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Hepatic Detoxification and Antioxidant Activity in
Sea-urchin Roe and Ethanol Extract of Roe
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Sea-urchins (Anthocidaris crassispina) are widely distributed in the East Sea of Korea. The aim of this
study was to evaluate the hepatoprotective effects of sea-urchin roe on bromobenzene (BB)-induced liver
damage in rats. The antioxidative and detoxifying properties of sea-urchin roe in BB-poisoned rat liver
was examined by chemical analysis of serum aminotransferase (AST, ALT), glutathione S-transferase (GST),
v-glutamylcystein synthetase, glutathione reductase, epoxide hydrolase, amino-N-demethylase (AD), aniline
hydrolase (AH) enzyme activity, as well as lipid peroxide and glutathione contents. Sea-urchin roe inhibited
the increase of serum AST, ALT enzyme activity. Increasing lipid peroxide contents and AD and AH
activities were significantly decreased in ethanol extract of sea-urchin roe. GST, y-glutamylcystein synthetase,
glutathione reductase and epoxide hydrolase enzyme activities increased in sea-urchin roe-fed group, compared
with the BB-treated group. These results suggest that sea-urchin roe facilitates recovery from liver damage
by enhancing antioxidative defense mechanisms and hepatic detoxication metabolism.
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A= =35 8T (Phylum Echinodermata), 2 717 (Class
Echinoidea)oll &8}, 2 At A F-E] G=410] 212 3744
X Utk AAA S EE = s, T, A Ak X
Hoj o, g-Elve} Aol A A= AAF 5 A8
2 olgHa U= AAlE BBV A Unthocidaris crassispina),
DE=XA (Hemicentrotus pulcherrimus), -3-"3 7| (Pseudocentrotus
depressus), 322 EF’3 A (Strongylocentrotus internmedius) &
o]t} (Ryo and Park, 1986). A A= 43, v, x4k vlgk
B} HIERI C, A, kvl 2 2 Fol FHrEol e
o, 53] e st wol gHrwlo] vk A ¢
AL YA () F917F oF 20%0]3 YA 80%= 437
AAR FE0 Slol, A A Ht TN 2,500
710 2 °F 2,0000] FHAA o R WAL glown, i
e g 2R SR E R AR dFEaL
A+ A Aot} (Korea Agro-Fisheries Trade Corp., 2000).
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Stk o9 AAE o)&g Al A 2 AA (Wui
et al,, 1992) & 352 AE34 H7} (Yu and Cho, 1999)°]l
#gk A7 ot Al AtstEd 3 A e dA71E A
of ek AFHIE "Fg Ao},

3, Abjo] wdslof ula} xenobiotics?] AFY] 3}sH
g o] &5l glom, o5 A FEE AZFe 1%
7F A7 E A QA A slErE Aol 17bel| mX= 1%
= TR olE B ot 54 uolH, ol F=
o] AEE QAL YA B oA 27 S %
W glE Aow deAd glth (Yoon et al., 1997). ©]
xenobiotics ZF-E A& HEsle 5AEEY =574
AAY S FAATIEE AEH A-5ddT d o
A= AR A o - ¢4<1 3 B A A 27 osted]
BEFES L U (Kato, 1977).

Xenobiotics2] F{F A= ©]
E4E dod)= AS$7F A=l (Hayashi et al., 1984),
xenobiotics®] WA= T2 7HF Foll A o] Fofx|H o] TA
Al A E free radicalst= A3} Adwk-Eo g 7o) ik
sh, WAEA, o] Wy 58 AP, FFH o=
Z2E4S A7t 4 A ATl (Mitchell and Hornig,
1984). t13£ 4] xenobiotics®] ¥ F <] bromobenzene 2+ 3}
SEARA AGANA FI AR Bol AHgHI o,
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Fig. 1. The pathway of bromobenzene metabolism (Oh, 2003).

QiAo F2 AlF= I+ 22 HX2] microsomed] &3
7)s E32sla47]5 (cytochrome P450)ll <3 12} diA}
Hol HA4 0] 7} 3k bromobenzene-3,4-oxide (epoxides)®= %1%t

=, o] A E-o] Aarnt 9 AgjebdExje}l vk-g-s)
o A Xﬂ%‘é < o}7] AJZ1t}al St} (Zheng and Hanzlik, 1991).
aga o] HAAY EHE dlEaAQl  glutathione

