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Abstract

Benzodiazepines are used to treat the anxiety associated with cocaine withdrawal, as well as cocaine-induced seizures. Since cocaine
exposure was shown to affect BZ binding density, abuse liability, subjective hypnotic actions and seizure susceptibility, we assessed
whether chronic cocaine alters diazepam’s anxiolytic and anticonvulsant actions. Changes in GABA receptor subunit protein expressionA

were also assessed as they may relate to BZ activity at the receptor. Male Sprague–Dawley rats were injected with cocaine-HCl (15
mg/kg, i.p.) or saline once daily for 14 days. One day after the last injection, DZP (1 mg/kg i.p.) significantly increased time spent on and
entries into open arms of an elevated plus maze in both saline- and cocaine-treated groups, yet the effect was greater in cocaine-treated
rats. Eight days after cessation of treatment DZP did not have a significant anxiolytic effect in either group. To assess the effect of cocaine
on DZP’s anticonvulsant actions, PTZ was infused at a constant rate via the lateral tail vein and clonus onset was recorded in the presence
and absence of DZP (5 mg/kg, i.p). DZP significantly elevated seizure threshold in both groups of rats. Chronic cocaine also had no
effect on the b-CCM seizure threshold. Quantitative immunohistochemistry of GABA receptor subunit protein demonstrated significantA

regulation of a2 (210%) and b3 (19%) subunits in the hippocampal dentate gyrus and CA1 regions, respectively. Small changes in
GABAR subunit expression in specific brain areas may relate to DZP’s enhanced anxiolytic effectiveness whereas it’s anticonvulsant
actions likely remain intact following cocaine administration.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction sure differentially regulates the number of both central
[13,20] and peripheral [4] BZ binding sites. Chronic

Benzodiazepines (BZ’s) are effective anxiolytics and cocaine exposure also increases the sedative activity of
anticonvulsants, and are used in the treatment of cocaine- BZ’s in animals [19] and humans [44]. Furthermore,
withdrawal anxiety and cocaine-induced convulsions although BZ’s are rarely abused when prescribed clinically
[30,41]. However, there are multiple lines of evidence [15,8] cocaine addiction increases their abuse liability [15].
suggesting that BZ clinical actions are altered following A goal of the present study was to evaluate whether or
repeated cocaine use. For example, chronic cocaine expo- not the anxiolytic and/or anticonvulsant properties of

diazepam (DZP), a prototype BZ, were altered in saline-
q vs. cocaine-treated rats. The anxiolytic properties of DZPPortions of this manuscript have appeared in abstract form: S.M.

Lilly, J.A. Dunkle, E.I. Tietz, Effect of Chronic Cocaine on Benzo- were compared using an elevated plus maze, which is a
diazepine (BZ) Anticonvulsant and Anxiolytic Actions and GABAA standard test for the measurement of baseline and drug-
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fore, the ability of DZP to suppress PTZ-induced clonus 2.2. Anxiolytic testing
was compared between experimental groups. Methyl-b-
carboline-3-carboxylate (b-CCM), on the other hand, binds Anxiolytic testing began at the onset of the light cycle.
at the BZ recognition site and elicits convulsions by Rat were moved to a novel environment, adjacent the
negatively regulating GABA receptor function [22]. testing room for $30 min prior to placement in the plusA

Evaluation of b-CCM seizure threshold following cocaine maze. All testing was performed under constant fluorescent
exposure could lend more specific insights into cocaine’s (35 watt) illumination. The elevated plus maze (open arms
ability to modulate the BZ binding site. The effects of 50310 cm; closed arms 50350340 cm; elevated 50 cm)
chronic cocaine treatment on GABA receptor subunit gives a reliable and valid measure of anxiety [6,25,25]. ItA

protein expression were also assessed, as changes in has been effectively used to screen drugs for their an-
subunit expression may underlie alterations in BZ pharma- xiolytic properties, without interference due to locomotor
cology (e.g. [42,49]). The results of the present study may effects [24,25]. Rats were given DZP (1 mg/kg, i.p.),
have important implications for the use of these agents in vehicle (1 ml /kg, i.p.) or no injection 1 day after cessation
the clinical treatment of the cocaine abuser. of cocaine or saline treatment and 30 min prior to

placement at the center of the maze, facing an open arm.
The number of entries, and the time spent in open and
closed arms were recorded for 5 min by an observer in the

