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by Rat, Guinea Pig and Human Liver Microsomes

Chiho Onra?, Yukiko Fun?, Koichi Haracucni?), Yoshihisa Kato®,
Osamu Kmvura?, Tetsuya Exno® and Nobuyuki Kocal)

1)Faculty of Nutritional Sciences, Nakamura Gakuen University,

5-7-1, Befu, Johnan—ku, Fukuoka 814-0198

Y Daiichi College of Pharmaceutical Sciences, 22-1

Tamagawa-cho, Minami-ku, Fukuoka, 815-8511

YKagawa School of Pharmaceutical Sciences, Tokushima Bunri University,
1314-1 Shido, Sanuki, Kagawa 769-2193
DY Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,

1757 Ishikari—Tobetsu, Hokkaido 061-0293

Abstract

The n vitro metabolism of 2,2",3,4,4",5,6-heptachlorobiphenyl (CB182) by rat, guinea pig and
human liver microsomes was compared and the effects of cytochrome P450 (CYP) inducers,
phenobarbital (PB) and 3-methylcholanthrene (MC), on CB182 metabolism were examined. Only one
metabolite was produced by rat, guinea pig and human liver microsomes and the order of the activity
was rat (PB-treated)> > guinea pig (PB-treated)> guinea pig (untreated, MC-treated) > human >
rat (untreated). Pretreatment of PB resulted in the remarkable increase of the metabolite in rats (1,370
pmol/hr/mg protein) and a slight increase in guinea pigs (27 pmol/hr/mg protein). In contrast, MC
treatment to rats and guinea pigs decreased M-1. By comparison of GC-MS data of the methylated
M-1 with a synthesized authentic sample, M-1 was determined to be 3'-hydroxy (OH)-CB182. These
results suggest that 3-OH-CB182 is a major metabolite formed by PB-inducible CYPZ2B enzymes in
both animals and rat CYP2B enzymes possess much higher activity to hydroxylate CB182 than guinea
pig and human CYP2B enzymes.
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Polychlorinated biphenyls (PCBs) 1%, fit# & Y
R BEERDE L LTHIONTWADS, &
WIgAETED 720, bR IZ LS OB O
I, RS & ORI B CBRE L T
5V, Zm728, PCBs & 2001 D Z v 7 F )L
LEMITBWT, REM L FREMARRE J Y
(POPs) ®1 2L LTHHRESNT%. PCBs ®
mTh, WEHD 6 MU LT, 2.4, 5-=1EFEER
NyErdHbHvid2,3,4,5-IUEFEBER NS LU
AELTWL L0, Bz 2,2,4,4,5 5-hex-
achlorobiphenyl (hexaCB) (CB153), 2,23,
4,4 ,5-hexaCB (CBI138) B & 12,2, 3,4, 4,

(

5,5-heptachlorobiphenyl (heptaCB) (CB180) i,

R M I IRERE L Twa27Y $72 i
FE A FELE 4 37 4F % fl L 72 Ve A8 o0 I v
PCB £ % i ~<72 458, fizko CB153, CB138
X Y CBI80 12\ T, 2,2.,3,4,5,5,6-heptaCB
(CB187), 2,2.3,3,4,4,5-heptaCB (CB170),
2,2,3,4,5,5-hexaCB (CB146) »°%\2 &, &
5|2 CB180, CB170 3 X 18 2,3,3,4,4",5-hex-
aCB (CB156) %%, fl##&HD 2.2~3.9 fE D mikkEE
ThHHIEDBHLPI o727,
FRE PCB #MAEMIIE L A ERBEESRTIC
RRICERREENTWA T L, /2, WEEEDN
NSO PCB R EAREZEFELNS CEMLS
ERIRIELTND.

