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Abstract Our preceding studies reported using animal liver microsomes that 2, 2', 3, 4, 4',
5'-hexachlorobiphenyl (hexaCB) (CB138), a worldwide and persistent organohalogen pollutant, was
metabolized to two major hydroxy (OH)-metabolites, 3-OH-CB138 (M-3) and 2-0OH-2,3,3',4,4,
5-hexaCB (M-4), and two dechlorinated OH-metabolites (M-1 and M-2) in guinea pigs at much faster
rate than in rats and hamsters. In this study, the distribution of four CB138 metabolites to the serum
and liver 4 days after exposure and their fecal excretion were studied in guinea pigs administered with
CB138 intraperitoneally. 3-OH-CB138 (M-3) was a major metabolite in the liver, serum and feces.
M-1 was observed as a minor metabolite in guinea pig feces. In contrast, trace amount of M-2 was
present in guinea pig serum. However, 2-OH-2, 3,4, 3,4, 5-hexaCB (M-4) which was a major
metabolite in the iz vitro system using guinea pig liver microsomes was not found in all tissues and
feces tested in this study. On the other hand, the exact chemical structures of M-1 and M-2 were
determined to be 6-0OH-2, 3, 3', 4, 4-pentaCB and 4-OH-2, 2', 3, 4, 5'-pentaCB, respectively, by
comparison of the retention time and mass fragmentation of the synthetic authentic samples in
GC-MS. From these results, it is suggested that the metabolism of CB138 in guinea pigs may
proceed by three pathways, a direct hydroxylation at 3'-position, and also the formation of 2',3'- or 3',
4'-epoxide and subsequent dechlorination and that three metabolites show the different mode of
distribution and excretion.
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(hexaCB) (CB138) 1%, 2,2',4,4',5,5-hexaCB
(CB153) ® 2, 2, 3, 4, 4', 5, 5-heptachlor-
obiphenyl (heptaCB) (CB180) & & d 12, Ak~
DFREVENIEF 128\ PCB &Mk LTas i
TV 5, Bl ZAE, R FLE) Y o IR R0 g 5 Al
Y e PRAYY, e MMiEB & Ok MR
w7V TIE, CBIB3 ISRV TEIRE THRIBE N
L. —7J7, b M T, 2 s o PCB Bk
& & 312, 4-hydroxy (OH)-2,2',3,4',5,5,
6-heptaCB (CB187), 4-OH-2,2',3,4',5,5-hex-
aCB (CB146), 4-OH-2,3,3'.4',5-pentachlor-
obiphenyl (pentaCB) (CB107) 7 & PCB /K
AbARAS LR R BE TR S T B 1071,

CB138 o # 1 1%, 3, 3, 4, 4-tetrachlor-
obiphenyl (CB77), 3.3'.4,4',5-pentaCB (CB126)
B L13,3,4,4,5 5-hexaCB (CB168) 7%= & D%
AFFL V8 (3759 —PCB) I~ AHIC
gz, HEFRLRERER (WHO) 2544 4%~
HOBMEO S KD T 72DIIE L T b HM%
SEMRBIIRE SN T AW L Laedss,
CB138 (%, CB153 & FIHkIZF b7 14 P50 % &
o 8 (Bt EE 32 D 3R\ phenobarbital (PB) %Y
FEAEETHIENDY S A OEEEEN
fehE s,

INE TIZCBIBREICHT 2Hi5IXIZE A
Ero 2, CBI38 ol E b b
3-OH-CBI38 #°& M2 sl Eh 2
ICE WD pa L R#METIT LI LS
HHI L7z, £72, & MFTIE 3-OH-CB138 A%4¥
RPICHBEETHALTWAEZ L HmESIN
721 —J5, Mgz T, CB138 OBIMAF I 7
O =225 5 invitro 2, 1) v b
T 1FE NAZAY—TIR3FEEBIOEL
Ey PTEAEEORBY ARSI NS Z &,
2) =09 bEMRHIWIE 3-OH-CBI38 B &
2-OH-2,3,3,4,4',5-hexaCB (CB157) T&5%Z
£, 3) EVEY MROEWRENEHELTET S
Zk, 4) 2fEHo—IEZEIL OH /& (OH-pen-
taCB) b Ehs 2k, 512, 5) ThbHD
ARUE PBRILEIC L D FE L S35 2 &2 W
LML, 22T, KFETIR, THETR
BHCTd - 72 2 3D OH-pentaCB DLk 1E %
BHS 2235 & & 412, CB138 fLilthy o ARk &
LI T 5720, BHEED R D EV-E L

