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Abstract

Background—Abnormal hedonic behavior is a key feature of many psychiatric disorders.
Several paradigms measure reward-seeking behavior in rodents, but each has limitations. We
describe a novel approach for monitoring reward-seeking behavior in rodents: sniffing of estrus
female urine by male mice, along with number of ultrasonic vocalizations (USVs) emitted during
the test.

Methods—The female urine sniffing test (FUST) was designed to monitor reward-seeking
activity in rodents together with tests of helplessness and sweet solution preference. USVs and
dopamine release from the nucleus accumbens (NAc) were recorded. Sniffing activity was
measured in 1) manipulation-naive C57BL/6J and 129S1/SVImJ mice and Wistar-Kyoto rats; 2)
stressed mice;3) two groups of mice that underwent the learned helplessness paradigm—one
untreated, and one treated with the SSRI citalopram; and 4) GIuR6 knockout mice, known to
display lithium-responsive, mania-related behaviors.

Results—Males from all three strains spent significantly longer sniffing female urine than
sniffing water. Males emitted USVs and showed significantly elevated NAc dopamine levels
while sniffing urine. Foot-shock stress significantly reduced female urine sniffing time. Compared
with mice that did not undergo the LH paradigm, LH males spent less time sniffing female urine,
and citalopram treatment alleviated this reduction. Compared with their wildtype littermates,
GIluR6KO males sniffed female urine longer and showed enhanced saccharin preference.

Conclusions—In rodents, sniffing female urine is a preferred activity accompanied by
biological changes previously linked to reward-seeking activities. The FUST is sensitive to
behavioral and genetic manipulation and to relevant drug treatment.
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Hedonic behavior—also known as reward-seeking or pleasure-seeking behavior—and its
underlying biological basis have been extensively investigated in human and laboratory-
based animal models (1). Anhedonia is defined as a “sharp, pervasive impairment of the
capacity to experience pleasure or to respond affectively to the anticipation of pleasure” (2,
p. 349); anhedonic behavior is the objective (outward) display associated with this
subjective feeling. Notably, abnormal hedonic behavior is a key feature of many common
psychiatric diseases, including major depressive disorder (3). In contrast, the clinical
hallmark of bipolar disorder is the presence of manic symptoms, which enhance hedonic
drive and motivation (for a review, see Hasler et al. [4]). The need for paradigms that assess
reward-seeking behavior in animal models is essential for exploring mechanisms involved in
these diseases and for developing promising treatment strategies (5).

It is important to emphasize that the terms “hedonic” and “reward-seeking” behavior have
complex meanings and are sometimes used interchangeably in the literature. In this study,
we defined reward-seeking behavior as “the ability to elicit an approach behavior, similar to
incentive motivation (an incentive is defined as any stimulus that activates an approach
behavior). ... Liking and positive affect are intrinsically rewarding and are measurable by
approach, consummatory responses, or affective reactions” (6, p.15-16).

Traditionally, reward-seeking behavior in laboratory animals has been studied using three
appetitive strategies: operant paradigms, brain stimulation reward techniques, and
nonoperant paradigms (7). These include conditioned place-preference (CPP) (8-10),
intracranial self-stimulation (11), and measuring an animal's preference for sweetened fluids
(sucrose or saccharin solutions) versus water (8,12,13). Although widely used, each of these
reward-seeking paradigms has limitations. For instance, most operant paradigms depend
heavily on learning and memory and motor activity abilities (7). Similarly, the use of brain
stimulation reward techniques requires surgery and sometimes extensive training periods
that exceed the recovery time from the surgery; they also include measures that are sensitive
to altered ability to perform (11). Reduced sucrose could result from low body weight rather
than stress responses (14), and consumption can also be influenced by altered taste sensation
or appetite induced by genetic manipulation or pharmacologic treatment rather than direct
changes in reward-seeking state.

