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Abstract

Phloroghicinagl isolaled from Ecklonia stolonifera prevented the acetaminophen (800 mg/kg, i.p.)—
induced Tats as evidenced by the decreased formation of lipid peroxide. The activities of cylochrome P-4%),
animopyrine N—demethylase and aniline hydroxylazse were not changed by (he treatment with phenolic
compound as compared with acetaminophen—treated rats. The glutathione S—-transferase activity was decreased
by the treatment of acetaminophen. This enzyme activity was restored in liver ol pretreated-rats given
by phloroglucinol. Pretreatment of this commpound marked the liver protective aclivities as recovering
the decreased glutathione level and glutalthione reductase activity in rats treated with acetaminophen.
But y-glutamylcystein synthetase activity was not changed. The results sugeest that the acetaminophen-—
induced hepatic lipid peroxidation may be reduced by enhancing the actlivity of glutathione S-transferase.

Key words: Fckionia siolonifera, phloroglucinel, acetaminophen-trealed rat. lipd peroxide, glutathione 5—
transferase, glutathione reductase
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o, o] &5 dichloromethane(30 g), ethyl acetate(20
g), n-hutanol(15 g)3 B(250 g) ¥+ o2 zpzf o) 2
sl 2% ethyl acetateE8 22 silica gel column
chromatography(-#-%&-& vl CHCl-MeOH=50:1—5. 1)
%} Sephadex LH-20 column chromatography (-5-2-8-#:
MeCOH)E <]&38te] oA 83tE L He)slert o] &
2L IR, 'H-NMR B "C-NMR 5-9] #345H3 24 of
2] 8} phlaroglucinol = 5l 5tg e T8¢ datas} ¥
= Bk vH(6)

HEREZ = FaA S A2 e Febid Spra-
gue-Dawley?] 33 2 o) & 244 15459 H&
A7 & odAg ZARE 2022°C, F5: 60%. ¥
1247} light/dark cycle)ell A ARS8t AF 150200 g2
A5 Alestdo) 77 64 &2 phleroglicinol 10
EE 20 map/kgE 1% tween 80(0.5 mL)ell &-8}31e &%
of T ATE 7Y w1097 47 g e,
apA | =F 0 2= methionines AF&-slgd ), =hx 2 &
o] e of| acelaminophen (800 mg/ke )< 195 tween 30+ &
e A 7 B 0.2 ml Fol sty o, dlamae Tk
1% tween 802 Fojatslc) AP EE-2 €A 2447
Zak 3 FA A7)

4 °ﬂﬂ Hd H:‘r] 3]-";] A LA 7]
Ak AYAgdes BFele] 298 AT gk
|2 gd g 7le} RAgalE A7 Sk A %
3 E}—%— 24 | g 4d] 2] 0.1 M potassium phosphate
buffer(pH 7 )% 7}5ko] plass teflon hemogenizer® ®F
s atelz). o] b A 600x goll A 1087 A4 L]k
d gl ool ek 328 A AHEYE 10,000 gl 20
B Al el syt o] AASlE 105,000 gl 4] 143k
244l 32 8le] cytosolic fraclion® microsomal frac-
bhons %2849t} Cytosohe fraction glulathione 5-
transferase, glutathuone reductase =
sbcin synthetase G418 F499 = mcrosomal fraction

£ eytochrome P-450, aminopyrine N-demethylase 2
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22 5 A ] A gl gl 10% 2 1A ¢ 0.4mLel 8.1%
sadium sulfate 1 5 mL, 20% acetate buffer(pH 3.5) 1.5
ml B 0 8% thicharbitunic acid 1 5 mLE 7Fepsd 93°Cell
A 1A zE kA 1 F N2ZRA Z ok 5.0 mLe] n-butanol-
pyridine(15: 1) #}5he]

r_\!i

23t T8 n-butanal-pyri-

o] 7 26 224 Phloroghicinole] 52

ol Eola] 2l dfatE g6 nlxE FE 449
dineZ2& 532 nmell A SR =2 S sle] Gl &5
] malondialdehyde k& A st 7).

