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ABSTRACT

In comparison to studies investigating the roles of 5-HT;, 5-HT, and 5-HTj; receptors in aggressive behaviour there is a
dearth of material examining the function of 5-HT, receptors in this behaviour. In view of this, the current study exam-
ined the effects of the 5-HT, receptor partial agonist RS 67333 and antagonist RS 39604 in murine agonistic behaviour.
RS 67333 failed to produce any significant changes in the offensive. Significant variation in the frequency of evade
behaviour was detected but this occurred between treatment groups rather than with controls. Interestingly, both the
frequency and duration of stretched attend behaviour were increased by RS 67333 0.1 mg/kg, a result indicative of in-
creased risk assessment. The administration of RS 39604 (0.01 - 1 mg/kg) produced significant variation in the fre-
quency and duration of following, and aggressive grooming. Frozen crouch behaviour was also increased significantly
at 0.1 mg/kg. It is concluded that since the 5-HT, receptor ligands employed in this study produced very few significant
behavioural effects across the treatment groups, 5-HT4 receptors do not play a role in the modulation of murine aggres-

sive behaviour.
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1. Introduction

Compared to the early extensive research interest that
focused on the role of 5-HT; receptors [1-3] and 5-HT,
receptors [4] in rodent offensive behaviour, to the best of
the authors’ knowledge no studies have been published
investigating the role of the 5-HT, receptor in aggressive
behaviour.

However, the 5-HT, receptor partial agonist RS 67333
has been tested in other animal models of behaviour. In
the Morris Water maze the partial agonist RS 67333 pro-
duced significant reductions in the cognitive deficit in-
duced by atropine and while the partial agonist RS 67506
produced no significant change in this respect [5]. Test-
ing also showed that RS 67333 produced no effect on
locomotor activity while the antagonist RS 67532 (1 &
10 mg/kg i.p.) did reduce activity. More recently, in the
forced swim test animal model of depression, RS 67333
demonstrated putative antidepressant action [6]; an effect
optimized by the adjunction of an SSRI [7].

5-HT, receptors have been examined with regard to a
possible role in anxiety. The 5-HT, antagonists SB204070
and GR113808 were tested in the elevated plus maze [8].
The results were suggestive of a mild anxiolytic-like ef-
fect, although not as potent as traditional anxiolytics such
as diazepam.
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An investigation concerning the role of 5-HT, recep-
tors in appetitive behaviour reported that bilateral micro-
injections of the 5-HT, antagonist RS 39604 into the nu-
cleus accumbens (NAc) increased food intake and incre-
ased weight loss in MDMA treated rats compared to sa-
line controls. Such results demonstrated that 5-HT, re-
ceptors in the NAc regulate the apetite suppressant ef-
fects of MDMA [9].

In this study we examined the effects of the 5-HT, par-
tial agonist RS 67333 and the 5-HT, antagonist RS 39604
on murine agonistic behaviour.

2. Materialsand Methods

Subjects and procedure. One hundred and sixty adult
male albino mice of the BKW strain, weighing between
25 - 35 g from Queens University Belfast Medical Biol-
ogy Centre Breeding stock were used. Four weeks prior
to testing the mice were randomly allocated to resident or
intruder status. Residents were individually caged (cage
size 30 x 15 x 13 cm) and intruders housed with siblings
in groups of approximately ten (cage size 44 x 28 x 13
cm). Throughout the four weeks prior to testing, all ani-
mals were given fresh bedding weekly, with food and
water available ad libitum . All subjects were maintained
in a temperature-controlled room (24°C + 1°C), in which
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a 12 hour reversed light/dark cycle was operative (lights
on 2400 hrs).

All work was licensed by the Home Office in accordance
with the UK Animals (Scientific Procedures) Act 1986.

Behavioural testing took place in the residents “home
cage”. Food and water were removed from test cages for
the duration of encounters. Resident/intruder encounters
were recorded on tape by a Panasonic Saticon colour vi-
deo camera (model WVP200E) with low light facility.
The test cages were illuminated by two 60watt “angle-
poise” lamps during social encounters. Tape analysis was
carried out using a Panasonic video recorder, a VDU, a
PC computer and a printer.

All injections were performed subcutaneously in a vo-
lume of 10 ml/kg thirty minutes prior to testing. Animals
used were both drug and experimentally naive. The expe-
rimenter remained blind to the conditions until data an-
alysis was complete.

All testing was carried out under red light during the
mid-portion of the dark phase. Isolates were weighed,
marked for recognition and randomly assigned to dose
treatment groups. Only isolate (resident) mice received
drug treatments. Thirty minutes after treatment (residents),
intruder mice were introduced into the home cages of the
residents and the ensuing 10 minute encounters recorded
on video tape for later analysis.

RS 39604 was administered in doses of 0.01 mg/kg,
0.1 mg/kg and 1 mg/kg and RS 67333 was administered
in doses of 0.01 mg/kg, 0.1 mg/kg & 0.5 mg/kg. Doses
were based on similar compounds from previous studies
and pilot experiments in our laboratory.