2. Methods same room and later confirmed by videotape. The maze
was cleaned with 100% EtOH and a damp cloth between

2.1. Cocaine treatment trials. Rats were re-tested in the elevated plus maze 8 days
after the 2-week cocaine treatment.

Male Sprague–Dawley rats (130–140 g) were housed
singly on a 12-h light /dark cycle (lights-off at 7 p.m.), and 2.3. Seizure threshold testing
allowed unlimited access to food and water. After a 2-day
acclimation period, rats were injected (i.p.) once daily for For determination of DZP’s ability to elevate PTZ
14 days with 15 mg/kg cocaine–HCl (COC) or 1 ml /kg seizure threshold, rats were given an injection of DZP (5
0.9% saline vehicle (CVH). All injections occurred be- mg/kg) or DVH (1 ml /kg) 24 h after cessation of chronic
tween 9 and 11 am. Behavioral sensitization is commonly (or acute) cocaine or saline-treatment and 30 min prior to
used to assess the effectiveness of repeated cocaine infusion of PTZ. b-CCM seizure threshold testing was
injection on the CNS [26]. However, the dose and schedule performed in the same manner, but no injection was given
used in the current study does not reliably induce sensitiza- 30 min prior to anticonvulsant testing. The chemoconvul-
tion in 100% of the animals [26]. However, in the present sants (20 mg/ml PTZ or 0.3 mg/ml b-CCM) were infused
study, an independent observer was able to differentiate via the lateral tail vein at a constant rate (0.57 ml /min).
saline- from cocaine-treated groups based on differences in The time to the onset of forelimb clonus (within 2.5 min),
stereotypy and locomotion. To determine the effect of was recorded and convulsant threshold was expressed as
cocaine on the anxiolytic action of DZP, COC and CVH mg/kg PTZ or b-CCM. Rats were euthanized with sodium
(n524/group) rats were given DZP (n59/group), DZP pentobarbital (120 mg/kg, i.p.) immediately following the
vehicle (DVH; n58–9/group) or no injection (n58/ onset of seizure.
group) and tested in an elevated plus maze, 1 and 8 days
after treatment. To assess the effect of chronic cocaine 2.4. Tissue preparation
treatment on the anticonvulsant action of DZP, COC and
CVH rats (n511/group) were administered DZP (n55/ Rats were anesthetized (ketamine 80 mg/kg, i.m.),
group) or DVH (n56/group), 1 day following treatment, perfused (200 ml 0.1 M PBS, pH 7.4), and decapitated 24
30 min prior to infusion of PTZ. A separate group of rats h after final injection, according to IACUC approved
received a single, acute injection of cocaine (n512) or techniques. Brains were removed, rapidly frozen in iso-
saline (n510) 1 day prior to DZP or DVH (n55–6/group) pentane, cooled in an acetone /dry ice bath and equilibrated
injection and subsequent PTZ threshold determination. To in the cryostat (2128C) for 1 h. Parasaggital sections (20
assess the effect of chronic cocaine on functional BZ mm) were thaw-mounted onto glass slides coated with
binding sites, b-CCM-induced seizure threshold was com- 0.5% gelatin /0.05% chrome–alum and stored at 2708C
pared between COC (n55) and CVH (n56) rats 1 day until immunohistochemical staining.
after the end of treatment. Additionally, quantitative
immunohistochemical experiments for GABAR subunits 2.5. Quantitative immunohistochemistry
were performed on rats treated with cocaine or saline
(n56/group). None of the rats received DZP, PTZ or Details of the staining protocol and antibody specificity
b-CCM prior to immunohistochemical studies. are provided elsewhere [5,42]. Briefly, sections were
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brought to room temperature under vacuum and post-fixed density an ANOVA was followed by a post-hoc analysis
in 4% paraformaldehyde for 8 min. Sections were blocked using the Fisher’s LSD test. The confidence interval was
for 1 h in 10% normal goat serum, incubated overnight set at 95% for all statistical tests.
with 18 antibody (a2, 3 mg/ml, b3 and g2, 10 mg/ml; W.
Seighart), rinsed in PBS, and incubated with biotinylated
anti-rabbit IgG F(ab9)2 fragment for 1 h (1:250, v /v, 3. Results
Boehringer Mannheim). The signal was amplified by
incubating sections for 1 h with avidin biotin peroxidase 3.1. Anxiolytic testing
complex (1:100), sections were rinsed, then visualized
with 0.06% (w/v) diaminobenzidine (DAB, Sigma) /0.02% 3.1.1. One day after treatment
H O (v/v). All tissues were developed in DAB for an Open arm activity in an elevated plus maze is sensitive2 2