Cytochrome P-4508 24

A& 3kl 1 mM EDTA, 20% glycerol, 0.5% sodium
cholate ¥ 0.4% Trion N-10Le] /= 0.1 M potas-
sium phosphate buffer(pH 7 439 microzomal suspension
(1 mg protem/mL)Z F 718§ sodium dithioniteE 4
2 £ o #rhA S 187 bubbling A R e Bub-
bling®] 4 & A 400500 nmol| A FHEE 5 23 3}
L 450—490 nme A 4wy Ale] S ytoch.lome P*
450 CO complexel €3 F3ek 38425 91 mM 'em”
% o] &sle] Ak 3}sd o8l

Aminopyrine N-demethylase2| 24

ul-2-e! 2 ml 3 0.1 Na /K’ phosphate buffer(pH 7.5
o 2.0 mM aminopyrine, 0.5 mM NADPI 2 & 494 (300
~ 400 pg AL Fha] Hkgd]-2 37°Cell A 308 uk-E
A7) oL 169% ZnS0.8; E 3} BalOHRE 76k vhe-2
Z5 A7tk 1,000% g9l A 1083 94 2l g 5 4%
1 mlL Nash}‘] ol 5.0 mLE 7Feke] 60°Cell A 304
A7l F 415 nmellA] FLEE A3,
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Anilina hydroxylase2| 24

ke sl 2 ml 2 0.1 M Na'/K" phosphate buffer{pH
7.5%e] 1 mM aniline HCL 05 mM NADPH 2 &4
(300~400 ng ¥ A S 7haf 37Tl A 2027k ¥h-gA1 3
o} ubes g A B e E 20% TCAE 71 F 4
B ale] Al Ao b o] B o 2 (5mLe 10% NaxCOs
(5% phenol A9 12 71 A2l 3087 whalE
640 nmel A FHAESE A sA o0

Glutathione S-transferases 24

wreat 35 mle] 0.1 mM potassium phosphate(pH
65141 1 mM glutathione, L mM 1-chloro—2, 4-dinitro-
benzene ¥ 0.1 mL &4 9-& #}5be] 25'Cell A 2871 vt
L. Azic) old] A== thicetherE 340 nmell 4] F3%
o HE s ¢ a F %?ﬂfgﬁm‘ﬂ cm & o] &8s B4
o] ST AbA by oHl

ZFEZEZE glutathione2l =k

10% Z¥=2 1 mLell 1 mM EDTAZF 35 5% tn-
chloroacetic acidZ 7Fate] dal-Eelgl 3 A58 0.
5 #&gcl 05 mL ninhynoA & 7}8E & 1083k 71
Fato] Wepel] WAl 560 nmell A FHEE 3 E
t} ol 3el| A non-protein-SHel 4 cysteing A Tit&
ghitathione?] 9ke 2 &g} (12)
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¥-Glutamyloystein synthetase2| &4

Hhg-¢% 35 mL= 0.1 M tris HCl buffer(pH 8.0), 8.9
mM L-glutamic acid, 094 mM EDTA, 3.2 mM MgCls,
1.35 mM ATP2} & 499 (100~300 ug 2941 7}t
37°Cell A 108 ¥h-2-241 71 F 600 nmel4] &2 &4
Z2] s rH13),

Glutathiona reductase2| B4

1848 3.0 mL% 0.1 M potassium phosphate buffer
(pH 7.9}, ¢ 94 mM EDTA, 4.6 mM oxidized glutathione,
0.16 mM NADPH ¥ FA4-9% (400 ~600 ng =4d)2 7}
ghed 37°Cel] A 1087 9F-2-A17] 3 340 nmdl 4] NADPH
2] A== ks 24 ]—‘3’&‘:]' (14},

