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Abstract. The place conditioning paradigm was used to ex- 
amine the reinforcing properties of diazepam. Rats were 
injected with diazepam (0.5 5.0 mg/kg, IP) and 30 min later 
were confined for 30 rain to one side of a shuttle box, in 
which each of the two compartments had distinctive fea- 
tures. On alternate (control) days they received vehicle in- 
jections and were confned for 30 min to the opposite side. 
At almost all doses tested, diazepam produced place prefer- 
ence for the distinctive compartment that had been pre- 
viously associated with the drug. Preference for the drug 
side developed regardless of whether diazepam was paired 
or unpaired with the least-preferred side, and regardless 
of whether testing was carried out in the undrugged or 
in the drugged state. The rats preferred the drug side over 
a novel compartment, but they did not change their initial 
preference for the side when diazepam was given after re- 
moval from the training box. 

Animals injected with meprobamate (70 mg/kg, PO), a 
non-benzodiazepine anxiolytic, also developed conditioned 
preference for the drug side, comparable to that seen follow- 
ing cocaine hydrochloride (10 mg/kg, IP). 

The diazepam (2.5 mg/kg)-induced place preference was 
antagonized by CGS 8216 (3 mg/kg, IP), picrotoxin (2 mg/ 
kg, IP) and naloxone (0.8 mg/kg, SC), injected 3 min before 
and 15 and 20 min after diazepam respectively. Sodium val- 
proate (200 mg/kg, IP) did not influence diazepam (1 mg/ 
kg)-induced place preference. Sodium valproate by itself 
had marginal effects on place conditioning. Picrotoxin and 
naloxone, but not CGS 8816, produced place aversion 
which, in the case of picrotoxin, was due to state dependent 
learning. The results provide a clear indication that the 
place preference paradigm is valid as a test for evaluating 
appetitive properties of minor tranquilizers. They suggest 
that the rewarding effects of diazepam are mediated 
through central benzodiazepine receptors. Whether GABA 
and/or endogenous opioid peptides are involved in the rein- 
forcing properties of diazepam remains an open question. 
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Benzodiazepines are the most commonly prescribed psycho- 
tropic drugs, among which diazepam is the most popular. 
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Although the incidence of abuse of benzodiazepines is low 
(Marks 1978; Rickels 1981), there are clinical reports of 
excessive use of benzodiazepines, as well as experimental 
reports of idiosyncratic preferences for diazepam in certain 
human subjects (Griffiths et al. 1980; Healey and Pickens 
1983). 

In animal studies, drug abuse potential has been as- 
sessed by allowing animals the opportunity to voluntarily 
ingest or inject drugs as reinforcers (Johanson 1978). How- 
ever, it is difficult to demonstrate reliably self-administra- 
tion of minor tranquilizers, especially of benzodiazepines 
(Findley et al. 1972; Yanagita and Takahashi 1973; Grif- 
fiths et al. 1981). These difficulties in the case of diazepam 
(Griffiths and Ator 1982) can be attributed to its sedative 
and muscle relaxant properties (Zbinden and Randal 1967), 
which render the animal incapable of performing the oper- 
ant responses required by the self-administration procedure. 

An alternative paradigm, place conditioning, capitalizes 
on the classical conditioning of drug effects to environmen- 
tal stimuli and permits simultaneous assessment of appeti- 
tive and aversive properties of drugs, having the advantage 
over operant procedures of not being disrupted by drug- 
elicited gross behavioural changes. Place conditioning has 
been employed successfully to confirm the appetitive effects 
of a variety of drugs of abuse, within the classes of opiates 
and psychostimulants (Mucha et al. 1982; Sherman et al. 
1980a, b; Spyraki et al. 1982a, b, 1983). 

The main aim of this study was to evaluate rewarding 
properties of anxiolytics, in particular diazepam and mepro- 
bamate, a non-benzodiazepine anxiolytic, using place con- 
ditioning. 

The demonstration that benzodiazepines facilitate 
GABA-ergic transmission (Costa and Guidotti 1979; Study 
and Barker 1982), the identification of benzodiazepine re- 
ceptors in the CNS (cf M6hler and Richards 1983) and 
the discovery of agents that selectively block the effects 
of benzodiazepines, acting at their receptors (cf Haefeley 
et al. 1983), have led to a greater understanding of the syn- 
aptic actions of benzodiazepines (Haefeley 1983). Thus, fur- 
ther experiments reported here were designed to asess the 
pharmacological specificity of the rewarding properties of 
diazepam. First, the efficacy of the selective benzodiazepine 
antagonist CGS 8216 (Bernard et al. 1981), in antagonizing 
the effect of diazepam on place conditioning was evaluated. 
We also explored the possibility of GABA-ergic involve- 
ment in the rewarding effects of diazepam by testing the 
GABA antagonist picrotoxin (Andrews and Johnston 1979) 
and sodium valproate, which raises the synaptic concentra- 
tion of GABA by retarding its metabolic degradation (Har- 
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vey 1976), both separately and in combination with diaze- 
pam. Finally, the effect of the opiate antagonist naloxone 
(Sawynok et al. 1979), on diazepam-induced place prefer- 
ence was investigated, as behavioral and biochemical data 
show that benzodiazepine effects are reversed by opiate an- 
tagonists (cf. Cooper 1983; Millan and Duka 1981). Thus 
it was of interest to see if diazepam engages the activity 
of reward mechanisms through an interaction with endoge- 
nous opioid peptides. 

