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Chlordiazepoxide and Tonic Immobility:
A Paradoxical Enhancement
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RAGER, D. R., G. G. GALLUP, JR. AND J. W. BECKSTEAD. Chlordiazepoxide and tonic immobility: A paradoxical
enhancement. PHARMACOL BIOCHEM BEHAYV 25(6) 1237-1243, 1986.—Four experiments were conducted with chick-
ens to examine the effects of chlordiazepoxide on tonic immobility, which has been implicated as an innate fear response.
Not only did chlordiazepoxide produce a paradoxical dose-dependent increase in the duration of tonic immobility, but birds
treated with chlordiazepoxide showed significantly enhanced shock-termination thresholds. Using two separate tolerance
paradigms, the enhancement due to chlordiazepoxide was shown to be independent of the sedative and/or muscle relaxant
effects of the drug. These findings have interesting implications for the supposed anxiolytic effects of the benzodiazepines
and the relationship between fear and serotonin in avian species.
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TONIC immobility (T1) is a peculiar response that has been
observed in a wide variety of species. The response is char-
acterized by a temporary loss of the righting reflex and
profound motor inhibition, and is typically induced by a brief
period of physical restraint. Initially, an organism will resist
such restraint. However, once the struggling subsides and
the organism is gently released, it may remain immobile for
periods of time ranging anywhere from a few seconds up to
several hours. One prevailing view of TI is that it functions
as a predator defense ([38]; for a review see [11]). Related to
this view of TI as an evolved predator defense is the idea that
it may be related to fear. Specifically, manipulations de-
signed to increase fear have been shown to potentiate tonic
immobility. For example, pre-exposure to electric shock
[12], loud noise [17], or a stimulus that has conditioned fear
properties [14], or testing under conditions of a simulated
predatory encounter [16] all prolong TI duration. Con-
versely, reducing fear through handling and familiarization
prior to testing [18,33], through repeated testing [30],
through the use of a tranquilizer [13], or by presentation of a
stimulus that had previously been paired with termination of
shock [29] attenuates TI duration.

Much of the recent work on TI has aimed at identifying
the neurochemical changes underlying the response. Phar-
macological manipulations affecting at least three neuro-
transmitter systems have been shown to affect tonic immo-
bility (for a review see [15]). In particular, serotonin (5-HT)
has been hypothesized to play a major role in mediating the
response, and a serotonergic midbrain-raphe model of TT has
been proposed, elaborated, and refined {2, 21, 30, 49]. The
most recent revision of the model [2] theorized that de-

creased activity at post-synaptic 5-HT receptors results in
potentiation of TI, while 5-HT receptor stimulation at-
tenuates the response.

