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&, HihifETHE S N AEOI SIS uhn,
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Fig. 1 Chemical structures of halogenated
compounds found in marine biota
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RIS, FREEOHRF L L TR T RRICHHE
NTWEhEThHd, LHLEND, Z0%, ch
SOENTOT ALEME, WENEHEEMEIC
koEEN, SYREREE L s A
fENBT ENHSMITE-TS 2,
FEHEEEYIO S B, EEE, B X OB
BHE LTEINT 22N Ehb, Ao
7 ALEMO NMEEENMERE NS, LM LAED
5, TNSOERNERES X OEEE (B2
B RIFEALTARSN TV, Z T TARIZ
Tl&, 24,6-TBAICDWVWT, TIv hBXUTILEY
RO 1Y — LIS & B in vitro {REHE TR Tz,
i, ToOREMBLOCEMEEO Ny LT
J—=IUEEWcOWT, HiE(kiEM (DPPH 5 27%
JVHERMEB X TV / — Vi A BEE LR EEE) Z2
Tz,

RERFE

1. HESLUEMRS
2,4,6-TBA, 2,4,6-TBP, 2,3,5-trichlorophenol
(TCP), 2,36-TCP, 2,4,5-TCP, 24,6-TCP 5 K T
2,6-di-tertbutyl-p-cresol (BHT) (LR T3 R
) KOMEA L7, F7, NADP ¥ X U glucose-6-
phosphate (G-6-P) &4V > Z)VigRt (R X
D, phenobarbital (PB), 3-methylcholanthrene
MC) BXU G-6-P li/kEE#EE (G-6-PD) 1FADEHE
T CRBO K OBAL, 51, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox®) (% EMD Biosciences t1: (Darmstadt, F-
) &b, 2-morpholinoethanesulphonic acid (MES)
FEMEAL AW ZE T (BEA) X D, 1.3-diethyl-2-
thiobarbituric acid (DETBA) &V a2 — /%7 X A1)V
(Elw) XOBEALK, &5IC, 1,1-diphenyl-2-
picrylhydrazyl (DPPH), U /=B KT FT ¥
JUEE T BV L (SDS) (G HDEAISE T2 (KRB0
XOMA LT,

Wistar R Z v b (AEK200g) BX T
Hartley REEFEELE Y b ((KEK300 @) &, JL
# (fH) KOMALT, 12IEDTy FBXTE
VEY b ZZNTN AL D3RI, KU
B, PBAGULFEREI X O MC R ALEERE L L 7z PB

(80 mg/kg/day) XU MC (20 mg/kg/day) I,
ZNENEMBEKB XU a—MIc A Uiz,
3 HMMEENICHRE Ui, BiIIFI 70y — L3,
PB & % & MC D5 H O HICBiY) & ik
L7ctg, EbIcHZHit L, Hikick odf L,

2. BTy 0V —LITK B invitro X3

AT 70y — LI X %2,4,6-TBA DR HHX
BERE 1T T o 72, $7b B, 40uM 2,4,6-
TBA (dimethylsulfoxide I ¥4 fi#) % NADPH 4: ji%
% (0.33 mM NADP, 5 mM G-6-P, G-6-PD 1.0
unit), 6 mM MgCLE X T v FH 2 VI EI
Ty PFI 7Y —L (1mgprotein) & &%
IZ, 100 mM HEPES #% ## # (pH 7.4) H T, &
FF1mL & LT, 37CTo5minA YFaxX—FL
7zo fREIMIIZ, chloroform-methanol (2:1, v/v) 1
mL 35 & U n#-hexane 3 mL Z A Tt U7z, C
N7%& 3 M7V, HEZED THEM L, NO-Bis-

(trimethylsilyl) acetamide IC k% kY XA F )LV
U (TMS) 1bZz1T o T21%, BTSRRI AR A
Z2r7ux k757 ¢— (GCECD) BXUHERNHT
FHF GC (GC-MS) Ic X DT Lz,

REOEEZ, 2,4,6-TBA DMEIRZHNT,
GC-ECDIC X O lE Uize ZOHIESMIZRDE
D TH B, M HEs, ECD i HP5890 Series II
HA7max k2757 (Hewlett-Packard &) ; %
F., DB-17 a—ARYUAFFYESTU—HTF
L (30m X 0.25 mm i.d.0.25 pm I =, J&W
Scientific #) ; A —7 Vi, 200°C ; HALEE,
250°C ; M gRiEE, 250°C; Fx¥ VU7 —HZA, N,