S-transferase (GST)oll 2]3}¢] glutathione (GSH)i} A g3}
53l dogM wdEE AoR Al e (Boyland
and Chasseud, 1969) (Fig. 1), &4+ epoxide hydrolaseoﬂ o3
FE3)l HE Ao® HuEa 2}1:} (Heijine et al., 2004). 3+,
bromobenzene®] =1+ UAMIE

AR A2 AEsH F §Jr =2 ow A
d EAE 4R U= DNA, RNA, ©ild 2 A3 53 22
B3 Agsto] 249 &S FA7IE slo R 2 g
AT (Reid et al., 1971). 1€} 22 bromobenzene] A=
phase I ¥} phase I 357179 o] F53t7] el 2k
£AFA] bromobenzene THAFS] R Elg o 2 o] &3}7]7} 80|35}
tha AzhE T

0] bromobenzene-3,4-oxide+=

>

ole] B A Fao AgklA AA T F A= AT
& Sl N ol gejel, £33 3 g o sl
ol AL FP& 2ASIA Ak F AAE

34 wan AL A A7 el el B

248 FA}8FaL, bromobenzene (Poulas and Raag, 1992)S.2
T8 =4S U & A A A o9 BEE oy 54
ol A= AT Lotr iz it
SRR

A &5

B Ao AMe-H A= BV A Anthocidaris crassisping)
2 FadekilA o} 8ld AL 2008 7ol ARG Y
shof ARE3FQITE A= 3ol Al o] EAT Pus

F23) AAY F, Aol wA B8 4987

gt AE s

A A4, W 73R eE B g4 v 3
A&E mRgh 5 trayoll Hol gFa st A H $ 54

(DFS520, Iishin Lab Co Ltd, Korea)d}$it}. o] & -50C<2] %4
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Covalent binding to liver protein
resulting in cell death and liver necrosis
Br
GST
>
a
GSH OH
S — glutathione
Freeze Dryer (PVTFD 300R, Ilshin Lab co Ltd, Korea)E ©]-8-3}

o] FAAZNEE AxsAL. TAAZRE ARE tAF
ohaf EgFete] EHAIRE AlFEA L, 30Tl A watshd
A AR ARSIt

o

I FEAL A xR

k| *]si 200 g7} Al 5] 4HH (w/v)ol 95% ol B+
800 mLE 7}3F 3 30Col|lA] 307+ 223} 3= (sonication;
power sonic 520, Hwashin, Korea)O]—‘?i‘:}. I FENS 719
g2 o]-g-8ko] Whatman No. 2 9 FA| 2 o] 3}3}aL, o] &
3 A s %7] (Rotavator R-200, Buchi, switzerland) = 40C
oA 5%, B AEF F 40T BTk A% S

5%
2] S

1o

A3 TF2 AR A2 A oE&S A A F 20T 0]
Shel A4 mrabea AHEA ) AL
QUnkg 3

duk JE-2 AOACH (1990)l whe}, -2 Adrtddz
W, ZEM AL semi-micro KjeldahI'H 0.2 HAE A&t &
AAAF (625F °l&ate] ARSI, 32 600C 2141 3]
s}l, ZA S Soxthlett & & EAIslit).
AddsE 9 ﬂ A

g A Aol A A (EH:rL)i—rH Hok whol AA3 24 (gc
:20£1C, FXE @ 55+3%, W : 1241t light/dark cycle) 2=

153 A-g A7 AT 200£10 g/] Sprague-Dawley 7l -3/3 2
= AFESI T AlE e A (Y (YA S, EtOHS=Z, EtOHZ
A, W4 (A8, EtOHF%, BOHZAY, A2 (9418, EtOH
FZ, EIOHZAD]E AFE-3F3i Tt

Bromobenzene THAFAE
Bromobenzene2] TiAMA| &2
& ATR 4TI T

A 2 FEE2 100, 200 mgkg
}1 Fo] vl 9 bromobenzeneS:
1% Tween 800 HEA|A A& 460 mgkgs 7 3HH
#1240 UAOE 3T 9 TS, DEEE 3
S0l AElal 4= 1% Tween 802 A=
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g% = Aminotransferase (AST, ALT) =4
Reitman and Frankel (1957)2] #ioll Fabo] ZA19 kit
(Asan Pharmaceutical)E A}-8-3}4] alanine transaminase (100
mL 9 DL-alanine 1,780 mg ¥ a-ketoglutamic acid 29.2 mg
3}}), aspartate transaminase (100 mL & L-aspartic acid 2,660
mg 2 a-ketoglutamic acid 29.2 mg¥) 7144 1.0 mLE
37C o)A 53} preincubation A7l & FH 0.2 mLE Yo
37°Coll A alanine transami-nasei= 30+, aspartate transaminase
= 607 kS A7 & A Al (2 4-dinitrophenylhydrazine,
19.8 mg/100 mL &) 1.0 mLE % 7}8}3L 0.4 N-NaOH &4
1.0 mLE 7}slo] £33 3 1027 A=A WA ska 97
505 nmoll A FF=E S5kl dHLRE FEHFA F6t

