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Species Difference in the Metabolism of 2, 2', 3, 4, 5, 5'-
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Abstract The in vitro metabolism of 2, 2', 3, 4, 5, 5-hexachlorobiphenyl (hexaCB) (CB146) was
examined using liver microsomes of rats, guinea pigs, hamsters and human. Untreated animal livers
produced one metabolite (M-2) in rats, three metabolites (M-1, M-2 and M-3) in guinea pigs and no
metabolite in hamsters. Pretreatment of phenobarbital (PB) resulted in a marked increase of M-1 in
three animals and of M-2 in guinea pigs. In contrast, pretreatment of 3-methylcholanthrene showed a
significant increase of M-3 in guinea pigs and a decrease of M-2 in rats. Human liver microsomes
prepared from nine Caucasians mainly formed M-2 and M-3 at a ratio of 2: 1 and two individuals also
formed one more metabolite M-1. The formation of M-1 was significantly correlated with CYP2B6
activity. By comparison of the GC-MS data of three metabolites with synthesized authentic samples,
M-1 and M-2 were determined to be 3-hydroxy (OH)-CB146 and 4-OH-CB146, respectively.
However, M-3 is unclear at present except the fact that it is OH-hexaCB. These results suggest that
3'-OH-CB146 is formed by PB-inducible cytochrome P450 (CYP2B enzymes) in animal and human
livers and 4-OH-CB146 is a major metabolite in rat and human liver.
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obiphenyl (hexaCB) (CBI153), 2,2, 3,4,4,
5-hexaCB (CB138), 2,2',3,4,4',5,5-heptach-

lorobiphenyl (heptaCB) (CB180), 2,2',3,3',4,4',

5-heptaCB (CB170) 3 X 1°2,3,3.4,4' 5-hex-
aCB (CB156) 7%, WL/ oI, BEiifiks &
U bmEmigETHRE SN TS, Ihbidvng
N BEIIEFEHD 6 ML LT, 2.4, 5-=HFEMR
Ny EBrHhHwiE 23,4, 5-UEREBRY LY
AETHL0REHD)THLY V. Fi, i
513 PCB &Mk 7213 Tid %z &, PCB @ »
4-hydroxy (OH) -2,2',3,4',5,5,6-heptaCB

(CB187), 4-0OH-2,2',3,4',5,5-hexaCB (CB146),

4-0H-2,3,3',4', 5-pentachlorobiphenyl (CB107)
B LU 3-OH-CBI153 % & & H iy v 1 T
ENTwaY Y PCB B0 b, EB#RIESE
BHRSMUT DDA Y-8 T (I KEA B
ENHolE, WARKIZRESZ2F M7 a4
P450 (P450) 12X D, MWEWAES KB LS
JEIZ A L TP LS N2YY. L Lz
5, RO L) RRBEWOEE, KKREVIRE
BEEHFFL T2 720RMIIbZNERA LT
LD EEDbND.

P450 |2 & % PCB OftFHE, FHHERATEHIKER
s aigags, RS Y Pz RET 55
HORE L 2ODKEALHERE CTHEITT 2 Z & 2%
SNTVEYY . BBEORE, HEFE TS NIH i
fLzfE) 2 end by, #PCBEMMKLE LT
HAEZON TS, Bz e MIFTRLE
M &b 4-OH-CB187 ¥4, CBI187 & 2,
2'.3,4,4',5 6-heptaCB (CBI83) "€ 2 5 5.
MHfFE=ETIE, CBIST DT v M EENLVEY MFI
rya—2n (Ms) 12X AR08 %2~ WEhi e b
W ERBW TIE %\ AT 4-OH-CB187 % 1§ 5
SEEHRELZY kIS, e M T2EKEICS
B &b 4-OH-CB146 ¥4, 3Bl PCB #4%
fk& LT, CB146, CB138 3 L " CBIG3 7% 2 5
5 (Fig. 1). CB138 & %\ 1% CB153 % 5 i,
FNEN45-HHVIE 3 4-TRFY Rtk %
FRHL, SHIC4ANOEREFANIH 7 M T
LT EIZE o TEBREINSD, CBl46 225 1%, 4
MOEZKBILIZE > TEREINS., ZhFETY
W9 =2 <ix, CB138 @ in vitro L%, 5 » b
ENLVEY PBLUONLZY —F Ms & HWTHR
7295, WENROBW A S b 4-OH-CB146 (345