Thus both fear and 5S-HT appear to play important roles in
TI, but as yet there has been no formal attempt to integrate
and relate these factors to the immobility response. The ben-
zodiazepines, a class of drugs believed to exert effects on
both of these factors, may provide a means of examining the
relationship between fear and serotonin on tonic immobility.
Several recent studies provide support for the fear-reducing
effects of the benzodiazepines. For example, Davis [6] using
the potentiated startle to measure conditioned fear in rats,
found that diazepam and flurazepam attenuated this re-
sponse. Similarly, Helmstetter and Fanselow [20] reported
that midazolam blocked the freezing and analgesia usually
elicited in rats placed in a context previously paired with
shock. There is also evidence that the anxiolytic or fear-
attenuating effects of the benzodiazepines may be due, at
least in part, to their effects on the serotonergic system [19,
22, 25, 40, 44, 37, 50]. While the benzodiazepines are be-
lieved to exert their anxiolytic effects by facilitating the ac-
tion of y-aminobutyric acid (GABA) [7, 10, 40, 41], GABA is
known to have an inhibitory influence on other neurotrans-
mitters, including serotonin [8,34]. Thus, benzodiazepines
may indirectly affect serotonergic function. Numerous
studies have demonstrated changes in serotonergic function
following both acute and chronic benzodiazepine adminis-
tration. For example, Wise, Berger and Stein [50] reported a
reduction in 5-HT turnover following single and repeated
doses of oxazepam, and recently, McElroy, Feldman and
Meyer [28] replicated these results using chlordiazepoxide.
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Consistent with these findings, diazepam increased retention
of intracisternally injected (C14)S-HT and (C14)5-HIAA (a
5-HT metabolite) as compared to saline injected controls [4].
Also, various benzodiazepines have been reported to elevate
brain tryptophan, 5-HT, and 5-HIAA levels [23, 34, 35, 48],
which according to a recent study [35], results from de-
creased utilization of 5-HT rather than decreased synthesis.
Electrophysiological studies have also provided evidence for
benzodiazepine effects on the serotonergic system. For
example, Trulson, Preussler, Howell and Frederickson [46]
reported that chlordiazepoxide and diazepam both produced
decreases in raphe unit activity in freely moving cats, al-
though these decreases were only significant at doses that
also produced ataxia. Similarly, several benzodiazepines
were reported to reduce multiunit activity in the dorsal raphe
of encephalé isolé rats [27]. These studies provide
strong evidence for benzodiazepine-induced changes in
serotonergic function, although whether these changes are
directly related to the anxiolytic effects of these drugs re-
mains open to question (e.g., [24, 42, 46]). Thus, the present
series of studies were designed to examine the effects of a
benzodiazepine on TI, to set the stage for a subsequent set of
studies relating these effects to changes in fear and
serotonergic activity.

EXPERIMENT |

Since TI is most often measured in terms of response
duration, the first experiment was conducted to examine the
effects of various doses of chlordiazepoxide (CDP) on TI
duration in domestic chickens.

METHOD
Subjects

The subjects were 48 straight-run Production Red chick-
ens (Gallus gallus), obtained from Welp, Inc. (Bancroft, 1A)
one day posthatch. The birds were group-reared in thermo-
statically controlled commercial brooders and received ap-
proximately 14 hours of artificial light per day. Chick feed
and water were continuously available.

Apparatus

Four test boxes, each located in a separate sound-
attenuated room were used for measuring TI duration. Each
box was constructed of plywood with an open front, and
measured 45 cm long X 29 cm wide X 35 cm high. A photo-
cell (with adjustable height) was mounted on the left side
wall of each box in order to detect response termination (i.e.,
recovery of an upright position). Each photocell was con-
nected to a timer (Lafayette Instruments Model 54020) lo-
cated outside the box, which was used to measure the dura-
tion of immobility. Each timer was wired to a light panel
mounted outside the room, which allowed the experimenter
to monitor the responses from outside the test rooms.

Procedure

When subjects were 32 days of age, they were removed
from the brooders and randomly assigned to one of four
groups. Each bird was weighed and received an intraperito-
neal (IP) injection of either 0, 5, 10, or 20 mg/kg chlor-

RAGER, GALLUP AND BECKSTEAD

3000 4

2500 —

2000

1500

1000 —

MEAN DURATION OF TON!IC IMMOBILITY (SECONDS)

500 1

| } I 1 |
T T T T
0 5 10 20

DOSE OF CHLORDIAZEPOXIDE (MG/KG)

FIG. 1. Mean duration of tonic immobility in seconds (£S.E.M.) as
a function of drug dosage.

diazepoxide HCI1 (Sigma) dissolved in 2.0 ml/kg distilled
water vehicle. Subjects were then placed in individual
cardboard boxes and transported to the test rooms, where
they remained until ten minutes after injection. Immobility
testing was conducted by an experimenter who was blind
with regard to drug treatment. Each bird was removed from
the cardboard box and placed in the TI box. Tonic immobil-
ity was induced by restraining the bird on its right side for 15
seconds, after which time the experimenter gently released
the bird, activated the timer, and left the room. If a bird
failed to remain immobile until the experimenter left the
room, the induction procedure was repeated at 60 second
intervals for up to five times. If TI could not be induced in
five attempts, that subject received a duration score of zero
seconds. For subjects that remained immobile, termination
of TI was defined by a righting response, and a 3600 second
ceiling was imposed on TI duration.