3. Measures

Behavioural analysis was similar to that previously de-
scribed [1]. Briefly, videotapes were analysed using di-
rect keyboard inputs to the microcomputer which had
been programmed to produce data output in the form of
frequency and real-time duration of behavioural elements
[3]. The following behavioural elements and categories
were analysed:

4. Statistical Analysis

Given the non-parametric nature of the data, results for
each behavioural element were analysed using Kruskal-
Wallis one-way analyses of variance. Where statistical dif-
ferences were detected, further comparisons (with control
group) were performed by Mann-Whitney U tests.

5. Reaults

5.1. Resident Behaviours after Treatment with
RS 67333 (0.01 - 0.5 mg/kg) (Table 1)

5.1.1. RS 67333 and non Social Behaviour
Treatment with SR57227A sc. failed to significantly mo-
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dify non social behaviour on behalf of the drug treated
resident mice with non significant increases and decrea-
ses in these behaviours being detected (H < 7.3, p > 0.05
[f] & H< 5.7, p > 0.05 [d]).

5.1.2. RS 67333 and Social Behaviour

Kruskal Wallis analysis did detect significant variation in
both the frequency and duration of stretched attend be-
haviour (H = 12.6, p < 0.02 [f] & H<9.9, p > 0.02 [d]).
Subsequent analysis failed to showed a significant incre-
ase in both the frequency and duration of this behaviour
at 0.1 mg/kg (p < 0.02). Analysis of the other elements of
the social repertoire revealed no significant changes in
behaviour (H < 6.2, p>0.05 [f] & H<4.8, p>0.05 [d]).

5.1.3. RS 67333 and Offensive Behaviour

The frequency and duration of offensive aggression and
threat behaviour were not modified by treatment with RS
67333 with non significant changes being detected (H <
4.3,p>0.05 [f] & [d]).

5.1.4. RS 67333 and Defensive Behaviour

Kruskal Wallis analysis did detect significant variation in
the frequency of evade behaviour (H = 8.8, p < 0.05).
Subsequent Mann Whitney analysis showed this varia-
tion to occur within the drug treated groups and not with
the control. All other elements failed to show significant
variation.

5.2. Intruder Behaviours as a Function of
Resident Behaviour after Treatment with
RS 67333 (0.01 - 0.5 mg/kg) (Table 2)

5.2.1. RS 67333 and Intruder non Social Behaviour
Kruskal Wallis analysis revealed no aspects of intruder
non social behaviour were modified by RS 67333 (H <
2.6,p>0.05 [f] &« H<2.4, p>0.05).

5.2.2. RS67333 and Intruder Social Behaviour
Only one aspect of intruder social behaviour was sig-
nificantly modified by the administration of RS 67333.
The frequency of naso naso sniffing showed significant
modification H = 8.7, p < 0.05) and was increased at 0.01
mg/kg (p < 0.05).

No other elements of intruder social behaviour showed
any significant change across the dose range with only sm-
all increases and decreases in behaviour being detected.

5.2.3. RS67333 and Intruder Offensive Behaviour
Analysis of the intruder offensive behaviour revealed
significant variation for the frequency and duration of of-
fensive upright attacks (H +12.3, p < 0.02 [f] & H=10.8,
p <0.02 [d]) and chase behaviours (H = 12.6, p < 0.02 [f]
& H=14,p<0.02 [d]).

JBBS



28 R.BELL ET AL

Table 1. Effects of RS 67333 (0.01 - 0.5 mg/kg) on behaviours displayed by resident mice.