X H T
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Fig. 1 The postulated parent PCB congeners of
4-OH-CB146
o2 RS, 4 2B Ms'P B L OE

VE Y MIFMs'™ % v T CB153 @ in vitro £
AT NS, 4-OH-CB146 3 SN2 0o 72,
—75, CB146 O IZ oW TIZ e ISR 72
57w,

ZZTARBIETIX, v b, EVEY P, N4
A5 =B L0k MF Ms 2 T CB146 @ in vit-
ro R BT 2B Z FI~72. 72, AR
B9 % P450 3 FHEZ IS 22§ 5720, fRiF
172 P450 #F3E K] & L THI 5T\ % phenobar-
bital (PB) B X 1" 3-methylcholanthrene (MC)
THILE L 72 BT Ms T AR L7z

KB A&
1. EEHH

(1) CB146 D&

CB146 (% Cadogan ® W TARM L7 T4
B, 2,4, 5-trichloroaniline 1.0 g 8 X IV 1, 2,
4-trichlorobenzene 3.0 g % tetrachloroethylene
10ml THME L, X512 isopentyl nitrite 0.5 ml %
iz T, 110°C T 24 BEf UG S & 72 BUSH &
73+ 7 4 (100g, Merck) BL T A7V
717 5 (65 g, Merck) CTHEAAEH L7214, HPLC
TR L7z, HPLC &M RDE ) TH 5. o7
IS Z 24, ODS#H T4 (250 x 20 mmi.d., 5
um, YMCH#) : 7L F 4, ODS 7L 7 4 (50
X 20mmi.d., YMC#) ; ##)fH, acetonitrile ;
Uit #, 4 ml/min;: B H ¥ &, 254 nm. % B,
CB146 Db 13" H-NMR B X OF GC-MS |2
X OPE L7z, FH 7 CB146 OffiE L, 96.0
% TdHh o7z,
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CB146 : 'H-NMR ¢ (ppm) : 7.162 (1H, d, J=

2.01Hz, 4-H), 7.349 (1H,s, 3-H), 7.558 (1H,d,

J=2.56Hz, 6-H), 7.613 (1H,s, 6-H). MS (EI)
m/z (relative intensity, %) : 358 (100) [M"], 360
(188) [M*+ 2], 362 (153) [M"+ 4], 364 (66)

[M"+6], 366 (21) [M*+8], 323 (28) [M"-Cl],

288 (74) [M"-Cl,].

(2) KB OER

4-Methoxy (MeO)-CB146 B & U 3-MeO-CB153
\& Hutzinger > O F Y 2 B FWE L TEKL
72. bbb, 2,4, 5-trichloroaniline 1.0 g % /&
EERCHERRIE & L 7ok, HRERS bV o A Ak

W2 T L, 232 acetonitrile THAEL 72 2,3,

6-trichlorophenol (Lancaster, UK) 2.0 g # /I 2.
T, 110C, 2EM IS S ¥72. €D, chlor-
oform |2 CTHH L, W2 2M KEEfLF M) 7 4 T
Wi 2 AT, RIERTHEREE L2k, BU
chloroform T L7z, W7 v+ o35
2 (100g, Merck) THRAEE L 7214, ERd& Mk
7 & T HPLC % 1T - T 4-OH-CBIl46 &
3-OH-CB153 % 4 HE A% # L 7. &% 1% 12 di-
azomethane TX FI)VLL, ZMh%a GC-MS |24k
L7z,

6-MeO-CB146 13, BEH#'” 126V, AR L 72,
F7-,
5-hexaCB (CB133) 13 Cadogan ® 71 TH K
L7z. §7&bbH, 2, 3, 5-trichloroaniline 1.0 g B
£ 12,3, 6-trichloroanisole (Lancaster, UK) 2.0
g % tetrachloroethylene 10 ml T L, & 512
isopentyl nitrite 0.5 ml 21z T, 110°C T 24 B%
MRS &7, s, ZRIEEESE/2%, v
) H VA T L (65g, Merck) THEBATKEH L,
HPLC IZTHR L 72, oz FRILEm oo
1%, GC-ECD B X U GC-MS |2 THro 7.