X H T
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1. EERMH

(1)CB138 & & UMt

CB138 14 Cadogan D HiE™ THH L7z £,
1,2, 3-trichlorobenzene B & OF 2,4, 5-trichlor-
oaniline % tetrachloroethylene T&EF L, S 512
isoamyl nitrite # 12 C, 110C T 24 M s &
w7z e 7 v 47 4 (100 g, Merck)
BLOT) BTNV A T L (65g, Merck) THbski
7ot mEiks o~ ~75 74— (HPLC)
(2fF L7z, HPLC &Ik OBY Th b, #1174,
ODS # 7 & (250 X 20 mm id., 5 pm, YMC
) 7VH I, ODS 7L T4 (20mmid %
50 mm, YMC #) ; #&jfH, acetonitrile ; it %,
4ml/min ; BtPEER, 254nm. 7% 3B, CB138 O
BRI E RIS A A 7 u< b7 T 7 4 —
(GC-ECD) 12 X ZMaf#s A, A% hIZ 94.0% LA
ETHot.

CB138 : MS (EI) m/z (relative intensity) 358
(100) [M™], 360 (193) [M*+ 2], 362 (157) [M"
+4], 364 (63) [M"+6], 366 (16) [M"+8], 323
(32) [M™-CI], 288 (89) [M"—Clz].

2) R oA

M-1 (X F VbR o F BB & L T,
6-Methoxy (MeO) -2, 3, 3', 4, 4-pentaCB
(CB105) % &H.$ 54, 2,3, 4-trichloroaniline
& 3,4-dichloroanisole % & JE A & L TH W,
Cadogan D /%) TFi-72. %3, 3,4-dichlor-
oanisole |&, 3,4-dichlorophenol % 7 )V 7 1 P45
F, dimethyl sulfate DRI L ) X F L L
b 0x . —F, M-2 (A F VLK) oF
FRHY & LT, 5-MeO-CB105 # A3 554,
2,3, 4~trichloroaniline & 2,3-dichloroanisole %,
¥ 72 5-Me0-2,2',3,4,4-pentaCB (CB85) % &
W9 A4, 2,3, 4-trichloroaniline & 2,4~dich-
loroanisole %, & 512 4-Me0-2,2',3,4,5-pen-
taCB (CB&7) & &M T %4, 2,3, 4-trichlor-
oaniline & 2,5-dichloroanisole %, ARJER & L
THw/. B oh7z MeO 1£1% CB138 & [FEkIZ,
TIVIFHTHESY ATV T L% TR
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FE#LL 7-1%, HPLC IZ TR L 7-.

6-MeO-CB105 : MS(EI) m/z (relative intensi-
ty) 354 (100) [M'], 356 (152) [M"+ 2], 358
(100) [M*+4], 360(34) [M"+6], 362(6) [M"+
8], 304(97) [M™-CHsCl], 241(39) [M*-COCHj;
Cla].

5-MeO-CB105 : MS(EI) m/z (relative intensi-
ty) 354(100) [M"], 356(148) [M"+ 2], 358(96)
[M*+ 4], 360(33) [M*+6], 362(4) [M"+ 8],
304 (5) [M*-CHsCl], 311(31) [M"-COCHSs],
241(41) [M"-COCH3Cl2].

5-MeO-CB85 : MS (EI) m/z (relative intensi-
ty) 354 (100) [M"], 356 (154) [M*+ 2], 358
(107) [M"+4], 360(32) [M"+6], 362(6) [M"+

8], 339(16) [M'-CHsl, 311(29) [M"-COCHs],

304(7) [M"-CHsCl], 241(37) [M"-COCHs5Cl2].

4'-MeO-CB87 : MS (EI) m/z (relative intensi-
ty) 354 (100) [M'], 356 (138) [M"+ 2], 358
(118) [M"+4], 360(34) [M"+6], 362(4) [M"+
8],
241(46) [M"-COCH3Cl2].

