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Abstract—1 Hexachlorobenzene (HCB) was metabolised by phenobarbital-induced liver microsomes
from male rats to pentachlorobenzene, pentachlorophenol, tetrachloro-1,2-benzenediol and tetrachloro-
1,4-benzenediol (1.88 2 9) Metabolites were 1dentified and quantified by electron capture glc
Structures were confirmed by selective ion monitoring g.1 ¢.-m s. The formation of pentachlorophenol
was dependent on the presence of NADPH and O, and inhibited by CO, SKF 525A and metyrapone
2. Conversion of HCB to pentachlorophenol was stimulated by pretreatment of rats with phenobarbital
(PB) but not by 3-methylcholanthrene (3-MC), or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) In
contrast, the conversion of pentachlorophenol to tetrachloro-1,4-benzenediol was markedly induced by
3-MC but poorly by PB HCB, Aroclor 1254 and 1sosafrole stimulated both hydroxylations 3 The
cytochrome P-450¢ mhibitor 9-hydroxyellipticine inhibited conversion of pentachlorophenol to tetrach-
lorobenzenediols by HCB and S-naphthoflavone induced micromes. 4 In addition to hydroxylation
reactions, evidence was obtamned for the conjugation of HCB with glutathione catalysed by a microsomal
glutathione transferase 5 Radioactivity from [M*C]JHCB was bound to microsomal protein during
aerobic incubations. Binding was inhibited by GSH and N-acetyl-cysteine Prehminary studies suggested
that the reactive species was denved from tetrachloro-1,4-benzoquinone 6 No correlation was found
between levels of metabolites or covalent binding produced by the two sexes and the marked sex
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dependent hepatic porphyrogenic and carcinogenic effects of HCB.

Hexachlorobenzene (HCB) 1s a poliutant of the gen-
eral environment with a number of human poisoning
episodes reported, one being of major significance
[1]. Amongst the toxic syndromes produced 1 both
animals and humans 1s a persistent porphyria due to
depression of hepatic uroporphyrinogen decar-
boxylase activity [EC5.1.1.37] [2-5]. Besides causing
porphyria, HCB is a hepatocarcinogen in hamsters,
mice and rats [6-8]). Female rats are much more
sensitive than males both to the onset of porphyria
[9, 10] and to the carcinogenic potential of HCB
(11,12].

In addition to the toxic actions of HCB, this chemi-
cal is of biochemical interest as an inducer of the
cytochrome P-450 group of drug metabolizing
enzymes. Most inducers of the hepatic cytochrome
P-450 system induce a spectrum of monooxygenase
activities similar either to that produced on the one
hand by phenobarbital (PB) or on the other by 3-
methylcholanthrene (3-MC), S-naphthoflavone and
most potently of all 2,3,7 8-tetrachlorodibenzo-p-
dioxin (TCDD). The major haemoproteins induced
are cytochromes P-450, and P-450, respectively [13].
In contrast, HCB was the first to be described of
only a few chemicals which induce haemoproteins
and monooxygenase activities characteristic of induc-
tion by both PB and 3-MC [14-18]

* Part of this work was reported at the International
Symposium on Hexachlorobenzene, Lyon, France, June
1985

It 15 thus important to determune how this fully
chlorinated, aromatic compound 1s metabolised by
the hepatic microsomal system and the extent to
which metabolism can be modified by inducers of
cytochrome P-450. In vivo HCB is metabolized
extremely slowly [19-21] and those microsomal
studies reported have been restricted to the use of
[“C]HCB [22,23]. Here we demonstrate with the
aid of electron capture detection g..c. and mass
spectrometry the hydroxylation of HCB to pen-
tachlorophenol and its subsequent conversion to
tetrachlorobenzenediol by rat hepatic microsomes.
The effects of inducers and inhibitors of cytochrome
P-450 on these two hydroxylation steps have been
studied, with emphasis on the “mixed” inducing
properties of HCB. An explanation was sought for
the distinct sex difference in the susceptibility of rats
to the hepatotoxic actions of this chemical

