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Protective Effect of Marine Natural Products on the Hepatic
Lipid Peroxidation in Acetaminophen-treated Rats

Jong-Won Choi* and Jong-Cheol Park’
*College of Pharmacy, Kyongsung University, Pusan 608-736, Korea
Department of Oriental Medicine Resources, Sunchon National University,
Sunchon 540-742, Korea

Abstract—The study was initiated to elucidate the protective mechanism by examining in vivo effect of
some marine natural products, Styela plicata, Ecklonia stolonifera and Pachymeniopsis elliptica on a-
cetaminophen-induced lipid peroxidation. The methanol extract of S. plicata prevented acetaminophen
(800 mg/kg, i.p.)-induced hepatotoxicity in rats as evidenced by the decreased formation of lipid perox-
ide. But the methanol extracts of E. stolonifera and P. elliptica were not affected on the formation of lipid
peroxidation. The activities of cytochrome P-450, animopyrine N-demethylase and aniline hydroxylase
were not changed by the treatment with S. plicata in comparison with acetaminophen-treated group. In
acetaminophen-treated control rats, the glutathione S-transferase activity was decreased markably.
However, in 5. plicata pretreated group, the effect caused by acetaminophen was markably reduced. A-
cetaminophen decreased the level of hepatic glutathione, which was restored to same degree by S. pli-
cata pretreatment. And activity of y-glutamylcystein synthetase was not changed by S. plicata pre-
treatment, but the activity of glutathione reductase was increased significantly.

Keywords [_| Styela plicata, acetaminophen-treated rat, lipid peroxide, glutathione S-transferase, ghu-
tathione reductase. marine natural product, anti-hepatotoxicity.
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25 HAx2ld 879 A acetaminophend] FH=
of7)¥ = AAY 7+ FATAS At}

sE Yy

SRR

FAMERYOoR AMES AFEi:=  Ecklonia  sto-
lonifera(23), Pachymeniopsis elliptica(®x8}), Styela
plicata(2.7F5-0])0] ), 0]5L 2}2t MeOHZA A&
oM YARF F2EE Gol AP0l A3 A=
' ozt sgsts dggasd os $43A
on, Hw R dgTte HaFolt

S Y XX

& FEANIA YA ZU(RE 1 201:2°C. 55
60%. B : 1287 light/dark cycle)e2 ARSgE
150~200 g2] Sprague-Dawleydl BHE A3l
E. stolonifera, P. elliptica, S. plicata®] MeOH F&&
500 mg/kge AT2 257 Fostn wpx| et Fojdoj
acetaminophen (800 mg/kg) & E4UW FARIA
24AZE F AANZ o, AP FES APH 4N F

Qt Evbrm AN

EARO| XA

AYFES AR vEEln BY gigdgoezn
B g4g A3zl AEAL AZFE AR AdTE AR
N2 & A& 7 23 1 g2 49%9] 0.1 M po-
tassium phosphate buffer(pH 7.4)& 718t glass
teflon homogenizer® vl & 600 x goll A 1023+ €
AReste o 2 vuky EEE AT Fede
10,000xgollA 2087 AR EAT o] AFHE
105,000x goll A 1A17F =LA &3l cytosolic frac-
tion®} microsomal fraction® 2213kt Cytosolic
fraction glutathione S-transferase, glutathione
reductase & y-glutamylcystein synthetase &4 ¢]
349Y2& microsomal fraction2 cytochrome P-
450, aminopyrine N-demethylase ¥ aniline hy-
droxylase®] 8447} AH8-3k5th

IEEE K@ ool SakES
Ohkawa 579) ¥l £3to t2d & g2 g+
o] 10% 2 T2 0.4 mi°l 8.1% sodium sulfate 1.5
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ml, 20% acetate buffer(pH 3.5) 1.5mi¥ 0.8%
thiobarbituric acid 1.5 mlE 7}3e] 95°Cell Al 1A13F
w2 A7l 3 WZAAAY. 5.0mi9] n-butanol-py-
ridine(15 : 1) 718l &% ob& n-buthanol-py-
ridine3% 532 nmolA FFEE FAs F@F/dol
%%}t malondialdehyded& A3t

