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Studies on Metabolism of BHC Isomers and Related
Organochlorine Compounds

Norio KURIHARA

Radioisotope Reseavch Center, Kyoto University, Sakyo-ku, Kyoto 606, Japan

Metabolic experiments of lindane and related compounds are reviewed. Lindane and other
BHC isomers produced 2,4,6-trichlorophenol as the major oxidative metabolite by rat liver
microsomes. A mechanism was shown to be direct oxygenation of the cyclohexane ring follow-
ed by dehydrochlorinations. Microsomes from rat liver and housefly abdomen effectively
metabolized lindane to (36/45)— and (346/5)—pentachlorocyclohexene and (36/45)-hexachloro-
cyclohexene in addition to 2,4,6—trichlorophenol. A reaction mechanism was proposed which
includes electrophilic attack by an activated oxygen to chlorine or hydrogen. Microsomes
metabolized isomers of tetra—, penta—, and hexachlorocyclohexene to tetrachlorocyclohexenol
isomers, 2,4,5-trichlorophenol and 2,3,4,6-tetrachlorophenol, respectively. The (346/5)—
isomer of pentachlorocyclohexene also gave an abundant amount of pentachlorocyclohexenol
isomer. These oxidative reactions were shown to proceed mainly via ene-like hydroxylation
accompanied by double bond migration. Reductive dechlorination of lindane and related
polychlorocyclohexenes under anaerobic condition was found using microsomes and NADPH.
1,2,4-Trichlorobenzene was produced abundantly from (36/45)-hexachlorocyclohexene in this
condition. Correlations of this biochemical reductive dechlorination with electrochemical
reduction were illustrated. 4-Chloro—, 2,4—dichloro—, 3,4-dichloro—, 2,3,5-trichloro— and 2,4,5—
trichlorophenylmercapturic acids were identified as the main mercapturic acid metabolites
of lindane. Their formation from (346/5)-tetra—, (346/5)-penta—, (36/45)—penta—, and (36/45)—
hexachlorocyclohexene was proposed based on ¢n vitro experiments using rat liver soluble
fraction and glutathione. A mechanism was proposed which includes substitution by gluta-
thione of allylic chlorine with or without double bond migration. All these findings elucidated
the % vivo metabolic pathways of lindane degradation in the rat and in the housefly.
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(1) RBOFE1ERMEIBIEILKETHD, £T5D
DIk ¥ 7 (36/45)-pentachlorocyclohexene (DATF
PCCHE) Th 5 (f =-Ix=)D,

(2) Zrz5+v (BUF GSH) fagiksiv< 2k
£ (f=o32)D,

(3) Anrh7v—nrE (BLFMA) 2, 2,3,5-%8 X
», 2,4,5-r Vs mwr7 =/ — (BIF TCP) 23
55 (5w PP
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I 1,2,4-r Yy sy (LIF TCB) £ Twvoiz
A S, 2WTChBBILIh THIETS7 =/ —
LThHD 2,3,5- & 2,4,5-TCP r 7 %. —J PCCHE
¥, GSH i dZHasrbigtkETs2 itk
9 S-dichlorophenyl-glutathione z7x% (MEFLEETCIX
IS5 MA %), 5\ o iR (Fig. 2) 23
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5o R OBRERZ 5 LTCRS &, S THEINT

Y §
aaaeee(eeecaaa) aeeeee
CS(CZV) Cs

iR d

aeaeee
c

aecaeae(eaeaea)

S C3v(c6v)

Structures of BHC isomers (stable chair forms).

Fig. 2 Formerly proposed pathways of lindanc
metabolism.

Wik o7z 2,4,6-TCP BRREICALTWIY., CoiF
»icd 2,4-YVrwnw7 o —A (DCP) 2fEfEL TV
7. Zh 5k GC-RD 2 MF TH»DLLDTH 5.
IR T » +9 R4 X0 T ERERSHE X
h, 22Th 2,4,6-TCP 0EZEWRTFIhiz. ZDiF
P, FrS5rzuew7 .- (TeCP) @, k< i
2,3,4,6- BHEERDEHZIhi.

—F, HROWHMIZICR S, F o bR MA
LIRS, B X X kT r — 7 oRMEEK
NI VFUVREMELTHET L E8br o2, #
MAEFERL LT+ BT ) - GCEPITFBHEEDED
ENWVICHEET S e TE S (Fig. 3).

XL, A= =T ) vFVvREBMOREZITE D
L, ZzT% 2,4,6-TCP nfEEL, XHic (346/5)-
PCCHE <% (36/45)-hexachlorocyclohexene (HCCHE)
FFEAXNSD, £ET, 1 TIE[F U Chadwick 5z X
D7y FMEBHDO—2 L LCRESIHY.

