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Abstract. This study was conducted to investigate
somatostatin modulation of GABA, receptor binding
in several rat brainstem structures, located principally
in the mesencephalon, after exposure to acute immobi-
lization stress (single 1-hour session). Animals were
randomly assigned to either control or stress condi-
tions and changes in specific binding of the GABA ,
receptor as labelled with TBPS were assessed by in
vitro quantitative autoradiography with the aid of a
computer-assisted image analysis system. Exposure to
immobilization stress led to a significant increase in
[3SITBPS binding site density in the SN of stressed
rats compared to controls. In the other brainstem
structures analysed, specific binding of [3°*SITBPS
remained unchanged in stressed rats. Furthermore, the
results of the present in vifro study demonstrate an
alteration of the modulatory effect of somatostatin on
the GABA,, receptor complex in the SN of stressed rats
as compared to controls. This apparent alteration of
allosteric effects of GABA receptor-somatostatin in the
SN of stressed rats was eliminated in the presence of 1
micromolar concentration of GABA. Taken together,
these data provide the first evidence of stress-induced
alteration of allosteric effects of GABA-somatostatin in
the rat mesencephalon. Furthermore, they also demon-
strate that the tetradecapeptide somatostatin is parti-
cularly effective in modifying the [33S]TBPS binding to
the GABA , receptor in this cerebral region.

The ability of stress to engage a gamma-aminobu-
tyric acid (GABA)-mediated mechanism is well known
(Serra et al., 1991; Foddi et al., 1997). Recent reports
suggest that GABA receptors may mediate responses to
stressors and the physiological control of stress
(Drugan et al., 1993). Indeed, stress has been shown to
be associated with alterations in the capacity of ligand
binding to the GABA , receptor complex (Concas et al.,
1993; Barbaccia et al., 1996; Serra et al., 2000).
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Furthermore, receptor binding studies show a significant
alteration in the capacity of allosteric modulators of the
GABA, receptor complex to influence [*°S]t-butylbi-
cyclophosphorothionate ([>*SJTBPS) binding in the rat
brain after stress (Deutsch et al., 1994; Banerjee et al.,
1998; Concas et al., 1998). Whereas the alteration of
the binding and the pharmacological properties of the
GABA , receptor complex have been extensively stud-
ied in the forebrain and diencephalic structures (Otero
Losada, 1989; Purdy et al., 1991; Concas et al., 1996;
1998; Serra et al., 2000), this has received little atten-
tion in the brainstem. In fact, only few binding studies
have measured the alteration of the GABA, receptor
complex in this brain region (Abel and Carney, 1993).
GABA , receptors in the brainstem play important roles
in a variety of physiological functions. For instance,
activation and inhibition of these receptors alter respi-
ratory rhythms, blood pressure and motor controls
(Nicholson et al., 1992; Sved, 1994; Bonham, 1995).
The same stress paradigms have been reported to influ-
ence the somatostatinergic system as evidenced bio-
chemically (Benyassi et al., 1993; Arancibia et al,
1997; Zhang et al., 1999). Interestingly, this tetrade-
capeptide has been shown to allosterically modulate the
binding of [3S]TBPS to the GABA , receptor complex
in the central nervous system (Vincens et al., 1998;
Chigr et al., 1999). Indeed, somatostatin produced a
dose-dependent inhibition of [*S]TBPS-specific bind-
ing on the GABA, receptor complex in rat forebrain
regions (Vincens et al., 1998; Chigr et al., 1999). Taken
together, these observations have now prompted us to
investigate whether stress was associated with an alter-
ation of the in vitro autoradiographic labelling of the
[35S]TBPS site on the benzodiazepine/GABA chloride
ionophore receptor complex as well as with a modula-
tion of the GABA, receptor complex by somatostatin
in different rat brainstem structures, particularly those
located in mesencephalon.

