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1 Acetylpromazine (Acp, 0.05, 0.1 and 0.5 mg/kg) and azaperone (Azp, 1.0, 1.25 and 1.5 mg/kg) were
given by intramuscular injection to separate groups of seven familiar Romney ewes. Thirty minutes
after injection the sheep were led into a featureless arena and spatial distribution, activity and shade
preference were monitored for 20 min by overhead photography.

2 Behavioural response was complex with both stimulant and depressant effects being seen. The
response trends with increasing time for all three measures were significantly different for the two
drugs. In particular, Azp tended to increase animal dispersion and Acp to decrease it, in agreement
with earlier predictions.

3 The dosage range for Azp was adequate for reduction of individual movement and inter-animal
distance but steady state effect was not reached in the time period studied. All doses of Azp initially
caused disorientation, as measured by shade preference, but this improved as sedation deepened.

4 The highest dose of Acp (0.5 mg/kg) achieved steady state effect on individual movement within
the study period. The three doses of Acp caused either no change or a slight increase in inter-animal

distance. Disorientation with Acp was less and briefer than that seen with Azp.

Introduction

Phenothiazines, butyrophenones and lithium salts are
all antipsychotic drugs used in the treatment of affec-
tive disorders. The effects of chlorpromazine (Cpz)
and lithium on social behaviour in groups of familiar
laboratory rats have been studied (Syme & Syme,
1973; 1974a), but there are no comparable obser-
vations for butyrophenone derivatives like azaperone
(Azp).

The rationale and methods adopted for the present
study follow our previous work with lithium which,
like Azp, may have specific anti-aggressive properties.
Lithium has been shown to be effective in rats with
artificially induced aggression (e.g. footshock, Sheard,
1970) while Azp has been found useful in veterinary
practice for preventing fighting in regrouped pigs
(Symeons & Van den Brande, 1969). Interpretation of
these findings is difficult, however, since these drugs
may simply reduce the general environmental aware-
ness of treated animals (Syme & Syme, 1974a).
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As noted elsewhere (Syme & Syme, 1974b), experi-
ments with familiar subjects (stable groups) allow dif-
ferentiation between social and environmental effects
of drugs. Animals in stable groups experience only
environmental novelty whereas the formation of un-
stable groups provides an additional confounding
source of behavioural influence (social disruption).
Such effects are particularly relevant to Azp, since all
studies with the drug have involved unstable groups
or socially isolated animals; the relative contribution
of pharmacological, environmental and social effects
to the anti-aggressive drug response has yet to be
determined. )

When stable groups of rats were observed in an
open field, Cpz was found to decrease inter-animal
distance (Syme & Syme, 1973) while in another study
(Syme & Syme, 1974a), lithium increased distance
between animals. Acetylpromazine (Acp), the pheno-
thiazine derivative generally used for veterinary pur-
poses, was therefore chosen for comparison with the
effects of Azp on spatial behaviour in sheep. In this
species, social behaviour is primarily expressed as
allelomimesis (mutual imitation), flocking and vocal-
ization, a repertoire amenable to an experimental
paradigm assuming an inverse relationship between
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social status and proximity (McBride, 1971; Syme,
Syme, Waite & Pearson, 1975). Interanimal distance
in stable groups within a novel ‘open field’ arena was
measured by overhead photography (Syme et al.,
1975) and hence only horizontal changes in position
were recorded. Such a technique would have limited
value for subjects (e.g. pigs) which engage in vigorous
and complex social interactions. Azp was expected to
resemble lithium and to increase animal dispersion;
conversely, in view of our findings with Cpz, one
might expect Acp to decrease inter-animal distance.
Ideally, investigations of drug effects on single ani-
mals should precede those in the social setting. Con-
sequently a preliminary study (Hughes, Syme &
Syme, 1977) compared the response of individual
Romney ewes to typical clinical doses of Azp (0.5,
1.0 mg/kg) and Acp (0.1, 0.25 mg/kg) within the ‘open
field” arena. Whereas Azp (particularly the higher
dose) significantly reduced the distance travelled and
time spent walking, it increased the numbers of sheep
seeen grazing and pawing, and decreased the number
heard vocalizing at least once. The only significant
effect recorded for Acp was a reduction in the number
of sheep heard vocalizing. In that vocalization is a
common reaction to social isolation in sheep (Scott,
1945) both drugs appeared to influence ‘sociability’.
The investigation described here used the same appar-
atus but with a shaded area so that three measures of
response by groups of familiar sheep were obtained
from photographs taken above the field: (1) shade
preference—a presumed measure of environmental
awareness, or disorientation; (2) individual move-
ment—a measure of activity; and (3) individual dis-
tance—a measure of ‘sociability’, or dispersion.