MATERIALS AND METHODS

Chemucals. HCB (Organic Analytical Standard
grade) and PB were purchased from BDH Chemicals
Co. (Poole, Dorset, U.K.) 2,3,5,6-Tetrachloro-1,4-
benzenediol, 3,4,5,6-tetrachloro-1,2-benzoquinone,
diethylstilboestrol dipropionate, GSH, metyrapone,
3-MC, NADPH, NADP*, glucose-6-phosphate and
glucose-6-phosphate dehydrogenase were supplied
by Sigma Chem Co. (Poole, U.K ) Other chemicals
were obtained from the following commercial sour-
ces, pentachlorophenol, pentachlorobenzene,

2163



2164

2,3,5,6-tetrachloro-1,4-benzoquinone, 2,3,5,6-
tetrachlorophenol, fnaphthoflavone, 3-chloro-5-
methoxyphenol, 1-butaneboromic acid and N-ace-
tylcysteme from Aldrich Chem. Co. (Gillingham,
Dorset, U.K.), SKF 525A (B-diethylaminoethyl-
diphenylpropyl acetate), Smuth, Kline & French Ltd.
(Welwyn Garden City, Herts., U K ); Aroclor 1254,
Monsanto Co (St Lows, MI); 1sosafrole (cis +
trans), Fluorochem. Ltd. (Glossop, Derbyshire,
U.K.). All solvents were Distol pesticide grade,
Fisons Co. Ld. (Loughborough, Leics., U.K.).
Multi-purpose cocktail and BTS-450 solubilizer
were from Beckman-R11C Ltd (High Wycombe,
Bucks, U.K) [U-1*CJHCB (106 mCi/mmole)
was purchased from Amersham International
PLC (Amersham, U K.). The radiochemical purity
by t.l.c. was 98% as assessed by the manufacturer.
No impurities were detected by electron capture
g.l.c. TCDD was a gift from Dr. J. B. Greig and 9-
hydroxellipticine from Professor C Paolett

Pentachlorophenol and tetrachloro-1,4-benzene-
diol were repeatedly crystalhised from methanol
before use. 3,4,5,6-Tetrachloro-1,2-benzenediol was
prepared from tetrachloro-1,2-benzoquinone by
reduction with sodium dithiomte in methanol It was
recrystalhised until pure by g.l.c and mass spec-
trometry (M* m/z 246). 2,4,5,6-Tetrachloro-1,3-
benzenediol was prepared from 3-chloro-5-methoxy-
phenol [24] by Mr I. Bird (M* m/z 246) Pen-
tachlorothiophenol was prepared as described pre-
viously {21] Electron impact mass spectra of all
compounds and appropriate methyl and ethyl ethers
were obtained using a VG 70/70 mass spectrometer
at 70 eV Of the three tetrachlorobenzenediols only
tetrachloro-1,2-benzenediol formed a cychc 1-
butaneboronate [25] as expected for a vic-diol [26],
re CyoBClO, M* m/z 312.

Animals and pretreatments Male and female
Fischer 344/N rats (about 160 and 250 g respectively)
were fed MRC 41B diet and recewved one of the
following treatments before being killed: no treat-
ment 1.e. control; PB 1n the drinking water (0 1%
w/v) for 7 days; 3-MC (5mg/ml 1n arachis o1l) as
three daily 1 p. injections of 20 mg/kg; Aroclor 1254
(50 mg/ml in arachis o1l) 200 mg/kg once 5 days
previously, TCDD dissolved 1n corn o1l (6 ug/ml)
25 ug/kg 3 days earlier, diethylstilboestrol dipro-
pronate (5.5mg/ml 1n arachis o1l) three daily 1.p.
mjections of 20 mg/kg from 5 days previously, iso-
safrole dissolved 1n arachis o1l (37 5 mg/ml) as four
daily 1.p 1injections of 150 mg/kg; B-naphthoflavone
(10 5 mg/ml 1n arachis o1l) three daily i.p. injections
of 100 mg,/kg from 5 days previously HCB 1n arachis
oil (25 mg/ml) as a single i.p 1njection 100 mg/kg 5
days prior to death Animals were starved overnight
before being killed by decapitation