Cytochrome P-4502] §M &3

Omura$®t Sato $9¢] Hhdo]l F&) A@@ 1
mM EDTA, 20% glycerol, 0.5% sodium cholate 2
0.4% Triton N-101°] &&%¥ 0.1M potassium
phosphate buffer(pH 7.4)°ll microsomal suspen-
sion(1 mg Protein/mN& 7kt ¥ sodium di-
thionite® Y1 E33 ohf &@A7t2E 183 bub-
blingA|Zth. Bubblinge] % ¥ 3¢ 400~500
nmolA EFF5E SA43T 450~490 nmolA FE=
9] x}o]E cytochrome P-450 CO complexell &%t &
BAS 91 mM 'em & o] &5t} AT}

Aminopyrine N-demethylase2| #d {5

Nash”¢] whel] &8 w8 2miZ 0.1Na' /K"
phosphate buffer(pH 7.5)] 2.0mM am-
inopyrine. 0.5 mM NADPH ¥ 15% ZnSO,%+ ¥3}
Ba(OH),Z 7}ste] wbg-2 FE AT 1,000 X golA
1087 9488 §F 459 1 miol NashAld 5.0
mlE 7Fshe 60°Coll A 303 22 A171 3 425 nmell
A FBEE SASI

Aniline hydroxylase®| §4 &3

Bidlack# Lowery®¢] ol F&to] whg-o 2mi
% 0.1M Na'/K* phosphate buffer(pH 7.5)9l 1
mM aniline®} 0.5 mM NADPH ¥ &4 (300~
400 pg D82S 718 37°Col A 3087 whE- AT
0.5 ml¢] 10% Na,CO, (2% phenol &)-& 713l 2
204 2087 WA F 640 nmol A FREE S
=3

Glutathione S-transferase?| #M &3

Habig 579 ol Z8te whg-ad 35m/el 0.1
mM potassium phosphate (pH 6.5)2 1 mM glu-
tathione, 1 mM 1-chloro 2 4-dinitrobenzene % 0.1
ml EANE 7lete] 25°CollA 287 wHe-AIZ ). ol
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ZIEZ|E glutathione2| M2k

Ellman®e] #8< ozk Wgste] 10% 7+24 1
m/el | mimM EDTAZF 39 5% trichloroacetic
acid® 7}t YAEEE F 454 0.5 mlE Hdd
v} 0.5 ml ninhydrinA| 2F& 7185 10837 712 8
Yool Wasla 560 nmelM FREE &3sid
Non-protein-SHellA4  cysteing AlggH&
tathione®] 422 it

glu-

y-glutamylcystein synthetase2| §M &5

Meister$} Richman®2] ol #3jed -394 35
mil% 0.1 M tris HCI buffer(pH 8.0). 8.9mM L~
glutamic acid, 0.94 mM EDTA. 3.2 mM MgCl2, 1.
35mM ATP9F &248(100~300 pg ©¥3)S 713}
o] 37°CellA 10% WA 3 600 nmollA &40 &
q& EAs

Glutathione reductase?} §A X5

Mize 9 Langdon'”e) #P8ol &3le] ¥lgdll 30
m!% 0.1 M potassium phosphate buffer(pH 7.9),
0.94mM EDTA. 4.6 mM oxidized glutathione,
0.16 mM NADPH ¥ &4-94(400~600 pg & 3)S
7v8te] 37°Cel A 1083 W8A1Zl ¥ 340 nmellA
NADPHY] Zas= &g 24390