equal amount of time, allowing accurate assessments of to the anxiolytic effect of DZP [11,24]. There was a
immunostaining density to be made [5,17]. Slides were significant effect of group (measured 1 day after cessation)
then dehydrated in a series of graded ethanols, cleared in on open arm entries F(3,31)55.4, and time spent in open
xylene, and coverslipped with Permount (Fisher). Immuno- arms F(3,31)55.6. Post-hoc analysis revealed that open
staining densities in areas of interest were compared arm entries and time spent in open arms increased sig-
between groups using NIH image software v1.61 [5,17]. nificantly in both COC and CVH rats given DZP compared
Areas measured included those reported to play a role in to DVH. In addition, DZP had a greater effect to increase
drug reinforcement or dependence and/or those areas in open arm entries in COC treated rats compared to controls.
which GABAR structure and function was regulated by A similar yet non-significant trend was detected using open
pharmacological manipulations [5,29,46,48]: nucleus ac- arm time as the dependent variable. Early withdrawal (24
cumbens, striatum, olfactory tubercle, superior colliculus h) from the chronic cocaine did not result in detectable
and the hippocampal CA1, CA3 (st. oriens, st., pyramidale, anxiety, i.e. there was no significant difference in open arm
st. radiatum and st. lacunosum) and dentate (molecular, exploration between COC and CVH groups given DVH
granular, and polymorph layers) regions. prior to testing (Fig. 1). In fact, cocaine-treated rats

exhibited a non-significant increase in open arm explora-
2.6. Drugs tion without a corresponding increase in total entries,

compared to their matched controls. To clarify whether the
DZP (1 and 5 mg/ml) was dissolved in a standard injection (of DZP or DVH 30 min prior to testing) itself

vehicle containing 40% propylene glycol, 10% EtOH, affected cocaine-withdrawn rats, we evaluated an addition-
1.5% benzyl alcohol 0.2 M sodium benzoate, and 0.02 M al group of rats, which did not receive a DZP or DVH
benzoic acid. PTZ (20 mg/ml) and cocaine (15 mg/ml) injection prior to testing. In rats tested under this latter
were dissolved in 0.9% saline immediately prior to use. paradigm, cocaine treatment was again associated with a
The convulsant b-CCM was dissolved (0.3 mg/ml) in a trend (non-significant) suggestive of less anxiety, mani-
small amount of 1 N HCl and the pH adjusted to 4.0 fested as increased open arm entries and open arm time
immediately prior to use. (data not shown).

