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Rapid down-regulation of GABA� receptors after pretreatment of mice
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The effect of a single administration of a high dose of progesterone on
brain [�H]muscimol binding, was examined in mice using quantitative auto-
radiography. It was found that progesterone given at the dose of 150 mg/kg
ip (the ED

��
dose established previously in the model of picrotoxin seizures,

Cz³onkowska et al., Pharmacol. Biochem. Behav., 2000, 67, 345–353), sig-
nificantly decreased the specific binding of [�H]muscimol to the nucleus
caudatus and nucleus accumbens, as early as 1 h after injection. A similar
tendency, close to the statistically significant level, was also present in the
dentate gyrus of the hippocampus (p = 0.07). It is suggested that a high dose
of progesterone and ensuing excessive stimulation of GABA

�
receptors by

its metabolites, neurosteroids, could bring about rapid changes in the
GABA

�
receptor number and/or affinity.
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INTRODUCTION

Some neurosteroids selectively modulate the
activity of brain GABAergic system. Consequently,
these drugs can modify neuronal excitability, and
many other functions including pain and seizure
thresholds as well as emotional and cognitive pro-
cesses. It is accomplished by the interaction with
the specific binding site on the GABA2 receptor
complex [4, 8, 9]. There are some data indicating
an enhancement of binding of benzodiazepines or
muscimol to the different brain structures, after ad-
ministration of neurosteroids or their precursors,
progesterone and pregnenolone [1, 3, 7, 10]. In this
way the activity of GABAergic system may be en-
hanced. These findings point to the mechanism by
which neurosteroids may modulate the GABA2 re-
ceptor activity. Recently, it was found that acute
icv injections of midazolam (ED1%= 38.25 nmol)
and allopregnanolone (ED1%= 26.34 nmol) blocked
picrotoxin-induced seizures to a similar extent [4,
5]. However, after short-term administration at the
ED#1 established in this model of seizures (midazo-
lam – 56.6 nmol, allopregnanolone – 94.2 nmol;
icv, once or twice daily for 5 days), a potent and
similar tolerance developed to the anticonvulsant
activity of midazolam (ED1% = 94.14 nmol) and al-
lopregnanolone (ED1% = 186.70 nmol) [4, 6]. These
data indicate that neurosteroids may also induce
the hypofunction of brain GABA2 receptors, and
that it may be a very rapid phenomenon. The aim
of the present experiment was to address this prob-
lem by examining the influence of a single dose
of progesterone, a precursor of neurosteroids, ad-
ministered peripherally at the ED1% established
in the model of picrotoxin seizures [4], on brain
[3H]muscimol binding.

MATERIALS and METHODS

Animals

The experiments were carried out on adult male
albino Swiss mice weighing 20–25 g. All animals
were acclimatized to their cages for 5 days before
testing. They were housed with water and food
available ad libitum under a 12 h light-dark cycle,
and at a controlled temperature (20°C). All experi-
ments were done between 11 a.m. and 4 p.m. The
experiments were performed in accordance with
the European Communities Council Directive of
24 November 1986 (86/609 EEC). All experimen-

tal procedures using animal subjects were approved
by the Committee for Animal Care and Use at the
Institute of Psychiatry and Neurology.

Drugs and treatments

Progesterone (Jelfa SA, Poland) was adminis-
tered intraperitoneally (ip) in a volume equivalent
to 5 ml/kg, 60 min before decapitation. The drug
was suspended in 2% Tween. Control group was
treated with an equivalent volume of a solvent.

Autoradiography

After decapitation the brains were rapidly re-
moved and frozen in isopentane cooled with dry
ice. A detailed description of the receptor autora-
diography method has been published [2]. Briefly,
the whole brains were stored at –70°C. Coronal
sections (10 �m) were cut on cryostat at –20°C ac-
cording to the atlas of the rat brain (A = 2.6 mm)
[11], and thaw-mounted onto gelatin-coated glass
slides. Sections were stored at –20°C until assay
(1 to 2 days). Slides were preincubated in 50 mM
Tris-citrate buffer (pH 7.1) for 20 min at 4°C to re-
move endogenous competitors. After drying, they
were incubated for 40 min at 4°C in the same
buffer as used for preincubation supplemented with
10 nM [3H]muscimol (19.1 Ci/mmol, Amersham).
Non-specific binding was determined in the pres-
ence of 0.2 mM GABA. The sections were then
washed with the cold buffer for 1 min and quickly
in-out dipped in distilled water. The slides were
dried under a cold stream of air, placed in X-ray
cassettes and exposed to tritium-sensitive film
([3H]Hyperfilm, Amersham) at 4°C together with
standards ([3H]microscale, Amersham). After 6-week
exposure the films were developed with a Kodak
LX-24 developer for 5–7 min, fixed, washed and
dried. The autoradiogram was placed in a white
light transilluminator (Sigma, St. Louis, USA) to
measure densitometrically optical density values.
Quantative analysis of the autoradiogram was per-
formed by an image analysis system (Analytical
Imaging Station, Imaging Research Inc., St. Catha-
rines, Canada). For each film the best fit of the film
densities produced by radioactive Amersham stan-
dards to a 4th degree polynominal was generated
by the computer as a standard curve. Subsequently,
this standard curve was used to convert optical den-
sities produced by selected brain regions into
amount of radioligand bound (nCi/mg of tissue).
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[3H]Muscimol non-specific binding was negligible.
Each group contained 7–8 animals.

