
Abstract Rationale and objectives: Rodents tested in
the elevated plus maze model of anxiety only show an
anxiolytic response to benzodiazepines on their first ex-
posure to the maze. The present study investigated
whether a similar phenomenon occurs with benzodiaze-
pines in a different model of anxiety that involves expos-
ing rats to the odor of a predator. Methods: Testing took
place in a rectangular arena containing a cat odor-exud-
ing collar at one end and a small “hide box” at the oppo-
site end. Rats were initially familiarized with the odor-
free apparatus for 20 min and then placed back in the ap-
paratus 24 and 48 h later in the presence of cat odor.
Results: Vehicle-treated rats displayed marked avoidance
of the cat odor on both first and second exposures,
spending most of the session in the hide box and very lit-
tle time near the odor source. In contrast, rats given a
low dose of midazolam (0.375 mg/kg) during first expo-
sure spent considerable time in close proximity to the
odor source and much less time in the hide box. Rats
given midazolam (0.375 mg/kg) on their second expo-
sure to cat odor displayed no such anxiolytic effect of the
drug. Rats given midazolam (0.375 mg/kg) on both ex-
posures showed a potent anxiolytic effect of the drug on
each occasion. This pattern of results was replicated with
a higher dose of midazolam (0.75 mg/kg). A further ex-
periment showed that rats previously exposed to cat odor
showed high levels of hiding in the test environment
24 h later even when the cat odor was no longer present.
This conditioned fear was blocked by midazolam
(0.75 mg/kg) suggesting that the ineffectiveness of mid-
azolam on second exposure to cat odor is not due to a
failure of the drug to affect conditioned fear. Conclu-
sions: The ineffectiveness of midazolam in odor-experi-
enced rats parallels the results obtained with benzodiaze-
pines in the elevated plus maze. Such results may help il-
luminate the comparative lack of efficacy of benzodiaze-

pines in treating certain types of anxiety disorders in hu-
mans.
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Introduction

Previous decades have seen the widespread and often in-
discriminate use of benzodiazepine drugs for the treat-
ment of anxiety and insomnia. In more recent years, the
use of these drugs has come under far greater critical
scrutiny (Mant and McManus 1994; Norman et al. 1997).
Recognition of the interrelated problems of tolerance, de-
pendence and withdrawal resulting from long term ben-
zodiazepine use (Lader and Morton 1991) has caused in-
creasing restraint in the prescription of benzodiazepines
in clinical practice (Mant and McManus 1994). In addi-
tion, the realization that serotonergic compounds such as
fluoxetine and buspirone can offer a superior treatment to
benzodiazepines for anxiety disorders has seen benzodi-
azepines replaced as the first choice treatment for most, if
not all, of these disorders (Norman et al. 1997).

At the preclinical level, research has also shown that
the anxiolytic efficacy of benzodiazepines may be rather
limited. In one of the most commonly used animal mod-
els of anxiety, the elevated plus maze, benzodiazepines
are largely ineffective in reducing anxiety in rodents that
have had prior experience of the maze (Lister 1987; File
1990, 1993; File et al. 1990, 1993, 1998; Rodgers et al.
1992; Gonzalez and File 1997). On first exposure, ben-
zodiazepines reliably increase the amount of time spent
on the open arms of the maze indicating decreased anxi-
ety (Pellow et al. 1985; Lister 1987; File 1990). Howev-
er, when rats or mice are tested for a second time on the
maze (“trial 2”), this anxiolytic effect is much reduced or
absent (Lister 1987; File 1990; Rodgers et al. 1992;
Gonzalez and File 1997).

Explanations of this “trial 2” effect have centered on
the idea that the type of anxiety experienced during sec-
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el where the hiding response to cat odor is specifically
measured as an index of anxiety (Dielenberg and
McGregor 1999; Dielenberg et al. 1999).

In the present experiment, we examined whether ben-
zodiazepines retain their anxiolytic efficacy across re-
peated exposures to cat odor. Accordingly, rats were test-
ed with midazolam on their first or second exposure to
cat odor. It was predicted that a benzodiazepine would
exert a strong anxiolytic effect on first exposure to the
odor, in line with our previous results (Dielenberg et al.
1999). On the basis of the present literature, no hypothe-
sis could be put forward as to whether such an effect
would occur on second exposure. In experiment 1, a low
dose (0.375 mg/kg) of midazolam was tested which has
proven efficacy in reducing cat odor induced anxiety on
first exposure to the odor (Dielenberg et al. 1999). In ex-
periment 2, a higher dose (0.75 mg/kg) of midazolam
was employed which is on the borderline of producing
motoric impairment (Drugan et al. 1996; Austin et al.
1999).

