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The open-field test (OFT) and stress-induced hyperthermia (SIH) have been used to measure individual
differences in fear. The present study has been designed as a pharmacological validation of OFT and SIH as
indicators of fear in sheep using perphenazine enanthate (PPZ), a long-acting neuroleptic. Twenty four ewes
of two breeds, Lacaune and Ripollesa, were tested in an arena measuring 5 m×2.5 m. Treatment group
received one dose of 1.5 mg/kg of PPZ and control group received sterile sesame oil. All animals were tested
for 10 min and behaviours were recorded. Rectal temperature was measured at the beginning (T1) and at the
end (T2) of the test. SIH was defined as the difference between T2 and T1. Sheep were tested on days 1, 2, 3,
4, 7 and 9 after PPZ injection. Variables were analysed using a mixed model. PPZ decreased bleats on days 2,
3, 4 and the SIH response on days 2 and 3. Breed differences were observed. Treated animals showed positive
correlations between SIH and bleats; squares entered; attempts to escape and negative correlation between
SIH and visits to the food bucket. Our results suggest that behaviour and SIH on the OFT are useful measures
of fear in sheep.
ernera-Romano).
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1. Introduction

There is a large variety of psychological, physiological and chemical
inputs requiring specific responses in a threatening situation. We have
used a combination of tests to measure behavioural and physiological
changes due to a fear situation on sheep. Open-field test (OFT) is themost
commonlyused test tomeasure fearfulness in animals andwasdeveloped
for laboratory animals. The open-field test or arena test generally consists
in separating an individual from its co specifics and introducing it into an
unfamiliar andpoor environment (Gray, 1987). In sheep ahighnumberof
bleats, and of rearings/jumpings against the wall in the OFT have been
interpreted as “distress responses” induced by isolation (LeNeindre et al.,
1996; Romeyer and Bouissou, 1992; Vandenheede et al., 1998).
Exploratory behaviours directed to an object reflect a low level of fear
combinedwith a highmotivation to explore (Boissy and Bouissou, 1995;
Moberg and Wood, 1982; Romeyer and Bouissou, 1992; Vandenheede
et al., 1998). In general, higher levels of locomotor and vocal activity have
been taken to indicate higher levels of fear in sheep exposed to the same
challenging situation (Erhard et al., 2004; Romeyer and Bouissou, 1992;
Vandenheede et al., 1998; Vierin and Bouissou, 2003).

Stress-induced hyperthermia (SIH) is mediated by the autonomic
nervous system and is well known to occur prior to and during
exposure to stress- and/or anxiety-inducing situations (Spooren et al.,
2002). In rats the SIH paradigm is sensitive to classic and potential
novel anxiolytics, while being unable to detect anxiogenic effects and
effects of antidepressants (Bouwknecht et al., 2007).

Perphenazine enanthate (PPZ) has been successfully used in several
species as a tranquillizer during the period of adaptation to new
environments to reduce stress (Ebedes and Raath, 1999). It is considered
a long-acting tranquillizer with sedative effects starting from 10 to 16 h
after injection and lasting from 7 to 10 days. Their effectiveness varies
among different species and among individual animals of the same
species and the duration of its effects is dose dependent (Ebedes and
Raath, 1999). Long-acting neuroleptics (or tranquillizers) were devel-
oped initially for the treatmentof psychoses innon-compliantpsychiatric
patients. Their longaction is achievedby esterifying the active compound
and dissolving the ester in vegetable oil, allowing delayed hydrolysis and
slow absorption into the blood (Lingjaerde, 1973).

Our hypotheses are that isolation produces fear in a gregarious
species such as sheep and that the use of a tranquillizer will reduce
fear related behaviours and SIH response. The aim of the study was to
investigate the influence of a long-acting neuroleptic (LANs) on SIH
and behavioural responses in the open-field test (OFT) in order to
further validate both measures as indicators of fear in sheep.

2. Materials and methods

2.1. Animals and standard housing conditions

Twenty four ewes of one year and six months of two different
breeds: Lacaune (n=12), mean±sd weight was (68.82±5.6 kg) and
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Table 1
Effects of breed, day and treatment on behaviour and body temperature.