o] g% mL3 Karmen (1955) unit® FEA] S} T}

24T Aditste] e 5%
Ohkawa et al. (1979)2] ¥l 3l 7+ 22 1 g onl=ke]
A A AFE 718 vhskar o] vR el 8.1% sodium dodecyl
sulfate®} 20% acetate buffer (pH 3.5) 2 #219] 4 02 (.8%
thiobarbituric acidE 7}g+ §- 95Coll A 1A E<F WA 7]
8 Ao A W¥ZHA] 7 n-BuOH : Pyridine (15:1) 3 7}&}o]
1587+ A2l A7 F &9 n-BuOH : pyridine3< #3+4
37 532 nmoll Al L SR EE S8t BEFACA 1 TR
7t 24 1 g3 malondialdehyde nmoleZ I A| 3} T}

A
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2212 Glutathione®] A%
Ellman (1959)2] ®Hel F3}o] 7F%% homogenate 0.5 mL
oll 4% sulfosalicylic acid 0.5 mLE 7}8}aL 2,500 rpmoll 4] 10+
F A4 B T A 03 mLE F 5] disulfide reagent
27 mLE Wil 207 A $ 412 imell A FEEE 5745kl
A Fake] A3

Aminopyrine demethylase &3

Nash (1953)9] WS <k WA st SA3GT. v
2 mL % 0.1 M Na'/K'phosphate buffer (pH 7.5)°l 2 mM
aminopyrine, HCl, 0.5 mM NADPH, 10 mM MgCl,, 150 mM
KCI, 1 mM semicarbizide % & 4H (30-400 pge] T4)S

7hell 37°C el A 3083 REEAIZATE o]olA Whg-=ell 15%
ZnS0,9} 23} Ba(OH®E 7}ete] W3S &5 Al7]aL 581t
WA F 1027 AAlEEste] s AATh o] A ol
5 mLol| &A9] E2X 0 2 Nash reagentS %715t 607C ol A
307k Bh Al & oA AaldElete] A s g o
3 415 nmell A 1 FFEE S R T4 T3k

FH =S Wag

Aniline hydroxylase®] &4
Bidlack and Lowry (1982)°] %ol &3kl 73kl
-8 2 mL % 10 mM MgCL2} 150 mM KClo] &% 50
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mM Tris-HCl €459 (pH 7.4)°] 712 <) 1 mM aniline HCI,
0.5 mM NADPH 2 &9 (300-400 pge] i d)S 7}3lo]
37Coll A 2087 WF-SA] 71 T} 20% trichloroacetic acidE 7}
sto] WhE-& FRAIZT o]oA o] & 10#7F A4lEe] sk
A7 ollel] WhAlo] XA o 2 10% Na,CO; <} 0.2 N-NaOH (2%
phenol )2 2aL 37Coll A 3083 ¥+-8-A121 T 91 640
mollA 1T FFEE g3 BEFAAA FHEE gl

Glutathione S—transferase

Habig et al. (1974)2] Wiol F3lo] A A8 wk-g-
3.5 mL, 0.1 M potassiume phosphate buffer (pH 6.5)°] 1 mM
glutathione, 1 mM 1-chloro 2,4-dinitrobenzene 2 0.1 mL &Y
S 7hske] 25TCelA 283F WHEAITL § oju] A=
thioetherZ 340 nmoll A &F o] W3=E a1 375 9.6
mM'em™ & o] &3] i FHEE A

it

v—Glutamylcystein synthetase

Meister and Richman®] el £3Fo] ¥-g-al 35 mL &
0.1 M tris HCI buffer (pH 8.0), 8.9 mM L-glutamic acid, 0.94
mM EDTA, 3.2 mM MgCl, 1.35 mM ATPS} &4 (100~300
ug TEEh) S 7hske] 37T A 108 WH-SAIZ] = spectro-
photometerS ©]-&3lo] SF % 600 nmoll A &AL A4S

S48t

Glutathiones reductase 24

Mize and Langdon (1962)°] %ol #3te] AA|atic) k&
o 3.0 mL < 0.1 M potassium phosphate buffer (pH 7.5), 0.94
mM EDTA, 4.6 mM oxidized glutathione, 0.16 mM NADPH %
B4 (400~600 pg TS 7lste] 37Tl A 1047F vES
AlZ1 F 340 nmoll A gluthatine®] A% = A4S SHSIATL