Our previous research has shown that rats previously
exposed to cat odor in a specific environment show sub-
sequent high levels of hiding when returned to that envi-
ronment 24 h later, even when the cat odor is no longer
present (Dielenberg et al. 1999). The presence of this
conditioned fear may be one important difference be-
tween the anxiety experienced on first versus second ex-
posure to cat odor and might conceivably explain any
difference in the anxiolytic efficacy of benzodiazepines
across two consecutive exposures. It was also then of in-
terest to determine whether benzodiazepines affect the
conditioned fear resulting from prior odor exposure. This
issue was addressed in experiment 3.

Materials and methods

Subjects

The subjects were 104 experimentally naive male albino inbred
Wistar rats (CULAS, Sydney) aged 60–90 days and weighing an
average of 400 g at the time of testing. The rats were housed in
large plastic tubs in groups of eight with food and water freely
available. The colony room was maintained at 22 °C on a reverse
light-dark cycle with lights on from 2000 to 0800 hours. All ex-
periments were run during the dark cycle. Rats were handled on
two occasions prior to the start of the experiment. The experi-
ments were designed to use the minimum number of subjects re-
quired for reliable statistical effects. All experiments were ap-
proved by the University of Sydney Animal Care and Ethics Com-
mittee.

Apparatus

Testing occurred in four chambers as described previously
(Dielenberg and McGregor 1999; Dielenberg et al. 1999) and as
shown in Fig. 1. The chambers comprised a rectangular arena with
Perspex walls: [60 cm (L)×26 cm (W)×36 cm (H)] and a metal
grid floor that was raised 2 cm above a tray containing wood shav-
ings. At one end of the chamber was a small wooden box [21 cm
(L)×24 cm (W)×22 cm (H))] termed the “hide box”. On the front
wall of the hide box was a small 6×6 cm square hole that allowed
just enough space for a rat (but not a cat) to enter the box. The ap-
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ond exposure to the maze is somehow different to that
experienced on first exposure (File 1993; File et al.
1993). Specifically, it has been thought that anxiety on
first exposure may reflect a combination of neophobia
and generalized anxiety while anxiety on second expo-
sure may be something akin to that experienced by hu-
mans with specific phobias (File 1993). Since specific
phobias are insensitive to benzodiazepine treatment
(Marks 1987; Norman et al. 1997), this proposal has rea-
sonable face validity.

In the past decade, many laboratories have document-
ed profound behavioral, endocrine and neurochemical
changes in rodent species exposed to predatory odors
(Blanchard et al. 1990; Vernet-Maury et al. 1992;
Zangrossi and File 1992a, 1992b; Kavaliers et al. 1994;
Perrot-Sinal et al. 1996; Kemble and Bolwahnn 1997). In
recent work, we have developed a novel methodology
for assessing the behavioral response of rats to cat odors
in the laboratory (Dielenberg and McGregor 1999;
Dielenberg et al. 1999). The apparatus used consists of a
rectangular arena with a small wooden box (termed the
“hide box”) at one end and a piece of fabric collar that
had been worn by a cat at the opposite end (see Fig. 1).
In a typical test session, rats initially approach and sniff
the collar, but then retreat rapidly and spend much of the
remaining time in the hide box. From this behavior, it is
inferred that the worn cat collar possesses properties that
are strongly anxiogenic to the rat.

We have shown that a low dose of the short acting
benzodiazepine midazolam greatly reduces the hiding re-
sponse to cat odor and increases approaches towards the
odor source, suggesting an anxiolytic effect of the drug
(Dielenberg and McGregor 1999; Dielenberg et al.
1999). These findings are of interest, since they run
counter to previous claims that cat odor causes “phobic
avoidance” in rats that is benzodiazepine insensitive
(Zangrossi and File 1992b). They are also at odds with
suggestions that benzodiazepines reduce risk assessment
behavior in rats exposed to predatory odors (Blanchard
et al. 1990). Rather, the increased approach to the collar
stimulus caused by midazolam in our apparatus indicates
increased risk assessment. The discrepancies between
our findings and these previous studies may be attribut-
able to our use of relatively low non-ataxic doses of ben-
zodiazepines and also from our use of a behavioral mod-

Fig. 1 Schematic of the apparatus used in the study



paratus was raised on legs for easy access to the underlying tray
for cleaning in between trials. During testing, the room in which
the chambers were located was illuminated by a 40 W red light
suspended 1.5 m above the apparatus.

