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Abstract

This unit presents two basic protocols that offer rapid assessments of anosmia (the absence of a
sense of smell) in mice. The buried food test is used to check for the ability to smell volatile odors.
The olfactory habituation/dishabituation test is used to test whether the animal can detect and
differentiate different odors, including both non-social odors and social odors. A non-contact
method of odor presentations, along with a general method of collecting urine samples, is given as
the alternate protocol. The tests described in this unit can be readily adapted and require only the
most basic equipment.
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Unit Introduction

Olfactory information is essential for a wide range of mouse behaviors, including
navigating, foraging, avoiding predators, kin recognition, bond formation, mate selection,
sexual and parental behaviors (Doty, 1986; Schellinck et al., 1993; Brennan, 2004; Keverne,
2004; Restrepo et al., 2004; Kavaliers et al., 2005). Many behavioral tasks designed for mice
depend on olfactory cues, including social choice tests and some learning and memory tests.
In many other mouse behavioral tasks, olfactory deficits would interfere with performance
and produce false positive results. Accurate assessment of olfaction is critical for proper
interpretation of various mouse behaviors, especially within the social domain. This unit
presents two protocols that offer rapid assessments of anosmia (lack of the sense of smell) in
mice.

The buried food test (see BASIC PROTOCOL 1), which relies on the animal's natural
tendency to use olfactory cues for foraging, is used to confirm ability to smell volatile odors.
The main parameter is the latency to uncover a small piece of chow, cookie, or other
palatable food, hidden beneath a layer of cage bedding, within a limited amount of time.
The olfactory habituation/dishabituation test (see BASIC PROTOCOL 2), which relies
on the animal's tendency to investigate novel smells, is used to test whether the animal can
detect and differentiate different odors. Both non-social odors and social odors can be used
as stimuli. An Alternate Protocol, which describes methods of non-contact odor
presentations and urine collection, is provided for the BASIC PROTOCOL 2.

NOTE: All protocols using live animals must first be reviewed and approved by an
Institutional Animal Care and Use Committee (IACUC) and must follow officially approved
procedures for the care and use of laboratory animals.
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Basic Protocol 1

Buried Food Test

The buried food test measures how quickly an overnight-fasted animal can find a small
piece of familiar palatable food, such as cookies, cereal, chocolate chips, food pellets, that is
hidden underneath a layer of bedding. The assumption is that food-restricted mice which fail
to use odor cues to locate the food within a 15 minute period are likely to have deficits in
olfactory abilities. The majority of mice with normal olfaction can find the hidden food
piece within a few minutes.

Materials
*  Mice: at least 6 weeks of age

Juveniles may respond differently to food deprivation.

»  Clean mouse cages (standard plastic cages, 46 cm L x 23.5cm W x 20 cm H, or
similar).

»  Cage lids. The stainless steel top which holds food and water interferes with
observation and should not be included in the setup.

»  Fresh cage bedding to create a 3 cm layer in each cage.

For each subject, a clean cage (washed and dried by the animal care cage washing
facility) and clean bedding should be used. DO NOT re-use cages or bedding. The
cage lid can be reused.

»  Food stimulus. Teddy Grahams (Nabisco, Hanover, New Jersey) or another mini
cookie of a uniform size is preferred. Since this kind of cookie does not have to be
broken into small pieces, there is minimal scatter of cookie crumbs, which could
mislead the subject. Other choices for the food stimulus include sweetened cereal
such as Froot Loops (Kellogg's, Battle Creek, Michigan), chocolate chips, squares
of hard cheese, or small pellets of standard chow. Particles should weigh about 1.5
grams.

» Digital timer. To monitor the test length (Maximum = 15 min)
»  Stopwatches

The noise generated when the timer stopwatch is clicked is likely to distract
subjects. To silence a stopwatch, cut the relevant wire inside the stopwatch with a
wire cutter.

Odor familiarization

1. For two to three consecutive days before the test, put a piece of cookie (exactly the same
kind as will be used in the test) in subjects' cages. Check the cages the following morning to
see if the cookie has been consumed. If the cookie is not consumed, it may not be highly
palatable to the mice. In that case, choose another food stimulus and repeat step 1 until a
palatable food has been determined.