—f%12, PCBs @9 &, BHIERHA5 MHELT
DHDRRAIALEINTANZKTE 2 DN EHR S/
bk, WARKICEES 27 7 8 4 P450
(CYP) 12k 5T, RIS ITKERILE L, FIZ
JHi % 4 L CEp e PR S Y. —7%, PCB

R D 4-hydroxy (OH)-CB187, 4-OH-CB146,

4-OH-2,3,3,4’,5-pentachlorobiphenyl (pen-
taCB) (CB107) B & 1" 3-OH-CBI153 7 & & I

A & HBE I B THRH S TV 52709,

COHMEIE, T PCB KB LIRSS, ke L
TEWREREZEL TV A oA IS n
WhorEEbD.

LZAT, AW 2,2,3,4,4,5,6-heptaCB
(CB182) &, GC-MS |2 & % PCB Rtk —7 45
W (GC I u&LTEE60m D DB-5 %)
D, CBI187 LIRFFRFM S ERIZE R LT L, &

IID DRI,

X H T
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13206 %

7z, MHEFE KM O & EI1E CB187 L &4bhbETh
PCB &1AD 0. 1% LT & A2 L ST
W0 R CBI82 Atk MLk SR S
EOMBEIIRYS R, ZOFEFEI,
CBI182 2SI 5 I3 S LRy~ & R &
NTWVLZEXRLTWLDONE LW, L
LA 5, CB1821%, 2,4, 6-=iFEHR~N £
& 2,34, 5-IEFREBRNR L H L HMHET
HDHZEPLIFFITARH I NIV EE DN S,
IHFTRINIOVTIZA L HED RV,

Z 2 CAWIZETIX, CBI82 A & v s &
ZHEPIZT B2, Ty b, ENVEY MBIV
L rFIzaY—24 (Ms) 1245 invitro ftil %
FRFe F, REBHCEET A CYP &5 FHE % B
L2 T %720, CYP #5EA]D phenobarbital
(PB) B & UF 3-methylcholanthrene (MC) THij4L
LTy FBIOELVEY MF Ms 7 VT
FRIZHRET L 72,

£ B F &

1. EERA#

(1) 3RZE

2,4, 6-trichloroaniline, 2,4,6-trichloroanisole,
2.,3,4,5-tetrachloroaniline, 1,2,3,4-tetrachlor-
obenzene, tetrachloroethylene 3 X U isoamyl
nitrite (&, WHEALKTHE OER) X HEEA L.
¥ 72, NADP, glucose-6-phosphate (G-6-P),
phenobarbital (PB), 3-methylcholanthrene
(MC), G-6-P BikFEEEH (G-6-PD) B LU 2-
[4- (2-hydroxyethyl)-1-piperazine] ethanesulfo-
nic acid (HEPES) (ZHDEMZE T OB & 0 B
AL7. 612, 7 ME7 V7 3 »idSigma-
Aldrich 2~ 5B A L 72

(2) CB182 O

CB182 1t Cadogan O JE"Y THB L7z, §7%
D5, 2,4, 6-trichloroaniline 1.0 g 3 £ U'1,2,3,
4-tetrachlorobenzene 1.2g % tetrachloroethy-
lene 10 ml T&EME L, & 512 isopentyl nitrite 0.5
ml 2Nz T, 110C T 24 RS &7z S
Wix7 v+ H o4 (100g, Merck #) BLOYY
VATV T 55 (65g, Merck #) CTHFEE L
721%, 57 HUH HPLC THEEL L 72, CB182 1%, fifF
K] 40.0 min I2/EH S 7z, 65172 CB182 O



CB182 ? in vitro

FEEIE, 97.4% CTHof 22 1% 13.8 mg TH -
7z, 57HUH HPLC O&EMFIERO#E) THSH. 7
7 ., ODS # 7 4 (250 X 20 mm id., 5 gm,
YMC#) ; 7L# 54, ODS 7L AT 24 (50 x

20mmid., YMC #) ; #8j#H, acetonitrile ; i,

4ml/min ; #H#ERE, 254nm. %3, CB182 Dk
AL GC-MS I X W g L7z,

CB182: MS (ED) m/z (relative intensity, %) :
392 (100) [M"], 394 (202) [M"+ 2], 396 (198)

[M*+4], 398 (115) [M"+6], 400 (34) [M"+ 8],

357 (33) [M"-Cl], 322 (101) [M* - Cl].

