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Effects of chlordiazepoxide on odor-induced
risk assessment behaviors in mice

COLLEEN M. GARBE, ERNEST D. KEMBLE, and PIA C. STRUNK
University of Minnesota, Morris, Minnesota

The effects of treatment with three chlordiazepoxide (CDP) doses (2.0, 8.0, and 12.0 mg/kg) on
risk assessment behaviors evoked by a novel odor were investigated. Both the frequency and du-
ration of flatback approaches and stretch attends were strongly suppressed at the highest CDP
dose. It is suggested that CDP alters normal olfactory function only at doses that attenuate offen-
sive attack, but that CDP-induced reductions in defensive behaviors, seen at lower doses, are
probably not importantly mediated by disrupted olfaction.

Chlordiazepoxide (CDP) and related benzodiazepine
compounds consistently reduce defensive or anxious be-
haviors among both wild and laboratory rodents (e.g.,
Blanchard & Blanchard, 1990; Blanchard, Blanchard, &
Rodgers, 1990; Blanchard, Hori, Rodgers, Hendrie, &
Blanchard, 1989; File, 1990; Krsiak & Sulcova, 1990),
and sometimes (e.g., Krsiak, 1979; Panksepp, 1971), but
not always (e.g., Miczek, 1974; Rodgers & Waters, 1985)
inhibit conspecific attack. These antiaggressive actions are
frequently accompanied by increased social investigatory
behaviors, consisting largely of conspecific sniffing (e.g.,
Krsiak, 1979; Poole, 1973). The latter finding suggests
that disruptions in normal olfactory function may be an
important mediator of CDP’s behavioral effects (e.g.,
Dixon, 1982). Although several other drugs do indeed
both suppress conspecific attack and alter olfactory prefer-
ences (e.g., Kemble, Behrens, Rawleigh, & Gibson,
1991; Kemble, Schultz, & Thornton, 1986; Ostrem,
Rawleigh, & Kemble, 1992; Soffie & Lamberty, 1988),
CDP was not found to alter preference for conspecific
odors or rejection of novel odors in a recent study (Garbe,
Rawleigh, Kemble, & Bursell, in press). Subsequent re-
search, however, suggested that olfactory preference may
be rather insensitive to variations in the emotion-
provoking properties of odors. When confronted by the
odors of familiar antagonists (Garbe & Kemble, 1993),
subordinate mice display species-typical risk assessment
behaviors (flatback approaches, stretched attention
postures, or stretch attends, and immobility), which are
quite similar to those evoked by predatory odors (Blan-
chard, Blanchard, Weiss, & Meyer, 1990). These re-
sponses are virtually absent among dominant mice exposed
to subordinate odors. Despite the marked differences in
risk assessment by dominant and subordinate males, how-
ever, both groups showed comparable levels of approach
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to, and contact with, the conspecific odorants. Thus, sim-
ilar levels of approaches to (and apparent preference for)
odors during preference testing may result from strikingly
different emotional/motivational states. Direct observation
of risk assessment would therefore seem to offer a more
unambiguous index of CDP’s possible effects on odor-
induced fear. The present experiment provided such data.

METHOD

Subjects

The subjects were 39 experimentally naive male CD-1 mice weigh-
ing 35.1-45.9 g. The mice were individually housed in 20.5%26.0
%x41.0 cm glass aquaria on 650 ml of sawdust bedding for 6 days prior
to testing. All the subjects had ad-lib access to Purina Lab Chow and
water throughout the experiment and were maintained on a 12:12-h
light:dark cycle. All testing was conducted in the home aquaria during
the light cycle and behaviors were recorded by videocamera. All the
mice were habituated to placement under the videocamera for 5 min/day
for 5 consecutive days.

Odor Source

Odors were provided by 1.0 g of untreated sheep wool, which was
clipped from donors and stored in sealed containers at —5° C until im-
mediately before its use as a stimulus. Selection of this odor was based
on previous data (Garbe, Kemble, & Rawleigh, in press), which re-
vealed that cat fur and sheep wool evoked virtually identical patterns
of risk assessment behaviors.