On the opposite wall to the hide box was an alligator clip posi-
tioned 4 cm above the metal grid floor. During testing, a piece of
wool acrylic cat collar (“Tinkle Bell” safety stretch cat collar,
model CC 800, manufactured in Taiwan) was attached to the clip.
The collar had been worn by a domestic cat for a period of at least
3 weeks before the start of the experiment. On removal from the
cat, the collar was placed in an air-tight plastic container and was
stored in a freezer at –12°C. The collar was cut into four equiva-
lent pieces [dimensions 50 mm (L)×13 mm (W)5 ×mm (D)], with
one piece being used in each of the four test chambers. Before the
beginning of trials requiring exposure to cat odor, the collar was
“warmed up” by placing it on top of a computer monitor for ap-
proximately 2 min. The cat collar was always handled with latex
gloves. Three different collars were used for the three experiments
reported in this study. Each collar was effective in producing ro-
bust hiding behavior in rats, although it appeared that the collar
used in experiment 3 was particularly potent relative to those used
in experiments 1 and 2.

Photocell detectors were located at opposite ends of the test
chamber approximately 7 cm from the end walls. These detectors
fed their output to a Macintosh computer running “Workbench-
Mac” data acquisition software (McGregor 1996). The position of
the photocells allowed determination within each session of (1) the
amount of time (in s) the rats spent in close vicinity (approximately
7 cm or less) to the cat collar (hereafter called “approach time”),
and (2) the amount of time spent in the hide box (hereafter called
“hide time”). All sessions were of 20 min duration. Note that in
any given session there were usually substantial periods when rats
were not in the hide box or close enough to the cat collar to trigger
the photobeam used to calculate “approach time”. Thus “hide time”
plus “approach time” rarely equals 20 min (or 1200 s).

Drugs

Midazolam (“Hypnovel”, Roche Ltd, Sydney, Australia), a short
half-life water-soluble benzodiazepine agonist, was diluted in
0.9% saline and injected SC at a dose of 0.375 mg/kg or
0.75 mg/kg in a volume of 1 ml/kg. The 0.375 mg/kg midazolam
dose used in experiment 1 was selected on the basis of our previ-
ous work showing that this low dose is very effective in reversing
the response to cat odor while having minimal sedative effects
(Dielenberg and McGregor 1999 Dielenberg et al. 1999). In
experiments 2 and 3 a higher dose of midazolam was used
(0.75 mg/kg). While a 0.5 mg/kg dose of midazolam produces no
ataxia in the rotarod test in rats, a 1 mg/kg dose has a substantial
ataxic effect (Drugan et al. 1996; Austin et al. 1999). The
0.75 mg/kg dose is therefore on the threshold of impairing motor
co-ordination.

Procedure

Experiment 1

Experiment 1 involved 32 rats that were split into four groups of
eight, and were used to assess the effects of a low dose of midazo-
lam (0.375 mg/kg) on anxiety during first and second exposure to
cat odor. The groups were named according to the drug treatments
given on first and second exposures to cat odor, respectively,
namely SAL-SAL, SAL-MDZ, MDZ-SAL and MDZ-MDZ. The
rats were tested across 3 consecutive days as follows.

Familiarization. In this phase, all rats were given an injection of
saline and 10 min later were placed in the apparatus for 20 min in
the absence of any cat collar. This phase allowed rats to be famil-
iarized with the injection procedure and the novel apparatus and
gave an indication of baseline levels of hide and approach times in
the absence of any odor stimulus.

Exposure day 1. On the day after familiarization, the rats were in-
jected with either saline or midazolam (depending upon group al-
location) and 10 min later placed in the apparatus for 20 min in the
presence of the cat collar. Of the four groups, groups SAL-SAL
and SAL-MDZ received saline injection on this day, while groups
MDZ-SAL and MDZ-MDZ received midazolam.

