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Hexachlorocyclohexanes
Inhibit Steroidogenesis in Y1 Cells

ABSENCE OF CORRELATION WITH BINDING
TO THE PERIPHERAL-TYPE BENZODIAZEPINE BINDING SITE

Daniela M. Zisterer,* Paul N. Moynaght and D. Clive Williams

DEPARTMENT OF BIOCHEMISTRY, TRINITY COLLEGE, DUBLIN 2, IRELAND

ABSTRACT. Lindane, the y-isomer of hexachlorocyclohexane (HCH), and two other HCH-isomers, « and
8-HCH, inhibit steroidogenesis in a Y1 adrenocortical cell line. In determining the mechanism by which HCH
isomers inhibit steroidogenesis, they were found not to act directly on the mitochondrial Cyt P-450scc enzyme,
making it likely that they act, instead, on intramitochondrial transport of cholesterol. y-HCH, but not « or
3-HCH, is a potent and selective inhibitor of ligand binding to the peripheral-type benzodiazepine binding site
{PBBS) which, in turn, is reported to regulate the rate-limiting step in steroidogenesis. Although these results
demonstrate that & and 8-HCH do not inhibit steroid production through the PBBS, the possibility that the
interaction of y-HCH with the PBBS is responsible for its inhibitory effect on steroidogenesis could not be
excluded. BIOCHEM PHARMACOL 51;10:1303-1308, 1996.
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Lindane, the gamma isomer of the compound HCH,¥ has
been used since the 1940s for a variety of insecticidal pur-
poses, including protection of crops, prevention of insect-
borne diseases such as malaria, and removal of ectopara-
sites. It is well documented that, in mammals, high-dose
exposure to lindane results in neuronal excitability, trem-
ors, and convulsions {1, 2]. The other HCH isomers have
negligible insecticidal activity [3] and do not exhibit the
convulsant activity displayed by yv-HCH. The exact mecha-
nism by which y-HCH induces convulsions still remains
unclear, although electrophysiological studies have demon-
strated that lindane interacts directly with the GABA,
receptor to prevent activation [4]. These workers have sug-
gested that this is the explanation for both the insecticide
and the convulsant properties of lindane. y-HCH has also
been shown to induce hepatotoxicity {5] and has been im-
plicated in inducing aplastic anaemia [6].

In in vivo studies, y-HCH has been reported to inhibit
steroidogenesis [7]. Cholesterol side-chain cleavage to preg-
nenolone in ovarian mitochondria, the first step in steroid
biosynthesis and catalysed by the enzyme Cyt P-450scc, was
studied in mice fed with y-HCH at various doses and over
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various periods. The insecticide adversely affected choles-
terol side-chain cleavage in the ovary as judged by de-
creased conversion of cholesterol to pregnenolone and, sub-
sequently, to progesterone in a dose-dependent manner.
v-HCH has also been reported to suppress adrenocortical
function in mice fed with this insecticide [8]. However, the
actual mechanism by which y-HCH influences steroido-
genesis still remains unclear.

There is much evidence that the PBBS is involved in
regulating the rate-limiting step of steroid biosynthesis [9,
10]. The PBBS is distinct from the central-type or GABA ,/
benzodiazepine receptor and, as the name suggests, is found
in many peripheral tissues and also in the brain in glial
cells. The PBBS is sometimes called the peripheral-type
benzodiazepine receptor or the mitochondrial benzodiaze-
pine receptor although, despite its being called ‘receptor’,
no direct role in signal transduction has been demonstrated.
The PBBS, once occupied by a specific ligand such as Ro5-
4864 or PK 11195, has been reported to regulate the trans-
fer of cholesterol from the mitochondrial outer membrane
to the mitochondrial inner membrane, where the Cyt
P-450scc enzyme is located [10]. This intramitochondrial
cholesterol transfer is the rate-limiting step in steroidogen-
esis [11]. It may be possible that y-HCH inhibits steroid
production through an interaction with the PBBS.