Materials and methods 

Animals 

Experimentally naive male Wistar rats, bred in our labora- 
tory, weighing 250-280 g, were housed in group cages (N= 
8) in a climatically-controlled colony room. Except for peri- 
ods of testing, food and water were continuously available 
and the colony was maintained under a 12-h light-dark 
cycle (lights on 8 a.m.). All behavioural tests were con- 
ducted in rectangular Plexiglas shuttle boxes, with distinc- 
tive compartments differing in wall colouring and in floor- 
ing, as described elsewhere (Spyraki et al. 1982c). 

General experimental procedure 

Behavioural testing was conducted in the light phase of 
the diurnal cycle (9 a.m. - 4 p.m.). Each experiment was 
carried out over 12 consecutive days and each rat was run 
once only. The procedure, previously extensively described 
(Spyraki et al. 1982a, b, c, 1983), consisted of three phases 
and briefly was as follows. During the first, preconditioning 
phase, the animals were allowed to investigate the entire 
shuttle box, over 15 rain. On the 3rd day, the time spent 
by each animal in each of the compartments was recorded, 
this providing a measure of the initial unconditioned prefer- 
ence between the two compartments. During the second 
8-day conditioning phase, animals were injected with vehi- 
cle or drug and after a standard interval time, that varied 
for the different kinds of treatment, they were confined 
for 30 min to one side of the shuttle box. This was the 
initially non-preferred side, when the drug was tested for 
place preference and the initially preferred side, when the 
drug was tested for place aversion. On alternate days, rats 
received vehicle injections and were confined to the opposite 
side. On the test day, third post-conditioning phase, animals 
were tested, drug free, for their preference for the side, over 
15 min. 

The difference in the time spent in the drug-paired com- 
partment between the final test trial and the last day of 
the preconditioning period represents a measure of place 
conditioning. Difference ( + )  in favour of the drug compart- 
ment reflects appetitive properties of the drug, while differ- 
ence ( - )  in favour of the vehicle compartment reflects aver- 
sire properties of  the drug. This theoretical view relies on 
the assumption that the appetitive effects of drugs (uncondi- 
tioned stimuli) enable the environmental stimuli to become 
conditioned incentive stimuli by association. 

Diazepam-induced place conditioning as a function of dose 

The purpose of this experiment was to determine whether 
the place conditioning paradigm could be used to measure 
rewarding properties of diazepam and also to screen for 

possible dose-related effects in diazepam-induced place 
preference. For this experiment, 50 rats were selected which 
did not show particularly strong biases during the precondi- 
tioning tests (time in the non-preferred side - 3rd precondi- 
tioning day - 400 s_+ 32). Efforts were made to include in 
each group equal number of rats preferring the black or 
white side. The 50 rats were divided into five groups, each 
containing ten animals. The five groups did not differ in 
the amount of time spent on the less preferred side, prior 
to conditioning [F(4,45) = 0.16]. 

Training by pairing diazepam with the preferred side 
and training without pretest 

In order to control for nonassociative changes produced 
by diazepam, three additional groups of animals were run. 
Two groups (N= 7/group) were injected with vehicle or dia- 
zepam (1 mg/kg) following the preconditioning phase and 
after 30 min were confined for 30 rain to the initially pre- 
ferred side. On alternate days the animals received vehicle 
and were placed on the initially non-preferred side. 

Animals in the third group (N= 9) were not tested for 
initial biases. In this group, each rat was placed four times 
in the white compartment and an equal number of times 
(on alternate days) in the black compartment. One side 
was associated with the drug and the other with vehicle. 
The particular environment that was associated with the 
drug was counterbalanced over subjects. Following train- 
ing, testing was identical for all rats. 

Preference for familiar or novel place cues 

During training, the rats experience the diazepam-paired 
cues under the influence of the drug, while during testing 
animals are in a drug-free state. In this state the diazepam- 
paired environmental stimuli were not experienced during 
conditioning and the animals could be approaching them 
because of stimulus novelty. To test this possibility, two 
groups of animals were treated as follows. One group (N= 
6) was injected with vehicle and the other group (N=8)  
received diazepam (1 mg/kg). Thirty minutes later the ani- 
mals were placed for 30 rain in the white or the black com- 
partment. The same treatment was given on 4 consecutive 
days and each rat was placed each day in the same compart- 
ment. Assignment of the drug or vehicle to the salient envi- 
ronment was counterbalanced for the rats of each group. 
Following training, rats were tested as usual. 