Behaviours Vehicle 0.01 mg/kg 0.1 mg/kg 0.5 mg/kg H values
Cage exploration f 41.5(32-50.75) 25.5(13.5-36.5) 37 (28.5 - 53) 34.5(25.75 - 40.25) 7.3
d 181.38 (137.82-203.97) 143.14 (60 -216.42)  152.17 (105.56 - 253.67)  227.24 (157.97 - 266.91) 44
Rearing f 30.5(11.5-36.25) 15(3.75-29) 16.5 (7.75 - 22.75) 19 (15.25 - 36.75) 45
d 68.65 (25.03 - 82.7) 26.34 (5.15 - 73.36) 26.43 (10.57 - 35.65) 56.83(20.99 - 121.13) 5.7
Maintenance f 2.5(75-4.25) 3(1-5) 1(1-3) 2(0.75 - 3.25) 2.9
d 8.82 (1.57 -23.51) 11.27 (5.05 - 24.40) 4.87 (0.54 - 10.262) 6.46 (1.44 - 15.51) 23
Digging f 0(0 - 0.25) 0(0-1) 0.5(0-1.25) 0(0-2) 2
d 0(0-0.1) 0(0-1.13) 0.5(0-1.74) 0(0-537) 22
Naso genital f 10.5 (6.5-15) 5(.75-11.25) 7.5(3-18) 6(2-8.25) 4.7
d 36.33 (14.82 - 72.23) 16.89 (0.5 - 46.99) 26.33 (10.7 - 67.21) 14.47 (4.55 - 41.86) 2.7
Naso nasal f 11(8-17.5) 14.5 (10 - 18.75) 15.5(10.5-18) 10 (6 - 11.25) 6.2
d 38.68 (26.94 - 75.40) 57.99 (30.79 - 72.01) 49.60 (31.43 - 63.92) 27.1 (18.1-51.16) 3.5
Non specific f 13(9.75-19) 6(3.75 - 10.75) 11 (4.75-17) 10 (6.25 - 15.75) 3.6
investigation d 45.1(29.41-81.81) 20.54 (12.28 - 52) 27 (12.68 - 40.98) 26.75 (16.97 - 63.20) 4.8
Attend f 9.5(5.75-12) 5.5(1-11.25) 10 (2-12.75) 6.5(3-10) 1.4
d 15.36 (8.9 - 16.64) 11.71 (1.84 - 15.66) 14.4 (6.33 - 19.24) 10.79 (5.08 - 17.27) 23
Stretched attend f 4.5(2.75-17.25) 10.5 (6.25 - 13.5) 13(7.5-22)_ 3(1-8.25) 12.6_
d 5.41(3.05-13.22) 14.26 (6.02 - 25.06) 21.53 (10.30 - 35.65)_ 5.55(1.19 - 12.74) 9.9_
Follow f 3.5(1.75-8.25) 1(0-3) 2(0.75-5.75) 3(1-7.25) 33
d 6.04 (3.38 - 18.64) 1.81 (0 - 14.36) 3.48 (0.7 - 10.56) 6.97 (1.79 - 16.36) 32
Aggressive groom f 0(0-0) 0(0-0.5) 0(0-0.25) 0(0-0) 43
d 0(0-0) 0(0-3.5) 0(0-0.51) 0(0-0) 43
Tail rattle f 8.5(1.75-15.5) 11 (.75 -25.5) 7.5(2.75 - 20.75) 5.5(1.5-18.5) 0.5
d 17.27 (1.75 - 31.05) 11.21 (0.46 - 44.37) 9.07 (2.59 - 32.01) 11.13 (2.89 - 34.01) 0.2
Offensive sideways f 8(1.75-29) 14 (0 - 34.5) 19.5(1.75-25.5) 9(2.5-18.75) 0.4
d 35.63 (1.01 - 105.54) 24.92 (0 - 78.40) 48.69 (6.06 - 79.19) 26.73 (8.79 - 56.63) 0.8
Offensive upright f 2(0-4) 3(0-5.5) 2.5(0.75 - 6.75) 3(0.75-5) 0.9
d 4.92(0-17.73) 439(0-7.3) 4.78 (0.66 - 14.52) 5.68 (1.52-9.22) 0.5
Chase f 0(0-1.25) 0(0-1) 0.5(0-1.25) 0(0-1.25) 1.1
d 0(0-0.87) 0 (0 - 0.46) 0.16 (0 - 1.57) 0 (0 - 1.46) 0.8
Bite attack f 6 (0 -20.25) 16.5 (0 - 39.25) 9.5 (0 - 34.75) 12.5 (0 - 30.5) 0.4
d 24(0-6.42) 2.85(0-8.78) 1.58 (0 - 5.64) 2.05(0-5.2) 0.5
Evade f 1(0-4.75) 0(0-1.5) 4(.75-10) 0(0-1.75) 8.3*
d 1.3 (0-10.29) 0 (0 - 1.80) 12.36 (0.7 - 22.59) 0(0-5.87) 75
Defensive sideways f 0.5(0-3.25) 0(0-1.25) 1.5(0-8.75) 0.5(0-1.25) 2.5
d 2.23(0-11.56) 0(0-2.98) 2.88 (0 - 35.35) 0.53 (0-4.47) 2.4
Defensive upright f 0(0-1) 0(0-0) 0(0-3) 0.5(0-2.25) 3.8
d 0(0-2.14) 0(0-0) 0(0-5.36) 0.72 (0 -7.1) 4
Submissive upright f 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0
d 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0
Frozen crouch f 0(0-0.25) 0(0-10.75) 1(0-4.5) 0(0-0.5) 4.6
d 0(0-2.35) 0(0-117.01) 1.07 (0 - 23.61) 0(0-1.43) 3.9

Data expressed as median (lower to upper quartiles) for frequency (f) and duration (d); Significant values refer to Mann-Whitney comparisons with vehicle

control; *significance at p <0.05, significance at p < 0.02, #significance at p <0.002.
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Table 2. Behaviour of untreated intrudersasa function of drug state of residents (0.01 - 0.5 mg/kg RS 67333).