RESULTS

In the three groups that received CDP, all of the subjects
remained immobile following the first induction, while in the
control group, five of the 12 subjects required more than one
induction to elicit the response. Figure | depicts the mean TI
durations for the 0, 5, 10, and 20 mg/kg doses of chlor-
diazepoxide.

To normalize the data, the duration scores were subjected
to a square root transformation. An analysis of variance
(ANOVA) of the transformed scores revealed a significant
treatment effect, F(3,44)=3.441, p =0.024. Subsequent trend
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analysis showed this treatment effect to be dose-dependent,
with a significant linear component, F(1,44)=9.82, p=0.003.

EXPERIMENT 2

The duration of tonic immobility is typically used as a
measure of response magnitude, and in some cases the
number of inductions required to elicit the reaction is re-
corded as a measure of response susceptibility. In addition to
these traditional methods for measuring TI, several inves-
tigators [26, 37, 45] have employed a third measure referred
to as the arousal or shock-termination threshold (STT). This
technique involves inducing TI and measuring the amount of
electrical current that must be applied before the animal
rights itself, thereby terminating the immobility episode.
Since CDP increased TI duration in chickens in Experiment
1, and since Tompkins [45] reported that CDP increased
arousal thresholds in rabbits, the second experiment was
designed to examine the effect of CDP on shock-termination
thresholds in chickens.

METHOD
Subjects and Apparatus

Twenty straight-run Production Red chickens, reared
under conditions identical to those described in the first ex-
periment, served as subjects. Shock was delivered through
wires leading from the terminals of a Lafayette shock
generator (Model 82400), and shock-termination thresholds
were read directly from the meter of this apparatus.

Procedure

At 32 days of age, the subjects were randomly divided
into two groups. One half of the birds were weighed, and
received IP injections of 20 mg/kg of CDP dissolved in 2
ml/kg distilled water. The remaining birds were weighed, and
received equivolume vehicle injections. Following injection
each subject was transported to the test room in a cardboard
box where it was left undisturbed for ten minutes. Next, the
bird was removed from the box and placed on a table where a
wire leading from each of the two terminals on the shock
apparatus was wrapped around each leg. The experimenter,
seated at arms length from the bird, induced TI by restrain-
ing the subject on its right side for 15 seconds and then
slowly releasing the bird. If the subject failed to remain im-
mobile for 15 seconds after release, the induction procedure
was repeated every 60 seconds for up to five times. Birds
that failed to remain immobile after five induction attempts
were eliminated from the study. Fifteen seconds after TI
onset, the experimenter gradually increased shock intensity
from zero mA at the rate of approximately 0.1 mA per sec-
ond. Shock intensity was increased until a righting response
was observed or until the 1.0 mA ceiling was reached.
Shock-termination threshold was thus defined as the inten-
sity of shock required to elicit a righting response (see [13]
for more detail on STT methodology).

RESULTS

With the exception of two birds (one CDP-treated and one
control) that required two inductions to elicit TI, all subjects
remained immobile following the first induction. The mean
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shock intensities required to disrupt TI were 0.253 and 0.161
mA for the CDP-treated and control groups, respectively.
An ANOVA showed that birds that received CDP evidenced
significantly higher shock-termination thresholds than con-
trol subjects, F(1,18)=6.544, p=0.019.

EXPERIMENT 3

The results of Experiments 1 and 2 seem counterintuitive
in light of the relationship between fear and tonic immobility.
One would expect the anxiolytic effects of the ben-
zodiazepines to attenuate, not potentiate, the TI response.
However, in addition to their anxiolytic effects, the ben-
zodiazepines have muscle relaxant and sedative properties.
Thus, the enhancement of TI observed in Experiments 1 and
2 may be a result of such muscle relaxant/sedative side ef-
fects. Indeed, Tompkins [45] suggested that the increased
arousal thresholds observed in rabbits treated with CDP re-
flected the sedative properties of the drug. There is evi-
dence, however, that tolerance develops differentially to the
anxiolytic and sedative/muscle relaxant effects of the ben-
zodiazepines [50]. While there is general agreement that
tolerance to the sedative/muscle relaxant effects develops
rapidly, there is some controversy as to whether tolerance
develops to the anxiolytic effects. However, those studies
reporting anxiolytic tolerance have also shown that it devel-
ops more slowly than does tolerance to the sedative/muscle
relaxant effects (see [9,38] for reviews). Thus Experiment 3
was designed to assess the effects of chlordiazepoxide on TI
duration, while controlling for possible sedative/muscle re-
laxant effects through the use of a tolerance paradigm.