Testing and training under the same drug state 

The present experiment tested a) if conditioning occurs with 
the drug given following exposure of the animal to the par- 
ticular environment and b) whether drug-produced state 
dependency could be an alternative explanation of condi- 
tioned place preference. 

Twenty-four animals were divided into three groups 
(N= 8/group) and trained according to our standard meth- 
od (see general procedure) with the following differences. 
The first group received diazepam or vehicle immediately 
after removal from the training environment. The second 
and third groups were tested under the influence of diaze- 
pam or vehicle respectively. Animals were administered dia- 
zepam (1 mg/kg) or vehicle 30 min before testing. 



Place preference induced by meprobamate and cocaine 

The procedure was identical to that employed in the first 
part of the experiment, except that instead of diazepam, 
meprobamate (70 mg/kg) was administereed orally, 30 min 
before the animal was put in the place conditioning appara- 
tus. Rats in another group received cocaine (10 mg/kg, IP), 
immediately before they were placed in the initially non- 
preferred compartment of  the shuttle box. 

The effect of CGS 8216 on diazepam-induced place 
preference 

Forty male Wistar rats were divided into four groups, each 
containing eight to ten animals. The first group was injected 
with vehicle and served as a control. The second and third 
groups were injected with vehicle or CGS 8216 (3 mg/kg, 
IP) 3 s prior to diazepam (2.5 mg/kg) administration. The 
fourth group was injected with vehicle 3 s prior to CGS 
8216 administration. The procedure was identical to that 
described in the first experiment. Sixteen additional rats 
received only CGS 8216 (3 mg/kg) as a test for any direct 
effect of this drug on place conditioning. On drug days 
half of those animals were placed on the initially preferred 
side and the other half on the initially less preferred side. 
On vehicle days the animals were placed in the opposite 
compartment. 

Diazepam-GABA interactions on place conditioning 

a. The effect of sodium valproate. Subjects were 40 male 
Wistar rats divided into four groups (N= 10/group). The 
first group (control) received only vehicle, the second group 
received vehicle (1 ml/kg) and diazepam (1 mg/kg) and the 
third group received diazepam (1 mg/kg) and sodium val- 
proate (Depakine, Labaz, 200 mg/kg, IP). Finally, the 
fourth group was injected with sodium valproate. Injections 
of the different solutions were made IP with 3-s interval 
time. Animals were put in the place conditioning apparatus 
30 rain following injections. The procedure was identical 
to that described in the first experiment. 

b. The effect ofpicrotoxin. The procedure was identical to 
that described in the previous experiments. Briefly, 40 
Wistar rats were used. The first and second group received 
diazepam (2.5 mg/kg), 10 min prior to vehicle or picrotoxin 
(2 mg/kg, IP) administration. Twenty minutes following 
picrotoxin animals were confined for 30 min to the initially 
non-preferred compartment of the shuttle box. Rats in the 
third and fourth groups were injected with picrotoxin 
(Sigma, 2 mg/kg) only, 20 min prior to being placed in the 
initially preferred side of the place conditioning apparatus. 
On the test day (phase 3), each rat in group 3 (picrotoxin) 
was injected with saline 20 min before being tested for 
15 min. Rats in the fourth group (picrotoxin) were injected 
with picrotoxin (2 mg/kg), 20 min before the test. The third 
group was tested for possible place aversion induced by 
picrotoxin. The fourth group was included in our experi- 
ment for the following reason. It was anticipated that picro- 
toxin might induce place aversion, i.e. the animals, on the 
test day, would avoid the compartment associated with pic- 
rotoxin during conditioning, preferring the compartment 
associated with vehicle injections. Because animals on the 
test day are drug free, they may at this time choose the 
compartment that had previously been associated with no- 
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drug (i.e. saline), not because the drug itself is aversive 
but probably because it results in state dependent learning. 
To test this state dependent hypothesis, the fourth group 
was tested for post-conditioning place preference under the 
influence of picrotoxin. 

Diazepam-naloxone interactions in place conditioning 

Forty male Wistar rats were divided into four groups, each 
containing ten animals. The first and second group were 
injected with diazepam (2.5 mg/kg, IP) l 5 rain prior to vehi- 
cle or naloxone (0.8 mg/kg, SC) administration. Animals 
in the first and second groups were confined to the initially 
non-preferred side, 15 min following naloxone or vehicle 
injections. Rats in the third and fourth groups were injected 
with naloxone, 15 rain prior to being placed in the initially 
preferred compartment of the shuttle box. The third and 
fourth groups were injected, on the post-conditioning test 
day, with vehicle or naloxone 15 rain before the trial. These 
last groups served to control for possible aversive effects 
of naloxone, perhaps attributable to state dependent learn- 
ing. 