(1 mL/min),

R D5y F & GCMS2010 (BRIl
ZHWT, ElE— R TME LT, ZD0H5MmE
ROBY THB, BT, DB-17a—AXARTVU A
Fr oYU —hHFL (30m X 0.25 mm i.d.0.25
pm =, J&W Scientific #) ; & — 7 > i JiE,
70°C (1.5 min) - 20°C /min - 230°C (0.5 min) -
4°C /min - 280°C (5 min) ; I ACREE, 250°C ;
2R, 280°C ; F+v U7 —H4 A, He (1 mL/
min),

3. DPPH SV AhIVEEEMN

DPPH 5 ¥ Uil A6 ML, BER 22 ICHEC T
WE L, 3%bB, 25~125 pM a7 ks
Y1 (50% ethanol ICTAf#) %200 M DPPH /A,
5 % ethanol 35 & UF50 mM MES #%f#i i (pH 6.0)
EEBICHFEM mL & LT, i T20 min MIHEE
Too T D%, WOERE (5625 nm) ZHIEL, EEE
WOCRE DR EIZ kb o, N L&Y D DPPH
HEREMEE, 50% ethanol D& & Fshn L T [EIEEIC
BELT et Eay ra—b (100%) &
LT, ZDO50%ZAETZ8 N0y e YiRiE
(ICs) & LTHM LT &b, HEHEYEHLE LT
Trolox 72\ 7z,
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4. V) /—|VEEEENEMLPREIE M

U =)V A T E BTG, BER
WKHECTIE Lize £9, Fv v Fh&EEEIC)
/—)V 1 mg/mL  (99.5% ethanol ICVAf#), 125
pM BT LS (80% ethanol ICTAR) FXK
U'80% ethanol ZA THFT4A0 L & L, HFRMIC
80°CT60 min iNFAL 7z, ZDt%, KimlL, 20 mM
BHT, 8% SDS, Z&®/K¥ K U'12.5 mM DETBA %
WML CTHREH4mL & L7zt v v TR T
95°C T15 min MEA L 7z, Kift%, [F&ED ethyl
acetate Z IR L CIRG, WL, Z0%, =
I CcEO5 BE (2,000 rpm, 10 min) LCE5N
7z ethyl acetate JEIZDWT, HEHEE (i,
515 nm ; HOEIEE, 555 nm) ZHIE L7z, &N
o7 AEEY O ER (%) &, 80% ethanol Z
W TRBRICHESE Lo tmE R Iy ha—
U (100%) & LTRDK, s, HEHEYRE L LT
Trolox % W\ 7z,

5. Zofth

Ty FBXUELVEY MFI 70V —LDOZ N
ZEDERIE, Lowry 527 ONEZRTVTITo .
nds, HHMEX SV BEE LTHIETIVT I VU ER
Wz, FREFHIWEL, Student's ftest IC X D @l
5 BT (<005 ZEoTHEADD &HE
L7z,

m R

1. BFFS o0V —Llck52,4,6-TBA D in vitro

(R

Ty heEILVEY MFI 7BV —LICKDEK
N 722,4,6-TBA {1 D TMS {b{& D GC-ECD 2~
< ~JJ L%k Fig 2IKRd, T bTIE, KE
btk2,4,6-TBA LIstic, Rt Bbhzd¥—2o

M-1) A5, 1RFFRFRN7.0 min I S iz, —77,
EBIVEY FTIE, M-LIChnA, fRFEFRERE9.5 min ic
R e Bbn sk —2 (M-2) DtiEh
oo KCTy M7V —LEHWNTA VFa
N— g VI OME 217> Te 2 OFEHE, Fig 3
IR L& 91, M-10O4KIE K G 5 min [Tl
ERNCHEIN L 7eh, ZoB%ETbDIREL -5
Tzo T T, UFOREBTIZA VFa— g VE
fl% 5min & L7z,

i, RFEM 7 PASOEEHIwi L EE /3 2,4,6-TBA
RANRIE T B2 ATz (Table Do AL
Z v FFOHE, M-104 K 1X0.14 nmol/min/mg
protein T > 7zAY, PBRILEIC KD, M-1i3ARMNU

A) Rat B) Guinea pig
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Fig. 2 GC-ECD chromatograms of the
trimethylsilylated derivatives of 2,4,6-TBA
metabolites formed by liver microsomes of
untreated rats (A) and guinea pigs (B)
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Fig. 3 Time course of M-1 formed by liver
microsomes of PB-treated rats