For most mammals, chemosensory cues related to sexual behavior are a primary mechanism
for social communication. This mode of communication not only transmits information, it
can even directly alter physiology and behavior (15). The urine of mice and rats, for
instance, contains substantial quantities of lipocalin-family proteins, which are thought to be
responsible for the binding and release of pheromones of low molecular weight, thus playing
arole in individual identity and scent mark ownership (16). In addition, several studies have
shown that adult mice emit ultrasonic vocalizations (USVs) with frequencies ranging from
30 to 70 kHz (17) in the presence of females or when exposed to urinary pheromones (18-
20). Indeed, past studies have used pheromones as a rewarding cue in operant paradigms
(for instance, in the CPP) (6). Thus, assays of appetitive response to pheromones may be
useful for assessing spontaneous reward-seeking behaviors without relying on components
of taste, activity, or learning/memory.

Here, we present an alternative novel approach for evaluating rodent models of mood
disorders. The female urine sniffing test (FUST) is a nonoperant test for measuring reward-
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seeking behavior in rodents based on interest in pheromonal odors from the opposite sex.
Specifically, we measured the duration of female urine sniffing and USVs emitted by male
rodents during exposure to female urine collected during the estrus phase of the female's
estrus cycle. We also conducted microdialysis to measure dopamine levels in the nucleus
accumbens (NAc) of manipulation-naive mice. NAc dopamine levels are increased by
chemical reward stimuli such as cocaine and amphetamine, and dopamine in the NAc
modulates reward behavior (21,22).

To assess the sensitivity and utility of this paradigm, we tested it in different rodent strains
(C57BL/6J mice, 129S1/SVImJ mice, and Wistar-Kyoto rats) and in several preclinical
experimental paradigms previously established for the study of mood disorders. These
included 1) the learned helplessness (LH) paradigm for detecting the “negative spectrum” of
reward-seeking behavior (23); 2) chronic treatment of mice that underwent the LH paradigm
with citalopram—a selective serotonin reuptake inhibitor (SSRI) antidepressant—to
evaluate putative SSRI reversal of this behavior; and 3) GIuR6 knockout (KO) mice to
observe the “positive spectrum” of reward-seeking behavior. We previously reported that
mice of this phenotype display a collection of behavioral phenocopies similar to the
symptoms of mania, such as hyperactivity, elevated risk-taking behaviors, aggression, and
aggravated response to psychostimulants. These behaviors can be partially alleviated by
treatment with the mood stabilizer lithium (24).

Methods and Materials

Animals

C57BL/6J and 129S1/SVImJ mice (male, 20-25 g) were obtained from Jackson
Laboratories (Bar Harbor, Maine). Wistar-Kyoto rats (male, 300-350 g) were obtained from
Taconic Farms (Hudson, New York). GIuR6KO mice and their wildtype (WT) littermates
were bred in-house as previously described (24).

All animals were singly housed 1 week before the FUST in a conventional vivarium
maintained at a constant temperature (22° + 1°C) on a 12 hour light—dark cycle (light: 6 av—6
»w) With food and water ad libitum. Behavioral tests were conducted in a separate room
between 10 av and 3 em. All experimental procedures were approved by the Animal Care and
Use Committee of the National Institute of Mental Health and followed National Institutes
of Health guidelines.

The FUST as a Measure of Reward-Seeking Activity

The basic test procedure was adapted from the olfactory habituation—dishabituation test (see
Wrenn et al. for a detailed description [25]), modified to assess reward-seeking behavior.
One hour before the test, rodents were habituated to a sterile cotton-tipped applicator
inserted into their home cage. For the test, rodents were transferred to a dimly-lit room (~3
lux lighting). The test had three phases: 1) one exposure (3 min) to the cotton tip dipped in
sterile water, during which sniffing duration was measured; 2) an interval of 45 min during
which no cotton tip was presented to the animal; and 3) one exposure (3 min) to a cotton tip
applicator infused with fresh urine collected from females of the same strain in estrus
(Figure 1), during which sniffing duration was measured. All measurements of sniffing
behavior in the FUST were conducted by two independent observers. Interrater reliability
for scoring the behaviors ranged from r =.989 to r = 1.00 (p < .01). We also conducted a
series of preliminary experiments to determine whether estrus female urine would have a
different effect on reward-seeking behavior compared with other novel odors (see Figure S1
in Supplement 1 for additional details). Details regarding the assessment of the vaginal
estrus condition of each female mouse are also described in Supplement 1.
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Vocalization Measurements