This suppressing of steroidogenesis by y-HCH in periph-
eral tissues may result in further effects, such as hormone
deficiency and related reproductive disorders. It may also
result in effects in the brain either indirectly by suppression
of peripheral steroidogenesis or directly by suppression of



1304

brain steroidogenesis. It has been shown that glial cells of
the brain synthesize steroids [12], and that some of these
‘neurosteroids’ (pregnenolone sulphate and dehydroproges-
terone) can act at the the GABA 4 receptor/Cl™ ionophore
complex. This receptor complex is modulated by multiple
drug-binding sites, including a site for steroids [13]. Neu-
rosteroids have been shown to modulate, in a positive or
negative manner, the GABA , receptor-mediated chloride
flux [14]; thus, in turn, controlling neuronal excitability.
Therefore, yv-HCH may act on GABA, receptors indi-
rectly, via an inhibition of neurosteroid synthesis and re-
lease from glial cells.

The aims of this study were first to determine the effect
of v-HCH on steroid production by using a model Y1 ad-
renocortical steroid-producing cell line, and second to ex-
amine the mechanism by which y-HCH affects steroido-
genesis in these Y1 cells.

MATERIALS AND METHODS
Chemicals

The - and &-isomers of HCH were obtained from Sigma
Chemical Company (St. Louis, MO, U.S.A.), the a-isomer
from Aldrich Chemical Company (Dorset, U.K.) and the
B-isomer was a gift from Prof. E. Rodriguez Farré (C.S.1.C,,
Barcelona, Spain). Pregnenolone, 20a-hydroxycholesterol
and 22(R)-hydroxycholesterol were obtained from Sigma.
Ro05-4864 was obtained from Fluka Chemical Company
(Dorset, U.K.). SU 10603 was a gift from A. Sedlacek
(Ciba-Geigy Ltd., Basel, Switzerland). Trilostane was a gift
from Sterling-Winthrop (Newcastle Upon Tyne, U.K.). PK
11195 was a gift from Dr. A. Doble (Rhone-Poulenc Rorer,
Vitry Sur Seine, France), and [PH]PK 11195 and PHlpreg-
nenolone were obtained from NEN Research Products
(Hertfordshire, U.K.).

Cells

The Y1 mouse adrenal tumor cell line was obtained from
the European Collection of Animal Cell Culture. Stock
cultures were grown in Dulbecco’s Modified Eagles Medium
supplemented with fetal calf serum (10%; v/v), L-glutamine
(2 mM) and gentamicin (100 mg/mL). Mouse cerebellar
and cortical astrocytes were a gift from Prof. A. Schousboe
(Royal Danish School of Pharmacy, Copenhagen, Den-
mark).

Radioligand Binding Assays

Mitochondrial membranes were isolated as previously de-
scribed [15]. Cell homogenates or mitochondrial mem-
branes (35 pg of protein) were incubated in Tris-HCI
buffer, pH 7.4, final volume 0.5 mL, in the presence of
PH]PK 11195 (5 nM), and in the absence and presence of
increasing concentrations of HCH-isomer (10 nM-1 puM).
Control binding was defined as specific binding in the ab-
sence of the HCH-isomer. Nonspecific binding was deter-
mined in the presence of 10 uM PK 11195. After 60 min,
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the incubations were stopped by filtration through What-
man GF/B filters and washed with 10 mL of ice-cold incu-
bation buffer. Radioactivity trapped on the filters was deter-
mined by liquid scintillation counting. K, values were gener-
ated by the use of the computer program LIGAND [16].

Steroid Biosynthesis

Y1 cells were seeded in 24-well plates at a density of 3 x 10°
cells/well in a final volume of 1 mL. Prior to measurement
of pregnenolone production, the cells were washed 3 times
with a simple salts medium consisting of 140 mM NaCl, 5
mM KCl, 1.8 mM CaCl,, 1 mM MgSO,, 10 mM glucose,
10 mM HEPES/NaOH, pH 7.4, plus 0.1% BSA. During
experiments, cells were incubated with this simple salts
medium in an air incubator at 37°C. To measure pregneno-
lone secreted into the medium, its further metabolism was
blocked by the addition of trilostane (5 pM) and SU 10603
(20 uM) (inhibitors of 3B-hydroxysteroid dehydrogenase
and 17a-hydroxylase, respectively) to the simple salts me-
dium. The addition of HCH isomers, PK 11195 and Ro5-
4864 and 22(R)- or 22a-hydroxycholesterol to the Y1 cells
were made by the complete change of the simple salts me-
dium to medium containing the appropriate concentration
of the compounds as indicated in the figure legends. The
final concentration of DMSO was constant for all the wells
within each experiment and did not exceed 0.5% (v/v), a
concentration which, on its own, had no effect on steroid
production. At the end of the incubation period, the cell
medium was saved and centrifuged at 1500 x g for 10 min.
The amount of pregnenolone secreted into the medium was
quantified by RIA using an antibody obtained from ICN
Biomedicals Inc. (Costa Mesa, CA, U.S.A.), under the
conditions described by the manufacturer. Analysis of RIA
data was performed using the Apple Macintosh ASSAYZAP
program obtained from Biosoft (Cambridge, U.K.).

