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ABSTRACT
Stable hierarchies established in social groups of male rats during competition for limited access to
a palatable resource appear to be sensitive to treatment with a range of anxiolytic and anxiogenic,
but not antidepressant drugs. On the other hand, social hierarchies based on agonistic encounters are
sensitive to antidepressant drug treatment. The aims of this research were to investigate the validity
of the social competition test as a measure of social dominance and to examine further its sensitivity
to anxiolytic/anxiogenic drug treatment and antidepressant drug/electroconvulsive shock treatment.
Stable hierarchies (dominant DOM, subdominant SUBDOM, subordinate SUBORD) were
maintained in 73% of the triads introduced to social competition. The validity of the test as a
measure of socially mediated priority of access was assessed during periods of individual access
and extended social competition. Results indicate that priority of access was indeed socially
mediated although individual palatability and skill probably also contributed to the success of each
rank position. Rank separation was significantly correlated with some of the behaviours displayed
on the elevated plus-maze, but not with relative adrenal, spleen, thyroid or thymus weights.
Acute treatment of SUBDOM animals with chlordiazepoxide (1.25-5.0 mg.kg’1), mesulergine (0.10.9 mg.kg'1) and ketanserin (0.1-0.9 mg.kg'1), but not 8-OH-DPAT (15-60 pg.kg’1) dosedependently increased their competitiveness and/or total access times although baseline variations
may have masked or exaggerated some drug effects. Conversely, acute treatment with m-CPP (0.2
mg.kg’1) and venlafaxine (1.67 mg.kg’1) or administration of a single electroconvulsive shock
(ECS) reduced SUBDOM access time. Acute treatment of DOM animals with m-CPP (0.08-0.5
mg.kg*1) and venlafaxine (1.67-15.0 mg.kg’1) dose-dependently reduced DOM access time and
indirectly increased SUBDOM and SUBORD access time. Administration of a single ECS to DOM
animals appeared to reduce DOM access over time while some SUBDOM (with prior shock
experience) and SUBORD animals gained access (although no effect reached significance). Chronic
treatment of SUBDOM animals with m-CPP (0.2 mg.kg'1.day'1, 14 days) failed to significantly
modify SUBDOM access times, while the reduction in SUBDOM access following cessation of
chronic treatment may indicate a rebound anxiogenic effect. Repeated ECS administration (8
shocks, 14 days) to SUBDOM animals resulted in a complete loss of competitiveness that failed to
recover up to 2 weeks after the final shock had been delivered.
These results are therefore consistent with previous findings that the social competition test appears
sensitive to a range of anxiolytic and anxiogenic drug treatments (from various pharmacological
classes) but not to chronic antidepressant drug or repeated ECS treatment. The utility of this social
competition test as a reliable animal model of anxiety is discussed.
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SECTION 1

GENERAL INTRODUCTION

1.1

WHY USE ANIMAL MODELS OF ANXIETY?

"There is no convincing evidence that even the most developed non-human primate
suffers from an identifiable mental illness" Leonard, 1998.

If one accepts the validity of the above statement, the prospects for developing true
animal models of human anxiety would appear to be rather bleak. There is little doubt
that animal tests developed to 'model' human psychiatric disorders are essentially
limited. It is important to be fully aware of these limitations and hence to establish and
validate the specific criteria that a particular model is designed to meet. In addition to
their predictive validity, animal models of psychiatric disorders may also be assessed on
the basis of their face and construct validity (Willner, 1984; for definitions with respect
to animal models of anxiety, see below). The aims of this research project were to
examine the validity and utility of the social competition test in rats as a putative animal
model of anxiety sensitive to anxiolytic and/or antidepressant drug treatment.

The predictive validity of an animal model of anxiety is clearly of importance, although
the researcher should be wary of pharmacologically predictive tests that continue to
chum out 'me-too' compounds whilst failing to identify any compounds with novel
mechanisms of action. Face validity (the response of a laboratory animal to an aversive
stimulus is similar to the human response, i.e. there is a degree of symptomatic
resemblance) provides some reassurance that the model may be genuinely mirroring at
least some aspects of the disorder. Construct validity (the laboratory animal responds to
a stimulus that would provoke a similarly anxious response from humans and by similar
neurochemical mechanisms, i.e. the causes of 'anxiety' are homologous) must surely be
a target when designing animal models. It is unfortunate therefore that the construct
validation of putative animal models of anxiety has often been ignored.

Construct

validity provides the potential not only for the development of drugs with genuinely
novel mechanisms of action, but also for the advancement of our understanding of the
neurobiological basis of the anxiety disorders. Despite the initially pessimistic outlook
then, it is proposed that well designed and validated animal models have served and
continue to serve an important function in anxiety disorder research.

1

To develop useful and valid animal models it is highly desirable to have a sound
knowledge of the human condition that we are seeking to model. That the classification
of anxiety (Section 1.2) has evolved considerably over time, and yet arguably remains
poorly defined, is thus a considerable hindrance. The prevalence and burden of anxiety
(Section 1.3) highlight the ever-present need for continued research, both pre-clinical
and clinical, into understanding anxiety disorders.

It would be wise to review the

options for the treatment of anxiety disorders (Section 1.4) and current knowledge of
their underlying neurobiology (Section 1.5) before briefly reviewing the types of animal
models of anxiety in use today (Section 1.6). Attention is paid to the ethological
approach that has been adopted by many behavioural pharmacologists for the analysis
of drug effects on animal behaviour (Section 1.7) and in particular, on animal social
behaviour (Section 1.8).

Stable hierarchical relationships develop in closed groups of rats and positions in the
hierarchy may be allocated according to the relative offensive and defensive behaviours
displayed towards cage partners (Section 1.9). These rank orders tend to be consistent
over time and the subordination of low-ranking animals has been proposed as a model
of chronic social stress and is sensitive to antidepressant treatment.

In addition to

behavioural correlates, studies have also identified numerous non-behavioural correlates
of social status (Section 1.10). Hierarchical separation in closed groups of rats may also
be determined by measurement of success during competition for priority of access to a
limited resource. The social competition test has been proposed as a putative model
sensitive to anxiolytic drug activity (Section 1.11).

A summary is provided (Section 1.12) before the overall aims of the thesis are outlined
(Section 1.13).
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1.2

CLASSIFICATION OF ANXIETY DISORDERS

Clement and Chapouthier (1998) describe anxiety as "a complex psychological and
behavioural trait... occurs in response to various stressors that can be physiological
and/or environmental".

Earliest classification systems can be traced as far back as the 4th and 5th centuries BC to
the time of the Greek physician Hippocrates (Glas, 1994). In medieval physiology
depression was attributed to an excess of bile (i.e. melancholy, melan - "black", chole "bile"). In an interesting review of the conceptual history of anxiety disorders, Berrios
(1999) highlights the fact that the multitude of symptoms and signs now commonly
grouped under the umbrella of anxiety were once considered to represent distinct
conditions. In the 18th Century, for example, somatic symptoms of anxiety such as
hyperventilation and palpitations would have been considered as diseases of the lungs
and heart respectively (Berrios, 1999). Even after the psychiatric basis of anxiety
disorders was recognised, psychotherapy was considered to be the only viable treatment
until relatively recently (Mendlowicz and Stein, 2000).
Current classifications of anxiety disorders can be found in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV, American Psychiatric Association,
1994) and the International Classification of Diseases (ICD-10, World Health
Organisation, 1993). According to the DSM-IV classification, anxiety disorders include
panic disorder (PD, with or without agoraphobia), agoraphobia, social phobia (SP),
specific phobia, obsessive-compulsive disorder (OCD), post-traumatic stress disorder
(PTSD), acute stress disorder and generalised anxiety disorder (GAD). With this degree
of diversity it would seem highly improbable that a single animal test could model every
aspect of each of the anxiety disorders. The development of disorder-specific models or
alternatively, elaborate models capable of differentiating between symptoms relating to
different disorders, must become the focus of pre-clinical anxiety research.

Although these classification systems have provided a more reliable diagnostic tool,
controversy remains. This is exemplified by the extent to which the DSM and ICD
classification systems have been modified in successive editions. There is considerable
symptom overlap not only between the various anxiety disorders but also between

3

anxiety and depressive disorders.

Indeed, ICD-10 includes a mixed anxiety and

depressive disorder to reflect those patients presenting with subthreshold symptoms of
both anxiety and depression (Rouillon, 1999). Rouillon (1999) concludes that it is
uncertain whether the association between anxiety and depression is due to poorly
defined classification, genuine comorbidity or simply a mixture of symptoms.

Ascribing face validity to a particular animal model is clearly not aided by the lack of
general consensus on the classification of human anxiety (Treit, 1994; Rodgers, 1997).
Stephens (1997) observes that the current definitions, having been only recently
established, will probably evolve still further over time and he therefore argues against
the development of putative disorder-specific animal tests.

1.3

PREVALENCE AND BURDEN OF ANXIETY DISORDERS

A review of the literature reveals a dearth of information regarding the prevalence and
burden of anxiety disorders in the United Kingdom. Analysis of the data from the
Epidemiologic Catchment Area study in the USA (based on the DSM-III classification
of anxiety disorders) demonstrated that lifetime prevalence of one or more anxiety
disorders was 14.6% (Regier et al., 1998). 3.6% of the population had a lifetime history
of both anxiety and affective (mood) disorders which represented almost half of those
suffering from mood disorders and a quarter of those suffering from anxiety disorders
(Regier et al., 1998). The National Comorbidity Survey in the USA (using DSM-III-R)
identified even greater lifetime prevalence of one or more anxiety disorders (25%)
(Kessler, 1994).

Using the same data, Wittchen and colleagues (1994) found that

approximately two thirds of persons presenting with generalised anxiety disorders also
had at least one current comorbid disorder (usually either an affective or panic disorder).

On reviewing a range of epidemiological and clinical studies, Mendlowicz and Stein
(2000 ) conclude that anxiety disorders "...markedly compromise quality o f life and
psychosocial functioning". People suffering from anxiety disorders have significantly
impaired work rates compared with people that do not (Kessler and Frank, 1997) and
the social impairment is worsened by comorbidity with depression (Rouillon, 1999). In
a review of the outcomes of anxiety and depression, Emmanuel and colleagues (1998)
conclude that the outcome is worst with comorbid anxiety and depression and that
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evidence points to a worse outcome for anxiety alone compared with depression alone.
However, as noted by the authors, the apparently favourable outcome for depressed
patients may simply reflect the mild but persistent nature of most anxiety disorders in
comparison with the more severe but episodic nature of depression, particularly as
outcome is often arbitrarily determined at a fixed point in time. Rice and Miller (1998)
estimated that anxiety disorders accounted for 31.5% of the total costs of mental illness
in the USA based on 1990 indexes (i.e. $46.6 billion).

In summary, the anxiety disorders, particularly when comorbid with other psychiatric
disorders, are a substantial burden on both the individual and society in general. More
effective treatments for these disorders would seem to be clearly warranted.

1.4

TREATMENT OF ANXIETY DISORDERS

Non-pharmacological approaches, particularly as a first option following diagnosis, and
also in the form of a range of psychotherapeutic approaches such as cognitive
behavioural therapy (CBT) in combination with pharmacotherapy, play a valuable role
in the management of anxiety (Drummond, 1993; Lader, 1994; Ballenger, 1999). For
example, gradual exposure to the feared situation is successful in the treatment of a
range of anxiety disorders and, as reviewed by Drummond (1993), can have success
rates of up to 90% in patients suffering from specific phobias. These therapies do not
fall within the scope of this review, which is primarily concerned with pharmacological
treatments, and will not be discussed further. The interested reader is directed to a
recent publication by Ballenger (1999) which provides an overview of current
psychological, as well as pharmacological treatments of anxiety disorders in adults (see
also Lader and Bond, 1998; Gabbard, 2000; Margison et a l , 2000).

Since the introduction of the first benzodiazepine (BZ), chlordiazepoxide (Librium) in
1960, this group of drugs has represented the mainstay of pharmacological treatment of
anxiety (Lader, 1994). However, the BZs are associated with a number of adverse
effects (Ashton, 1994). In the short-term, use of BZs is often associated with hangover
effects such as impaired psychomotor performance and memory (Curran, 1991).
Following long-term use, the development of tolerance may lead to dependence and
subsequent withdrawal can be problematic (Higgitt et al., 1988). Approximately one
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third of chronic (more than four weeks) BZ users will develop dependence as
demonstrated by the appearance of withdrawal symptoms such as rebound anxiety
(Ashton, 1994). Despite these limitations, and due to their high efficacy and rapid onset
of action, BZs remain valuable in the management of short-term anxiety especially
where an immediate effect is required (Ashton, 1994; Lader, 1994). The Committee on
Safety of Medicines (UK) advises that use of BZs is "indicatedfor the short-term relief
(two to four weeks only) o f anxiety that is severe, disabling or subjecting the individual
to unacceptable distress, occurring alone or in association with insomnia or short-term
psychosomatic, organic or psychotic illness." (British National Formulary No. 40,
2000 ).

The risk of dependence and associated abuse potential with BZ administration (Ashton,
1994) encouraged further research into the development of anxioselective drugs free
from these adverse effects. Moreover, the suitability of the BZs in the treatment of
anxiety disorders that are frequently chronic illnesses and are often associated with
depressive symptoms is debatable.

Interest in the role of serotonin in modulating

anxiety developed following the discovery that buspirone, a partial agonist at 5-HTiA
receptors, possesses clinical anxiolytic activity comparable with that of diazepam
(Goldberg and Finnerty, 1979) without having any of the detrimental effects shown by
the BZs (Goa and Ward, 1986). However, buspirone has a slower onset of action than
the BZs and has reduced efficacy in those patients with prior experience of BZs
(Schweizer et al., 1986; Lader, 1994). Schweizer and colleagues (1986) suggested that
prior BZ treatment may shape patient expectations of future anxiolytic treatments. If
this is true it may also contribute to the small and often inconsistent effects of buspirone
treatment often observed in traditional animal models of anxiety as these models tend to
involve repeated measures designs and thus often utilise animals with previous BZ
experience.

The discovery that the selective serotonin re-uptake inhibitors (SSRI) possess anxiolytic
activity presents an apparent paradox between the pre-clinical and clinical findings
(discussed further in Section 1.5). Apparently distinct drug responses have contributed
much to the current delineation of anxiety disorders (for example, the efficacy of
imipramine in blocking panic attacks led to the clear diagnostic separation of GAD and
PD; see Klein, 1964).

Hence, the recently discovered efficacy of the newer
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antidepressants in the treatment of a broad spectrum of anxiety disorders would appear
to question the validity of current classifications and certainly supports the assertion that
anxiety disorders represent different positions on a single continuum. To date, the
SSRIs have become the first-line treatments for PD, OCD and PTSD, while there is
increasing support for the use of the re-uptake inhibitors (including the SSRIs and the
selective serotonin and noradrenaline re-uptake inhibitor (SNRI), venlafaxine) in the
treatment of GAD (Conner and Davidson, 1998; e.g. imipramine and trazadone, Rickels
et al., 1993). The propensity for anxious patients to present with comorbid depression
provides further support for the rational use of antidepressant drugs such as the SSRIs in
the treatment of these patients (Connor and Davidson, 1998). Indeed, considering the
particularly high comorbidity of GAD with depression, it is not inconceivable that the
efficacy of antidepressant drugs in the treatment of GAD patients may in fact involve an
antidepressant rather than an anxiolytic action. In an attempt to explain the efficacy of
the SSRIs in a variety of supposedly distinct psychiatric conditions, Nutt and colleagues
(1999) have proposed that this may be due to differing mechanisms of action in each
condition. For example, tryptophan depletion studies indicate that the efficacy of SSRIs
in depression and PD, but not OCD, is dependent on increased synaptic serotonin
availability (Nutt et al., 1999).

Currently available treatments for anxiety are generally effective in most patients.
According to Ballenger (1999), 60-80% of patients respond to pharmacological,
psychological or combined treatment of the various anxiety disorders. However, it is
clear that a substantial proportion of the treated population do not respond to current
treatment methods, while only 30-45% of responders demonstrate a sufficiently marked
response to treatment so as to return to normal anxiety levels (Ballenger, 1999). As
alluded to above therefore, the search for more effective treatments is still ongoing and
as reviewed recently by Hood and co-workers (2000), involves not only more selective
serotonin receptor ligands and partial BZ agonists (e.g. abecamil) but also a range of
more diverse agents including N-methyl-D-aspartate (NMDA) receptor antagonists,
neuropeptide antagonists, y-aminobutyric acid (GABA) receptor partial agonists and
cholecystokinin receptor antagonists.
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1.5

NEUROBIOLOGY OF ANXIETY

The established anxiolytic activity of BZs provides strong evidence for a role of the
GABAa-BZ receptor complex in the modulation of anxiety although, to date, the
precise mechanisms by which these receptors are involved in anxiety are still largely
unknown. GABAergic neurotransmission is enhanced by activation of the BZ receptor
site and it is believed that the anxiolytic effects of BZs may be produced via an indirect
inhibitory effect of this GABA mediated neurotransmission on serotonergic
neurotransmission (Wright et a l, 1992, and references cited therein). Certainly, GABA
neurones have been located throughout the brain and in high densities, along with 5-HT
neurones, in sites such as the hippocampus and amygdala, both of which are implicated
in the modulation of anxiety (see below).

It is noteworthy however, that the BZ

receptor antagonist flumazenil is inconsistent at blocking the effects of BZs in animal
tests (Dalvi and Rodgers, 1999). Indeed, in a study published recently by Dalvi and
Rodgers (1999) using the murine elevated plus-maze test, flumazenil, 10-40 mg.kg'1,
was without significant effect when administered alone thus suggesting that the
antagonist is a neutral ligand at the benzodiazepine receptor. However, pretreatment
with flumazenil, 10, 40 mg.kg"1, failed to block any of the behavioural effects of
diazepam, 1.5 mg.kg'1, other than head-dips (see Section 2.6.1.1 for definition). The
authors suggest that the anxiolytic effects of diazepam in this model are produced either
via flumazenil-insensitive GABAa receptors or via non-GABAergic mechanisms.

The role of the 5-HTia receptors (as supported by the activity of buspirone and more
potent 5-HTia receptor agonists such as 8-hydroxy-2 -(di-N-propylamino)-tetralin
(8-OH-DPAT) in modulating anxiety is also far from certain as both presynaptic
somatodendritic 5-HTia autoreceptors (located on neuronal cell bodies in the raphe of
the brainstem) and postsynaptic 5-HTiA receptors (located on terminal fields
particularly in limbic structures such as the amygdala and hippocampus) have been
identified (Griebel, 1995, review).

The consensus that increased 5-HT function is

associated with anxiety supported a role for the inhibitory presynaptic receptors in
mediating the anxiolytic effects of the partial 5-HTia receptor agonists (e.g. File et al.,
1996). Indeed, the partial agonist properties of many of the 5-HTia receptor ligands
indicated a possible role for both receptors (with agonist action on presynaptic receptors
and antagonist action at postsynaptic receptors). However, the latency of onset of
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action in the clinic suggests that the therapeutic effect may be associated with changes
in receptor sensitivities, while the antidepressant activity of 5-HTia receptor agonists
further confuses the role of 5-HT in anxiety (Handley, 1995).

The proposed anxiogenic effect of serotonin received support from pre-clinical studies
that

demonstrated

an

anxiogenic

effect

for

the

5-HT2C receptor

agonist

w-chlorophenylpiperazine (m-CPP) (Gibson et al., 1994) while antagonists at this
receptor elicited anxiolytic-like effects (Kennett, 1992; Kennett et al., 1994). With
increasingly selective ligands for receptor subtypes at our disposal it is becoming
apparent that the role of 5-HT in anxiety is unlikely to be as straightforward. For
example, a highly selective 5-HT2Breceptor agonist has been shown to elicit anxiolytic
like effects in animal models raising the possibility that 5 -HT2C and 5 -HT2B receptors
may have opposing roles in anxiety (Kennett et al., 1996b).

The most significant blow to the '5-HT is anxiogenic' theory was the realisation that the
SSRIs are more effective than BZs in the treatment of many anxiety disorders (e.g.
Ballenger, 1999). The indirect activation of presynaptic autoreceptors attenuated any
increase in synaptic serotonin concentration in the frontal cortex assessed by in vivo
microdialysis following acute administration of the SSRI fluoxetine (Invemizzi et al.,
1996). In a similar study, Hjorth and Auerbach (1996) blocked 5-HT reuptake in the
hippocampus by local administration (by reverse dialysis) of citalopram (another SSRI)
into this brain region.

Subsequent systemic administration of either of two SSRIs

(paroxetine or citalopram) resulted in a marked decrease in 5-HT release, an effect that
was blocked by pre-treatment with 5-HTiA receptor antagonists. Hjorth and Auerbach
(1996) argued therefore that the reduction in 5-HT release resulting from systemic
administration of the SSRIs was due to the activation of the somatodendritic 5-HTia
autoreceptors.

In contrast to these acute effects of reuptake inhibitors, chronic

administration of fluoxetine increased the extracellular 5-HT concentration at a time
when 8-OH-DPAT failed significantly to reduce 5-HT concentrations (i.e. following
desensitisation of the autoreceptors) (Invemizzi et al., 1996).

As the therapeutic anxiolytic effect of the SSRIs has a considerably delayed onset (Nutt
et al., 1999) it would appear that, despite the plethora of animal studies that support a
connection between anxiolysis and serotonin depletion, a reduction in serotonin is
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unlikely to account for clinical anxiolytic activity (Handley, 1995).

In order to

reconcile the conflicting role of serotonin in the modulation of anxiety, a greater
understanding of the underlying neurobiology involved in human emotions is required.

The amygdala is located in the temporal lobe of the cerebral hemisphere (Swanson and
Petrovich, 1998).

Animal studies demonstrate a role for the amygdala in fear

conditioning and emotional learning (Lanuza et a l , 1999). This has naturally provoked
much interest in its possible role in human anxiety, although the structural and
functional organisation of this brain region remains controversial (Swanson and
Petrovich, 1998). Figure 1.1 provides a schematic representation of some of the major
amygdaloid pathways believed to be involved in the modulation of fear and anxiety. In
brief, the amygdala is proposed to play a central role in fear conditioning as it receives
sensory input and its output is relayed to a variety of response systems located in the
brainstem.

The basolateral nucleus (BSL) of the amygdala is activated by excitatory projections
emanating from the hippocampus and prefrontal cortex (LeDoux, 1998), which are
themselves activated by panic-provoking sensory stimuli or catastrophic cognitions
(Kent et a l, 1998). In addition to this cortical input to the amygdala, it has been
demonstrated that sensory information may also be transmitted directly from the
thalamus to the amydgala (LeDoux, 1998).

This rapid, if less precise, supply of

information might conceivably allow for a more rapid response to a particularly
threatening situation.

The hippocampus may be important in contextual conditioning (i.e. the development of
generalised fear, in response to the context in which fear was previously experienced,
without exposure to the stimulus itself), while the projections from the prefrontal cortex
may have a role in extinction (i.e. the loss of a fear response following repeated
exposure to the stimulus) (LeDoux, 1998). Disorders in the former may be relevant to
GAD or PD, where a specific stimulus is not required to elicit a fear response, while the
latter may be more relevant to the irrational fears that are exhibited in simple phobia
(LeDoux, 1998).

10

CorticalAreas
Sensory
Stimuli

CVS/Resp/GI activity

Cardiorespiratory
Responses

Thalamus

<2>
AMYGDALA

NTS

DMNV

Lat/BSL

►

CeN

( PBN

+*

DRN
+ a

+ /-

PAG

(^PVNJ

o o

HPA axis

Defence/Escape
LC

Figure 1.1: Some o f the m ajor excitatory (+) and inhibitory (-) projections to and from the am ygdala that are im plicated in
coordinating the response to fear/anxiety (see main text for more detailed descriptions). Key: BNST - bed nucleus o f the
stria terminalis, CeN - central nucleus o f the amygdala, CVS - cardiovascular, DM NV - dorsal motor nucleus o f the vagus,
DRN - dorsal raphe nuclei, GI - g astrointestin al, HPA axis - h y p o th alam ic-p itu itary -ad ren al axis,
Lat/BSL - lateral/basolateral nuclei o f the am ygdala, LC - locus coeruleus, NTS - nucleus o f the solitary tract,
PAG - periaqueductal grey, PBN - parabrachical nucleus, PVN - paraventricular nucleus o f the hypothalam us,
Resp - respiratory. * acute and chronic effects may differ. A dapted from K ent et al., 1998 and LeDoux, 1998.
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Animal studies also provide evidence for a role of the amygdala, not only in fear
recognition and response but also in conditioning and memory. For example, LeDoux
and colleagues have demonstrated that long-term potentiation of synaptic transmission
(widely believed to mediate learning) occurs in the thalamo-amygdala pathways and
that the induction of this process produces the same effects as fear conditioning (see
LeDoux, 1998 and references cited therein). Studies of humans with temporal lobe
lesions have identified impaired fear conditioning and perception in these individuals,
while functional imaging studies have demonstrated activation of the amygdala during
both fear conditioning and emotional processing (LeDoux, 1998 and references cited
therein). Thus studies on the human brain are largely consistent with the animal data
supporting a role for the amygdala in fear recognition and conditioning.

Using the acoustic startle reflex model, Davis (1998) has proposed that fear and anxiety
may be controlled by different parts of the extended amygdala, with the amygdala itself
involved in response to fear, while activation of the closely associated bed nucleus of
the stria terminalis (BNST) is involved in anxiety.

It is interesting therefore that

research published by Treit and colleagues (1998) indicates that lesions of the septum
and of the amygdala but not of the BNST produced anti-anxiety effects in rats (using
two animal models of anxiety, i.e. the elevated plus-maze and shock-probe tests).

Projections from the BSL activate the central nucleus of the amygdala (CeN) which is
believed to play a pivotal role in mediating the amygdala's control over emotional
responses to fear (Kent et al., 1998). In a conditioned stress model, in which rats were
trained to fear substartle-threshold tone (by previously pairing the tone with footshock),
pre-training lesions to the BSL and CeN blocked stress-induced behaviours such as
freezing and ultrasonic vocalisation (Goldstein et al., 1996).

The CeN activates the periaqueductal grey (PAG) and the locus coeruleus (LC). Direct
activation of the PAG in animal models facilitates graded motor responses ranging from
freezing during fear of danger to flight during direct attack in a manner that appears
analogous to panic attack in humans (Kent et a l, 1998). Similarly, stimulation of the
PAG in humans provoked "subjective fear o f dying" that was associated with an
increase in autonomic neurotransmission and thus indicative of a fight or flight response
(Nashold et al., 1974 as cited in Coplan and Lydiard, 1998). Recent studies have
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demonstrated that neurones within the PAG are both anatomically and functionally
organised in a longitudinal columnar fashion (e.g. Bandler and Shipley, 1994). Bandler
proposes that distinct neuronal columns in the PAG mediate either active coping
strategies (i.e. fight or flight) in response to escapable stressors or passive strategies (i.e.
freezing) in response to inescapable stressors (for a recent review see Bandler et a l ,
2000). In addition to direct activation of by the CeN of the amygdala, the PAG may
also be indirectly activated by the LC, which has efferent noradrenergic connections
with the amygdala (Kent et a l, 1998).

The CeN may also modulate anxiety via

activation of the hypothalamic-pituitary-adrenal (HPA) axis (via direct activation of the
paraventricular nucleus (PVN) or indirectly via the BNST) resulting in increased
corticosteroid secretion (Kent et a l , 1998). In the conditioned stress model described
above, BSL and CeN lesions also blocked the adrenocortical response to stress
(Goldstein et a l , 1996). Finally, reciprocal afferent and efferent connections between
the CeN and the parabrachial nucleus (PBN) together with activation of the dorsal
motor nucleus of the vagus (DMNV) might mediate the cardiorespiratory changes that
precede and follow anxiety and panic (Kent et a l, 1998).
The rostral raphe nuclei also play a key role in the control of anxiety. Using the
elevated T-maze animal model of anxiety (Graeff et a l, 1998, review), Graeff and
co-workers (1996a) proposed an excitatory effect of dorsal raphe nucleus (DRN) 5-HT
mediated stimulation of the amygdala, thus facilitating learned fear. Conversely, the
DRN appears to have an inhibitory effect on PAG and thus on unconditioned fear
(Graeff et a l , 1996a). In this manner, the DRN may serve to increase anxiety while
preventing more overt and reactive panic responses to an aversive situation. In addition,
the DRN has an inhibitory action on LC neurones via serotonergic efferent pathways
while noradrenergic LC neurones have a reciprocal effect on the DRN (Coplan and
Lydiard, 1998). Thus, the LC may serve to paradoxically (see above) inhibit PAG
activity via DRN stimulation.

The efferent projections of the median raphe nucleus (MRN) are morphologically
distinct to those of the DRN and it has been proposed that these two raphe nuclei may in
some instances have opposing roles in anxiety (Coplan and Lydiard, 1998). Thus, the
MRN may be important in the control of fear and anticipatory anxiety via its limbic
projections while the striatal projections from the DRN may be more important in
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modulation of escape/freezing responses (Grove et al.9 1997). Graeff and co-workers
(1996b) have taken this further to suggest that while the DRN may be involved in
modulating responses to acute stress (i.e. anxiety) the MRN may be more important in
response to persistent or chronic stress (i.e. depression).

A simple explanation of the role of 5-HT in anxiety is no longer realistic. Indeed, the
heterogeneous nature of the anxiety disorders themselves would appear to discount this
possibility. Handley (1995) proposes that serotonergic pathways are unlikely to mediate
anxiety, but rather be "essential for the accurate assessment of, and response to,
potentially adverse situations".

In an attempt to reconcile the paradoxical data regarding 5-HT and anxiety, Handley
(1995) proposed that in anxiety or panic disorders, the control of threat response may be
surrendered by the higher brain centres (cortical and limbic regions) to the more
primitive lower brain centres (e.g. PAG). Thus reduced 5-HT tone, analogous to the
situation during relaxation, drowsiness or sleep, may increase the likelihood of active
responses to aversive situations, while treatment with SSRIs would encourage the
involvement of the cortical regions (via increasing 5-HT tone) and thus the suppression
of active responses. On the other hand when 5-HT tone is already high, i.e. during
wakeful periods, the higher centres are actively involved and thus behavioural
suppression predominates. In such conditions, it is conceivable that increasing 5-HT
function may in fact appear anxiogenic (Handley, 1995).

While our understanding of the aetiology of normal and pathological anxiety is still
limited, the vital role that animal behavioural models must continue to play in furthering
our understanding of the anxiety disorders remains clear (File, 1996).

1.6

ANIMAL MODELS OF ANXIETY

Animal models of anxiety have traditionally been distinguished according to whether
they elicit conditioned or unconditioned responses to aversive stimuli (see Rodgers,
1997, review).
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A traditional example of a conditioned response test is the Geller-Seifter conflict
paradigm in which a negative reinforcement (electric foot-shock) is coupled with a
positive reinforcement (access, via lever pressing, to a sweetened milk reward) (see
Geller and Seifter, 1960). In this test, punished responding is suppressed compared to
unpunished responding but treatment with anxiolytic drugs attenuates this response
suppression (see also Geller et al., 1962; Pollard and Howard, 1979; Kilts et a l, 1981;
Britton et al., 1985). In other words, anxiolytic drugs increase the number of shocks
tolerated by the animal in order to gain access to a food reward. These tests are clearly
focussed on response (lever pressing) suppression and the disinhibition of this response
by drug treatment and pay no attention to any other behavioural effects of drug
treatment.