USVs were recorded during the FUST in manipulation-naive mice (C57BL/6J; 129S1/
SVImJ; GIuR6KO vs. WT and LH vs. non—learned helplessness [NLH] mice; n = 10-14).
An ultrasound Microphone (Avisoft UltraSoundGate condenser microphone capsule CM16,
Avisoft Bioacoustics, Berlin, Germany) sensitive to frequencies of 10-180 kHz was
installed approximately 20 cm above the home cage to measure any USVs emitted during
the FUST. USVs were recorded using Avisoft Recorder software (Version 3.2) as previously
described (26). Briefly, settings included a sampling rate at 250 kHz, 16-bit format.
Recordings were transferred to Avisoft SASLab Pro (Version 4.4) for acoustical analysis,
and a fast Fourier transformation (FFT) was conducted. Parameters analyzed included
number of USVs, duration of calls, and qualitative assessment of frequency and amplitude at
the maximum of the spectrum.

Surgery and Microdialysis

Surgery and microdialysis were conducted as previously described (27,28) (see Methods in
Supplement 1 for details).

The LH Paradigm and Locomotor Field Test

The LH paradigm was conducted as previously described (29) (see Methods in Supplement
1 for details). Although the locomotor activity component of the FUST paradigm is modest,
we also conducted the open field test as previously described (30) to assess whether
treatment with citalopram and saline affected locomotor activity differently. We found no
significant difference between the two treatment groups [t (17) = .834; p = .416].

Stress Paradigms

The Induction phase of the LH paradigm described earlier was used to subject manipulation-
naive mice (C57BL/6J; n = 13) to severe stress (inescapable, unpredictable, and
uncontrollable repeated foot-shocks over a 2-hour period). FUST behavior was assessed 24
hours before and 24 hours after the LH Induction phase.

Citalopram Treatment

129S1/SVImJ mice (n = 8) that had undergone the LH paradigm were anesthetized by
inhalation of 3% isoflurane in oxygen, and Alzet osmotic minipumps (model 1002, Alzet
Osmotic Pumps, Cupertino, California) were placed subcutaneously. Pumps were filled with
sterile saline or citalopram (2 umol/L) continuously infused into the third ventricle for 14
days (Alzet Brain Kit 3, Alzet Osmotic Pumps). Animals recovered for 12 days before
subsequent testing.

Saccharin Preference Test

To compare the reward-seeking behavior of GIUR6KO mice in the FUST to a widely used
nonoperant appetitive paradigm, we conducted the saccharin preference test in GIUREKO
mice and their WT controls (see Methods in Supplement 1 for details).

Data Analysis

Statistical analysis was performed using GraphPad Prism Version 4 (GraphPad Software, La
Jolla, California). Sniffing duration for manipulation-naive rodents was analyzed by paired t
tests for each strain. USV duration was analyzed by one-sample t test compared with zero
(no USVs were emitted during water exposure). Differences in dopamine levels were
analyzed by one-way repeated-measures analysis of variance (ANOVA). Sniffing duration
of C57BL/6J mice before and after the stress paradigm was analyzed by two-way ANOVA,
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with stress condition (before and after) as a repeated measure. Two-way repeated-measures
ANOVA was used to assess the following: sniffing duration in the LH paradigm as well as
number of USVs; sniffing duration between treated and nontreated LH mice; and sniffing
duration as well as number of USVs in GIuR6KO mice and their WT controls. GIUR6KO
mice and their WT controls emitted USVs only when female urine was introduced;
therefore, differences in the duration of USVs and peak call frequencies were analyzed
separately by independent t tests. Saccharin preference between GIuRKO mice and their WT
controls at different concentrations were measured by two-way ANOVA.

Data are reported as mean + SEM. Significance was evaluated at p < .05, two-tailed.

