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Abstract

The metabolism of a 2,4,6-trichloro-substituted PCB, 2,2',3,4’,5,6,6-heptachlorobiphenyl
(CB188), by rat and guinea pig liver microsomes was compared to that of a 2,4, 5-trichloro—substituted
PCB, 2,2",3,4",5,5,6-heptachlorobiphenyl (CB187) using liver microsomes of untreated, phenobarbit-
al (PB)-treated and 3-methylcholanthrene (MC)-treated rats and guinea pigs. Two metabolites, M1
and M2, were produced only by liver microsomes of PB-treated rats with rates of 554 and 187
pmol/hr/mg protein, respectively, but no metabolite by liver microsomes of untreated and MC-
treated rats. In addition, no metabolite was observed by all kinds of guinea pig liver microsomes used in
this study. GC-MS revealed that both M1 and M2 were mono-hydroxylated CB188. Also, the
methylated M1 almost completely agreed with a synthesized authentic 3-methoxy-CB188 in terms of
the retention times and mass fragmentation. These results suggest that 3-OH-CB188 is a major
metabolite formed by PB-inducible CYP2B enzymes in rats and that the 2,4, 6-trichloro-substituted
PCBs are metabolized much more easily than the 2,4 ,5-trichloro-substituted PCBs.
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Polychlorinated biphenyls (PCBs) (&, 3
E A RE Y (POPs, persistent
organic pollutants) ® 1 2 THh 5. FDEWIRE
WD, M E2E Lo LT 5% < OMAEYO
Mg, MEMikRRS & ORI SR E TRl & T
W BY MR, HEBT6MEUET 8512
2,4 5-ZIFEEBANVE VB HDH L 2,3,4,5-
Pl FiER N> ¥ B2 AT 5 PCB $#14EE, 6l
Z1X, 2,2,4,4,5 5-hexachlorobiphenyl (hex-
aCB) (CB153), 2,2',3,4,4',5-hexaCB (CB138)
B X 02,2,3,4,4,5 5-heptachlorobiphenyl
(heptaCB) (CB180) %, b ME#ZIMMH 25 5
FETRIBENTW22Y . —J5, 7% ISt
FEH 1% 37 4F & #58 L 72 ViE B O i 20 5 1,
"Ik @ CB153, CB138 B &£ U8 CB180 (2l z,
2,2.,3,4,5,5,6-heptaCB (CB187), 2,2'.3,3,
4,4 5-heptaCB (CB170), 2,2".3,4,5,5-hex-

(

aCB (CBI146) & &igfEmti S, <512 CBI18O,

CB170 3 £ 12,3,3,4,4',5-hexaCB (CB156) (2
DWTIE, b MEFED 2.2~3.9KL\w2 LD
WMEENTWDE?. INS0HEFER, Lok
7 i FRIL PCB 2k hasiz & A LR S LT,
FORER, KHICESICOIZ VBB L TWwWEZ &
ZREL TS,

& 512, 4-hydroxy (OH)-CB187, 4-OH-CB
146, 4-0OH-2,3,3,4 ,5-pentachlorobiphenyl
(pentaCB) (CB107) X 18 3-OH-CB153 &z &d»
PCB fE# b & b I H <2 FF I H 2 & FE s
RTINS N TR 98 s, Ve
R b 71 4 P450 (CYP) 124 5T, KE LS
n7zbon, KKk LTEVWREEEZFE LTS
720 BB VIZERE S L OB
51D g SRR S b D E 25

CB187
Fig. 1 Chemical structures of CB187 and CB188
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n5.

wir, MFE=ETIE2,2,3,4,4,5,6-heptaCB
(CB182) ® v b BXUELVEY NFI 7 1
V=24 (Ms) 12X 2R, I hoOBWAT
Ms A & LT 3-OH-CB182 # k4 % &
&, & 5|2, phenobarbital (PB) RiALELZ v + fF
Ms Ti&, miio CB187, CB180 B L 112,23,
4,45 6-heptaCB (CB183) 72 & @ heptaCB & It
N, BlofEEsWEETR# SN L2l H
2L, ZosERIE, 2.4,6- =15 B PCB
A, 2,4,5-=HEREHE PCB L D132 201
NRTWVWI EEREL TWES,