2. BIOEHNIE

R EER X, Hartley RHEMEELEY b (KE
#7300~350g) % 5VLHWVTATo 72, FEERHIHE A
&, REE R — PICTREBNCETE L, FE RC4
(FV Ty VEERE) %2, ke & DIZHBHICER
SH7e FEEREIL, W 23.0 £ 0.5C, ©EF 60
+ 5% IR L, MU 12 B o B B4
A7)V (BB#H : 7:00~19:00) & L7-. CBI138 &
I— UVICERL, ELVEY M 1IEH2D 10 mg
EIERENICEG Lz, 5%, #Ex2HB I LI
BRIT 5 & EH12, 4 HEIZITEHEIRE Y 21iE
RN 5 LIk B L7z M 55 HE
HOCRBFE) CRE L, miEE LB EFo
FrizERsmiE b Icmt L, AR CHER L2
%, ST ECTBOCIIHRE L. 2B, ThH0H)
WFEBRI I BN EBRI M AT B R O KRR E 15
72 BT, TN ZRRS: (ST (2B
5 EBFEY O 720 OS] ZEsF LERL 2.

3. KEMOHmE
(1) Frp AR

X 60C T48 izl tz, a—v— I NV TH

339(17) [M"-CHsl, 311(35) [M*-COCHs],
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L7z SIRFEOREK 10 g (S HEYE & L
T2,2,3,3,4,5,5,6,6-nonachlorobiphenyl
(CB208) #* ¥nMlf%, acetone-n-hexane (2:1,
v/v) TL16 B[, v v 7 A L —Jli g5 Cli i
L7z, RIZREWEZ AT VLT H720, Boi/:
W % chloroform (2R L 72, WIZ, 2@ 20
D1 Y, 2M AKERAL ) v LJKERE 2.5 ml
T L7214, dimethyl sulfate # 0.5 mliRhn L,
100C T 60 4 [H&it L 7z. Z D%, chloroform T
T L, U8 L 72, n-hexane IR L7720 0%
GCH 7Lz

(2) M A

I3 0.5 ml 12 CB208 Z#shn L, 0.5M #ihz 0.
25 ml @ 0 L C Bk % 12 L 72 1%, chlor-
oform-methanol (2:1, v/v) 1 ml 3B & " n-hex-
ane 3 ml DIREHEHET 3 M L7z £72, Hhil
Y% diazomethane T X F )WL L 7-.

(3) A

i 1 g 12 CB208 % ¥ L C, Potter-Elveh-
jem FE T F A Y —% T acetone-n-hexane
(2:1, v/v) 15ml THREYFA XL 72 &S, Bl
KT 570, RiFdmEEF )74 (12¢)
22T 72 F 725%iE 1L n-hexane 10 ml T 2 [A] &
BT FA XL R LM%, RIBOMEEST M) Y
LH T AT RS 7z i i di-
azomethane T X F )WL L 7-.

4. Sftkds

CB138 & =D o 5#71E, GC-ECD B X
CEESHEMT GC (GC-MS) 12L& DV AiTo 7. %
B, IhboE=E, CBI38 OM=EME T
GC-ECD 2 & 017> 72. GC-ECD O &M kD
H) ThbL. HoirEss, ECD £ HP5890 Series 11
HA < b7 77 (Hewlett-Packard #) ; 7 7
L, DB-172—ARI U AFYET) =T L
(30m % 0.25 mm id, 0.25 um EJE, J&W
Scientific #) 1 4 — 7 YA, 230TC : i ATREE,
250C ; Wi, 250C » ¥ U7 —H A, Ny
(I mV/min). —7, fE#WOHFEIL, GC-MS
2010 (EEHfERTL) 2 HwC, EIE— FCHlE
L7z, GC-MS & thigko@l) Thb. 7T
L, DB-172—ARI U AFXYET) =N T4
(30 m x 0.25 mm id, 0.25 uym RE, J&W
Scientific #) ; 4 — 7 Y&, 70C (1.5 min) -
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20T /min- 230C (0.5 min) - 4C/min- 280C (5
min) ; EACRE, 250C ; MH#siEE, 280C ;
F 1) 7—4A, He (1 ml/min).