%7z, 4 =3z Tlx Reed % Forgash zXx v, +V,
FrF, RvgsrrXv¥y (300 TCB, TeCB,
PeCB) A% Xhizo,
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Fig. 3 Gas chromatograms of N—trifluoroacetyl—
S—chlorophenyl-cysteine #-butyl ester
mixture prepared from mercapturic acids
in the rat urine. Lindane was administer-
ed intraperitoneally once, and the urine
was collected for 48 hr. (Glass capillary
SCOT OV-17, 50 m, 190°, ipd.)

DED X Sicxic invivo TIELhLERZ RS L,
AR X5 TR B R R T, L Th U v T VG
FHHATER W bbb, ZhSDEELLFELT
ERLZWL O OFEELMESEZFTTCTHREERD XD
BHDOBHAHS.

(1) HCCHE 3\ 75 % KG

fiblidE 3% b DII{T D> ?
(2) TeCP DAKZIEIZE S H?
TeCB D RTER{AIL{A 2> 2

(3) 2,4,6-TCP |2\ 7 2R THETF DR ? 4
a7 2,4, 5-EMKRn 570k 1% 1,2,4-TCB
oEE{bE#Exhi¥x <, 1,2,4-TCB |z PCCHE
PEELLTVEMATSH S, Tk 1,3,5-TCB
2% 2,4,6-TCP iRk, ? LirLZz® TCB o
ARV E 2 HEW.

WX THETEON?

TeCB 575 ?

(4) ZHEEDO MA (Lichi - T GSH faik) o4
BRIV b00? &I
phenylMA @ §iER{KIX A ? F/ di- %
tri-chlorophenylMA 3 % h £+, PCCHE =%
HCCHE »nb4T52EZTIVON?

HxThH5DH. I bAAMBITEZ VS, ThHOX
oz boMvobgohicgths EEx2 T,
DIF, MEZEDTNEF & 3T L —F v,
DOHFMONE, TOEERVWEL ik kdEs
EoTlzEET5. ks, ToRBMMEICRIS VT
VMBI E B oM CIHBEOEMRR L VO T AL
MR LT L.

monochloro-

HCCHE & OREIC2WT

Vv 7 v OERFEERDIRTE IR 15 5% )[R R
ZRL, BHEDO YV VTV ERTESE~2 fEULEEW
SEZR LD L3 E 2 SRRV EHTH S,
ZTORNERS &, 1= SR SR O G H
2, M{LEWBTREL ELD, Wb D RICHEH
REABIRB B DN T VB ERE L. bbb
VTV I D 1 R CRNARRIR S B S 7D
FREERBRH SR (L72ds - Tt )éhk<<,@
WOV VFvEobETHEIECELLDDLEFE LN
5.

F5hBE, A= S=TOY VF /IO 1 BRI
C-H &M% ES> b0 TH L 2o FHINE. b
bbA, TOHRITELET?SHE 2 ShTwicBE{bkER
RGdZo—22zbh X5, BRICEN5EERFAKL
L DKBEERDORIGOHFET S THA 5. L LEK
ERGELH > TIv., —2F2THRET S LEBICT
T Sx= in vitro AT, (36/45)-HCCHE &% 5%
Z &H GC-MS CitFHSh7zDTH 5%,

ZDRGE nvitro Tix 3 7wy — 4, NADPH, E2
FEOHFETTEZ Y, CO 2 SKF-525A |7 X - Tl
Xh5., ULEdsos T cytochrome P-450 (KfFETH 5 &
Zz .

AR TOREED EHLE T LIC oW THELE L Ha-

Fig. 4 c¢is—Dehydrogenation of lindane by an
activated oxygen species.

NI | -El ectronic Library Service



Pestici de Science Society of Japan

240 BAREREELEE

®2% MEML5745A°

milton FH0 I g, TEMEEERIC X - THE THITK
SR ENR I, RN ClS—HEJJ(?f‘fiJ’%_L-é. D
BELIERIATVS. 2SA, LORGZOLS
LTHEZ > TWwDHDTHAH S (Fig. 4). (36/45)-HCCHE
Ly, UVFvo cs-BkEEm S AETTWE T &
i, TR EMTFTWS. Chadwick 59 45 » +TO

HCCHE #:j}iz 2\ Hamilton 25| L CWw5

Tetrachlorophenol M4 pk & ene-like JTfS

HCCHE 2 575 FhiE, Zho A{kE{l ¢ tetra-

chlorophenol(TeCP) {3 A H AT 51X CH 5. Table
CRT L5 T » FIT invitro DEEBRTH ZRIFTI

h3W, LZATEORBREALDIDTHS 5% ?