MO 1265 L BEFZ I LTz, K7z, MC mifll# T
& M-1E, RUFOD 3 HITHWML Tz, —7, KRl
HEILEY MBS, M-1& M204 &I ZF N
Z10.68 £0.05 nmol/min/mg protein T > 7z A},
PBHILEIC X D, M-1& M-2i%, T kLRI,
ZTNZIRLB O 4 £5 LRI L 7z, L
MLUAEMNS, MCRILEIC KD, M-1& M-2l%, %
NZENARUMIEDS51% & 11% F THIR L 7=,
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Table 1 Effects of cytochrome P450 inducer on
2,4,6-TBA metabolism by rat and guinea pig liver
microsomes

Metabolite formed

Animal  Treatment (nmol/min/mg protein)

M-1 M-2

Rat None 0.142 = 0.023 N.D.
(1.0)

PB 1.740 + 0.502* N.D.
(12.3)

MC  0.382 = 0.133* N.D.
.7

Guinea pig None 0.675 % 0.150 0.053 = 0.020

(1.0) (1.0)

PB 2558 £0.282* 0.077 £ 0.016
(3.8 (1.5)

MC  0.342 £ 0.040* 0.006 £ 0.005*
(0.5) 0.1

Each value is mean = S.D. of four animals and the values
in parentheses are the ratio to untreated animals.
N.D., not detected.
* Significantly different from untreated animals
(» <0.05) .

50, (YOI ERSERZIHSMNCT 52728
GC-MS I ToHMizEiT-> T2, Z DR, Table 217
I KD, M-1D TMS {bikid 77 F8400%4H L T
Wiz, TORERMS, 2,4,6-TBA DX F IV E
N7246-TBPIC TMS EWFGLIZEDEEZ S
Nz, 22T, TRREMELTEZSNS2,4,6-
TBP (##HEf) O TMS bk k tigLizk T 5, 7
FB40076T 52 &, TI9TAXAV LAY M-
15] A MiiEh s &, 51T GC-MSICHBIT
ZARFRR (8.13 min) AW NE5Eaeic —HL
oo LEDT EMS, M-1132,4,6-TBA A X 7L
1t L722,4,6-TBP ThHAZ EMNHEN T T2, 7%
B, M2l DWW TIRERENDPENT EME, SR
NTEZHSMCT ZICEESTh > T,

2. DPPH SV AhIVEEEME
‘a7 b aYZ DPPH S VA L & &1

50% L% /—)b, MES M+, 2 T20 min X
JInE BTz, Fig 4icid, 6 FHOZ N \BT LB
25~125 p M TRIIBE DU EEMEZ 7T 2.4,6- 73
oAb E&Y, 975 52,4,6-TBA, 2,4,6-TBP &5
K U2,4,6-TCP (&, S [If#H U 7z i KL FE125 uM
TWVWINEN10%FEE D DPPH T ¥ A )ViHE1E M
LhvR&ahrolz (Fig 4 A). iz, HEEBEHRTE
DR % 4O TCP, §74%HH2,3,5-TCP, 2,3,6-
TCP, 2,4,5-TCP X U2,4,6-TCP Tld, & 5IiHME
RS, R 125 pM D834 T DPPH 5 V)L
HEEMEE, 5 %RETH-7z (Fig 4 B). &
¥, HEHEYIE Trolox O ICfEH, 9 7% H50%FHE
R IEEIZ4A5. 1 pM TH D, BERY L ARED
SEWVIEMETH - 7,

3. U/ —IVEEBEmsLFEEEENE

T OFHEIRME, AEEMAEIEEOY /) —)ViEZ
LT 28BEROSISR U, (b WE % Rmn
L, ZOMFEE (%) Z#RXZEDT, EARANT
DEFC L VIV EEZ BND, FEICE, Y
J—=I)VEEO HEIBIC K D ER L7 VT & Rk
7 RS 7% DETBA 51 T d %, Fig 51, 7%
Nay ALEMORRER U, 9, 2,4,6-TBA
i, avra—)boV /S —)VigHBEEZ 120 %
PHEE U7z —77, 2,4,6-TBA XY 02,4,6-TBP T
&, 66%DIWVIHEEEZ/ R U, XIZ, 4FD
TCPICDW TNz & T A, 2,4,6-TCP, 2,4,5-TCP
BLU235-TCP X, 40% itk DHEEMEZA L
TWizh, 2,3,6-TCP I L BHEEEZ RS Ao
Teo 7xds, FEUEW)E O Trolox &, Y/ —)VEEET)
WALI IS D85 % 2 MHE L, BER™ LK, mukH
LR R Uz,

z £

Shl, Fv hEBXUENLVEY MFI 70V —LIC
£ 02,4,6-TBA DB DOVWTHNIHER, 2,4,6-
TBAWZ v FBXUEILEY NIFR 7Y —LIC
X0, FEWITERMNIC2,4,6-TBP (M-1) N & i X