Behaviours Vehicle 0.01 mg/kg 0.1 mg/kg 0.5 mg/kg H values
Cage exploration  f  62.5(52.75 - 75.25) 64 (50 - 75) 57.5 (45.75 - 70.25) 62.5 (53.25 - 72.75) 12
d 186.03 (154.55-217.46) 207 (174.65 - 250.23) 199.59 (151.46 - 219.7) 180.27 (132.68 - 253.55) 1.2
Rearing f  37.5(35.75-57.25) 45 (20.75 - 57.5) 38.5(20.25 - 64) 42.5(23.25-55.5) 0.1
d 8237(62.17-127.78) 82.03 (40.22-130.81) 76.14 (43.83 - 138.79) 107.32 (46.5 - 142.92) 0.6 p=0.0117
Maintenance f 4(2.75-4.5) 2.5(1-4.5) 3(0.75 - 5.25) 3.5(2-6.5) 26
d 19.74 (7.85 - 53.05) 13.25(6.27 - 16.20) 19.36 (1.11 -29.97) 16.67 (7.69 - 54.76) 2.4
Digging f 22 (14 -33.5) 11 (6 -21.75) 20 (11.25 - 24.75) 18.5 (6.75 - 26.5) 2.1
d 60.31 (39.82-97.5) 2424 (15.17-42.55) 37.44(21.43-92.33) 51.57 (13.97 - 78.57) 3
Naso genital f 4(0.75 - 9.5) 45(1.75-6.5) 5(1.75-7.5) 3.5(1-6.25) 1
d 15.15 (1.81 - 29) 10.55 (4.55-25.1)  10.69 (3.27 - 25.71) 8 (4.23 - 20.35) 0.2
Naso nasal f 10.5(8.5-13.5) 15.5 (13 -21.25)* 13 (7.75 - 13.25) 14.5 (10.5 - 21.5) 8.7*
d  33.95(18.18-50.52)  56.20 (41.33-64.86) 36.71 (24.06 -43.25)  46.52(29.55 - 63.7) 6.3
Non specific f 11(5-19.25) 12 (7 - 18.5) 6.5(5-10.25) 6.5 (4.75 - 9) 6
investigation d 23.55(1592-56.80) 47.32(16.38-65.14) 18.13 (12.26 - 26.26) 21.2 (14.13 - 28.81) 5.8
Follow f 0.5(0-1.5) 1(0-2.25) 1(0-5) 0(0-1.75) 1.6
d 0.58 (0 -4.31) 1.51(0-4.1) 3.96 (0 - 7.78) 0(0-3.18) 22
Attend f 6(2.5-7) 3.5(2.5-10.25) 6 (3.75 - 10) 5.5(1.75-8.5) 0.9
d 6.76 (2.34 - 8.62) 4.89 (2.72-11.79) 6.62 (3.39 - 14.32) 7.92 (3.25 - 19.17) 1.6
Stretched attend 2.5(1.75-3.25) 3.5(1.75 - 6.75) 1.5 (0.75 - 4.5) 2.5(0 - 6.25) 1.1
d 3.29 (2.01-6.21) 4.64 (1.79 - 9.87) 1.92 (1.03 - 7.01) 3.08 (0 - 8.52) 0.8
Aggressive groom 0(0-0) 0(0-0) 0(0-1) 0(0-0) 6.6
d 0(0-0) 0(0-0) 0(0-1.87) 0(0-0) 6.4
Tail rattle f 0(0-3.25) 0(0-0) 2.5(0-6.25) 0.5(0-4.5) 6.7
d 0(0-3.94) 0(0-0) 3.38 (0 - 15.64) 1.45(0-9.22) 7.1
Offensive sideways 0.5(0-2) 0(0-1.25) 0(0-3) 0(0-0.25) 22
d 0.001 (0 - 0.003) 0 (0 - 0.002) 0(0-0.01) 0(0-0.001) 1.6
Offensive upright 0(0-1) 0(0-0) 3(0-4.25)* 0.5 (0-2.25) 123
d 0(0-2.1) 0(0-0) 8.38 (0 - 20.13)* 0.91 (0 - 6.79) 10.8
Chase f 0(0-0.75) 0(0-0) 2(0-4.75) 0(0-0.5) 12.6_
d 0(0-1.33) 0(0-0) 4.8(0-10.25) 0(0-0.5) 14
Bite attack f 0(0-5.25) 0.5 (0-5.25) 7(0.75 - 30.75) 1(0-5.5) 52
d 0(0-0.77) 0.80 (0 - 0.88) 1.24 (0.13 - 6.15) 0.24 (0 - 1.62) 47
Evade f 1.5(0-3.75) 1(0-5.5) 1(0-8.25) 2(0-4.5) 0.3
d 2.14 (0 - 5.31) 0.63 (0 - 7.55) 1.73 (0 - 14.55) 1.75 (0 - 6.1) 0.4
Defensive upright  f 2(0-19.25) 10 (0 - 24.25) 7.5(0-21.25) 5(1.5-18.25) 0.3
d 13.97 (0 - 68.76) 31.94 (0 - 93.69) 32.13 (0 - 78.08) 21.45(3.54 - 88.71) 0.4
Defensive sideways 3(0-7.25) 3(0-17.75) 2(0-6) 1.5(0-3.25) 0.5
d 6.65 (0 - 23.56) 3.40 (0 - 18.26) 5.69 (0-17.53) 33(0-7.4) 0.8
Submissive upright  f 0(0-1.5) 5(0-9) 0.5 (0 - 3.75) 1(0-5.25) 4.1
d 0(0-5.76) 15.26 (0 - 45.11) 2.99 (0 - 18.90) 0.85 (0 - 15.59) 3.4
Frozencrouch  f 0.5(0-1) 0(0-2.5) 0(0-1.5) 0.5(0-1) 0.6
d 0.41 (0 -2.28) 0(0-10.71) 0 (0 - 6.65) 0.77 (0 - 2.02) 0.5

Data expressed as median (lower to upper quartiles) for frequency (f) and duration (d); Significant values refer to Mann-Whitney comparisons with vehicle
control; *significance at p <0.05, _significance at p < 0.02, #significance at p < 0.002.
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The frequency and duration of offensive behaviour were
significantly enhanced at 0.1 mg/kg (p < 0.02 [f] & p <
00.5 [d]).

