KR s B304 B2
Korean J. of Pharmacology
Vol. 30, No. 2, pp. 217225, 1994

Biphenyldimethyl dicarboxylate(DDB)7} Ethanol %
HEA AF A9 2R FA439 Oxygen Free Radical #|A
4 AL B 75 vXe gk

gFheta o et ofe e ud
&5 stget - IHHA - AoIAE - Mo+
=Abstract=

Effects of Biphenyldimethy! dicarboxylate(DDB) on the Lipid
Peroxidation, Oxygen Free Radical Scavenging Enzymes Activities
and Hepatic Functions in Ethanol-induced Hepatotoxic Rats

Ho-Yeon Song, Kyung-Ran Ha, Hyun-Chul Koh, In-Chul Shin and Tae-Kyu Suh

Department of Pharmacology, College of Medicine, HanyangU niversity

In an attempt to define the effects of Biphenyldimethyl dicarboxylate(DDB) on the lipid
peroxidation, oxygen free radical scavenging enzymes activities and hepatic functions in ethanol-
induced hepatotoxic rats, we studies malondialdehyde(MDA) level and the activities of catalse,
superoxide dismutase(SOD), glutamic-oxaloacetic transaminase(GOT) and glutamic-pyruvic
transaminase(GPT) in liver of the rats at 24, 48 and 72 hr after the injection of ethanol and
DDB.

Sprague-Dalwey albino rats weighing 250 to 280gm were injected intraperitoneally with etha-
nol(2.5 gm/kg) only and ethanol plus DDB(300mg/kg).

The result obtained can be summarized as follows:

1) The group treated with ethanol showed significantly higher MDA level and lower catalase
and SOD activities at 24, 48 and 72hr after the injection as compared with that of control group.

2) The group treated with ethanol showed significantly higher GOT and GPT activities at 24,
48 and 72hr after the injection as compared with that of control group.

3) The group treated with ethancl plus DDB showed significantly lower MDA level and higher
catalase and SOD activities at 24, 48 and 72 hr after the injection as compared with that of etha-
nol group.

4) The group treated with ethanol plus DDB showed significantly lower GOT and GPT
activities at 24, 48 and 72 hr after the injection as compared with that of ethanol group.

These results suggest that the excessive oxygen free radicals resulting from the depression of
the activities of catalase and superoxide dismutase is an important determinant in pathogenesis
of ethanol-induced hepatotoxicity and DDB has antioxidant effects.

Key Words: Biphenyldimethyl dicarboxylate(DDB), Ethanol, Catalase, Malondialdehyde
(MDA), Superoxide dismutase(SOD)
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371 AEgAE
hydroxyl radical(OH.) 2 hydrogen peroxide
(H:0,)7F E4RE & glen, o falEHoly
GFET ZTZEHUS dub HHGHANAE olFl
St gAsel 240 AYAY 24 92
4 9t} (Goldberg and Stern, 1977; Simon%,
1981; Moody and Hassan, 1982; Junqueira%,

superoxide radical(O; ),
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Y B ol Aoz r wxzHo

s

_% [s)

FH AYolsE FIAANA APLE FEEc
o

O

]

o A7zt BLsltEtz A7k
ethanol 43 oz 3&EdE 4 9t 23t &
4 7tdol BASEIHE ol

S . gEe A9 RAR
3

g4 199 tANE S doZd 4 vt Huy
Atk 1YY dHo s GEFA EE] »
ALIAA UehbR g Qe teh
e AuAel ogA YepjeAE ofF ¥
20h QAT olae FBE FA¥oz v
Ao M= acetaldehydeo] &H& B 4 9lon
o]& acetaldehyde dehydrogenase &4 I3}
dy 7]¢ldt}. Acetaldehyde:s wHF-g-Ao} 73t
40l st Ad s &3,
&4k, glutathione Z3, vitamins® Z4£2R(E
3] pyridoxine, vitamins A, zinc ¥ selenium) 2
tubulin ZFFAAE B T A o]Fy £y
ZAE 2gsy AFHozm AMFNA B 5
U AR Hrket AfstE Yo (Gilman
%, 1990). Acetaldehydex cysteineo|i} cyste-
ine¥ %83+ glutathiones}t ZAdtste] 7

glutathione® 7Z+AA]A &3]3 free radicalse] A

ot L2

mitochondria

AL 27 o)8]d glutathioned] 7+ 2

F Aargl 2 82 A 71t} (Lieber, 1988).