(3) MW DG

CBI&2 ofX# & LC, 3-OH k% MwEL, £
D ATV ikEMA 3-Methoxy (MeO)-CB182 04
W %, Cadogan ® 7V Ciio7z. bbb,
2,3,4,5-tetrachloroaniline 0.5 g 8 & 82,4, 6-
trichloroanisole 0.5 g % tetrachloroethylene 10
ml THM L, 512 isoamyl nitrite 0.5 ml % il
ZC, 110 C T 24 R fUL S 72, BUBRIZZEZE
WL R, n-ANFYCTHEBL, TNVIT AT L

(50g, Merck#) BLXUOY U7X Va5 4 (B50g,

Merck #) THSRE L, HPLC IS THHE L 7.
o N TRIEWDsHTIE, GC-ECD B LU
GC-MS (2 T{T»72. GC-ECD D &AM13 kD@ b
Thb. oirkEss, ECD 1 HP5890 Series I /7' A
sa< b 2757 (Hewlett-Packard #) ; 71 5 4,
DB-1 7a—XFIUAFxET)—=HF 2 (30
m X 0.25 mm id, 0.25 um EE, J&W Scien-
tific #) ; 4 — 7 Vi, 230 T ; FEALRE, 250
T BHgsEE, 250C: Fx ) 7—HA, Ny (1
ml/min). 55 17z 3-MeO-CB182 O i 13,
99.4% CTHRAL 2 INE 1L 1.60mg TH - /2.

3-MeO-CB182 : MS (EI) m/z (relative in-
tensity) 422 (100) [M"], 424 (228) [M'+ 2],
426 (218) [M*+ 4], 428 (115) [M*"+ 6], 430
(36) [M"+8], 407 (46) [M"— CHsl, 379 (28)
[M* - COCHa3J, 372 (18) [M*— CH3Cll, 309
(64) [M*— COCHsCl].

(4) SzBrEhYy & S

HEVED Wistar 27 v b ((KER 200g) BLO
Hartley R ENVEY b ((FEH 320g) %, 1%
NAALERRE, PB AL B L O° MC AL EE O
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ST, 13 L7z, PB-NaffizAHA
B IZ#E L 80 mg/kg/day ® H& T, — 7,
MC 12— iz Ef# L 20 meg/kg/day O =T,
WLy 3 HMBERERICH S L. RERS-HO
BHICERESYZBA LT, e L, i
IO Ms B L7 2B, N6 OBWER
T F R ERBI R B S & DR AR E
72 LT, THRZRERY: (&0 EIRSE) B
FERICBAT 28] 28T LFEM L 72,

(5) & M Ms

v M Ms (&, 20 %O ABED IR S FH 3
EN7zb %, BD Gentest #: (Woburn, MA,
USA) 7»BiEA L7z

2. FFMs (kK BH

Fv b, ELVEY FPBIOTEMFMsIZLS
CB182 ORI IR 12HE L THTFo 72, $hb
5, 40 uM CB182 # NADPH 4% (0.33 mM
NADP, 5mM G-6-P, G-6-PD 1.0 unit), 6 mM
MgCly B X OF Ms (1 mg protein) % 100 mM
HEPES #&ffiifi (pH7.4) £ & bIZAR0.5ml &
LT, 37CT60 min 1 ¥ F 22— M&, UGS
|2 chloroform-methanol (2 :1) 0.5 ml & n-hex-
ane 1.5ml ZMZRIVT v 7 ATKE HHH L7,
fHE 3 BTV, HHRRE % A b TR, di-
azomethane TXF)WALL, —#% GC-ECD % 7z
& GC-MS IfF L7z, KA@M oERIL, CB182 ©
MEH T VTt 72,