The open-field test, which utilises a novel environment, as an aversive

stimulus is a classical example of an unconditioned model of anxiety (Walsh and
Cummins, 1976). Rodents exposed for the first time to a brightly lit circular open field
characteristically display high levels of thigmotactic behaviour (i.e. they spend most of
the time in contact with the surrounding wall and rarely venture into the open central
areas). Anxiolytic drugs reduce thigmotactic behaviour while increasing the amount of
time the rodent spends in the central arena (e.g. Siemiatkowski et al., 2000).
Treit (1994) argues that those models that rely on prepared (unlearned) responses to
aversive stimuli are likely to be more relevant to human anxiety, and therefore possess
greater face and construct validity than those that rely on unprepared (learned)
responses. While clinicians might argue that the irrational basis for some human fears
(e.g. some specific phobias) suggests that fear responses are learned, LeDoux (1998)
proposes that the responses are in fact prepared, and thus fear conditioning involves the
coupling of these prepared responses to newly aversive stimuli.

Thus, rodents are

rapidly conditioned to avoid a taste that is associated with subsequent illness, but
require training to avoid taste associated with electric foot-shocks (Treit, 1994).
However, not all conditioned tests rely on unprepared responses. Shock-probe burying,
where the animal rapidly responds to the shock by burying the probe with cage bedding
material, is an example of a conditioned test that elicits a spontaneous (i.e. prepared)
response (Treit, 1994).

Rodgers (1997) develops this concept further, proposing that human anxiety disorders
may represent the inappropriate activation of a repertoire of defensive reactions to
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aversive stimuli, and thus behavioural validation of animal models of anxiety may best
be achieved by assessing the type of defence responses elicited.

Thus, laboratory

rodents elicit flight responses when exposed to a distant threat (e.g. a predator) while the
animal is more likely to freeze and display defensive burying behaviour or ultrasonic
vocalisation if the threat is more proximal (Rodgers, 1997). Furthermore, where the
threat is not as obvious as the presence or odour of a predator (e.g. during light/dark
exploration) the rodent exhibits risk assessment behaviour including increased
thigmotaxis and stretch attend postures (i.e. the animal stretches its body forwards but
does not locomote forwards) (Rodgers, 1997).

The mouse defence test battery (MDTB) developed in the Blanchard laboratory has
been used to study the repertoire of anti-predator defensive behaviours displayed when
exposed to the immediate, proximal or potential threat of a laboratory rat (Griebel et al.,
1995). While anxiolytic drugs such as the benzodiazepines and 5-HTia receptor

agonists reduce both risk assessment and defensive threat/attack behaviours, their
effects on flight behaviour are inconsistent (Griebel et al., 1995). Intriguingly, acute
treatment of these mice with the clinically panicolytic drugs imipramine and fluoxetine
increases their flight behaviour, while chronic treatment with these drugs reduces flight
behaviour (Griebel et al., 1995).

These traditionally antidepressant drugs are typically inactive in animal models of
anxiety although this should not too be surprising as many of these models were
developed and validated for their benzodiazepine sensitivity. In addition, while the
clinical effects of antidepressants are only observed following chronic treatment, many
animal models of anxiety (and depression!) only consider the acute effects of drug
treatment. It is of particular significance therefore, that the opposite effects of acute and
chronic antidepressant drug treatment on flight in the MDTB are consistent with the
observed clinical effects of acute (increased anxiety/agitation) and chronic (reduced
anxiety/panic) effects of antidepressant drugs. The MDTB provides a possible method
for distinguishing between GAD (proximal, potential threat) and PD (immediate threat)
according to the type of defensive response elicited. In addition to their effects on flight
behaviour, chronic antidepressant treatment in this MDTB study also reduced certain
proximal defence behaviours such as defensive threat/attack behaviour and, to a lesser
extent, risk assessment during potential threat, characteristic of the anxiolytic effects
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produced by BZs.

This is not inconsistent with the observed clinical efficacy of

antidepressant drugs, not only in PD, but in a variety of anxiety disorders including
GAD (refer back to Section 1.4). However, it should be noted too, that while not
generally recommended, BZs are also clinically effective antipanic agents (see Coplan
and Lydiard, 1998 and references cited therein).

It is clear that ethological techniques of analysing rodent behaviour, and their
application to the study of drug action, have an important role in enabling greater
behavioural validation of novel as well as established models such as the elevated plus
maze (see Section 2.6.1 and also Rodgers and Cole, 1994; Rodgers and Johnson, 1995;
Rodgers and Dalvi, 1997; Rodgers et al., 1997; Griebel et a l , 1997; Setem et a l , 1999).

The role that ethology has played in developing our understanding of animal behaviour
in general and of social behaviour in particular in response to drug treatment is reviewed
below.

1.7

ETHOLOGY

Ethology is concerned with the study of the evolution and function of animal behaviour
(see Barnett, 1963). It is defined as “the scientific study o f the behaviour o f animals,
especially in their natural environment’ (Longman Dictionary, 1984). It provides a
method of precise and quantitative assessment of natural animal behaviour even under
laboratory conditions. The individual elements of identifiable behaviour that comprise
the complete repertoire of behaviours and postures can be catalogued in a speciesspecific ethogram (Mitchell, 1993, review).

Ethological techniques were originally utilised mainly by biologists for studying the
behaviour of animals in their natural environment. For a background on the origins and
early concepts of ethology, the interested reader is referred to volumes such as The
Study o f Instinct (Tinbergen, 1951), King Solomon's Ring (Lorenz, 1953) and more
recently Animal Behaviour (Hinde, 1970). These techniques were first adapted, in
Chance’s Ethology Laboratory in Birmingham during the late 1950's and early 1960’s,
for the study of behaviour in laboratory animals (Grant, 1963; Grant and Mackintosh,

17

1963) and the effects of drugs on these behaviours (Chance and Silverman, 1964;
Silverman, 1965).

Ethopharmacology involves the application of ethological techniques of analysing
animal behaviour to provide a more holistic approach to the study of behavioural effects
of drugs. Because they allow for all the components of behaviour to be scored, they are
likely to be more sensitive to selective changes in behaviour than conventional nonethological techniques (Mitchell, 1993). In this way, potentially beneficial or indeed
detrimental effects of a drug on specific animal behaviours are also more likely to be
identified (Mitchell, 1993).

The ability to detect unexpected or non-specific

behavioural effects of drug treatment (e.g. a reduction in locomotor activity might
indicate general behavioural disruption/sedation) presents the obvious ethical advantage
of reducing the number of experiments, and therefore animals required (Silverman,
1965). Moreover, in experiments involving the interaction between treated and non
treated conspecifics (e.g. social interaction test) the indirect effects of drug treatment
may also be observed in non-treated animals (e.g. an increase in defensive/submissive
behaviours in response to an increase in aggressive behaviour in the treated animal).
The accuracy of ethological analysis is limited primarily by the ability of the trained
observer to detect and record all of the behaviours displayed, rather than by the range of
behaviours themselves (Silverman, 1965; for details on my training see Section 2.2.9).

1.8

SOCIAL BEHAVIOUR

Detailed ethological analysis of laboratory rodent behaviour has identified the repertoire
of social postures and acts (Grant and Mackintosh, 1963) that are exhibited during
social interaction with conspecifics (either familiar or unfamiliar) or when exposed to a
real or potential predatory threat (Mitchell, 1993). Grant (1963) showed that not only
are the range of different behavioural elements limited, but they are likely to follow in
particular sequences (see also Mitchell, 1993). Thus, a defensive posture (where the
animal is upright or sideways) often leads to a submissive posture or retreat while an
attack or bite often leads to an aggressive posture (Grant, 1963). The full repertoire of
both offensive and defensive behavioural elements are grouped as agonistic behaviours
(Scott, 1958).

18

While some groups have reported reduced intraspecies aggression in laboratory rats
compared with wild rats (e.g. Gentsch et al., 1988), ethological techniques provide a
sensitive tool for identifying a full repertoire of these behaviours (Benton, 1982).
Indeed, on introducing an unfamiliar conspecific laboratory rat into a colony of male
and female rats, a full range of agonistic behavioural elements is observed during
aggression exhibited by colony males towards the intruder (Blanchard et a l , 1975; see
also Koolhaas et al., 1980). Blanchard and colleagues (1975) found that dominant
colony males (dominance was assigned to the male that initiated the attack on an
intruder during preliminary studies) displayed most of the agonistic behaviours towards
each intruder, suggesting that colonies of rats will develop rank orders that remain
stable over time.

Detailed ethological analysis of the social interaction between a resident rat and an
intruder conspecific identified intense agonistic behaviour during which the resident
displayed largely investigatory and aggressive behaviours while the intruder displayed
exploration of the new surroundings and defensive/submissive behaviours (Mitchell,
1993).

Following acute treatment of the resident rat with antidepressant drugs,

aggressive behaviour towards an intruder conspecific was dose-dependently and
selectively reduced, while resident aggressive behaviour was conversely increased
during chronic treatment (Mitchell and Redfem, 1992a; Mitchell and Fletcher, 1993;
Mitchell and Redfem, 1997).

Miczek and colleagues have extensively studied the effects of acute social defeat stress
in both mice and rats using the resident-intmder paradigm. For example, Tomatzky and
Miczek (1995) observed increased defensive responses, hyperthermia, emission of
ultrasonic vocalisation and tachycardia when an intruder rat was placed into the empty
home cage of a resident conspecific (anticipatory threat). A brief period of social
interaction when the resident rat was re-introduced into its home cage, culminating in
social defeat, was followed by a more intense period of threat (compared with the
anticipatory threat) during which the intruder was protected from direct contact by a
wire cage.

Acute treatment of intruder rats with alcohol, gepirone or diazepam

attenuated these effects of social stress during the initial anticipatory phase prior to
defeat but not during the more intense period of threat after social defeat.
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1.9

SOCIAL HIERARCHY

Rodent social and agonistic behaviour results in either territorial separation, or when in
closed groups, the formation of a social hierarchy (Chance and Silverman, 1964).
Highly aggressive males (level of aggression was determined during pre-test exposure
to an intruder conspecific) tended to become the dominant colony male (based on
agonistic interactions with other colony males) when placed in mixed-sex colonies
(Blanchard et a l, 1988a).

Grant and Chance (1958) demonstrated that linear rank orders develop in cages of male
rats (in groups of less than six) based on success in agonistic encounters, as determined
by the adoption of a final submissive posture by the loser. These rank orders are
developed during the first three weeks of observation and remain stable (and even
intensified) for up to nine weeks after weaning (Grant and Chance, 1958). In his review
on the measurement of social dominance in farm animals, Craig (1986) concurred that
small groups (less than six to ten) of single sex and similar size domestic animals tend
to develop linear or near-linear social hierarchies. In life-span studies in mixed-sex rat
colonies dominance hierarchies were rapidly formed and were stable for up to two years
although performance during initial dyadic interactions were not necessarily predictive
of subsequent rank (Blanchard et al., 1988b). It should be noted though that in the
above study (Blanchard et a l, 1988b) two of the six colonies, in which initial levels of
aggression were low, failed to establish clear hierarchical separation at any time during
their life-spans. Finally, Raab and co-workers (1986) established rapidly formed and
stable hierarchies in 19 out of 20 chronically co-existing (over a ten day period)
resident-intruder dyads (68% of the dominant animals were resident rats).

Although agonistic behaviour between males in established colonies was consistent over
long periods and was not reduced with age, the actual time spent involved in overt
fighting was quite little (Blanchard et a l, 1988b). Housing these mixed-sex colonies
within semi-natural habitats that enabled burrowing resulted in increased conspecific
conflict and considerably earlier mortality of subordinate animals (Blanchard et a l ,
1985; Blanchard and Blanchard, 1990).

The Visible Burrow System (VBS) was

developed by the Blanchard laboratory to enable viewing of resident rats either within
the underground tunnels or on the surface (see Blanchard et a l, 1993a). Subordination
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within the VBS had a significant impact on the behaviour of low-ranking animals and
has been proposed as a model of chronic social stress (Blanchard et al., 1995).
Subordinate males were more defensive than their dominant cohabitants, exhibited
significant weight loss (Blanchard et al., 1995) and showed marked early mortality
(Blanchard et al., 1991). On the other hand, dominant males spent more time on the
surface of the visible burrow system habitat and had greater access to female colony
members (Blanchard et al., 1995). At the end of the cohabitation period in residentintruder dyads, dominant animals were more explorative when exposed to an open-field,
while subordinate animals displayed more grooming behaviour (Raab et al., 1986). In
addition, there was a tendency for tail-flick latencies to be shorter (and thus pain
thresholds lower) in both dominant and subordinate dyad members (although
significance was only demonstrated with dominant animals) than in control (i.e. isolated
or pair-housed) animals (Raab et al., 1986).

In another study, Raleigh and colleagues (1985) allocated rank orders of males in
mixed-sex groups of vervet monkeys based on success during agonistic encounters.
They observed that dominant males tended to be more responsive to the behavioural
effects of three serotonin-enhancing drugs (i.e. fluoxetine, tryptophan (5-HT precursor)
and quipazine (5-HT receptor agonist)) than subordinate males. This may reflect the
relative desensitisation or down-regulation of 5-HT receptors in subordinate animals
following chronic stress (Blanchard et al., 1991; also see Section 1.10).

Mitchell and Redfem (1992b) established social hierarchies in closed groups of three
male rats (triads). The rank position of each cage member was allocated (as dominant,
subdominant and subordinate) according to the proportion of wins attained during social
interaction as observed for half an hour daily at the onset of the dark phase. The chronic
social stress associated with subordination in this model is argued to possess
considerable face validity with a number of the target symptoms of human clinical
depression (Blanchard et al., 1995). In keeping with this theory, and also with their
resident-intruder studies, Mitchell and Redfem (1992b) demonstrated an increase in the
rank position of the subdominant animal during chronic treatment with either
clomipramine (tricyclic antidepressant) or mianserin (atypical antidepressant) at doses
which increased aggression in resident-intruder studies (Mitchell and Redfem, 1992a).
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Fuchs and colleagues have established a model of chronic psychosocial stress in male
tree shrews (Tupaia belangeri) (for a recent study, see Kramer et al., 1999). In their
paradigm, two male tree shrews individually housed but within visual and olfactory
contact, are paired for daily social encounters (periods of psychosocial conflict) within
their temporarily combined territories and develop a stable dominant-subordinate
relationship (in which the subordinate animal is subjected to social defeat by the
dominant animal).

Subordinate status is consistently characterised by various

behavioural alterations. As reviewed by Fuchs and colleagues (1996, see references
cited therein) subordinate animals display reduced locomotor and autogrooming
behaviour and tend to withdraw from the dominant’s field of vision. They develop
marked reductions in body weight associated with reduced food and water intake along
with increased metabolic rates.

Furthermore, they are characterised by disturbed

circadian rhythms and sleeping patterns with increased early waking episodes during the
second half of the night. Moreover, subordinate status was also associated with a
variety of physiological and neuroendocrine changes (see Section 1.10). Consistent
with the rank-reversal witnessed during chronic antidepressant treatment of
subdominant rats (Mitchell and Redfem, 1992b), chronic treatment of subordinate tree
shrews with clomipramine, 50 mg.kg^.day'1 for 30 days during continued exposure to
psychosocial stress, alleviated both behavioural and physiological effects of
subordination (Fuchs et a l, 1996, Kramer et al., 1999). Thus dmg treatment restored
scent marking behaviour, autogrooming behaviour, locomotor activity and reduced risk
assessment behaviour.

1.10 NON-BEHAVIOURAL CORRELATES OF SOCIAL STATUS

In addition to the behavioural correlates of social status that have been described above,
there has been substantial research concerned with the identification of physiological,
immunological and neuroendocrine correlates of social rank.

Subordinate male rats in resident-intruder dyads displayed higher plasma corticosterone
(CORT) concentrations than both dominant partners and individually housed control
males (Raab et al., 1986). Thymus relative weights were also reduced in subordinate
males compared with dominant males which, together with the reduced spleen
lymphocyte stimulation, may indicate higher HPA axis activity (Raab et al., 1986).
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Non-behavioural correlates of stress were also measured in the VBS in three studies by
Blanchard and colleagues (1993a), the first of which involved pre-selection of highly
aggressive males. In each of the studies, plasma CORT concentrations were raised in
subordinate males compared with control, although plasma CORT concentrations were
also raised in dominant males within the highly aggressive colonies.

Testosterone

concentrations were significantly lower in subordinate males but only in the two studies
that did not involve pre-selection of aggressive males. They also noted that a subset of
subordinate males showed impairment in their ability to produce a characteristic
increase in plasma CORT in response to one hour of novel restraint stress. Blanchard
and colleagues (1995) recognised the fact that the acute stress might have served as a
relief from the chronic stress, although they also speculated that the impaired response
to acute stress might have been due to the desensitisation of the HPA axis as a
consequence of this chronic stress. These non-responsive subordinates are deficient in
corticotrophin-releasing factor (CRF) in the PVN (hypothalamus) but not in the CeN (of
the amygdala) and it has been proposed that they may relate to the subset of depressed
patients who also display blunted HPA axis-mediated responses to stress (Albeck et al.,
1997).

As in the resident-intruder study described above (Raab et al., 1986), organ weight
differences in VBS colony members were observed, although there was considerable
variation between studies and differences were not always sufficient to meet statistical
significance (i.e. /?<0.05).

Moreover, those differences that were identified were

between colony members and control males rather than within the colony groups
themselves. Indeed, in some examples both dominant and subordinate males showed
similar organ weight changes compared with control males (Blanchard et al., 1993a).

Thus, adrenal glands were enlarged in subordinate males compared with control in two
studies while they were also enlarged in dominant males in one study (Blanchard et al.,
1993aa). Similarly, spleen weights were increased in both subordinate and dominant
males (compared with control) in one study while the difference between subordinate
and control spleen weights approached significance in another study (i.e. 0.10>p>0.05)
(Blanchard et al., 1993a). As in the resident-intruder study (Raab et al., 1986) thymus
weights were significantly reduced in subordinate males (but not in the pre-selected
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aggressive colonies) although dominant males also exhibited reduced thymus weights in
these studies (Blanchard et al., 1993a).

VBS studies in mixed-sex groups of rats indicate that the 5-HT metabolite,
5-hydroxyindoleacetic acid (5-HIAA) was present in higher concentrations in
subordinate rats compared to dominant and control rats in the preoptic area, amygdala,
hippocampus and spinal cord (Blanchard et al., 1991). In addition, the levels were
higher than in dominants only, in the entorhinal cortex. It remains unclear whether
these increases in 5-HIAA levels reflected increased 5-HT metabolism or increased
5-HT release and turnover independent of monoamine oxidase activity (Blanchard et al.
1991). Galanin is a neuropeptide that coexists with noradrenaline in the LC while
galaninergic neurones from the LC project to the PVN of the hypothalamus (Holets et
al., 1988). Galanin may have a role in LC mediated regulation of the HPA axis and the
increase in galanin gene expression, as indicated by the increased levels of
preprogalanin mRNA observed in the LC, in subordinate rats exposed to chronic social
stress may reflect compensatory responses to the stress-induced HPA axis activation
(Holmes et al., 1995). Subordination during chronic social stress is also associated with
higher levels of both tyrosine hydroxylase mRNA expression and protein levels in the
LC following exposure to one hour of restraint stress (Watanabe et al., 1995).

These findings suggest that success during agonistic encounters in closed groups of
social animals is a good indicator of social status.

Furthermore, social status is

associated not only with a number of non-agonistic behavioural correlates as
highlighted in the previous section but also with a number of non-behavioural
measurements. In general, subordinate status is associated with higher activity of the
HPA axis as demonstrated by the tendency for subordinate males to have higher plasma
CORT concentrations as well as enlarged adrenal glands and reduced thymus glands.
The presence of higher 5-HIAA concentrations in specific brain regions of subordinate
males following chronic stress would appear to be in keeping with the aforementioned
findings of Raleigh and colleagues (1985) in vervet monkeys and, as highlighted by
Blanchard and colleagues (1993a), lends support to the putative role of serotonin in
stress and anxiety.
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Using their paradigm for acute social defeat stress (summarised in Section 1.8), Miczek
and co-workers demonstrated that acute defeat stress can have a marked effect on blood
pressure and heart rate. Thus, in studies using male Long-Evans rats, an intruder rat,
implanted with blood pressure transmitters, was placed into the resident’s cage for 60
minutes and within 3-5 minutes displayed clear submissive behaviours (Meehan et a l,
1995). For the subsequent period, the intruder was protected from physical contact by
the resident rat by placing it within a protective wire cage. Both blood pressure and
heart rate were markedly increased peaking during defeat and not returning to normal
levels until the intruder was returned into its own cage.

Moreover, when these

confrontations were repeated on alternate days (up to three times per week), the same
acute effects on blood pressure and heart rate were consistently observed. These results
suggest that the stressful nature of these encounters was not diminished by repeated
experience (i.e. habituation; see also Torantzky and Miczek, 1994). Tidey and Miczek
(1996) observed increased dopamine release in mesocorticolimbic regions of socially
defeated Long-Evans rats during subsequent social threat. This increase in dopamine
levels was observed independently of motor activation and the authors suggest that it
may therefore reflect an attempt by the defeated intruder rat to cope with social stress.

Koolhaas and colleagues have examined the effects of social stress, using the residentintruder paradigm on autonomic neural activation and cardiac activity of socially
defeated intruder rats (for a recent review of these studies, see Sgoifo et al., 1999). In
brief, they found that social stress, compared with non-social stress (e.g. restraint),
produced a more significant shift in sympathovagal balance towards greater sympathetic
control of cardiac activity, and hence increased the occurrence of tachyarrhythmias and
cardiac instability.

Non-behavioural stress correlates have also been identified in other mammalian species.
For example, studies in rabbits (Eisermann, 1991) and macaques and baboons
(Cherkovich and Tatoyan, 1973) have shown that subordinate rank was associated with
elevated heart rates compared with the dominant group member, which typically had the
lowest heart rates within the group. The heart rate of a subordinate rabbit was gradually
lowered to that characteristic of dominant individuals if it achieved a position of
dominance (following the removal of the previously dominant rabbit) (Eisermann,
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1991) while with monkeys, the new leader on regrouping possessed the lowest heart rate
(Cherkovich and Tatoyan, 1973).

Male CBA/J mice housed in mixed-sex and interconnected population cages developed
stable social hierarchies based on scores attributed for physical condition, territorial size
and female associations (Ely, 1981). Dominant CBA/J mice developed significantly
higher blood pressure and more aortic arteriosclerosis than subordinate and control mice
and exhibited higher testosterone levels than subordinate mice, while castrated mice
failed to form a social hierarchy and exhibited normal blood pressure (Ely, 1981).
Subordinate CBA/J mice attaining a dominant position showed a significant rise in
blood pressure while blood pressure fell significantly in dominant mice removed from
social interaction (Ely, 1981). This appears to contrasts with the effects of rank position
on heart rates in rabbits (Eisermann, 1991) and macaques and baboons (Cherkovich and
Tatoyan, 1973). However, these studies do differ crucially in that the CBA/J mice were
housed in interconnected, rather than closed, groups in which the control of territory
was not assured and thus the stress associated with territorial defence (a task that rests
mainly on the dominant mice) was increased.
As described in Section 1.9, subordinate male tree shrews exposed to chronic
psychosocial stress are characterised by consistent changes, not only in particular
behaviours, but in a wide variety of physiological and neuroendocrine parameters (see
Fuchs et al., 1996 and references cited therein). Thus, studies have revealed raised
adrenocortical and adrenomedullary hormone concentrations indicative of the predicted
increase in HPA axis activation in response to chronic stress. In addition, adrenal
glands are enlarged while gonadal activity is reduced. Subordination is associated with
site-specific and time-dependent down regulation of central 5-HTia receptors, with
down regulation of a 2 adrenoceptors in areas associated with autonomic nervous
function, and with down regulation of hippocampal glucocorticoid and CRH receptors.
In addition to the effects on subordinate behaviour (described above, see Section 1.9),
chronic treatment of subordinate animals with clomipramine, 50 mg.kg^.day'1
significantly reduced the stress-induced elevations of urinary cortisol and noradrenaline
concentrations (Fuchs et al., 1996; Kramer et al., 1999). On the other hand, in recent
studies, social stress-induced behavioural and endocrine changes were unaltered
following subchronic treatment with the BZ, diazepam, 5 mg.kg^.day'1 for 7 days (Van
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Kampen et al., 2000). Thus, in keeping with research in rats, chronic psychosocial
stress in the tree shrew results in a condition that would appear more closely related to
depression than anxiety.

1.11

SOCIAL COMPETITION

Social hierarchies have also been measured according to priority of access to water (e.g.
Plewako and Kostowski, 1984; Militzer, 1995), palatable food (e.g. File, 1986; Gentsch
et al., 1988a, 1988b, 1990; Militzer, 1995) and sweetened milk (e.g. Joly and Sanger,
1991, 1992; Woodall et al., 1996). These competitive measures of social dominance
were developed because laboratory rats, when placed in closed groups, appear to exhibit
reduced intraspecies aggressiveness compared to wild rats living under relatively free
conditions (Barnett, 1963; File, 1986; Gentsch et al., 1988a). File (1986) cites the rapid
and reliable formation of stable hierarchies and the ability to house rats in normal
laboratory cages as two advantages of using the social competition measure of
dominance. A review of the literature on social competition in male laboratory rats is
included below.
In a study by Plewako and Kostowski (1984), male Wistar rats for whom food was
freely available but access to water was limited to one hour per day were initially
trained individually to drink water during five minutes of access to a drinking spout in
the test apparatus. Those animals that did not spend more than three minutes drinking
were excluded from the study while the remainder was allowed to compete for access to
the drinking spout during subsequent daily five-minute drinking sessions. Dominantsubordinate relationships were established and remained stable during the course of the
experiment on the basis of access to water (which was limited by design to one animal
at any one time) in 80% of paired groupings. Those groups that did not establish stable
hierarchies were excluded from the study. The authors noted that the subordinate males
only made sporadic attempts to gain access to the drinking water.

The same study showed that acute treatment of dominant rats with clonidine (d2
adrenoceptor agonist), prazosin (ai

adrenoceptor antagonist) and propranolol

(P adrenoceptor antagonist) or subordinate rats with either yohimbine (d2 adrenoceptor
antagonist) or salbutamol (p2 adrenoceptor agonist) reversed their respective rank
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positions. There was no effect on the hierarchical relationship when dominant animals
were treated with either yohimbine or salbutamol or when the subordinate animals were
treated with either prazosin or propranolol, while the hierarchical separation was
actually increased following treatment of the subordinate animals with clonidine. All
drugs were administered intraperitoneally (i.p.).

Finally, Plewako and Kostowski

(1984) found that rats with lesions to the LC were always subordinate when paired with
sham-lesioned rats. Thus, in the context of this report, this study demonstrates that
competition for priority of access to a limited resource can be used to measure stable
hierarchies that are sensitive to manipulation by drugs acting at noradrenergic receptors.
The achievement of dominance by subordinate animals following treatment with
yohimbine appears to conflict with the established panicogenic effects of the drug (e.g.
Albus et al., 1992a, b). However, yohimbine has produced conflicting effects in animal
models of anxiety and there is some evidence to support an anxiolytic effect of the drug
mediated via its affinity for 5-HTia receptors (e.g. in the murine plus maze, Cole et al.,
1995; in shock-induced ultrasonic vocalisation test in rat pups, De Vry et al., 1993).

File (1986) assigned rank orders in groups of male hooded Lister rats by both
observations of agonistic encounters as well as priority of access to a preferred food,
namely pieces of chocolate. Most of the animals that gained high rank positions during
agonistic encounters were also successful during competition for chocolate. However,
it is noteworthy that in one colony, the male with the lowest rank position in agonistic
success was in fact one of the most successful during competition for access to
chocolate (File, 1986). Furthermore, the stability of the competition-based hierarchy
and thus the reliability of this test was improved with increasing duration of group
housing (File, 1986).

Sub-chronic treatment of dominant rats (based on rank assigned during chocolate
competition) with the anxiolytic drug, chlordiazepoxide (CDP, 5 mg.kg^.day'1 i.p. for 5
days) reduced the success of these animals during paired competition with a subordinate
conspecific while no significant effects were observed following similar treatment of
subordinate or middle-ranking animals (File, 1986).

It has been demonstrated that

following five days of continuous CDP treatment, tolerance to the sedative effects of the
drug ensure that any behavioural effects of the drug are due to the anxiolytic effect and
not psychomotor impairment (File and Hyde, 1978). File (1986) speculated that the
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observed reduction in competitive dominance might represent the anti-aggressive
effects of CDP treatment (see Rodgers and Waters, 1985).

Gentsch and co-workers (1988a) established stable social hierarchies in eight out of
twelve triads of male Wistar rats (i.e. 67%), measured by competition for sucrosepellets in which ’high-performing’ animals competed more and consumed more pellets
than their 'medium-performing' and ’poor-performing’ cage partners.

The poor-

performing rats virtually abstained from any competition and consumed hardly any
sucrose pellets. In contrast to the work described by Plewako and Kostowski (1984)
these animals were not deprived of food or water prior to commencing competition
sessions on the basis that the sucrose pellets were sufficiently palatable so as not to
require prior food deprivation (Gentsch et al., 1988a).

Once hierarchies were

established they were maintained over a nine-month period. However, there was no
correlation between performance during competition for access to sucrose pellets and
behaviour shown on the open-field or elevated plus-maze tests (Gentsch et al., 1988a).

In previous studies (cited above), competition had been measured solely according to
success, i.e. water drinking times (Plewako and Kostowski, 1984) and priority of access
to a piece of chocolate (File, 1986).

In contrast, Gentsch and colleagues (1988a)

measured the level of competition by scoring the performance according to (1) the
proximity of the animal to the food source on delivery (Nearby; 0.33 points); (2) active
competition for access to the pellet (Compete; 2.0 points); and (3) success in obtaining
the pellet (Winner; 1.0 points). Thus, with a total of thirty pellets provided each test
day, the high-performing rat was the animal that gained the highest score while the lowperforming rat obtained the lowest score (score range: 0-100). Unlike the scoring
systems used by File (1986) or Plewako and Kostowski (1984), the model developed by
Gentsch and his co-workers (1988a) therefore considered not only the end-point of
competition but also the act of competing itself. They argued, with justification, that
their more elaborate scoring system was more sensitive to changes in competitive
behaviour (that did not alter success in competition). Thus, while the middle and poorperforming animals consumed similarly low numbers of sucrose pellets during
competition (i.e. 'Winner' points) they were more distinguishable by the number of
'Compete' points they received (Gentsch et al., 1988a). Similarly, while there was no
overlap between high and middle performing rats with relation to their 'Winner' scores
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and little overlap between their 'Compete' scores, the overlap was marked in relation to
their 'Nearby' scores (Gentsch et al., 1988a). The use of these additional scores is
therefore justified in order to aid the differentiation between the rank positions within
the competitive hierarchies.

Gentsch and colleagues examined the effects of drug treatment on the stable rank orders
established during their social competition test (see Gentsch et a l, 1988b, 1990).
Depletion of serotonin by subchronic treatment with tryptophan hydroxylase inhibitors
(p-chloro-phenylalanine (PCPA), 100 mg.kg'1.day'1 i.p. or 6-fluoro-tryptophan (6FTrp),
122 mg.kg"1.day'1 i.p., each for 3 days) increased the competition scores achieved by
poor-performing rats while identical treatment of high-performing rats had no effect on
competition rates (Gentsch et al., 1988b). Interestingly, the effect of PCPA treatment
was not significant until day 5 (i.e. two days after treatment had ceased) and
competition rates only fell back towards basal levels over the next few days. On the
other hand the effect of 6FTrp treatment was seen by day 4 and was lost by day 5.
Gentsch and colleagues (1988b) suggest that the faster onset of action and shorter
duration of 6FTrp compared with PCPA corresponds to the time course for 5-HT
depletion with these two drugs. The improved performance of the poor-performing
animals following depletion of serotonin might represent an anxiolytic effect. The lack
of a similar effect in high performing rats may simply be due to the already high
performance of these animals or alternatively due to the lower 5-HT tone in these
animals (due to the lack of chronic stress, refer back to Section 1.5). Acute treatment of
high-performing rats with the 5-HT receptor agonist quipazine, 0.2, 0.67 mg.kg'1 i.p.,
reduced the competition scores of the high-performing animals in a dose-dependent
fashion (Gentsch et al., 1988b). Furthermore, consistent with the reported effects of
yohimbine on subordinate competition for drinking water (Plewako and Kostowski,
1984), Gentsch and colleagues (1989) found that acute treatment of poor-performers
with yohimbine, but not chlordiazepoxide, temporarily improved their performance
during competition for access to sucrose pellets.

