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A B S T R A C T

This study evaluated the extent to which a reduction in contextual fear contributes to the anxiolytic effect of
benzodiazepines in the fear-potentiated startle response. To this end, chlordiazepoxide, an anxiolytic often used
as positive control in preclinical drug studies, and zolpidem, known to have sedative properties and to be devoid
of anxiolytic effects, were tested in two contexts: the same context as training had taken place and an alternative
context. In addition, the level of muscle relaxation was assessed in a grip strength test. Chlordiazepoxide
(2.5–10mg/kg) decreased the fear-potentiated startle response, confirming its anxiolytic activity. In addition, it
dose-dependently decreased the overall startle response in the same, but not the alternative context, and did not
affect grip strength, indicating that chlordiazepoxide inhibits contextual fear in the absence of non-specific drug
effects. Zolpidem (1.0–10mg/kg) reduced the overall startle response in both contexts equally and decreased
grip strength, indicating that its effects on fear-potentiated startle are due to non-specific drug effects, and not
anxiolytic effects. The present findings show that chlordiazepoxide reduces contextual conditioned fear in the
absence of non-specific drug effects. In addition, they show that training and testing rats in different contexts
makes it possible to distinguish between cued, contextual and non-specific drug effects. As exaggerated con-
textual fear conditioning contributes to the fear generalization processes implicated in pathological anxiety,
focus in screening of anxiolytic effects could be directed more towards the suppression of contextual fear and,
therefore, this approach would be a valuable addition to standard preclinical screening.

Fear conditioning, a form of associative learning in which an in-
dividual learns that a certain stimulus predicts an aversive event [1],
has been established an important factor in the aetiology of anxiety
disorders [2]. The fear-potentiated startle test, which is based on clas-
sical fear conditioning, is considered a reliable tool for detecting an-
xiolytic properties of compounds in rodents [3]. In this test anxiolytic
activity is reflected in an attenuated response to the startle stimuli
presented together with the cue-light (cued trials) [4].

In pharmacological fear-potentiated startle studies, chlordiazep-
oxide, which binds to benzodiazepine allosteric binding sites on GABAA

receptors, is frequently used as a positive control [5,6]. However, a
complication within these studies is the strong effect of chlordiazep-
oxide on the overall startle response per se, which is the average of cued
and non-cued trials together. Benzodiazepines have a wide variety of
neurological effects of which sedation and muscle relaxation (from here
on referred to as ‘non-specific drug effects’) have been proposed to in-
terfere with the startle response [7]. Therefore a reduction in overall
startle response is often considered an artefact. However, as animals
also learn to associate the shock with the surrounding context, the level

of contextual conditioned fear also affects the magnitude of the overall
startle response [8]. Therefore, the overall startle response could also be
sensitive to the anxiolytic effects of chlordiazepoxide. So far, however,
it is unclear to what extent the reduction in overall startle response
results from a reduction in contextual fear or from non-specific drug
effects. As contextual conditioned fear is suggested to play a crucial role
in pathological anxiety [9], it is of clinical relevance to clarify the an-
xiolytic activity of know anxiolytics with regard to contextual condi-
tioned fear and to further define the optimal anxiolytic profile of (pu-
tative) anxiolytics in the fear-potentiated startle test.

The aim of this study was to disentangle the effects of chlordia-
zepoxide on contextual and cued fear in the fear-potentiated startle test.
To this end, we compared the effects of chlordiazepoxide with the ef-
fects of zolpidem. Although zolpidem binds to the same receptor
complex as chlordiazepoxide, it is a GABAA α1-subunit preferential
hypnotic known to have sedative properties and weak anxiolytic effects
[10,11]. These drugs were tested in two contexts: the same context as
training had taken place and an alternative context and the effects on
the cued fear response and overall startle response were analyzed.
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Testing subjects in an alternative context prevents the expression of
contextual conditioned fear [12] and, therefore, can provide a more
effective means of separating anxiolytic effects from non-specific drug
effects. Grip strength was determined as a proxy of muscle relaxation.

192 male rats (Wistar HsdCpd: WU, Harlan Laboratories BV, Horst,
Netherlands), 6 weeks old on arrival, were housed in groups of four in a
temperature (21 °C ± 2), humidity (55%±5), and light controlled
room (lights on from 6 AM to 6 PM). Rats were randomly allocated to
the cages upon arrival. Food and water were available ab libitum in the
home cages. For each compound 96 rats were tested. Chlordiazepoxide
was tested in four cohorts of 24 rats, zolpidem was tested in two cohorts
of 48 rats. Rats were randomly allocated to the experimental conditions
(that is, drug dose and context). Experiments were carried out during
the light phase of the day-night cycle between 9 AM and 4 PM. All
studies were approved by the Ethical Committee for Animal Research
(DEC, Utrecht University, Netherlands) and conducted according to the
European Directive 2010/63/EU.