REHER

1. IMpREYDRTE

CBI8# 5% 4 HEDENE Y MILHF D
CBI8 B X Uz o R#HW (X F Vi) ©
GC-ECD 7 u~ b7 7 L% Fig 1A ITRT. RE
1Ltk CB138 LAtIZ, 2 RORHM Y — 2728,
IENERERRER] 15,1 B L OV 18.9 /i &
oo SRHDE— 2%, B ORHY O B
MEoltiE»s, 2 OH-pentaCB (M-2)
B LU 3-0OH-CB138 (M-3) & X F VLK TH %
C LRSI T,

KIZ, ThHolhiREzERE L7z (Table 1),
EmIZIX CBI38 OMEME 72, T DORER,
FEALKOMAFEEIE, 0.25 = 0.05 nmol/ml
serum TH o7z, ZTHIH L, ERHHWO M-3
OIHEEEE, 0.18 £ 0.07 nmol/ml serum T
D, KRB EFEBES RSN —TF, M-2
OIMFEEIE, 0.04 = 0.01 nmol/ml serum & 2*
DKo 72,

(A) Serum (B) Liver (C) Feces
<~ CBI38
I“ CB138
CBI38 i .
o
T M3
3 b V4
|
|/ # o e oo
| M-2§ I i i 1 i 1
i ¢ 1 1 ] il n | i
wdY A UL O | I
Tt il TN T g S e
1o 20 30 0" 20 30 10 20 30

Retention time (min) Retention time Retention time

Fig. 1 Gas chromatograms of CB138 and the methylated
derivatives of CB138 metabolites detected in the
serum (A), liver (B) and feces (C) of guinea pigs
injected CB138 intraperitoneally.

IS, internal standard (CB208).

Table 1 Distribution of CB138 and its metabolites to the
serum and liver 4 days after CB138 injection to
guinea pigs

Serum Liver
Compound (nmol/ml serum) (nmol/g wet wt.)
CB138 0.25 =0.05 1.87 £ 0.05
M-1 N.D. N.D.
M-2 0.04 =0.01 N.D.
M-3 0.18 = 0.07 1.26 £ 0.09
M-4 N.D. N.D.

N.D., not detected.
Each value represents the mean + S.D. of five guinea pigs.
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2. B O%RE

CBI8 %5 #4HHoEVEY NiFh®D
CBI8 B X 'z #W (X F Vit o
GC-ECD 7 u < k 7 5 A % Fig 1B 12K 7.
CB138 LiAb iz, @™ & L T 3-OH-CBI138
(M-3) O XFIULED ARSI/, 22T,
FroOREIAEBL O M-3DEE KA E S
5, FFHREEIXENEN1.87 £0.35 BLU1.26
+ 0.09 nmol/g wet wt. TH ), HFiZ2BWTh
M-3 I ERZEAARICICH T % 12 & DO EWRE THA
LCw7: (Table1). %#B, ELEY F5LDOF
BWIHEEE N 17g LTMETLE, 4HH
DIFIo A BRZELE L M-3 DfEEIZENE
520 0.12% & 0.08% A% LT 7z,

3. EhRBYDIRE

Fig. 1C 12, CB138#%5-%% 2 HM O FE D R%
{bikB L O (27 1bfk) @ GC-ECD 7 1
YNNI ARRT. REEE &I 2HEOMA
W E— 705, PRI 14.9 0B L OV 18.9 431
M Enz B, bk GC HRER A 5
e, B o OH-pentaCB (M-1) B L O
3-OH-CB138 (M-3) ® A F ALtk & e Sz,
W2, 4 HEcHEPA LS 72 REE B &
O#Y (M-1 & M-3) #Em L, #5%2HMH
BIU3~4 OMTclEL7 (Fig 2).

T4, REMEOERA~OBRIEME L, 5%
2 H T 76.8 nmol, 3~ 4 HHT31.6 nmol T
ol L, M-3 ORI, 5%
2 A< 20.8nmol, 3~4 HIHT10.0 nmol T

Hotz. 72, M-1 OPElE X, $55%2 0 H

100

3 B 1-2 days T

S 80 H

= 0O 3-4 days

8

=3

= 60

=]

£

£

< 40

=

=]

=

<

-

=

2

20
Ojﬂ‘ N.D. .—\ N.D.
M-1

M-2 M-3 M-4 CB138

Fig. 2 Fecal excretion of CB138 and its metabolites in
guinea pigs injected CB138 intraperitoneally.
N.D., not detected.
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T11.3nmol, 3~4 HMTY 11.3 nmol %D
Seirol, ZoLHil, R#Em M-3BLY
M-1) OHRltE L, REEOFXGUT TH - 7.
B, mMAHYO 4 HHOERPYEER 355D
ZAD0.19% TH o7z (77— 7 KBiK).