Epoxide hydroxylase 4]

Hasegawa and Hammock (1982)2] Wi ol =3}o] 2 A]&}S]
T} 0.1 M potassium phosphate buffer (pH 7.0)°l 7]& =
trans-stilbene oxide (3 mM, TSO)<} &4 (100~200 pgol
S 7heke] wkg-dlo] 3.0 mL7}t HEE it o] vkg
NEg 37CoA 2023 W-gAI7]1aL o] wf AAEE trans-
stibene oxide (TS0)9] ¥ 229 nmoll A FFEE S48
wug g

gdA el kS Lowry et al. (1951)8] ol F3)o]

bovine serum albuming FEFF O 2 3to] SA3}A

& Al A 2]
FAIA F-214 2 Duncan's multiple rage test24 7743}
omn, p<0.05d Wl FAASE fFolido] Akl dAFsHith

A g o

2 A gl B
L 32.13% % HiE FE2



BAAFAE R 2 FEE

22.92%%1 3L LAE= A A 24,535 goll tia] A Ao
19,295 g & AA| A2 78.64%= thHE-ES X135 o
9] & 14.82%, W 6.54% TolATh.

7} ey

Zb B9 dukAd %3_—% Table 29} Zt},
T 1~3%%E Skt
F A Aol A 7#74 50.13+0.29, 37.33+0.40,
13.25£0.76% 2.2 A %] 7F¢ E9ka, =AW 747
14.18+0.03, 8.64+0.03, 1.33+£0.09%= <A A A Lol 714 =4
bt 23] 22 717} 10.8940.36, 28.57+0.11, 51.03+1.98%
2 AARAANA 7S =%t
AL BAAZAREE 95% cthanol® F3E3F & 1
EM s 7%%# Table 23} 2t}
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Table 1. The weight and yield in each parts of the fresh
and dried sea-urchin

Lo

Raw weights (g) Dried weights (g) Yield (%)

(A) (B) (B/A*100)
Roe 3,635 810 22.28
Internal organs 1,605 230 14.33
Shell 19,295 6,200 32.13

Table 2. Proximate compositions in each parts of the vacuum
dried sea-urchin and sea-urchin extracted by 95% ethanol

Body  Moisture Crude protein Crude fat ~ Crude ash Cé:irg?;ly-
secon (%) (%) (%) (%) 5
(%)

Roe  2.84026 50.13:029 14.18:0.03 10.89:0.36 21.96:0.23
Intemal ) 651033 37.33:040 864003 28574011 2291:0.22
organs

Shell 1311023 13.25:0.76  1.33:0.09 51.03+1.98 33.0820.77
Roe

ethanol 15.15:0.17 48.16:0.14 6.14£0.02  9.11:007  22.4440.12
extracts

Internal

O9anS 47044032 35.070.36 1.83:0.07 26.69+0.43  18.4740.29
ethanol

extracts

Shell

ethanol  4.33t063 7.37:0.88  0.31:0.02 49.69:0.57 38.30:0.52
extracts
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Table 3. The serum biochemical values of bromobenzene
(BB)-treated rats

Treatment Dose AST ALT
(markq) IU/L

Normal 68.3 £+ 1.29° 25.3 + 2.18°

BB treated control 183.2 + 23.5° 60.7 + 1.83°

Original sea-urchin roe 100 150.6 + 17.6°° 554 + 3.25°

200  131.7 + 194 493 + 2.77°

The ethanol extracts 100  127.9 + 20.5° 457 + 1.98™

200 110.3 + 18.8° 41.6 + 2.16°

The ethanol extracted 4, 4705 4 217% 623 + 3.17°
residues

200 165.3 + 20.2® 60.9 + 3.33°

Original sea-urchin 45 1906 + 302° 614 + 2.17°

Internal organs

200 187.7 + 19.7° 63.9 * 3.16°

The ethanol extracts 100  180.4 + 23.6®° 60.2 + 2.57%

200 169.3 + 28.5® 59.3 + 3.39%

The ethan_ol extracted 100 185.5 + 21.8° 58.8 + 3.16®
residues

200 179.3 + 19.9% 59.7 + 2.98%

Original sea-urchin shell 100 177.7 + 17.6®® 615 + 4.17

200 1625 + 18.8® 63.5 + 5.19°

The ethanol extracts 100 189.1 + 19.5° 62.6 + 3.18°

200 179.3 + 21.8® 60.3 + 5.10°

The ethanol extracted 4, 1935 4+ 17.2° 59.7 + 4.77%
residues

200 189.6 + 19.9° 61.8 + 3.98°

Y Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.