WE, 37v Y —ATORLIHETFIERRICL S0
5, Whb¥5 enelike FIGIC X - CHEXRTEHA
WMAXNhS L Ezbh5b. HCCHE s, SHT¥vo
7- 4, gem-chlorohydrin H34F 555, ZHIIELICY
PRy, BiE(bkER= s - {bERET, 2,3,4,6-
TeCP AT HRENRAH TP TED (Fig. 5).

s AR HHERITI Vv i, BTC REME{kEH
Wi in vitro EERTHESD D, TOERIZIET v b
}Hﬁ 3my -t Az BRI e — AW

, ERCHMD AR TS LI00, IFOHEHmDOK
MVH%&O%%ﬁﬁV.

BTC % 3 7 r Y —A, NADPH, O, CHRH#I¥3 L
tetrachlorocyclohexenol (TCCOL) #34:F %, 4 BTC
Rtk 5455 TCCOL L2~ E —FT5D
DOPHTEDLDOTH S0, £ OSIKEEDOERZ NS
CETRISHEORMNIREONEDTH B,

7 %13 (36/45) & (345/6)-BTC 75 H@ o L1
TCCOL 8 5h 533, D5 b—2ikD X 57t —
b (Fig. 6) THB (LA D (1) E—%HL, TOH
WRPE o, HILFSHRD, EX¥hindE 5 (Fig. 7).

kI (34/56)-BTC 2 (346/5)-BTC &35 %3kl
®» TCCOL (2) 234U, —F% (346/5)-BTC 118lo
TCCOL (3) %4ET 5%, Zhix (35/46)-BTC 7524k
+2% TCCOL »—2D 3D (3) :—HKT5DTH%.

ZoFMAY Fig. 7o X 5 RdErmd X< HTITES.
oD BTC Fdikr HoERMT s & 2k < k& HEk

%:é S e
U
( ) %
Fig. 5 2,3,4,6-Tetrachlorophenol formation from
hexachlorocyclohexene isomers.
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Fig. 6 Preparation of an isomer of tetrachloro-

cyclohexenol.
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Fig. 7 Examples of tetrachlorocyclohexenol for-
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(3

mation from tetrachlorocyclohexene(BTC)
isomers.

Table 1 In vitro metabolism of hexachlorocyclohexene by rat liver microsomes (Reproduced
after modification from Ref. 14).»

. Metabolized 1,2,4— 1,2,3,4- ~ 2,3,4,6- -sb
Substrate HCCHE T¢B TeCB PeCB TeCP Others®
(36/45) 69.4 24.0 3.4 2.0 10.5 9.94
(35/46) 74.2 0.6 28.0 11.6 13.6 4.1
(346/5) 77.8 — 9.0 9.0 26.8 1.9
(34/56) 76.2 1.2 1.0 41.0 16.1 4.7

2 Values are averages of two or three experiments (X 10— mol).

The initial amount of the sub-

strate was 8 x 10~2 mol and the incubation time was 30 min.

b) QOther metabolites include 1,2,4,5 (and 1,2,3,5)-TeCB, 2,4,6-TCP, 2,3,5—

(and 2,4,5-)TCP, and

2,3,4,5-TeCP. The symbol () means the production of pentachlorocyclohexenol.
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Table 2 In vitro metabolism of pentachlorocyclohexene isomers by rat liver microsomes
(Reproduced after modification from Ref. 14).#

Substrate M%égﬂléed 1, 2(5‘113 2,1%‘;),— PCCOL Others™
(36/45) 52.1 6.8 20.6 +(1) 4.0
(35/46) 71.6 1.7 24.4 +(1) 2.2
(356/4) 70.8 0.6 37.6 +(2) 1.3
(346/5) 72.6 3.3 6.0 +(2) 3.4
(34/56) 74.4 1.6 17.7 +(2) 3.6

8) Values are averages of two or three experiments (x 10~ mol).

The initial amount of the sub-

strate was 8 x 102 mol and the incubation time was 30 min.

b) Other metabolites include 1,2,4,5—

parentheses show the number of PCCOL isomers.

(1,2,3,5-)TeCB, 1,2,3,4-TeCB and 2,4,6-TCP. Number in

The decreasing order of the PCCOL production

rate of the PCCHE isomers is (346/5) > (36/45) = (356/4) = (35/46) = (34/56).

