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Abstract

The in vitro metabolism of a 2,4,6-trichloro—substituted PCB, 2,2",4,4",6,6-hexachlorobiphenyl
(PCBI155), was studied using rat, guinea pig and human liver microsomes, and human cytochrome P450
(CYP) isoforms. Three kinds of liver microsomes from untreated, phenobarbital (PB)-treated and
3-methylcholanthrene (MC) -treated rats and guinea pigs were also used. In rats, PCB155 was
metabolized to M1 by PB-microsomes with a remarkable high rate of 4.554 nmol/hr/mg protein, but
not by both untreated microsomes and MC-microsomes. In guinea pigs, both untreated microsomes
and MC-microsomes showed the M1-producing activity with rates of 0.056 and 0.060 nmol/hr/mg
protein, respectively, and the activity was increased to 3.5-fold of untreated microsomes by PB
treatment. GC-MS analysis demonstrated that the methylated M1 had the molecular weight of 388 and
almost completely agreed with a synthesized authentic 3-methoxy-PCB155 with regard to the
retention times and mass fragmentation. Of four human CYP isoforms, only CYP2B6 showed high
activity to form M1 at a rate of 0.702 nmol/hr/nmol CYP. These results suggest that the major
metabolite formed by PB-inducible CYP2B enzymes in rats, guinea pigs and human is 3-hyd-
roxy-PCB155, and that CYP2B6 plays the most important role in PCB155 metabolism in human liver.
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Polychlorinated biphenyls (PCBs) (&, J&X®
WY, R M ERTEG R B CE R A
¥ 75 4= ¥ 'E (POPs, persistent organic pollu-
tants) & L THX%TH 5. PCB EEMRIZERHN
2200 D L 05, D) b, WEBDSMELT

D% DB DI, IR THBWES ITKRILS 1,

A% 4 LC#p AR S VY 0,
FHP6 MU EIZ% 5 EKERIEE IS KR,
FRELTRIICODZDVENIEE 452 810%
H, INHDH L, BRI, 2,4, 5-ZFRERD D
Wi 2,3,4,5-TUE R E#HR O PCB #&44F1E, ¢ b
DI, FaiifiEs L OCFEIC BT, FEiEET
miEnTwaY ™ $72 Todaka H1F, kb
i L HE B O M+ PCB SR DR E %
AN, wWIFNIZBWTY 2,2,4,4,5,5-hexach-
lorobiphenyl (hexaCB) (PCB153) 7% b % <, X
WT2,2,3,4,4,5,5-heptachlorobiphenyl (hep-
taCB) (PCB180) B X 1r2,2',3,4,4,5-hexaCB
(PCB138) "% W= &k, F/2, 216 PCB Bk
RiL, WERETIHREFED 1.6~2.2H5 w2

&, 612, 2,2,3,4,5,5,6-heptaCB (PCB187),

2,2.3,3,4,4 5-heptaCB (PCB170) X 02,3,
3'.4,4",5-hexaCB (PCB156) (DWW, f#E#&
D 2.2~3.9MHN L EEE LY.

I, YRR T, 2,4,6-=1EFiEHD PCB
B TH D 2,2,3,4,4,5,6-heptaCB (PCB
182) OLHIZOWT, Iy PBLUELVEY MF
37 —24 (Ms) x HWTHNRZEZ A, W
OB Ms b BRI L L T 3-KEI
(OH) thzxHl A&, 72, v MFMs 2

Cl

Cl

PCB153

£ % 3-OH R A ik iZ, phenobarbital (PB)
BB X D BEZCHINT 228, 612, 20
L, Ao 2,4,5-=1HFEI D heptaCB
(PCB187, PCBI180, 2.2.3.4,4,5,6-heptaCB
(PCB183)) DAzt~ 10~50 fEEnw2 & %
oMLY, 20tk 2.4,6-=HEF B PCB
Bk 2,2,3,4',5,6,6-heptaCB (PCB188) 12
DWTHIET L, TOREE, PCB182 L FHFkIC,
BB F-OHENERBEINLZ L, ok
A PB RILEIC L DF L MRt sha 2L 2l
SHCLY. LIAT, INHD2,4,6-=H%
B PCB BMEMAIE, b MBS I1ZE AL
S Twiwv, 25 <, PBFEEO e MT
cytochrome P450 (CYP) 12 & V) @ik CRER
b, B C RSz 720, RIS
LTWwWZnwhntEZbNA.