Finally, in contrast to the chocolate competition test described above (File, 1986)
subchronic treatment with CDP, 5.0 mg.kg'1.day'1 i.p. for 5 days, but not acute treatment
(CDP, 0.1 - 20.0 mg.kg'1 i.p.) increased the competition scores of poor-performing rats
during limited access to sucrose pellets and it is argued that this effect may reflect
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anxiolysis (Gentsch et al., 1990). In this study, Gentsch and his co-workers found that
the increase in competition by the poor-performing animal was not observed until the
third day of treatment and was lost immediately on cessation of treatment (Gentsch et
al., 1990).

Joly and Sanger (1991) found that most triads of male Wistar rats established stable
rank orders when introduced to social competition for sweetened milk, although some
groups were excluded from their studies due to the lack of a distinct and stable
hierarchy. Access to the sweetened milk was limited to one animal at a time to ensure
competition for priority of access and animals were ranked according to access as
dominant, intermediate or subordinate (Joly and Sanger, 1991). In keeping with the
observations of Gentsch and his colleagues (1988a), subordinate animals, after an initial
attempt to gain access to the milk spout, tended to withdraw and cease from competition
for the remainder of the test session (Joly and Sanger, 1991). Unlike the Gentsch
studies however, Joly and Sanger (1991) only scored the end point of competition, i.e.
access to the drinking spout. To this end, observations were made every 5 seconds
during the five-minute competition session (i.e. 60 observations) and the animal with
access at each time point received one point (Joly and Sanger (1991). In further contrast
to the model developed by Gentsch and colleagues (1988a) rats were deprived of water
for 22 hours per day during initial introduction to the sweetened milk resource (Joly and
Sanger, 1991).

Acute treatment of subordinate animals with the CDP, 1.25, 2.5 and 5.0 mg.kg'1 i.p.,
and the partial 5-HT ia receptor agonist, buspirone, 0.6, 1.25 mg.kg'1 i.p., increased
subordinate access to the sweetened milk resource, once again indicative of anxiolytic
like activity, although the effect of buspirone was less marked than that of CDP (Joly
and Sanger, 1991). On the other hand, administration of higher doses of both drugs (i.e.
CDP, 10.0 mg.kg'1 i.p. and buspirone, 5.0 mg.kg'1 i.p.), at which behavioural disruption
was more likely, was ineffective at increasing subordinate competitive success. Similar
effects were observed with the atypical anxiolytic drugs, alpidem, 5.0, 10.0 mg.kg'1 i.p.,
and zolpidem, 0.5,1.0 mg.kg'1i.p. (Joly and Sanger, 1991).

Co-administration of the benzodiazepine receptor antagonist, flumazenil, 10 mg.kg'1
i.p., with alpidem was shown to attenuate the effects of alpidem on subordinate access,
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thus suggesting that the anxiolytic-like effect of alpidem on competition in this
paradigm was mediated by activity at the benzodiazepine receptor (Joly and Sanger,
1991).

Finally, a number of ‘non-anxiolytic’ psychoactive drugs were tested

(haloperidol, morphine and imipramine), none of which elicited an increase in
subordinate access although, at the highest doses, sedation probably accounted for the
tendency to reduce subordinate access to the sweetened milk (Joly and Sanger, 1991). It
is noted that while acute imipramine treatment failed to disinhibit competitive behaviour
in subordinate animals, the clinical efficacy of chronic imipramine treatment in the
management of GAD (e.g. Rickels et al., 1993) predicts that chronic treatment of
subordinate animals might increase their success during social competition. Joly and
Sanger (1991) suggest that the anxiolytic-induced increases in subordinate access are
not likely to be due to an increase in appetite as previous studies had found that
morphine treatment can have a hyperphagic effect in rats (Sanger and McCarthy, 1981).
In a subsequent study, Joly and Sanger (1992) found that acute treatment of dominant
triad members with a series of anxiogenic drugs (FG7142, 0.3-5.0 mg.kg'1 i.p.;
pentylenetetrazole, 0.6-10.0 mg.kg'1 i.p.; yohimbine, 1.0-4.0 mg.kg'1 i.p.) within the
same paradigm elicited a significant and dose-related reduction in dominant access to
the sweetened milk (N.B. contrast these ‘anxiogenic-like’ effects of yohimbine with the
effects reported by Plewako and Kostowski, 1984 and Gentsch et al., 1989; see above).

More recently, Woodall and colleagues (1996a) examined the effects of the 5-HTia
receptor agonist and putative anxiolytic 8-OH-DPAT on the social competition in male
hooded Lister rats (following the method laid out by Joly and Sanger (1991)). They
introduced a significant methodological advance from previous social competition
studies by controlling for drug-induced changes in both locomotor activity and
individual access to sweetened milk. Thus, acute treatment of subordinate animals with
low doses of 8-OH-DPAT, 25, 37.5pg.kg'1 s.c., elicited an increase in subordinate
access while having no effect on either individual intake of sweetened milk or
locomotor activity (Woodall et al., 1996a). Administration of 8-OH-DPAT, 50pg.kg_1,
however, had no effect on subordinate access while the significant reduction in
subordinate access following administration of even higher doses (100, 200pg.kg'1) may
reflect the initiation of the 8-OH-DPAT syndrome (Woodall et al., 1996a). Finally,
treatment of dominant triad members with 8-OH-DPAT reduced dominant access only
at high and probably sedative doses (Woodall et a l, 1996a).
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In an attempt to investigate the sensitivity of the social competition test to
antidepressant drug treatment, Woodall and colleagues reported no effect of acute
treatment of subordinate animals with the tricyclic antidepressant, amitriptyline, 5.0,
10.0, 15.0 mgJkg'1 i.p., or the SSRI, fluoxetine, 2.5, 5.0, 10.0 mg.kg'1 i.p., on social
competition (Woodall et al., 1996b, 1997, abstracts).

Chronic treatment with

fluoxetine, 5.0 or 10.0 mg.kg'1.day'1 i.p., for 21 days also failed to modify social
competition (Woodall et al., 1997). In keeping with the findings of Gentsch and
colleagues (1988a), no differences in plasma CORT concentrations were identified
between rank position following social competition sessions. In fact, dominant animals
had significantly elevated plasma CORT concentrations compared with triad partners
following exposure to an open-field (Woodall et a l, 1996c). These results appear to
contrast with the increased plasma CORT concentrations found in subordinate animals
when rank was allocated according to agonistic encounters (e.g. the VBS model of
chronic social stress, Blanchard et al., 1993a) and would not therefore appear to support
claims that subordination in the social competition test reflects chronic social stress.

Table 1.1 summarises some of the main methodological differences in various social
competition tests.

The differences in choice of resource and competition scoring

systems have already been described. In addition, laboratories have used either Wistar
or hooded Lister strains of male laboratory rats. Animals were housed in groups of
between 2 and 6 while the extent of familiarisation between cohorts was not always
clearly stated (e.g. Plewako and Kostowski, 1984) and may have varied from virtually
none in that study to between 2 and 4 weeks in other studies. Methodological variation
was also apparent during the competition session procedures.

Competition was

conducted between dyads or triads of rats, within the animal’s home cage or in a testspecific cage and during either the light or dark phases of the light-dark cycle. Stable
social hierarchies are established over time between small groups of animals
sharing/competing for resources in closed groups and in familiar (territorially valid)
surroundings. The validity of a rank order between two rats with relatively brief periods
of familiarisation and measured in a territorially neutral test cage as a representation of
social dominance is therefore highly questionable.
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Study

Strain, Sex
Initial Weight

Resource
Deprivation

Plewako and
Kostowski,
1984

Wistar
Male
180-200g
(Familiarity ?)

File,
1986

H ooded Lister
M ale
200g or
450-600g (including
at least 4 w eeks o f
familiarisation)

Gentsch et al.,
1988a, b,
19 8 9 ,1 9 9 0

Wistar
M ale
200-250g
(+ 2 to 3 w eeks o f
familiarisation)

N one

Joly and
Sanger,
19 9 1 ,1 9 9 2

Wistar
M ale
120g
(+ 4 w eeks o f
familiarisation)

22 hours o f water
deprivation/day
during training
w eek

W oodall et al.,
1996

Hooded Lister
M ale
272g
(+ 3 w eeks o f
familiarisation)

22 hours o f water
deprivation/day
during training
w eek

22 hours o f water
deprivation/day
throughout
experiment

N one

Limited
Resource

Training Period

Competition parameters

Drinking
Water

Individual access to
water in test
apparatus. Poor
performers were
excluded.

A: Tw o, Dyad*
B: Test
C: N S (Light?)

D: 5-6 days
E: D aily
F: 5 minutes

Chocolate
Chips

5 days o f pre
competition access to
the resource

A: Six, Dyad**
B: Hom e
C: N S (Light?)

D: 2 serial com petition tests
E: O n e-off
F: N /A

Sucrose
Pellets

Individual access
provided until each
animal consumed at
least 10 out o f 15
sucrose pellets
dispensed

A: Three, Triad
B: Hom e
C: Dark

D: N S
E: 5-6 tests/w eek
F: N /A

Sweetened
m ilk

15 minutes o f access
during which all
animals gained som e
access

A: Three, Triad
B: Hom e
C: Light

D: 2-3 w eeks (weekdays)
E: 3 days per w eek
F: 5 minutes

Sweetened
m ilk

15 minutes o f access
during which all
animals gained som e
access

A: Three, Triad
B: Test
C: Light

D: 5 w eeks (tw ice a w eek)
E: tw ice a w eek
F: 5 minutes

Scoring system/
Rank description
% access time
Dominant
Subordinate

Winner
Dominant
Subordinate
Nearby (0.33)
Compete (2.0)
W inner (1.0)
High-performer
Middle-performer
Poor-performer

% Drinking bouts
Dominant
Intermediate
Subordinate
% Drinking bouts
Dominant
Intermediate
Subordinate

Table 1.1: Variations in Social Competition methodologies used in different laboratories. Competition Parameters: A: Number of animals in each home cage, Number
of animals involved in competition sessions (Dyad = 2, Triad =3) * Period of familiarisation between competing rats, if any, was not clearly stated, ** Competition
was between two familiar rats (i.e. a dominant and subordinate animal from the same home cage); B: Competition session was either conducted within the animals'
'Home' cage or in a Test-specific cage; C: Competition was conducted in during the 'Light' or 'Dark' phase of the 12h: 12h light/dark cycle; D: Duration of baseline
competition during which hierarchies were established; E: Frequency of Competition; F: Duration of Competition. NS - Not Specified; N/A - Not applicable.

The social competition test has been proposed as a model sensitive to anxiolytic drug
activity on the basis of the predictive validity that has been demonstrated by some of the
results discussed.

The variations in methodology may explain some of the

discrepancies in the drug effects observed. For example, File (1986) did not observe an
'anxiolytic-like' increase in subordinate success during chocolate competition while, in
the studies reported by Gentsch and colleagues (1990), poor performing animals did
demonstrate increased success during competition for sucrose pellets, if only following
subchronic CDP treatment. In contrast, both Joly and Sanger (1991) and Woodall and
colleagues (1996) found that subordinate competition for access to sweetened milk was
sensitive to acute treatment with known and putative anxiolytic drugs.

The face validity of a model that attempts to differentiate between social position and
thus allocation of dominance is also appealing.

Gentsch and colleagues remained

largely circumspect with regard to the putative validity of the stable competitive rank
orders established in triads competing for sucrose pellets as measures of social
dominance or as models of anxiety.

They therefore avoided the use of terms of

dominance, instead defining rank positions according to competitive performance alone,
i.e. high-, middle- and poor-performing (Gentsch et al., 1988a).

However, while

recognising the group-specific nature of rank orders (i.e. the rank position of an animal
in one triad does not predict its position if placed in another triad), they suggested that
the improvement in performance of low-ranking rats following subchronic treatment
with chlordiazepoxide was indicative of a social disinhibition (Gentsch et al., 1990).

Success in social competition may relate to the levels of fear (and thus anxiety)
exhibited by individual members of a social group (Joly and Sanger, 1991). The effects
observed by Mitchell and Redfem (1992b) on rodent behaviour during agonistic
encounters may in fact reflect anxiolytic rather than antidepressant activity (Joly and
Sanger, 1991). This view is arguably supported by the recent increase in the use of
antidepressant drugs for the treatment of various clinical anxiety disorders (e.g.
Ballenger, 1999).

Mitchell and Redfem (1992b) argue however that while anxiolytic drugs increase social
competition by the disinhibition of suppressed behaviours, antidepressants specifically
increase aggression that is not previously suppressed.
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This claim is based on the

observation that, during social interaction, all three members of the triad are actively
involved in agonistic behaviour.

Indeed, observations by Gentsch and colleagues

(1988a) and Joly and Sanger (1991) would suggest that active involvement of all cage
members is not always apparent during social competition tests. Furthermore, neither
acute nor chronic diazepam treatment of resident rats altered aggression in the residentintruder social interaction test for antidepressant activity (Mitchell and Redfem, 1992a).

With regard to the model’s face and construct validity, it is perhaps interesting to note
that a social competition hypothesis of depression whereby "human beings share with
their more primitive ancestors a mechanism fo r yielding in competitive situations" has
been described by Price and colleagues (1994). Thus, depression results in increased
yielding while elevated mood reduces yielding. The extent to which an individual
yields in a competitive situation depends on their self-esteem. Self-esteem in humans
may relate in evolutionary terms to the resource-holding potential (RHP) of other
animals in a competitive situation. Thus, an animal with a high RHP will be unlikely to
yield in competition with another animal with a low RHP. Price and colleagues (1994)
argue that the RHP of the individual animal determines its success in sexual selection
and the position it achieves within a social hierarchy and it is maintained through a
process of ritual agonistic (fighting) behaviour. Yielding to a competitor with a high
RHP serves important functions such as avoiding serious conflict that may result in
injury or even death and this forms an attractive basis for an evolutionary role for
depression.

It has been argued that a greater integration of the evolutionary and

proximate approaches to understanding anxiety and depressive disorders is required
(Nesse, 1999).

Although the social competition hypothesis does not account for

proximal causes of depression it does at least support the use of animal models of social
dominance for this purpose (Price et al., 1994).

The validity of competitive measures as true measures of social dominance has been
critically reviewed (Syme et al., 1974; Syme, 1974, review). Competitive dominance
may be defined as the priority of access that one animal has over another to an approach
situation (e.g. sweetened milk) or alternatively away from an avoidance situation (e.g.
electric shock) (van Kreveld, 1970; Syme, 1974). In order to validate the dominance
measured in social competition it is therefore necessary to demonstrate that the success
of the dominant animal is due to a priority of access and thus differently ranked animals
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gain equal access during individual access (Syme et al., 1974). However, even if
priority of access is established this does not account for differences in skill during
competition that may confound any attempts to identify true social dominance.

Amongst other observations, Syme and colleagues (1974) found that water-deprived
male rats achieved virtually equivalent drinking times during individual access although
the dominant ranked animal consumed a greater volume of water in this time. It is
noteworthy that success in the social competition tests described in this chapter was
dependent on gaining access to the resource rather than actual consumption. Indeed, in
those tests involving competition for a drink (i.e. water or sweetened milk) the relative
consumption of the resource was not determined. On the basis of their own studies,
Syme and co-workers concluded that the initial skill in gaining access was an important
factor in determining rank order (Syme et al., 1974). Thus, competition tests must not
reflect individual ability if they are to attain satisfactory internal validity (Syme, 1974).

Syme (1974) states that the concept of dominance is no longer appropriate if rank orders
are indeed response and test specific (i.e. lack external validity).

However, as

dominance is no longer assumed to be unidimensional, Hinde (1978) suggests that the
concept of social dominance does not necessitate correlation between various dependent
variables (see also Syme, 1974). File (1986) also recognised that dominance is not a
unitary concept and that different types of dominance will be measured using different
tests.

Joly and Sanger (1991) conceded that the rank orders measured by social

competition might be test-specific rather than representing fixed social structures (see
also Symeetal., 1974).

The correlation between aggressive behaviour, body condition, and competition for
access to food, water and on a runway test was investigated in both male and female
groups of DA-ZTM rats (Militzer, 1995). In this study, Militzer (1995) did observe a
positive correlation in male rats between aggressive behaviour and competitive success,
good bodily condition and body and organ mass, whereas female dominance was more
closely correlated with appeasement behaviour (non-agonistic social contact such as
allogrooming, i.e. grooming each other). However, Militzer concludes that dominance
in male rats is determined by a number of factors, of which aggressive behaviour is but
one.
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Indeed, further evidence is sparse for a high correlation between aggressive and
competitive measures of dominance or between different competitive measures
themselves (Syme, 1974; Benton, 1982). Benton (1982) suggests that measures based
on success in agonistic encounters are ”of greater heuristic value" and thus questions the
validity of the use of competitive measures of social hierarchical structure. As has been
discussed previously, difficulties arising from the lack of overt fighting seen in
laboratory rodents may be overcome by the use of ethological analysis to aid
identification of the more commonly displayed offensive and submissive postures
(Benton, 1982).

However, Syme (1974) has suggested that the aggressive orders

determined by success in agonistic encounters may also lack internal validity if success
is merely representative of differences in individual fighting capabilities or skill. The
concept of social dominance is considered in more detail in Section 4.

1.12

SUMMARY

Anxiety disorders are a heavy burden on society in terms of both direct and indirect
costs. Clinical anxiety is currently classified under a variety of different disorders that
may or may not have similar neurobiological pathologies although the variety of
currently available pharmacotherapies is certainly limited.

Animal models have

contributed greatly to increasing our understanding of the neurobiology of animal fear
responses although it remains to be seen whether this will increase our knowledge of the
aetiology and treatment of anxiety.

Ethopharmacological techniques of assessing drug effects on specific animal behaviours
have gained increasing prominence in recent years.

Laboratory rats exhibit a full

repertoire of agonistic behaviours including both offensive and submissive postures.
Within closed groups, rats develop rank orders based on these agonistic encounters and
it is postulated that subordinate animals present with chronic social stress. A number of
non-social behavioural as well as numerous non-behavioural correlates have been
identified to support this hypothesis while chronic antidepressant treatment of
subdominant animals increases their rank position. However, anxiolytic but apparently
not antidepressant drug treatment of subordinate animals in the social competition
model has been shown to temporarily increase the animal’s performance in competing
for limited access to a palatable resource.
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The considerable overlap between anxiety and depressive disorders (classification and
diagnosis, comorbidity, pharmacotherapy and possibly neurobiology) has been
highlighted throughout this review. It is of interest therefore that differently measured
hierarchies in male rats appear to be sensitive to both anxiolytic and antidepressant drug
treatment. A model measuring hierarchies using both agonistic success and social
competition might be valuable in detecting and perhaps distinguishing between
anxiolytic and antidepressant activity in a particular drug in a single experiment. From
an ethical perspective this would clearly represent an advantage by potentially reducing
the number of animals required. Time and cost, two major drawbacks of ethological
models, would also be reduced. Furthermore, a greater understanding of the differences
between competitive and aggressive rank orders may prove useful in developing our
understanding of differences between the mechanisms of action in the treatment of
anxiety and depression.

1.13

AIMS OF THESIS

The overall aim of this thesis was to investigate the validity of competitive measures of
dominance and social hierarchy in triads of male Wistar rats and its sensitivity to
pharmacological and non-pharmacological manipulation.

Firstly, the internal and external validity of hierarchical orders in triads of male Wistar
rats, as measured by competition for limited access to sweetened milk, was investigated
(Section 2).

Secondly, the effects of acute and chronic treatment of selected triad members with a
variety of psychoactive drugs, including known and putative anxiolytic and
antidepressant drugs, were examined on success and competitiveness during
competition for access to the sweetened milk. In addition, the effects of single and
repeated administration of electroconvulsive shocks to selected triad members on social
competition was examined (Section 3).
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SECTION 2

DEVELOPMENT AND INVESTIGATION OF
HIERARCHICAL SEPARATION ACHIEVED DURING
SOCIAL COMPETITION IN TRIADS OF MALE WISTAR RATS

2.1

INTRODUCTION

The primary aim of this thesis was to establish a social competition test sensitive to
pharmacological manipulation and to examine its validity as a measure of social
dominance.

Section 2.2 describes the procedure used in this thesis for the introduction of social
competition to triads of male Wistar rats. Note in particular the reference to observer
training and reliability in Section 2.2.9.

Section 2.3 considers the stability of the

hierarchies measured during the social competition tests completed in this thesis. The
effects of rank position on each of the behaviours scored during competition (using a
drug study from Section 3 as an example) are detailed in Section 2.4. Three studies
were conducted to investigate the internal validity (that the test is truly a measure of
socially mediated priority of access, see Section 1.11) of the social competition test by
exposing animals to periods of individual access and extended social competition
(Section 2.5). Finally, the external validity (generality to other measures of anxiety or
social stress, see Section 1.11) of the test was assessed by examination of the correlation
between hierarchies measured during social competition and (i) behaviours observed
during elevated plus-maze exposure and (ii) subsequent organ weight measurements
(Section 2.6).
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2.2

ANIMALS, METHODS AND MATERIALS

All experiments reported in this thesis were performed under a project licence held
under the Animals (Scientific Procedures) Act 1986 (UK) and in accordance with the
principles of laboratory animal care (NIH publication No. 85-23, revised 1985). All
procedures were performed by A Moledina or, where stated, by PJ Mitchell.

2.2.1

Animals

All animals used were the albino Wistar strain of the common laboratory rat (Rattus
norvegicus) and were bred at the University of Bath. Age- and weight-matched male
Wistar rats were randomly allocated into triads (groups of three) five days after
weaning.

Each triad member was allocated a number (1-3) and identified via tail

marking. Triads were housed in standard laboratory cages (50.5cm x 32.5cm x 225cm
high) under normal lighting conditions (lights on 0700 - 1900 GMT).

Standard

laboratory chow (CRM (P)) and tap water were available ad libitum. Animals were
handled minimally during cage cleaning (twice weekly) and weight measurement (once
a week).

2.2.2

Social competition

By 4 weeks, all triads should have established a social hierarchy (see Grant and Chance,
1958). Furthermore, the animals should have grown sufficiently to ensure access to the
drinking spout during competition was restricted to one cage member at a time (see
below).

Thus, social competition was started after this period of familiarisation.

Between .60-80 minutes prior to each test session, animals were weighed and then
transported in their home cages to the test room.

Each triad was placed into a test cage (see Section 2.2.3) thirty minutes before starting
social competition.

During social competition, each triad member was allowed to

compete for access to a sweetened milk solution (Nestle® full cream sweetened
condensed milk diluted 1:2 with tap water) for a period of five minutes. Sessions were
conducted three days per week (Monday, Wednesday and Friday).
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All competition sessions were conducted between 1000 and 1600h (i.e. under normal
light conditions).

Up to three experiments were conducted concurrently (each

experiment was limited to six triads as only six test cages were available; for timetable
see Appendix 1).

2.2.3

Test cages

The test cages were made of black Perspex (57.5cm x 38cm x 16cm high). Each cage
was filled with 'Gold Range' bedding (Lillico) and placed in surround cabinets (black
Perspex, 57.5cm x 40.5cm x 1400cm high). Animals could gain access to food hoppers
and drinking bottles via two adjacent tunnels attached to one side of each tray. Tunnel
depth was such that each animal was required to insert its entire head to achieve access,
while tunnel width was sufficient to allow its front paws into the tunnel as well. During
social competition studies however, only one tunnel was required to provide access to
the sweetened milk. Limiting access to the drinking spout to one animal at a time
ensured competition and facilitated its measurement. (See Figure 2.1 for diagrammatic
representation of test cages.)

2.2.4

Behavioural recording and analysis

Competition sessions were observed using video cameras (low-light/infra-red JVC TKS300 video cameras; Computar APC TV lens 8.5mm, 1:1.3 or Canon TV lens
JF7.5mm, 1:1.4EA) suspended above each test cage and recorded using remotely
located video cassette recorders (Mitsubishi HS-B82).

Recordings were analysed by manual scoring of each animal's total access time (TAT,
seconds) during the five-minute test session.

In addition, the total access number

(TAN) and the number of successful (SC) and unsuccessful (UC) challenges were
scored. Total challenges (TC=SC+US) were also calculated. (See Appendix 2 for
definitions).
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(ii) WITHOUT TUNNELS

(i) WITH TUNNELS
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Figure 2.1: Test cage used during social competition (i) with tunnels or (ii) without tunnels.
Each tunnel could be closed off with a metal disc. In those experiments in which triads were
permanently housed in the test cages (see Section 2.5) food and water were available ad
libitum other than during social competition. In the remainder of the studies reported in this
thesis, animals were only accommodated in the test cages for half an hour before and during
the social competition sessions. Food and water were not made available and therefore the
access the tunnel leading to the food hopper remained permanently closed while the access
to the tunnel leading to the drinking bottle was only opened during social competition
sessions (i.e. usually 5 minutes). Key: A - Cage floor area, B - Tunnels (63mm)3, C - Milk
Bottle, D - Water Bottle, E - Food Hopper.
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2.2.5

Establishment of a hierarchical order

Following a three (or four) week period of introduction to social competition, rank
positions (dominant, DOM; subdominant, SUBDOM; subordinate, SUBORD) were
allocated based on TAT scores achieved at the start of the fourth (or fifth) week of
social competition.

2.2.6

Drug treatment

Acute and chronic drug treatments were administered to target animals once rank orders
had been allocated as detailed in Chapter 3.

2.2.7

Data handling and statistical analysis

All data are quoted as Means ± S.E.M. (standard error of means).

However, all

behavioural data obtained during social competition were analysed using nonparametric statistical tests. The rationale for this decision is provided below. For a
useful introduction to the use of statistics in research, see Herbert (1990) or Motulsky
(1999).

Extreme values ensured large variances within much of the pooled data thus preventing
the use of parametric statistical tests.

Both logarithmic and square root data

transformation also failed sufficiently to normalise the data. It is noted that the nonparametric tests, while less stringent on the distribution of data than parametric tests, are
more conservative and therefore less likely to identify false positive effects. Similarly
though, as the data is ranked before analysis, non-parametric test are less sensitive than
parametric tests to the magnitude of any effects. Thus, the power of the non-parametric
test tends to be lower than that of the equivalent parametric test (providing the
assumptions of the parametric test are not violated) although this is particularly true
where the sample size is small. A further limitation of the non-parametric tests is the
unavailability of a non-parametric equivalent of the 2-way ANOVA test. Thus, by
using the non-parametric tests outlined below for analysing behavioural scores recorded
during social competition, it was not possible to assess more than one factor at a time
(i.e. time, treatment, rank interactions). Statistical significance was achieved if the
44

probability that the observed effect was due to chance (P) was less than one in 20 (i.e.
P<0.05).

Rank effects were tested using the Kruskal-Wallis test (non-parametric equivalent of the
parametric one-way (between-subjects) analysis of variance (ANOVA) test). Within
sample effects (e.g. time or treatment) were tested for using the Friedman test
(equivalent of repeated measures ANOVA) or, where appropriate, by using the
Wilcoxon Signed Rank test to test for differences between paired groups of data. In
order to account for multiple comparisons between three or more groups of data (i.e.
following a significant analysis of variance result), the Dunn multiple comparisons post
hoc test was chosen, in preference to the Mann-Whitney or Wilcoxon’s Signed Rank
test, to identify significant paired or unpaired differences.

All other data (animal/organ weights, elevated plus-maze behaviours) were tested for
statistically significant differences using the parametric one-way (between subjects)
ANOVA followed where appropriate by a Bonferroni multiple comparisons post hoc
test.

All statistical values quoted are corrected for ties where appropriate. Although P<0.05
was required for statistical significance, differences that approached significance
(0.05<P<0.10) are also reported. N.B. Probability values following analysis of variance
statistical tests are quoted as P values (i.e. uppercase), while those resulting from paired
or unpaired tests are quoted as p values (i.e. lowercase) for both parametric and nonparametric tests.

Statistical analysis was completed using GraphPad InStat version 3.00 for Windows 95
and GraphPad Prism version 3.00 for Windows 95, GraphPad Software, San Diego
California USA, www.graphpad.com .
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2.2.8

Rationale for choice of methodology

As summarised in Table 1.1, other research groups have implemented the social
competition test within their laboratories using a variety of different methodologies. As
both Hooded Lister and Wistar rats have been shown to develop stable competitive
hierarchies that are sensitive to drug treatment, the decision was taken to utilise the inhouse availability of the Wistar laboratory rat (University of Bath strain).

Other research groups have used either dyad or triad based competition.

Indeed,

Woodall and colleagues (1995, abstract only) have demonstrated that subordinate
performance can be improved following acute treatment with CDP in both dyad and
triad based competition within their laboratory.

However, most studies, including

Mitchell and Redfem’s (1992b) antidepressant-sensitive hierarchies, have preferred to
use triads and Gentsch and co-workers (1988a) proposed that possible co-operative
behaviour between pairs of rats can be disrupted by the inclusion of a third cage partner.
Consequently, all social competition described in this thesis involved triad groups of
rats (for a further discussion on the merits of triad based competition see Section 4.2).

Pilot studies conducted in my laboratory examined social competition under reverse
daylight and within the triad’s home cage. As argued in Section 1.11, hierarchies
measured under these conditions may bear greater resemblance to true social dominance
than those measured under normal light and in test cages. Indeed, some of these data
are reported in Section 2.5 (i.e. Studies 2 and 3).

In my laboratory, hierarchies

measured under these conditions frequently resulted in the total exclusion of non
dominant animals from active competition. Moreover, neither acute nor subchronic (for
7 days) treatment of individual triad members with chlordiazepoxide routinely altered
competitive performance under these conditions (data are not reported here). In an
effort to reduce the extent to which dominant animals controlled resource access during
competition sessions and hence to increase the extent to which the non-dominant
animals were involved in active competition, subsequent studies have instead examined
social competition under similar conditions to those reported by other groups (e.g. Joly
and Sanger, 1991, 1992). These methodological considerations are reviewed further in
the discussion in Section 2.5 (see Section 2.5.6.4) and also in Section 4.
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2.2.9

Observer training/reliability

The accuracy of ethological analysis is dependent on the ability of the trained observer
(see Section 1.7). All of the behavioural data reported in this thesis were scored and
analysed personally by A Moledina. Prior to this, A Moledina undertook an extensive
period of training involving observation and often scoring of previously recorded rat
behaviour, particularly during sessions of social competition, but also during residentintruder social interaction and open-field tests.

The competitive behaviours scored

during social competition (Section 2.2.4) were determined during this period of training
and have been precisely defined (see Appendix 2) in order to minimise the subjectivity
of scoring. Furthermore, behaviours were scored manually and where necessary by
frame-by-frame video analysis (using a jog facility on the video recorder). While this
was often a time-consuming process, particularly during intense periods of competition
or during the extended periods of competition (see Section 2.5), it ensured the accuracy
of behavioural analysis.

