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1. Introduction

In animal tissues, carcinogenic polycyclic hydro-
carbons are known io be metabolised 10 epoxides
[1—4]. These epoxides, vwhich are formned by the ac-
tion of the NADPH-dependent microsomal mixed-
function oxidase on the double bonds of the hydro-
carbons [5], are biclogicelly active [6—8] and are
suspected of being responsible for the effects pro-
duced by the hydrocarbons. Aromatic hydrocarbons,
which are present in tobacco smoke and in the urban
atmosphere [0}, are carcinogenic to rat-lung-[ 103
and are also meiabolized 0 K-repion gpoxides by pre-
parations of this tissue [P.L. Grover, unpublished
resnlis] . Since polycyclic hydrocarbons are almost
certainly carcinogenic in mman, it seemed relevani to
examine their meiabolism by human tissne.

In the experiments dessribed here, human lung -
preparations have been nzed for the first time to de-
monsirate: a) that an epo.cids, which has been iden-
tified as the K-region derisative, benzfalanthracene
5, 6-0xide, is formed as a microsomal metabolite of
benz]a] anthracene and b- that this epoxide can be
further metabolised to the corresponding dihydrohiol,
trans-3, 6-dihydro-5, 6-dihydroxybenzja) anthracens,
and to the glutathione conjugate, S-(5, 6-dthydro-6-
hydroxybenz [a] anthracene-3-y1) glutathione by en-
zymes present in these preparations.

- 2. Maxeﬁals and methods

2.1. Materials o
3H—Labelled benz {a} muﬂ.‘macene (spemﬁr: -acmmy

Noffh.ﬂqllzmd Publzshmg Cemparzy ~ AmsterGam ~

510 mCifimmole) was obtained from the Radiochs-
mical Cenire, Amersham, Bucks, and [°H] benz{a]
anthracene 5, 6-oxide (specific activity 7.9 mCi/
mmole) was prepared from the hydrocarbon [11].
Glucose 6-phosphaie, glucose &-phosphate dehydro-
genase and NADPH were purchased from Bochringer,
Mannheim, ¥. Germany and cyciochexene oxide from
E.N. Emmanuel, Wembley, Middlesex. 85, 5-Dy-
hydro-6-hydioxybenz [a] anthracene-5-yi) glutathione
and frans-5, o-dihydro-5, 6-dihydroxybenz [a] anthra-
cene were prepaed as described [12, 13].

2.2. Lung preparations

Specimens of human lung tissue were placed on ice
in:mediately following temoval at theracotomy. With-
in an hour of removal, lung tissne, which wa. macros-
copically free of tumour, was homogenised in phos-
phazrs buffer (0.1 M, pH 7.4, 4 vol) for 1.5 min inan -
Atomix blender angd the mixture sirairec through
cotton ganze to rernove fragmenis of fibrous connec-
tive tissue. Washed microsomal and soluble superna-

_ tant fractiors were then prepared as described [14].

2.2, Microsomual metabolism of benzi o anthracene
Microsomal ingubations were carried out wsing a

hnman long microsomal fraction {ca. 40 g lung), 3H-
labelled benz [a] anthracene (400 pg) and the co-fac-
tors for the MADPH dependent microsomal mixed
function oxidase in the amounts previously desczibad
for rat liver |1, 3, 4]. The 3, 4-dinydronaphthalene 1,
2-oxide previonsly usel as 2n *epuxide hydrase” inhi-
bitor was replaced by mycic}*ﬁxane emde {30 pmoles).
After bgm;g mcu’baied at ?3°C for 10 min, Ihe mix- -

gﬁs
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Fig. 1. Column chromatography <f IBHﬂ’benz[[a] anthracene meiabolites. The concenirated ether extract from a human lung mi-
crosomal incubation {see tex1) was applisd to-a columz {1.3 X 4 em) of basic alumina (M. Woslm Escawege, Germany; deactivated
by the addition of water, $% wiw, to Wolem grads 111} and elnted with solvent. 100 Drop fractions wire collected and radioactivity

measured.

ure was exiracied with ether and the ether extract
dried, concentrated and chromatographed on an al-
1nina column as described in the legend to fig. 1. Frac-
tiong containing radiozctive epoxide metaboliles were
pooled, the malerials present subjected 1o procedures
known to convert K-region epoxides into dikhydrodiols,
into phenols or into glutathione conjugates {1, 3, 4]
and the products examined by chromatography using
the appropriate unlabelled reference compounds de-
rived from benzia] anthracene.

2.4. Detection of mi w:&bsamai’ ‘epoxide hydrase’ acti-
vity :
Mixtures that coriained uman lung microsomal
fraction (ca. lglung) resuspended in phosphate buffer
(0.1 M, pH 7.4, 5 m}) and {3H] benz[a] anthracene 5,

64

B-oxide {1 mnole), added n acetones {0.2 ml), were in-
cubated at 37°C for 20 min and exiracted with ethyl
acetate (2 mi). Portions (0.1 ml) of the extract were
co-chromatographed with nnlabelled srans-3, 6-dihy-
dro-5, 6-dinydroxybenz[a] anthracene as a marker as
described in the legend to fig. 3 and the radicactive
dihydrodiol formed detected by lignid scintillation
counting.