Further analysis of chase behaviour revealed that vari-
ation occurred between drug treated groups although the
frequency and duration of evade were enhanced at 0.1
mg/kg.

While no other significant variation was detected in
the offensive category there were non significant enhance-
ments at 0.1 mg/kg.

5.2.4. RS 67333 and Intruder Defensive Behaviour
Intruder defensive behaviour remained stable across all
doses for both frequency and duration with non signify-
cant increases and decreases being detected (H < 4.1, p >
0.05 & H<3.4,p <0.05).

5.3. Resident Behaviours after Treatment with
RS 39604 (0.01 - 1 mg/kg) (Table 3)

5.3.1. RS 39604 and non Social Behaviour

Analysis of the non social repertoire revealed no signify-
cant variation in the frequency or duration of the any
element (H <3.21, p > 0.05 [f] & H <3.84, p > 0.05 [d]).

5.3.2. RS 39604 and Social Behaviour

Following behaviour showed significant variation for
both frequency and duration (H=11.26, p <0.02 [f] & H
= 11.84, p < 0.02). Mann Whitney analysis revealed that
the frequency and duration of following were reduced at
1.0 mg/kg (p < 0.002) in both cases. The frequency and
duration of the remainder of the social behaviours in the
intruders showed no significant variation across doses (H
<6.86,p>0.05 [f] & H<6.73, p > 0.05 [d]).

5.3.3. RS 39604 and Offensive Behaviour

One way analysis of variance revealed a significant change
both the frequency and duration of aggressive grooming
H=9,p<0.05[f] & H=28.4, p <0.05 [d]). The fre-
quency of aggressive grooming was decreased at 0.01
mg/kg (p < 0.02) while the duration was decreased at 0.1
mg/kg (p < 0.02). No other elements were significantly
modified in this category (H < 4.57, P> 0.05 [f] & H <
4.67, p <0.05 [d]).

5.3.4. RS 39604 and Defensive Behaviour

A significant change in the frequency of frozen crouch
behaviour (H=9, p <0.05 [f] & H = 8.4, p <0.05 [d]).
This behaviour was found to be enhanced at 0.01 mg/kg
(p < 0.02). No other elements of defensive behaviour
were significantly (H < 6.15, p > 0.05 [f] & [d]).

5.4. Intruder Behaviours as a Function of
Resident Behaviour after Treatment with
RS 39604 (0.01 mg/kg - 1 mg/kg) (Table 4)

5.4.1. RS 39604 and Non-Social Behaviour
RS 39604 produced no significant changes in the fre-

Copyright © 2012 SciRes.

quency or duration of non social behaviour in the in-
truder group (H <4.79, p > 0.05 [f] & H<4.87, p> 0.05

[dD.

5.4.2. RS 39604 and Social Behaviour

Analysis revealed significant variation in the frequency
of naso naso sniffing (H = 7.92, p < 0.05) and naso geni-
tal sniffing (H = 8.59, p < 0.05). Significant variation
was detected in the duration of nsi (H = 10.17, p < 0.02)
while both the frequency and duration of following were
also significantly modified (H = 10.13, p <0.02 [f] & H
=8.54,p <0.05 [d]).

The frequency of naso genital sniffing was increased
at 0.01 mg/kg (p < 0.02) and 0.1 mg/kg (p < 0.02). The
frequency of naso naso sniffing and the duration of nsi
were also increased at 0.1 mg/kg (p < 0.02 in both cases).
The frequency and duration of following also showed a
significant enhancement at 0.1 mg/kg (p < 0.05 in both
cases).

No other aspects of social behaviour were modified (H
<4.12,p>0.05 [f] & H<4.83, p>0.05 [d]).

5.4.3. RS 39604 and Offensive Behaviour
Kruskal Wallis analysis revealed significant variation in
the frequency and duration of aggressive grooming (H =
8.27,p <0.05 [f] & H= 8.1, p <0.05 [d]). Further analy-
sis showed an increase in this behaviour at 0.1 mg/kg (p
<0.02 [f] & [d]) and at 1 mg/kg (p < 0.05 [f] & [d]).
While significant variation was detected for offensive
sideways behaviour variation was found to occur be-
tween treatment groups and not with controls.

5.4.4. RS 39604 and Defensive Behaviour

Intruder defensive behaviour showed no significant vari-
ation follow resident treatment with RS 39604 (H < 6.15,
p > 0.05 [f] & [d]).

6. Discussion

RS 67333 failed to produce any significant modification
of resident behaviour in this model of aggression. Non
social behaviour was generally reduced by administration
of RS 67333 but to a non significant degree. Thus it must
be proposed that RS 67333 possesses no sedative effects
in this model.

RS 67333 did not largely affect social behaviour in
this model. Only one aspect of social behaviour was sig-
nificantly modified by the compound. The frequency and
duration of stretched attend were significantly enhanced
at 0.1 mg/kg.