Results 

Diazepam-induced place conditioning as a function of dose 

The results are summarized in Fig. 1. Compared to phase I, 
rats injected with diazepam showed a significant [F(I,90)= 
33.9, P<0.01] shift in preference towards the side that had 
been associated with the drug (positive difference between 
post and preconditioning tests). The two-way ANOVA also 
yielded a significant dose effect [F(4,90)= 5.6, P < 0.01] and 
a significant preference x dose interaction [F(4,90)=19.8, 
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Fig. 1. The effect of different doses of diazepam on place preference 
conditioning: Data represent means (• SEM) of the difference in 
time (s) spent on the drug side between pre- and post-conditioning 
test sessions (N= 10/group). * P<0.05 comapred to controls 
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P<0.01]. Individual post-hoc comparisons indicated that 
the significant interation was due to the fact that the vehi- 
cle- and 0.5 mg/kg diazepam-injected animals failed to show 
significant place preference conditioning. A significant ef- 
fect was achieved with doses of 1 and 2.5 mg/kg (P<0.01). 
Increasing the dose did not produce greater place preference 
conditioning (5 mg/kg: P < 0.05) than I mg/kg. 

Pairing diazepam with the initially preferred side 

Prior to any conditioning, vehicle- and diazepam-injected 
animals remained on the most preferred side (630 s___17 
and 616 s_+29 respectively). The mean times on the pre- 
ferred side of the test apparatus following conditioning 
were: controls: 597 s + 15; diazepam: 762 s_+ 35. The diaze- 
pare-treated animals increased significantly (P < 0.01) their 
time spent in the compartment which was previously asso- 
ciated with diazepam. 

Conditioning without pretest 

Six animals preferred the diazepam-paired side and three 
rats showed a preference for the saline-paired compartment. 
The mean times spent on the drug- and vehicle-associated 
side were 532 s + 62 and 367 s_+ 62 respectively. There was 
a significant (P< 0.05) difference in the time spent on each 
side. 

Preference for familiar or novel place cues 

Vehicle-injected animals spent more time in the novel com- 
partment (484 s_+ 29) than in the vehicle-associated (famil- 
iar) compartment (416 s+_29). The difference in the time 
spent on each side only approached significance. 

Diazepam-treated animals spent significantly (P<  
0.001) more time in the drug-paired (familiar) (677 s_+44) 
than in the novel (223 s _+ 44) compartment. 

The two groups differed significantly (P<0.01) in the 
amount of time spent on each side of the shuttle box. 

Testing and training under the same drug state 

Animals given diazepam after removal from the training 
box did not change significantly their initial preference for 
the side associated with post-training injection of diazepam. 
The mean times spent on that side before and after training 
were: 269 s_+ 35 and 357 s • 74 respectively. 

Animals tested under the influence of diazepam showed 
a clear preference for the drug-associated side [Pre-condi- 
tioning time (CT)=243 s+33, Post-CT= 486 s +_ 32, P <  
0.05]. Similarly, animals tested following vehicle adminis- 
tration changed their initial preference (287 s + 30) in favour 
of the diazepam-associated side (470 s + 28). No significant 
differences were detected between the two groups. 

The effect of meprobamate and cocaine 

As expected, cocaine induced a significant place preference 
(P<0.005). Rats injected with meprobamate spent signifi- 
cantly (P<0.005) more time in the drug-paired compart- 
ment during the post-than the preconditioning trial. The 
results are summarized in Table 1. 

Table 1. Mean (+ SE) time (s) spent in the drug-paired environment 
before and after conditioning 

Group N Time on drug side 

Pre- Post- 
conditioning conditioning 

Cocaine 10 317+_38 606_+100  P<0.01 
(10 mg/kg, IP) 

Meprobamate 10 261 ___ 19 600+_ 124 P<0.01 
(70 mg/kg, PO) 

The effect of CGS 8216 on diazepam-induced place 
preference 

The data (Fig. 2) demonstrate that diazepam-induced place 
preference can be significantly attenuated by pretreatment 
with the benzodiazepine antagonist CGS 8216. The pre- 
and postconditioning scores for each of the four groups 
were analyzed by a split-plot factorial ANOVA. This analy- 
sis confirmed a significant main effect for the group 
[F(3,68)=5.76, P<0.01] and trial [F(1,68)=8.0, P<0.01] 
factors. Post-hoc analysis revealed that the diazepam-vehi- 
cle group was significantly different from the vehicle group 
(P<0.05), the CGS 8216-diazepam group (P<0.02) and 
the vehicle-CGS 8216 group (P < 0.05). No differences were 
detected between the CGS 8216-diazepam and the CGS 
8216-vehicle groups. 

The data in Table 2 show that CGS 8216-treated ani- 
mals do not avoid the compartment associated with the 
drug, regardless of whether CGS 8216 was paired with the 
initially preferred or least-preferred side. 

The effect of sodium valproate 

The data are summarized in Fig. 3. Split-plot factorial 
ANOVA revealed significant main effect for the trial (pre- 
and post-conditioning) [F(1,72)=15.53, P<0.01] but not 
for the group [F(3,72)=1.5] variable. Post hoc analyses 
revealed no differences between the diazepam and the diaze- 
pam+ sodium valproate groups, or between sodium val- 
proate and vehicle groups. Thus, sodium valproate did not 
influence diazepam-induced place conditioning and failed 
by itself to induce place preference. 