EhE M2k A EAHAE

Lowry ¢} ubHel] 23l bovine serum

albumin(Sigma. Fr. IV)& E&Foz ZEAAgE
Duncan’s multiple range test2 s}$ch,

s

X aetet Ao O|Xl= HE

E. stolonifera, P. elliptica, S. plicata MeOH &%
(500 mg/kg) & ATE 257 HAAHsHn a-
cetaminophen (800 mg/kg) & B4 FAGE 3 k=
g AAA4tsle] g FHEATHTable 1). A3
NES5E T dzaMY A@dHitsle] ol
acetaminopheng Foj3l224 oF 262 #A3] &
7Yl Ro| E. stolonifera, P. elliptica®) Ax2]l A&
HohE Fgo] g o, S. plicatad A 22
acetaminopheng #5202 Rojd FR} g7
e nR]A] R o, 22% B3 ZaEU)

AcetaminophenE0{0f] M2 2} cytochrome P-450,
aminopyrine N-demethylase 3! anilline hydroxylase
N0l 0|X|= I

Table 4 $&&9) W22 acetaminophensl
oJg xAF 2 AIulste] AAe] AR FAHE
71AE 278 B 07 acetaminophen] ¥zt thAt
;42! microsomal TAAE #&E AHo] Table
II olt}. Cytochrome P-4509] 7 tlZFol B3}l
acetaminopheng 95 FoslmaA oF 180%= &
o] FAHA oY FABES FE2EE FAEs
acetaminophen® 939X acetaminophen®] @
E Soj7u @49 WEL BF ¥ 5 U Am-
inopyrine N-demethylase 2 aniline hydroxy-
lase®] Al RE% cytochrome P-4509] 2413} #AL

Table I— Effect of some marine natural products on the hepatic lipid peroxidation content in rats treated with a-

cetaminophen
Content
Group malondiaidehyde
Dose(mg/kg) n mole/g of tissue Percentage
Control 0 18.240.99°
Acetaminophen 800 35.9+4.29° 100
Ecklonia stolonifera 500 37.7+3.17° 105
Styela plicata 500 28.0+2.18° 78
Pachymeniopsis elliptica 500 32.9+1.88>° 91

Values are mean*=S.D. for five animals. Values followed by the same letter are not significantly different from

conrol(P<0.05).
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Table Il — Effect of some marine natural products on the hepatic microsomal cylochrome P-450(P-450). aminopyrine N-
demethylase (AD) and aniline hydroxylase(AH) activities in rats treated with acetaminophen

Group Dose Activity
(mg/ke) P-450 AD™ AH™
Control 0 0.47%0.046° 0.47£0.046" 4.07+0.18°
Acetaminophen 800 0.84+0.081° 0.84+0.081° 6.37+0.37°
Ecklonia stolonifera 500 0.80+0.076" 0.80+0.076, 6.28:£0.29"
Styela plicata 500 0.82+0.093, 0.82+0.093" 6.13+0.37°
Pachymeniopsis elliptica 500 0.814:0.081" 0.81+0.081° 6.48+0.33°

Each values are mean+S.D. for five animals. Values followed by the same letter are not significantly dirrerent
from contro (P<0.05).

*n mole/mg protein, **HCHO n mole/mg protein/min, ***p-aminophenol n mole/mg protein/min.

Table III— Effect of some marine natural products on the hepatic gklutathione S-transferase activity in rats treat-
ed with acetaminophen

Actvitiy
Group Dose(mg/kg) L g_‘gg]‘;‘i&(‘ﬁi‘iﬂi_ Percentage
trobenzene
Cotnrol 0 188.1£16.07*
Acetaminophe 800 113.6+10.30° 100
Ecklonia stolonifera 500 111.0+12.27° 97
Stylea plicata 500 143.9+10.07° 127
Pachymeniopsis elliptica 500 125.7+12.15" ¢ 111

Each values are mean®S.D. for five animals. Values followed by the same letter are not significantly different
from control(p {0.05).