Bovine serum albumin{Sigma, Fr. IV)& &5 F ¢ 2,
£ # 8]+ Duncan’s multiple range test® 3} tH(15).
21t o na
T Al gg g vl e &-?ﬂ““ﬂ AzAdnc Zl
=+ A7 2 by Hel ol AgEel Bele rleET]
S 7FA oL AR 2 A A el vl o A A 2 T
o] o}, $-2hviE} Fall 2] Bateln Hellel® xae
7o) = Al S | &Rl TH16).
Acetamonophen- 723 #2123 oo
TEAL vehll e 222 99R ol (17,18) A=
2 Bofelld =
ferase®] cylosolic sulfotransferase”} FoiAld 427 <
A glor ek Fo] Al GSTH o4 5= sle
(19,205 Fralele B o B A= B glu-
tathione®] oA}« ol gt 588 wx]=x] FAsld
o}, & Zhol M o] o E Al E 4| o acetaminophens
Ak ek Fof A FrlEl b AlA 4R A
& #z2F FodA Faldl e 5gE4 phloro-
glucinol A =] 7} 3+5-4 3 2] acetaminophen HAME
A4 vl g fAsgn
Phioroglucinol 2- 10 mg/kg @} 20 mg/kgS &=l A
FEul g zbzt a3 109 A 2)E T acetaminophen
{80C mg/kglg HNE FARE 5 22 E 2] A8t
o] ks # A A Tahle 1) A=) A2 S5
| zgoll A &l A & wbal=he] §18F¢] acetaminophend F
oAetr e oF 202 %] Z7lEY Zle] phloroglu-
cinol 10 mg/kge] 77k A ol 4 = e o o]
sd e, 20 mg/ke ] THT A Al el A= acetaminophen
£ W5e T Eo4 g Fur) 26% 4% ¢ Acetamin-

u'-J mlo qln

ZF microsemal UDP glucuronyl trans-

R K I

ophene)| 2|7k Fk==] 3 A A ikzre] Qe FhiEe
okg] 7| Mg =% Fa e B acetaminophen? phase |
microsomal Fa-AE 2l g i {Table 2) Cytochrome
P-4502] 7% Wz 74| v] &l acetanunophen2 5%
et EEA] o 170% FAde] FrbE sl ot FgES A
A=elalw acetanunophen—-.; 2o gl % geetaminophen
2] w5 Rl Tl 34l 2] Bl L e 5 gl e
2 amunepyrine N -demecthylase @ aniline hydroxylase
el g4 2% cytochrome P-4502] 24 3 F-A1g)F okl
2 2o} F3 | phloroglucinol & 7 7% 8L3 aceta—
minophens- #3547} cywosol glutathione S-
transferase2) %“7% =415+ vt} (Table 3). Acetamin-
ophen2 FAFE F-& diFF B ol oF 38%2] A A3 &4
R e L]'ET'LH?JET'. F3E 20 mp/g?] 104439 A
HE| ol A= 2T Rl vHA] o) £4-4]
o] aeelamunophen "% Fof TR} HAE) F7}5
A}, Glutathione =0 A &= acetammcphen FAFr-2
3.00 umole/g of tissue® =7 5.23 umole/g of tissue
Bt JA 3] arae gl ot Fal A S 10 medkes 7Y,
10417 2 20 mg/kg 797 A A g TFellAl = acetarmn-
ophen &% Rl 73 wWol2 of3fe] g42v), 20 mg/
kgs 1097 Fol 3k FFol) A& acetaminophens]
ool vlele] FA A= “?FG]/H oA FvE= A 3:]’
FaAg 5 gl Table 4). ¢ 28 glutathione ¥ %
7182 ey 7] &) sbe] F2 el A ® 2} 5k phloroghicinol
& AEFE Foi3 ofE
FAHE & ghitathione ! A4 A A2 glutathione reduc—
tase @ y-glutamylcystein synthetases] &4 -8 #2t3)
51eH21,22) (Table 5). Guiathone reductasc 34 -2 ace-
tarunophen o o A o 278 o} oF 4994 7HA-= ol o)