ZHd FFoMe FLAFAJA  FHe Ak
Schizandrae chinesis)9] oA &€ &4
429l Schizandrin Ce] TAE&A ] s} Bi-
phenyldimethyl dicarboxylate(DDB)& FA&E S
2 3 AAE 1Afe] ANBEA2A Awsi
(Wang, 1984) TE4¥dAM CCLY thioace-
tamideo] 9J3t 7t&Aoz AlsE SGPTAE A
A HL(WangT, 1983), g4dez w74
I 7rAHsrle] Ab® SGPTH], €4 bilirubin
2 transpeptidaseX| & ZraAlZHoH, 7HEH ¢
T oY FAE AR A e, FAER
ARl AF gl EohE Ag #RE
AU (Wang, 1984). 12} DDBe] gxtslawt
of g Bis A gle 4Fenz o9 oxy-
gen free radicalsel] 9% &3 #Ho] U&= eth
anol-f& 7154 Ao DDBY A& i+
39} oxygen free radical AAEA EAE ¢ 7H
7%l vAle dFgE #Este] DDBY ditsta
P& 3tz £ 4¥8& A=sd

Mz WUy

AYEEL AF 250~280gme] Sprague-
DawleyAl ##E& Atgstglor HdF7e Alg
o} B& oz JHsHA Ik 84 7ule¥ e
oz 3o A¥F S DDB 549, ethanol ¥
o7 2 ethanolDDB H¥FAToE FE3Y
I, 3] FYHIFE FA FES dExTe
2 39t FASS F4L AF kgF ethanol-
2.5gm, DDBE 300mgg 717t B2 FAlsh
At FF & 2470 FEE TFEA, AEE}
o] phosphate buffered saline(PBS)& E#3%9-&
53 FUE BFAD F AL oo Ttz
AL pellet pestle tubee]] ¥ potassium phos-
phate buffer(pH 7.3)2 7% 3} (homogenization)
AN & &3 AET B4 7] (ultrasonic cell
membrane disruptor, Sonics & Materials Co.,
Danbury, USA)Z Al¥x =g 3}373}e] thiobarbi-
0]83F Shah%-(1983)9] HHo=z

turic acid&
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bovine serum albumin(BSA)& F0 B Ehd]
534nmollA 1 FF=E E34B=A (Gilford 260,
Ohio, USA)2 FA3sted Ad I3t HA=E
malondiadehyde(MDA) &Fo =z =R 9,
KMnO, ZA& ©]&3% Cohen%(1970)¢] WHo
Z 480nmoAH I EFEE EFBE A (Gilford
260, Ohio, USA)2 =7A35la catalase BALE
Z43t9th CatalaseBA=w 1355 9345
kR HEE 4 9o a4 osd #Eoh

Ek = log(Sy/S,) X 2.3/t

o714 t& ¥Hg-AlZE(minutes) o]il, Sy H0,
9 %7 3%, S HO0.9 tEue 5=E v
gtl. 18]3 pyrogallole] autoxidation &
0] &3t Marklund®} Marklund(1974)2] WHo 2
bovine kidney SODE EZE 0.2 3ta] 420nmoll A
I F3=E ES3=7(Gilford 260, Ohio, USA)
2 &A43%le] superoxide dismutase(SOD) &A=
g S5

MDA &3} catalase9t SOD &Alxe] AL
mgel o] i FFH FNER BHHH, &
HHLE Lowry5(1951) 9] ®hg o2 ZA3 A

A glutamic-oxaloacetic transaminase(GOT)
¢} glutamic-pyruvic transaminase(GPT) A=
= xzslet 247 (Gilford SBA-300, Ohio,
USA)R &43t4).

EAXEE Student’s ttestE o|@3h:, 7%
Holels BF £XZFAXZ R Atk

4 o
1) MDA ##2&F(nmol/mg protein)

YZzFHE 0.85+0.1401F 21}, DDB Foi
A= 0.90+0.13(h2 =) 2] 106%), ethanol =
o MdE 1.71+0.16(Z %9 201%), etha-
nolDDB ##Ed oA 1.15+0.07 (2R
135%) & ethanol oAM= 2T B} §9
5141 (P<0.005) %7}5lo 1}, ethanolDDB ¥ §
Fo P M ethanol F92 A% F77F 793t
A(P<0.005) A = th(Table 1, Fig. 1).