Preparation of microsomes. Microsomes were pre-
pared essentially as described by Ernster er al. [27].
Microsomal fractions were stored under a glycerol—-
0 1M-Na,HPO,/NaH,PO, buffer (1-4v/v),pH 7 4,
at —70° Protein was determined with bovine serum
albumin as a standard [28]. Cytochrome(s) P-450
contents were determined by the method of Omura
and Sato [29]

Incubations. Incubations consisted of 3 4ml of
0.1M-Na,HPQ,/NaH,PO, buffer (pH 7 4), 2-4 mg
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of microsomal protein and 210 nmo! of HCB, pen-
tachlorophenol or pentachlorbenzene added in 20 ul
of acetone Where approprnate incubations con-
tamned 1mi of cytosol (7-10 mg protein) Metyr-
apone, SKF 525A or 9-hydroxyellipticine, in ace-
tomitrile (34 ul), water (34 ul) and dimethyl
formamide (1-10ul) respectively, were added
immediately before the addition of the substrate
Incubations under N, or CO were performed in
sealed flasks equilibrated with the appropriate gas
mixture. After a 4-min preincubation period at 37°
incubations were started by the addition of the
NADPH re-generating system (1 Sumol ot
NADPH, 10 umol of glucose-6-phosphate, 0 25 umts
of glucose 6-phosphate dehydrogenase and 30 umol
of MgCl, in a volume of 0 2ml) Reactions were
terminated by vortexing 1 ml of incubation mixture
with ethyl acetate (2 X 2 ml). Incubations contamning
cytosol were hydrolysed under N, at 70° m 0 5M
NaOH for 1hr to cleave glutathione-derived con-
jugates, before extraction with ethyl acetate [30]

Extracts were dried over anhydr Na,SO, and
dervatised with diazomethane or diazoethane n
diethyl ether Analyses were performed by glc
using a Varian Vista 6000 mstrument fitted with a
3N electron capture detector at 250°. HCB. pen-
tachlorobenzene and the methyl or ethyl ethers of
phenols and thiophenols were separated on a column
(2m X 4mm 1.d.) of 5% OV-210 coated on Gas
Chrom Q (100-120 mesh) with a linear temperature
program of 130-190° (6°/mun) and a gas flow of
30 mi/min of N,. Recoveries of HCB. penta-
chlorophenol, tetrachloro-1.4-benzenediol  and
pentachlorothiophenol from “spiked” samples were
approximately 95%. Retention times of reference
compounds relative to HCB were pentachlorben-
zene, 0 50; the methyl ether of 2,3.5.6-tetrach-
lorophenol, 0.63; methyl ethers of pentachloro-
phenol 1.23, tetrachloro-1,2-benzenediol 1 25,
tetrachloro-1,3-benzenediol 1 40; tetrachloro-1.4-
benzenediol 1.45 and pentachlorothiophenol 2 09,
and the ethyl ethers 1 45, 1 68, 1.86, 1 91 and 2 34
respectively Identifications of metabolites were
confirmed by full mass spectra or by selective 10n
monitoring of molecule ions dunng glc.-ms
(50m X 0.2mm fused-silica open-tubular capillary
columns of SE-52) by Mr J Lamb and Dr P B
Farmer