While intra-rater reliability was not routinely assessed on the data reported in this thesis,
competitive behaviour during some of the pilot studies was scored using both the
drinking bouts scoring method described by Joly and Sanger (1991; described in Section
2.11) and also the more detailed method used here. A high correlation between these
data was obtained suggesting that intra-rater reliability was good. In addition, this
supports the use of the drinking bout measure of access as an adequate alternative to
total access time. However, the advantages of scoring challenge behaviours in addition
to the end-point success (discussed throughout this thesis, in particular see Section 2.4)
favour the use of real time measures of access. Finally, although inter-rater reliability
has not been examined for any of the data reported in this thesis, this was adequately
examined using previously recorded video footage.
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2.3

HIERARCHICAL STABILITY

Joly and Sanger (1991) reported, in a study investigating the effects of acute anxiolytic
treatment on social competition in rats, that approximately 75% of the triads introduced
to social competition for sweetened milk subsequently developed stable hierarchies
consisting of three distinct rank positions. Similarly, Woodall et al (1996) reported, in
a study investigating the effects of 8-hydroxy-2-(di-N-propylamino)tetralin (8-OHDPAT) on social competition in the rat, that 80% of the triads exposed to limited access
to sweetened milk developed stable hierarchies. In both of these studies, groups were
excluded where stable hierarchies could not be established.

In the experiments described in this thesis, in which drugs and electroconvulsive shocks
were administered to either DOM or SUBDOM animals (see Section 3), 27 out of 100
triads of male Wistar rats were excluded from statistical analyses. This was due to the
failure to develop or maintain a stable hierarchical separation of TAT scores (at least of
dominant rank position). Thus, a comparable percentage (73%) of hierarchies was
maintained during social competition in this laboratory.
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2.4

DEVELOPMENT OF HIERARCHIES AND RELATIONSHIP OF RANK
POSITION TO BEHAVIOURAL SCORES

Figure 2.2 shows the various behavioural scores achieved by each rank position during
the development of hierarchies in nine triads (SUBDOM animals were subsequently
acutely treated with ketanserin (see Section 3.3.4). Table 2.1 compares the distribution
of each of these scores at the start of week 4 (i.e. on day 22), for each rank position,
using the Kruskal-Wallis test and, where necessary, the Dunn Multiple Comparisons
post hoc test.

Test
1

Ranks fo r Comparison

TAT

A ll Ranks

***

TAN
**

19.832

DOM -SUBD O M

SC

13.323

NS
1.302

NS
4.726

6.593

*

*

-

-

*

D O M -SUBORD

***

**

-

-

NS

SUBDO M -SU BO RD

NS

NS

-

-

NS

H

2

UC
*

TC

T able 2.1: Rank comparisons for behavioural scores achieved at the start o f the fourth w eek o f social
com petition (i.e. on day 22). Rank positions were allocated according to TAT scores. 1- Kruskal-Wallis
test, 2- Dunn M ultiple Comparisons post hoc test. Key: TAT - Total access tim e (seconds), T A N - Total
access number, TC - Total number o f challenges, SC - Number o f successful challenges, UC - Number o f
unsuccessful challenges. A ll H-values quoted are corrected for ties. * p< 0 .0 5 ,* * /K 0 .0 1 , *** /K 0 .0 0 1 ,
N S /?>0.05. (n=9 for each rank position.)

2.4.1

Total access time (TAT)

As rank positions were assigned primarily based on TAT scores achieved during
competition (maximum score = 300s), an effect of rank position on TAT scores is to be
expected.

DOM TAT scores (206.3±14.7s) achieved on rank allocation were

significantly greater than both SUBDOM (24.9±6.5s; /K0.05) and SUBORD (6.6±3.6s;
/?<0.001) TAT scores. However, analysis revealed no significant difference between
SUBDOM and SUBORD TAT scores (p>0.05). On examination of the raw data, it is
apparent that in one of the triads, SUBDOM and SUBORD animals were totally
excluded by the DOM animal, both failing to record any access time during this
competition session.

Certainly, the difference between SUBDOM and SUBORD

animals (neither of which gain more than 66 seconds of access during this competition
session) is usually quite small based on TAT scores.
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A: TOTAL ACCESS TIME (seconds)

B: TOTAL ACCESS NUMBER

C: TOTAL CHALLENGES

D: SUCCESSFUL CHALLENGES

E: UNSUCCESSFUL CHALLENGES

l i J 'W

Figure 2.2: Behavioural scores achieved by each rank position during baseline competition for access to
sweetened milk from day 1 to day 22, prior to acute treatment of subdominant animals with ketanserin (see
Section 3.3.4). A: Total access time (seconds), B: Total access number, C: Total challenges, D: Successful
challenges, E: Unsuccessful challenges. Social competition was observed three days per week (i.e. on Monday,
Wednesday, and Friday). Rank positions were allocated according to the total access times gained at the start of
the fourth week of social competition (i.e. on day 22, see also Table 2.1). Key: Dominant (black circles),
Subdom inant (red squares), S ubordinate (blue triangles). The values are the means+S.E.M; n =6 for each
rank position.
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It is important to bear in mind that while TAT scores provide an accurate measure of the
end-point of competition (i.e. the relative success of each triad member in gaining
access to the sweetened milk), they are not an adequate measure of the intensity of this
competition (see also Gentsch et al., 1988a). Thus, a SUBDOM animal may compete
for access more than it’s SUBORD cage partner, but this may not necessarily be
reflected in their respective TAT scores if this increased competition fails to
significantly displace the DOM animals from the drinking spout. As described earlier,
Gentsch and colleagues (1988a) scored not only success, but also the involvement of
each animal during competition for access to sucrose pellets. In a similar fashion, the
behavioural scores described below were recorded during social competition in this
thesis in order to gauge the intensity of competition.

2.4.2

Total access number (TAN)

As with TAT scores, DOM TAN scores (13.0±2.1) achieved on rank allocation were
significantly greater than both SUBDOM (5.9±0.9; p<0.05) and SUBORD (3.1±1.3;
/?<0.01) TAN scores.

While statistical analysis indicates a similar hierarchical

relationship to TAT scores, it is argued here that the TAN scores may provide greater
sensitivity to the relative intensity of competition by the non-dominant animals. Indeed,
Figure 2.2B suggests that the separation between SUBDOM and SUBORD animals may
be more apparent based on TAN scores than on TAT scores. Thus, if one of the non
dominant animals displays more competitive behaviour than the other but fails to
maintain access for any length of time due to displacement by the DOM animal, TAN
scores would be more sensitive to this difference in competitiveness than TAT scores.
However, where neither animal gains any access, as was the case in one of the triads
used in this study, TAN scores will also be tied.

2.4.3

Total challenges (TC)

Analysis revealed no significant effect of rank on TC scores achieved during this
competition session (P>0.05).

It is therefore argued that while DOM animals are

clearly more successful during competition, as shown by their consistently high TAT
scores, all the triad members are competing (with differing success rates) for access.
Thus, it may be argued further that the poor performance of low ranking animals is due

51

to a relative lack of success in competing for access (i.e. a low social drive) rather than
due to a lack of interest in gaining access to the sweetened milk (i.e. a low individual
drive). The challenge scores may therefore be more sensitive to changes in the overall
level of competition as well as the competitiveness of individual rank positions than the
TAT scores as they do not rely on the ultimate success of this competition. Below, the
successful and unsuccessful components of these challenges are considered separately.

2.4.4

Successful challenges (SC)

Although mean SC scores achieved during this competition session appear to follow
rank position (i.e. DOM animals made the most successful challenges) the variation in
SC scores only approached significance (H=4.726, P=0.0942). As with TAN scores,
SC scores (see Figure 2.2D) provide a more uniform separation of the three rank
positions. Thus, the presence of three distinct rank positions in most triads (despite near
exclusion of both non-dominant animals in terms of access times) is indicated by the SC
scores. Furthermore, the SC scores indicate that all triad members are involved in
competition for access to the sweetened milk.
2.4.5

Unsuccessful challenges (UC)

DOM UC scores (1.7±0.6) were significantly smaller than SUBDOM (5.8±1.3; /><0.05)
but not SUBORD (4.8±1.5; /?>0.05) UC scores. While SUBDOM and SUBORD UC
scores were not significantly different during this competition session, the distinction
between these two rank positions is nonetheless apparent in relation to DOM UC scores.
Once again, the value of challenge scores in assessing competitiveness during limited
access to sweetened milk is demonstrated.

52

2.5

EFFECTS OF PERIODS OF INDIVIDUAL ACCESS AND EXTENDED
COMPETITION SESSIONS ON HIERARCHICAL SEPARATION

2.5.1

Introduction

As discussed in Section 1.11, the extent to which the rank order achieved with
competitive measures of hierarchy reflects a 'true social hierarchy' has been debated at
some length (see Syme et al., 1974; Syme, 1974; Benton, 1982; Craig, 1986). The aim
of this experiment was to investigate the behaviour of animals, ranked according to their
performance during social competition, during periods of individual access to
sweetened milk and extended sessions of competition for sweetened milk.

Three

separate studies were conducted with differing methodologies.

Study 1 was conducted using the method described in Section 2.2. In brief, age- and
weight-matched male Wistar rats were randomly grouped in triads 5 days after weaning
and housed in standard laboratory cages under standard conditions. After a 4-week
period of familiarisation, triads were introduced to 5-minute sessions of social
competition in test cages (see Figure 2.1i) conducted three days per week.

In studies 2 and 3 the triads were permanently housed in the test cages in which the
competition sessions were conducted. Furthermore, 10 minute (rather than 5 minute)
competition sessions were conducted eveiy weekday (rather than 3 days per week). In
study 3, tunnel access to drinking spouts were removed in an attempt to increase the
ease with which animals could displace their drinking cage partners (Figure 2.1ii).
Finally, in study 3, triads were maintained under reverse daylight conditions (12:12hr
light/dark cycle; lights on 1900g GMT) in order to facilitate observation of social
competition during the dark phase. Behavioural recording was conducted under low
intensity red light (~2 lux), provided by fluorescent tubes using an EncapSulite Type
RIO filter). Table 2.2 provides a summary of the different experimental parameters
used in each study. (Important: It is noted that each study differed by more than one
parameter and thus any conclusions drawn on the significance of these parameters
requires caution - see Section 2.5.6.4 for discussion.)
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Study 1

Study 2

Study 3

Test

Hom e

Hom e

Competition SessionsAVeek

3

5

5

Duration o f Competition Sessions (minutes)

5

10

10

Y es

Y es

No

Light

Light

Dark

Parameter
Test/Home cage

Tunnels present? (Y es/N o)
Light/Dark

T able 2.2: D ifferences in experimental parameters used in Studies 1, 2 and 3 (refer to main text for
further explanations).

2.5.2

Procedure

Over a period of four weeks, social competition was conducted on every test day, except
on days 17 and 25/26 when each animal was provided with five/ten minutes of
individual access to sweetened milk in the same test cage. On days 8 and 24 of social
competition, the test sessions were extended to thirty and sixty minutes respectively.

Behaviour was recorded, scored and analysed as before (see Section 2.2). Table 2.3
summarises the days on which each type of test session was conducted.

Experiment Day
Study 1

Study 2

Type o f Test

Study 3

-

1,2,3

Individual A ccess

1,3,5

4,5

Social Competition

8
10,12,15

Extended Social Competition (30m in)

9,10,11,12,15,16

Social Competition

17
19 , 22

Individual A ccess

18 , 19 , 22, 23

Social Competition

24
26

Extended Social Competition (60min)
25

-

Individual A ccess
26

Social Competition

Table 2.3: Summary table showing the days on w hich social competition, extended social competition
and individual access sessions w ere conducted during studies 1 to 3.
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2.5.3

Study 1 Results

2.5.3.1 Animal weights
Table 2.4 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of the social competition experiment. One-way
ANOVA revealed no significant differences in animal weight between rank positions on
any of these days (P>0.05). Furthermore, two-way mixed ANOVA of weekly animal
weight gain during the four weeks of social competition revealed an extremely
significant effect of time on animal weights (F(3,40)=827.5, PO.OOOl) that was
independent of rank position (i.e. rank x time interaction was not significant (P>0.05).
There was no main effect of rank position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

119±3

127±4

120±4

Start o f Social Competition

319±5

334±10

317±10

End o f Social Competition

416±6

436±16

409±12

T able 2.4: Anim al w eights (Study 1), g ± S.E.M (n=6 for each rank position.)

2.S.3.2 Individual access
Table 2.5 shows rank comparisons for TAT scores achieved by each rank position
during individual access (days 17 and 26) and during the preceding social competition
sessions (days 15 and 24).

Test
1

2

Ranks fo r Comparison

Experiment Day
17
24
**
NS

15

26

NS
4.516

1.275

11.954

NS
0.619

D O M -SU BD O M

-

-

*

-

D O M -SUBO R D

-

-

**

-

SUBDO M -SU BO RD

-

-

NS

-

A ll Ranks
H

T able 2.5: Rank comparisons for TAT scores achieved by each rank position during individual access on
days 17 and 26 and during the preceding session o f social competition (days 15 and 24 respectively).
Rank positions were allocated according to TAT scores on day 22 o f social competition. 1- KruskalW allis test, 2- Dunn M ultiple Comparisons post hoc test. A ll H-values quoted are corrected for ties.
* p < 0.05, ** /7<0.01, N S p> 0.05. (n=6 for each rank position.)
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Figure 2.3A shows the development of the hierarchy in this group of triads over the
four-week experiment. Kruskal-Wallis analysis revealed no significant effect of rank on
TAT scores achieved on days 15 and 17 (P>0.05).

Indeed, a significant rank separation was not identified until day 19 (H=12.186,
P<0.01). DOM TAT scores (169.5±28.0s) were significantly greater than both
SUBDOM (37.2±6.5s; /?<0.05) and SUBORD (21.3±9.3s; /?<0.01) TAT scores during
social competition on day 24 (H=11.954, P<0.01). This rank effect was lost during
individual access on day 26 (P>0.05).

Analysis (Wilcoxon's Signed Rank Test) revealed that DOM TAT scores were
significantly greater (p<0.05) during individual access (day 17: 187.7±23.5s, day 26:
249.8±10.1s) than during preceding competition sessions (day 15: 110.3±33.3s, day 24:
169.5±28.0s) (Figure 2.3B). SUBDOM TAT scores were significantly greater (p<0.05)
during the second session of individual access (day 26: 215.0±38.3s) than during the
preceding competition session (day 24: 37.2±6.5s) but not during the first session of
individual access (day 15: 77.2±27.7s, day 17: 164.0±46.3s) (Figure 2.3C). Similarly,
SUBORD TAT scores were also significantly greater (p<0.05) during the second
session of individual access (day 26: 199.7±40.1s) than during the preceding
competition session (day 24: 21.3±9.3s) (Figure 2.3D).

2.5.3.3 Extended social competition (30 minutes)
Figure 2.4 shows the behavioural scores recorded for each rank position during thirty
minutes of extended social competition conducted on day 8 .

Kruskal-Wallis analysis (between-subjects) revealed no significant effect of rank on any
of the behavioural scores achieved during any five-minute period of the extended
competition (P>0.05).

Friedman's analysis (within-subjects) revealed no significant variation in the total access
time (TAT), total access number (TAN), total number of challenges (TC) or the number
of unsuccessful challenges (UC) achieved by any rank position over time (P>0.05)
(Figures 2.4A, B, C, E). Friedman's analysis did reveal a significant reduction in DOM
SC scores over time (x r^ l 1.684, DF=5, P<0.05; 5.7±2.0 (0-5) to 1.8±1.3 (25-30);
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A
300

200

-

100

-

300

-

100

•

B

D

Day

Figure 2.3: Study 1: A: Total access time (TAT scores, seconds) achieved by each rank position during social
com petition and also during individual access on days 17 and 26. B-D: TAT scores achieved during individual access
and during the preceding social com petition sessions (B: D ominant, C : Subdominant, D: Subordinate). ★ p <0.05
different from TAT score achieved during preceding social competition (i.e. days 15 or 24). Key: Dom inant (black),
Subdom inant (red), Subordinate (blue). The values are the means+S.E.M , n =6 for each rank position.
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A: TOTAL ACCESS TIME (seconds)

B: TOTAL ACCESS NUMBER

C: TOTAL CHALLENGES

D: SUCCESSFU L CHALLENGES

E: UNSUCCESSFUL CHALLENGES

Figure 2.4: Study 1: Scores achieved by each rank position during an extended 30 minute session o f social
competition on day 8 (scores are grouped in five minute bins). A: Total access time (seconds), B: Total access
number, C : Total challenges, D: Successful challenges, E: Unsuccessful Challenges. ★ /><0.05 different from
score achieved during first five minutes o f social competition (DOM). Key Dominant (black circles),
S ubdom inant (red sq u ares), S u b o rd in ate (blue triangles). The values are the means+S.E.M ; n =6 for each rank
position.

58

p<0.05).

Friedman’s analysis revealed no significant variation in SUBDOM or

SUBORD SC scores over time (T>0.05) (Figure 2.4D).

2.5.3.4 Extended social competition (60 minutes)
Figure 2.5 shows the behavioural scores recorded for each rank position during sixty
minutes of extended social competition conducted on day 24. The Friedman test was
used to assess variation in behavioural scores over time (in six 10-minute time bins, i.e.
0-10, 10-20, 20-30, 30-40, 40-50, 50-60). Data from each time bin are expressed as
score per 5 minutes to aid comparison with standard 5-minute competition data (i.e. 10minute score/2). (N.B. there are missing values during both the 15-20 and 20-25 minute
bins due to a video recording failure during social competition in one triad group. Thus,
in this group the 10-20 and 20-30 minute time bins are represented by the scores
achieved during the 10-15 and 25-30 minute time bins respectively.)

Total access time (TAT)
Kruskal-Wallis analysis revealed that DOM TAT scores (169.5±28.0s) were
significantly greater than SUBORD TAT scores (21.3±9.3s; p<0.05) during the first ten
minutes of competition (H=l 1.556, P<0.01).

Friedman's analysis revealed a significant reduction in DOM TAT scores over time
(xr*=22.233, DF=5, P 0.001) from 169.2±34.2s/5min (0-10) to 61.3±16.1s/5min (3040; /?<0.05), 49.8±16.6s/5min (40-50; /K0.05) and 28.3±9.8s/5min (50-60; /?<0.001).
Analysis revealed no significant variation in SUBDOM or SUBORD TAT scores
(Figure 2.5A).

Total access number (TAN)
Kruskal-Wallis analysis revealed no significant effect of rank on TAN scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman's analysis revealed a significant reduction in DOM TAN scores over time
(^=22.561, DF=5, P 0 .0 0 1 ) from 15.8±4.2/5min (0-10) to 3.2±0.8/5min (30-40;
p<0.05), 3.2±l.l/5min (40-50;;?<0.05) and 1.8±0.7/5min (50-60;/?<0.001). SUBDOM
TAN

scores were

significantly reduced
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(x^= 12.748,

DF=5, P<0.05)

from

A: TOTAL ACCESS TIME (seconds)

300

200

100

20

10

30

40

B: TOTAL ACCESS NUMBER

40

C: TOTAL CHALLENGES

15

-i

10

-

10

60

D: SUCCESSFUL CHALLENGES

10

60

50

20

30

40

50

60

E: UNSUCCESSFUL CHALLENGES

-

Mr
40

50

60

Figure 2.5: Study 1: Scores achieved by each rank position during an extended 60 minute session of social
competition on day 24 (scores are grouped in ten minute bins and expressed as average score per five minutes,
refer to main text). A: Total access time (seconds), B: Total access number, C: Total challenges, D: Successful
challenges, E: Unsuccessful challenges. ★ /?<0.05, ★★ p< 0.01, ★★★ p<0.001, ★ p < 0.05, ★★ p <0.01
★★★ p <0.001, ★ p <0.05, ★★ pcO .Ol, ★★★ p <0.001 different from score achieved during first ten minutes
of social competition. Key: Dominant (black circles), Subdom inant (red squares), Subordinate (blue
triangles). The values are the means+S.E.M; n =6 for each rank position.
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7.5±1.9/5min (0-10) to 1.9±0.5 (50-60; p<0.01).

Analysis revealed no significant

variation in SUBORD TAN scores (Figure 2.5B).

Total challenges (TC)
Kruskal-Wallis analysis revealed no significant effect of rank on TC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman’s analysis revealed a significant reduction in DOM TC scores over time
(xr2=20.808, DF=5, P 0.001) from 9.8±3.1/5min (0-10) to 3.0±1.0/5min (40-50;
p<0.05) and 2.2±0.7/5min (50-60; /K0.001). SUBDOM TC scores were significantly
reduced (5Cr2=23.564, DF=5, P 0.001) from 11.3±2.4/5min (0-10) to 3.2±0.8/5min (3040; p<0.05), 3.5±1.3/5min (40-50; /?<0.05) and 1.2±0.5/5min (50-60; /?<0.001).
SUBORD TC scores were also significantly reduced (x^=l 7.985, DF=5, PO .01) from
11.4±3.3/5min (0-10) to 1.6±0.6/5min (50-60) (p<0.001) (Figure 2.5C).

Successful challenges (SC)
Kruskal-Wallis analysis revealed no significant effect of rank on SC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman's analysis revealed a significant reduction in DOM SC scores over time
(5^=22.655, DF=5, P 0 .0 0 1 ) from 7.3±2.6/5min (0-10) to 2.3±0.7/5min (30-40;
p<0.05), 2.3±0.9/5min (40-50; /K0.01) and 1.6±0.5 (50-60; ^<0.001). SUBDOM SC
scores were significantly reduced ( x ^ l 7.675, DF=5, P<0.01) from 6.6±1.8/5min (010) to 0.7±0.3/5min (50-60; /><0.01). Analysis revealed no significant variation in
SUBORD SC scores (P>0.05) (Figure 2.5D).

Unsuccessful challenges (UC)
Kruskal-Wallis analysis revealed no significant effect of rank on UC scores achieved
during any five-minute period of the extended competition (7^0.05).

Friedman’s analysis revealed no significant variation in DOM UC scores over time
(P>0.05).

SUBDOM UC scores were significantly reduced (x^=19.457, DF=5,

P<0.01) from 4.7±1.5 (0-10) to l.l±0.5/5min (20-30; p<0.05), 0.8±0.4/5min (30-40;
p<0.05) and 0.5±0.8/5min (50-60; /?<0.01). SUBORD UC scores were significantly
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reduced (jpM9.213, DF=5, PO .O l) from 7.3±0.4 (0-10) to 0.9±0.5/5min (20-30;
;?<0.01) 0.4±0.3 (50-60; /XO.Ol) (Figure 2.5E).

2.5.4 Study 2 Results

2.5.4.1 Animal weights
Table 2.6 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of the social competition experiment. One-way
ANOVA revealed no significant differences in animal weight between rank positions on
any of these days (F>0.05). Furthermore, two-way mixed ANOVA of weekly animal
weight gain during the four weeks of social competition revealed an extremely
significant effect of time on animal weights (F(3,40)=757.62, PO.OOOl) that was
independent of rank position (i.e. rank x time interaction was not significant (P>0.05).
There was no main effect of rank position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

107±6

102±6

110±3

Start o f Social Competition

297±16

301±16

324±7

End o f Social Competition

397±19

409±23

432±10

T able 2.6: A nim al w eights (Study 2), g ± S.E.M (n=6 for each rank position.)

2.5.4.2 Individual access
Table 2.7 shows rank comparisons for TAT scores achieved by each rank position
during individual access (days 1-3, 17 and 25) as well as during social competition
sessions (days 4, 5,16 and 24).

Test
1

2

Ranks fo r Comparison

Experiment Day
l
NS
1.01

2
NS
0.61

3
NS
1.84

4
NS
5.63

5
NS
1.70

D O M -SUBD O M

-

-

-

-

D O M -SUBO RD

-

-

-

SU BDO M -SU BO RD

-

-

-

A ll Ranks
H

16
8.17

17
NS
2.47

12.39

25
NS
3.88

-

NS

-

*

-

-

-

*

-

**

-

-

-

NS

-

NS

-

*

24

**

T able 2.7: Rank comparisons for TAT scores achieved by each rank position during individual access on
days 1-3, 17 and 25 and during social competition (days 4, 5, 16 and 24). Rank positions were allocated
according to TAT scores on day 22 o f social competition. 1- Kruskal-Wallis test, 2- Dunn Multiple
Comparisons post hoc test. A ll H-values quoted are corrected for ties. * p< 0.05, ** /K 0 .0 1 , NS p> 0.05.
(n= 6 for each rank position.)
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Figure 2.6A shows the development of the hierarchy in this group of triads over the
four-week experiment. Kruskal-Wallis analysis revealed no significant effect of rank on
TAT scores achieved during the first week, during either individual access or social
competition (P>0.05). Indeed, significant rank separation was not identified until day
16 (H=8.166, P<0.05) when DOM TAT scores (392.7±91.7s) were significantly greater
than SUBORD TAT scores (30.5±16.7s) (p<0.05). This rank separation was lost during
individual access on day 17 (P>0.05).

DOM TAT scores (462.7±49.5s) were

significantly greater than both SUBDOM (74.2±35.6s; p<0.05) and SUBORD
(1.7±1.3s;/?<0.01) TAT scores on day 24 (H=12.385, P<0.01) and this rank effect was
lost during individual access on day 25 (P>0.05).

Analysis (Wilcoxon's Signed Rank Test) revealed no significant variation in DOM TAT
scores achieved during individual access compared with those achieved during the
preceding competition sessions (p>0.05) (Figure 2.6B). SUBDOM TAT scores were
significantly greater (p<0.05) during the second session of individual access (day 25:
419.5±59.1s) than during the preceding competition session (day 24: 74.2±35.6s).
SUBORD TAT scores were significantly greater (p<0.05) during both sessions of
individual access (day 17: 477.0±53.3s, day 25: 496.8±44.0s) than during the preceding
competition sessions (day 16: 30.5±16.7s, day 24: 1.7±1.3s) (Figure 2.6D).

2.5.4.3 Extended social competition (30 minutes)
Figure 2.7 shows the behavioural scores recorded for each rank position during thirty
minutes of extended social competition conducted on day 8 . Kruskal-Wallis analysis
revealed no significant effects of rank on any of the behavioural scores achieved during
any five-minute period of the extended competition (P>0.05). (N.B. Due to a video
recording failure during social competition in one triad group, n=5 for each rank
position.)

Total access time (TAT)
Friedman's analysis revealed a significant reduction in DOM TAT scores over time
farM 7.405, DF=4, PO .O l) from 208.6±53.3s (5-10) to 47.6 ±47.6s (20-25; ;?<0.05)
and 17.2± 17.2s (25-30; p<0.05). Analysis revealed no significant variation in either
SUBDOM or SUBORD TAT scores over time (P>0.05) (Figure 2.1A).
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Figure 2.6: Study 2: A: Total access time (TA T scores, seconds) achieved by each rank position during social
competition and also during individual access on days 1-3, 17 and 25. B-D: TAT scores achieved during individual
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Figure 2.7: Study 2: Scores achieved by each rank position during an extended 30 minute session of social
competition on day 8 (scores are grouped in five minute bins). A: Total access time (seconds), B: Total access
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means+S.E.M; n =5 for each rank position.
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Total access number (TAN)
Friedman's analysis revealed a significant reduction in DOM TAN scores over time
(x?M 1.667, DF=4, P<0.05) from 8.6±2.0 (0-5) to 0.6±0.6 (20-25; ;?<0.05) and 0.6±0.6
(25-30; p O .05). SUBORD TAN scores were significantly reduced (5^ = 15.611, DF=4,
PO .01) from 5.6±1.4 (0-5) to 0.4±0.2 (10-15; /><0.01) although no significant effects
1

were identified during any of the subsequent time bins (p>0.05). Analysis revealed no
significant variation in SUBDOM TAN scores over time (P>0.05) (Figure 2.7B).

Total challenges (TC)
Friedman's analysis revealed a significant reduction in DOM TC scores over time
GciM7.846, DF=4, PO .01) from 11.2±3.7 (0-5) to 0.2±0.2 (20-25; p<0.05) and such
that no challenges were made by DOM animals during the final five minutes (25-30;
/K0.01). SUBDOM TC scores were significantly reduced (xi*=l 3.750, DF=4, P<0.05)
from 7.2±1.8 (0-5) to zero (20-25; p<0.05).

SUBORD TC scores were also

significantly reduced over time (x^=l8.320, DF=4, PO .01) from 10.0±2.4 (0-5) to zero
(10-15; /?<0.01) and 0.2±0.2 (15-20, 20-25; /><0.05) although this significance was lost
during the final five minutes of competition (25-30; p>0.05) (Figure 2.7C).

Successful challenges (SC)
Friedman's analysis revealed a significant reduction in DOM SC scores over time
(x iM 9 .000 , DF=4, PO .01) from 5.4±1.7 (0-5) to zero (20-25, 25-30; /?<0.05).
SUBDOM SC scores were significantly reduced (^1^=13.707, DF=4, P<0.05) from
5.2±1.7 (0-5) to zero (20-25; p<0.05) although this significant effect was not maintained
during the final five minutes of competition (25-30; /?>0.05). A significant variation in
SUBORD SC scores was also identified (xi*=14.615, DF=4, P<0.05) from 3.8±1.2 (0-5)
to 0.8±0.8 (25-30) although paired comparisons failed to identify any significant
differences (p>0.05) (Figure 2.7D).

Unsuccessful challenges (UC)
Friedman's analysis revealed no significant variation in either DOM or SUBDOM UC
scores (P>0.05). However, SUBORD UC scores were reduced significantly
(xrz=20.000, DF=4, i><0.01) from 6.2±2.1 (0-5) to zero (10-15, 15-20, 20-25; p<0.05)
although this significant effect was not maintained during the final competition session
(25-30; p>0.05) (Figure 2.7E).
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2.5.4,4 Extended social competition (60 minutes)
Figure 2.8 shows the behavioural scores recorded for each rank position during sixty
minutes of extended social competition conducted on day 24. The Friedman test was
used to assess variation in behavioural scores over time (in six 10-minute time bins, i.e.
0-10, 10-20, 20-30, 30-40, 40-50, 50-60). Data from each time bin are expressed as
score per 5 minutes to aid comparison with standard 5-minute competition data (i.e. 10minute score/2 ).

Total access time (TAT)
Kruskal-Wallis analysis revealed that DOM TAT scores (231.3±24.8s/5min) were
significantly greater than both SUBDOM (37.1±17.8s/5min; p<0.05) and SUBORD
(0.8±0.6s/5min; /?<0.01) TAT scores during the first ten minutes of competition
(H=12.385, PO.01). Rank separation was maintained during the second ten minutes of
competition (H=10.084, P<0.01), although DOM TAT scores (228.2±47.7s/5min) were
only significantly greater than SUBORD TAT scores (7.9±7.8s/5min; /K0.01).

Friedman's analysis revealed a significant reduction in DOM TAT scores over time
(5^=20.233, DF=5, P<0.01) from 231.3±24.8s/5min (0-10) to 36.4±23.1s/5min (30-40;
/K0.05), 2.1±2.1s/5min (40-50; t?<0.05) although this significant effect was lost during
the final ten minutes of competition (50-60; p>0.05). Analysis revealed no significant
variation in either SUBDOM or SUBORD TAT scores over time fP>0.05) (Figure
2.8A).

Total access number (TAN)
Kruskal-Wallis analysis revealed that DOM TAN scores (14.3±4.4/5min) were
significantly greater than SUBORD TAN scores (0.6±0.4/5min; p<0.05) during the first
ten minutes of competition (H=8.129, P<0.05).