2) Catalase 45 (k/mg protein)

T E 141.78 +26.26019 01}, DDB %
o Fo| M= 135.24+28.35(N 22 95%), etha-
nol EojFol e 45.26+14.36(H2 9] 32%),
ethanol DDB W &F o7 A= 101.56 +29.16( )
Z3x 9 72%)Z ethanol BFAZNAE 2T+ B
o $9EA(P<0.005) Ao, ethanol
DDB H3lEoWto| A= ethanol T2 13 7
A7 $-93H A (P<0.005) A=At (Table 1,
Fig. 2).

Table 1. Effects of DDB(300mg/kg, LP.) on the malondialdehyde(MDA) level(nmol/mg protein), catalase
activity(x/mg protein) and superoxide dismutase(SOD) activity(unit/mg protein) in liver of the eth-

anol(2.5gm/kg, LP.)-induced hepatotoxic rats

Saline DDB Ethanol Ethanol+DDB
MDA level 0.85+0.14 '0.90+0.13 1.71+0.16* 1.15+0.07**
Catalase activity 141.78 +26.26 135.24+28.35 345.26 +14.36* 101.56+29.16%*
SOD activity 21.99+1.39 20.88+1.51 16.13+2.23* 20.92 £2.74**

The & is the first-order rate constant.
The data represent the means+S5.D.
*; p<0.005(N=7) vs Saline

**: p<0.005(N=7) vs Ethanol
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(saline)  (DDB) (Ethanol)  (Ethanol + DUB)
Fig. 1. Malondialdehyde(MDA) level in liver of the
ethanoltreated group and ethanol+DDB-treat-
ed group compared with saline-treated (control)

group.

Superoxide Dissutase(unit/mg protein)

(Saline) {DDB) (Ethanol ) (Ethanol + DDB)

Fig. 3. Superoxide dismutase activity in liver of the

ethanoltreated group and ethanol+DDB-treat-
ed group compared with saline-treated(control)

group.

3) Superoxide dismutase #MIE(unit/
mg protein)

zZAAEe 21.99+1.390]H o}, DDB &
TME 20.88+1.51(d=X2] 95%), ethanol
S FgM e 16.13+2.23(W2X 9] 73%), etha-
nol-DDB B §Fo] ol AE 20.92+2.74(W) 2 X
95%) & ethanol FoFNE txF KT} §9

150 —

120—

90—

60—

Catlalase(K/mg protein)

30—

(Saline) (DDB)

(Ethanoi ) {Ethano! + DDB)

Fig. 2. Catalase activity in liver of the ethanol-treated

group and ethanol+DDB-reated group com-
pared with saline-treated(control) group.

600 —

500 H—

GOT(u/L.)
g
f

(Saline) (DDB) {Ethanol ) (Ethanol + DDB)

Fig. 4. Glutamic-oxaloacetic transaminase(GOT) acti-
vity in liver of the ethanol-treated group and
ethanol + DDB+reated group compared with
saline-treated(control) group.

A (P<0.005) ZAaEom, ethanol-DDB ¥
FoAZolME ethanol Tz AF ZA7t Host
A (P<0.005) 2}#1 5] lt}(Table 1, Fig. 3).

4) Glutamic-oxaloacetic transami-

nase(GOT) &M= (U/L)

fZFAE 161.03+21.620]9¢ 01}, DDB &
oo e 157.21 £21.44( =% X9 98%), etha-
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Table 2. Effects of DDB(300mg/kg, I.P.) on the glutamic-oxaloacetic transaminase(GOT) activity(U/L) and
glutamic-pyruvic transaminase(GPT) activity(U/L) in liver of the ethanol(2.5gm/kg, 1. P)-induced

hepatotoxic rats

Saline

DDB

Ethanol Ethanol+DDB

GOT acitivity
GPT activity

161.03+£21.62
88.21+20.96

157.21+21.44
92.46 +18.72

489.50 £ 39.74*
259.64 +74.83*

171.20+36.53**
73.63+28.31**

The data represent the means +S.D.
*: P<0.005(N=7) vs Saline
**1 P<0.005(N=7) vs Ethanol

200+

GPT(U/1.)