Methods

Forty-nine Romney ewes culled from a common flock
of about 250 and aged 2 to 4 years were weighed (50
to 55 kg) and randomly assigned to a control group
and six drug groups (n = 7) on the day before obser-
vation. The sheep used in our earlier study (Hughes et
al,, 1977) came from the same flock. Spray marker
dyes were used to make distinctive signs on the back
of each animal to allow identification in the sub-
sequent photographs. The sheep were kept together in
a holding yard overnight before testing the following
day at 12 h 30 min. The study was conducted out-
doors during late spring at the Ruakura Agricultural
Research Centre, Hamilton, New Zealand in a fea-
tureless arena (14.63 x 14.63 m) surrounded by corru-
gated iron walls, 2.13 m high. Observations were
made after mid-day so the animals were able to use a
shaded area covering 11 segments of the field by the
SW and NW walls (i.e. the outer squares on two sides
of the field). In diagonally opposite corners there were

hinged gates through which the animals entered and
left the field. The floor was covered with an 8 cm layer
of coarse wood shavings on top of an 8 cm layer of
pumice sand. Before testing any of the groups, a white
plastic grid dividing the arena into 36 x 244 m
squares was placed on the floor, photographed and
then removed. The image on the resulting negative
was then transferred to a clear plastic film which,
when placed over the test photographs, enabled accu-
rate positioning of subjects.

Each drug group received one of three doses of Azp
(1.0, 1.25, 1.5 mg/kg; Stresnil injection, Ethnor) or
Acp (0.05, 0.1, 0.5 mg/kg; Boots); the control was iso-
tonic saline. Since Acp had similar, but not signifi-
cant, effects to Azp in our study with single sheep
(Hughes et al, 1977) a wider dose range was
employed for the social situation, the highest dose
being somewhat greater than that recommended for
the sedation of horses, pigs and sheep (0.05 to 0.1
mg/kg, Boots). Our dosage of Azp ranged from the
highest used with individual sheep (1.0 mg/kg) to the
lowest found effective for preventing fighting in pigs
(1.5 mg/kg). The same injection time (30 min) but a
longer test period (20 min) were used, in comparison
with our initial investigation. Clinical signs of seda-
tion for both drugs appear within 5 to 10 min of
intramuscular injection, with the effects persisting for
at least 1 to 2 h. Since social settings tend to accen-
tuate the effects of psychotropic drugs (Kinnard &
Watzman, 1966) only the lowest level of the effective
anti-aggressive range of Azp was used (Symeons,
1970) to ensure some sort of active spatial distribution
of animals in what was essentially a passive social test
environment.

Saline and drugs were given by deep intramuscular
injection in the thigh (0.2 ml/kg) and subjects within a
group were yarded together and left undisturbed.
After 30 min, groups were directed into the test arena
and 1 min later photographs were taken of the field
from a 13.7 m tower situated 2.4 m from the south
end of the SE wall and 0.6 m out from the wall, using
a Zenith-E camera (prime lens = Helios 58 mm,
attachment lens = Marexar ultrawider). The camera
was manually operated but attached to a tripod fix-
ture which ensured that all photographs were
obtained from the same position. One photograph
was taken each minute for 20 min for each group; 140
for the experiment.