E mlc

acelaminophen2 -7 of

Table 1 Effect of phloroglucinel isolaled from Eckionia
rsioforifere on the hepalic lipid peroxidation con—
lent in acetuminophen-treated rats

Group Dosge Dav Content
(ma/ka) " MDA nmole/g of Lssue

Centrol 0 16.82+0.92°

ACP 00 2711E140°

PHG 10 7 2643+241°

PHG 10 10 23 62:-2,03°

PHG 20 7 20.24+219°

PHG 20 10 20112067

MET 10 7 1953 217"

MET 20 10 18,73+ 1.20°°

Rats were orally administered with phloroglucinel (PHG) or
methiomne (MET) as a reference compound daily [or seven
or ten days, and then acclammnophen (ACP, i.p., once a day).
Rats were decaprlaled 24 hr aller the myection of ACP treat-
ment. The assay procedure was described in the experimen—
tal methods. Values are mean=3.D. for five experiments
Values followed by the different letter are significantly dif-
ferentl from cantrol (p<005).
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Table 2. Effect of phlotoglucinol Eckloria stelonifera on the hepatic microsomal metabolismal cytochrome P-450, aminopyrine
N-demethylase and aniline hydroxylase activities in acctaminophen-treated rats

%3]

Group Dose (mg/kg) Day p-450" ADY AH
Coniral 0 047£0.01° 049+0.02° 384+021"
ACP 800 0.700.02° 196=0.08° 60010.38
PHG 10 7 973£003" 123=0.10° 605%0.23"
PHG 10 10 0.81£0 01" 1.220,06° 8061027
PHG 20 7 0.82+0.02° [21+011° 5024018
PHG 20 10 0.77+0.02° 119+009° 59010.20°
MET 10 7 0.73+0.02° 118009 6.02-£0.26”
MET 20 10 0.79£0.02° 116+0.06° 6 04=0.20"

Rats were orally admmistered with phloroglucine! (PHG) or methionine (MET) as a relerence compound daily for seven
or ten days and then acetaminophen (ACP, i.p, once a day). Rats were decapitated 24 hr after the imjection of ACP treatimenl

The assay procedure was described m the experimental methods. Values are mean=®

3D, for five experiments., Values

followed by the dillerent letter are significantly dilferent from conlrol (p<003M.

C} tochrome P-450 aclivily. n mole/mg proten.

Ammopvnne N-demethylase activity” HCHO n mwle/mg protein/mirn.
¥ Anline hvdroxylase achvity'’ p-aminophenol n mole/mg protein/min.

Table 3. Effect of phloroglucinel Eckioria stolonifera on
the hepatic glutathione S—Llransferase activity in
acetaminophen—treated rats

Activity
| Daose . Comugated 1,2-dinitro—4-
Liroup {mg/kg) Dz nitrobenzene n mole/mg
protein/min

Control 0 19691 +£1013°
ACP 800 12201x 740°
PHG 10 7 19243+ 680°
PHG 10 10 136.32+ 506°
PHG 20 7 13832+ 6197
PHG 20 10 14934+ 991%
MET 10 7 180.42+ 7.64%
VET 20 10 15321+ B.70°

Rats were orally admimstered with phloroglucinol (PHG)
or methionine (MET) as a reference compound daily [or
seven or ten days, and then acetaminophen (ACP, 1 p., once
a day) Rats were decapitated 24 hr after the injection of
ACP trealmenl. The assay procedure was described i the
experimental methods. Values are mean==35.1. {or five exper-
iments. Values [ollowed by the diflerent letter are significantly
different from conlrel (p<0.05).