Procedure

On the day of testing, the subjects were randomly assigned to weight-
balanced groups designated to receive 2.0, 8.0, or 12.0 mg/kg doses
of CDP by intraperitoneal injection (ns = 10) or an equivalent volume
of isotonic saline (n = 9) 30 min prior to testing. The CDP doses were
well within the range known to effectively reduce defensive behavior
(e.g., Blanchard et al., 1989; Rodgers & Waters, 1985). Immediately
prior to drug or saline injection, food and water containers were re-
moved from the aquaria although food embedded in the sawdust sub-
strate (5-10 pieces per aquarium) was left undisturbed. The aquarium
was then covered with a sheet of clear Plexiglas for videotaping. Next,
the wool was scattered evenly across the half of the aquarium most dis-
tal to the mouse. Risk assessment behaviors (flatback approach and
stretched attention postures) and appetitive behaviors (rearing, groom-
ing, eating) were then recorded for 10 min. In addition, the number
of entries into, and time spent in, the odorous half of the aquarium was
recorded. Because some behaviors were totally absent among a substantial
number of mice, Kruskal-Wallis tests were employed for overall anal-
yses and Mann-Whitney U tests were utilized for individual comparisons.
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RESULTS

The frequency and duration of flatback approaches and
stretch attends are depicted in Figure 1. There were sig-
nificant overall drug-induced decreases in the frequency
(H =11.12, p < .05) and duration (H = 14.31, p <
.01) of flatback approaches. There was also a significant
overall reduction in stretch attend frequency (H = 11.17,
p < .05) and a marginally significant reduction in dura-
tion (H = 7.27, p < .10). These overall effects were
almost entirely accounted for by the striking reductions
in both flatback approaches and stretch attends at the
highest dose of CDP. The frequencies and durations of
flatback approach at the 12.0 mg/kg dose differed signif-
icantly from all other groups (ps < .05-.005). The
2.0 mg/kg dose also produced a marginally significant re-
duction in flatback duration (p < .10) relative to saline
but there were no other significant differences among the
doses (ps > .10). Similarly, the frequency of stretch at-
tends was strikingly reduced at the 12.0 mg/kg dose rel-
ative to all other groups (ps < .05-.005), but with no
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Figure 1. Mean frequency and duration of flatback approaches
and stretch attends by groups receiving 0 (saline), 2.0, 8.0, and
12.0 mg/kg CDP treatments.
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reliable differences among the remaining groups (ps >
.10). In addition, drug treatment produced a marginally
significant overall increase in eating frequency (H = 6.42,
p < .10) and duration (H = 6.51, p < .10), which
seemed largely due to substantial increases in this mea-
sure at the 12.0 mg/kg dose. Drug treatment also pro-
duced a marginally significant increase in time spent in
the odorous half of the aquarium (H = 6.68, p < .10).
There were no reliable overall group differences in the
frequency or duration of rearing or grooming (all ps >
.10). The number of entries into the odorous half of the
aquarium was also similar among all groups (p > .10).

DISCUSSION

The strong suppression of risk assessment seen at the highest CDP
dose is generally consistent with the suggestion that alterations in nor-
mal olfactory function contribute to the suppression of offensive attack
by benzodiazepines (e.g., Dixon, 1982) and perhaps other drug classes
as well (e.g., Kemble et al., 1986, 1991; Soffie & Lamberty, 1988).
Because the lower doses of CDP used in the present experiment are also
known to reduce defensive threat and attack behavior (e.g., Blanchard
et al., 1989), they might also have been expected to reduce levels of
risk assessment as well. It should be noted, however, that CDP seems
to have biphasic effects on agonistic behaviors (e.g., Rodgers & Waters,
1985). At lower doses, CDP seems to consistently reduce defensive be-
haviors (e.g., Blanchard et al., 1989) but may actually increase attack
behavior (e.g., Zwirner, Porsolt, & Loew, 1975). Attenuation of at-
tack behavior, in contrast, is most consistently observed at consider-
ably higher doses (e.g., Krsiak, 1979). Thus, CDP-mediated shifts in
olfactory function may be restricted to higher dose levels, which also
suppress attack behavior. If so, the present results further suggest that
the consistent suppression of defense, seen with lower CDP doses, is
not mediated by altered olfactory activity.
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