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Abstract

Objectives The objectives of this study were: (1) to develop a laboratory-based model to assess fear and anxiety in
cats using the feline open-field test (OFT) and the feline human interaction test (HIT); and (2) to validate the model
using diazepam, a known anxiolytic.

Methods Laboratory-housed cats (n = 41) were first classified as fearful, mildly fearful or non-fearful by a
technician familiar with the cats and also by veterinary behaviorists (GL, JL), by assessing the cats’ behavior in
their home rooms. In experiment 1, each cat’s behavior was assessed in an OFT and an HIT. In experiment 2, after
administration of the anxiolytic diazepam, a subset of the cats was re-tested.

Results In experiment 1, the OFT revealed significant group effects on two measures: duration of inactivity, and
vocalization. Fearful animals had significantly longer periods of inactivity than non-fearful animals. Non-fearful and
mildly fearful cats vocalized more frequently than fearful cats. In the HIT, fearful cats travelled less than non-fearful
and mildly fearful cats. Fearful and mildly fearful animals had significantly longer durations of inactivity, and non-
fearful and mildly fearful cats had a significantly higher frequency of vocalization compared with fearful cats. In
experiment 2, in the OFT, treatment with diazepam caused an increase in distance travelled, shorter durations of
inactivity, and more frequent inactivity and vocalization. In the HIT, diazepam increased distance travelled and
decreased duration of inactivity. Fearful cats spent significantly less time near the human compared with non-fearful
cats, and this persisted under diazepam.

Conclusions and relevance The feline OFT and feline HIT can be used jointly to assess the effects of medications
or other therapies on fear and anxiety in the domestic cat.

Accepted: 8 March 2016

Introduction

Many feline behavior problems arise from excessive fear
and anxiety, which negatively affect the pet’s health and
welfare, and the pet-owner dynamic.!? These feline
behavior problems require medication in combination
with behavior modification for effective management.!

of specific signs, such as urine marking.>* However,
none has distinguished between anxiety and fear as sep-
arate emotional states.

Fear and anxiety are negative emotional states that
help the individual to protect itself from harm. Fear is a

However, no pharmacologic agents have received regu-
latory approval for the treatment of anxiety in cats.
While a variety of natural products have claimed to be
effective, these have not been comprehensively assessed.
The experiments in this study sought to develop a vali-
dated laboratory model to study fear and anxiety in lab-
oratory cats.

A major issue in developing therapeutics for treat-
ment of anxiety and fear is the availability of validated
assessment models in the target species for conducting
clinical trials. Previous approaches have focused on both
broad-based subjective anxiety measures and measures

state of alarm or agitation that is linked to a precipitating
stimulus.” Anxiety, by contrast, is an emotional state that
lacks a specific triggering event.®® Typical signs of exces-
sive fear and anxiety include autonomic activation and
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behaviors such as aggression, hiding, escaping, freezing
and house-soiling.”® The two emotions are separate and
can co-exist in an individual at any one time and while
they share similarities in causing autonomic activation,
separation of the two emotional states can be objectively
measured in a laboratory setting. The open-field test
(OFT) has been used to assess anxiety in several species,
including rodents, cows, horses, sheep and dogs.!*-* In
the OFT, anxiety is typically associated with inactivity
and avoidance of open spaces in the test arena. The human
interaction test (HIT) has previously been tested in dogs
and cats.!* For example, the HIT was used as a validation
test for the feline temperament test.!> Cats with ‘accepta-
ble’ (desirable) temperament scores were likely to
approach an unfamiliar person in open-field testing,
while cats with ‘questionable’ (undesirable) scores spent
more time away from people. In our study, experiment 1
examined the behavior response of cats differing in levels
of fearfulness in a feline OFT and a feline HIT.

The distinction between anxiety and fear is supported
pharmacologically by research with rodents. Panicolytic
medications (ie, drugs that are fear reducing, such as
chronic alprazolam or fluoxetine) reduce flight behav-
iors that are associated with fear in response to the
presence of a predator.!®” Anxiolytic medications (eg,
benzodiazepines), however, reduce ‘risk assessment’ in
response to the odor of a predator.!®1° Panicolytic medi-
cations do not affect anxiety-related behavior and vice
versa for anxiolytic medication.'61”

The goal of the current study was to develop a vali-
dated laboratory-based protocol for objectively quanti-
fying fear and anxiety in laboratory cats. In experiment
1, the OFT and the HIT were used to characterize the
behavior of cats categorized by three different levels of
fearfulness. We hypothesized that anxious cats would
have increased levels of inactivity. Experiment 2 focused
on the response to placement in the OFT and HIT after
treatment with an anxiolytic, diazepam 31720 We hypoth-
esized that measures of anxiety and fear in the fearful
cats would be reduced after treatment.