Results

FUST and Water Sniffing in Males of Three Rodent Strains

The FUST was conducted in male mice (129S1/SVImJ and C57BL/6J) and inbred Wistar-
Kyoto rats (Figure 2). Male rodents of all three strains sniffed female urine significantly
longer than water [C57BL/6J mice: t (13) = 8.28; p < .01; 129S1/SVImJ: t (10) = 4.41; p <.
01; Wistar-Kyoto rats: t (9) = 7.97; p < .01].

Vocalizations During the FUST

USVs during the FUST were monitored in a subset of mice (Figure 3). Males emitted USVs
only when female urine was present [C57BL/6J: t (13) = 2.27; p < .05; 129s1/SVImJ: t (11)
=2.25; p <.05].

Changes in NAc Extracellular Dopamine Levels During the FUST

Dopamine release in the NAc was measured in a subset of manipulation-naive 129S1/SVImJ
mice during the following periods: baseline (three samples per animal), water exposure (two
samples per animal), postwater exposure (two samples per animal), female urine exposure
(two samples per animal), post—female urine exposure after 4 min (two samples per animal),
and post—female urine exposure after 8 min (two samples per animal); an average for each
time point was calculated (Figure 4). Sample means within each period were subjected to
one-way repeated-measure ANOVA, and type of exposure was found to influence dopamine
levels significantly [F(5,20) = 4.924, p = .0063]. Post hoc tests revealed that dopamine
levels were significantly higher in urine, and post-urine | and Il periods than during
baseline, water, or postwater exposure periods (Bonfer-roni's Multiple Comparison Test:
baseline vs. urine, t = 8.805, p <.001; baseline vs. post-urine I, t = 6.676, p < .01; water vs.
post-urine 1, t = 3.644, p < .05; water vs. urine, t = 8.921, p < .001; water vs. post-urine I, t
=6.793, p <.01; water vs. post-urine Il, t = 3.17, p < .05; postwater vs. urine, t =8.737, p
<.001; postwater vs. post-urine I, t = 5.733, p < .01; postwater vs. posturine, t = 3.032, p <.
05).

Effects of Foot-Shock Stress on the FUST

The FUST was conducted in male C57BL/6J mice before and after foot-shocks
(administered during the Induction phase of the LH paradigm; Figure 5). Significant effects
were found for odor source. Mice spent more time sniffing urine than water [F (1,24) =
93.78; p < .01]. Significant effects were also found for stress; mice sniffed the cotton tip
more before the stress manipulation than after it [F (1,24) = 9.59; p <.01]. The interaction
between the two was also significant. Although foot-shock stress did not significantly alter
time spent sniffing water, it significantly reduced time spent sniffing female urine [F (1,24)
=8.55; p<.01].
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Sniffing and Vocalizations in Animals That Underwent the Learned Helplessness Paradigm

The FUST, in conjunction with USV recording, was performed in male C57BL/6J mice after
the third part of the paradigm. Both NLH and LH animals spent more time sniffing urine
than water [urine vs. water: F(1,38) = 35.55; p < .01, Figure 6A]. Overall, NLH mice sniffed
more than LH mice [F(1,38) = 50.75; p < .05]. The interaction showed that LH males
sniffed urine significantly less than NLH males; there were no significant differences
between NLH and LH mice in duration of water sniffing [F (1,38) = 6.67; p <.05]. When
we measured the number of USVs in the LH paradigm, there were significant differences
only for odor source [water vs. urine; F(1,12) = 7.95; p < .05; Figure 6B]. No significant
differences were found for helplessness conditions [NLH vs. LH; F (1,12) = .52, p = .49] or
their interaction [F (1,12) = .52, p = .49].

Effect of Chronic Citalopram Treatment on Sniffing in LH Mice

A separate cohort of 129S1/SVImJ mice underwent helplessness induction and then received
saline or citalopram treatment 12 days before the FUST. Both citalopram- and saline-treated
mice spent more time sniffing urine than water [water vs. urine: F(1,13) = 137.59; p < .01;
Figure 7]. Overall, mice treated with citalopram spent more time sniffing in both of the
conditions than mice treated with saline [citalopram vs. saline: F(1,13) = 9.20; p < .05]. The
interactions showed that although there were no significant differences between citalopram-
and saline-treated mice in time spent sniffing water, citalopram-treated mice spent more
time sniffing urine than saline-treated mice [F(1,13) = 5.88; p < .05].