GC-ECD ODE&MITRDEY) Th 4. 5Hibkss,
ECD ff HP5890 Series T A7 u~ 75 7
(Hewlett-Packard #) : # 5 4, DB-1 72— X

F)7FvE¥F7) =77 24(30m x 0.25 mm i.

d., 0.25 um EE, J&W Scientific #) ; +— 7~

e, 230C : {EAREE, 250C ;0 MR &FmE,

250C ;5 F 1) 7 —HA, No(l ml/min).
4-MeO-CB146 : MS (EI) mz (relative intensi-

ty) : 388 (100) [M*], 390 (188) [M"+ 2], 392

(149) [M"+4], 394(62) [M"+6], 396(16) [M"

3-MeO-CB146 # & OF 4-Me0O-2,2',3,3',5,

(93)
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+8], 373(44) [M"-CHs], 345(36) [M"-COCH3],
275(46) [M"-COCH3Cl2] .

3-MeO-CB153 : MS (EI) m/z (relative intensi-
ty) 388 (100) [M*1, 390 (193) [M" + 2], 392
(147) [M"™+4], 394(68) [M"+6], 396(17) [M"
+8], 373(7) [M"-CHs], 345(45) [M"-COCHa],
338 (13) [M"-CHsCl], 275(42) [M"-COCHs
Clo].

6-MeO-CB146 : MS (EI) m.z (relative intensi-
ty) 388 (100) [M*], 390 (193) [M"+ 2], 392
(156) [M"+4], 394(86) [M"+6], 396(16) [M"
+8], 338(134) [M"-CHsCl], 318(29) [M"-Cla],
275(39) [M*-COCH;5Cl2] .

3'-MeO-CB146 : MS (EI) mz (relative intensi-
ty) 388 (100) [M™], 390 (198) [M" + 2], 392
(156) [M"+4], 394(69) [M"+6], 396(17) [M"
+8], 373(8) [M"™-CH3J, 345(37) [M"-COCH3],
338(12) [M*-CHsCll, 275(37) [M"™-COCHsClo] .

4'-MeO-CB133 : MS (EI) m.z (relative intensi-
ty) 388 (100) [M'], 390 (190) [M"+ 2], 392
(142) [M"+4], 394(63) [M"+6], 396(14) [M"
+8], 373(36) [M"-CHsJ, 345(33) [M"-COCH3],
275(40) [M"-COCH3Cl2] .

(3) FEERENY O H) LB

HeME o Hartley 2ELVE Y b (EEK 280 g),
Wistar 27 v b (fKEH 260 g) B &£ U Golden
Syrian AL AT — (KEK 0 g) %, Thth
FRALEERE, PB RILEEE B L O MC milE o 3
BI2F, 1#4PCE L7z, PB-Naifild BB
WARIZE M L 80 mg/kg/day @ & T, — 4,
MC & 2 — V2@ L 20 mg/kg/day O =T,
WLy 3 HHBEERICHS L7z &5 HO
BHICERE A BR LT, FEMEL, #ikic
LIV Ms B L72. 2B, INo0BYFEER
R FERF O EREYZ B SO KR 2 1572 E
T, [HRrERERS (B ORI BRI
B9 a8lE | %857 LSRR L 7.

(4) e MiFR 71V —2A
v MF Ms id, AABEMS % (HG32, HGH4,
HG74, HH74, HH81) B X I A& 4 %4 (HH77,
HH91, HHI101, HK37) 758 ABIZFR#E S 7z
b @ % BD Gentest 1 (Woburn, MA, USA) X
DEEANL7:. HBEREEzELT20I1I08%E e b
JHF Ms WD 4 P450 57 F T ORERTEMEL, RAHE
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HoOT—5 2 ML