2.7. Statistical analysis 3.1.2. Eight days after treatment
COC and CVH rats were re-tested 8 days after chronic

Elevated plus maze activity between saline and cocaine- treatment. At this time point, DZP no longer had an
treated groups was analyzed by a two-way (group3time) anxiolytic effect in COC or CVH rats; i.e. open arm entries
repeated measures ANOVA, comparing the number of and time were not significantly different between groups
open arm entries, time spent in open arms, and total (F(3,31)55.4 and 5.6, respectively; Fig. 1B). Furthermore,
(open1closed) entries in the presence and absence of DZP. there was no significant difference between COC and CVH
Additionally, a one-way ANOVA was used to compare rats given diazepam vehicle, suggesting that basal anxiety
change scores for the same dependent variables in the was not altered 8 days after chronic cocaine treatment. As
elevated plus maze. Post-hoc analyses were performed evident from Fig. 1, there were significant reductions in
with an LSD test. A one-way ANOVA with a Tukey– open arm exploration in the elevated plus maze upon
Kramer post hoc-test was used to compare the ability of re-testing. However, total entries, a measure of overall
DZP to elevate PTZ seizure threshold (within group activity, significantly decreased in each of the groups. To
testing), as well as differences due to cocaine treatment further assess differences in open arm exploration upon
(between group testing). A Student’s t-test was used to re-testing we performed a one-way ANOVA on the change
compare differences in b-CCM seizure threshold differ- scores (i.e. day 1 score minus day 8 score) for open arm
ences between saline- and cocaine-treated groups. For entries, open arm time, and total entries. There was a
comparison of GABA receptor subunit immunostaining significant effect of treatment on the decline in open armA
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Fig. 1. DZP’s anxiolytic effect in rats treated with cocaine (COC) vs. saline (CVH). One day after treatment DZP increased mean open arm entries and
mean open arm time (both expressed as percent of total) in control (CVH) and cocaine-treated (COC) rats. Rats were re-tested 8 days after treatment. DZP
did not elicit an anxiolytic response as measured by either open arm entries or open arm time in either cocaine- or saline-treated rats (n58–9/group).
Asterisks denote a significant difference (P#0.05).

entries and open arm time, but not total entries (F(3,31)5 the CVH-treated rats. Chronic cocaine treatment had no
5.1, 6.2 and 0.7, respectively). That is, all rats decreased effect on the anticonvulsant efficacy of DZP as it also
total entries to the same degree. For both measures of open significantly elevated (1190%) PTZ seizure threshold in
arm exploration, rats given DZP prior to placement in the rats chronically treated with cocaine to a similar degree
plus maze exhibited a significantly larger reduction in open (Fig. 3).
arm entries and time spent on open arms upon re-testing,
than did their DVH counterparts, regardless of cocaine- or 3.2.2. b-CCM seizure threshold
saline-chronic treatment (see Fig. 2). Chronic cocaine- and saline-treated rats were infused

with b-CCM until the onset of clonus was recorded.
3.2. Anticonvulsant testing Cocaine-injected rats had a b-CCM seizure threshold of

0.860.1 mg/kg in comparison to rats injected with saline
3.2.1. PTZ seizure threshold (0.960.2 mg/kg; Fig. 4). There was no significant differ-

DZP is well characterized in its ability to significantly ence between groups (P50.5) due to cocaine treatment
elevate PTZ seizure threshold. Furthermore, this action can (Fig. 4).
be altered following prior drug exposure (e.g. chronic BZ
treatment) consistent with changes in DZP potency [48]. 3.3. Subunit immunostaining density
All rats were tested 24 h after the last cocaine injection and
given either DZP or DVH 30 min prior to infusion of PTZ. Alterations of GABAR subunit protein expression occur
There was no difference in susceptibility to PTZ seizures in parallel with alterations of BZ pharmacology [38,49]
(DVH 30 min prior to testing) following a single saline vs. and GABAR function [42]. In the present study we chose
cocaine injection (saline 61.666.1; cocaine 59.063.7 mg/ GABAR subunit proteins present in high densities in the
kg). Moreover, acute cocaine had no effect on the ability mesolimbic circuits involved in drug reinforcement
of DZP to significantly elevate PTZ convulsant threshold [29,46]. We also chose areas in which GABAR subunit
(cocaine 97.769.9 mg/kg; saline 89.168.4 mg/kg). Re- protein has been altered in parallel with local functional
peated cocaine treatment per se also had no significant changes [42]. In the hippocampus, there was no change in
effect on PTZ seizure threshold (Fig. 3). As expected, DZP a2, b3 or g2 subunit immunostaining in CA2 (data not
significantly elevated (1200%) PTZ seizure threshold in shown) or CA3 regions due to chronic cocaine treatment
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Fig. 3. DZP’s anticonvulant effect in cocaine (COC) vs. saline (CVH)
treated rats. Chronic cocaine had no effect on baseline PTZ threshold
(CVH–DVH vs. COC–DVH). Moreover, DZP’s significant anticonvul-
sant effect in CVH-treated rats was retained in COC exposed rats
(n55–6/group). Asterisks indicate significance (P#0.05).

protein expression were detected in nucleus accumbens,
olfactory tubercle, striatum or anterior olfactory nucleus
(Table 2).