Table IV— Effect of some marine natural products on the hepanc glutathione content in rats treated with a-

cetaminopen
Group Dose(mg/kg) Content Percentage
1 mole/g of tissue

Control 0 5.44+0.46*
Acetaminophen 800 2.89+0.35> ¢ 100
Ecklonia stolonifera 500 2.68+0.28° 93
Styela plica 500 4.14:+0.40° 143
Pachymeniopsis elliptica 500 3.54+0.37" ¢ 123

Values are meantS8.D. for five animals. Values followed by the same letter are not significantly different from
control(P<0.05).

plicata® A 8|3 22 2T FFoll= n|x]%)| gko
L} g49 2440] acetaminophen ©% Fol Bt &

Glutathione S-transferase §440]| O|xl= A&k

F FEEE T 533l acetaminophens
B 7rFAREE 7} eytosol glutathione S- transferase«l
#AE A3 cHTable III). Acetaminophen2

AHgE & 1136 1, 2—dlchloro—4—n1trobenzene n
mole/mg protein/min® 2 ZH} ok 40%9] HA
& 49 A4S YehlAY. E. stolonifera, P. elliptica
£ MAelsla acetaminophen® F93% &2 aceta-
minophen @% FoiF3 HE ko] gigled, S.

Vol. 40. No. 5. 1996

A8} F7HE A

ZIXEESE ghutathione2| #2H0|| OjX|l= JE

Acetaminopheng FAMe & glutathione® s %
7} 2.89 1t mole/g of tissue® WZF 5.44 pu mole/g
of tissue Bt} oF 47% = glutaghione? =7} @A
3] A UK (Table IV). g S. plicatad A 2|3t
T acetaminophen W% F47 B}l A3 7}
2l9lom  E. stolonifera, P. ellipticas A28 1 a-
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Table V— Effect of some marine natural products on the hepatic glutathione reductase(GR) and y-glu-
tamylcystein synthetase(GS) activities in rats treated with acetaminophen

Activity
Group Dose(mg/kg) GR* Gs™
Control 0 27.1+£2.63° 15.5+3.05™
Acetaminophen 800 13.8+13.6° 17.1+£3.30
Ecklonia stolonifera 500 14.2+1.06° 16.8+3.24
Styela plicata 500 19.0+1.85° 16.3+3.24
Pachymeniopsis elliptica 500 16.3+1.16> ¢ 17.213.28

Values are mean®S.D. for five animals. Values followed by the same letter are not significantly different from

control(p<0.05). ns : not significant.
*© glutathione n mole/mg protein/min
**: Pi n mole/mg protein/min.

cetaminopheng %% & acetaminophen ©5%
ol HokE ko] QIS

v

Glutathione2| MM H|0f| O|Xl= 8k

2 #2888 47 593l acetaminophend 27
Well FAlslA glutathioned AAA 49 glu-
tathione reductase ¥ y-glutamylcystein synthe-
tasesl #4& WESIHTable V). Gutathione
reductase dolA| acetaminophen$it2 13.8
glutathione n mole/mg protein/min®= &7 ¥
v} oF 49% dA 3] BAlo] g4 =AU}, E. stolonifera, P.
ellipticas A 2J3}3L acetaminophend Foi¥ &2
kol gldlom S plicats® AXEFT FL2 ace-
taminophent= FAZRTT @3] F7} HJYh ¢
glutamylcystein synthetase®] 8AloA 259 ¥
o= g3k VXA EEct

o &

Acetaminophen-< acetanilid 2 phenaceting] 2
Atir B2 2 ¥ XA phenaceting A5t F
2ol nAstel del AR EE g A5ES Zde
oFE2A] Ao Al ThollA tialytel Ao 2 uiAd g
). Acetaminophen< tE s|E21E A0l H|ete] &
T 2SS YoTlA g o]Fo] o} fF FojA] A}
7 FENA AHAR 7Hd A HALE fdeke
Aoz wuslm gk 2 olgid F49 AL
microsomali®-# ¢} cytochrome p-450 B o] 4
ojub= ArslAdol M 22 2] macromoleculed F4
Adshe 3oz wggo] & aryl7]|€ Ad F

thiteg BAste] o] B§HEo ©J3te] hepatic glu-

tathione®] %71 o= 50% A= ZEHAE 9 7+
ZA9] IAE FEREA BAS BHe Ao
AAE R e P HaEx rn¥d a-
cetaminopen®] WAIZAS AR g83fdlA] A
W2 T acetaminopen sulfate®}t glucuronic
acid TFAE Fdstd F3HA dAHAIE AHA W)
A5 X gt 1-8-3ke] FJA] hepatic glutathiones £
%8te] acetaminophen mercapturate cystenie 22
=ZFo 7 w/d=y, olg hepatic glutathione®] 2
Huz 5ol FHhEol wgAo] Ad EFo] A4
=y o] vk EA o] THAE et