Materials and methods

Cats

Cats (n = 41) were male and female (aged 1.79-11.49
years) domestic shorthaired cats from the Vivocore
colony (see Table 1). The animals were originally
obtained from a variety of sources, including commer-
cial breeders, in-house breeding and from other labora-
tory colonies. However, all cats had been housed in the
Vivocore facility for >6 months, and were deemed
healthy by the facility veterinarian. In addition, we did
not accept any cats with a body condition score in the
obese range or any other condition that would nega-
tively affect mobility. Cats were group housed based on
compatibility, with a maximum of 24 animals per room,

in rooms measuring approximately 4.3 m X 3.1 m. Cats
were fed a balanced dry ration ad libitum (Purina Pro
Plan).

Ratings of fearfulness were established by veterinary
behaviorists (GL and JL), based on the response of the
cats when approached by a person in their home room
(see Table 1). The fearful cats were obtained from another
research facility, which had specifically categorized them
as highly fearful. On facility entry, these cats were group
housed separately from other cats in the facility and they
remained highly fearful, as evidenced by a continued
active avoidance of the technicians. When assessed by
GL and JL, as expected, the cats showed both active
avoidance and displayed threats if approached. The
mildly fearful and non-fearful cats were intermixed in
various housing rooms. Cats were first categorized as
mildly fearful or non-fearful by the technician, based on
which cats would engage in, and which cats would
avoid, daily interactions with the technicians. On the
day of rating, GL and JL, who were unfamiliar to the
cats, entered the housing room accompanied by the tech-
nician familiar to the cats. Both GL and JL interacted
with the cats by kneeling down for 3 mins and then
extending a hand, in order to evaluate whether the cats
would approach or touch. The technician recorded the
behavior of the cats. Cats that approached GL and/or JL
were considered non-fearful. GL and JL then slowly
approached each of the remaining cats and those that
would allow gentle contact were also considered non-
fearful. The remaining cats were categorized as mildly
fearful.

The facility is a licensed animal research facility under
the Ontario Ministry of Agriculture, Farms and Rural
Affairs and approved by Canadian Council of Animal
Care (CCAC). All experiments were approved by the
local animal use and care committee and were conducted
in accordance with the guidelines set forth by the CCAC.

Design of experiments

Experiments 1 and 2 used the feline OFT and the feline
HIT protocols. The feline OFT was modeled after one
previously described for dogs.'* Cats were individually
placed in a room measuring approximately 2.4m X 2.7 m
and allowed to explore freely the empty room for 10
mins. Between each cat, the room was mopped with
industrial cleaner (Dynamite) diluted with water and
dried with a clean cloth to remove olfactory cues.

The HIT was performed in the same room used for
the OFT. A person unfamiliar to the cats sat motionless
on a seat cushion looking at one spot in the center of the
room. The person did not interact with the cat in any
way, regardless of the animal’s behavior. The cat was
introduced to the room after the unfamiliar person was
in place and was removed from the room before the per-
son moved.
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Table 1 Study cats
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M = male; F = female

The behavior of the animals in all of the tests was con-
tinuously recorded from three cameras for permanent
recording and subsequent analysis. A behavioral analy-
sis software program (Ethovision XT 8.5, Noldus
Information Technology) was used by a trained observer
to mark the occurrence of the following specific events:
inactivity (absence of any directed or overt behavior)
and vocalization. Additionally, human contact and

approach were event marked during the HIT. Based on
the markings, the software program provided the fre-
quency of each marked event. Last, the program also
provided information about the cat’s state in the form of
total distance traveled and the total duration of each of
the marked events, namely inactivity duration, human
contact duration and near human duration. All analyses
were performed by the same trained observer.
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Table 2 Experiment 2: cat details and doses of diazepam

Cat Anxiety level Sex Age (years) Neutered Weight (kg) Diazepam
dose (mg)