The only other element of the behavioural repertoire
that was significantly changed was the frequency of
evade behaviour. While this variation occurred within the
drug treated groups and not with controls, the frequency
and duration of evade behaviour were enhanced at 0.1
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Behaviors Vehicle 0.01 mg/kg 0.1 mg/kg 1.0 mg/kg H values
Cage exploration 60.5 (47 - 95.75) 67 (53 - 80.75) 67 (58 - 81.75) 65.5 (48.25 - 83.25) 0.29
d 220.65(141.75 - 275.42) 321.98 (174.92 - 340.91) 262.06 (202.59 - 308.81) 290.24 (170.72 - 334.82) 3.84
Rearing f 41 (27.75 - 67.25) 31.5(15-49.25) 33.5(26.5-48) 29 (20.75 - 42.5) 3.21
d  70.4(40.7-116.17) 49.77 (20.46 - 82.96) 52.98 (40.07 - 67.14) 50.31 (34.22 - 65.93) 2.52
Maintenance f 3(1-4) 2(1.75-4.5) 2.5(1-3.25) 2(0-7.25) 0.68
d 7.77 (3.77 - 10.24) 7.79 (5.41 - 17.93) 10.79 (3.23-17) 5.38 (0-27.7) 1.19
Digging f 0.5(0-3.25) 0.5(0-1.25) 0(0-1) 0(0-0.5) 225
d 0.69 (0-7.97) 0.47 (0-2.32) 0(0-1) 0(0-0.94) 2.96
Naso-genital f 16.5 (9.75 - 20.75) 20 (11.75 - 25) 16 (8.75 - 27) 8.5(5.75 - 12.75) 6.86
d  46.65(17.2-66.74) 55.68 (28.14-91.12) 59.12 (26.85 - 76.95) 20.39 (15.02 - 28.32) 6.73
Naso-nasal f 15.5(11.5-19.25) 16 (13-21) 19 (17 - 22.5)* 16 (12.75 - 23) 447
d  45.48(25.56 - 54.9) 36.66 (33.16 - 61.74) 55.18 (44.49 - 66.05) 48.1 (28.77 - 64.04) 3.21
Non-specific f 35(15.5-42.25) 26 (22-35) 25.5(19.75-29) 24.5(15.25 - 28.25) 243
investigation d 101.79 (49.24 - 142.02)  65.37 (53.56 - 94.97) 74.96 (52.8 - 103.15) 63.77 (35.71 - 84.73) 2.38
Follow f 7.5(2.75-11.25) 4.5(2.75-6.5) 4.5(2.75-10) 1.5(0-3)f 11.26 p=0.0104
d 10.24 (3.03 - 16.47) 7.01 (3.73 - 12.21) 6.96 (3.92 - 17.99) 2.42(0-3.87)f 11.84 p=0.0079
Attend/approach  f 8.5(4.25-11) 32-7) 6.5(2.75-9.5) 5(2.75-8.25) 3.24
d 9.3 (5.84-12.65) 421 (2.41-6.08) 8.52 (5.4 - 12.05) 5.07 (2.31-13.77) 4.12
Stretch/attend f 1.5(0.75-2.5) 1(0-3.5) 0.5(0-2.25) 1.5(0-3.25) 1.06
d 1.87(0.82-2.9) 1.21(0-3.5) 0.97 (0 - 2.65) 1.42(0-4) 0.7
Aggressive groom  f 0.5(0-2) 0(0-0)* 0(0-0.25) 0(0-0)t 9 p=0.0293
d 0.55(0-7.24) 0(0-0) 0(0-1.04) 0(0-0)f 8.4 p=0.0384
Tail rattle f 2(0-6) 0(0-0) 0(0-1.75) 0.5 (0-20) 4.57
d 2.09 (0-8.61) 0(0-0) 0(0-1.7) 0.29 (0 - 23.28) 4.67
Offensive sideways f 0(0-6.25) 0(0-1.75) 0(0-7) 0(0-27.25) 0.87
d 0(0-18.73) 0(0-3.05) 0(0-21.23) 0(0-55.09) 0.72
Offensive upright f 0(0-4.5) 0(0-0.5) 0(0-1.5) 0(0-5) 0.99
d 0(0-16.11) 0(0-0.52) 0(0-3.03) 0(0-8.43) 1
Chase f 0(0-0.25) 0(0-0) 0(0-1) 0(0-0.25) 1.86
d 0(0-0.1) 0(0-0) 0(0-1.27) 0(0-0.48) 2.45
Bite attack f 0(0-8) 0(0-4 0(0-5.75) 0(0-33) 1.18
d 0(0-1.67) 0(0-1.67) 0(0-1.53) 0(0-6.11) 0.87
Evade f 0(0-0.25) 0(0-0.25) 0(0-0) 0(0-2.75) 3.38
d 0(0-0.56) 0(0-0.81) 0(0-0) 0(0-4.8) 3.25
Defensive sideways f 0(0-0.25) 0(0-0.25) 0(0-0) 0(0-1.25) 3.14
d 0(0-0.29) 0(0-0.43) 0(0-0) 0(0-1.53) 3.05
Defensive upright  f 0(0-0) 0(0-0) 0(0-0) 0(0-0.5) 6.15
d 0(0-0) 0(0-0) 0(0-0) 0(0-0.88) 6.15
Submissive upright f 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0
d 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0
Frozen crouch f 0(0-0) 0(0-2.5) 2(0-3.25)F 0(0-1.25) 7.88 p=0.0483
d 0(0-0.14) 0(0-16.82) 11.42 (0 - 29.08) 0(0-3.17) 7.02

Data expressed as medians (lower to upper quartiles) for frequency (f) and duration (d); Significant values refer to Mann-Whitney comparisons with vehicle. *p

<0.05, 1p < 0.02, #p < 0.002.
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Table 4. Behaviour of untreated intrudersas a function of drug state of residents (0.01 - 1.0 mg/kg RS 39604).