Friedman's analysis revealed a significant reduction in DOM TAN scores over time
(y/=16.062, DF=5, PcO.Ol) from 14.3±4.4 (0-10) to 0.75±0.75/5min (40-50; p<0.05)
and 0.3±0.3 (50-60; /?<0.01). Variation in SUBDOM TAN scores over time approached
significance (xr2=9.355, DF=5, P=0.0957) while no significant variation in SUBORD
TAN scores was identified (P>0.05) (Figure 2.8B).
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Figure 2.8: Study 2: Scores achieved by each rank position during an extended 60 minute session of social
competition on day 24 (scores are grouped in ten minute bins and expressed as average score per five minutes,
refer to main text). A: Total access time (seconds), B: Total access number, C: Total challenges, D: Successful
challenges, E: Unsuccessful Challenges. ★ p<0.05, ★ ★ p < 0 .01, ★ p < 0.05 different from score achieved during
first ten minutes o f social competition. Key: Dominant (black circles), S ubdom inant (red squares),
Subordinate (blue triangles). The values are the means+S.E.M, n =6 for each rank position.
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Total challenges (TC)
Kruskal-Wallis analysis revealed no significant effect of rank on TC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman's analysis revealed a significant variation in DOM TC scores over time
(^=15.382, DF=5, PO .O l) from 9.8±4.8/5min (0-10) to zero (50-60). Similarly, a
significant variation in SUBDOM TC scores was identified

13.962, DF=5, P<0.05)

from 11.3±4.9/5min (0-10) to zero (50-60). SUBORD TC scores also showed
significant variation over time (x^=16.311, DF=5, P<0.001) from 3.7±1.6/5min (0-10)
to 0.1±0.1/5min (50-60). However, paired comparisons revealed no further significance
(all /?>0.05) (Figure 2.8C).

Successful challenges (SC)
Kruskal-Wallis analysis revealed no significant effect of rank on SC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman's analysis revealed a significant variation in DOM SC scores over time
(xr2=15.382, DF=5, PO .O l) from 8.5±4.0/5min (0-10) to zero (50-60).

Similarly,

significant variation in SUBDOM SC scores was identified (xr^M .bH , DF=5, P<0.05)
from 8.1±4.2/5min (0-10) to zero (50-60). However, paired comparisons revealed no
further significance for either rank position (all p>0.05).

Analysis revealed no

significant variation in SUBORD SC scores over time (P>0.05) (Figure 2.8D).

Unsuccessful challenges (UC)
Kruskal-Wallis analysis revealed no significant effect of rank on UC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman's analysis revealed no significant variation in DOM UC scores over time
(P>0.05).

Significant variation was identified in SUBDOM

12.048, DF=5,

P<0.05) from 3.3±l.l/5min (0-10) to zero (50-60) although paired comparisons did not
reveal any further significance (p>0.05).

SUBORD UC scores were significantly

reduced (jpM 1.032, DF=5, P<0.01) from 3.1±1.4 (0-10) to 0.1±0.1 (30-40) although
this significant effect was not maintained in subsequent time bins (p>0.05) (Figure
2.8E).
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2.5.5

Study 3 Results

2.5.5.1 Animal weights
Table 2.8 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of the social competition experiment. One-way
ANOVA revealed no significant differences in animal weight between rank positions on
any of these days (P>0.05). Furthermore, two-way mixed ANOVA of weekly animal
weight gain during the four weeks of social competition revealed an extremely
significant effect of time on animal weights (F(3,40)=310.50, PO.OOOl) that was
independent of rank position (i.e. rank x time interaction was not significant fP>0.05).
There was no main effect of rank position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

97±2

100±3

99±3

Start o f Social Competition

288±5

309±11

298±5

End o f Social Competition

383±13

422±21

397±11

T ab le 2.8: Animal weights (Study 3), g ± S.E.M (»=6 for each rank position.)

2.5.5.2 Individual access
Table 2.9 below show rank comparisons for TAT scores achieved by each rank position
during individual access (days 1-3, 17 and 25) as well as during social competition
session (days 4, 5,16 and 24).

Test
1

2

Ranks fo r Comparison

Experiment Day
4
5
16

17
**

24
**

25
*

11.40

**
11.51

11.38

12.70

7.87

*

*

*

NS

NS

NS

-

*

**

**

**

**

*

-

NS

NS

NS

NS

NS

NS

1

2

3

NS
3.96

NS
2.61

NS
5.68

**
9.41

DO M -SUBD O M

-

-

-

D O M -SUBO RD

-

-

SUBDO M -SU BO RD

-

-

A ll Ranks
H

**

T ab le 2.9: Rank comparisons for TAT scores achieved by each rank position during individual access on
days 1-3, 17 and 25 and during social competition (days 4, 5, 16 and 24). Rank positions were allocated
according to TAT scores on day 22 o f social competition. 1- Kruskal-Wallis test, 2- Dunn M ultiple
Comparisons post hoc test. A ll H-values quoted are corrected for ties. * p< 0.05, ** /K 0 .0 1 , N S /?>0.05.
(«=6 for each rank position.)

Figure 2.9A shows the development of the hierarchy in this group of triads over the
four-week experiment. Kruskal-Wallis analysis revealed no significant effect of rank
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Figure 2.9: Study 3: A: Total access time (TA T scores,
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rank position.
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on TAT scores achieved during individual access on days 1-3 (P>0.05). Significant
rank separation was identified on day 4 (H=9.412, P<0.01) and day 5 (H=11.404,
PO.Ol). On day 4, DOM TAT scores (265.2±39.5s) were significantly greater than
both SUBDOM (56.6±27.4s; /?<0.05) and SUBORD TAT scores (37.2±13.6s; j?<0.05).
On day 5, DOM TAT scores (301.3±58.7s) were significantly greater than both
SUBDOM (41.2±17.3s;/X0.05) and SUBORD TAT scores (13.8±6.8s;/?<0.01).

DOM TAT scores (449.7±24.1s) were significantly greater than both SUBDOM
(15.5±9.6s; /K0.05) and SUBORD TAT scores (9.5±5.2s; p<0.01) during competition
on day 16 (H=l 1.513, P<0.01). In contrast to studies 1 and 2, this rank separation was
not lost during individual access on day 17 (H=11.380, P<0.01) when DOM TAT
scores (537.3±10.4s) remained significantly greater than SUBORD TAT scores
(167.5±86.5s; /?<0.01). Significant rank separation was also identified on day 24 of
social competition (H=12.697, PO .Ol) when DOM TAT scores (431.7±36.9s) were
significantly greater than SUBORD TAT scores (5.8±3.1s; /><0.01). Once again, in this
study, rank separation was maintained during individual access on day 25 (H=7.871,
P<0.05) although the significance of the difference in DOM TAT scores (507.7±16.5s)
and SUBORD TAT scores (295.0±86.9s; p<0.05) was reduced.
Analysis (Wilcoxon's Signed Rank Test) revealed that DOM TAT scores were
significantly greater (p<0.05) during individual access (day 17: 537.3±10.4s, day 25:
507.7±16.5s) than during preceding competition sessions (day 16: 449.7±24.1s, day 24:
431.7±36.9s) (Figure 2.9B).

SUBDOM TAT scores were also significantly greater

(p<0.05) during individual access (day 17: 429.2±32.8s, day 25: 483.8±14.2s) than
during preceding competition sessions (day 16: 15.5±9.6s, day 24: 22.0±7.4s) (Figure
2.9C). SUBORD TAT scores were significantly greater (p<0.05) during individual
access (day 17: 167.5±86.5s, day 25: 295.0±86.9s) than during preceding competition
sessions (day 16: 9.5±5.2s, day 24: 5.8±3.1s) (Figure 2.9D).

2.5.5.3 Extended social competition (30 minutes)
Figure 2.10 shows the behavioural scores recorded for each rank position following
thirty minutes of extended social competition conducted on day 8.
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Figure 2.10: Study 3: Scores achieved by each rank position during an extended 30 minute session o f social
com petition on day 8 (scores are grouped in five minute bins). A: Total access time (seconds), B: Total access
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Total access time (TAT)
Kruskal-Wallis analysis revealed a significant rank separation during the first 20
minutes of competition (0-5: H=11.641; 5-10: H=11.640; 10-15: H=12.499; 15-20:
H=10.124; allP<0.01). DOM TAT scores (0-5: 189.3±12.7s, 5-10: 207.8±18.1s, 10-15:
196.2±27.6s, 15-20: 160.5±45.5s) were significantly greater than SUBDOM TAT
scores (0-5: 10.3±5.8s, 5-10: 9.0±7.0s, 10-15: 19.7±12.5s, 15-20: 42.7±22.5s) during
the first 15 minutes of competition (p<0.01) and greater than SUBORD TAT scores (05: 11.7±6.1s, 5-10: 18.2±9.4s, 10-15: 5.7±4.3s, 15-20: 4.8±3.9s) during the first 20
minutes of competition (0-5, 5-10: /?<0.05; 10-15,15-20: /?<0.01).

Friedman’s analysis revealed no significant variation in TAT scores achieved by any
rank position across time (Figure 2.10A).

Total access number (TAN)
Kruskal-Wallis analysis revealed a significant rank separation during the first 20
minutes of social competition (0-5: H=11.514, 5-10: 10.953, 10-15: 7.452, P<0.05, 1520: 9.248; unless otherwise stated P<0.01). DOM TAN scores (0-5: 30.3±3.5, 5-10:
22.8±3.7, 10-15: 17.2±5.6, 15-20: 19.8±8.4) were significantly greater than SUBDOM
TAN scores (0-5: 5.0±2.5, 5-10: 4.0±2.4, 10-15: 4.0±2.5, 15-20: 8.8±4.0) during the
first 10 minutes of competition (0-5: /K0.01; 5-10: j x 0.05) and greater than SUBORD
TAN scores (0-5: 3.8±1.2, 5-10: 4.3±2.3, 10-15: 1.5±1.3, 15-20: 1.5±1.2) throughout
the first 20 minutes of competition (0-5,10-15: p<0.05; 5-10,15-20: /?<0.01).

Friedman's analysis revealed a significant reduction in DOM TAN scores over time
(xrM4.179, DF=5, P<0.05) from 30.3±3.5 (0-5) to 4.3±1.8 (25-30) (p<0.01). Analysis
revealed no significant variation in either SUBDOM or SUBORD TAN scores over
time (P>0.05) (Figure 2.10B).

Total challenges (TC)
Kruskal-Wallis analysis revealed no significant effect of rank on TC scores achieved
during any five-minute period of the extended competition (P>0.05).

Friedman’s analysis revealed a significant reduction in DOM TC scores over time
(xrM 1.566, DF=5, P<0.05) from 8.5±2.1 (0-5) to 0.8±0.5 (25-30) (p<0.05). Analysis
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revealed no significant variation in either SUBDOM and SUBORD TC scores (.P>0.05)
(Figure 2.10C).

Successful challenges (SC)
Kruskal-Wallis analysis revealed a significant variation in SC scores during the 15-20
minute time bin (H=6.598, P<0.05; DOM: 4.3±1.5, SUBDOM: 4.3±1.0; SUBORD:
0.7±0.4) although post hoc tests did not identify any further significance.

Friedman's analysis revealed a significant reduction in DOM SC scores over time
GcrM4.319, DF=5, P<0.05) from 7.7±1.7 (0-5) to 0.7±0.5 (25-30) (p<0.01). Analysis
revealed no significant variation in either SUBDOM and SUBORD SC scores (P>0.05)
(Figure 2.10D).

Unsuccessful challenges (UC)
Kruskal-Wallis analysis revealed a significant rank separation during the first five
minutes of extended competition (H=l 1.581, P<0.01). DOM UC scores (0.8±0.5) were
significantly smaller than both SUBDOM (16.5±4.3; /?<0.01) and SUBORD (10.5±1.5;
/?<0.05) UC scores. Rank separation was also identified during the second five minutes
of extended competition (H=9.558, PO.01).

DOM UC scores (1.8±0.7) were

significantly smaller than SUBDOM (15.7±3.8; /?<0.01) but not SUBORD (5.8±1.3;
p>0.05) UC scores.

Friedman's analysis revealed no significant variation in UC scores achieved by any rank
position over time (Figure 2.10E).

2.5.5.4 Extended social competition (60 minutes)
Figure 2.11 shows the behavioural scores recorded for each rank position during sixty
minutes of extended social competition conducted on day 24. The Friedman test was
used to assess variation in behavioural scores over time (in six 10-minute time bins, i.e.
0-10, 10-20, 20-30, 30-40, 40-50, 50-60). Data from each time bin are expressed as
score per 5 minutes to aid comparison with standard 5-minute competition data (i.e. 10minute score/2).
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Figure 2.11: Study 3: Scores achieved by each rank position during an extended 60 minute session of social
competition on day 24 (scores are grouped in ten minute bins and expressed as average score per five minutes,
refer to main text). A: Total access time (seconds), B: Total access number, C: Total challenges, D: Successful
challenges, E: Unsuccessful challenges. ★ p<0.05, ★★ /?< 0 .0 1 ,* p<0.05, ★ p< 0.05 different from score
achieved during first ten minutes o f social competition. Key: Dominant (black circles), Subdom inant (red
squares), S ubordinate (blue triangles). The values are the means+S.E.M; n =6 for each rank position.
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Total access time (TAT)
Kruskal-Wallis analysis revealed that DOM TAT scores (215.8±18.4s/5min) were
significantly greater than SUBORD TAT scores (2.9±1.5s/5min; /K0.01) during the
first ten minutes of competition (H=12.697; P<0.01). Rank separation was maintained
during the second ten minutes of competition (H=9.781, P<0.01) when DOM TAT
scores (182.4±47.0s/5min) were once again significantly greater than SUBORD TAT
scores (3.3±1.5s/5min; /?<0.01).

Friedman’s analysis revealed a significant reduction in DOM TAT scores over time
(xr2=14.093, DF=5, P<0.05) from 215.8±18.4s/5min (0-10) to 37.3±27.2s/5min (50-60;
/?<0.05). Analysis revealed no significant variation in SUBDOM or SUBORD TAT
scores over time (P>0.05) (Figure 2.11 A).

Total access number (TAN)
Kruskal-Wallis analysis revealed that DOM TAN scores (23.5±5.8/5min) were
significantly greater than SUBORD TAN scores (1.6±0.9/5min; /?<0.01) during the first
ten minutes of competition (H=12.199; P<0.01).

Rank separation was maintained

during the second ten minutes of competition (H=7.249, ^<0.05) when DOM TAN
scores (23.7±9.8/5min) were once again significantly greater than SUBORD TAN
scores (1.5±0.9/5min; p< 0.05).

Friedman’s analysis revealed a significant reduction in DOM TAN scores over time
( x i M

4 . 142, DF=5, P<0.05) from 23.5±5.8/5min (0-10) to 3.1±1.7 (50-60; /?<0.01).

Analysis revealed no significant variation in SUBDOM or SUBORD TAN scores over
time (Figure 2.1 IB).

Total challenges (TC)
Kruskal-Wallis analysis revealed no significant effect of rank on TC scores achieved
during any five-minute period of the extended competition (/M).05).

Friedman's analysis revealed no significant variation in TC scores achieved by any rank
position over time although reductions in SUBDOM TC scores (xi*=l0.769, DF=5,
P=0.0562) from 20.75±5.3/5min (0-10) to 6.3±2.0/5min (50-60) and SUBORD TC
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scores (x&=l 1.015, DF=5, P=0.0511) from 14.4±6.8/5min (0-10) to 4.0±1.8/5min (5060) both approached significance.

Successful challenges (SC)
Kruskal-Wallis analysis revealed that DOM SC scores (5.3±1.3/5min) were
significantly greater than SUBORD SC scores (1.3±0.6/5min; /><0.05) during the first 5
minutes of the competition session (H=8.622, P<0.05).

Friedman's analysis revealed no significant variation in SC scores achieved by any rank
position over time (P>0.05).

Unsuccessful challenges (UC)
Kruskal-Wallis analysis revealed that DOM UC scores (0.8±0.5/5min) were
significantly smaller than SUBDOM UC scores (17.0±5.3; /?<0.01) during the first 10
minutes of competition (H=9.763, P<0.01).

Friedman's analysis revealed a significant reduction in SUBDOM UC scores over time
(xrM3.100, DF=5, P<0.05) from 17.0±5.3/5min (0-10) to 2.8±1.6/5min (40-50;
/K0.05) although this significant effect was not maintained during the final ten minutes
of competition. SUBORD UC scores were significantly reduced

14.731, DF=5,

P<0.05) from 13.1±6.3/5min (0-10) to 4.8±3.1/5min (20-30; ^<0.05) and 2.1±1.3/5min
(50-60;p<0.05) (Figure 2.1 IE).
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2.5.6

Discussion

2.5.6.1 Hierarchy development
Significant rank separation of TAT scores was achieved in each study. It is noteworthy
that this separation of rank positions was achieved during the first competition session
in study 3 while dominance was not established in studies 1 and 2 until the 8th and 9th
sessions of competition respectively. Indeed, some triads in study 3, and possibly even
in study 2, were beginning to exhibit rank separation during individual access on days 1
to 3 and thus before any competition sessions had been conducted. It could be argued
that these findings indicate that the differences in TAT scores achieved during
competition sessions were therefore not related to the relative social status of each triad
member but rather, merely a reflection of individual differences in skill at gaining
access or palatability of the milk. Conversely, it might be argued that the appearance of
rank separation during individual access in some triads in studies 2 and 3 was due to the
greater influence of social status on behaviours in home cages (see Section 2.5.6.4).
The early hierarchical separation achieved in study 3 might be related to the fact that
this study was conducted in the dark phase of the light/dark cycle (see Section 2.5.6.4).
2.5.6.2 Individual access
Individual access to sweetened milk resulted in a significant increase in TAT scores for
each rank position compared with TAT scores achieved during social competition. This
held true in each study once hierarchical separation had been established (in study 1
SUBDOM and SUBORD TAT scores were not significantly increased during individual
access on day 17 but significant rank separation during competition was not established
until day 19). Furthermore, in studies 1 and 2 any rank separation present during the
preceding competition session was lost during individual access. It is unclear whether
the maintenance of a rank separation during individual access in study 3 is related to the
fact that this study was conducted in the dark phase of the light-dark cycle (see Section
2.5.6.4).

These results support the use of this social competition test as a measure of priority of
access during which the performances of the SUBDOM and SUBORD animals during
competition are hindered by the presence of their DOM cage partner. However, it is
recognised that the palatability of the resource may vary for different animals, and that
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the poor performance of some SUBDOM and SUBORD animals may therefore also
reflect a low individual drive for access. This may contribute to the maintenance of a
rank order during individual access in study 3. In accordance with this view, Bruce
(1941) proposed that the dominance of an individual rat during paired competition for
priority of limited access to a deprived resource is "at least partially determined by the
strength o f the [individual] drive motivating the animals"

Furthermore, it is possible that both skill and habituation may also influence TAT scores
achieved during sessions of competition and individual access. It is conceivable that the
dominant ranked animals in some triads are simply more inquisitive, and hence discover
the milk first, or alternatively more skilled, and hence more adept at displacing cage
partners from the drinking spout, or indeed fending off challenges from cage partners.
Interestingly, Bruce (1941) found that, by providing an advantage to one of a pair of
competing rats (by giving it the food), he was able to increase the probability of these
animals becoming dominant during the competitive situation suggesting that the animal
with primary access to the resource is likely to become dominant regardless of its social
status.
It is perhaps also noteworthy, that while aggression is commonly regarded as a primary
indicator of social status, the level of inquisitiveness might be regarded as a measure of
risk assessment or exploration and thus of the level of anxiety of the animal. In this
regard, it can be speculated that competitive dominance established during social
competition is in fact a measure of the relative anxiety of each triad member.

Once dominance has been established, it is also conceivable that some of those rats that
perform poorly during competition will eventually lose interest and cease to compete as
vigorously for access to the sweetened milk. Thus, Craig (1986) has proposed that
subordinate animals might learn to passively accept their low social status. If indeed the
non-dominant animals do learn to abstain from competition following repeated sessions
of social competition (due to repeated failure and/or defeat) this may represent a major
obstacle to the use of within-subjects drug studies using this test (discussed further in
Section 4.4).
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2,5.63 Extended social competition
As alluded to above, if the individual drives of each triad member are similar, then it
can be claimed that the relative performance of each animal during social competition is
mainly dependent on their relative social drives (i.e. competitiveness). If the SUBDOM
and SUBORD animal behaviour is suppressed during social competition then extending
the duration of that competition, such that the DOM animal becomes satiated and thus
competes less vigorously, might therefore result in an increase in SUBDOM and
SUBORD TAT scores.

Indeed, extending the duration of competition to sixty minutes did result in a significant
reduction in DOM TAT scores over time in all three studies. This was associated with
an overall reduction in the level of competition for access (as shown by the significant
reductions in TAN, TC, SC and UC scores by the various rank positions) and a loss of
significant hierarchical separation. Note: If the reduction in DOM TAT scores over
extended competition is a result of a reduced appetite (i.e. the animal becomes satiated)
this may present difficulties when interpreting the effects of putative anxiolytic drugs
that may influence appetite per se.
The reduction in DOM TAT scores was not accompanied by significant increases in
either SUBDOM or SUBORD TAT scores.

The large variance within the non

dominant animal data during extended competition sessions may explain this lack of
significance. Certainly, the mean TAT scores presented in the results section indicate
that some SUBDOM animals, and subsequently some SUBORD animals, did gain
increased access to the sweetened milk following the satiation of the DOM animals.
There are two probable explanations for this large variance. Firstly, not all SUBDOM
and SUBORD animals gained greater access to the sweetened milk even when DOM
TAT scores fell. Secondly, those SUBDOM and SUBORD animals that did increase
their TAT scores may have done so at varying times during the extended sessions, and
thus any significant effects might have been lost through dilution across different time
bins.

The fact that some non-dominant animals, but not others, gained increased access times
during extended competition once again supports the assertion that while some non
dominant animals may have low individual drives, others are performing poorly due, at
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least in part, to their relative social drives (competitiveness).

It is quite possible,

therefore, that some triads, in which social drive is the predominant factor in
determining hierarchical position, are better targets for hierarchical manipulation using
psychoactive drugs. It is not apparent from this study however, whether these preferred
triads could feasibly be pre-selected during baseline social competition, for use in acute
or chronic drug treatment studies. Syme (1974) supported the use of initial sessions of
individual access (training) to ensure that during subsequent competition, the individual
drives and capabilities of each triad member for gaining access to the resource have
been adequately demonstrated.

The validity of the social competition test as a measure of socially mediated priority of
access to sweetened milk is discussed further in Section 4.2.

2,5.6.4 Influence o f methodology
The changes in methodology that have been reported in this section were initiated in
order to establish a suitable protocol in our laboratory that would provide hierarchies in
triads sensitive to appropriate drug treatment. Due to the large number of changes that
were made in these three studies, it is clearly difficult to draw any firm conclusions with
regard to their significance to the formation or nature of the hierarchies obtained.
Nevertheless a few observations are discussed below.

Frequency and duration o f competition
As reported, significant hierarchical separation was achieved in each study. A reduction
in the duration and frequency of competition (from 10 minutes five days per week to 5
minutes three days per week) does not therefore appear to have a significant effect on
the formation of a rank order. However, as social competition was only conducted for
four weeks, the long-term stability of each of these hierarchies was not examined. The
reduction in the intensity of competition during extended periods of competition
supports the use of limited periods of access to encourage greater competition between
triad members. It is with this rationale, that competition sessions were limited to five
minutes in all subsequent studies.
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Home versus Test cage
The use of separate home and test cages during experimentation (in study 1) did not
appear to have any detrimental effect on hierarchy formation. During sixty minutes of
extended access, the hierarchical separation was lost more quickly in study 1 (after 10
minutes) than in studies 2 and 3 (after 20 minutes). Furthermore, while there were no
significant effects of rank on TC scores in any study, the variation in TC scores
achieved by each rank position appeared less in study 1 than in studies 2 and 3. The
high incidence of zero challenge scores (achieved during the first five minutes of
competition) in studies 2 and 3, which contributed to the lack of statistically significant
within-subject variation, further emphasises the relative lack of competitiveness in these
studies compared with triads in study 1. Why there would be greater competition for
access to the limited resource in triads used in study 1 is unclear. It may be speculated
that conducting the competition sessions in a territorially neutral cage, as in study 1,
may reduce the dominance of the DOM animals. As noted by Gentsch and colleagues
(1988a), rodent behaviours observed in a novel environment do not always correlate
well with those observed in the animals’ home cage. It is arguable therefore, that
dominance established in a non-test specific arena (i.e. within the triad home cage) is
more likely to reflect the social hierarchy of the triad (see also Gentsch et al., 1988b).
However, it is worth reiterating at this point that study 1 also differed from studies 2 and
3 in duration and frequency of competition (see above). Thus, firm conclusions on the
significance of the home versus test cage difference are avoided. In subsequent studies
detailed in this thesis triads were only placed in the test cages during competition
sessions as described in Section 2.2.

This provided the significant advantage of

enabling a greater number of triads to be tested concurrently (three experiments each
consisting of six triads (i.e. 18 triads) compared with one experiment (i.e. six triads)
when housed permanently in the test cages).

Light or Dark phase
Since rats are nocturnal animals and are therefore more active (e.g. Grant and Chance,
1958) and consume most of their daily food intake (Nielsen, 1999) during the dark
phase than during the light phase, it might therefore be expected that competition for
access to the sweetened milk would also be most intense during the dark phase.
However, in studies 2 and 3, where animals were permanently housed in the test cages,
access to the standard laboratory chow was also restricted to one animal at a time (see
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Figure 2.1). Therefore, it could be argued that those animals with priority of access to
food might be more satiated than their cage partners, and that this would be more likely
during periods of greater arousal in the dark phase.

If this were true, dominance

allocated during competition for the limited resource may in fact be a poor indicator of
social dominance. As it happens, a unidimensional organisation of dominance cannot
be assumed (Syme, 1974), and so the animal with priority of access to food would not
necessarily be expected to have priority of access during the social competition tests.

It has been argued that ritualistic agonistic behaviour serves an important function in the
maintenance of rank separation in most vertebrate species (Price et al., 1994). Mitchell
(1993) has suggested that dominance in triads of laboratory rats is re-established during
the intense levels of agonistic activity exhibited at dark phase onset. If indeed, the
dominance orders are more pronounced following dark onset, this might provide an
explanation for the rapid development of hierarchical separation in study 3, leading to
largely exclusive access gained by the DOM animals during competition sessions, and
the prevalence of the hierarchical separation during individual access.
In subsequent competition studies in this thesis, triads were allowed to compete for
access to sweetened milk during the light phase of the light-dark cycle (as described in
Section 2.2).

From a purely practical perspective, this decision conferred the

considerable advantage of enabling the large number of triad home cages that were
required (i.e. 18 when conducting three experiments concurrently) to be housed under
the standard conditions provided within the animal unit.

The presence o f tunnels
The tunnel access to the sweetened milk was removed (in study 3) in order to increase
the ease with which challenging animals could displace their drinking cage partners.
However, there was no increase in the access gained by the SUBDOM or SUBORD
animals following removal of the tunnel system. In fact the design had considerable
disadvantages. Firstly, the challenging animals were able to gain secondary access to
the milk (as they were able to reach the drinking spout from either side of the drinking
animal) and were therefore less inclined to attempt to displace the animal with direct
contact with the drinking spout. Secondly, identification of the animal that was in direct
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contact with the drinking spout was made more difficult.

Therefore, tunnels were

present in test cages during social competition observed in all subsequent experiments.
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2.6

EXPOSURE TO AN ELEVATED PLUS-MAZE AND ORGAN WEIGHT
MEASUREMENT OF MALE WISTAR RATS PREVIOUSLY RANKED
DURING SOCIAL COMPETITION

2.6.1

Introduction

The aim of this experiment was to examine whether animals that were previously
ranked according to their respective total access times during social competition (see
Section 2.2) would exhibit significantly different behaviours when exposed to the
elevated plus maze, a commonly used animal model of anxiety (see below). In addition,
immediately on culling, following the completion of the experiment, selected organs
were removed and weighed to determine whether there were any significant differences
in organ weights between rank positions (the correlation between organ weights and rat
social status has been demonstrated elsewhere; see Section 1.10).

2.6.1.1 The elevated plus-maze test
Handley and Mithani (1984) first proposed the elevated plus-maze as a putative animal
model of anxiety. In this test, the rodent is placed onto the central portion of an
elevated plus-shaped platform (see 2.6.2.2 for description of apparatus). Immediately
therefore, the animal is presented with the choice between either entering one of the two
enclosed arms of the maze or two open arms. The animal tends to spend more time
within the 'safety' of the enclosed arms than in the 'dangerous' open arms.

The immediate face validity of this test is obvious and indeed the original predictive
validity also appeared to be good. Thus, rodents treated with anxiolytic drugs spent
more time on the open arms while those treated with anxiogenic drugs spent less time
on the open arms, i.e. they exhibited open arm avoidance (Handley and Mithani, 1984).
However, results obtained with the plus-maze using other anxiolytic agents such as the
5-HTia receptor agonists have been inconsistent, eliciting anxiolytic, anxiogenic or no
effects in some studies (Rodgers and Cole, 1994). As Rodgers points out (1997),
despite this apparent 'failure' to consistently detect an anxiolytic effect with buspirone
and other 5-HTia receptor agonists, it may yet be premature to dismiss outright the test's
utility as a model of human anxiety (see also Treit, 1994).
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One of the major attractions of the plus-maze test is its simplicity, although this has
resulted in a plethora of variant tests being developed and utilised in a number of
laboratories (Hogg, 1996; Rodgers and Dalvi, 1997).

From the results of her

questionnaire (responders accounted for approximately half of the 65 groups polled)
Hogg (1996) was able to demonstrate a considerable variation in the animals, materials
and methods used.

It is now quite apparent, that methodological differences can

dramatically modify drug effects on plus-maze exposure (Hogg, 1996), even where
baseline data is unaltered (Rodgers, 1997). Thus behaviour on plus-maze exposure may
depend on organismic variables such as species, strain and age of the animal although of
greater importance are the procedural variables such as housing conditions, prior
handling, prior stress and prior plus-maze experience (Rodgers and Cole, 1994; Hogg,
1996).

The conventional measures of plus-maze activity are total arm entries (which may
reflect total activity, but see below), percentage of arm entries that are made into the
open arms (% OA entry) and percentage of time spent in the open arm (% OA time).
The open arm entry and open arm time parameters are taken as measures of anxiety.
Animals exhibiting high levels of anxiety would achieve low % OA entry and % OA
times while the converse would be true of animals with low levels of anxiety. A
reduction in total arm entries is often perceived as an indicator of general behavioural
disruption (i.e. sedation). However, factor analysis studies suggest that closed arm
entries scores are likely to provide a purer and thus more accurate measure of reductions
in locomotor activity in the absence of an anxiety modulating effect (see Rodgers and
Johnson, 1995). As total arm entries incorporates both closed and open arm entries, it is
not surprising that factor analysis demonstrates that this score loads on both ‘locomotor’
and ‘anxiety’ factors.

Along with the development of novel models of anxiety that emphasise an
ethopharmacological approach to behaviour (see Section 1.6), interest has blossomed in
the adaptation of established models to incorporate some of these ethological
techniques. This includes the elevated plus-maze which had, after all, already laid claim
to being representative of "tests that are based upon the study o f spontaneous [prepared]
behaviour patterns and which have high ecological activity" (Rodgers and Dalvi, 1997).
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Following detailed analysis of rodent behaviour during exposure to the plus-maze, a
number of additional behaviours were observed and an ethogram was developed
(Rodgers and Cole, 1994, review; for definition of ethogram see Section 1.6.2). These
newly identified behaviours include stretch-attend postures (SAP) and head-dips
(Rodgers and Cole, 1994). It was noted that these behaviours tend to take place most
often in the central portion of the maze where the animal is faced with the choice of
entering the safety of the closed arms or the relative danger of the open arms (Rodgers
and Cole, 1994). Therefore, while head-dips and SAP were observed during open arm
activity (unprotected) the majority were observed while within the relative safety of the
closed/central portions of the maze (protected) (Rodgers and Dalvi, 1997).