3. ZOfth

FMs D% 7 EDEEL, Lowry DN
BN IT o2 b, ElEY Sy EEL
TYYIMFET VT I v 2 W,

AL 72 CB182 B L "2 o FHMRH Y 0 51
w=%, GC-MS2000 (BE# epril) % HwC, EI
EF— FTHIEL 7. GC-MS M 413k i@ Y
Thb. HFh DB-172—XFIUHh*yt
=592 (30m % 0.25mmid, 0.25 pm &
JZ, J&W Scientific #) ; *+—7 »i&E, 70T
(1.5 min) — 20 C /min — 230°C (0.5 min) — 4
C/min-280C (5 min) ; & A FREE, 250 T
Fx1)7—HA, He (1 ml/min).



54 X H T

X B B R

1. Zv b, ELEYMBELTVE MFMs IC&
3

CB182 #, NADPH 7 F, Mf&AMIZT v b,
ELVEY bHDLVITE MFMs & &b, 37T,
60 min FUS &7z, Fig. 1121&, v MF Ms 12
LY AR S CB182 iy (2 FIVFHEMg) @
HAZBX N T N%RS. KWL Ms & PB i
WHE Ms O¥ph, REALELDANC 1 FEEOAH Y
(LT, M-1 &9 %) 2YRFERERH 19.50 min (2R
s,
PB AL B L Y MC BILE OV o Ms TH
M-1 DADPER SN/, EH12, B MFMs Td
AR,

F72, BTy POBGEIZIE, FULE

M-1 OADER E Nz (F— 5 KB

13206 %

W2, BB Ms BL Ok MIFMs 124& 1)
R &Nz M-1 OE®RE%Z{T- 72 (Table1). M-1
DEREIX CBI&2 OfiEME HWTITo72. 2D
KR 7 v bodgs, M-1IZRLEITF Ms Tl3E
PRAERE LR S e 2o 7278, PB AALEE Ms
Tl 1,370 pmol/hr/mg protein <~ & FHZ (2N
L7z, 73, MC R Ms Tld M-1 134 K
ENmhol. WIZ, BIVEY FOBE, K
Ms T B E W M-1 A0S AL TB Y,
Z OEYEZ 18.7 pmol/hr/mg protein T& - 7.
T/, PBEILEI Ms 12L& D, AETIERVLEOD
LARRZHINL 72, &8, MC R Ms Tk
IR Ms & FMREEOEE LR L. —F, & MF
Ms @ M-1 A BUEEIZRLIEE IV E v M Ms O
T6%FEFE &Ko 7.

A) Untreated B) PB-treated C) MC-treated
CB182 CB182 CB182
i i 1
M-1
r'd

_

-

T T - 1 1 T_l—l—l
10 20 30 10 20 30 10 20 30

Retention time (min)

Retention time (min)

Retention time (min)

Fig. 1 GC-ECD chromatograms of the methylated derivative of a CB182
metabolite formed by liver microsomes of untreated (A), PB-treated (B)

and MC-treated (C) rats

Table1 Metabolism of CB182 by liver microsomes of rats, guinea pigs
and humans and effects of CYP inducers on CB182 metabolism

M-1 formed (pmol/hr/mg protein)

Animal

Untreated PB-treated MC-treated
Rat B.D. 1,370 £ 162 N.D.
Guinea pig 18.7 £ 12.6 26.7 £ 11.7 17.7 = 11.1
Human® 14.3+ 2.0 - -
N.D, not detected. B.D., below detection limit. -, not done.

Each value represents the mean £ S.D. of four animals.

*The value represents the mean £ S.D. of triplicate determination.