2. FMsickaH

EIWIIE Ms |2 & 5 CB146 O HHIBLH 12
CLTiTo7z. §74&b5, 40uM CB146 # NADPH
A% (0.33 mM NADP, 5 mM glucose-6—phos-
phate, glucose-6-phosphate dehydrogenase 1.0
unit), 6 mM MgClhB X 0"#FH ¥ AIF Ms (1 mg
protein) 100 mM HEPES #& i (pH 7.4) & &
LA Ilml & LT, 37CT60min 1 ~ F =
~N— Mg, F# % chloroform-methanol (2:1)
1 ml & n-hexane 3ml T33O L7z v b
JF Ms OB &2, A7 — Va2 3 _TERELE L,
FRRI2AT - 72, Wi L diazomethane T £ F- )V
ftf%, GC-ECD % 7z1% GC-MS 12 L 7=, W
DEREIE, CBl46 D=z W\ TiTo 7z,

3. ZOft

FMs ©%F 7 HoERIE, Lowry 5D
BN T o7, b, HEEY VRV EELT
TUMET VT I v v,

EREMB L OB O nF&EI1E, GC-MS
2000 (EE#ERTEL) % HwC, EI£— FTllE
L7z. GC-MS M &tHiZiko@) Thsb, Ho
A, DB-1 72—AFTUAFXYET)—H T L
30m %X 0.25 mmi.d., 0.25 um fEJE, J&W
Scientific #) ;  *— 7 YiEE, 70°C (1.5min) -
20°C/min - 230°C (0.5 min) - 4°C/min - 280°C

3044

(5min) 5 JEALEE, 250°C; Fx V)7 =4
A, He (1 ml/min).

"H-NMR A7 PV OHEIEZHAETHO
JEOL GSX-500 (500 MHz) % FH\CTA7o 72, 38
I&, chloroform-d |2¥## L, tetramethylsilane %
NI - & L CTHW .

S S

1. KEREMIAT Ms (CK B

Fv b, EVEYMNBLUONLZZAY—|2LD
CB146 X 2 <72, Fig. 2121, ROUHEEHY T
Ms |2 & 0 R & 7z CBl46 i (X 71k
k) OF Az~ NI LERT. KUEMs O
W, 7 b T LHEEORHY (M-2) 23 PRERke
16.75 min 12, F7z, ENVEY bT3HEHEONAH
¥ (M-1, M-2 B & 0" M-3) 25550 16.1 min
16.75 min B L O 17.23 min IS Sz 7B,
INAAY =TI E — 7 3l s e o 7z,

KIZ, HHEENAT Ms 12 & 5 CB146 L %
sEm L7z (Table 1). O = 1L CB146 K%
ILAEDOEMEZ HNTITo 72, ZORR, F3K
WEL S M Ms 1281 5 M-2 @ i 1%
24.2 pmol/hr/mg protein T o 7z. F 7z, KAl
HELVEY MFMsIZBITFAHM-1, M2BXLWN
M-3 OERE L, TNnFit28.2, 1.3BLV
4.7 pmol/hr/mg protein T& v, M-1 25T
Thoz. KIZ, PBHEIALEE L 72/F Ms Tl&, 7 v
FOBE, M-1SE 7z ER S, DA RE

11

A) Rat B) Guinea pig C) Hamster

CB146

CBl146 CB146
/ /

1

Va2

I
10 20 30 10 20 30 10 20 30
Retention time (min) Retention time (min)

Retention time (min)

Fig. 2 Gas chromatograms of the methylated derivatives of CB146 Metabo-
lites formed by liver microsomes from rat (A), guinea pig (B) and
hamster (C).
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Table 1 Effects of P450 inducers on CB146 metabolism by liver
microsomes of rats, guinea pigs and hamsters

Metabolite formed (pmol/hr/mg protein)

Treatment M-1 M-2 M-3
Rat
Untreated N.D. 24.2+2.3 N. D.
(1.0)
PB-treated 51.7 = 8.6* 28.0 3.4 N.D.
(1.2)
MC-treated N. D. 12.7 £ 5.6" N. D.
(0.5)
Guinea pig
Untreated 28.2+5.4 1.3+1.6 4.7+5.8
(1.0) (1.0) (1.0)
PB-treated 117.0 £ 13.2° 7.1+1.8 N.D.
4.2) (5.6)
MC-treated 26.1 £ 14.6 6.4 5.2 18.2 £ 3.2
0.9) (5.1) (3.9)
Hamster
Untreated N. D. N.D N. D.
PB-treated 31.9 £ 5.5* N.D N.D.
MC-treated N. D. N.D N. D.