The midpoint of the square occupied by the sub-
ject’s head was used to provide co-ordinate data for
the position of each sheep in the 140 photographs.
These data served as a computer input which yielded
the following information over the test period: (1)
aggregate distance between each sheep and all other
sheep in the group; (2) average changes in position for
each sheep from photograph to photograph, i.e. every
minute of the test period; (3) percentage occupation of
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shaded area by each sheep (x or y co-ordinate equal
to 1) transformed (y = arcsin,/P) to normalise error
variance. Data were interpreted with analyses of vari-
ance using the program MANOVA from the SPSS
package (Nie, Hull, Jenkins, Steinbrenner & Bent,
1975) and results were considered significant when
P < 0.01.

Results

Mean results for all seven treatment groups (1 to 7)
and the three measures of behaviour (a to c¢) are
shown in Figure 1 for three time periods, 0 to 6 min
(I), 7 to 12 min (II) and 13 to 20 min (III). Since the
three measures have differing magnitudes and/or
units, the differences in height of histograms between
measures a, b and ¢ are of no significance, being
merely a reflection of appropriate scaling of means.
The complexity of behavioural response is immedi-
ately apparent, with time being an important variable.
When the data were analysed as two-way analyses of
variance tables, significant main and interaction
effects (treatment by time) were found in all instances
except for main effects in interanimal distance. Conse-
quently the interaction mean sum of squares was used
as a conservative estimate of the error variance in
subsequent comparisons of treatment and time
means. When compared over the full 20 min time
period, only four treatments were significantly differ-
ent from control; 1.25 mg/kg Azp increased individual
movement and all three doses of Azp decreased shade
preference. Significant effects for orthogonal designs
comparing the two drugs and relating response to
varying doses of a drug and time, are shown in
Table 1 and summarised below:

Interanimal distance

(1) Taking all doses together, Azp increased distance
as time increased whereas with Acp it decreased.

(2) Considering Azp, the lowest dose (I mg/kg)
increased distance with time more than the highest
(1.5 mg/kg).

(3) Considering Acp, distance decreased with time for
0.05 mg/kg but increased for 0.5 mg/kg. Both these
effects were greatest in the intermediate time
period and then diminished.

Individual movement

(1) There was decreased movement with time when
all seven treatments were considered together; this
change was greatest for Acp.

(2) Considering the three time periods together, the
intermediate dose of Azp increased movement.
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Figure 1 Time and treatment effects on the three
measures of behaviour: aggregate inter-animal distance,
individual movement and shade preference. Key: 1 to 7
treatments: 1, 2 and 3—azaperone 1.0, 1.25 and 1.5
mg/kg, respectively; 4, 5 and 6—acetylpromazine 0.05,
0.1 and 0.5 mg/kg, respectively; 7—saline control. (a)
Inter-animal distance; (b) individual movement: ()
shade preference. I—time 0 to 6 min; II—7 to 12 min:
III—13 to 20 min. Error bars shown are standard
deviations; where no error bar exists, the error is
zero; 1009, shade preference (e.g. 7c) was seen in 10
instances.
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(3) The intermediate dose of Acp increased individual
movement in the first time period and reduced it
in the last.

(4) A complicated quadratic-quadratic interaction of
Azp dose with time indicated that only 1.25 mg/kg
showed a minimum in the intermediate time
period and that the effect of dose was greatest in
the last time period.

Shade preference

(1) Over all time periods (a) both drugs reduced shade
preference compared to the control group (b) the
effect of Azp was greater than Acp, and (c) the
effect of Azp was greatest at the lowest dose.

(2) Taking all doses together, least shade preference
was seen in the intermediate period for Azp and
the initial period for Acp.

(3) The intermediate dose of Acp reduced shade
preference, but only in the first time period.

Discussion
The stimulant and depressant effects seen with both
drugs in this study make an unequivocal interpreta-
tion of the data difficult. However, biphasic responses
were not totally unexpected since it is known that
neuroleptics, while producing a behavioural response
of CNS depression, are electrophysiological stimu-
lants (Domino, 1971). Jones (1972) has warned that
disturbances in the first 30 min after intramuscular
injection of Azp in pigs can cause excitement, and
also found that preknockdown excitation usually
occurred with intramuscular Acp in horses.