(6)
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2. M-1 Oft#iEE XU MFIZE Y, CB182 DA #H s —FlidE A Bl
M-1 Ofb¥ RS % e T 5 720, PB RjLE S, GC-MS ToOME#iA, 3-OHAEKTH S Z
v MF Ms % H\WT 100 5D A 7 — )b (100 ml) EWHS I o7z, Fig 2 ICEWIFIZBIT S
TR USE ATV, AR S A % il 4 2 CB182 it E bk ™y, F72, TOENE
FbLL, Tz GC-MS it L7z, ZofEE, &7 v~ (PBATLE) >>E)NLVEY b (PBHIAL
M-1 O X FIVEFEERIL 7 TF= 422 ThH D, H)>E)LEY b CGRAE, MCHILE) > b >
CBI2 D51 &L mz30%ho7. ZOMRE 7w b CRALEE, MC R OIETHE 2L, &
725, M-1 I3 OHRTH B Z LWL o7 512, ZOARIE PBEILEE S v MZB W THRIC
(Table2). & 512, M-1 O X FIVFEETIE, 7 SHE T 5 2 L QS IR o 7
G A M F Y [MT-15] (m/z 407) 120 2, 4], CB182 o FACH 3-OH & A Bl 1%
[(M*"-43] (m/z 379) 2SI L < i s 7. (&, PBEILEL S v MIF Ms T, 1,370 pmol/hr/
CORERRBHMOT— I L EZHDbEDL L, mg protein TH - 7245, ZOIEMEDHR X132,4,5-
M-11x A%, $74bb 3 (3) fudbnix5 (5) SHEBEBEANC 2 AT 5 CBIS0 O £ HW
P2, OH#EZET A EDMEERINL. RIS, 3-OH-CB180 ® A= Bk iE 4 73 pmol/hr/mg protein
M-1 @ X FIVEEEARD GC 2B 2 PREERR & (PB BILERE VE » MIF Ms) ™™ 12k, 195D
YAANRY NV, /\m Tunkl‘lﬁitf:t Z A, Bz, MW, 2.4,6-=HEERANC Y2 H
3-MeO-CB182 & 1ZIF—F L7z, Ml Lok 3% CBI82 1%, KELEnIZ{ vwEEZ LN
5, M-11%, 3-OH-CBI82 TH 5 Z & HURIE S A, FHICK LT, 2.4, 5-=iFERAY B2
nr. BTH5050L0, E520IKBLsheTvwa &
2 s SNk -72. F72, CBIS2 LA, 2.4,6-
- SHEBBRANC YR AT L PCB LT,
KIFFeCld, 2,4,6-=1aEBBAN VYU 2 HT CB148 (2,2,3.4,5,6-hexaCB), CB154 (2,2,
% CB182 @ in vitro Uil 2 F~7-. AR L 4,45 6-HexaCB), CB168 (2',3,4,4",5,6-hex-
LT, CYP #FE# D PB L " MC HijMLE L 7= aCB), CB184 (2,2',3,4,4',6,6-heptaCB) B L 1"

Fy MBXUTEVEY MFMs, 25128 MiF CB188 (2,2',3,4',5,6,6-heptaCB) %% % %5, \»
Ms #Hw/z. ZO#E%K, v b, ELVEY MBS FTNhb e MEF 2 S IZE ARSI TV,

Table 2 Mass spectral data and retention times of the methylated derivative of a CB182 metabolite and its synthetic

compound
Molecular Mass spectral data (Relative abundance, %) Reteﬂti‘?n
Compound ioh time (min)
welght M1 [M*15] [M*-35] [M*43] [M*50] [M"70] p GC-MS
CB182 392 100 - 33 - - 101 13.34
M-1 422 100 47 - 27 14 - 15.53
3-CH30-CB182 422 100 45 - 29 18 - 15.53

-, not detected.