Exposure day 2. The procedure was identical to that of Exposure
day 1 expect that groups SAL-SAL and MDZ-SAL received saline
injections on this day while groups SAL-MDZ and MDZ-MDZ re-
ceived midazolam.

It could be argued that a demonstration of anxiety-induced by
the cat odor would require the presence of a control group that is
not exposed to odor. This control was not included in any of the
present experiments because our previous work has clearly shown
that rats exposed to a collar that has not been worn by a cat show
very stable low hide times and high approach times across consec-
utive test sessions (Dielenberg and McGregor 1999; Dielenberg et
al. 1999). We have also found that the hiding response in our mod-
el is relatively specific to cat odor, since rats do not show elevated
hiding to novel odors such as rat urine, flea repellent or pepper-
mint (Dielenberg and McGregor, unpublished data). Similarly, File
and colleagues have found that odor of disinfectant does not pro-
duce the same avoidance behavior seen in rats exposed to cat odor
(Zangrossi and File 1992a).

Experiment 2

Experiment 2 investigated the effects of a higher dose of midazo-
lam (0.75 mg/kg) on anxiety during first and second exposures to
cat odor. This involved 32 rats that were split into four groups of
eight and allocated to the same conditions as described in experi-
ment 1. The only difference was that the rats given midazolam re-
ceived a higher dose (0.75 mg/kg) of the drug.

Experiment 3

Experiment 3 was designed to determine whether an absence of
anxiolytic efficacy of midazolam on second exposure to cat odor
was due to a failure of the drug to affect conditioned fear resulting
from the first odor exposure. The study involved 40 rats that were
split into four groups of ten and named according to the drug treat-
ments received on Exposure days 1 and 2 and whether a cat collar
was present in the apparatus on Exposure day 2. The groups were
SAL-SAL, SAL-MDZ, SAL-SAL(nc) and SAL-MDZ(nc), where
(nc) denotes “no collar’. The rats were handled exactly as de-
scribed for experiments 1 and 2 and were tested across 3 consecu-
tive days as follows.

Familiarization. This was identical to experiments 1 and 2.

Exposure day 1. On the day after familiarization, all rats from all
groups were injected with saline and 10 min later placed in the ap-
paratus for 20 min in the presence of the cat collar.

Exposure day 2. Groups SAL-SAL and SAL-MDZ were given sa-
line and midazolam (0.75 mg/kg), respectively, and exposed to cat
odor. These groups were therefore equivalent to groups SAL-SAL
and SAL-MDZ in experiment 2. Groups SAL-SAL(nc) and SAL-
MDZ(nc) were placed in the testing apparatus without the cat col-
lar present in order to test for conditioned fear arising from prior
odor exposure. Group SAL-MDZ(nc) was given midazolam
(0.75 mg/kg) during this test for while group SAL-SAL(nc) was
injected with saline. Two measures were taken to avoid rats in the
“no-collar” conditions being exposed to any lingering cat odors
from previous trials. Firstly, the test boxes were thoroughly
washed with dilute ethanol solution prior to the “no-collar” tests.
Secondly, the SAL-SAL(nc) and SAL-MDZ(nc) rats were all test-
ed prior to the SAL-SAL and SAL-MDZ rats so as to minimize
further the risk of contamination between conditions.
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Statistics

Data for hide time and approach time (in seconds) were compared
across groups for each of the familiarization, exposure and tests
phases using one-way ANOVA followed, where appropriate, by
Newman-Keuls post hoc tests. To test directly for differences in
the efficacy of midazolam on first versus second odor exposures,
planned contrasts (one-way ANOVA) compared approach and
hide times in groups MDZ/MDZ and MDZ/SAL on Exposure day
1 with those of group SAL/MDZ on Exposure day 2. An α level
of 0.05 was adopted for all tests.

Results

Experiment 1

Familiarization phase

The results from all phases for experiment 1 are depicted
in Fig. 2. Analysis of data for hide time and approach
time revealed no significant group differences in the fa-
miliarization phase (F<1).

Exposure day 1

One-way ANOVA on the data for hide time on Exposure
day 1 revealed a significant group effect [F(3,28)=6.10,
P<0.01]. Post hoc tests revealed that groups that re-
ceived midazolam on this day (groups MDZ-SAL and
MDZ-MDZ) showed significantly lower hide times than
either of the groups that received saline (groups SAL-
SAL and SAL-MDZ).