After one-week acclimation period to the housing conditions, rats
were exposed to a startle set-up habituation session (SR-lab, San Diego
instruments, San Diego, CA, USA) during a habituation session
(30 startle stimuli, 10×95, 100, and 110 dB, ISI: 30 s, no grid floors).
Four days later rats received the fear-potentiated startle training which
started with 5min acclimation, after which 10 light-shock pairings
were presented with an average interval of 4min (range: 3–5min;
0.6 mA during the last 500ms of the 3700ms light period). 24 h after

this training, rats were blindly injected with one of four doses of
chlordiazepoxide HCl (vehicle, 2.5, 5, and 10mg/kg, 20min before the
test) or zolpidem (vehicle, 1.0, 3.0, and 10mg/kg, 15min before test).
Chlordiazepoxide (Pharbita B.V., Zaandam the Netherlands) was dis-
solved in 0.9% sodium chloride and zolpidem (Sunovion
Pharmaceuticals Inc. Marlborough Massachusetts, USA) was suspended
in Gelatin Mannitol (0.5%/5%) and both compounds were adminis-
tered intraperitoneally (i.p.) in a volume of 2ml/kg. Half of the rats
were tested in the same context as during training (a grid floor and
standard white walls), while the other half were tested in the alternate
context (a PVC board floor and striped walls). The fear-potentiated test
started with an acclimation period of 5min, after which 10 startle sti-
muli were presented for habituation purposes (110 dB, ISI 30 s),
Subsequently, 60 startle stimuli (20× 95, 100, and 110 dB, ISI 30 s)
were presented, half of which were delivered during the last 50ms of a
3250ms light cue (cued trials), the other half were delivered in the
absence of the cue (non-cued trials). The six different trial types were
presented in a balanced, irregular order throughout the test. During all
sessions, a background noise of 70 dB was presented, which is 2 dB
above environmental background noise. For further details of equip-
ment, training and test, see [13].

Grip strength was measured immediately after the fear-potentiated
startle test. The rat was placed on the cage lid and gently pulled
backwards. The response was scored by an observer blinded to drug
treatment (two observers in the chlordiazepoxide study to validate the

Fig. 1. Effects of chlordiazepoxide in the fear-potentiated startle and grip strength test. The figure shows the effects of chlordiazepoxide (A, n= 24 per dose) and
context (B, n=48 per context) on the response to non-cued and cued trials and difference scores. Lower panel shows the effects of chlordiazepoxide on the overall
startle response, non-cued trials and cued trials in the same (C, n=12 per dose) and alternate context (D, n= 12 per dose) and grip strength (E, n= 22 per dose).
Data are shown as mean ± SEM. ^ p < 0.05 compared to non-cued trials. Both * and # indicate P < 0.05 compared to vehicle condition. § p < 0.05 compared to
the same context condition.
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score). The four-point scale ranged from ‘0′ normal grip resistance to ‘3′
clearly less resistance [14]. This manual observation was validated
against an automated grip test meter (BIOSEB in vivo Research Instru-
ments, Vitrolles, France).

Startle peak values of each trial type were averaged for statistical
analyses (SPSS, IBM SPSS Statistics version 24, Inc., Chicago, IL). For
each compound, data were analysed unblinded using repeated mea-
sures ANOVAs with trial type (cued vs non-cued) and intensity (95 dB,
100 dB, and 110 dB) as within-subject factors, and context (same vs
alternate) and dose (vehicle and three different dosages) as between-
subjects factors. If adequate, overall analyses were followed by sub-
sequent ANOVAs and T-tests. In addition, startle difference scores
(difference between cued and non-cued trials, measure of absolute cued
fear-potentiated startle response) and grip strength data were analyzed
with One-way ANOVA. Eight animals in the chlordiazepoxide experi-
ment were not measured in the grip strength test due to time-schedule
limitations. Dunnett’s post hoc analyses were performed to compare
drug treatments with the vehicle group. Significance was set at P-va-
lues< 0.05

In both experiments, fear-potentiated startle was successfully in-
duced (cue effect, chlordiazepoxide F1,88= 151.3, p < 0.001; zol-
pidem F1,88= 127.5, p < 0.001).

Chlordiazepoxide treatment had a differential effect on cued and
non-cued trials (cue x dose F3,88= 3.2, p=0.026), which was in-
dependent of the context (cue x dose x context F3,88< 1). As shown in
Fig. 1A, chlordiazepoxide reduced the fear-potentiated startle response
with increasing doses. None of the dosages completely blocked the fear-
potentiated startle response, as responses to cued and non-cued trials
remained significantly different at all doses (Fig. 1A). However, sub-
sequent analyses of absolute difference scores showed that 10mg/kg
chlordiazepoxide reduced the difference scores compared to vehicle
controls (dose effect F3,92= 2.9, p=0.038; post-hoc analyses: 10 mg/
kg vs vehicle p= 0.032; Fig. 1A).