ORIGHETHP TEADTHS. LB D RIGIE
epoxide & Th, ETLE I ICEZ D525, WL Dokt
E?éemwk%ﬁC¥fﬁ%é&T%TaDLm@
Shd, BRI L X 5> niEEmERERS
WS 5 LIS, “EEGPBEL, &5mmm
mi@y7b#kLDAM%#ﬁaﬁléhtijﬁﬁ
e, WO BERELY.

HCCHE %>5 TeCP ~OfREM»3kEs &, o724
[{kgiz PCCHE 25 TCP ~ofEbEzon%. In
vitro DFEER (Table 2) 593 Bk & iTE MR
SHIPTEX 5, 72720 TCP 0 5 big&EE 7 2,4,6-TCP
ORI B D X 5 I HITHIORIFIT X 5.

ZoF ¢ Table 1 ¢ R 5 E1x4 PCCHE 25,
pentachlorocyclohexenol (PCCOL) MB4&EUTWaBHI &
ThHd. ZHEEE~OHEE O KETFIRE KLY
%, £ O vinyl fLKERFEELTVWS BEE, b
5% BTC 04 rFEIU < alcohol MIkfETE &% D
PCCOL 2% 205D TH 5. Vinyl-[HIEDR
SCORER WL 41, HCCHE G &k
Wy FvERRT, 2,4,5-TCP whsorrtEzobhnd
(Fig. 5 ZM).

2%0) Paxnlﬁm%iiot<bMM&%T)7¢k5ﬁ>
skEEM:EES:, 7oA superoxide anion radical {Z X %
allyl \iHiEOEWIC L DD THS S

X T PCCHE %5 @ PCCOL Ak i %ﬁék@éw
ZEbrs. PCCOL O&HZEME o TWiRd o/
O THIE DFXHE T OERTH 5.

(346/5)-PCCHE } (356/4)-PCCHE |, vinyl {7
DEFEOMNEDOHRPRELY, MODEREONFEEILE
27l f— &) B 1xtTths. o #HID
2,4,5-TCP } PCCOL ([fl—#&ETidinvas) o&s

Metabolites
Substrate
2,4,5-TCP (mole) PccoL?)
-10
(346/5) ~-PCCHE 6.0 x 10 26
(356/4)-PCCHE  37.6 x 10 *°

5 k-

(346/5)-BTC (trace)

- < 2

(346/5) -PCCHE

(D= S

(356/4)-PCCHE

Fig. 8 Production of 2,4,5-trichlorophenol and
pentachlorocyclohexenol from (346/5)-
and (356/4)-pentachlorocyclohexene (PC-
CHE) (Reproduced with permission from
Ref. 14).

2) Relative peak area on glc-ecd.

W% L Fig. 8 @ X 5 Wi DR E LIz ohs.
CHEVEEEDR U BTC &% L, TOIRKN
ZET % 5. 2%, TOHE~OEFRD enelike [
WAL, FC axial SR T Sk FEOMEICK T
91w5@f55.@%@x%%gm%u®IvﬁﬁE
FEIRWHEZEZRB LTV E Lrvahwnss, o
{ZDFERD Fig. 8 o X > fiiihamrzEERL T
WHEDTH 5.

L ETHMRTE HCCHE ¢ PCCHE 55k
WIEELAE 79 MFI /ey — A XDHBTHD
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B7% H2% WMS7T4E5H

BIC 0T LA L Sic A = 3= 3 7w v — AT
LB IS bR TRFERRTS 223G FHnRL D,
T OMCBER OSSR EF P RS2 2EbR5.
i PCCHE bz WTdRON5Z2ETHD,
72 & %1 (35/46)-PCCHE 2-5 0 PCCOL A:fiix, A
TR TN DRITET S5, T P TIRIEECD
FTTHLHEOREEI LY > TVD.

77, 4 =-3=T% (346/5)-PCCHE <, (36/45)-
PCCHE 2% invivo (@@L LTHEL, 2hdi in
vitro T X ¥ 5 & 2,4,5-TCP 234U C 52 &b
5, kit PCCHE o ene-like f{l 7% i T /r (38 8 1%
D—DTHDZELIIMEVENTHAD.

PO — 2T mxs oiE, 1=-3=TE 3T
TCB 2 TeCB D4 R EhCcnw5b., PeCB o
RS R WEERTWEI6W, PeCB Iz 2WWTiXkT v b
TOHEEDED LR, hikxt b HCCHE ##<C
WAKRERELKBCEIVETL0THASS. TeCB %
3 HCCHE < PCCHE 554 L 5 %555, H50»
A == TR DX D IR LKE DREEE 270 D &
EinDdd L.