Outcome of Saccharin Preference Test, Sniffing Behavior, and Vocalizations During the
FUST in GIuR6KO Mice

Male GIuR6KO mice and their WT littermates underwent the saccharin preference test
(Figure 8). In addition, another cohort of GIURGKO and WT male mice underwent the FUST
(Figure 9A), as well as USV recording during the FUST (Figure 9B-9D). GIuR6KO mice
showed a significantly higher preference for saccharin solution than water compared with
their WT controls [genotype: F(1,113) = 5.26; p < .05]. In addition, there was a significant
effect for saccharin concentration; as saccharin concentrations rose, the preference of mice
from both strains increased accordingly [F (5,113) = 14.05; p < .01]. Scheffe post hoc tests
revealed that this difference was significant at the low concentration (.05% saccharin; p <.
05). No significant effect was found for the interaction between genotype and saccharin
concentration [F (5,113) = 1.52, p =.19].

Both GIUR6KO and WT males spent more time sniffing urine than water in the FUST
paradigm [water vs. urine: F(1,20) = 78.65; p < .01; Figure 9A]. Genotype had no
significant effect on the sniffing per se [genotype: F(1,20) = 4.26, p = .052]; however, a
significant interaction revealed that GIUR6KO mice sniffed the female urine more and spent
less time sniffing water than their WT controls [F (1,20) = 8.56; p <.01; Figure 9A].

Similarly, vocalizations were significantly influenced by genotype and odor source [water
vs. urine; F(1,22) = 24.04; p < .01; genotype (GIUR6KO vs. WT); F(1,22) = 5.41; p < .05;
interaction F(1.22) = 5.41; p < .05; Figure 9B]. GIUR6KO mice emitted more USVs than
their WT controls, the duration of these USVs was longer [t (22) = 2.87; p< .01; Figure 9C],
and the frequency of the USVs was higher [t (22) = 2.74; p < .05; Figure 9D].

Discussion

We designed and validated a novel, simple test to assess changes in reward-seeking behavior
in rodent models of mood disorders. The FUST described here has two components: 1)
presenting an ordinary, natural, sexual incentive stimulus and 2) observing rodent behavioral
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response to the stimulus. To the best of our knowledge, this is the first study to demonstrate
that interest in pheromones from the opposite sex (31) can provide a quantitative,
nonoperant measure of reward-seeking behavior in rodent models of mood disorders.

The FUST was derived from two previous areas of investigation: using estrus urine or
bedding as a sexual incentive stimulus (31,32) and the olfactory habituation—dishabituation
test (25,33-37). Echoing the rodent response to sexually receptive females, estrus urine is
known to elicit behavioral displays similar to reward incentive stimuli, including shortened
approaching time to stimulus, increased number of approaches, and longer time spent with
the approached stimulus (for a review, see Martinez-Garcia et al.) (38). Given that the
hormonal factors and neural circuitry that control those elements are similar (39), we
hypothesized that sexual incentive motivation could be used to evaluate reward-seeking
behavior under conditions relevant to the study of mood disorders. Although we cannot
discount the putative contribution of the novelty of estrus female urine in the reward-seeking
behavior observed in this study, our preliminary data show that it is not novelty per se but
rather the sexual reward—preference component that contributes to the reward-seeking
behavior observed here (Methods in Supplement 1).

In this study, the time male rodents spent sniffing female estrus urine was used to assess
reward-seeking behavior. Given that male mice vocalize in the ultrasonic range in the
presence of females and when exposed to female urinary pheromones (17), we also
measured USVs during this procedure to validate further these behavioral observations. Our
results indicate that both mice and rats found a cotton-tipped applicator dipped in female
urine more rewarding than one dipped in water, as previously described (35-37). All rodent
strains in this study spent more time sniffing the female urine and emitted USVs only when
female urine was introduced.