MO ES 2802 3d AL olvl Q1Fe] B#AY
2 A AFEJAT D & 5 gl AR/ GAlel 3
I oS TEfoll A 22 uirdel A AER WA
HA zkch. 22t Eolzhe wjA|e] Wl o) Sy
B 4go)9le] o], & EH Yo T o]
42 A§E ] stovt SAAE e ER9 diale
212 7AE AE3E g2 N2 AEEHER] 7)
gl et o2 A A5 B4 7hsAdel &)
G AAEAA B BHo] or o]o] g AT &
gsl=le] 7ha e FAlolot. AR5 o2 e A
d#o A £F HxF L o s Foll et in vitro 3}
AL} A A A AN E. stolonifera, P. elliptica,
S. plicata 3% MeOH F&52] @Al &3l B v}
Act? olol g ALATZA o] BRI A
of o]& F&E9 A 2|7} acetaminophene 23| %
=g 71549 A7 7™l oA%9A FEde 7k in
vivod| A At IiislAAE AEAs gl
olgt oyt EX AR At Bt AR &
Aol A Az itsle] 5ag AL pitsie} 7
Akt faksle AU flolME ¢EE ko=
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oz Aol Feldlz whg-oln IEE UFEER
2¥3g xjuhite) o|FA Y ©@3pioM FiE
A3Aste] free radicalolyt EA4tart A71E whgol
t}. Free radical> W 21914 Q310 o3t A=A &
AZ QAU 52348, w3} Aot F AG AL
5& fdshe 99 BAE gtk Ae) AL de
e dadoht 239 &4 AEE YEE A EEA,
AEate) F34ds A ek ofhugt ARk A
E=A4E 295t XSS ASA|7IH Artel o
od3le] w-3tdAol ofd W o) 71| H3e] g
g gske AoE gl ok PP ol We
233l acetaminophens AH&3 BTl 2a3ke Fof
A Z7tEl= A F2dste] Aol E. stolonifera, P. el-
liptica, S. plicata MeOH &% 500 mg/kgS 257
ArEsled A st 2% S plicatas) AT
oA} acetaminophen®] T2 A 3] F7iEA 2
Fatshe] ol oF 22% AAHNUTH YutH oz Y
oA dojup= oHEe] tAAIE 7+ MEeS] smooth
endoplasmic reticulum®] £#3}:= phase 1882
28y AztEE dde] g0 2 A cytochrome P-
450, aminopyrine N-demethylase % aniline hy-
droxylase®] #AAZ #BAHAT Job B2 A-
cetaminophena &9 £AQ24 o] FAAE AA
A dxAH o 7 dAtEE HE EUZ E. stolonifera, P.
elliptica, S. plicata-& Ax 213} 1 acetaminophend ¥
o} 322 A} acetaminophen®l 93} o] 48> &
A3 715924 microsomal E2A9] A& AR
A= Rt o]2Ho} olF FEEEL mi-
crosomalAlE £% phase 18tgol= WO E d&8
F2] Rl Aoz AzdEn WA Bl 3ES
39 xenobioctics5& F2 7+l A tAlE o] 84
< 9A Bt Aol Rosol FE ¢ S4EHY
AL} & phase 13 phase 2 #8222 Ys 4+ o
t} 5% Phage 2 9+$-& phase 14H8-S A B0}
el 2 21914 B4 glucuronic acid, sulfate %
glutathioneS 2715 2gol)A] o] kg Zujg
224 UDP-glucuronyl
fotransferase % glutathione S-transferase 5 &
4= it