Protein Determination

Protein was quantitated by the method of Markwell et al.
[17] using BSA as a standard.

Statistics

Statistical analysis of differences between control values
and various treatment values of pregnenolone production
were performed with a Student’s t-test.

RESULTS

To use pregnenolone secreted by Y1 cells as a measure of
steroidogenesis, preliminary experiments were performed to
set up a standard protocol. The effect of the Cyt P-450scc
inhibitor, aminoglutethimide, on pregnenolone production
was examined. Aminoglutethimide significantly inhibited
the conversion of cholesterol to pregnenolone and, thus,
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the amount of this latter steroid secreted into the medium
(Fig. 1). Y1 cells were also incubated with trilostane and
SU 10603, inhibitors of 3B-hydroxysteroid dehydrogenase
and 17a-hydroxylase, respectively. In the presence of these
inhibitors, the levels of this steroid in the medium signifi-
cantly increased, apparently as a result of blocking the ac-
tivities of different metabolic pathways.

The effect of a range of concentrations of y-HCH on
steroid production by Y1 cells was determined. The amount
of pregnenolone secreted into the medium of Y1 cells was
used as a measure of steroid production, and was quantified
by radioimmunoassay. y-HCH caused a dose-dependent in-
hibition of pregnenolone production (Fig. 2), resulting in
50% inhibition at the highest concentration examined (50
uM).

To determine whether or not other nonconvulsant HCH
isomers also inhibit steroidogenesis, the effect of the
a-HCH and 8-HCH isomers on pregnenolone production
in Y1 cells was examined. At a concentration of 25 pM,
both a-HCH and 8-HCH caused the same extent of inhi-
bition of pregnenolone production as y-HCH (Fig. 3).
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FIG. 1. Inhibitors of steroidogenic enzymes affect pregneno-
lone production in Y1 cells. Y1 cells, grown in 24-well
dishes to a density of 3 x 10° cells/well, were incubated in a
simple salts medium, either in the presence or absence of
aminoglutethimide (0.76 mM), the Cyt P-450scc inhibitor,
or a combination of trilostane (5 pM) and SU 10603 (20
pM), inhibitors of 3PB-hydroxysteroid dehydrogenase and
17a-hydroxylase, respectively. The volume of solvent in
each well remained constant and did not exceed 0.3% (v/v).
After 2 hr, pregnenolone secreted into the medium was
quantified by RIA. The values for pregnenolone production
are the mean = SEM for 3 experiments, each performed in
triplicate. *P < 0.05; **P < 0.01 (vs control value).
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FIG. 2. Dose-dependent inhibition of pregnenolone produc-
tion in Y1 cells by y-HCH. Y1 cells, grown in 24-well dishes
to a density of 3 x 10° cells/well, were incubated in a simple
salts medium with trilostane (5 pM) and SU 10603 (20 pM),
as described in Materials and Methods, either in the presence
or absence of the indicated concentrations of y-HCH. The
volume of solvent in each well remained constant and did
not exceed 0.5% (v/v). After 2 hr, pregnenolone secreted
into the medium was quantified by RIA. The values for
pregnenolone production are the mean + SEM for 3 experi-
ments, each performed in triplicate. *P < 0.05; **P < 0.01
(vs control value).

The possibility that HCH-isomers reduce cholesterol
conversion to pregnenolone, either by inhibiting the trans-
fer of cholesterol to the mitochondrial Cyt P-450scc en-
zyme, or by directly acting on this enzyme, was examined.
The metabolism to pregnenolone of 22(R)-hydroxycholes-
terol and 20a-hydroxycholesterol were used as indices for
Cyt P-450scc activity. These soluble cholesterol analogues
have direct access to the enzyme; thus, bypassing the rate-
limiting step [10]. 20a-hydroxycholesterol and 22(R)-hy-
droxycholesterol showed approximately 6-fold and 40-fold
increased rates, respectively, to the endogenous rate of
pregnenolone production in these intact Y1 cells (Table 1).
Aminoglutethimide, the Cyt P-450scc inhibitor, dramati-
cally reduced pregnenolone formation from both of these
soluble cholesterol analogues. The HCH isomers, however,
under conditions where they caused approximately a 50%
inhibition of the endogenous rate of pregnenolone produc-
tion, did not inhibit pregnenolone formation from either
20a-hydroxycholesterol or 22(R)-hydroxycholesterol.