Effect F value p value

Bleats Day 9.13 <0.0001
Breed 5.94 0.0242
Breed⁎day 11.69 <0.0001
Treatment⁎breed 5.96 0.0164

Squares entered Day 8.21 <0.0001
Breed⁎day 3.62 0.0047

Food bucket Breed 13.59 0.0015
Breed⁎day 3.08 0.0127

Exploring Day 3.3 0.0085
Breed⁎day 5.63 0.0001

T1 Breed⁎day 3.81 0.0031
T2 Day 2.38 0.0442

Breed 11.09 0.0033
Breed⁎day 4.16 0.0018
Treatment⁎day 2.36 0.0459

ΔT Day 6.49 <0.0001
Breed 23.9 <0.0001
Treatment⁎day 3.63 0.0048

The term day represents the evolution over the 6 days of the study, breed is a categorical
variable (Lacaune and Ripollesa) and treatment includes control and PPZ groups.
Significative F values are indicated.
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Ripollesa (n=12), mean±sd weight was (50.76±2.24 kg) from the
experimental farm of the Univeristat Autonoma de Barcelona were
used for this study. This procedure was approved by the Institutional
Animal Care and Use Committee of the Universitat Autonoma de
Barcelona.

2.2. Experimental procedure

Animals were randomly assigned to the control or treatment
group n=12 (6 Lacaune and 6 Ripollesa). Animals in the treatment
group received an intramuscular injection of 1.5 mg/kg of perphena-
zine (100 mg mL−1, Perphenazine enanthate, Kyron Laboratories,
South Africa) and sheep in the control group received an intramus-
cular injection of 1.5 mg/kg of sterile sesame oil, in a random order in
their home pens. Injections were given in the afternoon, 14 to 16 h
before the beginning of the test. Animals were tested in the OFT
between 08:30 and 13:00.

2.3. Open-field test and SIH

The ewes were tested in an arena measuring 5 m×2.5 m marked
out in a grid of squares each measuring 0.83 m×0.83 m. Water and a
familiar food were placed in the arena in a familiar bucket against the
wall facing the entrance door. The sheep to be tested was taken from a
waiting pen by a person and allowed to enter the arena, where it
remained for a period of 10 min. Behaviour in the arena was recorded
by an observer who was not visible to the experimental animals.
Animals were individually subjected to the test. The test was run on
days 1, 2, 3, 4, 7 and 9 post injection. Sheep were tested once a day
always in the same order. Rectal temperature was measured for 90 s
when the animal entered the arena (T1) and again when the OFT was
finished (T2). SIH was defined as T2 minus T1.

2.4. Measurement of behaviour

The following behaviours were recorded: number of bleats,
number of squares entered, visits to the food bucket, visits to the
water bucket, number of times the ewe sniffed the ground or thewalls
(exploring), urinations, defecations, attempts to escape and events of
grooming.

2.5. Statistical analysis

Statistical analysis was performed using SAS® v9.1.3 (SAS Institute,
Cary, NC, USA) and significance level was set at 0.05. Response
variables were summarised using mean±standard deviation and
sample sizewhennecessary. Spearman correlations between response
variables (averaging measures from the same animal) were obtained
as a descriptivemeasure of association. Continuous response variables
(T2, T1 and ΔT) were analysed using a mixed model. The variable
animalwas considered as a random factor in order to take into account
the repeated measures on the same animal. Breed, treatment and day
were included as fixed effects (categorical), as well as all possible
interactions. This model allowed us to examine all main effects and
possible interactions, and to compare different levels as well as
combination of levels for different explanatory variables (breed,
treatment and day). Due to its balanced nature, the design does not
lead to confusing interpretations when non-significant interactions
remain in the model. Finally, graphical plots of the mean evolution of
each parameter for each treatment group and breed were obtained
using least squaremeans and their standard error as obtained from the
model.

Response variables based on counts which showed sufficient
variability (bleats, visits to the food bucket, squares entered and
exploring)were analysed using the previousmixedmodel, assuming an
appropriate distribution for the response variables. Generalized linear
mixed models were used assuming Poisson distribution or negative-
binomial distribution depending on the presence of overdispersion.
Graphical plots were also obtained using the same summary indexes.
The effect of breed and treatmenton response variableswith lowdegree
of variability (visits to the water bucket, urinations, defecations,
attempts to escape and grooming behaviour) was analysed averaging
measures from the same animal and using Kruskal–Wallis non-
parametric test. Because of the exploratory character of the present
study, multiple comparison corrections were not applied.