N.D.,, not detected.

Each value represents mean + S.D. of four animals and those in parentheses

are the relative ratio of untreated animals.

*Significantly different from untreated animals (p < 0.05).

1% 51.7 pmol/hr/mg protein & BHZE TH >72. 7
B, M2 1.2/ mMLzIc@BE ero7. £
WVEY FOWAE, M-1BXUOM-21%, Fieth
R 4 2 5B X052 BICAZISHEINL 7245,
M-3 id& il s ol NARY —DY;
B121E, M-1 ORI 721 S, Z O AR
41% 31.9 pmol/hr/mg protein T - 72. — K4,

MC HILEERF Ms CTlx, 7 v FO¥HE, M-2 DA
AR SN RIE DK 50% (2 E H I L
72, BENVEY FOWE, M2 & M-3 e
RWED 5.1 f5 L 3.8 WML 7223, M-1 1313
EAETAL ot Fl2, NAAY — DA,

FALER & A%, AT M s ko 7.

2. EMFMs ICK B

94D MF Ms 12X % CB146 3 % 18 A5l
IRz ZOfEE, Fig. 3I1IRT L)1, X
TOe MFMs 1238 L T, M-2 25k % AR
SN RT1IAEBRE, M3 ER SN
¥7:, B 24 (HG63, HH74) DHF Ms T,
M-2 & M-3 12z, M-1 o4 b BE s,

S0, 3HEEOMRHMY & FE 42 P450 iEMEE D
HEREZHEH L2 2 A, M-1 AR E
P450 =85 L OV CYP2B6 L HEICHET 5 2 &8
BBz (Table2). B, M2 BLX U M-3 D
AL, £ P40 AR L b A CHBIIEERD S
Nehorz. 61T, HEZFHARLZOIZ, Bk
S5%HEXEAXDFIERB L2 AH, M2 &
M-3 OAEREEE, BETIEZENEN 8.0 £ 2.3
& 4.2 += 3.3pmol/hr/mg protein, ZPETIEZ1L
FN8.9%x1.7% 4.0 £ 1.0 pmol/hr/mg protein
THY, IFEALEVIROON -7,

3. REHOILZEE

CB146 X O LE M & % 5 5 720, 100
EEO A7 —) (100 ml) TRFLISEITV, &
SIREE A F UL L, ZhE GC-MS 124t L
72, ZORER M-1, M2 BX U M-3 D % F )L
FEKIL, WINDBFTEIBEHT LI LN,
3HELOHBETHALZEDRHLNE ST
(Table3). F72, M-1 (AF VLK) TiE, 75
AV M F Y [M™-43] (m/z345) »SILENZ%
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Fig. 3 Metabolism of CB146 by liver microsomes from nine human
individuals

Table 2 Correlation coefficient between human P450 activities and three
CB146 metabolites

Isoform M-1 M-2 M-3
Total P450 0.747 -0.378 -0.227
CYP1A2 -0.114 -0.037 0.020
CYP2A6 0.094 0.095 -0.096
CYP2B6 0.974* -0.358 -0.158
CYP2C8 0.653 0.035 0.153
CYP2C9 0.290 0.252 0.167
CYP2C19 0.329 -0.105 0.475
CYP2D6 0.044 0.132 0.285
CYP2E1 0.587 -0.348 -0.345
CYP3A4 0.514 0.081 0.062

“p<0.05 "p<0.001.