Z TR TIE, COEE &5|\IZHRT A7
O, EAMRT2o0 2 4,6-=HFEIRSLL
oA 2,2,4,4,6,6-hexaCB (PCB155) (22
WC, invitro K & F~_72. PCB155 OA##12>
WL, INRFETIE, HEERE SN TV IcT &
7\, 1975 4E Goto 51, PCB155 %455 v h#
2L FERFHE LT, WO T3-OHEZE L
72101980 4E, Matthews 513, PCBI155 % &t
4 FEH O TR 7 PCB 44k % 7 v MIEEL,
Mg B L OFEAFPIZBIF S PCB & 20RO
FErEBE L T09 b, Fig lIZRL 7
PCBI153 & PCBI55 2o WTH % &, O PCBL55
X, B O PCB153 & 0 245 3 450
1 &4HwZ &, @ PCBI155 O FEHFADOHEM =1
PCB153 L W ¥uf5 %\ 2 &, X512, 3 PCBL55
B LU PCBI153 12 & b 12 3-OH A F MR HW <

Cl
PCB155

Cl

Fig. 1 Chemical structures of PCB153 and PCB155
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PCB155 @ in vitro A

HAHD, TOEIIZINZENHGED 12%B L
0.3%%LwbZ s, ZHELLYY ok
RWET, AWETIE, Iy b, ELVEY FBE
e M Ms (2 & % in vitro R O B fE 72 % 3

RbHEEHIZ, v b CYPArTHEIC L A0 LM
L7
X B F &
1. BRI
(1) A%

2,4,6-trichloroiodobenzene, 2,4,6-trichlor-
oaniline, 2,4,6-trichloroanisole, N, N-dimethyl-
formamide, tetrachloroethylene 3 X 0¥ isopentyl
nitrite 1%, WHEALE T CRR) LA L.
¥ 72, NADP, glucose-6-phosphate (G-6-P),
PB-Na i, 3-methylcholanthrene (MC), G-6-P
Fik#EES (G-6-PD) B X 2-[4-(2-hydroxy-
ethyl) -1-piperazine] ethanesulfonic acid
(HEPES) 13 &+ 7 1 W AFGHE (KR) X1
WAL &5, wimE7 V7 2 i Sig-
ma-Aldrich ft (USA) »5HEA L7

(2) B MFMsBIO I CYP 411

v MFMs (10 408 HF Ms #iEG L7z
D) BLO MY SRR H RO 4 THEHO

v ;s CYP7»r+fE (CYP1A2, CYP2A6, CYP2BS6,
CYP3A4) &, Corning ft (USA) X AL 7-.

(3) PCBI55 OHHK

Ariyoshi 504 #Y Tffo72. $4bb, N,
N-dimethylformamide 50 mL (2 2,4,6-trichlor-
oiodobenzene (0.6 g) % & L, HM LN 14g %
AT 185C TmEE % 4 RefElfT - 72, S 512
WAL A RSB L, & 6124 Refhnza kel
7z B R, BUSRIZZEE K % 2 chloroform
THIBL, 2UA V60 s 7 4 (70 g, Merck
B) B L UHUH HPLC TH# L 72, HPLC 4
MS&MEILT oMY Th 5. ik, Sk
ryu~ 777 LC-10AT (BH#®) 7 T 4,

Inertsil ODS-HL 1 < 4 (250 X 10 mmid.,, 5 pum,

GL Sciences #) ; #'— N7 4, Inertsil ODS-HL
TV IH—=FHh—1F) v (30 X 7.6 mm id,
GL-Sciences #) ; #2&)#H, acetonitrile ; JiLi#, 4
mL/min ; MHEEE, 254nm. GC-MS D&%, 47
F®E 3B THY, FAEE—27 056 >0MEHED
B INTWAEZ ExMREL . &I 23 mg
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T, MEIZIZIZ100% TH o7z (77— KEHE).