The effect of picrotoxin 

Figure 4 depicts the results. It is obvious that diazepam 
(first group) induces place preference, while picrotoxin 
(third group) produces significant (P< 0.01) place aversion 
(negative difference between post 485 s_  74 and precondi- 
tioning 659 s + 32 trials). This effect of picrotoxin was not 
significant for animals tested under picrotoxin (fourth 
group: Pre-CT=736 s+_21, Post-CT=622 s+63). The 
combination of diazepam and picrotoxin (second group) 
had no effect on place conditioning (Pre-CT = 280 s+ 72, 
Post-CT = 235 s_  40). A split-plot factorial analysis of the 
data over four groups revealed significant conditioning 
[F(1,72) = 9,5, P < 0.01] and group [F(3,72) = 56.7, P < 0.01] 
effects. Individual comparisons indicated that the diaze- 
pam+picrotoxin group differed significantly from both 
diazepam-(P < 0.01) and picrotoxin (P< 0.05)-treated 
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Table 2. Mean ( •  SE) time (s) spent in the drug-paired environment 
before and after conditioning 

CGS 8216 N Time on drug side 

Pre- Post- 
conditioning conditioning 

Preferred side (10) 828 • 21 774 • 25 n.s. 
Non-preferred side (6) 214• 210_+33 n.s. 

groups. I t  appears  then, that  d iazepam and picrotoxin have 
opposi te  effects on place condit ioning,  which are cancelled 
out  when both  drugs are combined.  When  da ta  from the 
third (picrotoxin-vehicle on the test day) and fourth (picro- 

Fig. 3. the effect of sodium valproate on place 
conditioning and on diazepam-induced place 
preference. Data represent means (+_ SEM) of 
the difference in time (s) spent on the drug- 
paired side between pre- and postconditioning 
test sessions (N= 10/group), * P<0.05-0.02 

toxin-picrotoxin on the test day) groups were analyzed 
alone, the group effect was again significant [F(1,36)= 5.2, 
P < 0.05]. 

The effect of naloxone 

The results are summarized in Fig. 5. As was expected, dia- 
zepam (first group) induced place preference, while nalox- 
one (third group) induced highly significant (P<0 .005)  
place aversion (Pre-CT = 685 s • 40, Post -CT = 361 s + 93). 
The aversive effect of  naloxone was also present ( P <  0.02) 
in animals (fourth group) which had received the drug be- 
fore the postcondi t ioning test (P re -CT=706  s_+26, Post- 
CT = 484 s_+ 112). Fol lowing combinat ion  of  both  drugs 
(second group) there was no significant place condit ioning 
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Fig. 5. Fhe effect of naloxone on place conditioning and on diaze- 
pam-induced place preference. Fourth column represents data from 
animals tested under naloxone. Data are means (+SEM) of the 
difference in time (s) spent on the drug-paired side between pre- 
and postconditioning test sessions (N=10/group), * P<0.02, 
�9 * P<0.05 

(Pre-CT = 258 s-F 40, Post-CT = 96 s +_ 26). When data from 
all four groups were analyzed by a split-plot factorial 
ANOVA, there were significant main effects for the group 
[F(3.72) = 36.15, P <  0.01] and trial [F(1,72)=4.9, P <  0.02] 
factors. There was also a significant group x trial interac- 
tion [F(3,72)=30.24, P<0.01], indicating a difference be- 
tween specific groups over the two test sessions. Post hoc 
analyses revealed a significant difference between the diaze- 

pam-naloxone group and both the diazepam group (P< 
0.01) and the naloxone group (P<0.01). No differences 
were detected between the third and fourth groups (vehicle 
vs naloxone on test day). 

Discuss ion 

The present experiments demonstrate that diazepam 
(1-5 mg/kg) produces place preference in the rat, as a result 
of associative conditioning. They also rule out an alterna- 
tive explanation of diazepam's place preference involving 
the notions of drug-produced state dependency and the mo- 
tivational properties of novelty. Therefore, it is concluded 
that diazepam-induced place preference rather reflects ap- 
petitive properties of the drug. Thus, our data provide inde- 
pendent confirmation of the rewarding properties of diaze- 
pare in the rat, as previously indicated by drug discrimina- 
tion procedures (Johanson and Jarbe 1975; Haug and 
Gotestam 1982; Shannon and Herling 1983) and intracrani- 
al self stimulation (ICSS) (Caudarella et al. 1982; Gerhardt 
et al. 1982; Olds 1966). They are also consistent with the 
reports that diazepam is self-administered by monkeys 
(Findley etal. 1972; Yanagita and Takahashi 1973; 
Griffiths et al. 1981) and preferred over placebo by humans 
(Griffiths et al. 1980). 