Incubations wuh [U-"*CJHCB  Radioactivity
studies were carried out as described under micro-
somal incubations with 3 ¢Ci (60 nmol) of [“CIJHCB
and where indicated 1n the presence of 1 mM GSH,
N-acetylcysteine or metyrapone Blanks contained
no NADPH-regenerating system. Incubations were
stopped by mixing with 3 ml ethyl acetate and centri-
fuged at 1800g for 10mm. The extraction was
repeated three times. Ethanol (3 ml) was then added
to the aqueous phase and the precipitating protein
pelleted by centrifugation at 1800g for 1Smin A
portion of the supernatant was taken tfor deter-
munation of radioactivity content The resultant pel-
let was washed twice with 3ml ethanol/hexane
(25 10 v/v), and with methanol (3 ml) No radio-
activity was detected 1n the final ethanol/hexanc or
methanol washes The protein was dissolved 1n 1 ml
of BTS-450 solubilizer overmight Multi-purpose
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cocktail acidified with 1% acetic acid was added and
radioactivity estimated with a Searle Analytic Mark
IIT iquad-scintillation system.

RESULTS

Conditions of metabolism

The metabolism of HCB by Iiver microsomes from
PB-induced rats in the presence of an NADPH-
regenerating system produced pentachlorophenol,
pentachlorobenzene, tetrachloro-1,4-benzenedio]
and tetrachloro-1,2-benzenediol (88 1:9-2 respect-
vely). Products were 1dentified by comparison with
standards. G.l.c. chromatographs of an incubation
muxture with PB-induced microsomes are shown in
Fig. 1 Theidentity of the pentachlorophenol formed
was confirmed by a full mass spectrum during g.l.c.-
m s. Levels of the other metabolites were too low
for full spectra to be obtamed but identifications
were confirmed by electron impact selective 1on
monitoring for molecular ions of the ethyl ethers,
1 e. pentachlorophenol m/z 292, tetrachloro-1,2-
benzenediol m/z 302, tetrachloro-1,4-benzenediol
m/z 302 No tetrachloro-1,3-benzenediol was
detected. Even under optimum conditions the
metabolites represented conversion of only 1.4% of
the substrate after 30 min. Because of this small
conversion we did not attempt to equate substrate
loss with product formed. The accumulation of pen-
tachlorophenol was linear up to 30 min, to a substrate
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concentration of 60 uM and optimum at a protein
concentration of 1.2 mg/ml. Table 1 shows that the
metabolism of HCB to pentachlorophenol was
dependent on the presence of NADPH and O, and
inhibited by CO, SKF 525A and metyrapone.
NADH was less effective than NADPH and pro-
duced no synergistic effect. Interestingly, CO did not
mhibit phenol formation if added after HCB. Under
similar conditions (no inhibitors present) penta-
chlorobenzene was converted to pentachloro-
phenol at a much greater rate (528 = 56 pmol/min
per mg protem) than HCB with 2,3,5 6-tetrach-
lorophenol and tetrachloro-1,4-benzenediol as minor
products

Influence of inducers of cytochrome P-450

Various inducers of cytochrome P-450, including
HCB, were compared for their effects on the metab-
olism of HCB. PB was by far the most effective
mducer of the conversion of HCB to pentach-
lorophenol with rates 8.7- and 13 7-fold greater than
controls 1n males and females respectively (Fig. 2)
Aroclor 1254 and HCB (both “mixed” inducers) and
isosafrole (inducer of cytochrome P-450,4) were less
effective, inducing metabolism by 4.2- and 3.2- and
3.0-fold respectively. In contrast, 3-MC had no effect
whilst TCDD, the most potent inducer of cyto-
chrome P-450, [13]. produced a 30% reduction in
the yield of pentachlorophenol with male micro-

|
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1,2-dvot
K PCB
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Fig 1 G lc traces of the metabolism of HCB (210 nmol/incubation) by hepatic microsomes from male
rats as described 1in Table 1 Phenols were extracted and derivatised to the methyl or ethyl ethers for
analysis and detected by electron capture as described 1n the Materials and Methods (A) Incubation in
the absence of NADPH. (B) Methyl ethers in the presence of NADPH (C) Ethyl ethers (X8
amplification) i the presence of NADPH HCB, hexachlorobenzene, PCP, pentachlorophenol, PCB,
pentachlorobenzene, 1,4-diol, tetrachloro-1,4-benzenediol, 1,2-dol, tetrachloro-1,2-benzenediol
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Table 1 Dependency of the conversion of HCB to pentachlorophenol on cytochrome