GC-MS OGHTEMFIZRDEY TH A, ST FER,
GCMS2010 (E##) : # 74, DB-1 72 —XF
PIAFYETY—=HF2L4 (30m x 0.25mmid.,
0.25 pm FEJE, J&W Scientific #) : 4 — 7 ViR,
70C (1.5 min) - 20C /min - 230C (0.5 min) -
4C /min - 280C (5 min) ; AR, 250T ;

Fv1)7—HA, He (I mL/min).

PCB155 : MS (EI) m/z (relative intensity, %) :
358 (100) [M*], 360 (179) [M"+ 2], 362 (147)
[M*+4], 364 (62) [M™+6], 366 (15) [M*+ 8],
288(70) [M"-Cla].

4) P OEK

PCBI155 (i & LC, 3-OHhEMEL,
D A FVIFHEAR 3-methoxy (MeO)-PCB155 D&
B %, Cadogan ® Y o7z, Thbb,
2,4 ,6-trichloroaniline 1.0 g 3 & U 2,4, 6-trich-
loroanisole 1.3 g # tetrachloroethylene 10 mL T
WL, & 512 isopentyl nitrite 0.5 mL #W1z T,
110C T 24 PO S8 72, USRI 25380 B 4,
n-hexane T#EM L, 7V I+ 7524 (50 g,
Merck #) BX O ) 27V 60 /1 T L THGHE
#, HPLC ICTHE L 7-. Bon-FHLEY
DIATIE, GC-MS I TTo 7=,

3-MeO-PCB155 : MS (EI) m/z (relative in-
tensity, %) : 388 (100) [M"], 390 (198) [M"+
2], 392 (153) [M"+4], 394 (65) [M"+6], 396
(19) [M"+ 8], 373 (59) [M*"-CHsJ, 345(92)
[M"-COCH3], 275 (56) [M*-COCH3Clz].

(5) FEEREyY & IR LB

Wistar AHEMET v 8 (REH 200g) 1208, B
X Y Hartley RHEMEENVE Y b (KER 280g) %
12UCH W, 1HE4DCE LC, RALEEE, PB fiLat
HB IO MC BILEEED 3 #2572, PB-Na
XA A KIZER L 80 mg/kg KT /day D
HET, 72, MClda— 2% L 20 mg/kg
hE/day OHET, Wihd 3 HEERENICHE
G L7, &S HOBRICEWEZER LT, F
L, FHEICIDIFMs i L7z &b,
IS OB FEEIIA R R B ER RS
2 & B|AKBEE MG/ LT, [hHERRE (5T
HHIREEER) B EEBRICET A HE] 8 LE
L7z Ty FOBBICEL T, [HhAZRE K
FIZBTLEYEBRO IO DR IZTE, W
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ECEXLPTRET L7280, ERTIVT v Tl
%, SEHEIIRD S OB X W T & ¥ 7.

2. FF Ms (c & 358

40 pM PCB155 (Dimethylsulfoxide |Z#f#) %,
NADPH 4 5% (0.33 mM NADP, 5mM G-6-P,
G-6-PD 1unit), 6 mM MgCls, B/ Ms (1 mg
protein) 3 £ U 100 mM HEPES #&#i (pH7.4)
EEHIZAF1I.0mL & LT, 37CT60min f ~
F 2 X— ME, S IZ chloroform-methanol
(2:1) 1mL & n-hexane 3mL A RNVT v 7
ATIEEIME L7z, v MF Ms O34, 0.5mg
protein # T, ZOMTRT% 1/2DA7—
VTATo 72, HhiHUE 2 AT, GREZ &hbE T
&4, diazomethane T X F )V fbL, GC-ECD
B L GC-MS 12t L 7. GC-ECD D4 #r 44
FROEY TH 5. hrikdr, GC-ECD (Agi-
lent#) : #5524, DB-1 72—AFI U hF v ¥
FY)—=AF2 (30m % 0.25mmid, 0.25ym &
J€, J&W Scientific #) ; 4 — 7 V&, 210C ; #
AR, 270C ¥ v 7 —HF X, Ny 4.6
mL/min). %3, R#WOERE, PCB155 O
wE AW T 72