Food deprivation

2. 18-24 hours before the test, remove ALL chow pellets from the food hopper of the home
cage. Check inside of the cage and remove any pellet fragments that may be scattered within
the cage. Do not remove the water bottle.

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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The buried food test is more sensitive when the animals are given an overnight fast rather
than moderate food deprivation (Dawson et al., 2005). Food will be replaced upon the
completion of the buried food test.

Scoring the latency to find the cookie

3. The test begins by placing a subject mouse in a clean cage (46 cm L x 23.5cm W x 20
cm H) containing 3 cm deep of clean bedding. The subject is allowed to acclimate to the
cage for 5 min.

It is feasible for one investigator to test two subjects at the same time. If this is the case,
make sure to place the two cages at least 0.5 m apart to ensure that mice in the two cages do
not influence each other's behaviors. Prepare a timer and a stop watch for each cage. Do
not remove the subject that finds the cookie first. Wait until both subjects have completed the
test before removing them, to avoid disrupting the second mouse.

4. Transfer the subject to an empty clean cage. In the cage containing bedding, bury the food
stimulus approximately 1 cm beneath the surface, in a random corner of the cage. Smooth
out the surface.

5. Re-introduce the subject to the cage, replace the cage lid. The observer then retreats to the
observation station (which should be about 2 m away from the cage). Start the timer and the
stopwatch, and then stop the stopwatch when the subject mouse finds the buried food. A
subject is considered to have uncovered the cookie when it starts to eat, usually holding the
food with forepaws.

Record the latency to find the cookie and take notes on whether the food was consumed. If
the subject fails to find the buried food after 15 minutes have elapsed, stop the test and
record 900 sec as its latency score.

Another useful parameter to determine is the percentage of subjects that fail to find the
cookie within the 15 min time limit. Derived statistical analysis has been described (Luo et
al., 2002). If the animals are tested for multiple trials in this task, compare the latency to find
the stimulus across trials as well as between groups (Dawson et al., 2005).

Basic Protocol 2

The Olfactory Habituation/Dishabituation Test

This test consists of sequential presentations of different odors. A commonly used sequence
is water, two non-social odors, and two social odors. Each odor (or water) is presented in
three consecutive trials for a duration of 2 min. The inter-trial interval is 1 min, which is
about the amount of time needed to change the odor stimulus (Wesson et al., 2008).
Habituation is defined by a progressive decrease in olfactory investigation (sniffing) towards
a repeated presentation of the same odor stimulus. Dishabituation is defined by a
reinstatement of sniffing when a novel odor is presented (Woodley and Baum, 2003; Wrenn
et al., 2004; Wersinger et al., 2007). This test assesses whether an animal can smell and if it
is able to distinguish same and different odors. The method described here involves minimal
inter-trial manipulations. Since the odor stimulus (the cotton tip part of the applicator) does
not touch any part of the cage or cage lid, cross-trial contamination is easily avoided. A
disadvantage of the basic method is that the animals could gnaw and even pull the
applicator, rendering this method unsuitable for experiments in which highly attractive odors
(such as those of the opposite sex or palatable food) are used as odor stimuli. See the
Alternate Protocol for a non-contact odor presentation method.

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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Materials

Pre-test acclimation

Mice: 6-weeks of age or older (sexually mature).
One stopwatch (silenced, as indicated in Basic Protocol 1) to record sniffing time.
One digital timer to register the 2 min trial duration.

Cotton-tipped wooden applicators (6 in. length, Solon Manufacturing Company,
Solon, Maine), or similar.

Prepare a sufficient number of applicators on the day of the experiment.
Regular mouse cages, contain only clean fresh wood chip bedding.
Clean plastic cage lids, one for each cage.

Glass vials for water and solutions. Label the vials clearly and keep them tightly
capped when not in use.

Odor stimuli

— Non-social odors: (1) distilled water, (2) almond extract (McCormick,
Hunt Valley, MD; 1:100 dilution), (3) banana extract (McCormick, Hunt
Valley, MD; 1:100 dilution), or similar. Use distilled water to prepare
solutions. Prepare fresh solution for each day.