Table 2 GC-MS data of the trimethylsilylated derivatives of 2,4,6-TBA metabolite and its authentic compound

Molecular Mass fragmentation (%) * Retention

Compound weight M] [M*-15] [M*-43] time (min
2,4,6-TBA 342 100 66 31 7.18
M-1 400 100 450 - 8.13
2,4,6-TBP 400 100 466 - 8.13

TBA, tribromoanisole; TBP, tribromophenol.

? Relative intensity is expressed as percentage of molecular ion.
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A) 2,4,6-Trihalogenated compounds
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B) Trichlorophenols
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Fig. 4 DPPH radical-scavenging activity of three 2,4,6-trihalogenated phenols (A) and four trichlorophenols (B)
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Fig. 5 Inhibitory effect of trihalogenated phenols on the auto-oxidation of lioleic acid
* Significantly different from control (p <0.05) .
Each bar represents the mean + S.D. of triplicate determinations.



220 K H T R 0w —eE T e BB A R Kedi #H 7 =

FLbE Nz, £z, EIVEY T, M-1D%%
BAEHEN Ty M mn T &, BXU24.6-
TBP DAttic, M-27% 9 % T &h 5 B
Mmoo Tz, 5%, M2IK DWW TRHMETH T
7z, {EEREEZRIHEMCT BRI ES T > T,
RIC, PASOEE R Z WIS A 5, 2,4,6-TBA
DA FIUEEOGIE, Y & 12 P4505) FHED
CYP2B ERIC KD, MM END T EAVRRE
Niz, 7z, v F Tl CYPIA BEREARKIEZ T
WD Bl Uiz, ZOERRES 2 Fig. 61c/R”L
7zo —f&IC, CYP2B & CYPIA BEEDLGZHET
5DIC, FNZFNT-pentoxyresorufin DfiR > F )b
{ERE? & T-ethoxyresorufin O i T F )WL [ &
WESHNENZH, AL TD2,4,6-TBA Dt X
FIUESIEIE CYP2B BER DB G- 2 K 7E 97 % DI H
HT&E20E LIEW,

CH; Rat OH
Br Br (CYP2B, CYP1A) Br. Br
—_—
Guinea pig

Br w;z];) Br
2,4,6-TBA 2,4,6-TBP

M-2 (M-1)

Fig. 6 Postulated metabolic pathways of 2,4,6-TBA
in animal liver

£ T AT, phenol, cresol 3 & U triclosan *” 7%
EDT x /—)VLEWNE, HUEMENYILT 7 Al
Ledic, HEENZAd 5 EAMBENTVS,
ZD5 b, WELT =/ —IUEEYOD triclosan (&
DAEICEWTIEFFEAAITALLT03%GHH
RN FIRPEEOWHFICHEHEINT NS, ik,
RIS 3 M B0 B D 5 9 %2,4,6-TBP,
tetrabromocatechol ¥ & U'2,2'-dihydroxy (diOH)
-BBROG EDRAENT =/ —IULEWMN, 75 Lk
PEBE IS LT, triclosan I VL3 % 58 X O Y5
MEWEMZGT % C L 2SN LI, AW
Tl&, 2,4,6-TBP H5X U 4 D TCP ICDWVT, #l
FPEH & @RI OAETTR M & U CHIR LG 2 F8 N
7eo £, DPPH T ¥ H)WIHEEZHINTZD, ©»
FThoNaT ANeEEZe A LTERZRE G >
Teo ETAM, U/ —)UEEH B R CRE 172 3
Nfekl s, RELT /=), §45bL, 246-
TBP %66 % D5V FEEZ A LTz, e,
TCP @ 5 %, 2,4,6-TCP, 2,4,5-TCP ¥ X U'2,3,5-
TCP £L40% LD FWHEZ/R LTz, T D D
Ry, HEET =/ —VEKORFELT =/ —ILD
SR —)Vig BEig LSRR 2 A5 2 &