Table 3 Mass spectral data and retention times of the methylated derivatives of three
CB146 metabolites and its synthetic compounds

Molecular Mass spectral data Retention time
Compound weight ~ [M'"] [M'-15] [M"-43] [M"-50] (min) in GC-ECD
M-1 388 100 9 26 10 16.11
M-2 388 100 32 22 - 16.75
M-3 388 100 - - - 17.23
6-MeO-CB146 388 100 - - 134 14.14
3-MeO-CB146 388 100 8 37 12 16.11
4-MeO-CB133 388 100 36 33 8 16.27
3-MeO-CB153 388 100 7 45 13 16.67
4-MeO-CB146 388 100 44 36 8 16.75

-, not detected. CB133 (2, 2, 3, 3, 5, 5-hexaCB) ; CB153 (2, 2 4, 4', 5, 5'-hexaCB).
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BB ENZZDIZ L, M-2 (X F)VLk) Tl
T A A F Y [MP-15] (m/z 373) #°% <
BNz, TNHOFERNS, M-1 1A F AL
bbb 3 (3) b svik5 (5) frls, 72 M-2
T T bbb 4fidh b ik 4 il OH %%
HEEHIEImmEhs. 72, ZRHWO GC
REEMBLOYAZARY MV E, HEAH L7
THE R L7282 H, M-1 E M2 DX F )L
11K 7Y 3-MeO-CB146 B X UF 4-MeO-CB146 &
—H L EnS, M-1 & M2, Fh?
1 3-OH-CB146 & 4-OH-CB146 T®» 5 Z & VR
Bz B, M-3I1Z2oWwTiE, HFE6 Mol
NARYE =7 3 E N2 b O0ORELR 7 I 7 A v
M I UEBRHETHICIEEZES o722 85,
WEDEZARHTH 5.

Z ES

e MIEHPT2HFEHICE M E s PCB R
ﬂ%f%%40HCE&WﬁM€B SRR A B &

MIZT L7280, Ty, FLVEY DN, NAAY—
BLOE MF Ms 12 & % CB146 DA% 7.
ZORRE, KREWET v b, ELVEY FBLY
L NTHERSINSLZE, T/, CB146 O/
= VIIRELREMEEN DD Z LS E
o7z Fig. 4 IZEHFB L e MIFIZBIT 5
CB146 OHEECHHRER 2 7R 3. RALEEW AT Ms
TOFEMABWIL T v+ TIE 4-0H-CB146
(M-2), €®)Ev hTlx 3-OH-CB146 (M-1) T
Holzhs, —J, NAAY —TIIRBWH AR
Napolz. F7-, PBRILHEIC LY, v b, E

Cl Cl cCl
agas
5
CB146

d OH-hexaCB
aSa SRR

3'-OH-CB146
4 OH- CB146

(M-1)
(M-2)

Fig. 4 Postulated metabolic pathways of CB146 in animal

and human
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WVEY BLXUNLAZAY —DOWT O T LI
B LT, 3-OH-CB146 DA A3 L < it S i,
ZOHMEOR R, EVEY F>TF v P>NLR
¥ —DIETH -7z, =B, MCHILHEIZLD,
4-OH-CB146 O HEHe A%, J v bk TIERWLHE D
50% B L7201 2xf L, EIVE Y b ClE AR
OBRIHMLz, ShFETIZ, "ATEVEY
kA%, CB153, CB138 3L UCBI&7T D& 9 72 2,4,
S-=HFEERAN Y Y Y 2 A 5 PCB #MR %)
L, BB e A 322 LamtiLTw
BV - 2vE] - CB146 fL#Hc BV C b kLS
ENEY MIBWTRENZ2RBNGEI B SN
7z.

4li], 4-OH-CB146 % CB146 O #W TH %
CEDPDTHERE N, w22 k12, b MIF
Ms Tlx, 7 v MRLEF Ms & RS, FAH
WCho7z b MIEFIZB VT, 4-OH-CB146
I, 4-OH-CBI187 OKIZFE VIR Tt EhuCwn
VDR SEORKERIE, CNOOHER LXK
F¥sboThor. —J, PCB#Eih (60%H%
&) o CBl46 &&1d, CB153 & CB138 &
BTN 10%HIHETH LD L, 1.6%F
eI Er@EsnTwa?. chso
HEXEZ AL L, B ES/: CBI46 X
BAIVHEBICEHEINTVE, E5ITFTYW L
DA E 21, 4-OH-CB146 O AL H 2 JFFE
THEIChobDEEZLNSL. MEHIZE
\7 %5 PCB UM O s B X, I o AR B &
VE VY 287 Tdh A transthyretin & O
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