A number of studies have now demonstrated that ethological measures are more
sensitive than conventional spatiotemporal measures to changes in behaviour induced
by prior exposure to stressors as well as by manipulation by a pharmacologically
diverse group of anxiolytic and anxiogenic drugs (see Rodgers et al., 1997b for a
review). Thus, while the conventional measures recorded during plus-maze exposure
are consistently sensitive to BZ treatment, these drugs also produce marked effects on
the ethological measures (for a recent study on the effects of CDP treatment in the
murine plus maze test, see Holmes and Rodgers, 1999). Moreover, the ethological
measures of plus-maze behaviour are more sensitive than conventional scores to
treatment with 5-HTiA ligands. Recently, Setem and co-workers (1999) demonstrated
that ethological measures are more sensitive than conventional scores to the anxiolytic
effects of the partial 5-HTia receptor agonist ipsapirone. Conversely, the anxiogenic
effects of the 5-HT2C receptor agonist, TFMPP and 5-HT2A receptor antagonist, SR
46349B were conversely detected by the conventional but not the ethological scores.
Griebel and his colleagues (1997) report that conventional measures are inconsistent in
identifying the anxiolytic activity of a wide range of 5-HT-related ligands. On the other
hand, the 5-HTia receptor ligands (including both partial and full agonists) tested were
shown to reduce risk assessment (as measured by the number of aborted attempts made
at open arm entry). Furthermore, both of the partial 5-HTia receptor agonists tested
(buspirone and ipsapirone) also increased the amount of directed exploration (i.e. the
number of head-dips) (Griebel et a l, 1997; for further descriptions of these measures
see also methods (Section 2.6.2.2)).
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2.6.2

Methods

2.6.2.1 Animals
Randomly allocated triads of age- and weight-matched male Wistar rats were
introduced to social competition for sweetened milk for a period of four weeks as
described in Section 2.2. After the Wednesday competition session had been completed
in the fourth week of the experiment (after which rank orders were allocated), each
animal was observed during a five-minute exposure to an elevated plus-maze on the
Thursday. At the end of the experiment, all animals were culled and selected organs
were dissected and weighed. Three trials were completed each with six triads (i.e. 18
triads in total). N.B. Organ dissection was conducted with the assistance of MC Crook.

2.6.2.2 Behavioural analysis on the elevated plus-maze
All parts of the plus-maze used in this study were made of clear Perspex material,
although all outer surfaces were covered with black card/paper such that all surfaces
were opaque. The maze consisted of four arms (each 44 x 16 cm) arranged in the shape
of a plus sign connected by a CENTRAL area ( 16x16 cm). Two opposing arms were
enclosed by a wall (10.5cm high, CLOSED) while the other two arms were OPEN
(although their perimeter was surrounded by a small ledge (1.5 cm high) intended to
help rats avoid falling off the maze).

The maze was elevated 1.16m above the

laboratory floor surface with the central area of the maze supported by a metal stand.

Triad cages were transported to the experimental room at least half an hour before plusmaze exposure and all tests were conducted between 1400-1600h.

As social

competition tests had been conducted under normal lighting conditions (12h: 12h lightdark cycle), plus-maze exposure was also observed under these light conditions.
Furthermore, as the light source was located directly above the plus-maze, all areas of
the plus-maze were evenly illuminated). At the start of the experiment animals were
placed on to the central portion of the maze such that they were facing onto one of the
open arms. Their behaviour was recorded using a camera strategically positioned at an
angle above the plus-maze and a video recorder also located within the experimental
room. A monitor was located outside the room so that the animal behaviour could be
assessed during recording (as a precaution in case an animal should fall off the maze).
Behaviours were scored (as described below) once all runs had been completed. All
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maze surfaces were wiped down with ethanol in between runs. Note: Triad members
were exposed to the plus maze according to their triad number (i.e. 1-3 as indicated by
their tail markings) and not according to their rank position achieved during social
competition.

Both conventional and ethological scores were recorded. Conventional scores included:
(a) time spent in open arms, closed arms, central area and (b) open and closed arm
entries (all four limbs were required to have entered the arm to be considered an entry)).
Ethological scores included: (a) attempts and (b) head-dips. An attempt was scored
when the animal approached an open arm before exhibiting risk assessment behaviour
(including SAP) and subsequently aborting entry to the open arm (Griebel et a l , 1997).
A head-dip was scored when the head of the animal protruded over an open arm of the
plus-maze and towards the floor. Head-dipping was either protected (where the body of
the animal was within the closed or central area of the maze) or unprotected (where the
animal was in the open arm).

2.6,23 Data handling and statistical analysis
Data are grouped according to rank positions allocated on the last social competition
session conducted before plus-maze exposure.

Behavioural scores (means ± S.E.M) are expressed as (A) mean time in
open/central/closed arm (as a percentage of total time), (B) mean number of open and
closed arm entries, (C) mean number of attempts, (D) mean number of protected headdips (as a percentage of total head-dips).

Organ weights (mean ± S.E.M) are expressed as percentage total body weight, i.e.
(organ weight/total body weight)* 100.

All data were analysed for significance using one-way analysis of variance (ANOVA)
followed by Bonferroni multiple comparisons post hoc tests where appropriate.
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2.6.3

Results

2.6.3.1 Hierarchy development
One triad was removed due to the accidental inclusion of a female rat. Of the remaining
17 triads, a further three were excluded from the analyses due to an inability to assign
dominance (due to a complete lack of competition in two triads and an inconsistent rank
separation in the other). Moreover, during the final competition session following plusmaze exposure four DOM animals from the remaining triads achieved lower total access
times (TAT scores) than the SUBDOM animal (in three triads) and the SUBORD
animal (in one triad).

Despite this loss of dominance these triads have not been

excluded from statistical analysis. Thus 14 triads are included in all subsequent analysis
of behavioural and weight data. TAT scores achieved on allocation of rank positions
were DOM: 178.9±14s, SUBDOM: 55.2±10.9s, SUBORD: 7.6±2.6s.

2.63.2 Animal weights
Table 2.10 shows all animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed no
significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
the four weeks of social competition revealed an extremely significant effect of time on
animal weights (F(3,104)=l 178.18, P<0.0001) that was independent of rank position
(i.e. rank x time interaction was not significant (P>0.05). There was no main effect of
rank position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

126±5

124±5

132±6

Start o f Social Competition

334±9

321±9

329±9

End o f Social Competition

442±11

420±9

428±12

T able 2.10: Animal w eights, g ± S.E.M. (n=14 for each rank position.)

2.6.33 Elevated plus-maze exposure
Figure 2.12 shows the scores achieved by each rank position during elevated plus-maze
exposure. Subjects from each trial are grouped together in order to increase the power
of the statistical tests.
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B: OPEN/CLOSED ARM ENTRIES

A: % OPEN/CENTRAL/CLOSED TIME

I r il
D: % PROTECTED HEAD DIPS

C: NO. OF ATTEMPTS

DOM

SUBDOM

I

SUBORD

DOM

SUBDOM

SUBORD

Figure 2.12: Effects o f rank position (determ ined following social competition for limited access to sweetened
milk) on the behaviour o f male W istar rats exposed to the Elevated Plus-Maze for five minutes. Conventional
scores: A: % time spent in the open arms (OA), central square (CS) and closed arms (CA); B: N um ber o f
open arm (OA) and closed arm (CA) entries; Ethological scores: C: No. o f Attempts, D: % protected headdips (% HDprot) (see main text for definitions). ★ p < 0.05 less than SUBORD %HDprot. Key: Dominant
(DOM ; black), S u b d o m in an t (SUBDOM; red), S u b o rd in ate (SUBORD; blue). The values are the
m eans+S.E.M , n = 1 4 for each rank position.
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Conventional Behavioural Scores
Analysis revealed no significant effects of rank position on time spent on the open or
closed arms of the plus-maze (P>0.05) although variation in time spent on the central
square approached significance (F(2,39)=2.539, P=0.0919). SUBORD animals spent
25.8±2.8% of their plus-maze exposure on the central square compared to DOM and
SUBDOM animals, which spent 18.6±2.0% and 20.9±1.9% respectively.

Analysis

revealed no significant variation in open arm entries between rank positions although a
significant variation in closed arm entries was identified (F(2,39)=3.897, P<0.05).
However, paired comparisons between rank positions following post hoc analysis only
approached significance as DOM animals tended to make fewer closed arm entries
(5.0±0.4) than both SUBDOM (6.7±0.5; p=0.069) and SUBORD animals (6.8±0.6;
p=0.055).

Ethological Behavioural Scores
Analysis revealed a significant variation in the number of attempts between rank
positions (F(2,39)=3.429, P<0.05). Although post hoc analysis only approached
significance, SUBORD animals tended to make more attempts (7.6±1.0) than DOM
animals (5.1±0.8; /?=0.075) and also SUBDOM animals (5.2±0.4; /?=0.101). SUBORD
animals did score a significantly larger percentage of protected head-dips (26.9±4.5%)
than both DOM (15.6±2.1%; /?<0.05) and SUBDOM (14.8±2.1%; p<0.05) animals.

2.63.4 Organ weights
Table 2.11 shows the adrenal, spleen, thyroid and thymus relative weights (expressed as
a percentage of total body weight) measured for each rank position. One-way ANOVA
revealed no significant effects of rank position on adrenal, spleen, thyroid or thymus
weights (all P>0.05).

Organ

DOM

SUBDOM

SUBORD

Adrenal

0.0143±0.0013

0.0158±0.0012

0.0173±0.0007

Spleen

0.2123±0.0081

0.2047±0.0064

0.2100±0.0058

Thyroid

0.0049±0.0002

0.0052±0.0003

0.0050±0.0004

Thymus

0.1519±0.0123

0.1565±0.0113

0.1601±0.0148

T able 2.11: Organ w eights (expressed as % total body weight) ± S.E.M. («= 14 for each rank position.)
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2.6.5

Discussion

2.6.5.1 Elevated plus-maze exposure
The elevated plus-maze test is established as a rodent model of anxiety (see above). In
previous studies, rank orders established in triads of male rats competing for sucrose
pellets were not found to correlate either with plus-maze (Gentsch et al., 1988a) or open
field behaviours (Gentsch et a l, 1988a; Woodall et al, 1996). Furthermore, as noted by
File (1996), studies have revealed that plus-maze behaviour is sometimes, but not
always, sensitive to prior exposure to stress.

The aim of this experiment was to assess whether the rank separation of competitive
behaviour as observed during social competition would be reflected by similar
differences in the behaviour on exposure to the plus-maze and therefore indicative of
different basal anxiety levels.

It is noteworthy that the mean open arm time and entries were greater than the
equivalent closed arm times and entries for all rank positions. Indeed, the animals used
in this experiment spent more time on the open arms of the plus-maze than would be
predicted from previous studies (e.g. Rodgers and Dalvi, 1997; Setem et a l, 1999).
This distinct lack of open-arm avoidance is indicative of reduced anxiety levels of all
animals and is possibly due to the extensive prior handling experience during social
competition.

Moreover, consistent with previous studies (see above), there was no evidence of any
significant rank effects on conventional measures of plus-maze anxiety such open arm
time or entries. However, SUBORD animals tended to exhibit more protected headdips (% of total head-dips) and attempts, and tended to spend more time on the central
square than DOM animals (although significance was not established for all of these
scores).

As alluded to in Section 2.6.1.1 above, orthogonal factor analysis has been used to
distinguish between the different measures recorded during murine plus-maze exposure.
Studies have also been completed using the rat plus-maze with a similar pattern of
results (see Cruz et a l, 1994). Total SAP and total head-dips are found to load onto
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independent factors, i.e. risk assessment and directed exploration respectively (Rodgers
and Johnson, 1995).

However, as might reasonably be predicted, the percentage

protected head-dips and percentage protected SAP (included within the less specific
‘attempts’ measure) load moderately onto the same anxiety factor as the conventional
open arm measures.

Risk assessment and directed exploration on the plus-maze are sensitive to treatment
with a variety of anxiolytic drugs that do not always modify other behavioural scores
(Griebel et al., 1997). It is argued therefore, that the tendency for SUBORD animals to
achieve higher number of attempts and % protected head-dips than both DOM and
SUBDOM animals indicates that these animals may be more anxious than their triad
partners. This also implies that the behaviour exhibited during the social competition
test may not be simply test-specific and provides some support for its use as a measure
of anxiolytic activity.

Factor analysis studies of plus-maze behaviour indicate that time spent on the central
portion of the plus-maze primarily loads independently of time spent on either the open
or closed arms and is believed to reflect decision making although it does also load
moderately and positively with anxiety (Rodgers and Johnson, 1996). Although no
significant differences were identified, the results suggest that SUBORD animals tended
to spend more time than their triad partners on this area of the plus-maze platform and
thus further support the assertion that SUBORD animals are more anxious during plusmaze exposure than DOM or SUBDOM animals. The significance of these results is
discussed further in Section 4.3.

A note of caution is advisable at this point however, as hierarchical separation achieved
during the final week of social competition was not as consistent as would be desirable.
It is unclear whether hierarchies were disrupted during the final session of competition
because of the plus-maze exposure on the preceding day. Certainly, prior experience of
the elevated plus-maze test has been reported by a number of investigators to have an
anxiogenic effect on subsequent plus-maze behaviour and/or reduce sensitivity to
anxiolytic drug treatment (e.g. File, 1990; Rodgers et a l, 1992; Bertoglio and Carobrez,
2000 ).
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2.6.5,2 Organ weights
As discussed in Section 1.10, organ weight differences have been identified between
rats in closed groups in which rank is assigned according to body condition of the
animals and success in agonistic encounters (Raab et al., 1986; Blanchard et al., 1993a).
However, these differences were not always apparent, nor did they always reach
statistical significance (i.e. p<0.05). In this experiment, none of the organ weights
measured varied significantly between different rank positions, although the mean data
indicate that SUBORD adrenal glands tend to be enlarged, in keeping with the findings
in the aforementioned Blanchard study (Blanchard et al., 1993a). Thus, this experiment
does not provide any strong evidence for the external validity or generality of the
competitive measure of hierarchy in this social competition test in relation to a true
social hierarchy, i.e. subordination was not associated with chronic social stress.
However, the lack of hierarchical stability clearly hampers any conclusions drawn from
these data.

The allocation of rank positions during the fourth week of social competition, and
therefore during the eighth week after triad groups were established (allowing for the
four weeks of familiarisation before experimentation commenced) is based on the
assumption that stable hierarchies are established within four weeks of co-habituation
(e.g. Grant and Chance, 1958). For the purposes of differentiating between organ
weights it may be argued that the maintenance of stable social hierarchies over several
weeks of social competition testing may provide a more effective measure of organ
weight differences between rank position.
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SECTION 3

EFFECTS OF ACUTE AND/OR CHRONIC DRUG TREATMENT
AND SINGLE AND/OR REPEATED ELECTROCONVULSIVE SHOCK
ON SOCIAL COMPETITION IN TRIADS OF MALE WISTAR RATS

3.1

INTRODUCTION

The aim of the following series of experiments was to examine the sensitivity of the
rank order established during social competition to a range of pharmacological
manipulations and therefore, to assess the postulated utility of this test as a model of
anxiety and/or depression. Attempts to reduce competitive success were targeted at
dominant animals while attempts to increase competitive performance were targeted at
subdominant animals. This is in contrast with other social competition studies, in which
the target animal for anxiolytic drug treatment has always been the subordinate or poorperforming animal (see Section 1.11). On the other hand, subdominant animals have
been successfully targeted for antidepressant drug treatment in hierarchies based on
agonistic success (Mitchell and Redfem, 1992b). The possible merits of choosing either
subordinate or subdominant animals for anxiolytic and/or antidepressant treatment are
discussed in Section 4.4. A brief background to the various treatments used is included
below.

Chlordiazepoxide (CDP), a drug with established clinical anxiolytic activity (Ashton,
1994), remains widely utilised, together with other benzodiazepines, to test the
predictive validity of putative animal models of anxiety (Rodgers, 1997).

Other

laboratories have demonstrated that treatment of poor performing or subordinate rats
with CDP can improve their performance during social competition tests (e.g.
subchronic treatment with CDP, 5 mg.kg^.day'1 i.p. for 5 days (Gentsch et al., 1990);
acute treatment with CDP, 1.25, 2.5, 5.0 mg.kg'1 i.p. (Joly and Sanger, 1991); see
Section 2.11). The sensitivity of the social competition test in my laboratory was
assessed by acute treatment of subdominant animals with CDP, 1.25, 2.5 and 5.0
mg.kg_1 s.c.

8-hydroxy-2-(di-N-propylamino)tetralin (8-OH-DPAT) is a relatively selective 5-HTia
receptor agonist (Middlemiss and Fozard, 1983), although at high doses it also
possesses agonist activity at 5-HT7 receptors (Plassat et al., 1993).

Interest in the

5-HTia receptor agonists with respect to the treatment of anxiety developed following
the discovery that buspirone (a partial 5-HTia receptor agonist) has clinical anxiolytic
activity (for reviews see Goa and Ward, 1986; New, 1990) comparable to that of
diazepam (Goldberg and Finnerty, 1979). The anxiolytic and antidepressant properties
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of 5-HTia receptor agonists are now well-established (De Vry, 1995, review).
However, the effects of 5-HTia receptor ligands are largely inconsistent in animal
models of anxiety, ranging from anxiolytic to inactive or anxiogenic (for reviews see De
Vry, 1995; Griebel, 1995; for specific examples refer to Section 3.4.2). Recently, mice
lacking the 5-HTia receptor have been shown to exhibit increased levels of anxiety in
animal models (Parks et al., 1998). However, the implied role of 5-HTia receptors in
anxiety has not always been supported by behavioural studies in which 5-HTia receptor
antagonists do not consistently elicit anxiogenic effects.

Indeed, for example, the

5-HTia receptor antagonist, WAY-100635 has been found to elicit anxiolytic-like
effects in the mouse light/dark box test (Fletcher et al., 1996) probably via blockade of
postsynaptic 5-HTja receptors (see Section 1.5).

Recently, treatment of rats with

5-HTia receptor antagonists moderately (in comparison with diazepam), but
significantly, increased punished drinking and reduced open arm avoidance on the plusmaze, but had not effect on punished lever-pressing, thus indicating a test-specific
anxiolytic-like effect (Griebel et al., 2000). Acute treatment with a variety of 5-HTia
agonists has been found to improve the performance of subordinate animals during
social competition (e.g. buspirone, 0.6, 1.25 mg.kg'1i.p. (Joly and Sanger, 1991); 8-OHDPAT, 15, 30 pg.kg'1 (Woodall et al., 1996); see Section 2.11).

Therefore, the

sensitivity of the social competition test established in my laboratory to manipulation
with 5-HTia receptor ligands was examined by acute treatment of subdominant animals
with 8-OH-DPAT, 15, 30 and 60 pg.kg*1 s.c.

In addition to the proposed roles of the GABA-BZ receptor complex and the 5-HTia
receptors, there is also evidence supporting the role of 5-HT2C receptors in the
modulation of anxiety (Kennett, 1992; Kennett et al., 1994; also refer back to Section
1.5). Indeed, there is evidence that both citalopram and fluoxetine (selective serotonin
re-uptake inhibitors) interact directly with high affinity and as neutral antagonists with
5-HT2C receptors (Palvimaki et al, 1996). However, Schreiber et al, (1998) postulated
that only the 5-HT2A receptor subtype is important in the anxiolytic activity of another
SSRI, paroxetine in the rat ultrasonic vocalisation test.

m-Chlorophenylpiperazine (m-CPP), an active metabolite of the clinical antidepressant
drug trazadone, is a selective 5-HT2C receptor agonist and 5-HT2A receptor antagonist
(Fiorella et al., 1995). m-CPP elicits panic attacks in healthy human subjects (Chamey
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et a l, 1987; Murphy et a l, 1989). m-CPP treatment also has an anxiogenic effect,
mediated by 5-HT2C receptors, in rats exposed to the plus-maze test (Gibson et a l,
1994) and in the social interaction and light/dark transition tests (Kennett et a l, 1989).

In the resident-intruder social interaction paradigm, acute treatment of resident rats with
m-CPP, 0.1, 0.3 and 0.9 mg.kg"1 s.c. (ID50 = 0.16 mg.kg'1) reduced aggressive behaviour
(Mitchell and Redfem, 2000).

Conversely, chronic treatment of resident rats with

m-CPP, 0.1 mg.kg"1.day-1 s.c. for 14 days, increased aggressive behaviour (i.e. elicited
antidepressant-like activity) exhibited by resident rats (Mitchell and Redfem, 2000). As
discussed above (see Section 1.11), Joly and Sanger (1992) demonstrated that dominant
access to sweetened milk during social competition was reduced following acute
treatment with three different anxiogenic drugs (pentylenetetrazole, FG 7142 and
yohimbine). In my studies, the putative anxiogenic effect of acute treatment with mCPP, 0.08, 0.2 and 0.5 mg.kg'1 s.c., was investigated in dominant animals.

In a

subsequent study, the apparent pro-aggressive effects of chronic treatment with m-CPP,
0.2 mg.kg'1.day"1 for 14 days were examined in subdominant animals (this target dose
was identified based on the dose-response curves obtained during acute treatment of
dominant animals, see Section 3.3.5).

Anxiolytic-like effects have been elicited in the rat Geller-Seifter model of anxiety by a
range of non-selective 5-HT2A/2C receptor antagonists such as mianserin, 2 and
8 mg.kg'1 s.c. (Kennett et a l, 1994) and a potent 5-HT2C/2B receptor antagonist, SB
206553, 2-40 mg.kg'1 p.o. (Kennett et a l, 1996a). On the other hand, the selective
5 -HT2A receptor antagonists, ketanserin, 0.2, 0.5 and 1.0 mg.kg'1s.c., and altanserin, 0.5

and 1.0 mg.kg'1 s.c., had little effect on punished responding in this model (Kennett et
a l, 1994). More recently, Kennett et a l (1996b, 1997, 1998) have proposed that
agonistic activity at central 5-HT2B receptors causes anxiolysis in a number of animal
models, which would suggest that the anxiolytic activity of the selective 5-HT2C/2B
receptor antagonist is mediated via the 5 -HT2Creceptor.

Mesulergine and ketanserin are both 5 -HT2 receptor antagonists although mesulergine is
known to have greater affinity for the 5 -HT2C receptor while, as indicated above,
ketanserin binds more strongly to the 5-HT2A receptor (Fiorella et a l, 1995). Acute
treatment of resident rats with mesulergine, 0.3 mg.kg'1, induced a significant increase
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in aggressive behaviour displayed towards an intruder conspecific (Mitchell and
Redfem, 2000). Acute treatment of rats with ketanserin, 0.2 mg.kg'1, did not inhibit mCPP induced hypolocomotion (Kennett and Curzon, 1988) while it inhibited 5-HT2A
receptor mediated head-shakes (induced by 5-HTP + carbidopa treatment; ID5o=0.5
mg.kg-1) at much lower doses than required to inhibit m-CPP induced hypophagia
(ID5o= 13.2 mg.kg-1) (Kennett and Curzon, 1991).

In my studies, the relative

involvement of the 5-HT2C and 5-HT2A receptors in the competitive performance of
subdominant animals (and therefore, arguably in mediating anxiety) was investigated by
acute treatment of subdominant animals with mesulergine, 0.1, 0.3 and 0.9 mg.kg'1 s.c.,
and ketanserin, 0.1, 0.3 and 0.9 mg.kg.-1 s.c.

Venlafaxine is a serotonin and noradrenaline re-uptake inhibitor (SNRI) with
established clinical antidepressant activity (Feighner, 1994, review; Guelfi et al., 1995;
Nierenberg et a l, 1994) comparable with the SSRI, fluoxetine (Tylee et al., 1997). As
discussed in Section 1.4, the efficacy of venlafaxine in the treatment of anxiety
disorders is now also established (Ballenger et al., 1999).

In the resident-intmder

paradigm, acute (20, 60, 180 pmol.kg'1s.c.; molecular weight (of the hydrochloride salt)
= 313.5; ID50 = 24.87 pmol.kg'1 (i.e. 6.89 mg.kg'1) and chronic (20 pmol.kg^.day"1 s.c.
for 14 days) treatment of resident rats with venlafaxine reduced and increased
aggressive behaviour respectively, indicative of antidepressant-like activity (Mitchell
and Fletcher, 1993).

Antidepressant-like behavioural effects have also been

demonstrated in a range of other animal models (McGrath and Norman, 1998; Reneric
and Lucki, 1998; Redrobe et a l , 1998).

In my studies, the effect of acute treatment of dominant animals with venlafaxine, 1.67,
5.0, 15.0 mg.kg‘! s.c., on performance during social competition was examined in this
thesis. In addition, subdominant animals were acutely treated with venlafaxine, 1.67
mg.kg'1 s.c. (the minimum effective dose used in acute treatment of dominant animals).
The experiment was intended to examine the effects of chronic treatment with
venlafaxine on subdominant competitive performance, and thus the sensitivity of this
social competition test to pro-aggressive (antidepressant-like) effects. However, this
was prevented by the hierarchical disruption observed following administration of the
acute dose. As a consequence of this hierarchical disruption therefore, a repeat acute
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dose of venlafaxine, 1.67 mg.kg'1 s.c., was administered to the same SUBDOM animals
after a period of washout (see Section 3.2.3).

Electroconvulsive therapy (ECT) is effective in acute treatment of severe depressive
illness although opinion is divided on the role of maintenance ECT for prophylaxis
(Stevens et al., 1996; Barnes et al., 1997). Correlation between clinical antidepressant
activity and neurochemical effects remains controversial (for a review of ECT see
Stevens et al., 1996). Animal studies provide support for the antidepressant-like effects
of repeated treatment with electroconvulsive shocks (ECS) (e.g. reversal of clonidineinduced behavioural depression model, Passarelli and Scotti de Carolis, 1983; increased
aggressive behaviour in resident rats during social interaction with an unfamiliar
conspecific, Mitchell and Fletcher, 1992, abstract; Mitchell et al., submitted for
publication). In this thesis therefore, the sensitivity of the social competition test to
single and repeated ECS administration was investigated.

Therefore, the effects of acute treatment of subdominant (SUBDOM) animals with a
range of doses of CDP (Section 3.3.1), 8-OH-DPAT (Section 3.3.2), mesulergine
(Section 3.3.3) and ketanserin (Section 3.3.4) on competitive behaviour and total access
times of each rank position during limited access to sweetened milk were examined.

Furthermore, the effects of acute treatment of dominant (DOM) animals with a range of
doses of m-CPP (Section 3.3.5) and venlafaxine (Section 3.3.6) were also examined.
Section 3.3.7 describes the effects of acute and subsequent chronic treatment of
SUBDOM animals with m-CPP, while the effects of repeated acute treatment of
SUBDOM animals with a single dose of venlafaxine are detailed in Section 3.3.8.
Finally, the effects of administration of a single ECS to first SUBDOM and then DOM
animals (Section 3.3.9) and repeated administration of ECS to SUBDOM animals
(Section 3.3.10) on competitive behaviour and total access times during limited access
to sweetened milk were examined.

In summary, the studies reported below examined the sensitivity of the social
competition test established in my laboratory to a range of anxiolytic drug and
antidepressant drug/ECS treatments. The experimental procedures for each of these
studies are described in Section 3.2.
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3.2

EXPERIMENTAL SCHEDULE

3.2.1

Acute treatment of subdominant or dominant animals (Sections 3.3.1-3.3.6)

Measurement of social competition was conducted in triads of male Wistar rats
according to the procedure detailed in Section 2.2. During the third week of baseline
social competition, saline was administered subcutaneously to each animal 30 minutes
prior to competition sessions, in order to condition animals to the stress of handling and
dosing procedure. Following allocation of rank positions (at the start of week 4 of
social competition) and over a subsequent period of four weeks the target animal was
treated with vehicle and three doses of drug. Thus, SUBDOM animals received CDP,
1.25, 2.5 and 5.0 mg.kg'1 s.c. (Section 3.3.1), 8-OH-DPAT, 15, 30 and 60 pg.kg'1 s.c.
(Section 3.3.2), mesulergine, 0.1, 0.3 and 0.9 mg.kg'1 s.c. (Section 3.3.3), ketanserin,
0.1, 0.3 and 0.9 mg.kg'1 s.c. (Section 3.3.4), while DOM animals received m-CPP, 0.08,
0.2 and 0.5mg.kg_1 s.c. (Section 3.3.5), venlafaxine, 1.67, 5.0, 15.0 mg.kg'1 s.c. (Section
3.3.6). Each dose was administered to the SUBDOM or DOM animal via a blind
randomised block schedule 30 minutes prior to social competition on every Wednesday
(drug treatment session), thus allowing seven days between each drug treatment. The
other triad members received saline injections. Indeed, all animals continued to receive
saline injections 30 minutes prior to competition sessions on Mondays (pre-treatment
sessions) and Fridays (post-treatment sessions).

3.2.2

Chronic treatment of subdominant animals with m-CPP (Section 3.3.7)

Measurement of social competition was conducted in triads of male Wistar rats
according to the procedure detailed in Section 2.2. During the third week of baseline
social competition, saline was subcutaneously administered to each animal 30 minutes
prior to competition sessions, in order to condition animals to the stress of handling and
dosing procedure. Subcutaneous administration of saline was continued until chronic
treatment was started. Table 3.1 summarises the experimental schedule. An acute
challenge dose of m-CPP was administered prior to commencing chronic treatment in
order to demonstrate an acute effect with the chosen target dose.
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3.2.2.1 Acute treatment
During the fourth week of competition, a single dose of m-CPP, 0.2 mg.kg'1, s.c., (target
dose identified during acute treatment of dominant animals, Section 3.3.5) was
administered to the SUBDOM 30 minutes before the midweek (i.e. Wednesday) social
competition session, while cage partners continued to receive saline injections.

3.2.2.2 Chronic treatment
Following a period of washout from acute treatment, during which five competition
sessions were conducted (Post 1-4, D-l), the SUBDOM was treated with m-CPP, 0.2
mg.kg'1day'1 for 14 days via s.c.-implanted Mini-osmotic pumps (Alzet Model 2002,
see below for preparation and implantation details), while cage partners were treated
with saline (<11.9 pl/day s.c.). Pumps were implanted on Tuesday, Week 6 (i.e. DO) and
removed on Tuesday, Week 8 (i.e. D14). In each triad, chronic treatment was delivered
to the same animal that received the acute dose of m-CPP regardless of any change in
SUBDOM and SUBORD rank position immediately prior to commencing chronic
treatment. However, where dominance was lost to either the SUBDOM or SUBORD
animals prior to commencing chronic treatment, those triads were excluded from
subsequent statistical analyses.

Week

Monday

1-3

Wednesday

Friday

Baseline Social Competition

4

Pre

A cute

P ostl

5

Post2

Post3

Post4

6

D -l

D1

D3

7

D6

D8

D 10

8

D13

D+l

D +3

9

D +6

D +8

D + 10

T ab le 3.1: Experimental schedule for acute and chronic treatment o f subdominant rats with m-CPP.
A cute treatment with m-CPP (Acute) was follow ed by five post-treatment sessions (P o stl-4 , D - l) before
m ini-osm otic pumps w ere implanted on day 0 (i.e. Tuesday, W eek 6; DO). After 14 days o f chronic
m-CPP treatment, pumps were removed (i.e. Tuesday, W eek 8; D 14) before a further five post-treatment
com petition sessions were completed (D + l to D +10).