Behaviors Vehicle 0.01 mg/kg 0.1 mg/kg 1.0 mg/kg H values
Cage exploration  f  93.5(78.75 - 104.75) 95 (82.25-110) 88.5 (84 -93.25) 77 (48.25 - 95) 4.79
d 247.1(212.34-304.46) 285.05 (219.83 - 289.36) 261.2 (224.74 - 290.66) 204.28 (147.66 - 268.47)  4.87
Rearing f 73 (60.5 - 90.5) 63 (56 - 76.25) 66 (56.75 - 76.5) 50 (27.5 - 68.25) 428
d 117.6(88.17-158.83) 110.12(100.97 - 119.36) 120.48 (73.58 - 154.47) 93.23 (37.34 - 126.29) 241
Maintenance f 6(3-9.75) 5(3-8.5) 453-7) 5(2.5-8.25) 0.55
d 15.96(12.64-91.2) 17.3 (11.1-34) 21.9 (17.1 - 25.58) 17.44 (12.68 - 41.7) 0.54
Digging f 22.5(10.25-38) 20 (17.25 - 30.75) 20 (14.25-24) 13.5(2.5-24.75) 2.61
d 71.21(24.44-116.89) 66.96 (40.01 - 122.97)  55.62 (44.47 - 87.28) 30.12 (5.83 - 108.84) 1.15
Naso-genital f 25(1-3.25 5(3.75-8)t 7(2.75-12.25)% 2(1-8) 792 p=0.0478
d 4.45 (3.24 - 8.55) 12.03 (8.31 - 24.38)* 18.74 (6.44 - 31.63)* 7.41 (0.96 - 17.79) 7.02
Naso-nasal f 7.5@.75-11) 12 (5.75 - 16.5) 17 (12-19.75)F 16 (7.5-17) 8.59 p=0.0353
d 15.02(11.13-39.52)  25.81(19.33-34.48)  34.49 (25.41 - 55.01) 34.1 (2232 - 54.6) 4.83
Non-specific f 552.75-11) 12.5 (6.5 - 15.25) 13 (10.5 - 16)* 6(5-13.75) 6.82
investigation d 13.94 (4.6 - 20.22) 25.25(16.25-33.19)  30.76 (24.22 - 46.41)t 18.93 (14.78 - 35.7) 10.17 p=0.0172
Follow f 0(0-0.25) 1(0-1.5) 2(0-225)* 0(0-0.25) 10.13 p=10.0175
d 0(0-0.81) 0.74 (0 - 3.14) 2,51 (0-3.52)* 0 (0 -0.39) 8.54 p=0.036
Attend/approach  f 05(00-1) 1.5(0-4.25) 3(0-4 2(0.75-5) 4.12
d 0.42 (0-2.38) 1.32(0-4.67) 2.45(0-3.64) 3.19 (0.41 - 5.95) 2.36
Stretch/attend f 0(0-0) 0(0-0.25) 0(0-0) 0(0-2)* 592
d 0(0-0) 0(0-0.17) 0(0-0) 0(0-2.16)* 6.01
Aggressive groom 0(0-0) 0(0-1) 1(0-2)f 0(0-1)* 8.27 p=0.0408
d 0(0-0) 0(0-2.73) 2.01(0-7.02)t 0(0-3.8)* 8.1 p=0.044
Tail rattle f 0(0-0.25) 0(0-0) 0(-1) 0(0-2.75) 4.99
d 0(0-0.21) 0(0-0) 0(0-0.47) 0(0-3.15) 4.95
Offensive sideways f 0(0-0) 0(0-0) 0(0-0) 0.5(2.25) 921 p=0.0267
d 0(0-0.2) 0(0-0) 0(0-0) 0.38 (0 -2.65) 8.1 p=0.044
Offensive upright 0(0-0.25) 0(0-0) 0(0-0) 0(0-4.75) 5.98
d 0 (0 - 0.96) 0(0-0) 0(0-0) 0(0-8.52) 5.98
Chase f 0(0-0) 0(0-0.25) 0(0-0) 0(0-3) 6.03
d 0(0-0) 0(0-0.32) 0(0-0) 0(0-2.25) 6.08
Bite attack f 0(0-1.25) 0(0-1.25) 0(-1) 1(0-8.75) 3.29
d 0 (0 -0.29) 0(0-0.74) 0(0-0.25) 02(0-12) 2.72
Evade f 0(0-2.25) 0(0-0.25) 0(0-0.5) 0(0-5.25) 1.46
d 0(0-1.44) 0(0-0.1) 0(0-0.58) 0(0-5.87) 1.99
Defensive sideways f 0(0-2) 0(0-1.75) 0(0-2.25) 0(0-6.25) 0.79
d 0 (0 -3.09) 0(0-6.77) 0(0-6.24) 0 (0 - 12.89) 0.6
Defensive upright  f 0(0-8.5) 0(0-0.75) 0(0-5.25) 0(0-26.25) 1.77
d 0(0-34.17) 0(0-1.69) 0(0-15.42) 0(0-100.67) 1.87
Submissive upright  f 0(0-1) 0(0-0) 0(0-0) 0(0-0.25) 6.15
d 0(0-0) 0(0-0) 0(0-0) 0(0-1.43) 6.15
Frozen crouch f 0(0-1) 0(0-0.25) 0(-1) 0(0-2) 1.52
d 0(0-1.78) 0(0-0.92) 0(0-2.33) 0(0-9.87) 0.99