2,4,6-TCP D4R

WHFLENY in vivo T 2,4,6-TCP 23 EZ (UL L
THKT S LS g B 208bht®, i1/ =
ST OERPER I TR, £ OARKRRKIZX
WIZRBIC IR o 7223, BRILIRRCTH D 2 LR ST T
X7, % LT Chadwick 59 2 XD, 7Lk

/7wy —4x, NADPH OFET, HFREITT,
VT vhn 2,4,6-TCP BFINETETIZ & b5
P rTE o7z, W4T (36/45)-HCCHE < (36/45)-
PCCHE $47%. A== T3IEFLZELHBV2
L., AP, kx5l HCCHE = PCCHE (i,
Fhrhn 2,3,4,6-TeCP 2 2,4,5-TCP o B\ yiEk{Ak
LiE-Th, 2,4,6-TCP oEEER fERAETIIL VT
L Tablel, 2 ZRTCHIFE - Vbbb, Lo T
BHC »ollon— 2 R5E2FBXRTRITNSIR
.

In vitro T 2,4,6-TCP A<,
Yoz lLTdb,
FERDIODXSTH 5.
5 TeCP /g & DA,
EVENWTHD. 2D,

e
petbes
o o

246-TCP
Fig. 9 2,4,6-Trichlorophenol
BHC isomers.

in vivo TORH
ZDRIGE BHC o Bz r00 0 70 <
z o HCCHE R hicfi
YV TFVETTH oD ER
2,4,6-TCP o4 fix/

formation from

Table 3 Oxidation of four stereoisomers of pentachlorocyclohexanol with chromic acid in

aqueous acetic acid.l®

Starting M.P Primarily oxidized Yield of
compound intermediate

Pentachloro- Pentachloro-

cyclohexanol cyclohexanone 2,4,6-TCP
76° :d___"z 33.6%

o)
d___bm 128° r<:___:>=° 90.39%
@ 108° K:h 50.7%
R

o 120° (t:') 41.79

OH
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L LIBEIBRBCR W OMEEE LD E 0 KRR
ZH5HDTHL TSR,

FRILIIRGE O E T BUSHR o —2iz, Faiilk C-H
%é“@&iﬁlﬁﬁﬁﬁé.L®K<ﬁ%hkﬁﬁé
BHC iz LTH42TH5E, Fig. 9 0 X > AR
BT, SRIT 2,4,6-TCP 23425 O Tidle v L&
2Nz, FEPVD a fLOKER T b v E U THEER
LRF Wz &2 B2 EPIEIbKREOH BRI O X 52k
L LRBEHT TS,

INEAERHT 5720 7 M LERIG 2T - 72 FFF
LDV DH D pentachlorocyclohexanol % 7 w AKE
fgfbLC Fig. 9 izHh 57 b v &5 X5 & L7 (Table
3). L LESERITTRT 2,4,6-TCP Ak v =
LTt £UKYT b BRIGEEORTHRBINE
LARFEZRZ L2DTHA S . LicrLENzTH
DOL—+OFEETEEF LS. Obig, Stein 519
KRR P BHC o EFEE{bic kb 2,4,6-TCP
O TEIA R E EBRINCR L, R Bt R UEE2
R L., ZOERBRTSWTEIERE LT 2,4-F
EEELDETEY I T o) — LSBT AELTY
57, CORIGKIEEESPTRETHD ZERRIA T

5.

SBEOANNTY—LEEDERK (Table 4)

Sy bPlZBWTYVYFV s 2,4-dichlorophenyl-
MA BEIZHET D EEZ SN TWREERD D, 2hik
VTR 15T P v ARBEILKSE LT (36/45)-
PCCHE 24U, zh»nsrx5+v (GSH) A&l
TR EFBXNERHICHATE . L LB X S
IV vFveE5xiaTy b o R g JFEIC SEFHO
MA RRWE IR, FO4AEEFEROTIT— T
TELwvw. —F4, v MIFEBRKIZGSH FFvRA7 =
—EREFRTVER, ZOEPICE-TIVFVE
RS ELH>LLTh, 1TEALE GSH #a&RIIET KR
W (Z DA =N RIEE S LIRS, A =3 =Tl
LB GSH ey v7ves GSH fagikss, »
MOEGCETS). LikR-T7y b TR, GSH {3
B ORI A L ORIRESHFET 2@V, 20
M ORIGEDPXEL DX I 7 v Y — ADEELEE
FRTHAHIEH %I

Zy MFI Y - ABLMERTAET IV VT VO
rhRIAE 1T (36/45)-HCCHE % (36/45)-PCCHE

Table 4 Composition of the chlorophenylmercapturic acids formed from lindane and related
compounds ¢# vivo™ (Reproduced with permission from Ref. 7).