CYPZB
Q :

CB182 M-1

Fig. 2 Postulated metabolic pathway of CB182 in animal liver
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COFEEE, Ty bEF b MTLESHIAH
SN, SN ZEEZRLTWLO08 LNk
e

—f%1Z, PCB KERILO RUSHRE & LTI, HEE
IKERAL CHEST S B354 &, epoxide H A % #2H
LCHEATTIHED2ONEZLLNTWVLY.
CBI180 % CB153 ® 3-/KEALD¥4, WKL
ek L 2 5519 —J CB187 % CB138
DR TIE, HFEET O NIH gxi R BAL A FiiE
TR ENL Z L s, 2ED epoxide H1H
BEREHL TV EEZ 5NV F72 #ing
HHZ I, HESIEPB AT A X Ms %
W 2,2 .4,4,6,6-hexaCB (CB155) Ot % i
N, ZOFER, 3-OHALSMZ, NIH Lo EY
L BbN b 4-0H-2,2,3,4,6,6-pentaCB 3 L OF
4-OH-2,2',4,6,6-hexaCB 23l & h 5 2 & %
W L7z, ZoOREIE, 4228V, EEK
MRALRERE 7217 Tld 7 <, epoxide HKZ /- L 72
IKEBALRERE O /7 CHAT L T B T L ZRIEL T
WY KB T Y b, ELEY FBLUE b
JiF Ms 12 & % CB182 OfLH# Tld, EEIKERILHE
WBTHET LWL D LEbins.

4[], CB182 ft##% PB HiALEE ClEE X 5 =
Lan, fREi#EE LT, 9y F CYP2BIZVB X
PELEY b CYPZBISY AEICHE L TWw5 D
EHIRIEE NI, —T, PCBAAEHICBES- T4 b
CYP 4 FHfi& LCiE, 2hF Iz, CYP2BEX®)
B LU CYP2A6MP) s ST\ 5. CYP2
B6 ¥, CBI153 ® 3-/kEEft%2.2,3,4,5 5-hex-
aCB (CB146) ® 3-/KE:{b %, % 72 CYP2A6 1
2,2.5,5-tetraCB (CB72) % 2,2.4,5,5-pen-
taCB (CB101) @ 4-7KPRAb % i< %. CB182 X
#WTIE, IKEBALAHEIT L 722 &0 n, CYP2B6

OGP RKENVEZZ SNLDY, TOEIEEHED
HETH 5.
%5 15

1. CBI& X5 v b, ELEY PBLUE MF
MsIZ&->T, wihd 3-OH-CB182 ~ &K
Hans. zoEtEomsix, 7y b (PBHI
LER) >>FE)VE v b (PBREILE) >ENVE v
b (GRALEE MC APLER) > s >F v b (GRAL
H, MC HiLEE) ONETH -7z,

2. 3-OH-CBI182 O A Hix, FAMET v MZBW

X H T

3. D Lofikrs,

13206 %

CTEBREECTH - 7225, PBRILEIZXY, Z
DEBEIZE L <ML 7 (1,370 pmol/hr/
mg protein). —Ji, FEILE Y b ORMUHE Ms
B L O MC mi AL # Ms o A4 B ab i, 18
pmol/hr/mg protein BE THo7-. %5, PB
BIALERIC LD, BETIEZWD, KROLHO 1.4
Rz L7z,

CB182 &, TN THEFL
T &7z heptaCB O TR ESH ICRH SN D
Z&, F7z, PBFHENMD CYP2BEEHRIZL -
TSNS 2 L AVRIB E 7z,

EH B

KRR LG @R AR B & (RRo%
EEREEMFE S, H27- AN -15E-017 i
f538) B X U H Ry IR B 2 Rl 2 F 78 2 4l B &
(FLMERTFZE (C), No. 26340043 INiEE A FLAEmf
72 (C), No. 16K00565 BEH-HIAT) OB % 2 1F
2bDTHhL, ZZIRLTHELTERLEYT. £
7o, KW AR ERT AI2H70, REWOSHTIC
Tz 2 v BIRIE N & AV L E 9.

£ X #

HEEE, KHFHE  &S5EE M PCB of# & A
B o HVIEERE, ARIERE S IHHIEZ,
AT WERT 9 T —iG % & BFSE O Sl
W—, pp. 200-218, JuMKZFEE, 2010.
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