Almond and banana extract are selected because they are distinct yet
neutral odors. To ensure consistent odor potency, replace concentrated
extract every few months. Store extracts away from direct sunlight and
heat.

— Social odors are obtained from mice of the same or opposite sex as the
subject, depending on the scientific question. Two cages containing mice
which have not been changed for at least three days are needed for social
odors 1 and 2. Either group-housed or singly-housed animals can be used
as sources of social odors; just make sure that the two cages each contain
the same numbers of animals. Odor source cages should be maintained
OUTSIDE the experimental testing room. Urine samples from unfamiliar
mice can be used instead of cage swipes. Methods for collecting urine are
described in the Alternate Protocol.

If space limit prohibits keeping social odor source cages outside the
testing room, leave the cages in the vivarium. Instead, pre-swab the cages
with three applicators and keep the swabs in sealed bags until needed.

A large lidded jar to dispose used applicators.

A temporary disposal container helps to prevent cross-trial contamination. Empty
the jar after each animal.

1. Place the mouse subject in the testing cage and cover with the cage lid. Allow the animal
to acclimate for 30 min. Insert a clean dry applicator through the hole on the cage lid during
the pre-test acclimation period. This procedure is essential to reduce novelty-induced
exploratory activity during the olfaction test. For a slant-top cage lid (left), insert the
applicator through the water bottle hole. The metal piece that covers the hole will snap back

and hold

the applicator in place. For a flat-top cage lid (right), insert the applicator through a

hole on the grid cage lid and use a small weigh boat (4.5 x 4.5 cm) to stabilize the
applicator. (Figure 1).

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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For time efficiency, stagger acclimation and testing of successive subjects. It is highly
recommended to acclimate the subjects in a dedicated room separated from the testing
room. If such a set-up is not possible, make sure to keep the acclimating subjects as far as
possible from the subjects being tested.

Testing olfactory habituation/dishabituation

2. To ensure accurate scoring of sniffing, position the cage on an eye-level flat surface.

3. Determine the order of odor presentation. One standard order of odor presentations is:
water, water, water, almond, almond, almond, banana, banana, banana, unfamiliar social
cage 1, unfamiliar social cage 1, unfamiliar social cage 1, unfamiliar social cage 2,
unfamiliar social cage 2, unfamiliar social cage

4. To prepare non-social odor stimuli, dip only the cotton tip part of the applicator in the
solution for 2 sec, take out the tip and recap the vial immediately. To prepare social odor
stimuli, swipe the cage bottom in a zigzag fashion several times, then shake off the bedding
from the cotton tip.

5. To begin a trial, insert the applicator into the cage lid as described in step 1. To avoid
cross-trial contamination, it is extremely important to insert the wood end first through the
hole. Cover the cage with the cage lid to which the applicator has been affixed. Retreat to
the scoring station (2 m away from the cage) and start the timer.

To avoid cross-trial contamination, never insert the cotton end through the hole. Be sure to
anchor the applicator at the same angle and to the same depth (about 2.5 cm) each time.

6. Use the stopwatch to record cumulative time spent sniffing the tip during the 2 min trial.
Sniffing is scored when the animal is orienting towards the cotton tip with its nose 2 cm or
closer to the tip.

7. After the completion of each trial, take off the cage lid and quickly change the applicator.
Place the cage lid back and start the next trial. The inter-trial interval is about 1 min.

As in the buried food test, do not return a tested subject back to its home cage until all
animals in that cage have been tested.

8. Analyze data for each group using repeated measures ANOVA followed by Newman-
Keuls or a similar post hoc test to determine significant habituation, i.e. less time sniffing
successive same smells, and dishabituation, i.e. more time sniffing a new smell.

Alternate Protocol (for BASIC PROTOCOL 2), adapted from (Wersinger et al., 2007;
Jakupovic et al., 2008). Title: Testing olfactory habituation/dishabituation with non-
contactable odor stimuli

The odor presentation procedure described in the Basic Protocol 2 allows the animal to have
direct contact with the odor stimulus. In experiments which test the animals' ability to sense
volatile components of odorants, direct contact should be prevented. Non-contact
presentation is also advantageous when highly attractive odors are used. The Alternate
Protocol introduces a method of non-contact odor presentation.