Dose CPMAY DCPMA® TCPMA®
Substrate
(#mol) 2~ 3- 4 23— 24— 25- 34— 235~ 2,45
Lindane 34.4 (BR)» t° t 15 4 9 6 33 17 16
17.2 (AR)® ¢ t 10 ¢ 9 2 36 21 23
(36/45)~HCCHE 34.6 (BR) t o 3 4 16 5 24 99 26
17.3 (O) t 0t t 12t 36 24 28
10.4 (O) t 0o 0 t 14 1 34 95 27
(36/45)~PCCHE 39.2 (BR) o 0 t 0 97 2 0 t t
39.2 (O) 0o 0 t 0 9 3 0 t t
(346/5)~PCCHE 11.8 (BR) 0o 0 20 0 7 16 57 t t
5.5 (AR) t 0 1 o 8 6 8 0 0
1.0 (AR) 0 0 t 0 20 24 56 t t
(346/5)~BTC 45.4 (AR) 0 0 100 o 0 0 0 0 0
4.5 (AR) 0 0 100 o 0 o0 o0 0 0

a)

Intraperitoneally administered to rat. Percentages in the mercapturic acid fraction are shown. The

standard error in the glc determination was estimated as less than 5%, of each value.

> CPMA: Chlorophenyl-mercapturic acid.

¢> DCPMA: Dichlorophenyl-mercapturic acid.
9 TCPMA: Trichlorophenyl-mercapturic acid.
> BR:

£) t: Trace amount; less than 19.

£)

5> 0: Not detectable.

1> O: Administered as an olive oil solution.

Administered as an emulsion in Ringer’s solution made from benzene solution.

AR: Administered as an emulsion in Ringer’s solution made from acetone solution.
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BTHk 25 BMSTHESA

BBV, FOEREINTVwL LA X5 EbTrhn
5 (346/5)-PCCHE 4 & %10, %#Hix 1 = 3= T
MMZIME LD DTY, by d & cis-PikHE L Rk
MTIEEOFIEKENB D, 20T Tr bYHBERRD
DTHHD.

wWiFhiZE X, ZhohR@EMETS 572D TS v b
w5 %%k Table 4 X5, T XThREHHOD S
MA 24 U720 TH5. ChER5EY VT vyrbET
%5 MA QIZLAEXDLORFATELS THSE. 1K
L, monochloro {&T% % 4-chlorophenylMA DAz}
OLIEIARMETH 5. (346/5)-PCCHE &\ i &
MR 25 b2 AR TULA A LRV 2LTH
5. L»l, ohd (346/5)-BTC 7p % hRAHMMZ2HE
2hE > 2L HBATES. EEZ DD DX invivo T 4-
Cl-phenylMA % Efgic 52 T\% (Table 4),

L ETCORMTI o834 5. R hEAGH
o MA ARLH in vivo DR THEETI CTLENT
SEL BHTELREVIZ L E, (346/5)-BTC 73
R TEARLYCHFEL S 200 WSV THD.

I EiBic GSH Zinz 7z in vitro RJGT, _LRicZg
AR A S 2 5 L AR T B4 RI: Table 5
DXy, (36/45)-HCCHE [LAj 1z 72 wvizv in
vivo OFERLFERIL TS (GSH fafks MA &
X h 5 @RI EENTYREZ o T 5).

In vitro @ GSH $a&KERMILFCRTILH
RTHBD. Sx2 F720x Sx2' W7 GSH OB LD
allyl froBEEBRBREIN, VoA R IRA &K
TE5%. ZThh»LREKFEEZEDREE Table 5 1T
B A TS 2 L HRIC FMATE 5 (Fig.

10).

In vivo TOFEREM invitro D & 585 (36/45)-
HCCHE o#HMRc 2 CERIND. WIERZ T
BTdh %A (36/45)-HCCHE 234 mikfec GSH a4
BEFTVC LEIHEETDHY, TOBHEZOLEYD
BOBKEEIZRDDBZENTELS. A7 47 =K
O HEEREE REL LTLo Bktz e LThsE
logP izLC 4.34 ThHh, ZhixfHLEMWTHDY v
Fvd logP {f 3.72 X D5 EWSD, Fire
V' — A1X in vivo TR/MMaEERCH2b, T oEALITiE
Bk DE VS O OEFESIEF I, Lt T Y
vF Vb (36/45)-HCCHE 2 Z 0L TEL L &,
HCCHE O ) OWMON TOETEHED, IHIKL
CTROREERZFLO TR RV tELbND. 2k
24E, BbBURkFEe, BEIUMBESR (BiER)
BETHE. TOXIBREBRODL, Bk EL R
% L/MatkzEih, MlaE s~ %E L T GSH fag %
FFBH—7 D XS5 ITELNIE invive & in vitro T3
7% (36/45)-HCCHE fR# D&V B3—GHBHTE 2D
ThHd.