4. KB M-1 & M-2 DRETE

4Al CBI38 i & LC, M-1 BX O M-2 28
WER2 s, ZhendEhE L CIh s S5l s
nz. 22T, INLOGTEXHEIO L0,
ZAE OB E GC-MS I2HF L7z, Z DfE 5,
Table 2 1278 T £ 912, M-1 BEUOM-2 D A F )
LRI N DT E3AEHET LI s, BE
W L AR, YA 1 EBEE L 72 MeO-pen-
taCB Tdh 5 Z &SRR S L7z, kI, PR
WaeEsL, WAHYOREZH M7

4, M-1 (AF UK D AAXRYZ FLE
ALY, T A MAF Y [M-50] H35k M
Hah72ens, M-1 (A FIUBE) 12 22) 6%
2, 5 Wik 6(6) L2 MeO %% F 3 5
pentaCB?V & e Sz, #2C¢, FAafkHE L
L T 6-Me0O-2,3,4,4',5-hexaCB (CB105) %&
L, GC-MS TOMEIB LY AT 7 2
yr—arik M-1 (AF VK &L 78
B wIndwEell—3; L7 DLEoEErs,
M-1 1% 6-OH-CB105 T % & P S 7.

—F., M-2 (A F VLK) O~ A A~RYZ ML T

171

&, W I I 75X Ay [MT-15] £k
TIT A MGy [MT-43] MR < R
SNz ent, 3@)dH B\ i 5(5) iz MeO
A5 5 pentaCB?Y LHfisg Sz, 22T, F
A & L CHl& 5-MeO-CB105 B £ Y
5-MeO-CB85 # & L, GC PRHFIEM % it L 7.
L Lens, wihd M-2 (A F U bEk) &R
RS L e h o 72, RIZ, 4-MeO-CB87
FAMLEEL72E A, GC-MS T4
BLORAZRT FUSM-2 (A F VLK) &3
FReIl—% L7 DEOHKE»S, M-2 1
4-OH-CB87 TH A Z L VHL N o7z,

Z 2

ENEY MIED CBIS8 O AN L S
A, I ray—nEHWT i vitro R &
) REDLRENY =V ERTEFHS L
otz Thbb, invitroKERTIE 4D
R AERL SN2, S, i vivo HEHHRT
ZZ20H Lo 3fEES B SN ERBWIE
3-OH-CB138 (M-3) T& v, I, IFB8 L U0ED
FTRTCOLBH SNz MBI, METIED D25
213D OH-pentaCB (M-1, M-2) 23 Ei
#EpLrh 2 st S e

AFFE T, RS2 fi%H o OH-pentaCB DAL
FREEDSH S oo, FHEAB Z SR L,
GC-MS Tlt#g L7222 A, M-1& M-2ix%h

Table 2 GC-MS data of CB138 metabolites and synthetic authentic samples

Molecular Mass spectral data Retention
Compound weight [M™] [M*™-15] [M*-43] [M*-50] time (min)
Serum
M-2 354 100 18 39 - 13.81
M-3 388 100 7 38 10 15.08
Liver
M-3 388 100 5 34 8 15.08
Feces
M-1 354 100 - 84 13.75
M-3 388 100 33 7 15.08
Standards
6-MeO-CB105 354 100 - - 97 13.75
5-MeO-CB105 354 100 - 31 5 15.17
5-MeO-CB85 354 100 16 29 7 13.58
4'-MeO-CB87 354 100 17 35 - 13.81
3'-MeO-CB138 (M-3)* 388 100 8 40 - 15.08
2'-MeO-CB157 (M-4)* 388 100 - - 155 15.23

19)