Materials
» Mice: at least 6 weeks of age (sexually mature)

» A stopwatch (silenced, as described in BASIC PROTOCOL 1)

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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A digital timer to register trial duration (2 min).

Clean mouse cages containing fresh wood chip bedding.

Cage lids, including the plastic top and the stainless steel grid top.
Fine wire mesh.

Small plastic weigh boats (4.5 cm x 4.5 cm).

Filter paper, cut into individual squares (2 cm x 2 cm).
Double-sided tape

Pipette and pipette tips

A large lidded jar to dispose pipette tips and pieces of filter paper

Prepare odor stimuli

1.

5.

Urine Collection

Materials

Affix a piece of fine wire mesh against the grid bars of the empty stainless steel
food hopper.

While a metal cage lid suffices to prevent the subject from gnawing or pulling the
odor stimulus, nasal contact is still possible without the wire mesh. Since urine
contains both volatile and non-volatile components, it is necessary to prevent direct
contact if one wishes to study olfactory investigation behaviors elicited by volatile
components of urine. To prepare the odor stimulus, pipette a small amount (10 pL)
of solution or urine onto a piece of filter paper which is taped to a small plastic
weigh boat. Collection of urine is described below.

To save time between trials, line up 15 (or the number needed for each animal)
weigh boats on the table and use double-sided tape to adhere a piece of clean filter
paper (2 cm x 2cm) to each weigh boat. To change the odor stimulus, simply take
the next weigh boat and pipette the solution (or urine) on the filter paper and
proceed to the next trial. Discard the used filter paper in the lidded jar before
preparing the next stimulus.

Tape the filter paper to the weigh boat and then pipette the solution, rather than the
other way around, has the advantage of reducing contamination

To avoid cross-trial contamination, it is important to make sure that the wet (odor
saturated) filter paper is not touching the grid bars of the stainless steel cage lid.

Place the weigh boat on top of the wire mesh, with the filter paper facing
downward. Use the stopwatch to record the time the subject spends sniffing the
filter paper directly, with its nose within the perimeter of the weigh boat.

After each trial, change the odor stimulus and proceed to the next trial. The
sequence of odor presentation is the same as indicated in step 3 of BASIC
PROTOCOL 2.

*Data are analyzed the same way as described in BASIC PROTOCOL 2.

Microcentrifuge tubes or clean glass vials.

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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A urine sample is usually a mixture of urine from multiple adult mice. A standard male
sample is pooled from 10 gonadally intact males. A standard female sample is pooled from
10 non-cagemates and is likely to be a mixture of urine from females at various stages of the
estrus cycle (Wersinger et al., 2004; Achiraman and Archunan, 2006).
For techniques on collecting samples from gonadectomized males and/or female samples
animals with stable circulating levels of sex hormones, see (Wesson et al., 2006; Martel and
Baum, 2007)
1. Collect urine by holding the mouse by the scruff of the neck over a funnel and
gently applying pressure to the abdomen. One animal typically discharges 0.2-0.3
ml of urine. Avoid fecal contamination while collecting urine.
2. Aliquot the pooled sample in 500 ul vials and store at —20°C until use.
Thaw individual aliquots as needed. Do not thaw and refreeze samples. Vortex the
thawed samples thoroughly before using.
If individual urine samples are needed, collect urine evenly onto filter papers
(Whatman no. 5). Seal papers in individually labeled small plastic bags and freeze
immediately at —20°C until later use (Kavaliers et al., 2006).
Commentary

Background Information

The buried food test—This test was first described in the early 1970s (Alberts and Galef,
1971; Edward et al., 1972). Since then, various versions of the buried food test have been
described under names such as “hidden cookie test”, “food exploration test”, or “food
localization test” (Klein et al., 1996; Yamada et al., 2001; Del Punta et al., 2002; Luo et al.,
2002; Dawson et al., 2005; Quiroz-Padilla et al., 2006). Cereals, chocolate chips, various
kinds of cookies, and food pellets have been successfully used. The buried food test
measures an animal's general ability to smell and is not to be confused with the sand-buried
food test which measures an animal's ability to associate an odorant with a food reward

(Wong et al., 2000; Trinh and Storm, 2003).