1 5 —DDEER] “(346/5)-BTC 13 hfiifta#m & LT
HIEL D 507 CELTREENEESIHTHD. @
DIFLRHIENET in vitro D TIZ BTC (34 Ui
gt TcI s ey —A, NADPH izkb, VvF
v bZd BIC B&EF50THBMY, (346/5)-BTC
i, BICREEEZ v MITHIRTLAL S 2 2 hbh o
7oDT, ZOREBFERIGE nvivo T WTHERT T
Wb EEZT, T5EEBRLNTHA .

ZORGE NADPH OFE 25 P-450 % £ THEIT

Table 5 Formation of S—chlorophenyl-glutathione from polychlorocyclohexenes by rat liver
soluble fraction (reproduced after a modification from Ref. 7).*

Metabolites (sum=100)

Substrate ex;er?i}x?efnts 4- 2,4— 2,5- 2,6- 34~ 246- g
CPG DCPG DCPG DCPG DCPG TCPG

(35/46)-BTC 2 100 — — — — — —
(346/5)~BTC 2 100 — — — — — —
(36/45)-BTC 2 100 — — — — — —
(36/45)—~PCCHE 10 — 95 — 3 3 — —
(35/46)~PCCHE 4 — 67 — — 33 — -
(356/4)~PCCHE 1 — 44 2 20 34 — —
(346/5)~PCCHE 4 — 14 13 — 73 — —
(34/56)—PCCHE 5 — 33 60 2 5 — —
(36/45)~HCCHE 4 — — — — — H m

3)  Average values of several experiments. CPG, DCPG, and TCPG are abbreviations for S—chloro-
phenyl-glutathione, S—dichlorophenyl-glutathione and S-trichlorophenyl-glutathione, respectively.
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Fig. 10 Stereochemical pathways for glutathione conjugation with various polychlorocyclo-
hexenes. CPG, DCPG and TCPG represent S—chloro—, S—dichloro— and S—trichloro-
phenyl-glutathione, respectively. TCCHE: tetrachlorocyclohexene. Closed circles
show the attacking glutathione molecules (Reproduced with permission from Ref. 7).

NADPH ----> e~

i 2
P-450 (F&™ ) — P-450(Fe°*)

(34/56)-H
_ 151 (%615)-P ® ®(36/45)-H
C
1 (346/5)-H ®
172 [@ cr 12 @ ® BAISE)P Y o(34615)-P
& g | o e
8! L (356/4)-P
Tig. 11 Reductive dechlorination of lindane by —11.0’— esss)-e
a cytochrome P-450 dependent reac- E owslEH
tion. o
05 O(35/46)-B
Lz bETHCHER TS b0 :FE 25N, F 1
FHAEOB WERCAN LS AR BRETH S —5 =
LFEzTXWw (Fig. 1), Pl OBIERIGIEX 7 I v D Caled. Log(Rate)
N-F %3 Pl onTifiEXh T 52D, 0.2045logP +0.3928E,,, «1.1156 (n=12)
FBFHIMELE B WIT E P-450 1€ X 5 & oivliiEFEss Fig. 12 Observed and calculated log(Rate)
- p2F\vz LicowTi, HCCHE, PCCHE, BIC values according to the equation shown
- \ here. In the graph, the following sym-
EH . ’ p s A1 FFe 4
Q%\%{&%@&L}J e, Th b OME{LEER & O bols and abbreviation are used.
BIBISR 2 ST L7220, PRIE 3 DR THAMAE O: compounds not included in the correlation,
WEE (ZZTIEE—F v s 5 7 OFEEROIMHEI H: hexachlorocyclohexene, P: pentachlorocyclo-
INEWVIZY), ERBHAMRAEVEERSLYOT VW & hltilxene, lBh benzene tetrachloride, i.e. tetra-
R . chlorocyclohexene.
Shh 7z (Fig. 12
Ppmr o7 (Fig. 12). In the equation, P and E,; are partition co-
- . N .l ol e
BB FEPLLLLN DS, WAE Clostridium efficient and half-wave potential, respectively
rectum T X - T3 BHC F X USHM LA ETmic (Ref. 19).
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Table 6 Deuterium isotope effects on the in vivo formation of mercapturic acids froma 1 : 1
mixture of normal and hexadeuterated lindane® (Reproduced with permission from

Ref. 23).