Statistical analysis

The data are shown as means ± SEM. Data ob-
tained for one control group and one treated group
were analyzed using Student’s t-test for independ-
ent samples. The confidence limit of p < 0.05 was
considered statistically significant.

RESULTS

Pretreatment of mice with 150 mg/kg ip of pro-
gesterone, 60 min before decapitation, significantly
decreased [3H]muscimol binding to the nucleus
caudatus and nucleus accumbens (by 23% and
25%, respectively, Tab. 1). A similar tendency was
also apparent in the dentate gyrus of the hippocam-
pus (p = 0.07). In the other examined brain struc-
tures (CA-3 region of the hippocampal formation,
occipital cortex, entorhinal cortex, prefrontal cor-
tex), the changes in [3H]muscimol binding were
not significant but the same trend was observed
(Tab. 1).

Table 1. Specific binding of [�H]muscimol to the GABA� re-
ceptors in different brain structures after pretreatment of mice
with progesterone at the dose of 150 mg/kg/5 ml, ip, 60 min
before decapitation. Progesterone was administered at the ED��

established in the model of picrotoxin seizures [4, 5]. The data
are shown as means ± SEM in nCi/mg tissue. The number of
mice in each experimental group varied from 7 to 8 (Student’s
t-test)

Brain structure Control Progesterone p
%

ratio

Occipital cortex 4.79 ± 0.71 4.29 ± 0.71 0.14 90

Entorhinal cortex 3.86 ± 0.53 3.52 ± 0.54 0.19 91

Prefrontal cortex 6.28 ± 0.85 6.06 ± 0.96 0.64 96

Dentate gyrus 5.01 ± 0.93 4.30 ± 0.73 0.07 86

CA3 Hippocampus 3.21 ± 0.60 2.93 ± 0.42 0.33 91

Nucleus accumbens 4.70 ± 0.60 3.60 ± 0.97 0.02 77

Nucleus caudatus 4.15 ± 0.42 3.11 ± 0.90 0.01 75

DISCUSSION

A single administration of progesterone, a pre-
cursor of neurosteroids metabolized both peripher-
ally and centrally, at the dose of 150 mg/kg (the

ED#1 established previously in the model of picro-
toxin seizures [5]) significantly decreased the spe-
cific binding of [3H]muscimol to the nucleus cau-
datus and nucleus accumbens, as early as 1 h after
injection. A similar tendency, close to the statisti-
cally significant level, was also present in the den-
tate gyrus of the hippocampus (p = 0.07). As auto-
radiography is a more qualitative than a quantita-
tive method, it is impossible without further studies
to make conclusions about the specific binding pa-
rameter affected by progesterone pretreatment. The
present data indicate, however, that the changes in
the GABA2 receptors in the basal ganglia and hip-
pocampus may be important for the behavioral
manifestation of an interaction between the GABA2

receptor complex and neurosteroids. As progester-
one does not show any appreciable affinity towards
GABA2 receptors, the most likely candidate is al-
lopregnanolone. This neurosteroid constitutes the
final step of a metabolic pathway of progesterone,
it binds with high affinity to GABA2 receptors, and
shows very potent neuroprotective and anticonvul-
sant activity [4, 5, 8]. Importantly, the localization
of the changes in [3H]muscimol binding corre-
sponds with what is known about the role of the ba-
sal ganglia and nuclei of the limbic system, in the
initiation and propagation of clonic-tonic convul-
sions, leading to the status epilepticus [8, 9].

The most unexpected finding of the present
study, is a rapid down-regulation of brain [3H]mus-
cimol binding after pretreatment with progesterone.
This contrasts with many other literature data indi-
cating either an up-regulation of [3H]muscimol bin-
ding, or an increase in the GABA2 receptor density
in different brain structures after pretreatment with
this steroid hormone [1, 3, 7, 10]. However, in these
studies much lower doses of progesterone (10 and
1 mg/kg, respectively) were used, and its effects
were examined after much shorter latencies [3, 7].
For example, Jussofie [7] reported an increase in
GABA2 receptor binding in the frontal cortex and
hippocampus 5 min after administration of a dose
of 10 mg/kg of progesterone. Therefore, it is possi-
ble that much higher dose of progesterone used in
the present study, and ensuing excessive stimula-
tion of GABA2 receptors by its metabolites, could
bring about rapid changes in the GABA2 receptor
number and/or affinity. This may be also an intrin-
sic mechanism of a rapid tolerance to the anticon-
vulsant activity of allopregnanolone, developed after
short-term administration of this neurosteroid at the
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ED#1 established in the model of picrotoxin seizu-
res (94.2 nmol; icv, once or twice daily for 5 days)
[4, 5, 6].

In conclusion, the present data show that a sin-
gle administration of a high dose of a neurosteroid
precursor can cause a rapid decrease in the GABA2

receptor binding.
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