The effect of chlordiazepoxide on the overall startle response
(F3,88= 10.9, p < 0.001) was dependent on the context in which rats
were tested (dose x context F3,88= 4.6, p=0.005). In the same con-
text, chlordiazepoxide attenuated the overall startle response at 5.0 and
10mg/kg relative to vehicle treatment (dose effect F3,44= 9.1,
p < 0.001; Fig. 1C), whereas chlordiazepoxide had no effect on the
overall startle response in the alternate context (dose effect F3,44= 2.6,
p=0.07; Fig. 1D). In addition, chlordiazepoxide had no significant
effect in the grip strength test (F3,84= 2.0, p=0.13; Fig. 1E).

The fear-potentiated startle response was dependent on the context
in which the test was performed (cue x context F1,88= 11.2,
p= 0.001). In both contexts, the response to cued trials was sig-
nificantly higher than to non-cued trials, but the absolute difference
score was lower in the alternate than in the same context (T94= 3.3,
p=0.002, Fig. 1B).

The effect of zolpidem on the startle response was dependent on
trial type (cue x dose F3,88= 5.9, p=0.001), but independent of con-
text (cue x dose x context F3,88< 1). Zolpidem significantly reduced the
response to non-cued trials at 3.0 and 10mg/kg (dose effect,
F3,88= 9.3, p < 0.001; Fig. 2A), whereas the response to cued trials
was reduced at 10mg/kg (dose effect, F3,88= 8.6, p < 0.001). Sub-
sequent analyses of absolute difference scores showed that adminis-
tration of 3.0 mg/kg zolpidem significantly increased the absolute dif-
ference scores compared to vehicle treatment (F3,92= 5.6, p= 0.001).

In addition, zolpidem significantly decreased the overall startle re-
sponse at 10mg/kg (dose effect F3,88= 9.2, p < 0.001; Fig. 2C and D),
independent of context (context x dose F3,88< 1). Furthermore, zol-
pidem significantly reduced grip strength at 10mg/kg (F3,92= 4.5,
p=0.006; Fig. 2E).

The level of fear-potentiated startle was dependent on the context in
which the test was performed (cue x context F1,88= 6.9, p=0.010). In
both contexts the response to cued trials was significantly higher than
to non-cued trials, however, the absolute difference score was lower in

the alternate context (T94= 2.5, p= 0.016, Fig. 2B).
This study aimed to distinguish between non-specific, contextual

fear and cued fear effects of chlordiazepoxide in the fear-potentiated
startle paradigm. The results show that, in line with previous research,
chlordiazepoxide shows an anxiolytic profile, displayed as a decrease in
fear-potentiated startle response. In addition, chlordiazepoxide only
decreased the overall startle response when tested in same context,
suggesting that this reduction in overall startle results from a decrease
in contextual conditioned fear and not from non-specific drug effects.
This idea is supported by the finding that zolpidem reduced the overall
startle response equally in both contexts. In addition, in both experi-
ments the fear-potentiated startle response was lower in the alternate
context, as compared to the same context, indicating that the level of
cue conditioned fear expression is context-dependent.

To the best of our knowledge, this is the first study on the effect of
zolpidem in the fear-potentiated startle test. We found that zolpidem
decreased the overall startle response equally in the same and alternate
context. In addition, zolpidem reduced muscle strength in the grip
strength test, confirming the muscle relaxing effect of zolpidem.
Zolpidem is known for its sedative and hypnotic effects in a range of
human [15,16] and animal tests [17]. In addition, it has been asso-
ciated with reduced baseline startle responses in prepulse inhibition in
rats [18]. These effects can be attributed to its preferential affinity for
α1 subunit-containing GABAA receptors [19]. With the use of two dif-
ferent contexts, we showed that zolpidem does not affect contextual
conditioned fear in rats and that the effects of zolpidem in the fear-
potentiated startle test can be selectively attributed to its non-specific
drug effects.