Over the full 20 min test period only four treat-
ments out of a total of 18 (six drug treatments of three

Table 1

measures) were- significantly different from control.
With such a low proportion of significant effects it
might be asked whether the drugs, in the dosages and
times selected, displayed any reproducible activity at
all. Since the 19, probability level was used in hypoth-
esis testing, it is most unlikely that the effects reported
as significant would have occurred by chance alone.
Furthermore the results in Table 1 show consistent
differences in response to Azp and Acp for all three
behavioural measures, and definite response trends
were seen for different doses of both drugs.

With the interanimal distance measure in the pres-
ent setting, the dominant social response is for ani-
mals to flock together, especially as the environment
becomes familiar with time. Neither drug produced a
response which was significantly different from con-
trol at any time period. However, there were signifi-
cant linear time trends for different doses of Azp; dis-
tance was significantly increased with time for 1
mg/kg but decreased for 1.5 mg/kg over the same
period. This change from a positive to negative effect
suggests that inadequate time was allowed for onset
of Azp action in the doses used. Acp seemed to act
faster than Azp; the quadratic time effect suggesting
that steady state effects were reached within the study
period. With this behavioural measure, the dose level
of Azp, although small in range, was probably ade-
quate. For Acp it may have been too low since the
two lower doses were similar to controls and only the
highest dose exceeded the response threshold and
produced stimulation. Harthoorn (1975) also found
that large doses of tranquillizers were needed to
modify stable modes of behaviour in small groups of
wild animals. The increased dispersion at the highest
dose of Acp may represent the only true antisocial
effect observed in this study, as all others (Azp) were

Summary of significant contrasts for the three measures of behaviour

Measure Interaction effects

Interanimal distance 3vs4,5,6)x1 11, III linear

3 linear « I, II, III linear

. 6 linear « I, II, III linear

, 6 linear « I, II, II quadratic
Individual movement ( .3 vs 4,5,6) « I, I1. III linear
. 3 quadratic « I. II, III quadratic
. 6 quadratic « I, II, III linear
3 vs 4,5.6) « I, I1, III quadratic
. 6 quadratic x I, II, III linear

Shade preference (

Main effects

1, 2,3 quadratic
I, II, III linear

1,2,3,4,5,6 vs 7
1,2,3,vs 4,5.6
1, 2, 3 linear

3 &

Key: 1.2 and 3—1.0, 1.25 and 1.5 mg/kg azaperone, respectively; 4. 5 and 6—0.05, 0.1 and 0.5 mg/kg acetylproma-
zine, respectively; I, II and III—time periods 0 to 6. 7 to 12 and 13 to 20 min, respectively. Significance level was
P < 0.01. Linear refers to response difference between highest and lowest levels of a factor; quadratic means there
is curvature in the factor-response relationship.
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accompanied by significant degrees of disorientation
(decreased shade preference). The significantly differ-
ent time trends for Azp and Acp were consistent with
expectations from the earlier findings with lithium
and Cpz, which increased and decreased dispersion
respectively.

With individual movement, 1.25mg/kg Azp
induced significant stimulation over all time periods
compared to control, again indicating (since the
higher dose of 1.5 mg/kg produced less stimulation)
that the doses were adequate to cover the range from
stimulation to depression. Similarly it would seem
that the Acp doses were adequate because with 0.1
mg/kg there was a maximum in movement in the first
time period and a minimum at the last. Nevertheless a
longer period may be required for steady state re-
sponse to Azp and Acp in this measure as movement
decreased linearly with time for both drugs, the
change being significantly greater for Acp. When the
activity of individual sheep was observed in this en-
vironment (Hughes et al. 1977) only Azp had a signifi-
cant depressant effect, whereas with individual move-
ment in the social setting, Acp had a greater depres-
sant effect than Azp. Social isolation in sheep is a
stressful state (Cairns, 1966) and thus Azp may be the
more effective neuroleptic in socially disturbed or
‘emotional’ sheep.

Over the whole experiment, shade preference in the
treatment groups was less than the 1009, response
seen in control animals, and this effect was greater for
Azp compared to Acp. The increased preference with

References

CaIrNs, R.B. (1966). Attachment behaviour of mammals.
Psychol. Rev., 73, 409-426.