4. Discussion

The benzodiazepines as a class of drugs are effective
anxiolytics, hypnotics, and anticonvulsants [1,16]. They
are the most widely prescribed CNS depressants, with
selective activity at the inhibitory GABA receptor com-A

2plex. By enhancing the frequency of Cl channel opening
2and thus Cl flux through the GABA receptor, BZ’sA

potentiate the inhibitory effect of GABA. Through this
mechanism BZs mediate their anxiolytic and anticonvul-
sant effects.

Fig. 2. Change in elevated plus maze behavior upon re-testing. Each of
the groups exhibited significantly reduced activity in the elevated plus
maze upon re-testing. A one-way ANOVA on the change scores indicated
that DZP exposed rats exhibited greater reductions in open arm explora-
tion than their DVH exposed counterparts.

(Table 1). In the CA1 area of hippocampus g2 expression
levels were unaltered, but b3 subunit protein was sig-
nificantly increased in the pyramidal cell layer (19%,
Table 1, Fig. 5). In the dentate granule cell layer of the

Fig. 4. b-CCM seizure threshold in cocaine (COC) vs. saline (CVH)
hippocampus a2, but not b3 or g2 subunit protein expres- treated rats. Chronic cocaine treatment did not have a significant effect on
sion was altered (210%, P#0.05, Table 1, Fig. 5). No convulsions induced by the BZ inverse agonist b-CCM (n55–6/group).
significant changes in a2, b3 or g2 GABAR subunit Asterisks indicate significance (P#0.05).
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Table 1
aEffect of 2-week chronic cocaine treatment on a2, b3, and g2 subunit antibody immunostaining in the hippocampus

Group DG CA1 CA3

Mol Grn PC SO SP SR SL SO SP SL

a2 subunit
CVH 44.261.8 26.264.8
COC 31.862.7 20.564.5 Not present in notable amounts
P-value 0.02* 0.35

b3 subunit
CVH 56.463.0 45.363.4 34.561.4 46.561.0 38.861.0 43.061.8 47.761.9 43.361.0 29.061.5 42.061.6
COC 56.661.4 47.661.7 36.560.9 47.161.0 42.761.0 42.461.2 47.060.7 46.061.4 32.160.4 44.861.0
P-value 0.94 0.58 0.26 0.71 0.03* 0.79 0.75 0.17 0.10 0.19

g2 subunit
CVH 26.763.6 25.765.1 20.863.7 24.863.9 23.862.5 28.963.9 26.663.9 27.763.6 22.263.7 30.463.1
COC 29.362.6 29.162.4 24.062.0 27.961.7 25.262.8 30.862.3 30.062.4 31.462.5 23.562.1 32.762.5
P-value 0.59 0.56 0.48 0.50 0.73 0.68 0.50 0.43 0.77 0.57

a CVH: Cocaine vehicle treatment; COC: Chronic cocaine treatment; n54 rats /group; CA1 and CA3: (SO) st. oriens, (SP) st. pyramidale, (SR) st.
radiatum, CA1: (SL) st. lacunosum-molecular; CA3 (SL) str. lucidum; DG: (mol) molecular, (Grn) granule, and (PC) polymorph cell layer.