USVs in adult mice have not been well characterized, and much remains unknown regarding
whether particular calls reflect positive or negative affective states (40). In male mice, USVs
are primarily reported in reproductive contexts (41); the USVs elicited by female urine are
emitted in frequencies ranging from 30 to 110 Hz (42). In rats, USVs are thought to
facilitate sexual behavior (43) and help keep females in near proximity (44). Typically,
sexually receptive females and estrus bedding elicit 50-Hz calls, believed to reflect positive
affect in rats (43). These findings support the notion that male USVs may play a key role in
facilitating mounting and/or intromission in rodents (45). In addition, several studies have
found that systemic or NAc administration of amphetamine increased 50 -Hz USVs in rats
(46,47) and 30-Hz USVs in mice (45). Here, we similarly showed that the odor of female
urine elicited USVs in rodents, suggesting that it has physiologic incentive properties that
may reflect those of sexually receptive females and psychostimulants.

We also measured dopamine levels in the NAc of manipulation-naive mice (129S1/SVImJ)
during the FUST. The NAc and its dopaminergic inputs from the ventral tegmental area are
key anatomic substrates for various rewards, including food, sex, and social interactions
(48,49). In rodents, consuming natural rewards (such as food, sugar, or sugar derivatives) or
receiving chemical rewards (such as psychostimulants) activates NAc neurons and increases
dopamine levels in the NAc. Previous studies found that encounters with sexually receptive
females or estrus urine or bedding caused dopamine release in the NAc of male rodents (50).
Consistent with the literature, we found that mice exposed to female urine exhibited
significantly elevated dopamine levels compared with baseline and to levels exhibited
during water exposure. This suggests that these rodents found the female urine to be a
rewarding cue, and their responsiveness to this cue was mediated via a prominent reward
network.
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Finally, we assessed the ability of the FUST to differentiate between animals at opposing
ends of the reward-seeking spectrum. As a model of depression, we used the well-validated
LH paradigm (51) in which roughly 50% to 80% of mice develop failure to escape—also
known as learned helplessness—after uncontrollable and inescapable foot-shocks. This
failure to escape persists for weeks and can be alleviated by repeated or chronic—but not
acute—treatment with antidepressants (52). We used the LH paradigm to detect the
sensitivity of the FUST and validate its usefulness and found that animals that underwent
this paradigm spent less time sniffing estrus urine but not water (Figure 5), suggesting that
the FUST is sensitive to the influence of stressors. Similarly, LH mice (manipulation-naive
C57BL/6J) spent less time sniffing estrus urine, but not water, than NLH mice (Figure 6A).
The LH mice they also tended to emit fewer USVs, although this finding did not reach
statistical significance. Notably, chronic treatment with citalopram significantly increased
the time that LH mice spent sniffing the estrus urine, although it did not affect time spent
sniffing water (Figure 7). Other studies have similarly reported that stress dampens reward-
seeking behavior in rodents and that these effects can be mitigated by treatment with
antidepressants (53). Taken together, these data illustrate that the FUST is sensitive to
changes in the well-established LH paradigm.

GIuR6KO mice, a rodent model of mania, were used to evaluate the FUST further. These
mice display behavioral phenocopies similar to manic symptoms, including hyperactivity,
elevated risk-taking behaviors, aggression, and aggravated response to psychostimulants;
these behaviors can be partially alleviated by treatment with lithium (24). For comparison
purposes, we first assessed the reward-seeking behavior of GIUR6 mice in a widely used
nonoperant paradigm: saccharin preference. GIUR6KO mice exhibited increased preference
for saccharin solutions across different concentrations than their WT controls (Figure 8),
suggesting they did indeed display upregulated reward-seeking behavior. In the FUST,
GIuR6KO mice sniffed the urine-dipped applicator longer than their WT controls, whereas
time spent sniffing the water-dipped applicator showed no genotype differences (Figure 9A).
In addition, GIUR6KO mice emitted more USVs during exposure to female urine, and these
USVs were distinct from those emitted by WT mice (longer duration and higher average
peak frequency; Figure 9B-9D). Taken together, the data further support the notion that
GIluR6 KO might be a hyper-reward-seeking state and indicate that the FUST is sensitive to
upward changes in animal models of mania.