Z2T, KWIETIZZON%Z L) IS5 H
1T, 2,4,6-=3RREIRNCEUVREET D50
PCB #M:fk & LT, 2,2,3,4,5,6,6-heptaCB
(CBI88) Z VT, v FBLUEILEY MF
Ms 12X 2R3 2T, 2,4,5-=1FFEEH PCB @
CB187 Ltk L7z (Fig. 1). F7z, CBI188 L
M54 5 CYP 3 TR OWTDIEREES 720,
CYP #EH|» PB B X 1F 3-methylcholanthrene
(MC) THIMHE L7725y PBIUELEY MF
Ms % iV CRIBRICHRET L 72,

x B F &

1. BRI

(1) A3

2,4 ,6-trichloroaniline, 1,2,4,5-tetrachlor-
obenzene, 2,3,5,6-tetrachloroaniline, 2,4,6-
trichloroanisole, tetrachloroethylene 38 & %
isopentyl nitrite (X, HEALEL T3 (D) X0

AL7z. 72, NADP, glucose-6-phosphate

(G-6-P), PB, MC, G-6-P Fi/k#E#H% (G-6-PD)
B L ¥ 2-[4- (2-hydroxyethyl) -1-piperazine]
ethanesulfonic acid (HEPES) (#1563 T2 (K
25102,

M) LDEEALZ T UIMETIVT I v




CB188 ? in vitro

1% Sigma-Aldrich #: (St. Louis, USA) 7> 5 A L
7z,

(2) CB188 DA

CBI88 I3 Cadogan D™ THBL L7z 7%
D5, 2,4, 6-trichloroaniline 1.6 g 8 &£ 1,2 4,
5-tetrachlorobenzene 1.3 g % tetrachlor-
oethylene 10 mL T L, & 512 isopentyl nit-
rite 1.0 mL %12 C, 110T T 24 R S & &
7z BUBHIET VI F 454 (100 g, Merck )
BLXOY YAV H 54 (100g, Merck #) THB
SIAEEL L 7-1%, 4rHUH HPLC TH53 L 7. CB188
1, PRFRERT 13.80 min IZEI S N20 T, Z0
=2 LIEMmL-E 2 A, BilR»ES
n7z. GC-MS OfER, 1= 392 ThY, [FfL
RE=27 05 7TOOHEFEFERIN VDL L%
FERR L 72, =L 3.6 mg T, #EEIXIZIT 100%
Tholz (F—FREH). LT, ThzHWT,
s 21T o 72

U HPLC O&MIXROE) TH DB, #1T
2, Inertsil ODS-HL # 7 4 (250 x 10 mm id.,
S-5 pm, GL-Sciences #) ; 7L /1 7 &, Inertsil
ODS-A 7L 17 4 (5 X 10 mm id., S-5 pm,

GL-Sciences #) ; #&)#H, acetonitrile ; W&, 5

mL/min ; BHEEE, 254 nm. CB188 ®4rf=I,

GCMS2010 (BE##/Ep#) #HWT, EI€—F
THIZE L7, GC-MS DG SMIZk D) TH
L. 5N DB-172a—AFIYBFXES

V=792 (30m % 0.25mmid, 0.25pm BEE,

J&W Scientific #) ; 4+ — 7 Y i@ &, 70C (1.5
min) — 20C/min — 230C (0.5min) — 4C/min
- 280C (5 min) ; ¥EAHME, 250C 5 F v 1)
7—H A, He (1 mL/min).

CB188 : MS (EI) m/z (relative intensity, %) :
392 (100) [M"], 394 (234) [M*+2], 396 (214)

[M*+4], 398 (110) [M"+6], 400 (37) [M"+ 8],

357 (6) [IM"—Cll, 322 (92) [M"—Clz], 287 (18)
[M"-Cls], 252 (68) [M"—Clyl.

(3) fUHW DK

CBI83 i & LC, 3-OH k% MwEL, ZD
A F )V EFHEAR 3-methoxy (MeO)-CB188 &
%, Cadogan ® P o7z, Thbh, 2,
3,5,6-tetrachloroaniline 1.0 g 5 & 02,4, 6-trich-
loroanisole 1.3 g #* tetrachloroethylene 10 mL T

WL, & 512 isopentyl nitrite 0.5 mL Iz T,

85

110C T 24 BEM BUR S 872, BUG T L8 5021 £,
n-hexane T L, 7NV I F 75 4 (50 g,
Merck #) B X O U B 7 Vv 7 4 (65 g,
Merck #) THFEHR L, HPLC IZTHHE L 7.
Bo Nz TREEY OHTIE, GC-MS I TiTo 72,

3-MeO-CB188 : MS (EI) m/z (relative in-
tensity, %) : 422 (100) [M*], 424 (225) [M*+ 2],
426 (219) [M*+ 4], 428 (112) [M"+ 6], 430
(39) [M"+8], 407 (55) [M"—CHsl, 379 (35)
[M* —COCHs], 372 (10) [M" —CH3Cl], 309
(64) [M"—COCH;sClo].