The olfactory habituation/dishabituation test—This test, which was first described
in the early 1980s (Gregg and Thiessen, 1981), is commonly used to assess an animal's
ability to detect odors and to discriminate between different odors (Alberts and Galef, 1971,
Klein et al., 1996; Yamada et al., 2001; Del Punta et al., 2002; Trinh and Storm, 2003;
Woodley and Baum, 2003; Wersinger et al., 2007; Stack et al., 2008). A clean cage with
fresh bedding is typically used for testing, although some investigators prefer to test subjects
in their home cages (Martel and Baum, 2007; Martel et al., 2007; Jakupovic et al., 2008).
The pre-test acclimation phase is an important procedure because it reduces the interference
of exploration of the novel environment during the test (Macknin et al., 2004). The first
three presentations of water function to familiarize the subject with the testing procedure
(Woodley and Baum, 2003). While olfactory habituation/dishabituation has primarily
employed various non-social and social odors, it can also be used as a more sensitive test for
distinguishing different concentrations of the same odor.

Critical Parameters and Troubleshooting

The buried food test—The buried food test is a simple paradigm whose main parameter
is the latency to find the hidden food piece. It is critical to ensure that the subjects are calm
and relatively stress-free at the time of testing. Agitated animals tend to be overly active in

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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the testing cage and can not focus on the task, and therefore may produce false positive
results. To prevent disturbances, avoid cage changing during the period from familiarization
to testing. Inform the animal care staff about this requirement. On the day of testing, transfer
the animals from the vivarium to the procedure room and allow them to rest in a dedicated
quite place for an hour before starting the experiment. In most cases, such precautions
should suffice to calm the subjects. In rare cases, the animals would still exhibit aberrant
behaviors such as vigorous digging and pushing of the bedding, e.g. LP/J mice (unpublished
observation). If certain aberrant behaviors are observed in a large portion of a certain group,
consider testing the subjects in other olfaction tests.

To accurately record the latency score, start the stopwatch after you have placed the cage lid
and retreated to the observation station. It is important to sit close enough to observe the
animal clearly yet far enough to not to disturb it. An optimal distance is approximately 2 m.
Stop the stopwatch when the animal picks up the food piece with its forepaws, this is the
behavior most widely accepted as an indication of successful localization. In some cases, the
animal can be seen eating with its head bending over the food. This behavior can also be
used to indicate a success trial, even though the animal is not holding the food with its paws.

If two or more mice are to be tested from a certain cage, do not return the tested subjects
back to their home cage until all animals in that cage have been tested. Instead, prepare a
separate holding cage for the post-test mice. Last, cookies emit airborne odors, and should
be stored in resealable bags or closed containers. Keep untested subjects outside the testing
room. Only bring a small amount of the food stimulus into the testing room.

The olfactory habituation/dishabituation test—Time spent in direct olfactory
investigation is the scored parameter and it is critical to score the sniffing behavior
accurately. In the cotton-tipped applicator version of the test (see BASIC PROTOCOL 2),
olfactory investigation is defined when the animal is orienting towards the cotton tip with its
nose being 2 cm or closer to the tip. Leaning against the applicator and sniffing the wood
stick part of the applicator are NOT considered as olfactory investigation directed to the
odor stimulus. In the test described in the Alternate Protocol, olfactory investigation is
defined when the mouse rears on its hind legs and sniffs directly below the filter paper, with
its nose within the perimeter of the weigh boat. Adjust the concentration and the volume of
solutions to increase or decrease the difficulty of the test.

The critical indicators of a normal ability to smell are significant habituation and
dishabituation. To discover habituation, it is important to avoid “the floor effect” by
selecting odors which the animals will sniff for at least a few seconds at the first encounter.
To discover dishabituation, choose odor stimuli that are distinctly different. For example,
orange and lemon extracts may be too similar for the animals to differentiate.

Note that sniffing time per se depends on the attractiveness of the odor in the habituation/
dishabituation test. The standard non-social odors, vanilla, almond, and banana extract, only
elicit modest levels of sniffing (Crawley et al., 2007; Wersinger et al., 2007). These neutral
odors are preferred by investigators because they are not related to food smells that are
familiar to rodents or mates. Highly attractive odors may produce gnawing or mounting of
the stimulus that would confound the olfactory investigation scores.