This novel paradigm is, however, associated with its own limitations. The most obvious is
that genetic manipulation or certain drugs might cause olfactory system dysfunction (32).
Several studies have shown that olfactory bulbectomy abolished mounting behavior in male
mice (32) and reduced the time that male mice spent sniffing estrus odors (54). In addition,
mice could have a dysfunctional gonadal hormone system, making them insensitive to the
FUST. Furthermore, because the FUST paradigm has a social behavior component, the
preference for estrus female odor might also be related to social behavior and not just sexual
behavior (55). Another key issue is that the use of volatile stimuli and the sensitivity of the
rodent olfactory system prevented us from presenting two odors at the same time. Therefore,
as in the olfactory habituation—dishabituation test, two olfactory choices—in this case water
and female estrus urine—were presented sequentially rather than simultaneously. Finally,
this model is designed for male rodents exclusively; additional experiments should be
conducted in an attempt to adapt the FUST paradigm to females. Future studies should also
evaluate the effects of mood-stabilizing drugs on female estrus urine sniffing preference; for
instance, recent work in this area examined the effects of mood stabilizers on the saccharin
preference test (56).

Taking these caveats into account, we propose that measuring spontaneous sniffing and
vocalization responses to urinary pheromones of the opposite sex may prove to be a valuable
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addition to the armamentarium of assays that measure appetitive behaviors in rodent models
of reward-seeking behavior. Multiple tasks that evaluate different aspects of reward
sensitivity in rodents are likely to provide insights into the multiple neurobiological and
behavioral processes mediating mood disorders (57).

Summary

The FUST is a simple, unique, nonoperant paradigm for measuring reward-seeking behavior
in rodents. Notably, it is effective in both rats and various strains of mice and is sensitive to
both ends of the reward-seeking spectrum, to the influence of stressors, and to
psychopharmacologic manipulation. The FUST is both theoretically relevant and treatment-
sensitive. Using the FUST in conjunction with other tests of reward-seeking behavior will
enable us to study generalized components of behaviors that model the symptoms of mood
disorders and other neuropsychiatric illnesses.
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Figure 1.
Ilustration of the female urine sniffing test (FUST). A male C57BL/6J mouse sniffs a

cotton-tipped applicator dipped into urine from a female mouse in estrus to assess reward-
seeking behavior in rodents. The behavior counted as sniffing duration only when the mouse
or rat nose was adjacent to the cotton-tipped applicator (as seen in the figure) and the
researcher could detect that the rodent was sniffing.
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Figure 2.
Cumulative time spent sniffing for male C57BL/6J and 129S1/SVImJ mice and Wistar-

Kyoto (WKY) rats exposed to female urinary pheromone odors. Different strains of
manipulation-naive male mice (C57BL/6J; 129S1/SVImJ) and rats (WKY) underwent the
female urine sniffing test (FUST) paradigm. Male mice and rats were introduced for 3 min
to a cotton-tipped applicator dipped in water (as a control). After 45 min, they were
introduced for 3 min to a cotton-tipped applicator dipped into estrus female urine from the
same strain. All male rodents spent significantly more time sniffing estrus female urine than
water during the 3-min FUST (**p<.01; n = 10 — 14).
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Figure 3.

Ultrasonic vocalizations (USVs) in male C57BL/6J and 129S1/SVImJ mice sniffing water
or female urine. Different strains of manipulation-naive male mice (C57BL/6J; 129S1/
SVImJ) underwent the female urine sniffing test paradigm. Male mice and rats were
introduced for 3 min to a cotton-tipped applicator dipped in water (as a control). After 45
min, they were introduced for 3 min to a cotton-tipped applicator dipped into estrus female
urine from the same strain. All male mice displayed significantly more USVs during
exposure to estrus female urine than water (*p < .05; n = 12-14).
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Figure 4.