There is much evidence that the PBBS is involved in
regulating steroid biosynthesis. This binding site, once oc-
cupied by a specific ligand, such as Ro5-4864 or PK 11195,
is reported to regulate the transfer of cholesterol from the
mitochondrial outer membrane to the mitochondrial inner
membrane, where the Cyt P-450scc enzyme is located [10].
In these Y1 adrenocortical cells, PK 11195 and Ro5-4864
caused a 2-fold stimulation of pregnenolone production



1306

Pregnenolone production

(ng/h/105 cells)

delta
HCH HCH HCH

Control gamma alpha

FIG. 3. Hexachlorocyclohexane isomers inhibit pregneno-
lone production in Y1 cells. Y1 cells, grown in 24-well
dishes to a density of 3 x 10° cells/well, were incubated in a
simple slats medium with trilostane (5 pM) and SU 10603
(20 pM), as described in Materials and Methods, either in
the presence or absence of a«-HCH (25 pM), 8-HCH (25
pM), or v-HCH (25 pM). The volume of solvent in each
well remained constant and did not exceed 0.5% (v/v). After
2 hr, pregnenolone secreted into the medium was quantified
by RIA. The values for pregnenolone production are the
mean £ SEM for 3 experiments, each performed in tripli-
cate. *P < 0.01 (vs control value).

(data not shown) that is similar in extent to the stimulation
originally reported for Y1 cells by Kreuger and Papadopou-
los (1990) [10].

The possible interaction of y-HCH with the PBBS in Y1
adrenocortical cells was then evaluated, by examining the
effect of v-HCH and of three other nonconvulsant isomers
o, B and 8-HCH on PH]PK 11195 (a specific high-affinity
PBBS ligand) binding to homogenates of Y1 cells. y-HCH
was shown to inhibit specific PH]PK 11195 binding, over a
concentration range of 10 nM to 40 pM (limits of solubil-
ity), with a K; value of 1.8 + 0.7 uM (Fig. 4). The «, B, and
3 isomers of HCH did not exhibit any inhibition of binding
up to the highest concentration tested. Identical results
were obtained when these binding studies were repeated
with tissue from a variety of sources, ranging from rat brain
mitochondrial membranes to mouse cerebellar astrocytes
(Table 2), and also in Y1 cells when the benzodiazepine
[PHJR05-4864 was used as an alternative ligand (results not
shown).

DISCUSSION

The first aim of this work was to establish the effect of
v-HCH and other HCH isomers on steroid production.
The Y1 cell line is a well-characterised in vitro model system
for studying steroidogenesis, and it exhibits a high density
of PBBS [10}. Thus, the Y1 cell line was chosen for studying
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the effect of HCH isomers on steroidogenesis. In agreement
with the in vivo studies of Lahiri and Sicar [8], who reported
a suppression of adrenocortical function in mice fed with
v-HCH, this HCH isomer, at a concentration of 50 uM,
caused a 50% inhibition of pregnenolone production by Y1
adrenocortical cells. This effect is obtained within the
range of concentrations at which lindane is reported to
elicit toxic effects in vivo [18]. However, when the effects of
two of the nonconvulsant isomers of HCH were examined,
they also affected steroid production in Y1 cells in a manner
quantitatively similar to y-HCH. At the same concentra-
tion (25 wM), both a-HCH and 8-HCH caused a 50%
inhibition of pregnenolone production.

The second aim of the present study was to investigate
the mode of action by which HCH-isomers inhibit steroid
synthesis by Y1 adrenocortical cells. Two possible mecha-
nisms could be envisaged to explain this inhibitory effect.
Either the HCH-isomers acted directly on the mitochon-
drial Cyt P-450scc, which is involved in the activity of the
20 and 22 cholesterol hydroxylases [11] and which, ulti-
mately, converts cholesterol to pregnenolone and/or HCH-
isomers, inhibited the transfer of cholesterol from the mi-
tochondrial outer membrane to the mitochondrial inner
membrane where the Cyt P-450scc enzyme is located. The
PBBS has been considered by some authors to modulate
this intramitochondrial cholesterol transfer [10].