&% % Aminotransferase (AST, ALT)S] @484 Ay}

AAL] 7t FEES 457 3 FHol o3t u} ]111[— 39]
59t bromobenzeneS E7+ U2 Foldlk v} 7F XA &AL
parameter® %44 = 3 AST 2 ALT B4 WHES

HEe A= Table 39 2k AT 1M 59 AST
(aspartate transaminase)2} ALT (alanine transaminase)2] 23
& Z}7} 68.3+1.29, 25.3+2.18 TU/LO] 1 2.7, bromobenzeneS-
Tojate] HEAS Aol AYFE BB ASE 247
183.2423.5, 60.7+1.83 TU/LE “g7dwtell Hlall &4 /o] A
=718t 1) u]-u%oﬂ AA =zt S 457 A ﬂﬂiﬂ—
bromobenzene
AALE A9
= dEs F
YEbLA] e gkar, Fo % «Wol B}\}J\E]' a2t
ASTE= AL A= 100 200 mg/kg Tl M Zhzt
150.6+17.6, 131.7+19.4 TULZE 2142 A5 B ow, A

Aol o Er-&FEE 100, 200 mgkg FoJ Tl E 127.9+
20.5, 110.3+18.8 IULE 2 A<l 74 232 Yehlidch
53] AL YAEe} dEE FE2E 25 100 mgkgH.th
200 mgkg Fo1 Al O fFoAQl HAE VEblh B oleke
FEEAA F 9 F940 2945 YepdS & F Adnh
ALTE AAILel AAE 100, 200 mg/kg FololA 22

E‘
3}
el
=
=

el
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55.4+3.25, 49.3£2.77 IU/LZ BB2| 60.7+1.83 IU/LS} H| &}
S o fFoAQl RS BYlow, ALY oEEFEE 100,
200 mg/kg ol A = 45.7+1.98, 41.6£2.16 IU/LZ F24
ol 2 &¥E JeEhfdeh 3 ASTSF w7 FAI R 100
mgkgell B13 200 mgkgFod A B oA HAE e
th A AR EEFEES] FHg ave) g,
o eHE FEIALNARIE S F 54 BF Fo2AQ Faad
7h gllomn, Fo] SRR E Aol 7k YA ekt

e Jo

= o =
s 54

Table 49} 2t} dut

ot
o oy
N

bromobenzene @} 7+ &=

o2 vehbesd 1 F sk Al o SR8 oot
XA L] AEE HXIAA HAsHA Y A S e
sk Zolt} (Pryor, 1977). TH4its}A] €2 T2 malondialhehyde
(MDA)Y} 4-hydroxynonenal (HNE)E H| 2 EA|3lE2 o]Z =
Aate] WA =S H7) T} (Lee et al, 2003). A4
HE o] ks A A o] $EF2 19.842.17 nmoles/g of tissue©]
o™, bromobenzeneS FoI8le] HEAS dol AT
(BB)2] 7-$-& 51.3+5.49 nmoles/g of tissue® I}2F3}<] 4 o]
AAsHA S7Fssith vl A 4 FEES 4730 AT

3k 3 bromobenzeneS FoI3t Ao H9-=, AL AR

Table 4. Feeding effect of sea-urchin extracts and residue

on hepatic lipid peroxide content in bromobenzene
(BB)-treated male rat
Group Dose Content :
(mg/kg) MDA n moles/g of tissue
Normal 19.8 + 217
BB treated control 51.3 + 5.49%°
Original sea-urchin roe 100 48.1 + 3.18"™
200 453 + 2.47°
The ethanol extracts 100 46.7 + 3.49™
200 31.9 + 3.17°
The ethanol extracted residues 100 49.3 + 2.83™
200 48.7 + 2.15™%
Original sea-urchin 100 465 + 3.16%
Internal organs
200 457 + 4.19°
The ethanol extracts 100 48.9 + 3.33%%
200 47.6 + 3.56°
The ethanol extracted residues 100 52.3 + 3.19%
200 496 + 418"
Original sea-urchin shell 100 53.6 + 2.57°
200 50.7 + 3.17*°
The ethanol extracts 100 49.8 + 263
200 51.8 + 3.25%
The ethanol extracted residues 100 487 + 216%™
200 476 + 3.18°