(4) SEEREpY & ALY e

Wistar AT v 8 ((FEA 200 g) B L O
Hartley TNV E Y b (KER 280g) %, K
JLERFE PB RIALEEREDB X OY MC miLERE D 3 #
(240, 184 EE L7z, PB-NafiidEHAHEK
R L 80 me/kg/day DHET, F72, MC &
I — IZER L 20 me/kg/day O HET, W
nd 3 HHEBENICHES L. &5 HoBH
WCE A B LC, e L, ®WikIcX i
Ms B L7z, 7B, IS OBWEBIEFH
FRRFEBRBMRE XL L FRAR LS/
T, [HAF2RAY (&OEIREE) B siric
M3 2HE] 85 LERL .

2. FF Ms (2 & 2R

Ty MBILTENEY MF Ms 12X % CBI18S
ORBIEHY 12 U THT o7 $Tabb, 40
uM CB188 #, NADPH A% (0.33mM NADP,
5mM G-6-P, G-6-PD 1.0 unit), 6 mM MgCl, 3
X O Ms (1 mg protein) * 100 mM
HEPES #& i (pH7.4) & & 1245 0.5mL &
LT, 37CT60min 1 ¥ Fa2xX—=FL7 Ko
%, chloroform-methanol (2:1) 0.5 mL & n-
hexane 1.5 mL # N2 TRUL Z &1L S 727, K
Vw7 ATHRE D Ml L7z, filE 3 BT,
HHRE % &b CTlRMifk, diazomethane T X 7
ML, —#% GC-MS I L7z, o E=
I, CBI188 iz FvTiT - 72,

3. Z0ft

HMs ®F 7 HOxERIE, Lowry 5D
BN 72, b, KEEEY VST EE L
T VIMETIVT I v &7z,
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Fig. 2 GC-MS chromatograms of the methylated derivatives of CB188 metabolites produced
by liver microsomes of PB-treated rats.
= B @ = Blag, FAEMAHY L LT 3-MeO-CB188 % & i
L, M1 (AFVEEEMR) LHERLZE A, WHE
1. v FHEMs ICEUER SO -KBHDIE X GC-MS I2B1F 5 IRFERH B L Y A AT b
ZEE WV TNHIFEAEEEII KL —h,

CB188 #, NADPH f#4£F, & MIZT v MF
Ms & & 312, 37C, 60 min 5 & +72. Fig 2
(&, PBRIALELS v MIFMs 12X D A &7z
CB183 iy (A FIVFHEK) OH A7 ux b7
7 L% d. CB188 (PRFFFEMH 13.53 min) (25|
S, 2 HEOMRHYARFFRER 15.36 min &
15.47 min (2B Sz, DUF, ZREiL M1 &
M2 & L7-.

GC-MS OfEF, M1 BL U M2 @ * F )L FHE
L, mrE422 TH Y, BALEY CB188 Do+
=X m/z30%ho7: (Fig 3). ZORENDS,
Ml BL O M2 IZwFhd —KE{LATHELZ L
WHLNE o720 WIS, M1 (X FIVEEENLR) O
NAARY MR bE, 200757 X M
F ¥ m/z407 [M"— 15] BL D m/2379 [M"~
43] 3% sz (Fig 3, Table2). & 512,

(28)

M2 (R FIVEEEE) D~ AA~RZ FViE, ML IS
X, 79722 M A m/z407 IMT—15] #°
T CTH o7z, CBISS Db &L S, b9
123 4-OHHRTH B EEZONDLA, ZDHI
BEAHTH S, DEoERE»S, ML &, 3-
OH-CBI188 TH 5 Z L AVRIB E N7z,

2. 9y bFPBLUVENLEY P Ms I2& B
CBI188 D1
WIZ, Iy PBLXUELEY MFMs 12X Y E
B s CBI8S At M1 B & U8 M2 D5 &
mikM7z (Table 2). v bOE, MIBIW
M2 1% PB BiALERAT Ms TO AR S, S
MEIZZ I Z 554 B X O 187 pmol/hr/mg protein
Thot. ZoRHEEE, BERY o CB187 ®
BeELhRs L HTHROESIThHo72. B,
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Fig. 3 Mass spectra of a synthetic 3-MeO-CB188 and the methylated derivatives of M1 and M2.