In examining the first of these possible mechanisms, the
conversion of the soluble cholesterol analogues, 22{R)-hy-
droxycholesterol and 20a-hydroxycholesterol, to pregneno-
lone by Y1 cells were used as indices for Cyt P-450scc
activity. The classical hydroxylase activity of the Cyt
P-450scc is used to hydroxylate two adjacent C atoms in
the side-chain of cholesterol and the intervening bond
(Cy0.52) is then cleaved to release a six carbon atom frag-
ment (isocacapraldehyde) and pregnenolone [11]. None of
the HCH-isomers inhibited pregnenolone formation from
either 22(R)-hydroxycholesterol or 20a-hydroxycholester-
ol), implying that its mechanism of inhibition is not by
direct inhibition of either the 20 or 22 cholesterol hydrox-
ylations of the Cyt P-450scc enzyme, but is more likely to
be by affecting cholesterol delivery to the enzyme by acting
on the transfer of cholesterol from the outer to the mito-
chondrial inner membrane (the rate-limiting step). Studies
by Bernstein and Gut [19] have shown that the order of
hydroxylation is either not random or predominantly se-
quential with hydroxylation at C22 preceding that at C20.
The rates found when the C22 hydroxylated substrate is
used are approximately 8-10 times faster than with the C20
hydroxylated substrate. Although it is difficult to extrapo-
late from intact cells to the individual enzyme, this result is
consistent with a predominantly, but not totally, sequential
order of hydroxylation; that being C22 followed by C20.

There is much evidence that the PBBS is involved in
regulating steroid biosynthesis through the rate-limiting
step. This binding site, once occupied by a specific ligand,
such as Ro5-4864 or PK 11195, is reported to regulate the

transfer of cholesterol from the mitochondrial outer mem-
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TABLE 1. Hexachlorocyclohexane isomers do not directly affect Cyt P-450scc activity

Pregnenolone production
(ng/h/10° cells)

Control 22(R)-hydroxycholesterol 20a-hydroxycholesterol
Endogenous 2.8%0.1 11813 168+1.5
Aminoglutethimide 0.3+£0.01 5.8+1.7 32£05
v-HCH 14102 114+ 20 16.8+3
a-HCH 1.6 £0.03 112£15 19.0+7
3-HCH 1.6£0.1 114+ 20 18.2+0.2

Y1 cells, grown in 24-well dishes to a density of 3 x 10° cells/well, were incubated in a simple salts medium with trilostane (5 pM) and SU 10603 (20 uM), either in the presence
or absence of aminoglutethimide (0.76 mM), HCH-isomers, (25 pM), 22(R)-hydroxycholesterol (50 uM), or 20a-hydroxycholesterol (50 uM) or the combinations of these
compounds indicated. The volume of solvent in each well remained constant and did not exceed 0.5% (v/v). After 2 hr, pregnenolone secreted into the medium was quantified
by RIA. The values for pregnenolone production are the mean + SEM for 3 experiments, each performed in triplicate.

brane to the mitochondrial inner membrane, where the Cyt
P-450scc enzyme is located [10]. The effect of y-HCH on
the specific binding of [’H]JPK 11195 to homogenates of Y1
cells was carried out to investigate whether or not y-HCH
specifically interacts with the PBBS in this Y1 cell line. At
the same time, the effect of three other nonconvulsant
isomers a, B, and 8-HCH on [PH]PK 11195 binding was
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FIG. 4. y-Hexachlorocyclohexane inhibits the specific bind-
ing of [’H]PK 11195 to the PBBS in Y1 cells. Homogenates
of Y1 cells (35 pg of protein) were assayed for specific bind-
ing of [*HJPK 11195 (5 nM; 86.9 Ci/fmmol) to the PBBS, as
described in Materials and Methods, in the absence and
presence of various concentrations of the a(A), B(O), 8(0)
and y(®) isomers of HCH. Control binding is defined as
specific binding in the absence of HCH isomers. The dis-
placement curve was generated for inhibition by v-HCH,
assuming mutually exclusive binding of y-HCH and PK
11195. The K, value of 1.8 = 0.7 pM for inhibition of bind-
ing by y-HCH represents the mean + SEM of triplicate de-
terminations.

also determined. Only the vy-isomer inhibited binding to
the receptor, whereas the other HCH isomers showed no
inhibition at concentrations up to 40 wM. The K; value for
inhibiting binding to the PBBS in Y1 cells was found to be
within the range of concentrations at which y-HCH caused
an inhibition of steroid production in these cells. This sug-
gested a possible role for the PBBS in mediating the inhibi-
tory action of y-HCH on steroid production.