The elevated plus maze is a reliable testing paradigm for DZP; i.e. DZP had no anxiolytic effect. As the decrease in
the detection of anxiety [11,24]. Furthermore, drug-in- open arm exploration was most evident in rats previously
duced increases [7] and decreases [6] in anxiety can be exposed to DZP and not DVH, the lack of anxiolytic
demonstrated, allowing for the screening of anxiolytic response to DZP upon re-testing may be a reflection of
agents, including DZP [6,32]. The dose used in the present acquired tolerance. Tolerance to multiple BZ actions,
study (1 mg/kg) is near the EC of DZP’s anxiolytic including to their anxiolytic effect has been reported50

effect [24,31]. One day after cessation of chronic cocaine [3,10]. Although normally associated with chronic BZ
treatment, DZP elicited an anxiolytic response in both the exposure (e.g. [42]), acute exposure may also result in
cocaine- and saline-treated rats, evidenced by an increase tolerance [18]. However, it has been reported that un-
in both open arm entries and open arm time. DZP had a drugged mice exposed to the plus maze showed a de-
greater anxiolytic effect in COC treated rats as manifested creased anxiolytic response upon re-testing under the
by a significantly greater increase in open arm entries as influence of a benzodiazepine [21], indicating that
compared to control rats. A similar trend was evident when familiarity with the elevated plus maze may affect drug-

¨open arm time was compared suggesting that chronic induced, but not naıve behavior. Thus, the reduced effect
cocaine treatment may indeed enhance the anxiolytic effect of DZP upon re-testing may not be tolerance per se, but
of DZP. This finding is consistent with the reported contingent upon previous plus maze exposure [21].
increase in benzodiazepine’s sedative actions in human One goal of the present study was to characterize the
cocaine abusers [44]. effect of repeated cocaine exposure on the anticonvulsant

Early withdrawal (24 h) from the chronic cocaine did effectiveness of DZP. Though some contention exists about
not result in detectable anxiety, i.e., there was no signifi- the usefulness of benzodiazepines in the treatment of
cant difference in open arm exploration between COC and cocaine-induced seizures [41,44,47] they are used for
CVH groups given DVH prior to testing (Fig. 1). Although convulsions of this type. Although in the present study
it is generally accepted that withdrawal from chronic cocaine was administered to rats at subconvulsive doses,
cocaine administration elicits anxiety, this anxiety is not (15 mg/kg, i.p.), it was important to determine whether a
consistently detectable with the elevated plus maze [2,50]. single injection could alter PTZ seizure threshold or affect
The non-significant increase in baseline (COC–DVH) DZP’s actions [43]. Consistent with the reportedly brief
open arm activity of cocaine exposed rats was evident with half-life of cocaine in the rat [36], neither cocaine nor its
and without an injection 30 min prior to testing, and at metabolites had an effect on baseline PTZ seizure thres-
both testing sessions. Nonetheless, behavioral sensitization, hold, or the ability of DZP to elevate seizure threshold 24
to the injection and/or experimenter handling could also h after acute exposure.
have accounted for the increase in plus maze activity. Another important consideration in assessing alterations

Pellow et al. [24] reported that rats may be re-tested in in DZP’s anticonvulsant effect was a potential alteration of
the elevated plus maze up to three times, without the baseline PTZ seizure threshold resulting from repeated
interference of learned responses. Eight days after the end cocaine exposure. Rats exposed prenatally to cocaine
of treatment, neither cocaine- nor saline-treated rats ex- exhibit a decreased PTZ seizure threshold; i.e., enhanced
hibited increased open arm exploration when injected with PTZ seizure susceptibility [39], and repeated exposure to
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Fig. 5. GABAR subunit protein expression in cocaine (COC) vs. saline (CVH) treated rats. (A) Representative sagittal brain sections of hippocampal
GABAR a2, b3 and g2 subunit immunostaining. (B) Chronic cocaine treatment resulted in a small, but significant change in a2 and b3, but not g2,
subunit immunostaining density. Twenty-four hours after treatment cessation a2 subunit staining density was decreased in the molecular layer of the
dentate gyrus. GABAR b3 subunit immunostaining density was increased in the hippocampal CA1 pyramidal cell layer. There were no significant changes
in a2, b3 and g2 subunit immunostaining in any other brain areas measured (see text). Asterisks represent significant (P#0.05) differences between mean
immunostaining densities in control and cocaine-treated rats (mean6S.E.M.; n56/group).