Ace Non-fearful M 3.90 Yes 5.419 5.0

Constance Mildly fearful F 3.83 No 3.454 2.5

Gael Fearful M 4.65 Yes 7.963 5.0

Iris Fearful F 4.70 Yes 4.029 2.5

Jackie Mildly fearful F 5.61 Yes 4.559 2.5

Joker Non-fearful M 3.79 Yes 5.120 5.0

Lacey Mildly fearful F 5.60 No 3.042 2.5

Masha Mildly fearful F 5.63 No 2.890 2.5

Mocha Non-fearful F 3.94 No 4.327 25

Paddy Non-fearful F 5.51 No 3.243 2.5

Prudence Fearful F 4.70 Yes 3.641 2.5

Slash Fearful M 4.70 Yes 3.918 2.5

M = male; F = female

Experiment 1: comparison of fear rating in the OFT and
HIT The purpose of this study was to categorize the
behavior of cats with different levels of fearfulness on
OFT and HIT. Forty-one animals (23 females and 18 males,
aged 1.79-11.49 years) participated in the first experiment
(see Table 1). Eight were classified as fearful, nine mildly
fearful and the remaining 25 were non-fearful.

All cats were tested in the OFT first and the HIT either
later in the day or the following day.

Experiment 2: effects of diazepam on fear rating The pur-
pose of this experiment was to determine the effects of
diazepam on feline responses to the OFT and HIT. Cats
included eight females and four males, aged 3.79-5.63
years. Four were classified as fearful, four mildly fearful
and the remaining four were non-fearful.

All cats were tested on the OFT and then the HIT.
They were then given diazepam treatment with animals
weighing =5 kg or more administered 5 mg and those
weighing <5 kg administered 2.5 mg diazepam orally
(0.55-0.98 mg/kg) 1 h prior to testing again (see Table 2).

Statistical analyses

For both experiments, statistical analyses were con-
ducted using the Statistica 11.0 software package, with
significance set at P <0.05. Fisher’s exact test was used to
assess post-hoc differences.

For experiment 1, separate ANOVAs were conducted
for each state and event measured in each test with fear
rating (fearful, mildly fearful and non-fearful) as the
independent variable. A secondary analysis compared
behavior in the OFT with the HIT. Measures of distance
travelled, inactivity frequency and duration, and vocali-
zation frequency were analyzed with a repeated meas-
ures ANOVA (RM-ANOVA) with test (OFT vs HIT) and
the state or event measured as within-subject variables,
and fear rating as a between-subject variable.

For experiment 2, an RM-ANOVA was conducted for
each state and event measured with test and fear rating
as between-subject variables and treatment condition
(diazepam vs control) as within-subject variables.

Results

Experiment 1

Results for the state and event variables are summarized
in Table 3.

Effect of fear rating on OFT behavior There was a statisti-
cally significant effect on inactivity duration (F[2,38] =
7.42084; P <0.005) with cats in the fearful cat group
having significantly longer inactivity bouts compared
with non-fearful cats (P <0.05) (Figure 1). Distance
travelled was not statistically different. For events,
there was a statistically significant effect on vocaliza-
tion frequency (F[2,38] = 3.2845; P <0.05). Figure 2
shows that vocalization frequency increased with
decreasing fearfulness, with non-fearful and mildly
fearful cats showing more frequent vocalization than
the fearful cats (P <0.005). Inactivity frequency was not
statistically different.

Effect of fear rating on HIT behavior There was a highly
significant effect of fear on distance travelled (F[2,38] =
7.18924; P <0.005), with fearful animals showing signifi-
cantly less movement than non-fearful and mildly fearful
animals (P <0.005 and P <0.05, respectively; see Figure 3)
and on inactivity duration (F[2,38] = 10.8233; P <0.001),
with non-fearful animals having significantly shorter
inactivity durations compared with fearful (P <0.001)
and mildly fearful (P <0.01) cats (see Figure 1). The other
state variables were not significantly different.

There were significant findings in the following events:
inactivity frequency (F[2,38] = 12.43844; P <0.0001),
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Table 3 Summary of the effects of fear rating on state and event variables

Variable category Variable

State Distance travelled
Inactivity duration
Human contact duration
Near human duration

Event Inactivity frequency

Vocalization frequency
Human contact frequency
Near human frequency

OFT HIT OFT vs HIT
NS P <0.005 P <0.005

P <0.05 P <0.001 P <0.001
NA NS NA

NA NS NA

NS P <0.0001 P <0.0001
P <0.005 P <0.05 P <0.001
NA NS NA

NA P <0.05 NA

OFT = open-field test; HIT = human interaction test; NS = not significant; NA = not applicable
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Figure 1 Effect of fear rating on inactivity duration in the
open-field test (OFT) and human interaction test (HIT). Bars
represent SEM. *P <0.05

vocalization frequency (F[2,38] = 5.0177; P <0.05) and
near human frequency (F[2,38] = 4.026898; P <0.05). For
inactivity frequency, non-fearful cats had significantly
more inactive bouts compared with fearful (P <0.0001)
and mildly fearful (P <<0.01) cats (Figure 4). For vocaliza-
tion frequency, non-fearful and mildly fearful cats
showed significantly more vocalization than fearful cats
(P <0.01 and P <0.05, respectively; see Figure 2). Finally,
in near human frequency, non-fearful and mildly fearful
cats approached the human significantly more times
than the fearful cats (P <0.05). None of the fearful cats
approached the human.