Table 1 Mass spectral data and retention times of the methylated derivatives of two CB188 metabolites

Molecular Mass spectral data (Relative abundance, %) Retentign

Compound oh time (min)

weight M*] [M"-15] [M"-35] [M"-43] [M"-50] [M"-70] in GC-MS
CB188 392 100 - 6 - - 92 13.53
M1 422 100 50 - 23 8 - 15.36
M2 422 100 18 - 62 - - 15.47
3-MeO-CB188 422 100 54 - 35 10 - 15.36

-, not detected.

A (3 R ALEE B X OY MC RiALEE S » b BF Ms
Tl ERENe o7, —F, ELVEY IO
Yty CBISTACH#TIX, T v b & EwEEE:
A PBRILEEEIVE Y MF Ms THR S L7225,
CBI88 TldWFhDEILEY FIF Ms T 3
Wiz RSN R ro7z.

Z 3

RWFZETIE, 2,4,6-=HiFKEH PCB TH 5%
CB188 ? in vitro fi#f x Fi~72. REEEE L LT,
CYP#%E#|» PB B L O MC AiL# 725 v b
BLOEVEY MFMs W2, Z0#E, PB
HIALEL S » MF Ms 12X > TOHR, 2 FHEOMH

Y (M1, M2) AR Sz &b, R e MC
BIALEE S v N AF Ms B X ORALEE, PB RjALEE B
LFOMC gL £V E v MIF Ms DWW LTI,
R ERIN Lo 72 GC-MS TOME
FOMLE M2 FNRE KB LA THDL 2 L,
E 5 MLIZARBIEMS & DL, S, I-OH AT
HoHTEDHS PR o2 M2 Db,
BULAEY CBISS DN S, 4-OHKTH A ) &
HxEaNnsd, HERFSHTH L. Fig 31
CB188 O e Rk % /8 L 72,
2.4,6-=15FEH PCB » CB188 i, PB il
B MFMs TS 5 &, 2,4 5-=HHK B
PCB @ CB187 & 1 &, 132 »I2/KEELE e
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Table 2 Metabolism of CB188 and CB187 by liver microsomes of untreated, PB-treated

and MC-treated rats and guinea pigs

Metabolite formed (pmol/hr/mg protein)

PCB Metabolite
Untreated PB-treated =~ MC-treated

Rat

CBI188 M1 (3-OH) N.D. 554430 N.D.
M2 (4-OH) N.D. 187+21 N.D.

CB187'Y Ml (4-OH-CBI51) N.D. N.D. N.D.
M2 (4-OH-CBL78) N.D. 87+14 N.D.
M3 (4-OH-CB187) N.D. 14+1 N.D.

Guinea pig

CB188 M1 (3-OH) N.D. N.D. N.D.
M2 (4-OH) ND. ND. ND.

CBI87'Y M1 (4-OH-CBI151) 18+6 35+14 7+1
M2 (4-OH-CBL178) 37+3 125+23 1242
M3 (4-OH-CB187) 15+4 10+0 1742

N.D., not detected.

Each value represents mean=*S.D. of four animals.

Cl Cl %
{ O~ )
Cl Cl Cl1
CYP2B
CB188

Cl Cl
M2 (4-OH, minor)

Fig. 4 Postulated metabolic pathways of CB188 in rat liver

WEENH S 57 (Table 2). HHfFET
1, TN FTIZ CBI87 Ef 23X, 1) 3 HHO
WWBER S NE T L, 2) TNHOAEBITTI
LPBCHEINLZ &, X512, 3) ERHW
4-0H-CB178 DA B 141X PB AL 7 » b i
Ms € 101 pmol/hr/mg protein, ¥ 7z, PB FiL#f
EI)NVEY M Ms T 135 pmol/hr/mg protein T
HHI L, BWRE LW, L6, PBHIMLET v
MIFMs 12X 5 ML & M2 OERTESEIX, T2

(30)

11 554 & 187 pmol/hr/mg protein Tdh % Z & H»
5, CBIS7TR#f &, 7.3fbENo72. 2,4,6-
=HEFEEHR PCB & LC, CBI82 & CBI88 Db,
CBI148 (2,2,3,4,5.6-hexaCB), CBI154 (2,2,
4,45 6-hexaCB), CBI168 (2',3,4,4,5,6-hex-
aCB), CB184 (2,2',3,4,4,6,6-heptaCB) 7 &3