P-450
Pentachlorophenol

Conditions (pmol/min per mg protein) ‘¢ of control
Basic system 213 100
Under N, 09 4
Under CO O, (8 2) 16 75
NADPH omitted ND ND
Plus NADH (1 5 umol) 220 103
NADH alone 20 9

1 mM-SKF 525A 50 23

I mM-Metyrapone 41 19

HCB was incubated with hepatic microsomes from male rats induced with PB as
described 1n the Materals and Methods Incubations for 30 min were modified as
described below from a basic system consisung of 3 4ml of 01 M-Na,HPO,/
NaH,PO,buffer (pH7 4), 1 5 umol NADPH, 10 umol glucose-6-phosphate, glucose
6-phosphate dehydrogenase, 30 umol MgCl,, 3-4 mg microsomal protein and
210 nmol of HCB (added 1 30 ul acetone) Pentachlorophenol formed was estimated
by g L ¢ of the methyl ether Limt of detection 0 5 pmol/min per mg protein ND =

not detected Values are means of triplicates

somes. Diethylstilboestrol, which in vivo stimulates
HCB metabolism [21], did not influence microsomal
metabolism HCB was less efficiently metabolised by
microsomes from female rats pretreated with either
PB or HCB than by those from equivalent males
When the mnfluence of cytochrome P-450 inducers
on the hydroxylation of pentachlorophenol to
tetrachloro-1.4-benzenediol was explored with male
microsomes, a different pattern of induction was
observed to that seen for HCB hydroxylation (Fig
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3). 3-MC was by far the most potent inducer of
pentachlorophenol metabolism (9 5-fold), whereas
PB was relatively ineffective (2-fold) Isosafrole and
HCB were mtermediate inducers of this hydroxy-
lation With PB-induced microsomes the rate of con-
version of pentachlorophenol to tetrachloro-1.4-ben-
zenediol was twenty seven times faster than that
of HCB to the pheno!l and similar to that for the
hydroxylation of pentachlorobenzene Tetrachloro-
1.2-benzenediol was also formed from penta-
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Fig 2 Influence of inducers of cytochrome P-450 on the metabolism of HCB to pentachlorophenol by
male and female rat hepatic microsomes HCB (210 nmol) was incubated with microsomes and a
NADPH-regenerating system as described i Table 1 Incubations were extracted, and pen-
tachlorophenol as the methyl ether estimated by g I ¢ as described 1n the Materials and Methods C,
control, PB. phenobarbital, 3-MC. 3-methylcholanthrene, TCDD, 2,3,7 8-tetrachiordibenzo-p-dioxin.
AR, Aroclor 1254, IS, 1sosafrole, DES, diethystilboestrol, HCB, hexachlorobenzene Results are means
+S E from 4 ammals Endogenous HCB in HCB-induced microsomes was <5% of that added as
substrate
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Fig 3. Influence of inducers of cytochrome P-450 on the

conversion of pentachlorophenol to tetrachloro-1,4-ben-

zenediol by male rat liver microsomes Incubations were

as 1n Table 1, with 210 nmol of substrate The diol was

esttmated as the methyl ether by g.1 ¢ as described 1n the

Matenals and Methods Results are means =S E of four
amimals Abbreviations as mn Fig 2

chlorophenol but pentachlorobenzene, 2,3,5,6-tetra-
chlorophenol and tetrachloro-1,3-benzenediol were
not detected.