In the present study, chlordiazepoxide attenuated the overall startle
response in the same context without altering this response in the al-
ternate context. This lack of effect in the alternate context was not due
to the floor effect. Because the overall startle response at 10mg/kg in
the same context was much lower than that of the different dose groups
in the alternate context. In addition, chlordiazepoxide did not affect
muscle relaxation in the grip strength test. The combined results from
the chlordiazepoxide and zolpidem experiments indicate that, even
though fear-potentiated startle is subject to the sedative effects of
compounds acting on the benzodiazepine binding site, the effects of the
non-selective benzodiazepine chlordiazepoxide on overall startle re-
sponse in the standard fear-potentiated startle paradigm, within the
dose range tested, are selectively mediated by a reduction in contextual
conditioned fear and not due to a sedative or muscle relaxing effect.
This finding is in contrast to Guscott et al. [12] who did report an effect
of chlordiazepoxide on non-cued trials in a different context. A possible
explanation for this discrepancy could be the differences in training
protocol used for the different context experiment in the Guscott study
and the removal of the grid floor in the alternate context in our study. In
the Guscott study, the used set up resulted in a relatively high response
to non-cued trials and diminished sensitivity of cued-trials to the an-
xiolytic effects of chlordiazepoxide. This may suggest that the differ-
ences in training protocol and changes in contextual cues may have
affected the discreteness of cued fear conditioning and thereby affected
the general state of anxiety of the animals. This may have increased the
sensitivity of non-cued trials for the anxiolytic effects of CDP in the
Guscott study. Nevertheless, both studies highlight the importance of
including context as an experimental factor when analyzing anxiolytic
activity; Guscott et al. did so by studying different anxiolytics with
limited sedative and/or motor relaxant effects. We confirm those
findings and add to their study by showing the lack of context-depen-
dent effects of zolpidem, in the presence of sedative and motor relaxant
effects. To the best of our knowledge, this is the first study in rodents
that disentangled contextual fear and non-specific drug effects of
chlordiazepoxide by comparing its effects to that of a known sedative
and muscle relaxing α1-selective hypnotic.

In line with previous fear-potentiated startle studies, chlordiazep-
oxide attenuated the expression of cued conditioned fear in the present
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study. Interestingly, the anxiolytic effect of chlordiazepoxide on con-
textual conditioned fear is apparent at lower doses than its anxiolytic
effect on cued fear, which is consistent with [12]. This may suggest that
chlordiazepoxide, and possibly anxiolytic benzodiazepines in general,
may act more effectively on contextual conditioned fear than on cued
conditioned fear. Several human studies have reported that other
benzodiazepines, such as diazepam, oxazepam, and alprazolam, are not
effective in reducing the fear-potentiated startle response in humans but
significantly reduce contextual fear [20,21]. This suggests that the drug
effects on contextual conditioned fear may actually show high trans-
lational value and studying this type of fear more consistently may
improve our understanding of the mechanisms underlying pathological
anxiety.

It is noteworthy that a lower cued fear response was observed in rats
tested in the alternate context. This finding shows the facilitating role of
contextual information on the expression of cued fear, already reported
in both rodents and humans [12,22,23]. This further strengthens the
translational value of the fear-potentiated startle paradigm.

Unexpectedly, an increase in difference score was observed after
treatment with the middle dose of zolpidem (3.0mg/kg). Such an in-
crease could be interpreted as an anxiogenic effect. Since zolpidem has
not been associated with anxiogenic actions, it seems more likely that in
the presence of the aversive cue-light, the non-specific drug effects of
zolpidem were less strongly expressed than during non-cued trials,

because of, for example the arousal-inducing effect the cue-light may
have [24]. But importantly, since the actions of zolpidem were in-
dependent of the test context, it is unlikely that this reduced response to
non-cued trials reflects a decrease in contextual fear.

In conclusion, the design used in the present study enabled us to
unmask the effects of chlordiazepoxide on contextual fear, by separ-
ating these from its non-specific effects. This dissociation was further
confirmed by comparing the drug profile of the anxiolytic chlordia-
zepoxide to that of the hypnotic and sedative zolpidem. According to
the present findings, chlordiazepoxide reduces contextual conditioned
fear in the absence of non-specific drug effects and at lower doses than
cued fear.

Given the important role of exaggerated contextual fear con-
ditioning in the fear generalization processes implicated in anxiety
disorders, focus in preclinical screening of anxiolytic effects could be
directed more towards the suppression of contextual fear. Hence, this
approach would be a relevant addition to standard screening tools.
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Fig. 2. Effects of zolpidem in the fear-potentiated startle and grip strength test. The figure shows the effects of zolpidem (A, n= 24 per dose) and context (B, n=48
per context) on the response to non-cued and cued trials and difference scores. The lower panel shows the effects of zolpidem on the overall startle response, non-cued
trials and cued trials in the same and alternate context (C and D, n=12) and grip strength (E, n= 24). Data are shown as mean ± SEM. ^ p < 0.05 compared to
non-cued trials. * p < 0.05 compared to the vehicle condition. § p < 0.05 compared to the same context condition. # p < 0.05 difference in overall startle response
relative to the vehicle condition.
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