The exact mechanism by which yv-HCH induces convul-
sions still remains unclear, although electrophysiological
studies have demonstrated that lindane interacts directly
with the GABA 4 receptor [4]. These workers have sug-
gested that this is the explanation for both the insecticide
and the convulsant properties of y-HCH. However, an in-
hibitory action of y-HCH on steroidogenesis mediated by
the PBBS may have relevance in the brain where an in-
volvement with convulsions could also be proposed. The
selective inhibitory effect of only y-HCH on PBBS ligand
binding, described in this work, correlates well with the
convulsive activity of only the y-HCH isomer [18]. Also, its
potency for inhibition of binding to the PBBS (K, values of
1-10 pM) is well within the range of concentrations at
which y-HCH causes convulsions in mammals [18].

TABLE 2. v-HCH inhibits the specific binding of [PH|PK
11195 to the PBBS in a variety of tissues

K; values for HCH isomers (pM)

Source a-HCH @-HCH +vy-HCH &-HCH
Rat adrenal

mitochondria NI* NI 50+0.9 NI
Rat brain

mitochondria NI NI 2.1£03 NI
C6 glioma cells NI NI 9.2+4.0 NI
Mouse cortical

astrocytes NI NI 4003 NI
Mouse cerebellar

astrocyes NI NI 3.1+£0.2 NI

Tissues from a variety of sources (35 pg of protein) were assayed for specific binding
of [PHIPK 11195 (5 oM; 86.9 Ci/mmol) to the PBBS, as described in Materials and
Methods, in the absence and presence of a range of concentrations (10 nM to 40 pM)
of the a, B, 8, and 1y isomers of HCH. The K values for inhibition of binding by y-HCH
represent the mean + SEM of triplicate determinations. *NI, no inhibition.
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The PBBS is thought to regulate the production of ste-
roids in the glial cells of the brain, these steroids being
termed neurosteroids. Some of these neurosteroids have
been shown to down- or upregulate the GABA 5 receptor
by binding to the steroid binding site of the GABA 4 re-
ceptor complex, thereby controlling neuronal excitability
[20]. It could be hypothesized that y-HCH, by binding to
the PBBS in the brain, could inhibit the biosynthesis of
certain neurosteroids; thus, indirectly affecting GABA 4 re-
ceptor activity.

However, when the effects of two of the nonconvulsant
isomers of HCH that do not inhibit binding to the receptor
were examined, they also affected steroid production in Y1
cells in a manner quantitatively similar to y-HCH. At the
same concentration (25 wM), both a and 8-HCH caused a
50% inhibition of pregnenolone production. This result
suggests that the inhibitory action of the a and 8-HCH
isomers on steroid production is not mediated through the
PBBS.

The total specificity of the PBBS in several tissues for the
v-isomer and not the a, B, and &-isomers is surprising.
However, it may be the case that the y-isomer, being dif-
ferent in conformation to the other isomers, could bind to
the PBBS in a mutually exclusive manner to PK 11195. The
other isomers, although binding to PBBS and, thus, still
able to interfere with cholesterol transport, may bind in a
manner that does not cause mutually exclusive binding. It
is still, however, possible that yv-HCH and the other iso-
mers inhibit cholesterol transport independently of any in-
teraction with PBBS or, alternatively, that y-HCH inhibits
cholesterol transport through the PBBS and the other iso-
mers inhibit cholesterol transport independently of the
PBBS.

The results presented here could neither affirm nor deny
the possibility that y-HCH acts as a convulsant by inhib-
iting neurosteroid synthesis through glial PBSSs. The se-
lective and potent inhibition by y-HCH of ligand binding
to the PBSS in many tissues and cells including brain may,
indeed, suggest that the PBSS is somehow involved in the
convulsant activity of y-HCH either through its action on
steroidogenesis or through some other mechanism. Indeed,
this possibility has previously been suggested by other work-
ers in the field [21], whose study involved a comparison of
the toxicokinetics of y-HCH and Ro5-4864. However,

these proposals require further investigation.

This work was supported by the CEC BIOTECH Programme (CT93-
0224). We are grateful to Dr. C. Sufiol and Prof. E. Rodriguez-Farré
for their generous and useful advice.
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