Acetaminophen< 7HA g gz} 23 A8 oo
7HEAS Yehle 232 g ok 483 Fo

o)M= 7} microsomal UDP-glucuronyl trans-

transferase, sul-
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ferase®} cytosolic sulfotransferase’t = Al &4
AR deixd e #}EF FoAl= glutathione S-
transferasecll &J3ted =1 A& Adste] 2
A8 M glutathione?] tAlAlY] o]& F&E0] of
HE JEAS F= 7HE FAIATE Acetaminophen
o] o7 A3 TAHY glutathione S-trans-
feraseq] 842 3% FEE5 S. plicata X272 o
28] 3ol v)xlA] &&ht acetaminophen ¥
o7 1o A3 F7HEA

ARG BERED FA4L 9 alsixd e HF
253 A E HAH 07 glutathionee] 275
Ay, o] Bde AXY FF FA e YA a0t
5 vk & AAEE 43518 glutathioned] AHEY
47 #Eskn QG S. plicata®] 9% aceta-
minophenol 213} glutathione2! &3 2248 A7
71E 71dE 73 & E-oz FAAY rate-lim-
iting &A% Bl y-glutamylcysteine synthetase2]
A4 3 glutathione reductase} &4 ME2 S. pli-
catag Foldted #AE)Igu] y-glutamyleysteine
synthetase?] 412 WTE Qg Holx] tor),
glutathione reductase®] &4 acetaminophen?
OE EdF B} S plicata® AH ] stnzx] @A 3
F7HA. o9k 22 ARE RBo} glutathione S-
transferase®] #4¢] acetaminophen? 512 &
& =G o] S. plicatas] WA= F7hE = A
& 7+ A F9) glutathione?l &% WFd 23l Y
ehte Aoz e glutathioned] &h3ke) 23
2 glutathione reductase®] EAIHZE 2)3te] =4
H3 gl AR AIRE. o)s FHd] B 9 S
plicata2] Tl ¢J&le] glutathiones 7HU3td &=
2 gol] Befsl= T2 glutathion S-transferase?]
o] F715]o} acetaminophen?] ALE &3 A)7]
o2, old & L= 2 Pitste] 43S o
&5 Qle HoZ F2H)

3 B

™

+

o

o)A 2] GE AL A Al acetaminophen
£ dr} 93 5o FrkEe AAFIse] A4
ol thall E. stolonifera, P. elliptica, S. plicata®} MeOH
%E dA27} acetaminophend 93 f-=¥ 7H=
9] A7 71:0) W& FakE AW ATt 1

[e%}

ol ox
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S. plicata®] g}t A acetaminophen?| Foi2 &
A3 F7rEA A apirsle] ghako] AEACh A-
& 7t cytochrome P-450,
aminopyrine N-demethylase ¥ anilline hydroxy-
lase 840l A= H&S BRI E 35 55
< A3t acetaminophend Fo3ld % aceta-
minophen?] @& Fo£3 849 WL A2 T 5
giglth. 22y glutathione S-transferase 43ollA
acetaminophen¥ol & thxFHt} oF 40% &4
FAE YER S plicata® AA B FL tlzT o
Foll= nX)x) goy}t 349 &4o) acetaminop-
hen @5 Fo7 Bo} @33 F7HEJLH 3 225
glutathione?] & S. plicatn® AAE FNA a-
cetaminophen ©% o7 ®rot F7F HAoh Glu-
tathione reductase 4%1*:= acetaminophen¥
T 2T B} 49% BA4o] AEN e S. plicata
Z Hx2ld &+ acetaminophen®s FozH} &
8] Z7} 512 E. stolonifera, P. elliptica ol X &
QS VX7 FaPTh 2B S plicatad) FAE
glutathion S-transferase B4E& Z7MA7 a-
cetaminophen®] WAME: £31 A|7|224, ofd]] £]3|
faEE Adaptel NS AAEE ReE FAHE
o},

cetaminophen%-&j ]|

ool

~Ir

ZAlel o

of AL 19059E WY SEATE (Y,
Seabshato) X Qol o8 Ao} U
$Ase) 2y Addea st ARE wrdA

A= -
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