Material and Methods

Male Wistar rats (220-240 g upon delivery) pur-
chased from IFFA-CREDO, were maintained in 12-h
light/dark cycles (light on at 7.00 h) with free access to
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water and food, except during experimentation.
Animals were handled for 5 days (20 min/day}) to habitu-
ate them to the stress of handling and assigned to
either a control (no stress) or immobilization stress (one
1-h stress session). At the time of experiments, the rats
of the experimental group were picked up from their
cages and were immediately subjected to stress immo-
bilization. Immobilization stress conducted under this
protocol was done as previously described by
Kvetiiansky and Mikulaj (1970) with slight modifica-
tions. Stress was applied by placing the rats on a piece
of wood, and the front and hind legs of the rats were
immobilized with plastic collars and adhesive tape on
the boards of the wood. This allowed normal breathing
and only restricted movements were possible (free
movement of the head and tail). The animals were kept
immobilized for 1 hour. These experimental measures
minimized the pain of the rats. Ten minutes after the
single immobilization stress session animals were
killed by decapitation. Control rats were killed after
removal from the home cages without prior manipula-
tions. In all experiments, the immobilization procedure
and decapitation were performed between 10 h and 12
h, to avoid possible circadian variations in the receptor
function. After decapitation, the brains were removed,
snap-frozen in dry ice, and kept at —~80°C until section-
ing. Serial coronal 20-um thick sections from each
brain were cut at —20°C in a cryostat (Frigocut 2880,
Reichert Jung), collected onto 2% gelatin-coated slides
and kept at —20°C until used. [33S]TBPS autoradiogra-
phy was conducted as we described previously (Chigr
et al., 1999). Briefly, after a preincubation step of 30
min in 50 mM Tris-HC], pH 7.4, sections were incubat-
ed with 3 nM [¥S]TBPS (100-140 Ci/mmol; NEN,
Boston, MA) in 50 mM Tris-HCI buffer, pH 7.4, con-
taining 500 mM NaCl and 104 M ascorbic acid, for 3 h
at room temperature, in the absence (total binding) or in
the presence of the unlabelled compound (picrotoxin, 5-
pregnane-3a0l-20-one:5a3aP, somatostatin, Sigma
Chemical Co., St Louis, MO). The sections were then
rinsed, dried out in ambient air, transferred to cardboard
film cassettes along with slides containing labelled
plastic standard (Amersham, Les Ulis, France) and
apposed onto [*H]Hyperfilm (Amersham). After an
exposure period of 36 h at 4°C, the films were devel-
oped and fixed. The autoradiographic labelling
obtained was quantified in many brainstem structures
by computerized densitometry (Biocom, Les Ulis,
France). Data were measured in relative optical density
(OD) units for displacement studies. Drug-inhibited
[3*S]TBPS binding was then plotted as a percentage of
the specific binding obtained in the absence of the
drugs. For non-displacement studies, the optical densi-
ties of each structure were measured from the exposed
film and converted into femtomoles/mg (fmol/mg),
based on calibration curves of standards with known
radioactivity (Miller, 1991). Specific binding was
defined as total binding minus non-specific binding

(binding in the presence of 10~ M picrotoxin). For all
experiments, each point was the mean of measurements
in five to eight sections for each individual animal,
repeated with at least five animals for either control or
stressed rats. The data were analysed by analysis of
variance (ANOVA) followed by Scheffe’s test. A P
value of < 0.05 was considered statistically significant.

Results

The distribution of GABA, receptors, using
[33S]TBPS as a ligand in the rat mesencephalon,
showed a heterogeneous distribution. From all the
structures examined, the substantia nigra (SN) was the
most densely labelled. As shown in Fig. 1, only in the
SN (pars reticulata and compacta), the [3S]TBPS
binding (3 nM) was increased significantly (P < 0.05)
by 1 h of immobilization stress. No changes were
observed in the binding of this channel ligand in any of
the areas studied, though a tendency for the binding to
be increased was observed in the raphe nucleus (Fig. 2).
Since the alterations in [>*S]TBPS binding in the SN
were the most reliable phenomena, the other procedures
were conducted in this structure. As depicted in Fig. 2,
in vitro addition of increasing concentrations of
somatostatin produced a dose-dependent decrease in
the specific binding of [3>S]TBPS in the non-stressed
rats. The efficacy of somatostatin-14 to inhibit the
[33SJTBPS binding was evidenced in every structure
examined, the average IC50 obtained was 106 M. The
application of 1-h immobilization stress altered the
modulatory effect of somatostatin-14 on the [>3S]TBPS
binding to a picrotoxin-sensitive site in the rat SN.
Indeed, the dose-dependent inhibition of [3>S]JTBPS
binding by somatostatin-14 relationship was shifted to
the right in a parallel manner by a factor of ten.
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Fig. 1. Effect of immobilization stress on [>3S]TBPS-
specific binding in several brainstem structures (Rc,
Rd, IC, SC, SNc, SNr, and SG respectively: raphe cen-
tralis, raphe dorsalis, inferior colliculus, superior col-
liculus, substantia nigra pars compacta, substantia
nigra pars reticulata, and substantia griseum). Each bar
in the figure represents the mean + S.E.M. expressed in
fmol/mg and obtained from 5 to 7 separate experiments.
*P < 0.05 compared with the control value.
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Fig. 2. Inhibition of [*>S]TBPS binding with increasing
concentrations of somatostatin (SRIF) in substantia
nigra of stressed and unstressed rats. Each point corre-
sponds to the mean + S.E.M. of 8-10 densitometric
measurements of four separate experiments, each per-
formed with five rats per group, and expressed as a per-
centage of maximal [3>S]TBPS-specific binding in the
absence of SRIF.