DomiNo, E.F. (1971). Antipsychotics: phenothiazines,

*  thioxanthines, butyrophenones, and rauwolfia alka-
loids. In Drill's Pharmacology in Medicine, 4th edn. ed.
Di Palma, J.R. p. 471. New York: McGraw-Hill.

HARTHOORN, A.M. (1975). Psychopharmacology and con-
servation. Proc 6th Int. Cong. Pharmac., Helsinki, 3, pp.
3-17.

HucHEs, R.N, SYME, L.A. & SYME, G.J. (1977). Open-field
behaviour in sheep following treatment with the neuro-
leptics azaperone and acetylpromazine. Psychopharmac-
ology, 52, 107-109.

JonEs, R.S. (1972). A review of tranquillization and seda-
tion in large animals. Vet. Rec., 90, 613-617.

KINNARD, W.J. & WATZMAN, N. (1966). Techniques utilized
in the evaluation of psychotropic drugs on animal ac-
tivity. J. Pharm. Sci., 55, 995-1012.

MCcBRrIDE, G. (1971). Theories of animal spacing: the role
of flight, fight and social distance. In Behavior and En-
vironment. ed. Esser, A. H. pp. 53-68. London: Plenum.

Nig, N.H., HuLL, C.H., JENKINS, J.G., STEINBRENNER, K. &
Bent, D.H. (1975). SPSS—Statistical Package for the
Social Sciences, 2nd ed. New York: McGraw-Hill.

ScotT, J.P. (1945). Social behavior, organization and

increasing dose of Azp suggests that the lowest dose is
acting at the first phase of a biphasic phenomenon. In
this measure it is obvious that higher Azp doses,
expected to produce the second depressant phase,
could not increase preference beyond the maximum
control value of 100%. Both Azp and Acp showed
evidence of producing steady state responses within
the study period, so that within the dosage ranges
used, the reduced disorientation for Acp compared to
Azp would seem to be a pharmacological property
rather than the result of different kinetics.

Thus the complicated response pattern for different
doses of the two drugs considered at different times
over all three behavioural measures in familiar sheep
is best understood in the context of biphasic dose-
response curves after allowance for kinetic effects.
Stimulant effects at low doses, manifested as increased
dispersion and movement and decreased shade prefer-
ence, become depressant effects (decreased dispersion
and movement and increased shade preference) at
higher doses. Subtle differences in the dose-response
curves and kinetics of the two drugs are apparent.
The most evident difference between the drugs at the
dosages used in this study is that Acp induces far less
disorientation than Azp.

This study was supported by an N.Z.U.G.C. post-doctoral
fellowship to G.J.S. Research facilities, assistance and
advice were provided by Drs W.G. Whittlestone, R. Kil-
gour, R.N. Hughes and Mr B.P. Murphy. Azaperone was
donated by Ethnor (N.Z.). Please send reprint requests to
University of Western Australia.

leadership in a small flock of domestic sheep. Comp.
Psychol. Monogr., 18, 1-29.

SHEARD, M.H. (1970). Effect of lithium on foot shock
aggression in rats. Nature, 228, 284-285.

SyME, LA. & SyME, G.J. (1973). Effects of chlorpromazine
and methamphetamine on sociability in rats. Psycho-
pharmacologia, 32, 81-84.

SyMe, LA. & SyME, G.J. (1974a). The role of sex and
novelty in determining the social response to lithium
chloride. Psychopharmacologia, 40, 91-100.

SYME, L.A. & SyME, G.J. (1974b). Group instability and the
social response to methamphetamine. Pharmac. Bio-
chem. Behav., 2, 851-854.

SyMe, LA, SyMg, G.J, WAITE, T.G. & PEARSON, A.J.
(1975). Spatial distribution and social status in a small
herd of dairy cows. Anim. Behav., 23, 609-614.

SYMEONS, J. (1970). Drug treatment of aggressiveness. Proc.
Symp. Stress in The Pig. pp. 27-33. Beerse, Janssen
Pharmaceutica.

SYMEONS, J. & VAN DEN BRANDE, M. (1969). Prevention and
cure of aggressiveness in pigs using the sedative azaper-
one. Vet. Rec. 85, 64-67.

(Received March 13, 1979
Revised September 6, 1979.)