3. EFCYPAFEICKZKH

40 M PCB155 %, NADPH 4% (0.33 mM
NADP, 5 mM G-6-P, G-6-PD 1 unit), 6 mM
MgCl 3 & 08100 mM ) A -3 #E & i (pH
7.4) L BIZAFT0.5mLIC% A K91, 1.5mL
TIAF Y Fa—TORIZAINTITCOER
FEICREE L7z, & b CYP FfE (0.19~0.45
mg protein) DRI L 0 e & BiE L 72, 60
min %, chloroform-methanol (2:1) 0.5mL 700N
(2 &0 BSOS EIEF, n-hexane 1.5 ml THiH L 72,
Mz 3D R L 72, AR 3 [l5) % iR
fii L, diazomethane T4 F )L{b#k, GC-ECD I
it L7z

4. DAt

E)WIIF Ms © % > 37 B DE=IL, Lowry 5D
HHEO eV T2 b, By Vs B
LT IiET7T VT I v &V,

X H T

(72)
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1. PCB155 KB DILERBE

9, PBRIALEET v MIFMs 12X D AR S 1L
7oA M1 (X Fvik) @o4rF &% GC-MS 12
XD Fig 212, oW#ERZ2R L2
PCBI155 (&, PRFFIFRH 11.87 min (2 S L7273,
IHPISHC, R E B s ML (2 F L) A8
PREFIFR] 13.38 min (2 &Nz, ZOE—=2 0
ST EIL 388 TH Y, PCBISS 4 T& L) 30 K
Ehol. TORERNLS, ML (X F V1L &
FOH KD X FIVFHFERTH SH 2 LS HEE Sz
(Fig. 2). &z, PHEMAHME LT, BEEHL
72 3-MeO-PCBI155 & bk L7z & 2 A, WX
GC-MS IZBIF A IRFRMB L I~ AT T 7 A ¥
fXF =228, wIhblE AEEEII—KLT7:
(Table 1).

2. 7y b, ENVEYMBLVEMFMs &
% PCB155 X5

PCB155 %, NADPH fF1ET, 52T v b,
EVEY FBIOE MFMs £ &6, 37C, 60
min o &4, REWOAERE LERL:. B,
v bEENVEY NOWE, KRUHEBIWIT Ms &
E DI, CYP A 2 ai L L 728 Ms = H
WCHE L Ml gL, 5t s LT
GC-ECD #f#H L, PCBI155 O&EMr 517572
(Table 2).

3, I v MFTIE, PBREILE Ms TOA, £
FEEEfE] 5.58 min (2 M1 28K S 4L, & DA
PEiZ, 4.662nmol/hr/mg protein & FEE I E D>
7o, B, KRB X O MC RILEE Ms Tl
Widaed B SN e o7z, I, EVEY MF
TIE, M1 OEBIEHEIZRLE B X O MC FiLst
Ms IZBWTHIEE N, #1241 0.056 B L O
0.060 nmol/hr/mg protein ThH -7z, £7z, T v
N & [EARIC, PB BTALEE Ms THEIN L 7273, AALHL
Ms O 3 LMWL D TH - 72 (0.193 nmol/
hr/mg protein).

—J, EMFMs Td, 7y bBLUELEY
b &4 R UARFRRERT 12 M1 2% S 7z (Fig.
3). FoAERIEMEIX 0.292 nmol/hr/mg protein
Tholz. ZOfix, v FBITELEY PO
R Ms L I#ET L, Cb>EVEY b>



(A) Mass chromatograms

PCB155 @ in vitro A
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(B) Mass spectra of PCB155 and M1
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Fig. 2 GC-MS analysis of the methylated derivative of a PCB155 metabolite formed by liver

m/z

microsomes of PB-treated rats

(A)Mass chromatograms

(B) Mass spectra of PCB155 and M1
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Table 1 Mass spectral data and retention times of PCB155 and the methylated M1

Molecular Mass spectral data (Relative abundance, %) Retentign
Compound . time (min)
weight M1 [M™-15] [M*-35] [M™43] [M'-50] [M*-70] in GC-MS
PCB155 358 100 - 5 - - 74 11.87
Ml 388 100 54 - 35 10 - 13.37
3-MeO-PCB155 388 100 53 - 34 9 - 13.37

-, not detected.