R E NIz,

DNONOWKRETIE, ThETIKT7THED
Tx )TN/ A FEE DT IR/ A R
FOPIEALTENEZ TR R, RO & [Fkk
IZ, caffeic acid, chlorogenic acid, luteolin X T
eriodictyol 7% & D 1 7 2 — )L &Y DPPH < &
AVHEE S KTV / —)VEg A8 LRH D
WENEEWIEEAEET B C L ERLEY, i,
ferulic acid *° hesperetin D &k 51, #1732 —) LK
D INMAFIULENS LGN RIS NS T L
ERLI™, AWFETD2,4,6-TBP % TCP HIE & A
E DPPH Z Y /WA 2R E e o ey, T
NE7 =/ —)VME OH HOFlld 2 W Emnc, i
EREENHAL TS 7®, DPPH 7V HL D
RISHMET UTe7edTH B EEZ BNS,

F5lE, Koschier 5% 1%, 2,4.6-TBAICDWVTT v
k TEMEFIZTTY, D2,4,6-TBA 1AW rFI
ENENT L, @F v MBS NOAEL (A
#HMEED 131,000 mg/kg body weight/day TH % C
&, GOMEICHS Z2ZEREED TN &, ZHEL
7o TNHOREHRIE, 2,4,6-TBA DEMENNZ D 55
WZ EZRLTWAD, —7, #IOT28HN 1,000
mg/kg body weight/day %z @it 5 L7z, N
Zvw hTOH, BHEELHHEEOMINZBHELT
Wa, MHIE, TOXS EHMERDHEINZ2,4,6-
TBA #5108 B AR DS G & fsawm LTV 3
W, RO RN S, 2,4,6-TBA Dt X F )1k
REWITH%2,4,6-TBP DFMEDOAREMEEEZ BN
%o TORBSBRDOBETH S,

1. WEEYHRkoNOTF ALEWD 1 DTH B
246-TBADF Y FBXCTEILEY MFI 70—
LIS K B in vitro (R 723 X7z, 2,4,6-TBA IZ i H))
VIFF 7 a Y — LI X D 3PN A FIUbE N
FREMWE LT2,4,6-TBP (M-1) NERFE Nz,
%¥, BILEY TR, M-1OERKIZT Y FOKI5
fFem<, T M1, MEREmE LT
M2 E A BNz, BHEDE T A, M-20{k2E
MEEIERNHTH %,

2. 2,4,6-TBA fRHHC M IF 3 PASOAEA| D2 7%
Tz M-104 k&, PBHILFEIC K D, Tv k
TR D265, EIVEY b TR 4 STt s
Nz, TOT &5, 2,4,6-TBA DRHHTIE P450
DD S B CYP2B MEMNE ST % &g <
ReEI Nz, £z, I FTIEMCEIULHEICED,
M-1DAERDRUEE DK 3 FFICHmE Nz &b
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5, CYPIA BEDOB G & "INz,
3. 246-TBABXUSHEO Ny b7z /—
JUIZDWT, DPPH T VWS EERB LT /) —
VB E R LB IS IR & 2 PR LiE M2 X Tz,
ZORRE, WIhokE&YE DPPH o ¥ Vi
mHREEAER SN EN o —F, U/ —)b
fit B ENER (LB EIL 2 A% &, 2,4,6-TBP D& i
"ol

DL EofEEMS, 246-TBA, BIMIFI 7o
VLI XD EONICHAF VLI NE T &, F
7z, TBAREMND2,4,6-TBP 13V / — )VEE HEE(L X
IS U C LU O EE R AT 5 2 NS
mexEolz,

ATz F i 2ICHizh, T iliEEL
ToNSHE T B X TUHEE O (K 7,
HEA, NHEBRKT) IEH LT,

Abstract

In vitro metabolism of 2,4,6-tribromoanisole

(TBA) , which is found in marine biota, by rat
and guinea pig liver microsomes was studied and
the anti-oxidative activity of its related compounds
was compared. In both animals, 2,4,6-TBA was
very rapidly demethylated to 2,4,6-tribromophenol

(TBP) and the formation rate in guinea pig liver
microsomes was 5 times faster than that in rat
liver microsomes. Phenobarbital pretreatment
accelerated the formation of 2,4,6-TBP to 12-fold
of untreated rats and 4-fold of untreated guinea
pigs, suggesting an involvement of CYP2B enzymes
in the demethylation of 2,4,6-TBA in both animals.
The anti-oxidative activity of 2,4,6-TBP and four
trichlorophenol (TCP) isomers such as 2,3,5-, 2,3,6-,
2,4,5- and 2,4,6-TCP was compared. All compounds
used in this study showed no DPPH radical-
scavenging activity, whereas 2,4,6-TBP inhibited
auto-oxidation of linoleic acid with the highest
activity of all phenolic compounds used.
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