor, Sonics & Materials Co., Danbury,
USAY= A} £2-& I3 5}e] thiobarbituric acid-& o] &3t
Shah 5(1983)8] W 2 Z hovine serum albumin(BSA)
2 EE023%o] 53dnmelA I FFEE EFUEA
(Gilford 260, Ohio, USA)E. & 3te] A w}Akst A

%% malondialdehyde(MDA) #8ko® EH&)9ial
KMnO, & A2 ¢]-2% Cohen 5(1970)4] by e 3 480
nmol|4 2 FFEE FFF=A(Gilford 260, Ohio,
USA)E ZA)3}o] catalase FAHAETE ZF )4} Cata-
lase AT 1355 uhe el b2 X989 4 9lon
aAe vhew ek

E=log(5./S) X 2.3/t

o714 t= 4-$A]ZHminutes)*)Z, S Hy0,9] 7]
FE, St Ho0:9] tEd ] =& on|3c} 28] x py-
rogallol®] autoxidation ¢33} |43 Marklund®} Ma-
rklund(1974)¢] W 2= bovine kidney SODZ %=+
L2 3o 420 nmel A 2 FHEEF EFBFEANGilford
260, Ohio, USA)Z Z#3le] superoxide dismutase
(S0D) =& =43t

MDA &3 catalase®} SOD #Ax9 ¥4L2 mg
whil el O3t deke) SAER EYEY, gzl Lo
wry 5(1951)¢] W] o2 Zxslgdc) Student’s t-testS
o] &3le] BAZE L, 24 dHoleles Hd+ TEHA
2 vehfigdh

gz

MDA #2F (nmol/mg protein)

) =7 A 101+ 0.12 01521}, DDB Fo o A&
1154+ 0.28 (&% 2] 114%), 93 A|25L FoJ Tl A=
225+ 0.31 (=29 201%), Q3 A25-DDB ﬂﬂz}—r
o] Fol A= 1.35+ 0.12 (W2 9] 134%)2 I3} A2
Fo Fof| e a2 B} #2544 (P<0.005) —7}519&
2o}, 93} A242-DDB ¥ §Fo] Foll A= 93 A)25
Fo2 gt F 5234A(P<0.005) @lﬂlzlaic}(Ta-
ble I, Fig. 1).

Catalase 4T (k/mg protein)

Y2 e 12745+ 22.310)99 21}, DDB Toﬁoﬂ
A& 11345+ 26.82 (FFEX 9] 89%), A3 A4 H
o] Z-oll A& 80.82+ 2541 (M= X2 63%), Qs zﬂz—r—-
DDB ®3t5of ol A 34.83+ 11.29 (H22]9] 27%)2
Q& A2pE FodoMde 2y B §-2]31A(P<0.
005) %}.LEJ%I.J% A3} A29-2-DDB ¥ §hF-of Foll A

T g3 A9 597 urk $-98A4(P<0.005) 7t

Table 1. Effects of DDB on the malondialdehyde (MDA) level (nmol/mg protein), catalase activity (k/mg protein) and superoxide
dismutase (SOD) activity (unit/mg protein) in liver of the mercuric chloride (HgCl,, 5mg/kg, S.6)- induced hepatot0x1c rats.

Saline HgCl, HgCl;+ DDB
MDA level 1.01+ 0.12 115+ 0.28 225+ 0.31* 1354+ 0.12**
Catalase activity 12745+ 22.31 113.45+ 26.82 80.82+ 2541* 34.83+ 11.29*
SOD activity 2255+ 1.27 1995+ 1.21 1642+ 1.52* 18.85+ 1.12**

DDB (200 mg/kg/day, p.0.) is administered for 4 days prior to 3 days from the injection of HgCl.. The % is the first-order rate constant.
The data represent the means+ S.D. *p<0.005 (N=7) vs Saline *p<0.005(N=7) vs HgCl.
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Fig. 1. Malondialdehyde (MDA) level in liver of the saline-
treated (Control), DDB-treated, HgCls-treated and HgCly+
DDB-treated group.
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Fig., 2. Catalase activity in liver of the saline-treated (Cont-
rol), DDB-treated, HgCly-treated and HgCl,+DDB-treated
group.