subconvulsive doses of cocaine can result in pharmaco- manifested as an alteration of PTZ seizure threshold.
logical kindling [28]. Shimosato et al. [35] reported that However, PTZ seizure threshold was unaltered in cocaine-
cocaine-kindled mice cross-sensitize to general anesthetic treated rats compared to the saline-injected controls. The
(lidocaine)-induced seizures. Although using doses much lack of effect of chronic cocaine treatment on DZP’s
lower than those used to cocaine-kindle rats [28], an anticonvulsant action, despite reported changes in BZ
alteration in cocaine’s general anesthetic action could be binding and sedative properties [13,44] suggests one of at
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Table 2 Changes in subunit immunostaining were not detected in
Effect of 2-week chronic cocaine treatment on a2, b3, and g2 subunit a majority of brain regions evaluated: nucleus accumbens,aantibody immunostaining in various brain regions

anterior olfactory nucleus, olfactory tubercle, or striatum,
Group Acb OT Str AON despite strong evidence for cocaine-induced alteration of
a2 subunit GABAergic systems in these regions [13,14,26,27]. We did
CVH 28.061.0 24.262.2 25.962.8 18.662.5 find significant up- and down-regulation of hippocampal
COC 29.562.2 25.862.8 24.461.8 22.062.6 b3 and a2 subunits, respectively. Hippocampal b3 subunit
P-value 0.54 0.68 0.70 0.40

protein levels were also reported to be regulated as a
function of time after discontinuing chronic BZ treatmentb3 subunit

CVH 48.562.5 57.162.2 45.561.7 46.063.2 [5,42]. Changes in subunit protein expression in the
COC 50.361.5 62.262.5 47.160.9 50.360.8 hippocampus associated with chronic cocaine treatment
P-value 0.57 0.18 0.44 0.24 may underlie the reported changes in hippocampal benzo-

diazepine binding following cocaine exposure and with-
g3 subunit

drawal [13]. Interestingly, a2-subunit containing GABARsCVH 23.562.7 28.066.1 24.761.7 30.764.6
COC 25.862.5 26.262.6 25.562.9 33.963.3 may in part mediate BZ anxiolytic actions [34]. Further
P-value 0.56 0.80 0.82 0.59 studies will be required to determine whether other

a GABAR subunit proteins are regulated, and if suchCVH: Cocaine vehicle treatment; COC: Chronic cocaine treatment; n54
rats /group; (Acb) nucleus accumbens; (OT) olfactory tubercle; (Str) alterations may contribute to GABARs with different
striatum, (AON) anterior olfactory nucleus. subunit composition and functional properties. The

subunits investigated in the present study are the primary
least three possibilities: (1) cocaine differentially regulates GABAR subunit proteins expressed in these regions of
subpopulations of GABA receptors such that those asso- interest [12], however lower levels of a5 and b2 areA

ciated with the functional circuit responsible for PTZ present and thus are also candidates for regulation.
seizures remained functionally intact; (2) although DZP’s In summary, 2-week chronic cocaine treatment had an
anticonvulsant activity is generally thought to be mediated apparent effect to increase DZP’s anxiolytic, but not it’s
via a direct interaction with the GABA receptor, a anticonvulsant actions, soon after cessation of cocaineA

different site of action may be responsible for, or capable administration. Similarly, chronic cocaine treatment did
of maintaining a sufficient anticonvulsant effect; (3) given not change b-CCM seizure threshold. Changes in the
the length of treatment, the alterations in BZ binding etc. hippocampal GABAR subunit proteins, or perhaps limbic
[13] may be accompanied by complimentary changes in areas not evaluated in the present study, may underlie the
excitatory systems such that neuronal homeostasis is apparent increase in the anxiolytic actions of DZP. To-
maintained. Nevertheless, the functional circuits respon- gether, these findings suggest that the clinical effectiveness
sible for PTZ seizure expression retain their DZP sensitivi- of BZ’s as anxiolytics may be enhanced without com-
ty. promising their anticonvulsant effects, warranting their

The locus of PTZ’s convulsant effect is likely the continued use in the treatment of the cocaine abuser.
GABA receptor [40,45], and the classical BZ’s reliablyA

increase the PTZ seizure threshold [33]. However, PTZ’s
interaction with other membrane proteins may also play a Acknowledgements
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