" Values are mean + S.D. for 6 experiments. Values followed
by the same letter are not significantly different (P<0.05).
? For experimental details see materials and methods.
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[¢]

oA 7P Fo Al ATt et 53] ol gheFE= 200
mg/kg Tl A4 31.9+3.17 nmoles/g of tissue= 43144
o] A7t 71 ma ol en, 100 mgkg FoI ol A=
46.7+3.49 nmoles/g of tissue= 43U T AL A=
100, 200 mgkg Fo ol M= Z+Zt 48.1+3.18, 45.3+2.47
nmoles/g of tissue= 941 A g 77t e AL
NEE FEIAAME FALFHEE ZH7) 49.3+2.83,
48.7+2.15 nmoles/g of tissue= H Z}o]7} gl o A K o=
st Aol ke Btk AL e AW dA s
100, 200 mg/kg FolwellA 27t 46.5+3.16, 45.7+4.19
nmoles/g of tissue, | BF-& FZ%& 100, 200 mgkg FoI 1ol A
Z}Z} 48.9+3.33, 47.6+3.56 nmoles/g of tissue 2.2 21421
s BT AAAAE ARoAE FASHEEES 100
mgkgHth 200 mgkeE TS W £3E ROt HAA
O 7 HASAAE st HAaATIA= STk T3 A
A W ofygh e AlBelA AEis (200 mgkg) e
g 2 598 wolt Ao tehgrh. ole@ Atz %ol
Hol AgAld = FAatstatg-s Ad Aol Ffo] glo] o]
do] Ik 22 Foll A Aol A A HAksik-g-& A A7
o2 kst e ok b &S A &3
3 |AA S As Aow A7L Hrt

Z2]% 2] Glutathione®] A=

b 253 A3E vle O 2 bromobenzene©l] 2]l =4
ol AAY (FAE, oeE FE2&, des 534D
oA & sl5a3} Y-S 3t A} bromobenzeneS:
57 W2 Fo3 o3 1 2249 glutathione $FS SA gt
A3} Table 53 2o Adwte] 7 229 glutathione 52
5.73+0.85 pmole/g of tissue®] 1 2™, bromobenzeneS 55}
o] ZH=AS ol AFT BB)Y H-9E 4.06+0.37 umole/g
of tissue® glutathione $r&Fo] 7431 t) BB 754 14}
AR <
compounds®l] 2] %2 2] nucleophilic compound?! reduced
glutathione (GSH)©| 1Zr=o] Yehbe o= defA] ot
(Casini et al., 1986). & A4 BB2| Fofol o3l 1t =%

L
o
o

o

> o

Kooy oro

bromobenzene 3,4-oxide®} 2 electrophilic

Table 5. Feeding effect of sea-urchin roe on glutathione
content of liver in bromobenzene (BB)-treated male rat

Group Dose Content.
(mg/kg) (umole/g of tissue)

Normal 5.73 + 0.85°
BB treated control 460 4.06 + 0.37°
Original sea-urchin roe 100 417 + 0.28°
200 436 + 0.41°
The ethanol extracts 100 4.25 + 0.33°
200 449 + 0.25°
The ethanol extracted residues 100 4.09 + 0.47°
200 411 + 051

Y Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.
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15%E &% (200 mgkg)s FoISIHE W a97F E%L,
Az FF Fole des #5850 7P d 238 13
o} v ekstunl JAFEES Foish A3l A BBl o
GSHO] #rAadse] MAEE AL AAF=

AHE S7H GSTY] &3 #do] s A

Al

Table 6. Feeding effect of sea-urchin roe on glutathione
S-transferase activity of liver in bromobenzene (BB)-treated
male rat

Dose Activity

Group (mg/k )(1,2-dinitro-4-nitrobenzen

9’kg e nmole/mg protein/min)
Normal 218.6 + 17.8°
BB treated control 460 170.5 + 18.3"
Original sea-urchin roe 100 181.6 + 21.3°
200 190.2 + 19.0°
The ethanol extracts 100 185.7 + 15.3°
200 195.6 + 20.5°
The ethanol extracted residues 100 170.9 + 21.8°
200 173.5 + 22.5°

Y Values represent mean + S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.

Table 7. Feeding effect of sea-urchin roe on AD & AH activity
of liver in bromobenzene (BB)-treated male rat

Dose
Group (mg/kg) AD AH
Normal 427 + 018" 0.71 + 0.105°
BB treated control 460 9.38 + 0.25° 1.43 + 0.211°
Original sea-urchin roe 100 9.17 + 0.22° 1.27 + 0.137®

200 866 + 0.15° 1.13 + 0.125*°

The ethanol extracts 100 872 + 0.17° 1.10 + 0.148

200  7.43 + 0.14° 0.98 + 0.131°

The ethanol extracted 4, 999 4 9212 139 + 0.213°
residues

200 9.31+0.19° 1.36 + 0.197°

" Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.