(Saline) {DDB) (Ethanol } (Ethanol + DDB)

Fig. 5. Glutamic-pyruvic transaminase(GPT) activity
in liver of the ethanol-treated group and ethanol

+DDB-reated group compared with saline-
treated(control) group.

nol FoJFoAE 489.50+39.74(h %X 304
%), ethanol-DDB #gFoFol|A& 171.20436.
53(xx9] 106%)Z ethanol FolFf A= of
Z7 Btk $98HA(P<0.005) ZrkEglont,
ethanol-DDB HW3tF o7 A= ethanol HFo&

Ag  Frt FEA(P<0.005) A=A
(Table 2, Fig. 4).
5) Glutamic-pyruvic transaminase

(GPT) #4=(U/L)

= A= 88.21£20.960]¥ e}, DDB &
oo As 9246 £18.72(f & X 2] 105%), etha-

nol FojFolAE 259.64+74.83(HEX 9] 294
%), ethanol-DDB 3FojZdse 73.63+£28.
31( %X 2] 83%)E ethanol FoFAE =
ZRT §95 A4 (P<0.005) Z7tE 9o}, etha-
nolDDB ®3HFof ol A= ethanol £z <13t
Z7171 §-23HAl (P<0.005) A= YTk (Table 2,
Fig. 5).

T &

%714 A EAE superoxide radical, hydrox-
yl radical @ hydrogen peroxide®} #& oxygen
free radicalso] ¥AE F o ofH fIHEL
oL} FETO FRHUS Wt WA AHANAME
o] o] FHujatA AAHA A4 HAtsvhg.,
d w3y, g4 o) # HEF AT 2FH
AgAQd £4E 48 4 Jer(Goldberg and
1977, 1981; Moody and
Hassan, 1982; Junqueira%, 1986), AANZF o=
ZA 2. Y¢lAd A AA (endogenous scavengers) &
385l 9o oxygen free radicals €4t T3l
dolx oz  Z83th(Chance®s, 1979;Wendel
and Feuerstein, 1981). o213 A|AAZA = su-

peroxide radical A7 A2+ superoxide dismu-

Stern, Simon%,

tase, hydroxyl radical A A#| 2+ alpha-tocopher-

ol(vitamin E), dimethylthiourea, dimethyl-
suphoxide, ascobate, histidine % tryptophan&,

hydrogen peroxide A|AA 2% catalased} gluta-
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thione peroxidaseS-ol 3 oW fEH o} oF
Bz | Z259& wdl= oxygen free radical |
AR FFo] nzZE}(Pallerd, 1984; Wasil
%, 1987)1 8}, o]21§ oxygen free radicals:=
sulfhydryl oxidationg 3} dd £AH8 of
7174 4 ¢v}(Freeman and Crapo, 1982; Baud
and Ardaillou, 1986)1 3t} ¢]# 8 oxidative
stress DNA &43 223 Arle ABEHA
< =4 de=d 2
FQ7|AL F&£ol2 9FA hydroxyl radicale)
Aol g deferoxamine L &5lA| (chelating
agents) 9] Fols F40] 2 2/&A hydroxyl radi-
cal AL AE¥T F  SUth(Halliwell and
Grootveld, 1987; Rehan%, 1984). Halliwell#}
Gutteridge(1984)+ F4&0]-2°] oxygen free rad-
icalsol] oj3] A=d AF FHAsldGo] P47 o)
w xd e Ee] AEEAE A aldehydesz
o B E &RAAZItt gt Catalase:= T
o Busrs ANELSH BPAE JAH
peroxisomeso] F& X ¥3}oj(Chances, 1979)
A FAE BN A2 BEgdo s atsae
4 F7te U 2A&EAE Holde 2971 o
a1 393l (Frank and Massaro, 1980), 2ARY %
AL, FEFo B #R o WalT AWM oxy-
gen free radicals AL Z7HA 7= 27 A
catalase AT/} Z7lEH, T3 catalaseE &
<31 oxygen free radicalse] AT oz Qs
27&4E Bl 4 Aok A tH(Gutteridge
%, 1983; Yoshikawas, 1983).