3.2.2.3 Preparation o f mini-osmotic pumps
Mini-osmotic pumps (Alzet, Model 2002) were used to deliver either m-CPP (to
SUBDOM animals) or saline (to DOM and SUBORD animals) over a 14-day period
(calculated in vivo flow rates of 11.016-11.880 plday'1). The concentration of m-CPP
loaded in each treatment pump was calculated to deliver the target dose (0.2 mg.kg'1) at
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the mid-point of the treatment period (i.e. on D7). Prior to implantation, the individual
animal weights for D7 of treatment were estimated based on weight gained during the
last seven days before chronic treatment was started. Thus, drug concentrations in each
pump were prepared according to the target individual animal weights. Pumps were
prepared immediately before implantation (i.e. on DO) according to the manufacturer’s
instructions.

3.2.2.4 Implantation and removal o f mini-osmotic pumps
Prior to implantation, each animal was anaesthetised with halothane/02. Pumps were
implanted into a subcutaneous pocket lying alongside the midline of the back, ensuring
that the flow moderator pointed away from the incision site. The wound was dusted
with cicatrin antibiotic powder and sealed with wound clips (Mikron, 9mm autoclips).
New wound clips or, if necessaiy (when skin was too thick to be sealed by wound
clips), sutures were used to secure wounds on the rare occasions when they opened
during the course of treatment. Groups in which pumps were removed completely were
excluded from the study. After the treatment period was completed, animals were re
anaesthetised, the pumps were removed, and the new incisions were sealed, as before.
All animals were allowed to recover before competition sessions were continued the
following day (i.e. D+l). PJ Mitchell or A Moledina conducted all surgical procedures.

3.2.3

Acute treatment of subdominant animals with venlafaxine (Section 3.3.8)

Measurement of social competition was conducted in triads of male Wistar rats
according to the procedure detailed in Section 2.2. During the third week of baseline
social competition, saline was subcutaneously administered to each animal 30 minutes
prior to competition sessions, in order to condition animals to the stress of handling and
dosing procedure. Following allocation of rank positions (at the start of week 4 of
social competition, prel) the target animal (SUBDOM) was treated with venlafaxine,
1.67 mg.kg-1 (30 minutes before the Wednesday competition session, acutel). Both
other triad members received saline injections. After a period of washout (during which
11 competition sessions were conducted, postla-postlj, pre2) a repeat dose of
venlafaxine, 1.67 mg.kg-1 was administered (30 minutes before the Wednesday
competition session, acute2) to the same animal in each triad group. Four more sessions
of competition were conducted before the experiment was terminated (post2a-post2d).
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3.2.4

Administration of a single electroconvulsive shock to subdominant and
dominant animals (Section 3.3.9)

Measurement of social competition was conducted in triads of male Wistar rats
according to the procedure detailed in Section 2.2. Once hierarchies were allocated (at
the start of week 4), a single electroconvulsive shock (ECS) was administered to
SUBDOM animals four hours before the Wednesday session of social competition.
Social competition was then conducted on both Thursday and Friday (i.e. 28 and 52
hours after treatment). The same procedure was repeated the following week, although
this time the DOM animal was the target for ECS treatment.

3,2.4.1 Administration of electroconvulsive shocks
ECS treatment (square-wave pulses, 0.8 ms pulse width, ~80 mA, 100 Hz; 0.8 s
duration) was administered to target animals transauricularly via ear-clip electrodes
attached to the pinna of each ear and invariably produced full tonic-clonic seizures (N .B.
It is noted that while the chosen frequency of shock treatment resulted in full tonicclonic seizures in all subdominant animals, this was not the case when dominant
animals were subsequently shocked - see discussion; Section 3.4.9). Treated animals
were routinely housed in isolation for one hour after shock treatment before being
returned to their home cages. Note: Non-treated cage partners were not subjected to
sham ECS treatment (i.e. subjected to the aforementioned procedure except that the
electric current is not applied). In resident-intruder studies, sham-ECS treatment of
resident rats results in a significant increase in flight behaviours from baseline (Mitchell
PJ, unpublished data).

It is argued therefore that this stressful procedure is not a

suitable treatment control for studying the behavioural effects of ECS treatment in rats
(Mitchell PJ, personal communication).

3.2.5

Repeated administration of an electroconvulsive shock to subdominant
animals (Section 3.10)

Measurement of social competition was conducted in triads of male Wistar rats
according to the procedure detailed in Section 2.2.
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Following competition at the start of Week 5 of social competition (day 8), an
electroconvulsive shock (ECS) was administered to SUBDOM animals (see above for
details of administration). Further shocks were administered after competition sessions
had been completed on days 10, 12, 15, 17 and 19 and also on days 14 and 21 (Sunday
mornings). Thus, eight shocks were delivered to SUBDOM animals over a 14-day
period.

On cessation of ECS treatment, nine further competition sessions were

conducted (Table 3.2).

Week

Monday

Wednesday

1-3
4

Friday
-

Sunday
-

Baseline Social Competition
1

-

3

-

5

5

8

ECS

10

ECS

12

ECS

ECS

6

15

ECS

17

ECS

19

ECS

ECS

7

22

-

24

-

26

-

-

8

29

-

31

-

33

-

-

9

36

-

38

-

40

-

-

•

T ab le 3.2: Experimental schedule for repeat ECS treatment (eight shocks over 14 days (day 8 to 21) o f
subdominant rats. Social competition was conducted as usual (i.e. three days per week). ECS treatment
w as administered after respective social competition sessions had been completed (i.e. between 1530 and
1600h) and also on Sunday mornings.

3.2.6

Drugs

Chlordiazepoxide hydrochloride (CDP; molecular weight: 336.2; doses: 1.25, 2.5, 5.0
mg.kg’1) and (±)-8-hydroxy-2-(di-N-propylamino)-tetralin hydrobromide (8-OH-DPAT;
328.3; 15, 30, 60 pg.kg'1) were purchased from Sigma-Aldrich Co. Ltd (Dorset, UK).
Mesulergine hydrochloride (mesulergine; 398.5; 0.1, 0.3, 0.9 mg.kg’1), ketanserin
tartrate (ketanserin; 545.5; 0.1, 0.3, 0.9 mg.kg'1) and m-chlorophenylpiperazine
dihydrochloride (m-CPP; 269.7; 0.08, 0.2, 0.5 mg.kg'1) were purchased from Research
Biochemicals International, (RBI, Massachusetts, USA). Venlafaxine hydrochloride
(venlafaxine; 313.5; 1.67, 5.0, 15.0 mg.kg"1) was generously donated by Wyeth-Ayerst
Laboratories.

All drugs were dissolved in 0.9% w/w sodium chloride intravenous

infusion B.P. (Steriflex® 1, Fresenius Kabi) and administered subcutaneously (s.c.) at a
dose volume of 1-2 ml.kg'1. All dose concentrations are expressed in terms of base drug
weights.
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3.2.7

Data handling and statistical analysis

As described in section 2.2.4, behaviour during social competition was scored as total
access time (TAT), total access number (TAN), total number of challenges (TC),
number of successful challenges (SC) and number of unsuccessful challenges (UC) (see
also Appendix 2 for definitions). All data were grouped for each rank position and the
mean and standard error of the mean (S.E.M.) calculated. All behavioural data reported
here were analysed using non-parametric statistical tests (refer back to Section 2.2.7 for
a discussion on the rationale for, and implications of, this choice of statistical test).

In brief, within-subject variation (for each rank position) was tested across time or
treatment using the Friedman test. The Kruskal-Wallis test was used to test for effects
of rank position.

The Dunn multiple comparisons post hoc test was used where

appropriate to identify significant paired or unpaired differences.

As before, animal weights data were analysed for effects of rank and/or time using twoway mixed ANOVA, i.e. One-way (between-subject variation; rank) ANOVA with
repeated measures (within subject variation; time).

All statistical values quoted are corrected for ties where appropriate. Although /K0.05
was required for statistical significance, differences that approached significance
(0.05<p<0.10) are also reported. N.B. Probability values following analysis of variance
statistical tests are quoted as P values (uppercase), while those resulting from paired or
unpaired tests are quoted as p values (lowercase).

Statistical analysis was completed using GraphPad InStat version 3.00 for Windows 95
and GraphPad Prism version 3.00 for Windows 95, GraphPad Software, San Diego
California USA, www.graphpad.com .
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3.3

RESULTS

3.3.1

Acute treatment of subdominant animals with chlordiazepoxide (CDP)

54 male Wistar rats (initial weight 127g±2g) randomly grouped into 18 triads all
developed dominance hierarchies following three or four weeks of social competition.
Over the course of the study six triads were excluded due to loss of hierarchy. All
subsequent data therefore represent only the 12 triads (67%) that were included in the
statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
202.8±21.0s, SUBDOM: 37.9±18.6s, SUBORD: 2.8±1.5s.

3.3.1.1 Animal Weights
Table 3.3 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed
no significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
social competition revealed an extremely significant effect of time on animal weights
(F(6,154)=878.01, .P<0.0001) that was independent of rank position (i.e. rank x time
interaction was not significant (P>0.05). There was no main effect of rank position
CP>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

134±3

131±4

132±3

Start o f Social Competition

351±6

352±8

342±7

End o f Social Competition

507±12

507±12

503±9

T ab le 3 3 : Anim al w eights (CDP study), g ± S.E.M («=12 for each rank position.)

3.3.1.2 Total access time (TAT)
Figure 3.1 shows the effect of acute treatment of the SUBDOM animal with CDP on the
TAT scores for each rank position.

108

A

300 -I

V

200 -

A A 1

100 -

A A
★

nU h
Pre

C

Post

Pre

125 Post

Pre

2.5

Post

frA j
Pre

5

Post

B
300 -i
250 200

★★
pre

-

150
1.25

2.5

1.25

2.5

1.25

2.5

C
100 -1

75 50 25 -

D
10

-|

[CDP] mg.kg"1 s.c.

Figure 3.1: Effect o f acute treatm ent o f subdom inant rats with chlordiazepoxide (CDP; 1.25, 2.5, 5.0 m g.kg’1) on the
total access time (TAT score, seconds) o f each triad m em ber A: Dom inant (black circles), Subdom inant (red
squares), Subordinate (blue triangles); ★ p < 0.05 different from pre, post data B-D: Dose response curves:
B: D om inant, C : Subdominant, D: Subordinate (Thin solid line: pre data, Thick solid line: drug data, Dotted Line: post
data), ★ p <0.05, ★★ p <0.01 different from control data (C). The values are the m eans+/-S.E M; n =12 for each rank
position.
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Effect of treatment
Analysis revealed no significant variation in DOM TAT scores following treatment of
SUBDOM animals with CDP (P>0.05), although the increase in DOM TAT scores
during post-treatment sessions approached significance following SUBDOM treatment
with CDP, 1.25 mg.kg'1 (xr2=4.667, DF=2, P=0.0970).

A significant increase in

SUBDOM TAT scores was evoked by treatment with CDP, 1.25 mg.kg'1 (x^lO .105,
DF=2, PO .Ol; pre: 14.1±6.1s, drug: 36.1±14.0s, post: 12.3±5.6s; p<0.05, drug v. pre,
post). A significant increase in SUBDOM TAT scores was also identified following
treatment with CDP, 2.5 mg.kg'1 (xr2=6.789, DF=2, P<0.05; pre: 25.8±10.3s, drug:
55.4±19.5s, post: 20.1±6.1s) although post hoc analysis failed to identify any further
significance (p>0.05). The increase in SUBDOM TAT scores following treatment with
CDP, 5.0 mg.kg'1 approached significance (xr2=5.892, DF=2, 7M1.0526; pre:
32.3±13.7s, drug: 43.4±16.8s, post: 29.3±14.1s).

Analysis revealed no significant

variation in SUBORD TAT scores following treatment of SUBDOM animals with CDP
(i^O.05) (Figure 3.1 A).

Effect of dose
Analysis revealed a dose-dependent reduction in DOM TAT scores from 237.4±10.9s
(dose 0) to 197.2±20.6s (dose 5.0 mg.kg'1) that approached significance (xr2=6.915,
DF=3, P=0.0746) (Figure 3.IB). A significant dose-dependent increase in SUBDOM
TAT scores was identified (%r2=8.100, DF=3, P<0.05) from 13.6±5.2s (dose 0) to
43.4±16.8s (dose 5.0 mg.kg'1; p<0.05) (Figure 3.1C). Analysis revealed no significant
effect of dose on SUBORD TAT scores (P>0.05) (Figure 3. ID). Significant variation
in DOM TAT scores was identified during pre-treatment sessions (xrz=9.381,DF=3,
P<0.05) from 242.2±12.5s (pre 0) to 212.9±13.7s (pre 5.0 mg.kg'1; /><0.01). Analysis
revealed no variation in TAT scores achieved by any rank position during post
treatment competition sessions (P>0.05).

3.3.1.3 Total access number (TAN)
Figure 3.2 shows the effect of acute treatment of the SUBDOM animal with CDP on the
TAN scores for each rank position.
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Effect of treatment
Analysis revealed no significant variation in DOM TAN scores following treatment of
SUBDOM animals with CDP (P>0.05), although the increase in DOM TAN scores
following SUBDOM treatment with vehicle approached significance (^=4.978, DF=2,
P=0.0830). A significant increase in SUBDOM TAN scores was identified following
treatment with CDP, 1.25 mg.kg-1 (xr2=6.229, DF=2, P<0.05; pre: 4.2±1.5, drug:
7.4±2.3, post: 4.1±1.5) and 2.5 mg.kg-1 (xi^S.OOO, DF=2, P<0.05; pre: 8.0±2.7, drug:
12.8±4.5, post: 8.5±3.0) although post hoc analysis did not reveal any significant paired
differences.

Analysis revealed no significant variation in SUBORD TAN scores

following treatment of SUBDOM animals with CDP (P>0.05) (Figure 3.2A).

Effect of dose
Analysis revealed no significant effect of dose on DOM or SUBORD TAN scores
CP>0.05) although a dose-dependent increase in SUBDOM TAN scores was identified
(xrMS.809, DF=3, P<0.05) from 4.9±1.9 (dose 0) to 12.8±4.5 (dose 2.5 mg.kg-1;
/K0.05) and 11.9±3.5 (dose 5.0 mg.kg-1; /?<0.05).

Variation in DOM TAN scores

during pre-treatment sessions approached significance (xr2=4.978, DF=3, P=0.0830)
(Figure 3.2B), while significant variation in SUBDOM TAN scores was identified
during pre-treatment sessions (xr2=9.233, DF=3, P<0.05) although post hoc analysis
revealed no further significance (p<0.05) (Figure 3.2B-D).

3.3.1.4 Total challenges (TC)
Figure 3.3 shows the effect of acute treatment of the SUBDOM animal with CDP on the
TC scores for each rank position.

Effect of treatment
Analysis revealed a significant increase in DOM TC scores following treatment of
SUBDOM animals with CDP, 1.25 mg.kg-1 (xfz=6.054, DF=2, P<0.05; pre: 4.6±1.6,
drug: 7.9±2.3, post: 4.4±1.4), 2.5 mg.kg-1 (xr^fi.350, DF=2, P<0.05; pre: 8.9±2.8, drug:
13.1±4.4, post: 9.2±2.9) and 5.0 mg.kg-1 (xf2=7.366, DF=2, P<0.05; pre: 7.4±2.0, drug:
12.4±3.3, post: 8.8±3.0) although post hoc analysis did not reveal any significant paired
differences.

Analysis also revealed a significant increase in SUBDOM TC scores

following treatment with CDP, 1.25 mg.kg-1 (x^= l0.683, DF=2, P<0.01; pre: 8.5±2.5;
drug: 14.6±3.8; post: 9.6±3.2; /?<0.05, drug v. pre, post). A significant increase in
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Figure 3.3: Effect o f acute treatm ent o f subdom inant rats w ith chlordiazepoxide (CDP, 1.25, 2.5, 5.0 m g.kg' ) on the
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the means+S.E.M ; n = 1 2 for each rank position.
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SUBDOM TC was also identified following treatment with CDP, 5.0 mg.kg'1
(xiM .4 7 8 , DF=2, P<0.05; pre: 13.6±3.2, drug: 19.2±4.1, post: 14.3±4.3; /X0.05, drug

v. post) although post hoc analysis only identified significant differences between drug
and post-treatment sessions. Analysis revealed no significant variation in SUBORD TC
scores following treatment of SUBDOM animals with CDP (P>0.05) (Figure 3.3A).

Effect of dose
Analysis revealed a dose-dependent increase in DOM TC scores following treatment of
SUBDOM animals with CDP (xiM 2 .8 7 6, DF=3, PO .O l) from 5.3±1.9 (dose 0) to
13.1±4.4 (dose 2.5 mg.kg'1; p<0.05) and 12.4±3.3 (dose 5.0 mg.kg_1; p<0.01) (Figure
3.2B). Analysis did not reveal any significant effect of dose on SUBDOM or SUBORD
TC scores (Figure 3.2C, D).

Significant variation in DOM TC scores was also

identified during pre-treatment sessions (x r ^ l0.773, DF=3, P<0.05) from 3.6±1.0 (pre
0) to 8.9±2.8 (pre 2.5 mg.kg'1; p<0.05). Significant variation was also identified in
SUBDOM TC scores during pre-treatment sessions (xr2=8.208, DF=3, P<0.05) from
7.4±1.7 (pre 0) to 13.6±3.2 (pre 5.0 mg.kg'1;p<0.05).
3,3.1.5 Successful challenges (SC)
Figure 3.4 shows the effect of acute treatment of the SUBDOM animal with CDP on the
SC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in DOM SC scores although the increase in
DOM SC scores approached significance following SUBDOM treatment with vehicle
(xi-^5.250, DF=2, P=0.0724; pre: 3.1±0.9, drug: 4.9±1.8, post: 5.8±1.8) and CDP, 5.0
mg.kg'1 (*1^5.538, DF=2, P=0.0627; pre: 6.7±1.8, drug: 11.1±3.0, post: 7.6±2.6). A
significant increase in SUBDOM SC scores was evoked by treatment with CDP, 1.25
mg.kg"1 (xi2=6.229, DF=2, P<0.05; pre: 3.8±1.4; drug: 6.4±2.0; post: 3.6±1.3) although
post hoc analysis revealed no further significance (p>0.05).

Analysis revealed no

significant variation in SUBORD SC scores (P>0.05) although the reduction in
SUBORD SC scores following treatment of SUBDOM animals with CDP, 2.5 mg.kg'1
approached significance (xr2=4.625, DF=2, P=0.0990) (Figure 3.4A).
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Figure 3.4: E ffect o f acute treatm ent o f subdom inant rats w ith ch lordiazepoxide (C D P; 1.25, 2.5, 5.0 m g.kg' ) on
the num ber o f successful challenges (SC ) m ade by each triad m em ber
S u b d o m in a n t (red s q u a re s), S u b o rd in a te (b lu e tria n g le s)

A: D om inant (black circles),

B-D: D ose response curves: B: D om inant,

C : Subdom inant, D: S ubordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: post data);
★ p < 0 .0 5 different from control data (C). The values are the m eans+S .E .M , n =12 for each rank position.
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Effect of dose
Analysis revealed a dose-dependent increase in DOM SC scores following treatment of
SUBDOM animals with CDP (^=8.036, DF=3, P<0.05) from 4.9±1.8 (dose 0) to
11.1±3.0 (dose 5.0 mg.kg'1; p<0.05) (Figure 3.4B). However, analysis revealed no
significant effect of dose on SUBDOM or SUBORD SC scores (P>0.05) (Figure 3.4C,
D). Variation in SC scores during pre-treatment sessions approached significance in
both DOM (x^=5.250, DF=3, P=0.0724) and SUBDOM (%?=!.174, DF=3, P=0.0666)
animals.

3.3.1.6 Unsuccessful challenges (UC)
Figure 3.5 shows the effect of acute treatment of the SUBDOM animal with CDP on the
UC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in UC scores achieved by any rank position
(P>0.05) although the increase in SUBDOM UC scores following treatment with CDP,
1.25 mg.kg-1 approached significance (xr2=4.789, DF=2, P=0.0912) (Figure 3.5A).
Effect of dose
Analysis revealed no significant effect of dose on UC scores achieved by any rank
position although the increase in DOM UC scores following SUBDOM treatment with
CDP, 2.5 mg.kg-1 approached significance (xr2=7.746, DF=3, P=0.0516). In addition,
analysis revealed a significant increase in DOM UC scores during post-treatment
sessions ( x ^ l 0.586, DF=3, P<0.05) although post hoc analysis revealed no further
significance (p<0.05) (Figure 3.5B-D).
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Figure 3.5: E ffect o f acute treatm ent o f subdom m ant rats w ith chlordiazepoxide (C D P; 1.25, 2.5, 5.0 m g .k g '1) on
the num ber o f unsuccssful challenges (U C ) m ade by each triad m em ber
S u b d o m in a n t (re d sq u a re s), S u b o rd in a te (b lu e tria n g les).

A: D om inant (black circles),

B-D: D ose response curves: B: D om inant,

C : Subdom inant, D: S ubordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: p ost data).
T he values are the m eans+S.E .M , n =12 for each rank position.
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3.3.2

Acute treatment of subdominant animals with 8-OH-DPAT

36 male Wistar rats (initial weight 131g±2g) were randomly grouped into 12 triads and
following three weeks of social competition dominance was established in all groups.
Over the course of a four-week experimental schedule during which the subdominant
member of each triad was treated with each of three doses of 8-OH-DPAT, five triads
were excluded from the study due to loss of hierarchy. All subsequent data therefore
represent only the 7 triads (58%) that were included in the statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
213±20s, SUBDOM: 38±17s, SUBORD: 4±4s.

3.3.2.1 Animal weights
Table 3.4 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed
no significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
the four weeks of social competition revealed an extremely significant effect of time on
animal weights (F(6,84)=478.18, PO.OOOl) that was independent of rank position (i.e.
rank x time interaction was not significant (P>0.05). There was no main effect of rank
position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

135±4

133±2

131±6

Start o f Social Competition

348±10

340±10

348±9

End o f Social Competition

518±17

502±23

518±13

T able 3.4: Animal weights (8-OH -DPAT study), g ± S.E.M («=7 for each rank position.)

3.3.2.2 Total access time (TAT)
Figure 3.6 shows the effect of acute treatment of the SUBDOM animal with
8-OH-DPAT on the TAT scores for each rank position.
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Figure 3.6: E ffect o f acute treatm ent o f subdom inant rats w ith 8-O H -D PA T (15, 30, 60 li g .k g 1) on the total access
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tim e (TA T score, seconds) o f each triad m em ber

solid line: pre data, T hick solid line: drug data, D otted Line: p o st data). The values are the m eans+/-S.E .M ,
n =7 fo r each rank position.
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Effect of treatment
Analysis revealed no significant effect of treatment on TAT scores achieved by any
rank position (P>0.05) although the reduction in SUBORD TAT scores following
SUBDOM treatment with 8-OH-DPAT, 30 pg.kg'1approached significance (x^S.700,
DF=2, P=0.0578) (Figure 3.6A).

Effect of dose
Analysis revealed no significant effect of dose on TAT scores achieved by any rank
position (P>0.05). An increase in SUBDOM TAT scores was identified during pre
treatment sessions (xrMS.478, DF=3, P<0.05) although post hoc analysis revealed no
further significance (p<0.05) (Figure 3.6C).

3.3.2.3 Total access number (TAN)
Figure 3.7 shows the effect of acute treatment of the SUBDOM animal with
8-OH-DPAT on the TAN scores for each rank position.

Effect of treatment and dose
Analysis revealed no significant effect of treatment or dose on TAN scores achieved by
any rank position (P>0.05) (Figure 3.7A-D).

3.3.2.4 Total challenges (TC)
Figure 3.8 shows the effect of acute treatment of the SUBDOM animal with
8-OH-DPAT on the TC scores for each rank position.

Effect of treatment
Analysis revealed no significant effect of treatment on TC scores achieved by any rank
position (P>0.05) although the reduction in SUBDOM TC scores during post-treatment
sessions following treatment with 8-OH-DPAT, 15 pg.kg'1 approached significance
(Xi^=5.407, DF=2, P=0.0670) (Figure 3.8A).

Effect of dose
Analysis revealed no significant effect of dose on TC scores achieved by any rank
position (P>0.05) (Figure 3.8B-D).
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B-D: D ose

A: D om inant (black circles), S u b d o m in a n t (re d
response curves:

B: D om inant, C : Subdom inant,

D: Subordinate (T hin solid line: pre data, Thick solid line: drug data, D otted Line: post data). T he v alu es are the
m eans+S.E.M ; n =1 for each rank position.
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3.3.2.5 Successful challenges (SC)
Figure 3.9 shows the effect of acute treatment of the SUBDOM animal with 8-OHDPAT on the SC scores for each rank position.

Effect of treatment and dose
Analysis revealed no significant effect of treatment or dose on SC scores achieved by
any rank position (P>0.05) (Figure 3.9A-D).

3.3.2.6 Unsuccessful challenges (UC)
Figure 3.10 shows the effect of acute treatment of the SUBDOM animal with 8-OH
DPAT on the UC scores for each rank position.

Effect of treatment
Analysis revealed no significant effect of treatment on UC scores achieved by any rank
position (P>0.05) although the reduction in SUBDOM UC scores following treatment
with 8-OH-DPAT, 15 pg.kg'1 and during the subsequent post-treatment sessions
approached significance (xr2=4.667, DF=2, /M1.0970) (Figure 3.10A).
Effect of dose
Analysis revealed no significant effect of dose on UC scores achieved by any rank
position (P>0.05) (Figure 3.10B-D).
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Figure 3.9: E ffect o f a cute treatm ent o f subdom inant rats w ith 8-O H -D PA T (15, 30, 60 p g .k g '1) on the nu m b er o f
successful ch allenges (SC ) m ade by each triad m em ber
squares), Subordinate (blue triangles).

B-D:

A: D om inant (black circles), Subdom inant (red

D ose response curves:

B: D om inant, C: Subdom inant,

D: Subordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: post data). T he values are the
m eans+S.E .M , n =7 for each rank position.
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Figure 3.10: E ffect o f acute treatm ent o f subdom m ant rats w ith 8-O H -D PA T (15, 30, 60 (Ig.kg' ) on the num ber o f
unsuccessful challenges (U C ) m ade by each triad m em ber. A: D om inant (black circles), S u b d o m in a n t (re d
sq u a re s), S u b o rd in a te

(b lu e tria n g les).

B-D: D ose response curves:

B: D om inant, C : Subdom inant,

D: S ubordinate (T hin so lid line: pre data, Thick solid line: drug data, D otted Line: p ost data). The values are the
m eans+S.E .M , n = l fo r each rank position.
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3.3.3

Acute treatment of subdominant animals with mesulergine

One triad was excluded due to the accidental inclusion of a female rat. 33 male Wistar
rats (initial weight 119g±3g) randomly grouped into 11 triads all developed dominance
hierarchies following three weeks of social competition. Over the course of the study
four triads were excluded from the study due to loss of hierarchy. All subsequent data
therefore represent only the 7 triads (64%) that were included in the statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
208.7±22.4s, SUBDOM: 32.9±10.9s, SUBORD: 7.1±6.2s.

3.3.3.1 Animal weights
Table 3.3 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed
no significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
the four weeks of social competition revealed an extremely significant effect of time on
animal weights (F(6,84)=728.25, PO.OOOl) that was independent of rank position (i.e.
rank x time interaction was not significant (P>0.05). There was no main effect of rank
position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

122±6

115±5

125±7

Start o f Social Competition

333±14

314±10

337±13

End o f Social Competition

487±21

461±16

484±17

T able 3.5: Animal weights (mesulergine study), g ± S.E.M (n=7 for each rank position.)

33.3.2 Total access time (TAT)
Figure 3.11 shows the effect of acute treatment of the SUBDOM animal with
mesulergine on the TAT scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in TAT scores achieved by any rank position
(P>0.05), although the increase in SUBDOM TAT scores following treatment with
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Figure 3.11: E ffect o f acute treatm ent o f subdom inant rats w ith m esulergine (0.1, 0.3, 0.9 mg.kg" ) on the total
access tim e (T A T score, seconds) o f each triad m em ber.
squares), Subordinate (blue triangles).

A: D om inant (black circles), S u b d o m in a n t (red

B-D: D ose response curves: B: D om inant, C : S ubdom inant,

D: S ubordinate (T hin solid line: pre data, Thick solid line: drug data, D otted Lme: p o st data). T he values are the
m eans+/-S.E.M , n =7 fo r each rank position.
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mesulergine, 0.9 mg.kg'1 approached significance (x^=5.852, DF=2, P=0.054; pre:
11.9±3.6s, drug: 32.1±9.3s, post: 9.3±4.5s) (Figure 3.11A).

Effect of dose
Analysis revealed no significant effect of dose on TAT scores achieved by any rank
position (P>0.05), although the dose-dependent increase in SUBDOM TAT scores from
9.6±2.8s (dose 0) to 32.1±9.3s (dose 0.9 mg.kg_1) approached significance (xj*=7.629,
DF=3, P=0.054) (Figure 3.11C).

3.3.3.3 Total access number (TAN)
Figure 3.12 shows the effect of acute treatment of the SUBDOM animal with
mesulergine on the TAN scores achieved by each rank position.

Effect of treatment
Analysis revealed no significant variation in TAN scores achieved by any rank position
(P>0.05), although the increase in SUBDOM TAN scores following treatment with
mesulergine, 0.9 mg.kg'1 approached significance (xi-^5.852, DF=2, P=0.054; pre:
2.9±1.1, drug: 5.1 ±0.7, post: 2.9±0.7) (Figure 3.12A).

Effect of dose
Analysis revealed no significant effect of dose on TAN scores achieved by any rank
position, although the variation in SUBORD TAN scores during drug treatment sessions
approached significance (xi^=6.484, DF=3, P=0.0903) (Figure 3.12D).

3.33.4 Total challenges (TC)
Figure 3.13 shows the effect of acute treatment of the SUBDOM animal with
mesulergine on the TC scores achieved by each rank position.

Effect of treatment
Analysis revealed a significant reduction in DOM TC scores during the post-treatment
sessions following SUBDOM treatment with mesulergine, 0.3 mg.kg'1 (xr2=7.185,
DF=2, P<0.05; pre: 6.1±2.0, drug: 9.6±2.4, post: 5.9±2.1; /><0.05, drug v. post). In
addition, the increase in DOM TC scores following SUBDOM treatment with
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F igure 3.12: E ffect o f acute treatm ent o f subdom inant rats w ith m esulergine (0.1, 0.3, 0.9 mg.kg* ) on th e total
access num ber (T A N ) o f each triad m em ber

A: D om inant (black circles), S u b d o m in a n t (re d s q u a re s ),

S u b o rd in a te (b lu e tria n g le s). B-D: D ose response curves: B: D om inant, C : Subdom inant, D: Subordinate (T hin
solid line: pre data, T hick solid line: drug data, D otted Line: p ost data). The values are the m eans+S.E .M ; n = l for
each rank position.
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F igure 3.13: E ffect o f acute treatm ent o f subdom inant rats w ith m esulergine (0.1, 0.3, 0.9 m g.kg' ) on the total
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B-D: D ose response curves:

B: D om inant, C: Subdom inant, D: S ubordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line:
p ost data). The values are the m eans+S.E .M ; n =7 for each rank position.
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mesulergine, 0.9 mg.kg'1 approached significance (xij2:=5.852, DF=2, P=0.054; pre:
3.9±1.3, drug: 6.0±1.6, post: 4.0±1.3) (Figure 3.13A).

Effect of dose
Analysis revealed no significant effect of dose on TC scores achieved by any rank
position (P>0.05) (Figure 3.13B-D).

3.3.3.5 Successful challenges (SC)
Figure 3.14 shows the effect of acute treatment of the SUBDOM animal with
mesulergine on the SC scores for each rank position.