A similar pattern was evident with approach times,
with a significant overall group effect [F(3,28)=12.43,
P<0.001], and with post hoc tests showing that both
groups MDZ-SAL and MDZ-MDZ had significantly
higher approach times than groups SAL-SAL and SAL-
MDZ.

Exposure day 2

One-way ANOVA on the data for hide time on Exposure
day 2 revealed a significant group effect [F(3,28)=4.88,
P<0.01]. Post hoc tests showed that groups MDZ-MDZ
had significantly lower hide times than each of the three
other groups. No other between group comparisons ap-
proached significance.

A similar pattern was evident with approach times,
with a significant overall group effect [F(3,28)=4.97,
P<0.01]. Again, post hoc tests showed that group MDZ-
MDZ had significant higher approach times than the
three other groups. No other between-group comparisons
were significant.

Direct comparison of hide times for group SAL/MDZ
on Exposure day 2 versus those for groups MDZ/SAL
and MDZ/MDZ on Exposure day 1 indicated significant-
ly higher hide times in group SAL-MDZ [F(2,21)=6.99,
P<0.05]. This contrast was also significant for approach

times, indicating lower approach times in group SAL-
MDZ on Exposure day 2 than the other two groups on
Exposure day 1 [F(2,21)=16.76, P<0.001]. Overall, this
indicates a significantly greater anxiolytic effect of mid-
azolam on first relative to second exposure to cat odor.

Experiment 2

Familiarization phase

The results from all phases for experiment 2 are depicted
in Fig. 3. Analysis of data for hide time and approach
time revealed no significant group differences in the fa-
miliarization phase (F<1.4).

Exposure day 1

One-way ANOVA on the data for hide time on Exposure
day 1 revealed a significant group effect [F(3,28)=14.28,
P<0.001]. Post hoc tests showed that the two groups that
received midazolam on this day (groups MDZ-SAL and
MDZ-MDZ) showed significantly lower hide times than

Fig. 2 Hide times (upper) and approach times (lower) on the fa-
miliarization day, Exposure day 1 and Exposure day 2 in rats from
the four groups in experiment 1. Data presented are mean+SEM.
Abbreviations: SAL saline, MDZ midazolam. *Significantly differ-
ent from groups SAL/SAL and SAL/MDZ (Newman-Keuls
post hoc tests, P<0.05). #Significantly different from groups
SAL/SAL, SAL/MDZ and MDZ/SAL
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the groups that received saline (groups SAL-SAL and
SAL-MDZ).

A similar pattern was evident with approach times,
with a significant overall group effect [F(3,28)=5.58,
P<0.01], and with post hoc tests showing that both
groups MDZ-SAL and MDZ-MDZ had significantly
higher approach times than groups SAL-SAL and SAL-
MDZ.

Exposure day 2

One-way ANOVA on the data for hide time on Exposure
day 2 revealed a significant group effect [F(3,28)=5.15,
P<0.01]. Post hoc tests showed that group MDZ-MDZ
had significantly lower hide times than each of the three
other groups. No other between group comparisons ap-
proached significance.

A similar pattern was evident with approach times,
with a significant overall group effect [F(3,28)=4.78,
P<0.01]. Again, post hoc tests showed that group MDZ-
MDZ had significant higher approach times than the
three other groups. No other between-group comparisons
were significant.

Direct comparison of hide times for group SAL/MDZ
on Exposure day 2 with those for groups MDZ/SAL and
MDZ/MDZ on Exposure day 1 indicated significantly
higher hide times in group SAL-MDZ than in the other
two groups [F(2,21)=5.54, P<0.05]. The same contrast
was significant for approach times [F(2,21)=8.32,
P<0.01]. This again indicates a significantly greater an-
xiolytic effect of midazolam on first versus second expo-
sure to cat odor.

Experiment 3

Familiarization phase

The results from all phases for experiment 3 are depicted
in Fig. 4. Analysis of data for hide time and approach
time revealed no significant group differences in the fa-
miliarization phase (F<1.3).