Ethanole Ztge] AMgde F7/HAA Az
S FAY BT oy THHoEE WREHo
2ZRE Adolge FAAA AWULE fEsid,
ol]#g AL ethanole) WAIEAQ acetaldehyde
o] 7)¢1¥lt}. Acetaldehyder wrg-Ao] Zsly =
o] 7kl A #4+3t 237, mitochondria &
%, glutathione Z ¥, vitaminse} ZFEZAH(E3)
pyridoxine, vitamin A, zinc % selenium) %
tubulin FHAAE TE GUA o|FH EY
ZAE 23 AFdFoz EFAAM B S

nicotinamide nucleotide i1

&
o

A AT AL AR3E Yo7 (Gilman
%, 1990), E3] glutathioned ZF4E XA IFAak
58 §2A)7Ith(Ledber, 1988). Ethanold] €&
oxygen free radical®] A4 aix= A
Eo] B33 ¥l ¢&dl(Bautista and Spitzmer,
1992; Puntarulo and Cederbaum, 1988; Step%,
1993; Knecht%, 1990; Kawase% 1989), &3]
Lieber2} DeCarli(1970)%= ethanol F& & 1A
Ul NADPH oxidase &4 =7} Z7}5 0] superox-
ide®} hydrogen peroxides} Z7}5 o] & ikt
7 A7 n s, Krikuns(1984)3 Shaw®
(1984)& #7]7+9] ethanol ¥ =2 hydroxyl rad-
icale] Z7ld vt 319 o1, ethanol 592 xan-
thine oxidasec)] 23t purine jA}d] 9]l oxygen
free radicals”} A ™ xanthine oxidase®] 7|2
adenosine 5’ -

9l hypoxanthine, xanthine %

monophosphate%-¢] Z7}% 8 NADH+ xanthine

- dehydrogenase BAE=E %3} xanthine oxi-

dase BAEE FAA 7|5 (KatoT, 1988), ferri-
ting A A #iksbe] Ao B8 irong AF
Zt}(Shaw$, 1988; Valenzudla® 1983). Kato
$(1990) 3 Sultatos(1988)+ ethanol Foo 2]
8 A4 Fsrr v a2 23 23l e] MDA
Fol F7tEH AA A L
allopurinol AA A A] xanthine tAlZ} s o
ethanol-f-% 2d 37t fxstoz Ad 74
At3l 3 A xanthine oxidased] 2|3 oxygen
free radicals AAlo] #FA3cti 319¥ 3L, ethanol
Foz 7t nicotinamide adenine dinucleotide
(NAD)7} Z715l] NAD A2 xanthine dehy-
drogenase SA4EE ZAAA AdFHLZ xan
thine oxidase 84 E7} Z7181A] Ee=dH o)A o]
ethanolol] ¢]3t oxygen free radicals B/4¢] 7|7
olgti sttt

Zdlo FHeAE FLRFAA Hov
(Schizandrae chinesis)) @welq 28 &
A E-9 Schizandrin Co] #AZ&A9 Futel
Biphenyldimethyl dicarboxylate(DDB)& FX&
o223 AAE AT ANaA2A ALEd

xanthine oxidase
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(Wang, 1984) EE4@lA CCLY  thioacet-
amided] &3 ztgAfo 2 g SGPTAE A3t
NAZ(Wang%, 1983), QAdony WAy
I R HEAte] Asd SGPTA], ¥, bilirubin
2 transpeptidasex]| & ZrAAZ oW, 7HEHEY 9
g o8 S4E dFE aAdA stgen, FAe
= 4aAl siRF Qe ErE e BEY
2 glo9ti(Wang, 1984). Qing# Liu(1992):=
carcinogenol ¢J& 2 7+3e] DNALEA ) o3k
DDBY Wolga#E ®ustdal, Fugt Liu(1992)
= CCL% D-galactosamined] o3 fad #&3
ZEA 9] &b e DDBel WeoladEs X2
Fth 28y DDBe] gatsta el ik Rl
AY g AAolmz B A+ ethanol Fo
Ad HistE dol #xoA DDBo it
#&s9g ™ BF ethanol FolZ
MDA &8Fe Z7}5 91 catalase®} SOD A=
= ZadH%en, GOTe GPT €4%=7 &7+
E=d), ethanolyt DDB ¥W#HFoifo A= etha-
nol 955y Hoh MDA %2 #42¥%UL,
catalase®} SOD A== ZFrisgled, GOTe
GPT #&4x=7 4=k, DDB  FofatoA
MDA o] Zad AL XA #ikg FaE
n]8l™, catalase$} SOD A4 zr7t Z718 A
ethanolell ¢J&8] WAIE oxygen free radicalsE =
olFoz AAI A Aoz A8 DDB
= ZAsEIL e AR o5dn.