Table 2 Metabolism of PCB155 by liver microsomes of rats and guinea pigs, and human,
and the effect of CYP inducers on its metabolism

M1 formed (nmol/hr/mg protein)

Animal
Untreated PB-treated MC-treated
Rat N.D. 4.662 = 0.201 N.D.
Guinea pig 0.056 = 0.013 0.193 = 0.011 0.060 £ 0.010
(100) (345) (107)
Human* 0.292 £ 0.017

N.D., not detected.
Each value represents the mean = S.D. of four rats and guinea pigs.
*The value represents the mean = S.D. of three determinations.

77 MOIETH Y, b MEFRLEDPo 72

EWIEEER LA, EBILEY MTIE R

3. &b CYP2FIEICK S PCB155 A

t M CYPrFHEDH 5, CYP1A2, CYP2AS6,
CYP2B6 5 X 18 CYP3A4 = H\C, PCB155 &
ZIRT. FORER, CYP1A2, CYP2A6 BLUY
CYP3A4 Tlx e @MW R SN0 72705,
CYP2B6 T A, b M Ms &2 < i) UARFFRERH
2, EHY M1 ki sz (Fig 3). %72, Ml
X GC-MS 12L& D, 3-OHMAKTH 5 Z & 2R &
N7z, WIZ, PCB155 OfEfiE AW TER L7z
&2 A, CYP2B6 iZ 0.702 nmol/hr/nmol CYP &
e ) BRI A 7R L7z (Table 3).

Z &

AWFFE T, 2,4,6-=1FEEH PCB Th %
PCB155 @ in vitro L 2 F 72, Z O #5 R,
Fv MFMs 213 Tld% L, EVEY MFMs B
LU MiFMs ThH, 3-OHEKDOADER S N7z
(Table 1, Fig. 4). LA L%&255, KB C3-
OHMEDAER /Y — VIZREE RS> TV T
bt Z v FTIEPBREILE Ms TOAZE L <

HMs THHRWZRSBLEENRR 6N, 512 PB
ROALEEIZ X D9 SRR hn L 7zokI2, & MIT Ms
ERMHERELT, 7y PBIPELVEY M &
W4 5 &, 3-OH RoAEIX, v M >FL
Ty F>T9 MDJETH 72, ZOFFEHIS, b
M FIE PCB165 AR L C, BT & 0 5 R5LL
FOBWEEEFE LTSI EATRIBENT.
PCB DKL L LC, 200K BIEZ S
NTWwah. 121F, PCB HERD C-HEAI,
BRESITFASNLERTH L. KBTI,
v b, ELEY PBIUR MFEDIZ, 3-0H
RLPEREN o722 L h 5, PCBIS2Y %
PCB188” & FkIZ, HIEAKERILTHEITLTVAD
bOEEZOLNL. HH 121F, T KRFY N
KEFRBEL, HEET O NIH 86 %2 W ET S
LB THSH. TNFTICH, PCBIG3Y, 3.3,
4,4 5-pentachlorobiphenyl (pentaCB)
(PCB126)'”, PCB187'® 7 ¥ %7 PCB HMfk
TLHME SN TS, Fl21E, PCBI26 %57 v
kN o#ER 25, 4-0H-3,3,4,5,5-pentaCB 73,
¥ 72, PCBI187 fi#f TI3.4-0H-2,2,3,3,5.5,
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A) Human liver Ms

_a«—PCBI155

/ Ml
T | 1
5 10 15
Retention time (min)
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B) Human Liver CYP2B6

_a«—PCB155

Jlem

I I 1
5 10 15

Retention time (min)

Fig. 3 GC-ECD chromatograms of the methylated derivative of M1 formed by
human liver microsomes and by human CYP2B6

Table 3 Metabolism of PCB155 by human CYP isoforms

CYP isoform

M1 formed
(nmol/hr/nmol CYP)

CYPIA2
CYP2A6
CYP2B6
CYP3A4

N.D.

N.D.
0.702 = 0.024

N.D.

N.D,, not detected.

Each value represents the mean £ S.D. of three determinations.