The magnitude of the rewarding effects of diazepam 
appeared to reach a maximum at 1 mg/kg in the rat. In- 
creasing the dose to 2.5 or 5.0 mg/kg did not result in a 
stronger effect. Similar maximum and plateau effects at ap- 
proximately 1-6 mg/kg diazepam were observed in cue dis- 
crimination studies (Shannon and Herling 1983) and in re- 
warding brain stimulation in a shuttle box (1-2.5 mg/kg) 
(Gerhardt et al. 1982). In human studies, when diazepam 
alone was available, preference for the drug was also not 
observed (Healey and Pickens 1983; Griffiths et al. 1980). 

The meprobamate data added to those of diazepam, 
along with anecdotal reports that the anxiolytic buspirone 
(Ortman, personal communication) induces place prefer- 
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ence, clearly indicate the validity of the place conditioning 
paradigm as a test of the appetitive effects of  anxiolytics. 
However, the place conditioning method has also detected 
aversive effects of ethanol (Sherman et al. 1983) and pento- 
barbital (Mucha and Iversen 1984), two substances with 
some antianxiety properties. Although we have no explana- 
tion for this discrepancy, it should be noticed that there 
are differences in pharmacodynamics between the above- 
mentioned anxiolytics. 

We have shown that the selective benzodiazepine (BNZ) 
antagonist CGS 8216 could block the diazepam-induced 
place preference. This observation is in agreement with 
other reports indicating that this compound can specifically 
antagonize the pharmacological effects of BNZs (Bernard 
et al. 1981; Yokohama et al. 1982). Shannon and Davis 
(1984) have demonstrated that CGS 8216 (at the same dose 
used in this study) antagonized the discriminative stimulus 
properties of diazepam. CGS 8216, at least at the dose 
tested, does not appear to have primary aversive effect, 
as revealed in the place conditioning procedure. This obser- 
vation argues against the possibility that CGS 8216 might 
block the diazepam-induced place preference as a result 
of having unspecified aversive properties, rather than by 
blocking the rewarding properties of diazepam. Thus, it 
is suggested that the diazepam-induced place preference is 
mediated via central BNZ receptors. 

Benzodiazepines are known to facilitate GABA-ergic 
transmission (Costa and Guidotti 1979), but sodium val- 
proate was unable to mimic or potentiate the effects of 
diazepam on place conditioning. In accordance with our 
findings, a variety of GABA agonists were found to be 
incapable of mimicking the diazepam discrimination cue 
(Haug 1983; Nielsen et al. 1983). Moroever, sodium val- 
proate, unlike BNZs, has been reported to depress respond- 
ing maintained by intracranial stimulation (Herberg and 
Williams 1983). The general lack of BNZ-like effects of 
GABA-ergic compounds, as well as the incapacity of those 
agents to potentiate the rewarding effects of BNZs, suggest 
that the GABA system may not be the critical link for 
the stimulus properties of BNZs. On the other hand, the 
GABA antagonist picrotoxin reversed the diazepam-in- 
duced place preference. In view of the apparent ability of 
picrotoxin to induce place aversion, probably through a 
state dependent learning process, the inability of  a diaze- 
pam-picrotoxin combination to affect place conditioning 
cannot unreservedly be ascribed to the nullification of the 
GABA-ergic properties of both drugs. Conflicting reports 
have appeared in the literature concerning the effect of 
GABA antagonists in the reinforcing properties of  BNZs. 
For example, whilst GABA antagonists were not able to 
abolish the diazepam discrimination cue in one study (Haug 
1983), bicuculline produced significant, albeit small, attenu- 
ation of the diazepam discrimination cue in another (Niel- 
sen et al. 1983). Moroever, contradictory results have de- 
rived from the ICSS studies using GABA blockers. For 
example, picrotoxin, which by itself depressed responding 
for ICSS, was surprisingly reported to significantly increase 
it when combined with BNZs (Herberg and Williams 1983). 
These results provide difficulties in explaining the rewarding 
or antiaversive effects of BNZs on the basis of GABA trans- 
mission. 

Finally, in our last experiment, we observed that diaze- 
pam-induced place preference was abolished in naloxone- 
treated animals. Accordingly, a variety of behavioural ef- 

fects of  BNZs have been found to be antagonized by opiate 
antagonists (Billingsley and Kubena 1978; Duka etaI.  
1981 ; Soubri6 et al. 1980). However, attributing the nalox- 
one effect on diazepam-induced place preference solely to 
opiate receptor blockade may be unwarranted. Because na- 
loxone by itself produced a significant place aversion (Mu- 
cha and Iversen 1984; Mucha et al. 1982; this study), the 
lack of effect in the diazepam-naloxone group may simply 
have been due to a cancellation of two independent, but 
opposite effects, diazepam preference and naloxone aver- 
sion on place conditioning. 

