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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
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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-I mice weigh

ing 35.1-45 .9 g. The mice were individually housed in 20.5 x 26.0
x 41.0 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 thevideocamera for 5 minlday
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 COP by intraperitoneal injection (ns = 10) or an equivalent volume
of isotonic saline (n = 9) 30 min prior to testing . The COP 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- 1O 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. Becausesome behaviors were totallyabsentamong a substantial
number of mice, Kruskal-Wallis tests were employed for overall anal
yses and Mann-Whitney U tests were utilized for individualcomparisons.
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reliable differences among the remaining groups (ps >
.10). In addition , drug treatment produced a marginally
significantoverall 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 (allps >
.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 eDP
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 aI., 1986, 1991; Softie & Lamberty , 1988).
Because the lower doses of eDP used in the present experiment are also
known to reduce defensive threat and attack behav ior (e .g . , Blanchard
et aI., 1989), they might also have been expected to reduce levels of
risk assessment as well. It should be noted, however , that eDP seems
to have biphas ic effects on agonistic behaviors (e.g . , Rodgers & Waters ,
1985). At lower doses , eDP seems to consistently reduce defensive be
haviors (e.g. , Blanchard et aI. , 1989) but may actually increase attack
behavior (e .g . , Zwimer, Porsolt, & Loew , 1975). Attenuation of at
tack behavior, in contrast, is most consistently observed at cons ider
ably highe r doses (e .g. , Krsiak , 1979) . Thus, eDP-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 eDP doses , is
not med iated by altered olfactory activity .
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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 mglkg CDP treatments.

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



316 GARBE, KEMBLE, AND STRUNK

KEMBLE, E. D., BEHRENS, M., RAWLEIGH, J. M., & GIBSON, B. M.
(1991) . Effects of yohimbine on isolation-induced aggression, explo
ration, social attraction and olfactory preference. Pharmacology, Bio
chemistry &: Behavior , 40, 781-785 .

KEMBLE, E. D., SCHULTZ, L. A. , & THORNTON, A. E. (1986) . Effects
of fluprazine hydrochloride on conspecific odor preferences in rats .
Physiology &: Behavior, 37 , 53-56.

KRSIAK, M. (1979) . Effects of drugs on behaviour of aggressive mice .
British Journal of Pharmacology, 65, 525-533.

KRSIAK, M., & SULCOVA, A. (1990) . Differential effects of six struc
turally related benzodiazepines on some ethological measures of
timidity, aggression , and locomotion in mice . Psychopharmacology,
101, 396-402.

MICZEK, K. A. (1974) . Intraspecies aggression in rats : Effects of
d-amphetamine and chlordiazepoxide. Psychopharmacologia, 39,
275-301 .

OSTREM , J. L., RAWLEIGH, J. M., & KEMBLE, E. D. (1992) . Effects
of eltoprazine hydrochloride on reactivity to conspecific or novel odors
and activity . Pharmacology, Biochemistry &:Behavior, 41, 581 - 585.

PANKSEPP,1. (1971). Drugs and stimulus bound attack . Physiology &:
Behavior , 6, 317-320.

POOLE, T. B. (1973) . Some studies on the influence of chlordiazepoxide
on the social interaction of golden hamsters (Mesocricetus auratus) .
British Journal of Pharmacology, 48, 538-545 .

RODGERS, R. J., & WATERS, A. J. (1985) . Benzodiazepines and their
antagonists: A pharmacoethological analysis with particular reference
to "aggression." Neuroscience &:Biobehavioral Reviews , 9, 21-35 .

SOFFIE, M ., & LAMBERTY, Y. (1988) . Scopolamine effects on juvenile
recognition in rats : Possible interaction with olfactory sensitivity . Be
havioural Processes , 17, 181-190 .

ZWiRNER, P. P. , PORSOLT, R. D., & LoEW, D. M. (1975) . Intergroup
aggression in mice : A new method for testing the effects of centrally
active drugs. Psychopharmacologia, 45, 133-138.

(Manuscript received April 5, 1993.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