3. Results

Animals remained in general good health throughout the dura-
tion of the experiment and adverse effects were not seen. Although
some minor alterations in behaviour were noticeable, a tranquilliz-
ing effect, which has been shown in wild animals, was visible only
on the first day after injection in some of the ewes that showed a
“dizzy walk”.

None of the measures showed a simple treatment effect but, there
were interactions with breed or day effects. Table 1 shows the
statistically significant effects on each variable. Interactions must be
interpreted carefully, since they represent the effect of the combination
of several factors. For example, interaction between day and treatment
wouldmean adifferentpattern of evolutionbetween treated and control
animals.

3.1. PPZ and behaviour

On the first two days after injection no differences were observed
between treatmentand control groups for anyof thebreeds. Afterwards,
the pattern of behaviour was different between breeds and some
differences between control and treatment groups appeared. Treated
animals bleat lees than control (Fig. 1), and in Lacaune sheep this effect
was statistically significant on days two, three and four, whereas in
Ripollesa ewes no statistically significant differences in this behaviour
were found between control and treatment groups.

Squares entered or locomotion; visits to the food bucket and
exploratory behaviour were affected by the repetition of the test, day
effect, and both breed behave differently (Table 1). Locomotion
tended to decrease with the repetitions of the test. Exploratory
behaviour was low on the first four days but it increased on days 7 and
9. No treatment effect was seen in these variables.



Fig. 1.Mean±SE of bleats in treatment and control ewes from day 1 to 4 and on days 7
and 9 post PPZ injection. Significance levels are indicated by asterisks (⁎differences
between treatment and control p<0.05) and by squares (□ differences from day one
on each group control and PPZ p<0.05).

Fig. 2. FigureMean±SE of SIH in treated and control ewes from day 1 to 4 and on days 7
and 9 post PPZ injection. Significance levels are indicated by asterisks (⁎differences
between treatment and control p<0.05) and by squares (□ differences from day one in
control and PPZ group p<0.05).
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3.2. PPZ and body temperature

Treatment animals showed positive correlations between ΔT and
bleats (r=0.651, p=0.033); squares entered (r=0.692, p=0.012);
attempts to escape (r=0.666, p=0.017) and negative correlations
between SIH and visits to the food bucket (r=−0.582, p=0.046). No
correlation was found in control animals.

Perphenazine enanthate affected the SIH response. Both breed
showed a similar pattern. In Lacaune sheep this effect was statistically
significant on day four. In Ripollesa ewes the effect was statistically
significant on days two and three (Fig. 2). Treated animals (Lacaune
0.188±0.066 and Ripollesa 0.365±0.107) showed a lower SIH than
control animals (Lacaune 0.225 ±0.0929 and Ripollesa 0.455±0.108).
In Ripollesa sheep, differences in ΔT between treatments were more
pronounced than in Lacaune sheep.

4. Discussion

According to our data bleats and SIHwere the only two parameters
affected by the PPZ treatment. Stressful and painful stimuli produce a
series of behavioural and physiological responses in animals, often
including intense vocalisation. Consequently, assessment of vocalisa-
tion is a common measure in many pharmacological and ethological
studies of stress. The vast majority of these studies have been
conducted in rodents, in particular in rats (Sanchez, 2003). In our
study, Lacaune ewes treated with PPZ emitted fewer bleats than
control Lacaune ewes. To the best of our knowledge, the effect of PPZ
on vocalisations in sheep had not been described before. In rats,
classical antipsychotics like haloperidol have no or a weak inhibitory
effect on footshock-induced ultrasonic vocalisation, this effect being
shown only at doses that induce catalepsy (Sanchez, 2003) .Other
effects of perphenazine reported in sheep (Tomlinson et al., 1982)
using a 250-mg intrajugular injection of perphenazine demonstrate
that this drug does not facilitate acceptance of alien lambs by ewes
that have access to their own natural lambs. However, tranquillization
can be used to facilitate fostering of alien lambs if natural lambs are
absent because it reduces the aggressiveness of the ewe.