In conclusion, our results do not provide unequivocal 
evidence for a role of central opiate systems in diazepam- 
induced place preference. Inasmuch as the diazepam dis- 
crimination cue seems not to be blocked by naloxone 
(Shearman et al. 1982), the hypothesis that the rewarding 
properties of diazepam in the rat are mediated via endor- 
phinergic mechanisms remains at best speculative. 

Acknowledgments. The authors wish to thank Dr Th. Duka and 
Dr. R. Ortman for their assistance in obtaining a sample of nalox- 
one (Dupont) and CGS 8216 (Ciba-Geigy) respectively. Diazepam 
and meprobamate were kindly furnished by Roche. The technical 
assistance of H. Storaitis, J. Kotsi and T. Lagou is highly appre- 
ciated. 

References 

Andrews PR, Johnston GAR (1979) GABA agonists and antago- 
nists. Biochem Pharmacol 28 : 2697-2702 

Bernard P, Bergen K, Sobiski R, Robson RD (1981) CGS 8216 
(2-phenyl-pyrazolo-(4,3-c) quinolin-3(5H)-one). An orally ef- 
fective benzodiazepine antagonist. Pharmacologist 23:150 

Billingsley LM, Kubena KR (1978) The effect of naloxone and 
picrotoxin on the sedative and anticonflict effects of benzodia- 
zepines. Life Sci 22:897-906 

Caudarella M, Campbell KA, Milgram NW (1982) Differential 
effects of diazepam (Valium) on brain stimulation reward sites. 
Phamaacol Biochem Behav 16:17 21 

Cooper SJ (1983) Benzodiazepine-opiate antagonist interactions 
in relation to feeding and drinking behaviour (minireview). Life 
Sci 32:1043-1051 

Costa E, Guidotti A (1979) Molecular mechanisms in the receptor 
action of benzodiazepines. Ann Rev Pharmacol Toxicol 
19:531-545 

Duka Th, Cumin R, Haefely W, Herz A (1981) Naloxone blocks 
the effect of diazepam and meprobamate on conflict behaviour 
in rats. Pharmacol Biochem Behav 15 : 115-117 

Findley JD, Robinson WW, Peregrino L (1972) Addiction to seco- 
barbital and chlordiazepoxide in the rhesus monkey by means 
of a self-infusion preference procedure. Psychoparmacologia 
26:91-114 

Gerhardt S, Prowse J, Liebman JM (1982) Anxiolytic drugs selec- 
tively increase preferred duration of rewarding brain stimula- 
tion in a shuttle box. Pharmacol Biochem Behav 16:795 799 

Griffiths RR, Ator NA (1982) Benzodiazepine self-administration 
in animals and humans: A comprehensive literature review. 
In: Benzodiazepines, Monograph Series, Health and Human 
Services Publication, U.S. Government Printing Office, Wash- 
ington, DC 

Griffiths RR, Bigelow GE, Liebson I, Kaliszak JE (1980) Drug 
preference in humans: Double-blind choice comparison of pen- 
tobarbital, diazepam and placebo. J Pharmacol Exp Ther 
215 : 64%661 

Griffiths RR, Lukas SE, Bradford LD, Brady JV, Snell JD (1981) 
Self-injection of barbiturates and benzodiazepines in Baboons. 
Psychopharmacology 75 : 101-108 

Haefeley W (1983) The biological basis of benzodiazepine action. 



232 

The benzodiazepines today-two decades of research and clinical 
experience. J Psychoaet Drugs 15:19-39 

Haefeley W, Bonetti EP, Burkard WP, Cumin R, Laurent JP, 
M6hler H, Pieri L, Polc P, Richards JG, Schaffner R, Schersch- 
licht R (1983) Benzodiazepine antagonists. In: Costa E (ed) 
The benzodiazepines - from molecular biology to clinical prac- 
tice. Raven Press, New York pp 137-146 

Harvey PKP (1976) Some aspects of the neurochemistry of Epilim. 
In : Legg NJ (ed) Clinical and pharmacological aspects of sodi- 
um valproate (Epilim) in the treatment of epilepsy. Turnbridge 
Wells: MCS Consultants pp 130-134 

Haug T (1983) Neuropharmacological specificity of the diazepam 
stimulus complex: Effects of agonists and antagonists. Eur J 
Pharmacol 93 : 221-227 

Haug T, Gotestam KG (1982) The diazepam stimulus complex: 
Specificity in a rat model. Eur J Pharmacol 80:225-230 

Healey ML, Pickens RW (1983) Diazepam dose preference in hu- 
mans. Pharmacol Biochem Behav 18:449-456 

Herberg LJ, Williams SF (1983) Anti-conflict and depressant ef- 
fects by GABA agonsits and antagonists, benzodiazepines and 
non-GABA-ergic anticonvulsants on self-stimulation and loco- 
motor activity. Pharmacol Biochem Behav 19:625-633 

Johanson CE (1978) Drugs as reinforcers. In: Blackrnan DE, 
Sanger DJ (eds) Contemporary research in behavioral pharma- 
cology. Plenum Press, New York, pp 325-390 