s ¢lvHTable I, Fig. 2).
Superoxide dismutase ML (unit/mg protein)
2T A= 2255+ 1270199.2v), DDB Fof ol 4
+ 19.95+ 0.72 (NE=X9] 88%), G35} A2-g FoFo
AE 1642+ 152 Rz 9 73%), 93 A24-2-DDB
w3t ol Lol 18.85+ 1.12 (28] 84%)F |3}
A2 FoFo s dEZTRo 9 3HAI(P<0.005)
#AaEHslon, 93t M2p2-DDB WE§FATAME o
3 A2ee FoAR A @At F5HA (P<0.005)
oA = gJcKTable I, Fig. 3).
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Fig. 3. Superoxide dismutase activity in liver of the saline-
treated Control, DDB-treated, HgCly-treated and HgCl+
DDB-treated group.

283 GgoA] op|HE FEL2 A9 glot FAFe
Jell A fritEE $&FELS AGE AT AH7MA
Al 5 AEE EAZ71A] ol FEaL gloh Apdg
Ao ey o0 B glE u|dEo o %
4= WA 2 AdE] o] o9y ol A
A8 AFHE ¢l D feFER Rad vl o]
AtEg-o] 40% o] Aol == A2l Minamata*& &
#HstoichRaffle 5, 1987).

FFdo] xEFEW 74 AF e A= metallothio-
neino] 2= b A o] FriEn, o] PN AL F
43 Agsle] FE-hda By E AR EH
ZzZ&0] A4S 4+13HA okl FcHBremerg} Davis,
1975; Winge %, 1975; Cherian>} Goyer, 1978; Zelazo-
wski®} Piotrowski, 1980). Metallothionein &3 &
A7y 38 Q7R FFE5 $TEo diste] WejHes
zhg-sht E31d SRElE $ES5Y ANFAHE o)
T H5AL 4dstA slciRaffle 5, 1987).

74k o) gt g0 Ezhfof o) Fle] Olezyk 3<(1990)
& 7}l A collagen elastin Feko] F7}dHvhy 3}
H=d o}=igl £7} €A aminotransferase<} alkaline
phosphatase A% 7} 2 ¥4 i §=F as)
Ao} g sz, FEHe 7 AREx A7
o}z 34} Sellinger $-(1991)=} Ballatori -5-(1988)-2
EF2 M E) A 2& sulfhydryl groupS B8R
&}l sodium ion 2)&A] alanine 43 %} Nat/K*'-AT-
Pase AT ZE oetsic)y steds, Tan 5(1991)=2 7
AE7}E £ xEF™ UDP-glucuronosyltransferase
FAx7} 74807 3193, Nieminen 5(1990)-& &
29 ZHFEe g =82 oxidative phosphoryla-
tion®] Hojeoz <lgt ATP 77, bleb A 2 AEA}
(cell death)z}3L 5}4) 1, Beattie 5(1990)2 423} cad-
miumel] &gk ZHHE F44 9] g A ZA 9l me-
tallothionein-like protein®] 759} 1= e] Qledx 3}
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.27, Bano9} Hasan(1989)-& =&o] Zhafolla] £x)4,
214k = cholesterol-g S71A17] 4 i, 213 W 5ol 4]
2172 #HArE-E WA FUMAIZIY R skl