Duration of urine

Excreted compound collection (hr) kulkp
Substrate 0-48™ (0.21%)
(lindane) 48-96 (0.09%)
MonoCPMA (mostly® 4-) 0-48 1.31+0.17 (4)
DiCPMA (2,4~ and 2,5-) 0-48 2.3640.34 (2)
48-96 1.50
(mostly® 3,4-) 0-48 3.50+£0.59 (2)
48-96 2.38
TriCPMA  (2,4,5- and 2,3,5-) 0-48 2.6740.38 (2)

2) The ky/kp values are means and standard deviations with the number of experiments in parentheses

or are results of single experiments.
®) The first 48 hr after administration.

¢> The ratio of the remaining normal and hexadeuterated lindane.

4> The second 48 hr after administration.

e) 2-Chlorophenylmercapturic acid was included, and the abundance was 4 to 109, of the total Mono-

CPMA fraction.

> 2,3-Dichlorophenylmercapturic acid was included; about 0.5 to 1.5% of this fraction.

PLEFE XN, ZoRGIEREWNRELE, RicilizmM
Brh5 z 7.,

HCCHE ® 5%, $-%3b38EIC Ihd v (36/45)
BReRD, IFRIR R L b BT in vitro HERIT
BWT, fLEMEEICHERT 1,2,4-TCB 25448105
ZTw5hHz & (Table 1) 3 5%FF%. BEHE L T4
+% diene IALETHEDIC PUEILKETHLEXD
nNs0Th5. i, FEix (34/56)-HCCHE {4, Lhoit
ek L MR RIS d W (Fig. 12). L L Table
1 ¢ 1,2,4-TCB AR VOI, EALZDRM
s 1,2-cis JKEZ 251 - TV Hd, IFEAMENT
K ER SR IFF IR R < PeCB 2% G
NHENDTHAS.

MA ARRIGDOFECRES.

FAEERYV VT vERT e PIZIREL, JRth MA [
L DEBIC FIE T RNESIEETAI L 25, di- BX
7~ trichlorophenylMA @A it U Cik, [RIf{AshER
DIEE 2.4~3.5 &, - XD EREVE 1 IRFENERS)
BOBHELZTL, 2hd MA oAz BiE{bkECR
KFERE C-H §EEUIM 2 &1 RIS RTERRE CatEmic
TFET 5 L 2EFF 7 (Table 6). &z 55, 4-Cl-
phenyIMA ARG x U Tl RAESHROMEIR 1.3 12
BT, »FEDRELL W, (346/5)-BTC 2520 MA o
BBk AT % & ThiE, BHC->BTC oA picix 1KI[F
MEHR T RSNV 5O K>S £T5 4-Cl-
phenylMA  OAERIC K & W [IGLEALIR S BIEEShin

TEHEHEMAETELW, 13 LWnWHHEIIEETER Y
FARSh R OFAAEZ =T DT, (346/5)-PCCHE % %
N— R DEELROIS L.

F VY ([

DLEFN LWL oo EED i#fic X v, BHC
ZEITUVTFVDTy bRA = A= TORMREKECD
RIS T E A S I 5 70,

Ty bAoAz ORHRETORE R ERIE, GSH
HERERORBTHAS. Ty FTHEHLETVL2A,
NIRRT R Z T TH S TRV E GSH a8 %2 3% 7
WXS5THhD., DD EE{LEFEL GSH S v A7 =5
—FOERNULELLSTHE (o2, FIOH
EWZXBLIbav Py TRIZzeY 212 GSH b+
SYART =T —¥0bh, ThEBELkELASY L
LGS EDZETH D).

—F, 4 = S=TiE LiELE GSH 7213 TV v F Vi
BWMENLS, in vivo THHfAEANDOAT BHC 3
GSH & kit ZIh T BBEX»RD v =1 b &
LD TVEERONS. ERA == kiEL GSH off
7T BHC B {f% f# X &% & S-dichlorophenyl-
glutathione F 4Kk O 23 4 F 52, Zhix &<,
Bradbury 5» 23547 -/ — A FFEEKE UTHELR
HEL X —FT 5. -5A GSH OfFHET, SV A
7 =7 = EFIUELKEEZT RV, 2WTIRERE
BRSO THH . TORSREBITOWVWTIHELI 2D
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Fig. 13 Pathways of lindane metabolism in the
rat. Only major metabolites are shown.
In the housefly, all these routes except
for those denoted by asterisk are found.
Short lines in the formulas represent
C-Cl bonds. GS- represents a gluta-
thione moiety.
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