-, not detected. *cited from the reference

CBS85 (2,2',3,4,4'-pentaCB) ; CB87 (2,2',3,4,5-pentaCB) ; CB105 (2,3,3',4,4-pentaCB) ; CB138 (2,2',3,4,4',5-hexaCB) ;

CB157 (2,3,3,4,4',5-hexaCB).
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21 6-OH-CB105 & 4-OH-CB87 TH» 5 Z L8
REENT. ZOHEFENS, ELVEY PTIE3D
DIKBAKERE DS FIREIZHEAT L T B 2 EAVRIZ S
N7z, Fig 3I2EFILVEY MIBIT5H CBL38 0t
ERHERE R L. 745 3-OH-CB138 &
Fe LTI MMoEEAKRRMAIZEY, 7

6-OH-CB105 (M-1) & 4'-OH-CB87 (M-2) (%2,

3-epxide & 3',4-epoxide % ik L L2220,
EHIIBEFREE o THEK SN D EFE 2
Y

AR S T STEFEONBW T ENTNEL 55
fizmRL7z. CBI38#x5-1%4 HHTIE, FAHD
» 3-OH-CB138 (M-3) 1%, Il T b a7z
2%, FFCHRICEIRESM LTz, ZoRERIE,
Guvenius 5 D& MFOHE & X < —B L7278,

AP REFICER LT ORIEIAWTH .

X512, 2 ¥ o OH-pentaCB @ 9 b,

4'-OH-CB87 (M-2) 13ft& s S i~ & 537 L,

—7, 6-OH-CB105 (M-1) Z&Z & h~ L HE
MENLZERHLNE R ST, TNETILFIZ
R LT PCB RGEIL, il L T 4-0OH-3,
5-dichlorobenzene DHiEZ A L TH Y, M+ D
FURIR RV E V454 % 737 transthyretin & &
WEHMMEE R T IS S AT WD,
4'-0H-CB87 (M-2) 1%, ZoO& %L Twab
Z £ H 5, transthyretin [RG5S LI ~ERE L C
WLLDEHEESIND. B, EVEY MFIS
0 — A% 72 in vitro SR IZB W CEAH
WMo 1>CTHho72 2-OH-CB157 (M-4) 1%, 4l
D in vivo LR TIE, L BEEINLH -7
COHHIIAHTH 255, SRIFRME, B
FUOHEDIHNIFRWIAML T 200 Ltk
V. B, A RE ST EREAELTSE
D, B Eh o700 d Litkwv., T
IS ROWERETH 5.

Ll JERENTES- S 7z CBI38 LMK, AF720F

Tz, ERCbmRETRB SN JHED
LEADOPMEIRIE, 220FZ N5, 1213,

JEREN 26, I, BF, S SIIET 24 LT3
~NHEE SN DR TH L. T OYE, CB13S 12hF
BHD BN &2 5/ T CBIS DIE L A L2
BRI EE8bns. 9 120%, MLk
ML S OHETH 5. FA WL, A % 2
WMEDELERAWED 1 >TH S 2,3,4,7,

X H T

(106)

3044

[2.3-epoxide] [3' 4"-cpoxide]

Fig. 3 Postulated metabolic pathways of CB138 in
guinea pigs.

8-pentachlorodibenzofuran (pentaCDF) 7%, (% &
ALREENEZ L%, BHMETIED 57,
A A A S, Ty MNEEENICHEES LS
TrEWELTWA. B, MG R A
ETDHEIVAR=F—DOPHESY VIS Y
(MDR1) 75%& % O3 oMyt~ HE % 18 -5
TWB I ENFMSLNTHE Y, ik pentaCDF
LAWZED CB138 & MDR1 O#EZIZ7 > T b
Db Lz,

il X 912, b M Tk PCB £k & &
b1z, RE O 4-OH-CB187 % 4-OH-CB146 #°
M &N Twab, 4-OH-CB146 (X hifnf T2
FHIZZWPCB R TH 525, & L CBI38 AT
BRI ST, 4,5-epoxide HfEZ AR L, X5
4o FEHSSAMICNIH M 5 L
4-OH-CBl46 DK SN B 2 X122 5% L
L7%723540, CB138 #%5-E )V E v b DI,
BILUOEOWTNADL S 4-OH-CB146 (L &
NaholzZ &Ehb, 4-OH-CB146 (& CB138 2
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