Johanson JO, Jarbe TUC (1975) Diazepam as a discriminative 
cue: Its antagonism by bemegride. Eur J Pharmaco130: 372-375 

Marks J (1978) The Benzodiazepines. University Park, Baltimore 
Millan MJ, Duka Th (1981) Anxiolytic properties of opiates and 

endogenous opioid peptides and their relationship to the actions 
of benzodiazepines. Mod Probl Pharmacopsychiatry 
17:123-141 

M6hler H, Richards JG (1983) Receptors for anxiolytic drugs. 
In: Malick JB, Enna S J, Yamamura HI (eds) Anxiolytics : neu- 
rochemical, behavioural and clinical perspectives. Raven Press, 
New York, pp 15-40 

Mucha RF, Iversen SD (1984) Reinforcing properties of morphine 
and naloxone revealed by conditioned place preerences : a pro- 
cedural examination. Psychophalxnacology 82:241-247 

Mucha RE, van der Kooy D, O'Shaugnessy M, Bucenieks P (1982) 
Drug reinforcement studied in rat using place conditioning. 
Brain Res 243:91-105 

Nielsen EB, Valentine JD, Holohean AM, Appel JB (1983) Benzo- 
diazepine receptor mediated discriminative cues: Effects of 
GABA-ergic drugs and inverse agonsits. Life Sci 33:2213-2220 

Olds ME (1966) Facilitatory action of diazepam and chlordiaze- 
poxide on hypothalamic reward behaviour. J Comp Physiol 
Psychol 62:136-140 

Rickels K (1981) Benzodiazepines: use and misuse. In: Klein DF, 
Rabkin JG (eds) Anxiety: New research and changing concepts. 
Raven Press, New York, pp 1-26 

Sawynok J, Pinsky C, LaBella FS (1979) Minireview on the speci- 

ficity of naloxone as an opiate antagonist. Life Sci 
25:1621-1632 

Shannon EH, Davis SL (1984) CGS 8216 noncompetitively antago- 
nized the discriminative effects of diazepam in rats. Life Sci 
34: 2589-2596 

Shannon EH, Herling S (1983) Discriminative stimulus effects of 
diazepam in rats: evidence for a maximal effect. J Pharmacol 
Exp Ther 227:160-166 

Shearman GT, Millan MJ, Herz A (1982) Lack of evidence for 
a role of endorphinergic mechanisms in mediating a discrimina- 
tive stimulus produced by diazepam in rats. Psychopharmaco- 
logy 78: 282-284 

Sherman JE, Hickis CF, Rice AG, Rusiniak KW, Garcia J (1983) 
Preferences and aversions for stimuli paired with ethanol in 
hungry rats. Anita Learn Behav 11:101-106 

Sherman JE, Pickman C, Rice A, Liebeskind JC, Holman EW 
(1980 a) Rewarding and aversive effects of morphine: Temporal 
and pharmacological properties. Pharmacol Biochem Behav 
13: 501-503 

Sherman JE, Roberts T, Roskam SE, Holman EW (1980b) Tempo- 
ral properties of rewarding and aversive effects of amphetamine 
in rats. Pharmacol Biochem Behav 13 : 597-599 

Soubrib PA, Jobert A, Thi~bot MH (1980) Differential effects of 
naloxone against the diazepam-induced release of behavior in 
rats in three aversive situations. Psychopharmacology 
69:101-105 

Spyraki C, Fibiger HC, Phillips AG (1982a) Dopaminergic sub- 
strates of amphetamine-induced place preference conditioning. 
Brain Res 253:185-193 

Spyraki C, Fibiger HC, Phillips AG (1982 b) Cocaine-induced place 
preference conditioning: Lack of effects of neuroleptics and 
6-hydroxydopamine lesions. Brain Res 253:195-203 

Spyraki C, Fibiger HC, Phillips AG (1982c) Attenuation by halo- 
peridol of place preference conditioning using food reinforce- 
ment. Psychopharmacology 77: 379-382 

Spyraki C, Fibiger HC, Phillips AG (1983) Attenuation of heroin 
reward in rats by disruption of the mesolimbic dopamine sys- 
tem. Psychopharmacology 79 : 278-283 

Study RE, Barker JL (1982) Cellular mechanisms of benzodiaze- 
pine action. JAMA 247:2147-2151 

Yanagita T, Takahashi S (1973) Dependence liability of several 
sedative-hypnotic agents evaluated in monkeys. J Pharmacol 
Exp Ther 185:307-316 

Yokoyama N, Ritter B, Neubert AP (1982) 2-Arylpyrazolo (4,3-c) 
quinolin-3-ones. Novel. Agonist, partial agonist and antagonist 
of benzodiazepines. J Med Chem 25 : 337-339 

Zbinden G, Randall LO (1967) Pharmacology of benzodiazepines : 
Laboratory and Clinical Correlations. Adv Pharmacol 
5:213-291 

Received September 13, 1984; Final version May 8, 1985 