AD : Aminopyrine N-demethylase : formaldehyde nmole/mg
protein/min.

AH : Aniline hydroxylase : p-aminophenol nmole/mg protein/
min.
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7t Z22=9] glutathione S—transferase E/dol 12|+
Glutathione S-transferase (GST)© XETa Ao dFO
electrophilic compoundsZ- glutathione@} Z A A F53} Al
Ly BoIdl= 542 GSTAAZF GSHE o] 83814 &
A

&

&

o 1o o o T T X jal off

electrophilic compound®} 27 AdsttE HIE

(Litwack et al., 1971). Glutathione S-transferase &S =
= Whgdo] 71d3 gANS HIMA AL Bk
a8 e] WgE SAe HE Table 67 2ok G4
T T 2aA2EAdL 218.6+17.8 nmols/mg/protein/min®] 1
bromobenzene S F5l] (HEAS FAIZl AET (BB)
A9+ 2aAhgAd o] 170.5£18.3 nmols/mg/protein/min ©. 2
Zgarel] v)ste] AR A FAfo] THEH T v

Al 2} FE2EE 453 A X3 F bromobenzenes F¢ gk

=t

N, o

771 85.7+15.3 nmols/mg/protein/min & =

7k en, AAY AAEE 200 mgkg, 100 mgkg 513

190.2+19.0, 181.6+21.3 nmols/mg/protein/min o=

S7Ferlet. ol9k e A= 3F 224 F GSTH O] o

o] fj-9- 7] W&ol bromobenzene FoI 9} -2 WE] A=

7 Sl B Eae] B Mol 2 e e Ao
2 Atz Ec

AD & AH 24 =4 23

BromobenzeneS &7+ W& Fo]3F o} 7+x22 9] HAtks)
A A &3 242 AD (AminopyrineN-demethylase)<};
AH (Aniline hydroxylase)2] &/ 415 2 A I}+= Table
73 2ok AT AD BAFAL 427+0.180]9]0H,
bromobenzenes 713t (HEA S FEAZ] AT (BB)Y
A5 BagAo] 938+025%2 Aol & AA F7Fek
o} HhdHo) A ZF FEES 457 A XS T bromobenzene
S Foisk gt A9, AAY YAIE 200 mgke, OB
%= 100, 200 mgkgolA ZHZt 8.66+0.15, 8.72+0.17,
7.43+0.14 nmols/mg/protein/min® 2]t A G35 B2,

A

Il

AAIY LAIE 100 mgkg, o EHE FE A} 100, 200 mg/kgol
A o448 Aoy B4 S AAEE A oE YEETh
AH 340842 A9 0.71£0.105 nmols/mg/protein/min®]
H| ), bromobenzene s FoI3t] HEAHS FEAZ] AT
(BB)9] 74-9- 1.43+0.211 nmols/mg/protein/minZ /ol H]
3 magrdo] Tkt Wi A 7 FEES 45710
A X8 $ bromobenzenes Folgh Ao A=, A

AAIE 200 mg/kg, ol €& FEE 100, 200 mg/kgol A 7}
1.13+0.125, 1.10+0.148, 0.98+0.131 nmols/mg/protein/min= -t
o3 AAaNE B, AAY 9AE 100 mg/kg, ol EH2
FZE A} 100, 200 mg/kgoll A= Fo0A4-E& gl oy g S
AAste] ADS] G4 22 FFS BS54 13
eSS XA 7] &4 FA] aminopyrine - HClIS 71242
3} formaldehydeE A)4d 3} aminopyrine demethylase (AD)
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o] &3t a5 A 28 9] oFES thAAIZ]E aniline - HCIS
7142 3} p-aminophenol< A§4J3}+= anilne hydroxylase
(AH)®] &AM ALY dA == ADSH AHE 200 mg/kg
5ol folsbl olAleks ke weA, A olw

& FEELS ADS AHE BE FolA foatA JAlsrsl e
), 53] 1F % (200 mgkg)olA O F94 de dAE 23
o ek 22 7hAlol A S ADS} AH 25 G949 o4&
27t AT