Furthermore, in contrast to unstressed controls, submi-
cromolar concentrations of the neuropeptide did not
significantly affect the binding of [3>S]TBPS (Fig. 1B).
Finally, in the presence of GABA (10°® M), the ability
of somatostatin-14 to inhibit the specific binding of
[33S]TBPS did not differ between stressed and
unstressed control rats (data not shown).

Discussion

The present study examined the effects of stress
immobilization on the in vitro autoradiography
[33S]TBPS binding at or near the chloride channel. The
experiments presented herein reveal that the GABA ,
receptor complex as labelled by [>>S]TBPS was affect-
ed by a single exposure to stress (1-h immobilization) in
the rat brainstem. These findings show that stress
effects were highly localized. Indeed, from the brain-
stem structures analysed, the SN is the only structure
which was sensitive to stress immobilization. This is to
our knowledge the first reported alteration of
[3*S]TBPS binding in this structure after stress. These
findings reinforce the idea that the GABAergic system
seems to be differentially affected by stress according
to the brain area studied (Otero Losada, 1989); the rele-
vance of these regional changes requires further studies.
The enhancement of [3S]TBPS binding could be
explained by reduced concentrations of endogenous
GABA, occurring specifically in SN after stress, which
in turn enhanced the GABA , receptor sensitivity to its
endogenous ligand. The mechanism whereby stress
alters TBPS binding sites also allows other hypotheses.
Thus, it is possible that the individual brain region dif-
ferences observed could be due to the subunit heteroge-

neous distribution in these brain structures (Fritschy
and Mohler, 1995). As a consequence, the potency and
magnitude of the stress effect could be influenced by
the subunit composition of the GABA , receptor. In this
sense, the selectivity of the stress effect for certain sub-
unit assemblies, as those probably present in the SN,
could not be excluded. The observed alterations might
also result from changes in brain neuroactive steroid
levels. These compounds are now well known to exert
anxiolytic (Bitran et al., 1991) and anti-stress (Purdy et
al., 1991; Barbaccia et al., 1996) effects in brain.
Furthermore, regional differences in brain concentra-
tions of neurosteroids have been well evidenced and in
this respect, it is interesting to note that SN contains the
highest levels of several neurosteroids such as allopreg-
nanolone (Bixo et al., 1997). Therefore, it is likely that
acute stress reduced the synthesis and the release of
these neurosteroids, which may result in an enhance-
ment of [33S]TBPS binding in the SN. Finally, it is not
excluded that the observed changes could be due to the
fact that in the stress paradigm used, the concentration
range over which several neurosteroids were able to coun-
teract the impairment in GABAergic transmission
(Barbaccia et al., 1996) has not yet been reached in the SN.

The present findings are different from previous data
showing decreases in the binding of [>>S]TBPS in many
brain structures (Drugan et al., 1993). The discrepancy
may be due to several procedural factors or the fact that
the GABAergic system is differentially affected by
stress, according to the brain area studied or the stress
type applied.

Recently, the neuropeptide somatostatin-14 has been
shown to reduce the binding of [*S]TBPS to the
GABA , receptor complex in forebrain structures with
similar efficacy in each structure analysed (Vincens et
al., 1998; Chigr et al., 1999). In the present study, we
have been able to evidence such an effect in the rat
brainstem for the first time. The sensitivity of the
GABA, receptor complex to the allosteric action of
somatostatin in rat brainstem structures, as shown in
these data, reinforces the fact that this somatostatin
modulation is not region-specific in the rat central ner-
vous system (Chigr et al., 1999). Furthermore, these
studies suggest that somatostatin-14 may naturally
influence the central GABAergic tone.

The current data show that the ability of somato-
statin-14 to allosterically modulate the binding of
[3>SITBPS is altered 10 min after a single session of im-
mobilization stress. Whereas submicromolar concentrations
of somatostatin significantly decreased the binding of
[33S]TBPS to SN in control rats, these concentrations did
not show any efficacy in stressed rats. With respect to the
lack of effect in the other brainstem structures, no changes
in the ability of somatostatin-14 to displace [**S]TBPS
binding have been observed either in stressed or
unstressed rats. Interestingly, the ability of the tetrade-
capeptide to distinguish between the binding of
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[3>S]TBPS to SN in stressed and unstressed rats was elim-
inated in the presence of GABA. Similar findings were
shown for the ability of the inhibitory effect of neuros-
teroid So-pregnane-3ca.,21-diol-20-one (5a-THDOC) on
the binding of [>>S]TBPS (Deutsch et al., 1994). This
effect has been explained to be due to the robust effect of
the GABA itself on the inhibition of [*>S]TBPS binding
and by consequence may mask the significant effect of
the neuropeptide on the inhibition of [33S]TBPS binding.

The mechanism for the observed decrease in somato-
statin effect on [>S]TBPS binding after immobilization
stress is not clear; however, a stress-induced uncoupling
of somatostatin and TBPS binding sites in the GABA ,
receptor complex seems likely, as suggested previously
for other GABA , receptor modulators.
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