METHOD
Subjects and Apparatus

The subjects were 40 straight-run Production Red chick-
ens. All animals were obtained, housed, and fed as described
in the previous experiments. Testing was conducted in the TI
boxes described in Experiment 1.

Procedure

When the birds were 17 days of age, they were randomly
divided into two groups and each subject was fitted with a
plastic leg band denoting group membership. All birds were
weighed and one half of the subjects received IP injections of
20 mg/kg of CDP dissolved in 2 ml/kg distilled water vehicle,
while remaining birds received equivolume vehicle injec-
tions. Following injections all the subjects were returned to
the brooders. This procedure was repeated for a total of five
days at approximately the same time (between 0900 and 1100
hours) each day. Due to experimenter error in injection, one
subject from the water pretreatment group was discarded.
Testing for TI was conducted on the sixth day. On the test
day, half of the birds in each pretreatment condition (CDP or
water) were injected with 20 mg/kg of CDP (IP) while the
remaining subjects in each pretreatment condition received
IP injections of the distilled water vehicle. Thus there were
four groups of birds: (1) H,O pretreatment-H,O test, (2) H,O
pretreatment-CDP test, (3) CDP pretreatment-H,O test, and (4)
CDP pretreatment-CDP test. Subjects were then transported in-
dividually to the test rooms in cardboard boxes, where they
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FIG. 2. Mean duration of tonic immobility (+S.E.M.) as a functipn
of pretreatment with chlordiazepoxide or water, and testing with
either chlordiazepoxide or water.

remained undisturbed until ten minutes after injection. Test-
ing for TI was conducted in the manner described in the first
experiment, with a 3600 second ceiling imposed on duration.
Due to a malfunction in one of the test boxes, one subject
from the H,0-CDP group was eliminated from the study.

RESULTS

A 2x2 ANOVA revealed no significant effect of drug
treatment on the number of inductions required to elicit tonic
immobility, p>0.05. The mean number of inductions re-
quired were 1.1, 1.0, 1.5, and 1.1 for the H,0-H,0, H,O-
CDP, CDP-H,0, and CDP-CDP groups, respectively. The
mean TI durations for these four groups are shown in Fig. 2.

To correct for heterogeneity of variance, the raw duration
data were subjected to square root transformations, and a
2x2 ANOVA was performed on the transformed scores.
When administered ten minutes before TI testing, CDP sig-
nificantly prolonged TI duration, regardless of whether sub-
jects had prior exposure to the drug, F(1,34)=13.886,
p<0.001.

EXPERIMENT 4

The results of Experiment 3 appear inconsistent with the
interpretation that the enhancement of TI observed in the
first two experiments resulted from the sedative/muscle re-
laxant effects of chlordiazepoxide, since the birds receiving
repeated injections of CDP should have developed tolerance
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to these effects by the time they were tested. However, most
of the data for tolerance to benzodiazepines has been derived
from experiments with mammals [9, 39, 50], although there is
at least one report of tolerance to the sedative/muscle relax-
ant effects of these drugs in pigeons [3]. Thus, there remains
the possibility that chickens respond to chronic ben-
zodiazepine treatment differently. Therefore. in the fourth
experiment, we attempted to verify and more precisely
document the development of tolerance to the sedative ef-
fects of CDP in chickens prior to TI testing.

METHOD
Subjects and Apparatus

The subjects were 20 straight-run Production Red chick-
ens obtained and maintained in the manner described in the
previous experiments. Tonic immobility testing was con-
ducted in the boxes described in the first experiment.