3714 Al2Eel A= superoxide radical, hydroxyl radi-
cal % hydrogen peroxider} ®AIE < glom o
e o4& 5ol ZTREHGS vt #HA] Al
A o) Eo] FopsiA A= 24 Fakshulg, ezl
7], g o4 2 HETF Ay F 236 A
&8 ¥ ¢ 9lem(Goldberg®} Stern, 1977: Simon
<, 1981; Moody<} Hassan, 1982; Junqueira =, 1986),
Mo g =22 Jelid A AA(endogenous scave-
ngers)Z FH3tL 9lo] oxygen free radicals <=Abel)
3l ulejx e g2 243 (Chance 5, 1979; Wendeld}h
Feuerstein, 1981). 4 frel-Zde} 2E Fo] Z&
HE wfol+ oxygen free radical A|AAE FFo)
2z Paller £, 1984; Wasil 5, 1987)3. &}, o]2l gk
oxygen free radicals= sulthydryl oxidationg %38}«
A &g epr|AlE 4 slvK(Freemanz} Crapo,
1982; Band£} Ardaillou, 1986)3. ¥t} Gentamicin(Wal-
kere} Shah, 1988)=} puromycin aminonucleoside(Tha-
kur 5, 1988)e] 23t Al5Ade|% hydroxyl radicale]
Fod = v (Halliwell®} Grootveld, 1987), €3] cadmiumel]
Z25 EEAY|A]s superoxide anioni hydrogen
peroxide®] AAo] Z7}%] 1(Sajiki S, 1983) =& Ak
ko] X"ty gy 7(Klimezak <, 1984; Ja-
mall®} Smith, 1985; Hussain %, 1987), Shin¥} Koh
1990+ 22 ZE5Alel gk & 8710 249 ox-
ygen free radical®e] A2 B.wslddv} Catalases
tbre] #Aarsles AYESEHR BFAS FAste pe-
roxisomese]| F= R-E3}e] (Chance %, 1979) 45}
T4E BN AR Bdezy flskra 27l
mE FAEAS W 2¥0l Qldm sgn
(Frank®} Massaro, 1980), WFAFAdzA}, <kE%o] o 3
72 W3l Z Aol 49 oxygen free radicals A2
27127l A A catalase BAE 7} 271=w, =3t
catalase2 Fo18MH oxygen free radicalse] ZHcjAAl e
2 3 22&4E ¥ o sloka st vl (Gutteridge
5, 1983; Yoshikawa %, 1983). SOD+= hydrogen ion
3} superoxide radicale] ¥kgsled AlEGF AT 254
713 HAFE A4 catalased] 93] &3 A4 2IE
L 2 (Baude} Ardaillou, 1986) superoxide radical@}
FHAarglpa Fvld wE F2AeALE Welsle &)
2132, superoxide radical® #4lEriele] ul o] A
71#) 93&2 = hydroxyl radicale] A7)=|¢ko} hydroxyl
radical 7o) W& FEAEAbg wlodls a9} ot
(Frank<} Massaro, 1980).

Zehell FToll e 9 AokAlel B 2w &K Schizand-
rae chinesis)®] gl o 4] 2] &4 A%<l Schizandrin
Co} 5542 sl}el biphenyldimethyl dicarboxy-

late(DDB)E FAZo 23 AAE 7Hge] X524
7tsle](Wang, 1984) SEA &6 CCl} thioaceta-
midee]| 2J§t 7k=ato 2 Al=¥ SGPTHS AHSA|HL
(Wang -5, 1983), A 2 2% nkAizked 3} 7173 5h4} ¢
455 SGPT %], ¥4 bilirubin @ transpeptidase ]
Az e, 273 98 ode) AT Bl s
splen, Fage AR il oo wWrE
AL VA T JsivhWang, 1984). Qing Liu(1992)=
carcinogendl] 2]3 &3 z71Ae] DNA &Afo] 3
DDBe] R a3-E W wsley, Fust Liu(1992)= CCl,
¢} D-galactosamineol] 23] -5 =HE3 A 7029
=4 g DDBY B3 A5 wwsiych-B dF7 &
dE A2ee T2 A HasE dozl F A
DDB9] #ilstas 475 Aadsigs up g8 25
o2 A s}l 2515 o) MDA #eke 27159l m
Z7HE oxygen free radicalsel <& A< catalasesd
S0D9] 7t47} AA catalasesd SOD $A4=7) 7H4E
Re= AtmaE=, 93 A29-DDB ¥ §FolFod e
B3 A2Te HEFoF Bol MDA 3ke) catalase
$AE+= ZH4Egz SOD A== Zyi=Elgnh o3t
A24-&-DDB #W§ Fo7olA MDA geko] ztix A
2 AE HarE 22F ousbe], SOD s} 27}
AL 93 A2 T2 Z719 oxygen free radi-
cals7} DDB & 714 % 7o g AlgE|=2 DDB=
bt} e Ao g o&Fc)k ¥ catalase
AE= 93} A24-2-DDB HHF AR 93 A2
T GEFATNA M} Zrlsle] 2AEALE Al
A AL Z At B A= ghasle] oo oijt
1 Ae A7k Hesitty ARREY z2x¢ea) 58
JE2A catalase FAHE W} SOD A 57} o] Halo)
WE AoF d&g)

N oo

ZALe) e

¥ AT 19959% wu A7H] A el oste]
B3l A =g

FHoEH
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