Inhubinon by 9-hydroxyellipticine

The influence of 9-hydroxyellipticine, a relatively
spectfic inhibitor of cytochrome P-450, [31, 32], on
the hydroxylations of HCB and pentachlorophenol

100 g
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Scheme 1 Scheme for the metabolism of hexachloro-
benzene in PB-1induced rat liver microsomes TCP, 2,3,5,6-
tetrachlorophenol, other abbreviations are as m Fig 1.

were compared (Fig. 4). 9-Hydroxyellipticine mark-
edly nhibited the hydroxylation of pentachlo-
rophenol to tetrachlorobenzene-1,4-diol by $-naph-
thoflavone-induced mucrosomes (15% of control at
1 uM 1nhibitor concentration). In contrast, the
hydroxylations of both HCB and pentachlorophenol
by PB-induced microsomes were much less sus-
ceptible to inhibition (70 and 90% of control respect-
ively at 1 uM). With HCB-induced microsomes the
hydroxylation of pentachlorophenol was inhibited to
a similar extent as with S-naphthoflavone-induced
microsomes (20% of control at 1 uM).

Incubations n the presence of glutathione

The addition of cytosol or 1 mM-GSH to ncu-
bations of HCB with male PB-induced microsomes
resulted in the formation of a metabolite which after
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Fig 4 Inhibiton of HCB and pentachlorophenol metabolism by 9-hydroxyellipticine Substrates
(210 nmol) were mcubated with male phenobarbital, f-naphthoflavone or HCB induced microsomes as
appropriate (about 1 nmol of cytochrome P-450/ml of incubation) as described in Table 1 after a 2 min
premcubation with 9-hydroxyellipticine Control values for the formation of pentachlorophenol from
HCB by PB-induced microsomes (O) was 10 5 pmol/muin per mg proten; tetrachloro-1,4-benzenediol
from pentachlorophenol with PB-induced microsomes (CJ) 263 pmol/min per mg protein, tetrachloro-
1,4-benzenediol from pentachlorophenol with f-naphthoflavone-induced microsomes (@) 800 pmol/min
per mg protein, tetrachloro-1,4-benzenediol from pentachlorophenol with HCB-induced microsomes
() 500 pmol/min per mg protein Values are means of 4 separate incubations

AP A6 1%-H
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Table 2 Effects of cytosol and GSH on the metabolism of hexachlorobenzene by male phenobarbital-induced microsomes

Tetrachlorobenzenediol
(pmol/mn per mg)

Pentachlorothiophenol
( pmol/mimn per mg)

Pentachlorophenol

Conditions (pmol/min per mg)
Microsomes + GSH ND*
Microsomes + NADPH 18806
Microsomes + GSH + NADPH 27440
Microsomes + cytosol + NADPH 219 =40
Microsomes + cytosol + GSH ND
Microsomes + cytosol +

GSH + NADPH %60=58
Cytosol + GSH + NADPH ND

ND 25=02
24+01 ND
ND 19206
ND 31 =15
ND 48+03
ND 3R+ 08
ND ND

Incubations, hydrolyses and analyses of the methyl ethers by g1 ¢ were as described 1n the Materials and Methods
Microsomal protein 1 2 mg/ml, cytosolic protein 3 mg/ml, GSH 1 mM Values are means = S E from 4 rats

* ND - not detected

alkaline hydrolysis co-chromatographed during g.1 ¢
with pentachlorothiophenol (Table 2) This thiol s
formed during hydrolysis of pentachlorophenyl cys-
teine (A G Smuth, unpubhshed data) and might be
expected to be formed from the glutathione conju-
gate. NADPH and cytosolic GSH-transferases were
not required The yield of pentachlorophenol from
HCB was not inhibited by the formation of the thiol
However, under these conditions no tetrachloro-
benzenediols could be detected. With pentachloro-
phenol as substrate GSH addition produced a
reduction 1n the yield of tetrachloro-1,4-benzenediol
from 137 = 6pmol/min per mg protein to
3 = 1 pmol/min per mg protein Pentachlorophenol
was not converted to the thiol In other experiments
(data not shown) tetrachloro-1,4-benzenediol was
stable in the presence of phosphate buffer and GSH,
whereas an oxidation product, tetrachloro-1,4-ben-
zoquinone, reacted chemically to an umdentified
product. If the diol was formed by microsomes from
pentachlorophenol 1t also rapidly disappeared to
undetected products when GSH was added There
was no large sex difference i the production of
pentachlorothiophenol from HCB- or PB-induced
microsomes but where HCB-induced microsomes
were used the yield of pentachlorothiophenol was