Procedure

At 18 days of age, the birds were randomly divided into
two groups and fitted with plastic leg bands which identified
birds by group and subject number. Birds in one group re-
ceived IP injections of 20 mg/kg of CDP dissolved in 2 ml/kg
distilled water, and birds in the second group received IP
injections of 2 mi/kg distilled water only. Pairs of birds were
then placed in cardboard boxes, with each pair consisting of
one CDP-treated bird and one control. At ten minute inter-
vals following injection two experimenters observed each
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TABLE 1

DURATION OF TONIC IMMOBILITY AND NUMBER OF INDUCTIONS
NEEDED TO ELICIT THE RESPONSE AS A FUNCTION OF
PRETREATMENT WITH CHLORDIAZEPOXIDE OR YOKED

WATER CONTROLS (SEE TEXT)

Number of Duration of
inductions TI (seconds)
CDP-treated
Mean 1.20 745.5
S.E.M. 0.13 183.1
Control
Mean 2.30 272.4
S.E.M. 0.37 119.8

pair of birds, and independently determined whether the
animal that received CDP appeared sedated as compared to
the control subject. A bird was judged to be sedated if it
exhibited at least one of the following behaviors to a greater
extent than the water-treated member of the pair: inactivity,
ataxia, drooping head and/or wings, eyes closed, failure to
stand upright. Each pair was observed every ten minutes
until both experimenters agreed that the CDP-treated bird
had recovered from the sedative effects of the drug. When
the last CDP-treated subject had recovered, all birds were
returned to a common brooder. This procedure was repeated
at approximately the same time every day for a total of five
consecutive days. On all of these days each CDP-treated
subject was always placed with the same control subject. For
each individual CDP-treated bird, the mean amount of time
required to recover from the sedative effects of the drug on
the fourth and fifth days was calculated. This amount of time
served as the injection-test interval for TI testing which was
conducted on day six. Pairs of subjects were weighed, in-
jected with either vehicle or CDP and placed in cardboard
boxes, as on the previous days. Following the injection-test
interval (determined for each pair of subjects in the manner
described above), TT was induced using the procedures de-
scribed in the previous experiments, with a 3600 second ceil-
ing imposed on duration.

RESULTS

A one-way repeated measures ANOVA revealed that the
mean amount of time required to recover from the seda-
tive/muscle relaxant effects of the drug in the CDP-treated
group decreased significantly with repeated exposure,
F(4,36)=6.994, p<0.001. A subsequent trend analysis
showed this effect to have significant linear and quadratic
components, F(1,44)=17.38, p=0.0002 and F(1,44)=7.06,
p=0.011, respectively. Figure 3 depicts these data. Table 1
shows the means and standard errors of the CDP-treated and
control groups for both induction and duration of tonic im-
mobility. Analyses confirmed that CDP-treated birds re-
quired significantly fewer inductions, F(1,18)=7.949,
p=0.011, and remained immobile significantly longer than
control birds, F(1,18)=4.676, p=0.042.

GENERAL DISCUSSION

In the first experiment, administration of CDP ten min-
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utes prior to testing resulted in a dose-dependent increase in
TI duration. Similarly, in Experiment 2 pretreatment with
CDP increased the amount of shock needed to disrupt the
immobility response. One possible interpretation of these
results is that they are due to the sedative and/or muscle
relaxant properties of the drug employed. However, this ac-
count seems unlikely given the results of the third and fourth
experiments. With repeated exposure, tolerance to the seda-
tive/muscle relaxant effects of benzodiazepines develops
rapidly [5, 9, 39, 50]. Yet in Experiment 3, CDP administered
ten minutes prior to testing prolonged TI duration both in
birds that received five days of CDP pretreatment, and in
birds that received only vehicle pretreatment. However,
since we were unaware of any studies demonstrating the
development of tolerance to the sedative/muscle relaxant ef-
fects of chlordiazepoxide in chickens, there remained the
possibility that this species responds differently to chronic
CDP treatment. Thus, in Experiment 4 it was shown that
birds did indeed develop tolerance to the sedative/muscle
relaxant effects of chlordiazepoxide. Although subjects
treated with CDP showed some sedation across all five days
of treatment, they recovered from these effects more quickly
with repeated exposure to the drug. This reduction in time-
course of sedation resulting from repeated exposure to CDP
has also been observed in pigeons [5]. Experiment 4 also
showed that when tolerant birds were again injected with
CDP and tested for TI using an injection-test interval that
should have allowed for complete recovery from any re-
sidual sedative/muscle relaxant effects of the drug, they still
exhibited longer immobility durations than control subjects.