HLHLD, ITNHide MR THRE SN TW 2 v,
5L, B MIBWTOESIIKEIL S, K4t

NI NS DEERHND.
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PCB KERILEERE & | Cid, EHEKERL CHEITS
LYE L, epoxide HEAZ M L THITT 55
HED2O0WEz 5N TWw5Y. CBIST HE T,
FREWE LT 4 NOERETH 3 I
NIH #2547 L 72 b O & h7zh%, 3-OH I3
HANTWiw, HlEHLZ L2, AEHFHIEPB
BIALEE 4 XBE Ms 12X % 2,2,4,4,6,6-hexaCB
(CB155) o F-~, FEAHW O 3-OH 7KL
2, NIH #5fz o jE & B b1 5 4-0H-2,2,
3,4',6,6-hexaCB %°4-OH-2,2',4',6,6-pentaCB
G L7219,
W OKEACEREDS AE 35 Z EARIE S NS,
AWFge CBI8S fta#Tlx, CB182'Y LIAkEIC,
B3 WVAKBALDSEEE o TWB EEZ HND.

4, CBISAifIcBWT, v MEENEY
FNCRERMEENBIZIN. T4bb, CBISS
REHE, PBRITLEES v b T ARMEME X728,
EIVEY b TRRESKBWPER SN Lo 7.
CoOHRERFEF, PBHFEMDT v b CYP2BIY 1&
CBISS #H#T& 4%, —7, PB#HEMDOE L
Ev b CYP2B18'® (2 CBI88 # Ha T X AW
LERBELTWS, LI AT, CBIS7T R TIE
5w h CYP2Bl BLUELEy b CYP2BI8
BB ASRIB S N TV A R TR SN
7- CB188 feait o fEi# 1%, CB188 & CB187 Ol

WEDECDPEKETH L0 Lvew., bbb,

CBIS7 13 2 (2) fir & 6 (6) fric 3 fHDHEFE A ER
S N7z tri-ortho-PCB T A 7%, CBI88 i 4 fild
WEEE XN/ tetra—ortho-PCB THh 5. &
DX H1Z, CBI&S X CBI&7 I2H~, L) &Eido
7oA R AT 5 7280, CYP2B1S O if R
IR TE T, EEMEL oz b D & D
ns. 7B, PCBR#IEST L~ CYP T
e LCld, 2hFTIZ, CYP2B6? B X O°
CYP2A6°V2 i s Cwab. b L, kb
BT CBISS @ 3 L AKBEALAHE Z » 72 A,
CYP2B6 55 { FIG- L CWhH EEZ HENLH, 2
DEIIEHRORETH 5.

B 15
1. 2,4,6-=¥FELHPCBDOCBISS DT v b B
TOENVEY P Ms 12X AR EFN,

2,4,5-=4HFEH PCB @ CB187 & I L 7-.
2. 7 FTI, PBRILEAF Ms TOA, 2 FiH

COFERND, 4 XPFITBNTIT,

(31)

89

OB (M1, M2) 2SHER SNz, ZOERK
WML, M1 BEXUTM2 25, #2554 B &
UF 187 pmol/hr/mg protein T& » 72. — 4,
ENVEY FTIE, WTNOFILEF Ms T
R IR SN o7z,

3. GC-MS O#i#, MI1BLIUOM2IE, wIhtd
—IKERILIATH D Z ESHBA L7, 72, M1
(X F IV EFEAR) X, Bl &AL 72 3-
methoxy-CB188 & ¥ A A7 h LB L U
FRREMIANIZ & A eIl —3 L 7z,

4. Pk ofEF2 o, CB188 14, CBI&7 121k, %
ZIRHENLZ L, /2, PBHFEEDT v
N CYP2B BRI & o Tl < 7, F£12 3-0OH
RANERHESND Z EDIRIRE N2

2 B

ARG IE A T @R E I R BB 4 (RO
SREARIEERT7E 2, HI0-AM-TEE-005 H - E
¥) B L OHARARE SR A e B & (O
W22 (C), No. 18K11660 ML & A ; Hfhfse
(C), No. 17K00870 A#$iG) OBz 2724 O

Thb, ZTZICHLTHEEZRLTT.
2 £ X
1) HEERE KHTHE : SR8 PCB ofH &1t

S o VIEERE, ARIERE S IHHYEZ,
AT WERT S T —G % & BFSE O Sl
#i—, pp. 200-218, JuMKFHRZ, 2010.
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