Exposure day 1

One-way ANOVA on the data on Exposure day 1 re-
vealed no significant overall difference in hide time or

Fig. 3 Hide times (upper) and approach times (lower) on the fa-
miliarization day, Exposure day 1 and Exposure day 2 in rats from
the four groups in experiment 2. Data presented are mean+SEM.
Abbreviations: SAL saline, MDZ midazolam. *Significantly differ-
ent from groups SAL/SAL and SAL/MDZ (Newman-Keuls
post hoc tests, P<0.05). #Significantly different from groups
SAL/SAL, SAL/MDZ and MDZ/SAL

Fig. 4 Hide times (upper) and approach times (lower) on the fa-
miliarization day, Exposure day 1 and Exposure day 2 in rats from
the four groups in experiment 3. Data presented are mean+SEM.
Abbreviations: SAL saline, MDZ midazolam, nc no collar. *Sig-
nificantly different from group SAL/SAL only (Newman-Keuls
post hoc tests, P<0.05). #Significantly different from groups
SAL/SAL, SAL/MDZ and SAL/SAL(nc)



times when given on second exposure, unlike its striking
effects on approach times during first exposure.

This lack of efficacy of midazolam does not appear
to be due to greater anxiety being present on second ex-
posure to cat odor than on first exposure. If this were
the case then control rats would have shown greater
hide times and lower approach times on the second
compared to the first exposure. However, hide times and
approach times in the SAL-SAL groups in each of the
three experiments remained constant across the two ex-
posures. Indeed, our recent work has shown that when
rats are given repeated daily 20-min exposures to cat
odor, the hiding response eventually decreases to base-
line levels after five to ten sessions (Dielenberg and
McGregor 1999).

The data from experiment 3 rule out another possible
explanation of the weak midazolam efficacy during sec-
ond exposure, namely that benzodiazepines fail to reduce
the conditioned fear arising from prior exposure to cat
odor. The presence of such conditioned fear was estab-
lished in our previous work (Dielenberg et al. 1999) and
was replicated here in Experiment 3 with the high hide
times and low approach times seen in group SAL-
SAL(nc) on Exposure day 2. The “conditioned fear” the-
ory is plausible since some previous studies involving
passive avoidance paradigms have suggested that benzo-
diazepines are ineffective in attenuating the expression of
conditioned avoidance in rats that have been conditioned
in the drug free state (Nabeshima et al. 1990). Such re-
sults suggest that benzodiazepines might also fail to af-
fect the hiding response of rats that have previously expe-
rienced cat odor in the test environment. However, the
present results do not support this account. Midazolam
clearly reduced hiding and increased approach times in
rats exposed to the now odor-free environment in which
cat odor had previously been experienced. In demonstrat-
ing this, the present study rules out a role for conditioned
fear as an explanation of the differential benzodiazepine
effect across exposures.

In addressing the “trial 2” effect seen in the elevated
plus maze, File and colleagues have suggested that the
anxiety experienced on trial 2 may be qualitatively dis-
tinct to that experienced on trial 1 (File 1993; File et al.
1993). Thus on trial 1, a state of generalised anxiety
and/or neophobia may be present that can be effectively
treated by benzodiazepines. However, during trial 1, this
generalized anxiety may be replaced by a “phobic” anxi-
ety state arising from the fear of heights and open spaces
that are present in the plus maze. This “phobic” anxiety
state, which predominates on subsequent exposures to
the maze, is not amenable to treatment with benzodiaze-
pines. This account might also be a plausible explanation
for the present results, namely that prior exposure to cat
odor causes a long lasting change in the nature of the un-
conditioned fear experienced on subsequent exposures to
the odor. Whether this means that the fear experienced
becomes “phobic” in nature is open to speculation. One
argument against the “phobic” account is the relatively
fast habituation of the hiding response to cat odor that
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approach time between groups (F<1). This indicates an
equivalent anxiogenic effect of the cat odor in all four
groups.

Exposure day 2

One-way ANOVA on the data for hide time on Exposure
day 2 revealed a significant group effect [F(3,36)=12.91,
P<0.001]. Post hoc tests indicated that groups SAL-
MDZ had significantly lower hide times than group
SAL-SAL, indicating an anxiolytic effect of the drug on
second exposure to cat odor. Group SAL-MDZ(nc),
which received midazolam and no cat collar, showed sig-
nificantly less hiding than any of the other three groups.
The significantly lower hide times in group SAL-
MDZ(nc) relative to group SAL-SAL(nc) indicates that
midazolam counteracts the conditioned fear arising from
prior cat odor exposure.