Comparison between OFT and HIT For distance trav-
elled, there was a significant main effect of fear rating
(F[2,38] = 6.12203; P <0.005) and a significant interac-
tion between test and fear rating (F[2,38] = 3.91515; P
<0.05). Overall distance travelled was significantly
greater in the non-fearful compared with the fearful cats
(P <0.005). Both fearful and mildly fearful cats travelled
less in the HIT. For the duration of inactivity measure,
there were significant main effects of fear rating (F[2,38]
= 8.7967;, P <0.001) and test (F[1,38] = 12.2845; P
<0.005), as well as a significant test by fear rating

Figure 2 Effect of fear rating on vocalization frequency in the
open-field test (OFT) and human interaction test (HIT). Bars
represent SEM. *P <0.05

interaction (F[2,38] = 5.2695; P <0.01). This was owing
to the fearful and mildly fearful animals having signifi-
cantly longer periods of inactivity duration compared
with the non-fearful group (P <0.001 and P <0.05,
respectively). The test effect was due to significantly
shorter inactivity duration during the OFT in compari-
son with the HIT (P <0.05), which was driven by the
fearful and mildly fearful groups; the non-fearful cats
showed little change.

An RM-ANOVA was conducted for inactivity fre-
quency. There were significant effects of fear rating
(F[2,38] = 8.5969; P <0.001) and test (F[1,38] = 19.5717;
P <0.0001). The fear rating effect was due to non-fearful
animals being inactive significantly more often com-
pared with fearful (P <0.001) and mildly fearful animals
(P <0.05). The test effect was due to significantly higher
inactivity frequency during the OFT compared with the
HIT (P <0.01). The test by fear rating interaction for inac-
tivity frequency was due to inactivity frequency decreas-
ing significantly during the HIT in fearful (P <0.01) and
mildly fearful (P <0.01) animals. Inactivity frequency
did not change across tests for the non-fearful cats.

Analysis of vocalization frequency revealed a signifi-
cant effect of fear rating (F[2,38] = 8.02150; P <0.01) and
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Figure 3 Effect of fear rating on distance travelled in the
open-field test (OFT) and human interaction test (HIT). Bars
represent SEM. *P <0.05
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Figure 4 Effect of fear rating on inactivity frequency in the
open-field test (OFT) and human interaction test (HIT). Bars
represent SEM. *P <0.05

test (F[1,38] = 15.09072; P <0.001). The fear rating effect
was a result of lower vocalization in fearful animals
when compared with the mildly fearful group
(P = 0.001). The test effect reflected lower overall vocali-
zation in the HIT in non-fearful (P <0.0001) and mildly
fearful animals (P <0.005).

Experiment 2: effects of diazepam on fearful, mildly
fearful and non-fearful cats

The open-field analyses revealed statistically significant
main effects on the following states: distance travelled
(F[1,9] = 26.07247; P <0.001) and inactivity duration
(F[1,9] = 42.1812; P <0.001). The results reflected
increased distance travelled and shorter inactivity dura-
tion (Figures 5 and 6). Also, there were statistically sig-
nificant main effects on the following events: inactivity
frequency (F[1,9] = 9.53058; P <0.05) and vocalization
frequency (F[1,9] = 10.72972; P <0.01). Both inactivity
and vocalization were more frequent during the diaze-
pam treatment condition (Figures 7 and 8). There was no
significant effect of fear rating on any of the state or
event variables.

” d—]—%
0
OFT Baseline OFT Treatment

Figure 5 Effect of diazepam treatment on distance travelled
in the open-field test (OFT). Bars represent SEM. *P <0.05
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Figure 6 Effect of diazepam on inactivity duration in the
open-field test (OFT). Bars represent SEM. *P <0.05

In the HIT, there was also a significant effect of treat-
ment on the following states: distance travelled (F[1,9]
= 9.98282; P <0.05), with cats travelling more when
given diazepam compared with baseline and inactivity
duration (F[1,9] = 10.0984; P <0.05), and with cats
having shorter bouts of inactivity when given diaze-
pam. There were no significant effects of treatment on
any of the event variables. Lastly, there was a significant
effect of fear rating in the event variable, near human
frequency (F[29] = 5.8220; P <0.05), with fearful
animals frequenting near the human the least and non-
fearful animals the most (P <0.05). There were no other
significant effects of fear rating on the other event
variables or any of the state variables.