Loyl /O

ol
—EL

fo 1o

i

i

=

Oxygen free radicalsel] 23+ &g #do] L
= ethanol-#% 7+54 #AF A9 DDBe A&
Fakalo} oxygen free radical AjAEA FAE W
715 mAle A4S #Fs e 22 2
#E At

1) MDA ##&F(nmol/mg protein)

z s 0.85+0.140]9 o}, DDB &7
PAE 0.90+0.13( =% 106%), ethanol &

ofFo e 1.71+0.16(zxe] 201%), etha-
nol.DDB ®&Eo oA 1.15+0.07( =X 2]
135% )2 ethanol £ Z A= t2F 2uf -9
A (P<0.005) Z71%¢) o1t ethanolDDB #3
T Fo A= ethanol T2 Q18 Z717t 98t
A(P<0.005) A = Y.

2) Catalase BT (k/mg protein)

M E 141.78 £26.2601g 21}, DDB &
o Fol A= 135.24 £28.35( %2 %2 95%), etha-
nol Bo] PO A= 45.26+14.36(NZX 2] 32%),
ethanol-DDB W8t o] ol A= 101.56 £29.16( ]
ZzA e 72%) 2 ethanol FoToNE HET B
o 4ol A(P<0.005) ZAdon, ethanol
DDB &5 | As ethanol Fol2 1% 7+
27F {21514 (P<0.005) A =Tk

3) Superoxide dismutase #MT (unit/
mg protein)

gz e 21.99+1.3%90]g oy, DDB %o
FoME= 20.88+1.51(=X9] 95%), ethanol
Eoo e 16.132.23(th %X 2] 73%), ethanol-
DDB HWatE o Foll s 20.92+2.74(f =22 95
%)% ethanol FolTolME hEFRT FsHA
(P<0.005) 7+a% %o, ethanolDDB 3%
T M ethanol TR Q13 HavE F-28HA
(P<0.005) A=At}

4) Glutamic-oxaloacetic transami-

nase(GOT) EME(U/L)

2o A= 161.03+21.620) e}, DDB 5
ool i 157.21£21.44(H 2 X¢] 98%), etha-
nol EoFoAdE 489.50+39.74(HEA e 304
%), ethanol-DDB ¥ Fojatel A= 171.20+36.
53(thzx9] 106%)=E ethanol FolzojAe o
27 HY $o8HA(P<0.005) Z/tEdou,
ethanolDDB W5 Zo A= ethanol Fo =
Q1% Z7b71 fro)stA (P<0.005) A = At
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5) Glutamic-pyruvic transaminase
(GPT) #Md=(U/L)

zTo e 88.21420.960)dev}, DDB
o Ff e 92.46+18.72+ (2R 105%),
ethanol FoFZgA= 259.64+74.83(Z A ¢
294%), ethanolDDB H3FEolF A= 73.63%
28.31(th==}2} 83% )= ethanol FoFNA= o
ZF Ho {98iA(p<0.005) FrtE Ao,
ethanol-DDB #3§ FojFolA£ ethanol Fo&
A% F717F F A (P<0.005) A= KTt

£ A M= ethanol 442 MDA $3Fe
74519l 3 catalasest SOD 4= Ao
o, GOT¢ GPT A=+ 71591, ethanolg
DDBs} #HEFog-g& wol ethanol Fodz ¢l
g A7l g FZol festA dA=EA
DDB FofFolAl MDA #3ke] Z4" AL AF
B3 BAE oulsin, catalases} SOD BAE
7} Z7te AL ethanold] 9s AFAE oxygen
free radicals& WolH o g AASl7] 93 Ao
AlgH =2 DDBEe d4itstadrt e Aoz 4
ZHc
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