greater than that after induction by PB 1ie
pentachlorophenol, males 78 0.9, females
5.6 = 0 5 pmol/min per mg, pentachlorothiophenol
males 6 8 = (0.5; females 7 8 = 0.9 pmol/min per mg
of proten (cf Table 2).

Covalent binding of ['“Clhexachlorobenzene to
mucrosomal protein

When [*C]JHCB was incubated with microsomes
from PB-induced male rats in the presence of
NADPH and O,, radiocactivity was bound to micro-
somal protein (Table 3) representing 0 64% of the
substrate added Binding was reduced by 90% under
anaerobic conditions Incorporation of radioactivity
mto microsomes obtained from female rats was 87%
(aerobic) and 47% (anaerobic) of that obtained with
microsomes from male rats Binding was mhibited
by GSH and N-acetylcysteine with no impairment of
pentachlorophenol accumulation as judged by g.l.c
Metyrapone nhibited both binding to microsomal
protein and the formation of pentachlorophenol.
Radioactivity in the aqueous phase was increased 3-
to 4-fold in the presence of GSH and N-ace-
tylcysteine but diminished by metyrapone Covalent
binding of radioactivity to a number of different

Table 3 Covalent binding of ['*C]hexachlorobenzene to microsomal protein

Bound radioactivity Aqueous radioactivity

Conditions Sex ( pmol/incubation) (pmol/incubation)
Aerobic male 384 + 60 126 = 18
Anaerobic male 126 ND*
Aerobic female 320 = 59 88 = 22
Anaerobic female 62 ND
Aerobic 1 mM-GSH male 107 = 21 533 + 34
Aerobic 1 mM-N-acetyl-cysteine male 102 = 20 505 = 20
Aerobic | mM-metyrapone male 18+ 2 166

[*CJHCB was incubated with hepatic microsomes from male and female rats induced with PB
as described in the Matenals and Methods Incubations for 30 min were modified as described
above from a basic system consisting of 3 4 ml 0 1 M-Na, HPO,/NaH,PO, buffer (pH 7 4} 1 5 umol
NADPH, 10 umol glucose-6-phosphate, glucose-6-phosphate dehydrogenase, 30 umol MgCl,, 3-
4 mg microsomal protein and 60 nmol (3 uC1) of ["*CJHCB (added mn 40 pl of acetone) Bound
radioactivity was determined as described 1n the Materals and Methods and expressed as pmol of
HCB equivalents bound or 1n the aqueous phase Blanks (<20 pmol/incubation), which consisted
of the basic system without the NADPH regenerating system, were subtracted from the values
obtained Values are means * S E from 3 rats per group

* ND - not detected
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microsomal proteins was demonstrated by SDS-
PAGE-autoradiography, according to the method of
Shimada e al. [33]. The major radio-labelled protein
bands were at M, 47, 51, 55 and 68.

DISCUSSION

The results demonstrate that HCB is metabolised
to pentachlorophenol by the hepatic cytochrome P-
450 mediated system with munor reductive de-
chlorination to pentachlorobenzene (Scheme 1).
Pentachlorophenol is subsequently converted to
tetrachloro-1,2- or 1,4-benzenediols but not to the
1,3-diol. Whether the initial or second hydroxy-
lations occur by direct insertion or via an arene oxide
remains to be investigated. However, it may be
pertinent that tetrachloro-1,4-benzenediol can be
formed from pentachiorophenol 1n the free radical
generating xanthine-xanthine oxidase system (F. P.
Stewart and A. G. Smith, unpublhshed data).