Discussion

This study sought to develop and validate a laboratory-
based protocol for assessing fear and anxiety in cats. The
behavior of the cats in two assessment models, an OFT
and an HIT, was compared with their fear rating, which
was initially assessed by observing the cat’s response in
its home environment when approached by known and
unknown persons. In experiment 2, the responses of the
cats when treated with diazepam in the same assessment
models was observed.
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Figure 7 Effect of diazepam on inactivity frequency in an
open-field test (OFT). Bars represent SEM. *P <0.05

The OFT assesses exploratory behavior in an empty
room, which we suggest can be used to assess anxiety,
while the HIT focuses on the response to the presence of
a person, in this case an unfamiliar person, which is a
stimulus for fear. Both tests were carried out in the same
procedure room. When the tests were compared, there
were three main findings. First, the cats’ responses in the
OFT differed from the responses in the HIT, suggesting
the OFT provided a measure of anxiety, likely due to
separation from social group and an unfamiliar environ-
ment rather than fear. Second, the fear rating signifi-
cantly affected how the cats responded to both anxiety
and fear provoking situations. Third, the response to
diazepam treatment reduced some aspects of anxiety,
such as an increase in distance travelled, but did not
affect fear of the unfamiliar person.

The hypothesis that the OFT assesses anxiety and the
HIT assesses fear is supported by differences in distance
travelled and inactivity between the two tests. Compared
with HIT, distance travelled was greater in the OFT and
inactivity was decreased. Another differentiating behav-
ior was vocalization. More vocalizations (ie, meows)
were observed in the OFT than in the HIT.

The results also showed that the individual fear rating
affects the response of cats to an anxiety-provoking situa-
tion. Fearful cats showed very little vocalization in either
the OFT or HIT; non-fearful animals, by contrast, showed
a marked increase in vocalization in the OFT. The
increased vocalization (meows) in the non-fearful cats
might be due, in part, to anxiety associated with the unfa-
miliar barren environment, and separation from their
social group, which was suppressed in the fearful cats.
Fearfulness also affected the animals’ responses in the
HIT. Although the cats in the fearful, mildly fearful and
non-fearful groups did not differ in activity and inactiv-
ity in the OFT, the groups did respond differently in the
HIT, with fearful cats showing less movement than
mildly fearful and non-fearful cats. Fearful and mildly
fearful cats also had greater durations of inactivity and
lower frequency of inactivity than non-fearful cats. Thus,

Figure 8 Effect of diazepam on vocalization frequency in an
open-field test (OFT). Bars represent SEM. *P <0.05

fearful and mildly fearful cats were silent and still during
the HIT, while non-fearful cats were vocal and active.

Treatment with diazepam resulted in significant
increases in both distance travelled and vocalization in
the OFT across all groups, which is consistent with the
suggestion that diazepam has anxiolytic effects. It is also
possible, however, that the increases in activity are a
direct effect of diazepam, which has been reported at
dose levels higher than used in this study.!

The increased vocalization was unexpected but
appeared to be a robust phenomenon. One possibility is
that it reflects a reduction in the high level of anxiety, or
behavioral disinhibition, triggered by placement in the
open field. This assumes that vocalization may be
enhanced in a moderately fearful situation but sup-
pressed in a highly fearful situation. Another interpre-
tation is that the vocalization is a paradoxical effect of
diazepam therapy. As a similar increase in vocalization
was not observed in the HIT, this may indicate that the
diazepam was unable to overcome the suppressive
effect of the unfamiliar human, as demonstrated by the
overall decline in vocalization in experiment 1. A limi-
tation of this study, however, is the small sample size. A
follow-up study should be conducted to determine
how robust the findings are when a larger number of
cats are being tested.

Conclusions

Developing medications and other therapies to aid in
managing anxiety disorders in cats is hampered by the
lack of validated models for assessing these emotions.
Fear and anxiety are two separate, but closely related,
emotions. This study showed that the OFT and HIT can
be used jointly in a laboratory setting to determine the
differential effects of medications and other therapies on
anxiety and fear.
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