An overall significant group effect was also evident
with respect to approach times [F(3,36)=7.68, P<0.001].
Post hoc tests showed that groups SAL-SAL and SAL-
MDZ did not differ from each other in approach times.
Group SAL-MDZ(nc) displayed significantly higher ap-
proach times than any of the other three groups. The
higher approach times in group SAL-MDZ(nc) relative
to group SAL-SAL (nc) further indicates that midazolam
counteracts the conditioned fear arising from previous
cat odor exposure.

Discussion

When given immediately prior to first exposure to cat
odor, midazolam had a pronounced anxiolytic action.
The low (0.375 mg/kg) dose of midazolam returned ap-
proach times to the baseline levels seen during the famil-
iarization phase and also caused a significant decrease in
hide times. The higher (0.75 mg/kg) dose of midazolam
brought hide times down to baseline levels and increased
approach times to a level that was even greater than
baseline. These results confirm and extend our earlier
findings (Dielenberg and McGregor 1999; Dielenberg et
al. 1999) of an anxiolytic action of midazolam in rats
given a single exposure to cat odor.

This clear anxiolytic effect of midazolam on first ex-
posure to cat odor stands in contrast to the comparative
lack of efficacy of the drug when given on second expo-
sure to the odor. The low (0.375 mg/kg) dose failed to
reduce hide times or increase approach times in rats that
had experienced a single 20 min exposure to cat odor
24 h previously. The higher (0.75 mg/kg) dose had mar-
ginal efficacy in odor-experienced rats, causing a modest
reduction in hide times that reached statistical signifi-
cance in experiment 3. However, this effect on hide
times was still significantly weaker than that obtained
with the same dose of midazolam on first exposure to cat
odor. In addition, the 0.75 mg/kg dose of midazolam had
only very slight and non-significant effects on approach
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we have recently reported in rats given repeated expo-
sure to the odor (Dielenberg et al. 1999).

It is important to note that the MDZ-MDZ groups in
experiments 1 and 2 showed a strong anxiolytic response
to midazolam on both first and second exposures to cat
odor. Thus midazolam can be effective on second expo-
sure so long as it is also given on first exposure. This indi-
cates that the anxiolytic effect of the benzodiazepine on
first exposure to cat odor protects against the neural
changes resulting from cat odor exposure that lead to a
subsequent decreased sensitivity to the anxiolytic efficacy
of benzodiazepines. These results agree with those from
the elevated plus maze, showing that an anxiolytic effect
of benzodiazepines may be seen on both trial 1 and trial 2,
provided that rats receive the drug on both occasions and
sessions are of sufficiently long duration (File et al. 1993).

Recent studies offer some insight into the neural
changes that result from a single plus maze experience
that lead to subsequent loss of sensitivity to benzodiaze-
pines. Maze-experienced rats show altered sensitivity of
benzodiazepine receptors in the dorsal raphe nucleus
which renders them uniquely sensitive to an anxiolytic
action of the benzodiazepine antagonist flumazenil in-
jected into this region (Gonzalez and File 1997). Maze-
experienced, but not maze-naive, rats are also sensitive
to an anxiolytic action of the 5-HT1A agonist 8-OH-
DPAT injected into the dorsal raphe nucleus. Other evi-
dence supports a role for the amygdala, since rats with
lesions of the basolateral amygdala displayed an anxio-
lytic action of benzodiazepines on both first and second
exposures to the plus maze (File et al. 1998). Finally, the
dorsal hippocampus is also implicated since 8-OH-DPAT
was found to have anxiogenic effects when injected into
this structure in plus maze experienced, but not plus-
maze naive, rats (File et al. 1996). Obviously, it is hoped
that future work will uncover whether alterations in sero-
tonergic and benzodiazepine receptor sensitivity are also
involved in the shifting response characteristics of rats
given repeated exposure to cat odor. This may also give
insight into whether the anxiety states experienced on
trial 1 and trial 2 on the plus maze are similar or even
identical to those experience on first and second expo-
sure to cat odor.

Finally, it is interesting to debate the implications of
the present results for treatment of human anxiety disor-
ders. One implication appears to be that if a strong fear
of a biologically important stimulus has already devel-
oped then benzodiazepines will be of little use in attenu-
ating this fear. The situation where benzodiazepines may
be useful, however, is in producing “fearless” behavior
when an anxiogenic stimulus is encountered for the first
time and in preventing a change in the fear state that ren-
ders it insensitive to the anxiolytic effects of benzodiaze-
pines.
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