Dopamine levels in 129S1/SVImJ mice during the female urine sniffing test (FUST). 129S1/
SVImJ male mice underwent microdialysis surgeries and then underwent the FUST
paradigm. Male mice and rats were introduced for 3 min to a cotton-tipped applicator dipped
in water (as a control). After 45 min, they were introduced for 3 min to a cotton-tipped
applicator dipped into estrus female urine from the same strain. Extracellular NAc dopamine
samples were collected during the entire paradigm. During the FUST, 129S1/SVImJ male
mice displayed significantly elevated levels of extracellular dopamine released in the NAc
after exposure to estrus female urine but not water (**p < .01; n = 5). NAc, nucleus

accumbens.
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Figure 5.
Time spent sniffing by C57BL/6J mice before and after foot-shock stress. C57BL/6J male

mice underwent a foot-shock stress paradigm. The female urine sniffing test (FUST)
paradigm was conducted twice: once before stress induction and once afterward. Male mice
and rats were introduced for 3 min to a cotton-tipped applicator dipped in water (as a
control). After 45 min, they were introduced for 3 min to a cotton-tipped applicator dipped
into estrus female urine from the same strain. After foot-shock stress exposure, C57BL/6J
male mice had significantly decreased mean sniffing duration of estrus female urine but not
water in the FUST (**p< .01; n = 13).
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Figure 6.

(A) After undergoing the learned helplessness (LH) paradigm, both LH and non-LH (NLH)
male C57BL/6J mice underwent the female urine sniffing test (FUST) paradigm. Both the
LH and NLH male C57BL/6J mice spent significantly more time sniffing estrus female
urine than water (**p < .01). NLH C57BL/6J mice spent significantly longer sniffing the
estrus female urine than the LH mice (*p <.05; n = 8-12). No significant differences were
found between these groups for time spent sniffing the water-dipped applicator. (B) The LH
and NLH C57BL/6J mice displayed significantly more ultrasonic vocalizations during
exposure to urine than water in the FUST paradigm (*p <.05; n=7).
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Figure 7.
Time spent sniffing female urinary pheromone odors in learned helplessness (LH) 129S1/

SVImJ mice treated with saline or citalopram. LH 129S1/SVImJ male mice were treated
with the selective serotonin reuptake inhibitor citalopram or saline for 14 days and then
underwent the female urine sniffing test (FUST) paradigm. LH 129S1/SVImJ male mice
treated with either citalopram or saline both spent significantly more time sniffing estrus
female urine than water (**p < .01). However, LH 129S1/SVImJ mice treated with
citalopram spent significantly longer sniffing the urine-dipped applicator than the saline-
treated LH mice in this paradigm (*p < .05; n = 7-8). No significant differences were found
between these two groups for time spent sniffing the water-dipped applicator.
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Figure 8.

Male GIluR6 knockout (KO) mice and their wild-type (WT) littermates underwent the
saccharin preference test. Animals were given one bottle of tap water and one of saccharin
diluted in tap water to a final concentration ranging from .005% to .35% overnight, and the
percentage of saccharin preference per day was calculated. GIuR6 KO male mice displayed
a significantly higher preference for saccharin solution than water compared to WT mice
across the range of saccharin concentrations (**p < .01; *p <.05; n = 13).
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(A) GIluR6 knockout (KO) and wildtype (WT) male mice spent significantly more time
sniffing estrus female urine than water in the female urine sniffing test (FUST) paradigm
(**p < .01). Genotype did not affect sniffing per se; however, whereas GIUR6KO mice spent
significantly less time sniffing water than their WT controls, they spent significantly more
time sniffing estrus female urine than the WT mice (**p< .01; n = 11). (B) GIuR6KO and
WT mice displayed significantly more ultrasonic vocalizations (USVs) during exposure to
estrus female urine than water in the FUST paradigm (**p < .01; n = 12). There were no
significant differences between the groups in number of USVs after exposure to the water.
GIuR6KO mice exhibited more USVs during the FUST than their WT controls (*p < .05).
(C) GIuR6KO mice that underwent the FUST paradigm displayed longer bouts of USVs
than their WT controls during exposure to estrus female urine (**p <.01; n = 12). (D)
GIuR6KO mice displayed a significantly higher peak call frequency during bouts of USVs
than WT mice during exposure to estrus female urine (*p < .05; n = 12).
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