General recommendations for running olfactory tests—Avoid interfering odor
sources. The experiment should be performed in a clean room free of distinct odors such as
organic smells, paints, laboratory chemicals, cleaning products, etc. The experimenter
should avoid using personal products (perfume, cologne, deodorants, soap, etc.) which emit

Curr Protoc Neurosci. Author manuscript; available in PMC 2010 July 1.
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strong odors. Use odor-free laboratory gloves. Keep the trash bin outside the room and use a
lidded jar as the temporal disposal container. Empty the jar after each subject.

Anticipated Results

The buried food test—Food-deprived mice with normal olfaction typically find the
cookie within 1 min (Dawson et al., 2005; Wersinger et al., 2007; Jamain et al., 2008). It
remains possible that a small percentage of mice with intact olfaction would fail to find the
cookie within the 15 min time limit, sometimes due to novelty-induced behavioral responses
such as immobility (sometimes observed in animals with high levels of anxiety) or vigorous
bedding shoveling (as in LP/J mice, unpublished observation). To prevent false-positive
judgments, use a complementary test, such as the olfactory habituation/dishabituation test
described in this unit, to retest animals that have failed the buried food test.

The habituation/dishabituation test—Animals with normal olfaction should show
significantly reduced sniff time when an odor is re-introduced for the 2" and 3'd time
(habituation) and a reinstatement of sniffing when a novel odor is presented. Note that
significant habituation-dishabituation, rather than high levels of sniffing, is the indicator of
normal olfaction. As Figure 3 shows, the first presentation of a water-saturated applicator
elicited moderate sniffing that declined across the second and third exposure to water
(habituation). The next presentation, an applicator saturated with almond extract (1:100
dilution), then elicited significantly more sniffing (dishabituation), which declined across the
second and third presentation of the almond odor. Similarly, sniffing resumed at a high level
to the next new odor, an applicator saturated with in banana extract (1:100 dilution), and
declined across the second and third banana presentations. Dishabituation was highly
significant to a social smell, i.e. a cotton tip wiped across the bottom of cage 1 containing a
mouse that had no previous contact with the subject, which declined across the second and
third presentation of the social cage 1. Dishabituation to a cotton tip wiped across the bottom
of cage 2 containing a different stranger mouse was seen in most mice, which declined
across the second and third presentation of the social cage 2.

Time Considerations—With the 5 min acclimation period, a trial of the buried food test
typically takes about 10-15 min for animals with normal olfaction, and 20 min if the animals
fail to find the stimulus within the maximum amount of time. A trained experimenter can
test two animals at the same, thereby increasing the throughput.

The basic habituation/dishabituation test consists of 30 min of acclimation and 45 min of
testing, and one experimenter can only test one animal at a time. Acclimation and testing can
be staggered so that each animal (except for the first one which takes 75 min) takes no more
than 50 min (45 min of testing plus a few minutes to change animals) to test.
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Figure 1.

Olfactory habituation/dishabituation setup. For a slant-top cage lid (left), insert the
applicator through the water bottle hole. For a flat-top cage lid (right), insert the applicator
through a hole on the grid cage lid and use a small weigh boat to stabilize the applicator. In
either case, always insert the wood end first through the hole. The depth of insertion is
approximately 4 cm (Wrenn et al., 2004; Crawley et al., 2007).
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Figure 2.
Olfactory habituation/dishabituation setup as described in the Alternate Protocol. The grid

bars of the stainless steel cage lid and a piece of wire mesh prevent the subject from
contacting the odor stimulus. Illustration kindly contributed by Professor Michael Baum,
Department of Biology, Boston University.
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Figure 3.

Olfactory habituation/dishabituation results from oxytocin (OT) null mutant (triangle),
heterozygote (square), and wildtype (circle) littermate mice. Generation of OT mutant mice
is described in (Young et al., 1996). Figure shown here is reprinted from (Crawley et al.
2007) with permission. N = 7 male and 10 female +/+, 14 male and 15 female +/—, 6 male
and 9 female —/—. All genotypes displayed significant habituation and dishabituation to non-
social and social odors.
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