2.5. Detection of "ghitathione S-epoxide transferase’
acrivity - S -

[3H] benz [a] anthracene 3, 6-oxide (0.5 ymole)
was added in ethanol (0.1 ml) to a mixture consisting’
of soluble supermnatant fraction prepared from human
Tang (1 ml. ca. 0.2 g tissue) and phosphate buffer

- (0.1 M, pH 7.4, 4 ml) containing GSH {14.5 mg).
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Fig. 2. Formation of a 3 lutathione conjugaté from a tadioactive benz[a] anthracens ¢ poxide metabolite. Fractions <onlaining the
radioactive metabolite, obizined by colomn chromatography of an ether extract of a2 {°H] bsnz[a] anthracene incrbation with hu-
man ung microsomat fraction were pooled, evaporated to dryness and reacied with GSH [1]. The products wers co-chromato-
eraphad with nnlabslled S-(5, §-dihydro-6-hydroxybenzia] anthracen-5-y1} glutathione on paper chromatograms {Mhatnan 3M>M)
developed with butan-1-ok: propan-1-ol: ag. 2M NHj {2 : 1: 1, by vol) which were then Teated with ninkydzin, cut into sxipsand.

the radivacivity present dsterminsd,

After incubation at 37°C for 1 hr acetone {5 ml) was
added, the mixture cenirifuged and portions {0.2 mi)
of the clear supemmatant co-chromatographed with un-
labelled 845, 6-dihydro-6-hydroxy-benz ja] anthracen-
5-y1) ghntathione as desgribed in the legend to fig. 4.
The radioactive glhuiathione conjugate was detected
by lignid scintillation counding.

3. Results and discussion

When the ether-soluble products cbiained from the
metabolism of [H]benz[a]anthracene by the NADPH-
dependeni microsomal mixed function oxidase of hu-
maz lung were examined by chromatography on alu-
mina columns, protiles of radipactivity like that shown
in fig. 1 were obtained. The radicactive peak that elu-

tes afier that containing 13- ~. oanged hydrocarbon
but prior to that containing e aydroxylated produsis
is in an identical position 1o the peak tha has becn
previously shown to contain benz[a] anthracens 3, &
oxide [1]. The epoxide formed as a meiabolite of
benz[aj anthracens by human lung preparations in

the present experiments was ideniified as the K-region
derivative, benz[a) anthracene 5, 6-oxide since it counld
be converted a) by ireatment with acig, into a produest
indistingnishable on chromatograms from S-hydroxy-
benz[a] anthracene and b) by treatment with rat-liver
*epoxide hydrass® into a product indistinguizhable
from trans-5, 6-dihydro-5, 6-3ihydroxybenz{al anthra-
cene. The epoxide metabolite could also be convarted
by reaction with GSH into a radioactive product with
the chromatographic characteristics of 843, 6-dihydro-
&-hydroxybenz {a] anthracene-5-yl) gintathicne as

shown in fig. 2.
) 65
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Fig. 3. Devection of human lung *epoxide hydrase” activity. 13}]} benzla] anthracene 5, 6~pxide was incubated with a microsomal
preparation of human hung {see text) and the products co-chromatographed with unlabelled zrawms-5, $-dihy dro-5, 6-dihydroxy-
benzja]anthracens on thinlayer chromatograms of silica gel G developed in benzene:ethanol, 10 : 1 v/y. Bands of silica gel were

marked off and the radivactivity present determined.

When synthetic [PH] benz[a] anthracene 5, 6-oxide
was incibated with 2 human lung microsomal prepara-
tion in the absence of cofactors, a product indistin-
guishable from trans-5, 6-dihydro-3, 6-dihydroxy-
benz[a] anthracene was formed {fig. 3). The enzymic
formation of this producs, which conid not be detec-
ted if microsomal suspensions that had been heated
at 100°C for 5 min were used, demonstrates the pre-
sence of a microsomal *epoxide hydrase® [15] in hu-
man lung that can catalyse the conversion of a benz-
[al anthracene epoxide into the corresponding dihy-
drodiol.

A radioactive product, identical in its chromato-
graphic characteristics with S5, 6-dihydro-6-hydro-
xybenz [a] anthracen-5-y1) gluntathione, was formed
when synthetic [3H] benz[a] anthracene S, 6-oxide
was incubated with GSH and a soluble-supernatant
fraction prepared from human lung(fig. 4). The con--
jugate was not detected when soluble supernatant

 fraction that had been heated to 100°C for 5 min -

66

was used. The formation of this GSH conjugaie shows
that a *glntathione S-epoxide transferase’ like that
de-cribed in rat tissues [16] is also present in buman
ung.

Collectively the results presented here show that
all three enzymes known to be involved in the forma-
tion and further metabolism of polycyclic hydrocar-
bon epoxides are present in human lung. The mixed
function oxidase, which catalyses the initial oxidation
of the aromatic double bonds to epoxide intermediates,
may well be involved in the metabolic activation of
the carcinogenic polyeyclic hydrocarbons. The activi-
ty of this enzyme cannot be considered in isolation
however, since the epoxides formed can be inactivated
by further metabolism to dihydrodiols and to gluts-
thione conjugates by enzymes present in human lung.
It is hoped to carry out other more detailed studies
on the metabolic activation of polycyclic hydrocar-
bons in human lung since these compounds are stron-
gly suspected of contributing to the incidence o:f can-
cer wof the pulmonary uaci in man,
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Fig. 4. Detection of humen lung *elniathione S-epoxide transferase’ activity. E3HB benz[al anthracene 5. &-oxide was mcubated
with GSH and soluble supernatant fraction prepared from kuman iong {ses text) and the products co-chromatographed with un-
Iabelled S-{5, 6-dihydro-6-hydroxybenz{a] anthracen-5-¥]) glutathione on thinlayer chromatozrams of silica gel S developed with
butan-1-ol: propan-1-ol ag. 2M-NHg (2 : 1 : 1, by vol). The dried chromatograms wers treated with ninhydrin, bands of sflica gel

removed and the radioactivity presenz dstermined.
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