Studies on the influence of cytochrome P-450 indu-
cers illustrate that the hydroxylation of HCB is pref-
erentially induced by PB whereas the subsequent
conversion of pentachlorophenol to tetrachloro-1,4-
benzenediol 1s favoured by cytochrome P-450 indu-
cers of the 3-MC type. The findings of van Ommen
[23] and Alhborg and Thunburg [34] on the separate
hydroxylation steps are consistent with this view. (In
assessing the formation of pentachlorophenol from
HCB we have ignored any contribution due to
further metabolism since in the presence of the large
excess of HCB secondary hydroxylation is probably
greatly inhibited.) These two simular dechlorination-
hydroxylation steps would therefore appear to be
catalysed most efficiently by different cytochrome P-
450 isozymes. This conclusion is confirmed by the
preferential inhibition by 9-hydroxyellipticine. The
induction of both HCB and pentachlorophenol
hydroxylations by HCB 1tself 1s compatible with the
“mixed” monooxygenase-inducing properties of this
chemical [14-18], and comparable to that of Aroclor
1254 (a muxture of polychlorinated biphenyls).
Although the hydroxylation of pentachlorophenol 1s
inducible by PB, the inhibition shown by 9-hydroxy-
ellipticine mmplicates the involvement of cyto-
chrome P-450. 1in this transformation by HCB-
mduced microsomes. It 1s difficult to reconcile the 3-
MC type of induction produced by HCB with the
apparent strict structural requirement for induction
by other polyhalogenated aromatics [35] but this
cannot be attributed to contamination by TCDD or
related compounds [17]. Isosafrole, an inducer of
cytochrome P-4504 [36], produced a pattern of induc-
tion for both hydroxylations similar to that produced
by HCB. The role of cytochrome P-450;, in HCB
metabolism cannot therefore be excluded However,
the ability of isosafrole to induce more than one
cytochrome P-450 1sozyme may also be of sign-
ificance [36]

In addition to being hydroxylated, HCB is metab-
olised 1 vivo to a conjugated metabolite [37]. The
excretion product, pentachlorophenyl N-acetyl-
cysteine, can be hydrolysed to pentachlorothio-
phenol [20, 38]. During the analysis of the GSH-
fortified microsomal incubations in the present work,
pentachlorothiophenol was probably generated by
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hydrolysis of the GSH conjugate. The lack of any
pentachlorothiophenol detected after incubations
with cytosol and GSH alone may be the result of
poor presentation of HCB to cytosolic GSH trans-
ferase but probably indicates that HCB 1s pre-
dominantly metabolised by GSH transferases pre-
sent 1n the microsomes. It 1s unlikely that GSH
reacts with a reactive metabolite prior to penta-
chlorophenol formation since phenol levels remained
unchanged. In contrast, GSH prevented detection
of tetrachloro-1,4-benzenediol. This would appear
to be due to the formation 1n the presence of micro-
somes of tetrachloro-1,4-benzoquinone or perhaps
the semiquinone radical [39] which reacts non-
enzymically with GSH to form a water soluble prod-
uct. The 1dentity of this product 1s currently being
mvestigated. The binding of ["*CJHCB to micro-
somal protein and the protection afforded by GSH
and N-acetylcysteine may be related phenomena and
similar to that described for benzene and phenol
metabohsm [40, 41].

An unequivocable sex difference in the induction
of porphyria and hepatic tumours by HCB 1n rats
1s well established [9-12] In the present work no
significant sex difference in favour of females for
hydroxylation, conjugation or covalent binding to
microsomal protein was observed. Hence we are
unable to ascribe the much greater susceptibility of
female rats to major differences in metabolism Any
highly toxic metabolite still to be detected must of
course be compatible with similar hepatic toxicities
produced by other polyhalogenated aromatics [35].
Alternatively, the toxic properties of HCB may be
due to the induction of other processes perhaps
associated with the Ah locus [35] and of a free radical
nature. Further studies are in progress to test some
of these possibilities.
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