Table 4. Efficcl of phloroglucinol Ecklonia stolonifera on the
hepatic glulalthione conlent in acetaminophen-—
treated rats

Table 5. Effect of phloroglucinol Ecklonia stolonifera on the
hepatic glutathione reductase and ¥-glutamyl-
cystein synthetase aclivilies in acetaminophen—
treated rats

Dose

Group (me/ke) Day GR" ¥-GT%
Control 0 98 64T 2547 1850 10,64
ALF 200 14521297 1833=058
PHG 10 T 14741175 1840-064
PHG 10 10 1663+058°9 18AL=0ER
PHG 20 7 1681+t074"  1794=0.69
PHG 20 10 1844£073° 1803=0.70
MET 10 7 1662r084  1871=0.71
MET 20 10 19101067 1RO0E07T

Groun Dose Da Activity
! (g /eg) Y pmole/g of tissue

Control 0 5.23+0.19°
ACP 800 3.00+014°
FPHG 10 7 2.58+0,14°
PHG 10 10 311+011%
PHG 20 7 32140124
PHG 20 10 331£0.11¢
MET 10 7 3 26+ 0.07°
MET 20 10 3510120

Rats were orally administered with ghloroglucmol (PHG) or
methionine (MET) as a reference compound daily for seven
or ten days, and then acetaminophen (ACP, 1.p., once a day)
Rats were decapitated 24 hr after the injection of ACP treat-
menl The assay procedure was described in the experimental
methods. Values are mean =S.D. for [ive experiments. Values
followed by the different letler are signdicantly different
from contral (p<005R)

Rars were orally adrmmstered with phleroglucinol (PHG) or
methiomne (MET) as a reference compound daly for seven
ar ten davs, and then acetamingphen (ACP. ip., once & day).
Rats were decapitated 24 hr aftei the injection of ACP treat—
ment. The assay procedure was described in the experimental
methods.

PGlutathione reductase actrvity. glutathone nmole/mg pro-
tein/min

4 ~Glutamvlcystein synthetase activity: Pr nmole/mg protein/
min

Malues are mean=S.D. for five experiments.

Palues followed by the different letter are significantly
different from contrel (p<005)

Mg Mot significant.

HHEA R 20 meg/kg e 2 10 A A3 & acetamin-
ophen =5 TR} 2k 27% S glvh y-Ghita-
mylcystein synthetase®] &4 o4 $£E222] T
A& Esldrl Phlarogliemel] LDspe A5 2]
E7FollA] 4050 mg/lkg, A5l E 4550 meikg
2 el qlehza).

w2h4] acetaminophen®] 3 2 @A 3] o4 =W glu-
tathione S-transferase &4l e] T3] A& Hxj=] 2 &
e e gl akx Al S glutathione?] BHeF W Eo) 43‘]
o] vielute e g A E o | glutathioned] §Feke] 33
2 glatathione reductased] Z-AWHE o 95l 245

2 vl
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phloroglucinol-2 aceraminophenFo] 2 5715
A A]al Ak RS 514 A7) ) glutathione S-1rans-
A& 271 A acetaminophend] @413 &
ZehE Ao 2AE).

@ o

AP FE A T 256 £2]% phloroglucinal 2 ace-
taminophen?] Foi2 §A3] F7HE T2 glelA
A A apalEre] gk o Aslei ol Acetammophen-$ o]
o Bl 7} cytochrome P-450, aminopyrine N-derme-
thvlase % aniline hydroxylase 495 #2AT &+
Gu ¥ AE FoI T glutathione S-transferase]
A =tz 5 vaa] ot 49 &
A o] acetaminophen T FofFR 1}t A3 F7154
t}. z2l3 ZrxAF plutathione?] =2 phloroglu-
cinolg- HA 2] Fell4 acetarminophen &% $o T ¥}
%715 9t Glutathione reductase 24 ¢l 4= acetamine-
phen¥F4 T2 HaT Rl ZAo] Frisgon JHL2
2 A28 T2 acetaminophen ©5% Fof Fu ) &7}
=Hork vebd TEeld 2elg JE5FEEY phlore-
glucinol acetaminophen®o 2 £71=%] 2| & #4138
#reFs 3441 7)™, acetaminophen W AFE-REA A=
ghitathione S~transferase®l A4 o] £71=2 9| acetamino—
phen®] tlAlg £3A7 2L 5
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