F ZA 9] y—CGlutamyleystein  synthetase E-Ad el 1] 3
i ofsk

T O ©

GSH+ v-Glutamylcysteinglycine2] tripeptide 2 ©]F0] 3]
AR AEe] siFm2rgo] welgitt o] GSH §/d9 3 ?
o 4] B} vy-Glutamyl cystein synthetase”’} 288 3}, o]
aaol 93 glutamate®} cysteine©] AE-S 3kl o 7)ol thA]
GSH synthetase”} 28317 glycineo] ZA3sH O 24 tripeptideS]
GSH7} 33 €t} (Kim et al., 1994). Bromobenzenes 57 U2
Tk oS k2% 9] y-Glutamyleystein  synthetase2] 43S
#ast A= Table 89F Zth A/ v-Glutamyleystein
synthetase G484 L 19.441.48 Pi nmols/ mg/protein/rninO] A
© ™, bromobenzeneS T3t S FIAIZ AT
(BB)2] 434S 14.3£1.19 Pi nmols/mg /protein/min%. 7
ol vlal ZHAEgit) whHel A 7F FEES 477 AAA
3l 3 bromobenzeneS Fo]3F Ao A=, F
Ao B Mgl g4dde] S7HEEE Bilen, 5
200 mgkgd TEE dEHE FEEY YABAA 77}
15.5+1.13, 14.9+1.46 Pi nmols/mg/protein/minZ T2 A] &5
Hlsl gagA ol E3kth

=

7+ ZA% 9] Glutathione (GSH) reductase ZHAdol m]x]&=
Sk

[]

o

GSH GSH peroxidase©l] ]3] 4Fsl= o] 443132 GSH
disulﬁde (GSSG)Z =™, GSH reductase®l] 9|3l t}A] GSHZ
A e} o] GSHe ##H ¥ G422 GSH reductase™ <+

Table 8. Feeding effect of sea-urchin roe on y-glutamylcysteine
synthetase of liver in bromobenzene (BB)-treated male rat

Group Dose . Activity o
(mg/kg) (Pi nmole/mg protein/min)

Normal 19.4 + 1.48°
BB treated control 460 14.3 + 1.19°
Original sea-urchin roe 100 14.8 + 1.09°
200 14.9 + 1.46°
The ethanol extracts 100 15.0 + 1.18°
200 155 + 1.13°
The ethanol extracted residues 100 14.6 + 1.92°
200 142 + 1.41°

™
BN
o
of
N

=
o

o

3ol 2w B HAEC Wt o5 AAHY T4
Al =54 23 YehE FA2 AR (Armick and Nathan,
1984). Bromobenzenes 57 W= Fo] 3k t}2 7+%2 9] GSH
reductase?] A4S ##3 A= Table 93 Zr}. Adw2
GSH reductase &4 23.944.25 nmole/mg®] 2.,
bromobenzene S Foisto] IHEAS FEAIZ] AT (BB)Y
AATAL 16.8+£1.43 nmole/mg &2 Aol H3l] A A
Aol Yebstth vhde] A 4 FEES 470 A g
% bromobenzenes FoI3F AT A9, Fo4Ql Aol &
A QA= A Fol gl 100 mgkgHR T 200
mgkgoll Al HIAE= G371 O AT 200 mgkg®] ALE ol A
ANRERZ = oeh2 FEFEA 18.7£1.99 nmole/mg, A F9
A 17642362 ATHE FEEI YA RN GaDdo] STt
H RS B F AATH

Tl

Table 9. Feeding effect of sea-urchin roe on glutathione
reductase of liver in bromobenzene (BB)-treated male rat

Dose Activity
Group (mg/kg) (glutathione pmole/mg

protein)
Normal 23.9 + 4.25%
BB treated control 460 16.8 + 1.43°
Original sea-urchin roe 100 16.2 + 2.11°
200 17.6 £ 2.36°
The ethanol extracts 100 16.3 + 1.89°
200 18.7 £ 1.99°
The ethanol extracted residues 100 15.9 + 2.06°
200 16.0 £ 2.31°

D Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.

Table 10. Feeding effect of sea-urchin roe on epoxide
hydrolase activity of liver in bromobenzene (BB)-treated male
rat

Dose Activity
Group (mglkg) (TSO r_1m|e_/mg
protein/min)
Normal 14.2 + 1.16°
BB treated control 460 4.16 + 0.53°
Original sea-urchin roe 100 5.27 + 0.77%
200 6.37 + 0.92°
The ethanol extracts 100 5.86 + 0.63"
200 7.77 % 0.65°
The ethanol extracted residues 100 4.33 + 0.82°
200 452 + 0.71°

Y Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.

Y Values represent mean = S.D. (n=6).

? Values sharing the same superscript letter are not
significantly different each other (P<0.05) by Duncan's
multiple range test.
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