The OFT allows the evaluation of the effects of drugs on different
aspects of the behaviour of animals and their underlying motivation.
The number of OFTs that an individual animal undergoes greatly
influences its behaviour and, likely, its underlying motivation.
(Choleris et al., 2001). Day effect on behaviour represents the influence
of repeating the test, it can be considered that after numerous runs
through the test, sheep may not perceive it as a novel environment so
become less fearful and for examplemore exploratory. As LANs have a
direct depressive effect on the hypothalamus and can reduce
locomotor activity, it could be argued that animals are not less
stressedbut that it is just their physiological response to stresswhich is
in some way altered (Diverio et al., 1996). In our work, treatment
reduced attempts to escape but this was not due to the effect on
locomotor activity, that was not affected, but to a different perception
of the stressful situation. One reason for the lack of predicted effects on
activity and the rest of behavioural variables, except bleats, may be
dose of drug used. However, the doses we used are those convention-
ally used (Ebedes, 1993), and produced tranquillization without the
extrapyramidal symptoms associated with overdosing.
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Large differences in fear responses of ruminants have been observed
between breeds (review Boissy et al., 2005). The origins of these
differences are unclear, but may have arisen from direct selection for
behavioural characteristics or as correlated changes in response to
selection for productivity (Wolf et al., 2008). Differences between
breeds in reactivity towards potentially fear-eliciting situations have
often been reported in adult sheep. In general less domesticated “light”
breeds are reported to be more reactive than commercial “heavy”
breeds (Hansen et al., 2001; Romeyer and Bouissou, 1992). This may
explain the differences between breeds in their behavioural response to
treatment, Ripollesa ewes probably requiring a higher dose of PPZ.

From our results we can say that treatment with perphenazine
enanthatemayhave aneffect on reducinghyperthermiaproducedby the
stress situation. As a preliminary study wemeasured rectal temperature
on ewes in their home pens, measuring temperature for 1.5 min T1 and
then waiting 10 min andmeasuring T2. ΔT showed no differences so we
can infer that the differences in response obtained in the test are due to
isolation and novelty and not only because of the insertion of the rectal
probe (Bouwknecht et al., 2007). The phenothiazines, of which
perphenazine is a member, are widely reported to affect thermoregu-
lation (Mann and Boger, 1978; Thorne, 1980), and we observed some
effects inbothbreeds in SIH. Fick et al. (2006, 2007)didn'tfindaneffect of
PPZ on body temperature of blue wildebeest nor of goats (Fick et al.,
2007).We found SIH differences two, three and four days after injection.
Body temperature of rats exposed to challenges to noxious heat and
pressure and injected with perphenazine decreased by 0.5 °C for up to
17 hafter injection (Ficket al., 2005). Effect of LANs, on thermoregulation
may vary depending on the stimuli and may last longer in different
species. Using zuclopenthixol acetate, Read et al. (2000)measured rectal
temperature after handling wapiti for blood sampling, and concluded
that tranquillized individuals were less stressed by the handling and so
exhibited a smaller increase in body temperature than did untranquil-
lized animals. Further research is needed.

All antipsychotic drugs (also termed neuroleptic drugs or major
tranquillizers) are dopamine antagonists (Pleuvry, 2004). In the
dopaminergic system, the dopamine D2 receptor has been extensively
studied. Stimulation (Groenink et al., 2003) and blockade of the
dopamine D2 receptor (Borsini et al., 1989; Lecci et al., 1990; Zethof
et al., 1995) as well as inhibition of DA reuptake into the cells (Zethof
et al., 1995) did not alter the stress response (for a review see
Bouwknecht et al., 2007). ButΔTwas lower on some days of treatment
that can suggest an effect of PPZ on the SIH response. The positive
correlation of ΔT with bleats, locomotion and attempts to escape
suggest this difference may be due to the stress produced by the test.
Further research will be needed to evaluate the effects of PPZ on SIH.

The effect of the PPZ was expected to last for 7–10 days (Ebedes
and Raath, 1999) owing to the depot release of the drug profile but in
general from day 7 the responses we measured seem not to be
affected by the drug. At the same time the OFT situation may not be
considered as fearful for the sheep anymore because of a possible
adaptation throughout repetitions.

In conclusion, our results indicate that the use of the long-acting
neuroleptic perphenazine enanthate may be useful in reducing the
effect of stress during and isolation or novelty situation. The use of a
tranquillizer allowed us to validate both behaviours displayed at the
OFT and SIH as indicators of fear. Since it is essential to avoid or, at
least, reduce the animals' stress during their management, the use of
LANs may become very useful for wild animal handling i.e. transport.
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