6-heptaCB X i1 &KLk »4-0H-2,2',3,5,5,
6-hexaCB "R oMo CTWwWh. X512, Ariyoshi
513 PB BiALEE 4 X IF Ms 12 & % PCB155 R =
A, EREH O 3-OH (RLAMZ, NIH {70
W Wb b4-0H-2,2,3,4,6,6-hexaCB =
4-OH-2,2 .4’ ,6,6-pentaCB Z#ii5 L= Zo
FERE, PBRIMLELA X Ms (2B T, EHAKER
b5 & O epoxide H A 2 R L 72 KB L % il

TLEBD CYP P HFHET LI L ZRIBLTN5.

ZNFETIZ, PBFENMCYP & LT, CYP2B
BEPHONTWAEY, SROKER,S, T b
CYP2B1'? B X O ELE v | CYP2BI8Y? 28
PCB155 @ 3-7KERAbIZ5E < BI5- LT b 2 AR
B, 72, 4EEORFEN LR b CYP 4
T (CYP1A2, CYP2A6, CYP2B6, CYP3A4)
% 7 E 45, CYP2B6 7213 458> PCB155
RBIEEEZH LTz, b MFO CYP2B6 &&=

iF, BMCYPEREDI B, ZADIBLUTTH 5
22V 4 CYP A5 28RO B, #5%
CHELSLTwaEnwbia® . SRR,
CYP2B6 3% < 0FEYRH LD H 5, PCB &
WARD X ZAr (3, 3, 5HAHWIEE L) KEEfbx
filkiE L CB Y, R L LT PCBI5S OEIMA~DHE
HREICRESEFEGS LWL EbS. —F,
CYP3A4 B L UNCYPIA2 1E, & M CYP &
DL, FNENH20%B LT 10%% HOTH
D EYRHANOEFG RO HTIE, FHICEE
7% CYP & LTHILNTWB?, LaL, WCYP
L 412 PCBI55 A3 &< G LT e h o7z
72, CYP2A6 13k NFDO#KE CYP &ED ) b,
#15% % > TH Y2V, PCB RIUEED 4 frKEEAL
IZHGLTWa I ERHE SN TV LA 4
[l PCB155 A Tld, HENEE2 R E 2o 7o,
&I, v MIBIT S PCBRGHTIIED 1Dk L



134 X H T # I2r5%
Cl Cl HO. Cl
3
CYP2B
Cl Cl Cl Cl
PCB155 3-OH
Fig. 4 Postulated metabolic pathway of PCB155 in the liver of rats, guinea pigs and
human
T, insilicomWIZBITL Ny F 75y 32— oM E DOHEIZL D, 3-OH-PCBI55 T

arvPe b CYP G THTHALNLTY
BBz piER CYP 4 F MO Lk
PCB KEAL DEERIERAL & OBEEAS SALIN TS %
Y&, o CYP 4 THilx, Zo PCBIZR$ 5K
AL M2 RS REE BV & S s, BIfE, 5
fiore b CYP4rFfE (CYPIAL, CYPILAZ2,
CYP1B1, CYP2A6, CYP2B6) %%, PCB {24
HLIYBEHEINTWS, 72720, ShMEL
7- PCBISS 2 Lo & $ 5 2,4,6- =3 F i
PCB ZHEAK I VTN O RAEDPR N E 05, in
stlico BATIZ 7 ST\, 5%, insilico 112
L0, 2,4,6-=HFK B PCB 2YEE2S, 2-2CH
ENRTVRL V) JPHAL NI D 2L 2T
LTwW5,

8 &

1. 2.4,6-=3E K& PCB 241K o PCB155 12D
W, v b, ELVEY PBXIUE MFMs 2
L REERANS. T2, 4HEHO L b CYP
RS & B ARE D Tz,

2. 7v FNTIE, RUHEPB X O MC B Ms T
T e ER S N Do 7255, PB Rl
Ms TO &, i M1 OSEZE 2 ERHA R S
72 (4.662 nmol/hr/mg protein). —J, FEIV
Ev MTIE, ROHB X MC RiLHE Ms T
b M1 2R S 7zhs, Wwiitd 0.06 nmol/
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