In addition to the effects of CDP on the magnitude of TI,
and its sensitivity to disruption by electric shock, CDP also
appeared to enhance susceptibility to the response. For
example, in the first experiment all subjects treated with
CDP (even at the lowest dose) exhibited TI on the first in-
duction, while five of the 12 control subjects required more
than one induction. Again, this effect of CDP on susceptibil-
ity to TI does not appear to be due to the sedative/muscie
relaxant effects of the drug, since in Experiment 4 tolerant
birds that received CDP prior to TI testing required signifi-
cantly fewer inductions to elicit the response than control
birds. This is particularly interesting since repeated handling
during the tolerance phase of the experiment would be ex-
pected to antagonize the TI response {33], as appeared to be
the case for the control birds. Yet the effect of CDP was to
produce a dramatic reinstatement of susceptibility, akin to
what has been reported for aversive events [11,32].

In light of these findings it is important to comment on
previous reports of tranquilization effects on tonic immobil-
ity. Most work has focused on a water-soluble tranquilizer,
metoserpate HC1 (Pacitran, CIBA), which was developed
specifically to offset the emotional effects of handling and
shipping on domestic fowl in commercial settings (see [1,3]).
In direct contrast to the effects of CDP on TI, Gallup, Nash
and Brown [13] found that chickens treated with metoserpate
HCI were significantly less susceptible to TI (i.e., required
more inductions) than controls, and in those subjects that
showed the reaction the duration of TI was inversely pro-
portional to drug dosage. Gallup, Rosen and Brown [14] not
only replicated this effect with chickens, but found that a
stimulus which had previously paired with shock would
potentiate T1 and this effect could be blocked by metoser-
pate HCl. More recently, using a different paradigm with
chickens, Suarez and Gallup [43] found that metoserpate
HCI significantly reduced distress-call, ambulation, and es-
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cape latencies in an open-field. Using an antipsychotic drug,
chlorpromazine, Maser, Gallup, Hicks and Edson [31] also
found high doses antagonized the duration of TI in chickens.
Again, the Tl-attenuating effect of this major tranquilizer is
opposite the TI-potentiating effects of CDP reported in the
present experiments.

Although the results of these experiments appear con-
trary to what is known about the effects of fear on TI, this
benzodiazepine-induced enhancement of the response may
not be inconsistent with what is known about the neuro-
chemistry of tonic immobility. As mentioned previously,
Boren and colleagues [2] have theorized that reduced stimu-
lation of post-synaptic 5-HT receptors enhances tonic im-
mobility. There is also evidence to suggest that the ben-
zodiazepines reduce serotonergic activity following both
acute and chronic administration [4, 27, 28, 46, 50]. Thus, in
the present experiments, administration of CDP may have
reduced S5-HT neurotransmission, so that the benzo-
diazepine-induced enhancement of TI observed may,
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in fact, be consistent with the Boren ¢ ¢!/. model. However.
these results remain puzzling with regard to the issue of fear.

Although anxiety and fear are often considered synony-
mous, they may in fact be distinguishable from one another.
Fear is usually considered to be specific to a particular situa-
tion or stimulus, while the source of anxiety is often more
diffuse and cannot be readily identified (i.e.. as conveyed by
the term “‘free-floating”’ anxiety). In light of the results of the
present experiments, the notion of separate neurochemical
substrates of fear and anxiety might seem worthy of further
investigation.
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