Data expressed as medians (lower to upper quartiles) for frequency (f) and duration (d); Significant values refer to Mann-Whitney comparisons with vehicle. *p
<0.05, 1P<0.02, #p < 0.002.
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mg/kg. The frequency and duration of defensive behave-
iour did show non significant increases at the 0.1 mg/kg
dose. No aspect of offensive behaviour showed any sig-
nificant change.

While intruder non social and defensive behaviour
showed no significant modifications intruder social and
offensive behaviour did show significant change in re-
sponse to the resident animals. The frequency of naso
naso sniffing was significantly enhanced at 0.01 mg/kg.
All other social behaviours also showed slight enhance-
ments at this same dose level.

Intruder offensive upright attacks showed a significant
increase in both frequency and duration at 0.1 mg/kg.
Chase behaviour showed significant variation but this oc-
curred within the drug treated groups and not with con-
trols. Both the frequency and duration of chase were en-
hanced at 0.1 mg/kg.

RS 39604 produced some small changes in behaviour
in this model of aggression. No sedative effects were de-
tected for this drug indicated by the lack of effect on non
social behaviour. Analysis detected significant changes
in social behaviour with enhancements in the frequency
and duration of following being detected at 1.0 mg/kg.
This was the only aspect of social behaviour that was sig-
nificantly changed by RS 39604.

With regard to aggressive behaviour a significant cha-
nge in the frequency and duration of aggressive groom-
ing was detected at 1 mg/kg. The frequency of this be-
haviour was also reduced at 0.01 mg/kg. Failure to detect
any changes in the other elements of aggressive behave-
iour may be a result of low baseline levels of aggression.

There were few changes detected in defensive behave-
iour and this set of behaviours also produced low base-
line levels of aggression due to the tendency of resident
animals to display more attack like behaviours. Only a sig-
nificant increase in frozen crouch behaviour was detected
at 0.1 mg/kg.

Analysis of intruder behaviour produced a greater ar-
ray of significant results. Although non social behaviour
showed no significant modification the frequency of naso
naso sniffing, naso genital sniffing and following were
all enhanced significantly at 0.1 mg/kg. The duration of
non specific investigation and following were also en-
hanced by RS 39604 at the same dose. These behaviours
may be linked to the increase in resident frozen crouch
behaviours at the same dose. There was also a low level
of resident aggressive behaviour at this dose which
would serve to reduce defensive behaviour in the intruder
animals. Intruder defensive behaviour was reduced, alth-
ough non-significantly, at this level.

While there has been no work published regarding the
role of 5-HT, receptors in aggressive behaviour, investi-
gations examining the role of 5-HT, receptors in anxiety
have reported an increase in social interaction following

Copyright © 2012 SciRes.

treatment with 5-HT, antagonists [10]. Specifically, the
5-HT, antagonist SB 204070A increased rat social be-
haviour at doses between 0.001 mg/kg and 0.1 mg/kg; a
result indicative of a mild anxiolytic effect. These results
supported earlier findings that 5-HT, antagonists pro-
duced anxiolytic like effects in rats tested in the elevated
plus maze [8]. Combined results from resident and intru-
der social behaviour in this study also indicated an en-
hancement of social behaviours at 0.1 mg/kg. While en-
hancements were largely detected in the intruder animals
these behaviours occur in response to changes in behave-
ioural cues from the residents. These augmentations of
social behaviour may support the evidence for mild anx-
iolytic effects induced by 5-HT, antagonists.

Results from RS 67333 also serve to support these pre-
vious findings. The combined increase of stretched attend
behaviour (thought to be associated with risk assessment)
and the rise in defensive behaviours are suggestive of a
weak enhancement of anxiety like behaviours. These
changes in resident behaviour also resulted in increased
aggressive behaviour from the intruder animals. As RS
67333 was a partial agonist these effects may be en-
hanced by administration of a full agonist for this site.

With regard to aggressive behaviours RS 39604 pro-
duced no significant changes in resident aggressive be-
haviour. There was an increase in intruder aggressive
grooming and a consequent increase in resident frozen
crouch behaviour. This may represent a function of in-
creased contact due to increased social behaviour and
therefore an increased likelihood of aggressive behaviour.
RS 67333 also produced little change in resident aggres-
sive behaviour.

In conclusion, the lack of effects of the 5-HT, receptor
agonist and antagonist employed in this study indicates
that 5-HT, receptors have no specific role to play in the
modulation of murine aggression.
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