Effect of treatment
Analysis revealed a significant reduction in DOM SC scores during post-treatment
sessions following SUBDOM treatment with mesulergine, 0.3 mg.kg"1 (xr2=7.583,
DF=2, P<0.05; pre: 5.1±1.5, drug: 7.4±2.0, post: 4.3±1.8; /?<0.05, drug v. post). A
significant increase in DOM SC scores was identified following SUBDOM treatment
with mesulergine, 0.9 mg.kg'1 (xrz=7.154, DF=2, PO .05; pre: 3.3±1.2, drug: 4.9±1.1,
post: 3.6±1.2; /K0.05, drug v. pre). Analysis also revealed a significant reduction in
SUBDOM SC scores during post-treatment sessions following treatment with
mesulergine, 0.3 mg.kg'1 (xr2=6.720, DF=2, P<0.05; pre: 4.4±1.4, drug: 5.7±1.5, post:
2.7±0.8; p<0.05, drug v. post). A significant increase in SUBDOM SC scores was also
identified following treatment with mesulergine, 0.9 mg.kg'1 (xr2=7.154, DF=2, P<0.05;
pre: 2.3±0.8, drug: 4.3±0.6, post: 2.4±0.6; p<0.05, drug v. pre). Analysis revealed no
significant variation in SUBORD SC scores (Figure 3.14A).

Effect of dose
Analysis revealed no significant effect of dose on SC scores achieved by any rank
position (P>0.05), although variation in SUBORD SC scores approached significance
(xr2=7.452, DF=3, PK).0588) (Figure 3.14D).

33.3,6 Unsuccessful challenges (UC)
Figure 3.15 shows the effect of acute treatment of the SUBDOM animal with
mesulergine on the UC scores achieved by each rank position.
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Figure 3.14: Effect o f acute treatm ent o f subdom inant rats w ith m esulergine (0.1, 0.3, 0.9 m g .k g '1) on the num ber
o f successful challen g es (SC) m ade by each triad m em ber. A: D om inant (black circles), S u b d o m in a n t (re d
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B-D: D ose response curves: B: Dom inant, C : Subdom inant, D: Subordinate (T hin solid line: pre data, T hick solid
line: drug data, D otted Line: post data). The values are the m eans+S .E .M , n =7 for each rank position.
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133

Effect of treatment
Analysis revealed no significant variation in either DOM or SUBORD UC scores
(P>0.05). A significant reduction in SUBDOM UC scores was evoked by treatment
with mesulergine, 0.9 mg.kg'1 (xi*=6.231, DF=2, P<0.05; pre: 6.6±1.7, drug: 1.9±0.9,
post: 3.9±1.0;/?<0.05, pre v. drug) (Figure 3.15A).

Effect of dose
Analysis revealed no significant effect of dose on UC scores achieved by any rank
position (P>0.05) (Figure 3.15B-D).
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3.3.4

Acute treatment of subdominant animals with ketanserin

36 male Wistar rats (initial weight 127g±3g) randomly grouped into 12 triads all
developed dominance hierarchies following three weeks of social competition. Over the
course of the study three triads were excluded due to loss of hierarchy. All subsequent
data therefore represent only the 9 triads (75%) that were included in the statistical
analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
206.3±14.7s, SUBDOM: 24.6±6.5s, SUBORD: 6.9±3.6s.

3.3.4,1 Animal weights
Table 3.4 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed no
significant differences in animal weight between rank positions on any of these days
(.P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
the four weeks of social competition revealed an extremely significant effect of time on
animal weights (F(6,l 12)=502.29, P0.0001) that was independent of rank position (i.e.
rank x time interaction was not significant (P>0.05). There was no main effect of rank
position (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

128±5

131±6

124±7

Start o f Social Competition

354±10

355±15

337±15

End o f Social Competition

526±18

507±27

484±23

T able 3.6: Animal w eights (ketanserin study), g ± S.E.M (n= 9 for each rank position.)

3.3.4.2 Total access time (TAT)
Figure 3.16 shows the effect of acute treatment of the SUBDOM animal with ketanserin
on the TAT scores for each rank position.

Effect of treatment
Analysis revealed a significant reduction in DOM TAT scores following vehicle
treatment (^=9.556, DF=2, PO .O l; pre: 254.9±13.4s, drug: 202.0±22.2s, post:
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Figure 3.16: E ffect o f acute treatm ent o f subdom inant rats w ith k etanserin (0.1, 0.3, 0.9 m g.kg’1) on th e total
access tim e (TA T score, seconds) o f each triad m em ber

A: D om inant (black circles), S u b d o m in a n t (red

sq u a re s), S u b o rd in a te (b lu e tria n g le s), i f p < 0.05, ★ /?< 0.05, ★ p < 0.05 d ifferent from pre data only. B-D: Dose
response curves: B: D om inant, C : Subdom inant, D: Subordinate (T h in solid line: pre data, T hick solid line: drug
data, D otted Line: post data). The values are the m eans+S.E .M ; n =9 fo r each rank position.
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222.7±21.9s; p<0.05, pre v. drug). A significant increase in SUBDOM TAT scores was
evoked by treatment with ketanserin, 0.9 mg.kg’1 (%t1=6.343, DF=2, P<0.05; pre:
14.9±4.8s, drug: 35.0±9.2s, post: 19.4±6.0s; p<0.05, pre v. drug). Analysis revealed a
significant increase in SUBORD TAT scores following SUBDOM treatment with
ketanserin, 0.3 mg.kg’1 (xr2=6.348, DF=2, P<0.05; pre: 3.1±2.4s, drug: 6.0±2.7s, post:
4.9±3.0s;/?<0.05, pre v. drug) (Figure 3.16A).

Effect of dose
Analysis revealed no significant effect of dose on TAT scores achieved by any rank
position (F>0.05) although the variation in DOM ( y f=6.133, DF=2, P=0.0809) and
SUBORD (yrl=6.343, DF=2, P=0.0961) TAT scores during pre-treatment sessions
approached significance (Figure 3.16B, D).

3.3.4.3 Total access number (TAN)
Figure 3.17 shows the effect of acute treatment of the SUBDOM animal with ketanserin
on the TAN scores for each rank position.
Effect of treatment
Analysis revealed no significant variation in TAN scores achieved by any rank position
(P>0.05) (Figure 3.17A).

Effect of dose
Analysis revealed no significant effect of dose on TAN scores achieved by any rank
position (P>0.05).

However, variations in SUBDOM TAN scores approached

significance during both pre (xr*=7.048, DF=3, P=0.0704) and post (jtL=6.%02, DF=3,
7M1.0785) treatment sessions (Figure 3.17C).

3.3.4.4 Total challenges (TC)
Figure 3.18 shows the effect of acute treatment of the SUBDOM animal with ketanserin
on the TC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in DOM TC scores (P>0.05). A significant
reduction in SUBDOM TC scores was identified during the post-treatment sessions
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F igure 3.17: E ffect o f acute treatm en t o f subdom inant rats w ith ketanserin (0.1, 0.3, 0.9 m g.kg’1) on the total
access num ber (TA N) o f each triad m em ber.
Subordinate (blue trian gles)

A: D om inant (black circles), S u b d o m in a n t (re d sq u a re s),

B-D: D ose response curves: B: D om inant, C : S ubdom inant, D: S ubordinate (T hin

solid line: pre data, T hick solid line: d rug data, D otted Line: p o st data). T he values are the m eans+S.E .M , n =9 for
each rank position.
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Figure 3.18: Effect o f acute treatm ent o f subdom inant rats with ketanserin (0.1, 0.3, 0.9 m g.kg' ) on the total number
o f challenges (TC) m ade by each triad m em ber A: Dom inant (black circles), S u b d o m in a n t (re d sq u ares),
S u b o rd in a te (blue trian g les), ★ /?<0.05, H /?<0.05 different from pre data. B-D: Dose response curves:
B: Dominant, C : Subdominant, D: Subordinate (Thin solid line: pre data, Thick solid line: drug data, Dotted Line: post
data); i f p <0.05 different from control data (C). T he values are the m eans+S.E.M , n =9 for each rank position.
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following treatment with ketanserin, 0.3 mg.kg'1 (j ^= 1A 6\, DF=2, P<0.05; pre:
11.2±2.5, drug: 7.4±1.3, post: 6.7±1.9; p<0.05, pre v. post). Analysis also revealed a
significant increase in SUBORD TC scores following SUBDOM treatment with vehicle
(xr2=7.563, DF=2, P<0.05; pre: 6.0±2.3, drug: 10.4±2.5, post: 9.6±4.0; /?<0.05, pre v.
drug) (Figure 3.18A).

Effect of dose
Analysis revealed no significant effect of dose on either DOM or SUBDOM TC scores
(P>0.05) although a significant increase in SUBORD TC scores was identified
(xrz=9.000, DF=3, P<0.05) from 10.4±2.5 (dose 0) to 5.3±1.3 (dose 0.3 mg.kg*1;
/K0.05) (Figure 3.18D). Analysis did reveal significant variation in DOM TC scores
during pre-treatment sessions (xr2= l0.379, DF=3, P<0.05) while variation in DOM TC
scores also approached significance during post-treatment sessions (xr2=6.523, DF=3,
P=0.0887) (Figure 3.18B).

3.3.4.S Successful challenges (SC)
Figure 3.19 shows the effect of acute treatment of the SUBDOM animal with ketanserin
on the SC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in SC scores achieved by any rank position
(P>0.05) (Figure 3.19A).

Effect of dose
Analysis revealed a significant variation in DOM SC scores during pre-treatment
sessions (xr2=9.565, DF=3, P<0.05) (Figure 3.19B). Analysis also revealed variation in
SUBDOM SC scores that approached significance during both pre (%r2=7.370, DF=3,
P=0.0610) and post (x^b.812, DF=3, P=0.0781) treatment sessions (Figure 3.19C).

33.4,6 Unsuccessful challenges (UC)
Figure 3.20 shows the effect of acute treatment of the SUBDOM animal with ketanserin
on the UC scores for each rank position.
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Figure 3.19: E ffect o f acute treatm ent o f subdom inant rats w ith k etan serin (0.1, 0.3, 0.9 m g .k g '1) on th e n u m b er o f
successful challenges (SC ) m ade by each triad m em ber.
sq u a re s ), S u b o rd in a te

(b lu e tria n g le s).

A: D om inant (b la c k circles), S u b d o m in a n t (re d

B-D: D ose response curves:

B: D om inant, C : S ubdom inant,

D: Subordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: p o st data); ★ p < 0 .0 5 differen t
from control data (C). T he values are the m eans+S.E .M ; n = 9 fo r each ran k position.
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Figure 3.20: E ffect o f acute treatm ent o f subdom inant rats w ith ketan serin (0.1, 0.3, 0.9 m g .k g '1) on the num ber o f
unsuccessful challenges (U C ) m ade by each triad m em ber. A: D om inant (black circles), S u b d o m in a n t (re d
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(b lu e tria n g le s).

B-D:

D ose response curves:

B: D om inant, C : Subdom inant,

D: Subordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: p ost data). The values are the
m eans+S.E .M , n =9 for each rank position.
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Effect of treatment
Analysis revealed no significant variation in DOM or SUBDOM UC scores (P>0.05).
Variation in SUBORD UC scores approached significance following SUBDOM
treatment with vehicle (xij2=4.903, DF=2, P=0.0862) and ketanserin, 0.9 mg.kg"1
(3^=5.471, DF=2, P=0.0649) (Figure 3.20A).

Effect of dose
Analysis revealed no significant effect of dose on DOM or SUBDOM UC scores
(P>0.05), although variation in SUBORD UC scores during drug treatment sessions that
approached significance (x ^ l.2 5 0 , DF=3, P=0.0643) (Figure 3.20D). A significant
variation in DOM UC scores was identified during both pre (xr2=9.339, DF=3, P<0.05)
and post (xr2=9.214, DF=3, P<0.05) treatment sessions (Figure 3.20B).
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3.3.5

Acute treatment of dominant animals with m-CPP

36 male Wistar rats (initial weight 115g±4g) randomly grouped into 12 triads all
developed dominance hierarchies following three weeks of social competition. In the
first six triads, where hierarchy was lost, time was allowed for a return of the hierarchy
or the formation of a new hierarchy (during which time saline was administered before
each competition session). In addition, where dose administration failure occurred, a
repeat dose was administered. Thus, triads that would otherwise have been excluded
were allowed to continue in the study. Over the course of the study five triads were
excluded from the study due to loss of hierarchy. Only those triads where all doses
were administered to the same target animal were included in the statistical analyses, i.e.
7 triads (58%).

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
195.4±44.0s, SUBDOM: 36.7±20.5s, SUBORD: 5.6±4.6s.

3.3.5.1 Animal weights
Table 3.8 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed no
significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
social competition revealed an extremely significant effect of time on animal weights
(F(6,84)=702.18, P<0.0001) that was independent of rank position (i.e. rank x time
interaction was not significant (P>0.05). There was no main effect of rank position
(P>0.05).

N .B .

As Repeated measures ANOVA cannot incorporate missing values, the

weights measured during the two-week extension of social competition in the first set of
triads were omitted from the above analysis.

DOM

SUBDOM

SUBORD

Triad Formation

116±7

116±9

111±9

Start o f Social Competition

290±20

295±24

289±25

End o f Social Competition

491±13

470±24

479±22

T able 3.8: A nim al weights (m-CPP (DOM ) study), g ± S.E.M (n=7 for each rank position.)
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3,3.5.1 Total access time (TAT)
Figure 3.21 shows the effect of acute treatment of the DOM animal with m-CPP on the
TAT scores for each rank position.

Effect of treatment
Analysis revealed a significant increase in DOM TAT scores during the post-treatment
sessions following treatment with m-CPP, 0.2 mg.kg'1 (xr^S.000, DF=2, P<0.05; pre:
227.4±26.6s, drug: 171.4±38.0s, post: 245.1±22.1s; p<0.05, drug v. post). Analysis also
revealed a significant reduction in DOM TAT scores following treatment with m-CPP,
0.5 mg.kg_1 (xiM 3 .231, DF=2, P<0.01; pre: 246.4±18.2s, drug: 22.6±10.2, post:
218.1±28.7s; /?<0.01, pre v. drug). A significant reduction in SUBDOM TAT scores
was identified during post-treatment sessions following DOM treatment with m-CPP,
0.2 mg.kg'1 (xr2=9.364, DF=2, PO .Ol; pre: 13.7±9.8s, drug: 67.4±33.0s, post:
12.4±8.2s; /?<0.05, drug v. post).

Analysis also revealed a significant increase in

SUBDOM TAT scores following DOM treatment with m-CPP, 0.5 mg.kg'1 ( x ^ 13.040,
DF=2, PO .01; pre: 15.3±12.1s, drug: 153.3±30.4s, post: 36.1±19.5s; /K0.01, pre v.
drug).

Indeed, SUBORD TAT scores were also significantly increased following

treatment of DOM animals with m-CPP, 0.5 mg.kg'1 ( x ^ l 0.800, DF=2, PO .01; pre:
4.4±4.3s, drug: 34.7±15.9s, post: 6.3±4.0s; p<0.05, drug v. pre, post) (Figure 3.21 A).

Effect of dose
Analysis revealed a dose-dependent reduction in DOM TAT scores (xr2=l 1.914, DF=3,
P<0.01) from 225.6±29.6s (dose 0) to 22.6± 10.2s (dose 0.5 mg.kg'1; /?<0.01) (Figure
3.2IB). Analysis also revealed an indirectly dose-dependent increase in SUBDOM
TAT scores was identified (x r^ l2.877, DF=3, PO .O l) from 37.3±29.1s (dose 0) to
153.3±30.4s (dose 0.5 mg.kg'1; /?<0.01) (Figure 3.21C).

Similarly, an increase in

SUBORD TAT scores was identified (xr2=9.610, DF=3, PO .05) from 0.9±0.9s (dose 0)
to 34.7±15.9s (dose 0.5 mg.kg'1; /?<0.05) (Figure 3.21D).

Analysis revealed no

significant variation in TAT scores achieved by any rank position during either pre or
post-treatment sessions (P>0.05).

3.3.S.3 Total access number (TAN)
Figure 3.22 shows the effect of acute treatment of the DOM animal with m-CPP on the
TAN scores for each rank position.
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Figure 3.21: Effect o f acute treatm ent o f dominant rats with m -C P P (0.08, 0.2, 0.5 m g.kg'1) on the total access
time (TAT score, seconds) o f each triad member. A: Dominant (black circles), S u b d o m in an t (red sq u ares),
S u b o rd in ate (blue trian g les); ★ ★ /><0.01, ★★ /?<0.01 different from pre data, ☆ p < 0.05, ☆ p < 0.05 different
from drug data, ★ p < 0.05 different from both pre and post data B-D: Dose response curves: B: Dominant,
C : Subdominant, D: Subordinate (Thin solid line, pre data, Thick solid line: drug data, D otted Line: post data);
★★ p <0.01, ★★ p <0.01, ★ p <0.05 different from control data (C). The values are the means+/-S.E.M ; n =7 for
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Effect of treatment
Analysis revealed no significant variation in DOM TAN scores CP>0.05). However,
analysis did reveal an increase in SUBDOM TAN scores following DOM treatment
with m-CPP, 0.08 mg.kg'1 that approached significance (xi-^5.333, DF=2, P=0.0695;
pre: 2.9±1.1, drug: 4.6±1.8, post: 3.1±1.5). A significant increase in SUBDOM TAN
scores was identified following DOM treatment with m-CPP, 0.5 mg.kg-1 (xr2=8.880,
DF=2, P<0.05; pre: 1.4±0.4, drug: 6.1±0.9, post: 4.0±1.8; p<0.05, drug v. pre).
Variation in SUBORD TAN scores following DOM treatment with vehicle approached
significance (xr*=5.200, DF=2, P=0.0743; pre: 1.0±0.3, drug: 0.3±0.3, post: 0.7±0.7). A
significant increase in SUBORD TAN scores was identified following DOM treatment
with m-CPP, 0.5 mg.kg'1 (xi*=l 1.474, DF=2, P<0.01; pre: 0.3±0.2, drug: 2.3±0.7, post:
0.9±0.6;/><0.05, drug v. pre) (Figure 3.22A).

Effect of dose
Analysis revealed a significant dose-dependent reduction in DOM TAN scores
0^=8.373, DF=3, P<0.05) from 10.3±2.3 (dose 0) to 3.4±1.1 (dose 0.5 mg.kg-1;
p<0.05) (Figure 3.22B). Analysis revealed no significant effect of dose on SUBDOM
TAN scores (P>0.05) while variation in SUBORD TAN scores approached significance
(xr2=7.632, DF=3, P=0.0543) (Figure 3.22C, D).

Analysis revealed no significant

variation in TAN scores achieved by any rank position during either pre or posttreatment sessions (P>0.05).

3.3.5.4 Total challenges (TC)
Figure 3.23 shows the effect of acute treatment of the DOM animal with m-CPP on the
TC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in TC scores achieved by any rank position
(P>0.05) although variation in SUBDOM TC scores following DOM treatment with
vehicle approached significance (xr^.OSS, DF=2, P=0.0787) (Figure 3.23A).

Effect of dose
Analysis revealed no significant effect of dose on TC scores achieved by any rank
position (P>0.05).
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F igure 3.23: Effect o f acute treatm ent o f dom inant rats w ith m -C PP (0.08, 0.2, 0.5 m g .k g '1) o n the total num ber o f
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A: D om inant (black circles), Subdom inant (red squares),

Subordinate (blue trian gles) B-D: D ose response curves: B: D om inant, C : Subdom inant, D: Subordinate (T hin
solid line: pre data, T hick solid line: drug data, D otted Line: post data). The values are the m eans+S.E .M ; n = l fo r
each rank position.
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3.3.5.5 Successful challenges (SC)
Figure 3.24 shows the effect of acute treatment of the DOM animal with m-CPP on the
SC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in DOM SC scores (P>0.05) while variation
in SUBDOM SC scores following DOM treatment with vehicle approached
significance (xi*=5.571, DF=2, P=0.0617). Similarly, variation in SUBORD SC scores
following DOM treatment with vehicle also approached significance (xr2=5.200, DF=2,
F*=0.0743). A significant increase in SUBORD SC scores was identified following
DOM treatment with m-CPP, 0.5 mg.kg'1 (xr^S.400, DF=2, P<0.05; pre: 0.3±0.2, drug:
1.7±0.5, post: 0.7±0.4) although post hoc analysis did not reveal any further
significance (p<0.05) (Figure 3.24A).

Effect of dose
Analysis revealed no significant effect of dose on either DOM or SUBDOM SC scores
(P>0.05) (Figure 3.24B, C). However, a dose-dependent increase in SUBORD SC
scores was identified (xr^lO.018, DF=3, P<0.05) from 0.1±0.1 (dose 0) to 1.7±0.5
(dose 0.5 mg.kg'1;/?<0.05) (Figure 3.24D). Analysis revealed no significant variation in
SC scores achieved by any rank position during either pre or post-treatment sessions
(P>0.05).

3.3.5.6 Unsuccessful challenges (UC)
Figure 3.25 shows the effect of acute treatment of the DOM animal with m-CPP on the
UC scores for each rank position.

Effect of treatment and dose
Analysis revealed no significant effect of treatment or dose on UC scores achieved by
any rank position (P>0.05).
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F igure 3.24: E ffect o f acute treatm ent o f dom inant rat w ith m -C PP (0.08, 0.2, 0.5 m g .k g '1) on the n u m b er o f
successful challenges (SC ) m ade by each triad m em ber
squares), Subordinate (blue trian gles)

A : D om inant (black circles), Subdom inant (red

B-D: D ose response curves: B: D om inant, C :

S ubdom inant,

D: Subordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line: post data); ★ p < 0 .0 5 d ifferent
from control data (C). T he values are the m eans+S.E .M , n = l for each rank position.
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3.3.6

Acute treatment of dominant animals with venlafaxine

18 male Wistar rats (initial weight 139g±2g) randomly grouped into 6 triads all
developed dominance hierarchies following three weeks of social competition. Over the
course of the study one triad was excluded due to loss of hierarchy. All subsequent data
therefore represent only the 5 triads (83%) that were included in the statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
180.2±9.4s, SUBDOM: 28.8±12.9s, SUBORD: 16.4±8.8s.

33.6.1 Animal weights
Table 3.9 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed
no significant differences in animal weight between rank positions on any of these days
(i^O.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
social competition revealed an extremely significant effect of time on animal weights
(F(6,56)=731.04, PO.OOOl) that was independent of rank position (i.e. rank x time
interaction was not significant (P>0.05). There was no main effect of rank position
(P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

132±3

142±6

141±5

Start o f Social Competition

348±9

363±10

357±7

End o f Social Competition

507±15

512±15

522±17

T able 3.9: Animal w eights (venlafaxine (DOM ) study), g ± S.E.M («=5 for each rank position.)

3.3.6.2 Total access time (TAT)
Figure 3.26 shows the effect of acute treatment of the DOM animal with venlafaxine on
the TAT scores for each rank position.

Effect of treatment
Analysis only revealed an increase in DOM TAT scores during post-treatment sessions
following treatment with venlafaxine, 1.67 mg.kg’1 (xr2=7.600, DF=2, P<0.05; pre:
202.0±18.9s, drug: 42.2±15.1s, post: 189.6±16.4s; p<0.05, drug v. post) and 15.0
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Figure 3.26: Effect o f acute treatm ent o f dominant rats with venlafaxine (1.67, 5.0, 15.0 m g .k g ') on the total
access time (TAT score, seconds) o f each triad mem ber A: Dominant (black circles), S u b d o m in an t (red
sq u ares), S u b o rd in ate (blue triangles); ★ p < 0.05 cf. pre data, ★ p < 0.05, ★★ /)<0.01 different from pre data,
☆ /><0.05, ☆ p < 0 .0 5 different from drug data. B-D: Dose response curves: B: D om inant, C: Subdominant,
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★ p < 0.05, ★★ p < 0 .0 1 different from control data (C). The values are the m eans+S.E.M , n - 5 for each rank
position.
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mg.kg'1 (xi*=7.600, DF=2, P<0.05; pre: 208.4±23.0s, drug: 39.4±35.0, post:
214.0±30.3s; p<0.05, drug v. post). Post hoc analysis just failed to demonstrate a
significant reduction in DOM TAT scores following treatment with these doses of
venlafaxine. However, a significant reduction in DOM TAT scores was identified
following treatment with venlafaxine, 5.0 mg.kg'1 (xrMS.316, DF=2, P<0.05; pre:
196.8±8.5s, drug: 33.0±20.6, post: 185.0±22.1s; p<0.05, drug v. pre). Analysis only
revealed a significant reduction in SUBDOM TAT scores during post-treatment
sessions following DOM treatment with venlafaxine, 1.67 mg.kg'1 (x^=8.400, DF=2,
PO .01; pre: 34.8±ll.ls, drug: 114.0±40.3s, post: 18.0±9.6s; /?<0.05, drug v. post). A
significant increase in SUBDOM TAT scores was identified following DOM treatment
with venlafaxine, 5.0 mg.kg'1 (x r^ 10.000, DF=2, P<0.001; pre: 21.6±9.8s, drug:
164.2±34.0, post: 51.4±18.6s; j?<0.01, drug v. pre) and 15.0 mg.kg'1 (xr2=7.600, DF=2,
P<0.05; pre: 28.4±16.7s, drug: 191.8±42.7, post: 27.0±17.6s; p<0.05, drug v. pre).
Analysis also revealed a significant variation in SUBORD TAT scores following DOM
treatment with venlafaxine, 5.0 mg.kg'1(xf2=7.895, DF=2, P<0.05; pre: 11.6±8.3s, drug:
29.4±18.9s, post: 2.4±1.5s) although post hoc analysis did not reveal any further
significance (p>0.05) (Figure 3.26A).
Effect of dose
Analysis revealed a dose-dependent reduction of DOM TAT scores that approached
significance (xr2=7.653, DF=3, P=0.0538) from 172.8±34.6s (dose 0) to 39.4±35.0s
(dose 15 mg.kg'1) (Figure 3.26B). A significant dose-dependent increase in SUBDOM
TAT scores was identified (xr2=9.720, DF=3, P<0.05) from 66.0±27.1s (dose 0) to
191.8±42.7s (15.0 mg.kg_1; p<0.05) (Figure 3.26C). Analysis revealed no significant
effect of dose on SUBORD TAT scores (P>0.05) (Figure 3.26D). Analysis revealed no
significant variation in DOM TAT scores during pre or post-treatment sessions
(P>0.05). Significant variation in SUBDOM TAT scores was identified during both
pre-treatment sessions (x^=9.000, DF=2, P<0.05) from 59.6±27.6 (dose 0) to 28.4±16.7
(dose 15.0 mg.kg-1; p<0.05), and post-treatment sessions (xr2=9.000, DF=3, P<0.05)
although post hoc analysis revealed no further significance. Variation in SUBORD
TAT scores during post-treatment sessions approached significance (xij2=6.659, DF=3,
P=0.0836).

155

3 3 .6 3 Total access number (TAN)
Figure 3.27 shows the effect of acute treatment of the DOM animal with venlafaxine on
the TAN scores for each rank position.

Effect of treatment
Analysis only revealed a significant increase in DOM TAN scores during post-treatment
sessions following treatment with venlafaxine, 5.0 mg.kg'1 (xr2=7.111, DF=2, P<0.05,
pre: 14.0±3.2, drug: 6.2±2.5, post: 17.2±2.7; /?<0.05, drug v. post).

A significant

reduction in DOM TAN scores was identified following treatment with venlafaxine,
15.0 mg.kg"1 (xrMS.400, DF=2, -P<0.05, pre: 18.4±3.6, drug: 2.6±1.5m post: 15.0±3.1;
p<0.05, drug v. pre). Analysis revealed no significant variation in either SUBDOM or
SUBORD TAN scores (F>0.05) (Figure 3.27A).

Effect of dose
Analysis revealed no effect of dose on TAN scores achieved by any rank position
(P>0.05) although the dose-dependent reduction in DOM TAN scores approached
significance (xr2=7.188, DF=3, P=0.0622) from 15.0±3.8 (dose 0) to 2.6±1.5 (dose 15
mg.kg'1) (Figure 3.27B). Variation in SUBDOM TAN scores during pre-treatment
sessions approached significance (xr2=7.023, DF=3, /*=0.0712) while analysis revealed
a significant increase in SUBORD TAN scores (x r^ l 1.233, DF=3, P=0.01) from
0.2±0.2 (post 0) to 10.6±4.1 (post 1.67 mg.kg_1; /?<0.01) (Figure 3.27C, D).

33.6.4 Total challenges (TC)
Figure 3.28 shows the effect of acute treatment of the DOM animal with venlafaxine on
the TC scores for each rank position.

Effect of treatment
Analysis revealed no significant variation in DOM TC scores (P>0.05) although
variation approached significance following treatment with venlafaxine, 1.67 mg.kg'1
(x r^ .lS S , DF=2, P=0.0759). Analysis did reveal a significant reduction in SUBDOM
TC scores following vehicle treatment (xi-^8.444, DF=2, P<0.05, pre: 16.4±4.6, drug:
10.0±3.4, post: 12.0±4.1; /?<0.05, pre v. drug). Significant variation in SUBORD TC
scores was also identified following vehicle treatment (x^d.125, DF=2, P<0.05, pre:
16.4±5.5, drug: 12.0±4.2, post: 10.2±3.6) and following treatment with venlafaxine,
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Figure 3.27: Effect o f acute treatm ent o f dom inant rats with venlafaxine (1.67, 5.0, 15.0 m g.kg' ) on the total access
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Figure 3.28: Effect o f acute treatm ent o f dom inant rats w ith venlafaxine (1.67, 5.0, 15.0 mg.kg" ) on th e total
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A: D om inant (black circles), S u b d o m in a n t (re d

sq u a re s), S u b o rd in a te (b lu e tria n g le s), ★ /?< 0.05 d ifferent from pre data.

B-D: D ose response curves:

B: D om inant, C : Subdom inant, D: Subordinate (T hin solid line: pre data, T hick solid line: drug data, D otted Line:
post data). T he values are the m eans+S.E .M , n =5 for each rank position.
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1.67 mg.kg'1 (xi2=6.000, DF=2, P<0.05, pre: 9.4±3.1, drug: 11.6±4.9, post: 16.8±5.5)
although post hoc analysis revealed no further significance (p>0.05) (Figure 3.28A).

Effect of dose
Analysis revealed no significant effect of dose on TC scores achieved by any rank
position (P>0.05).

Analysis also revealed no significant variation in TC scores

achieved by any rank position during pre-treatment sessions (F^O.05).

However,

significant variation in SUBORD TC scores was identified during post-treatment
sessions (x^=l0.500, DF=3, P<0.05) although post hoc analysis revealed no further
significance (p>0.05) (Figure 3.28D).

3.3.6.5 Successful challenges (SC)
Figure 3.29 shows the effect of acute treatment of the DOM animal with venlafaxine on
the SC scores for each rank position.

Effect of treatment
Analysis revealed significant variation in DOM SC scores following treatment with
venlafaxine, 1.67 mg-kg'1 (xr2=6.706, DF=2, P<0.05, pre: 8.6±2.6, drug: 6.6±2.4, post:
13.4±3.6) although post hoc analysis revealed no further significance (p>0.05).
Variation in SUBORD SC scores following DOM vehicle treatment approached
significance (x^=5.636, DF=2, .P<0.05) (Figure 3.29A).

Effect of dose
Analysis revealed no significant effect of dose on SC scores achieved by any rank
position (P>0.05). Significant variation in SUBDOM SC scores was identified during
pre-treatment sessions (xr2=7.841, DF=3, P<0.05) although post hoc analysis revealed
no further significance (p>0.05).

Analysis also revealed significant variation in

SUBORD SC scores during post-treatment sessions (xf2=8.122, DF=3, P<0.05) from
0.2±0.2 (post 0) to 8.8±4.0 (post 1.67 mg.kg'1; /?<0.05) (Figure 3.29C, D).

3.3.6.6 Unsuccessful challenges (UC)
Figure 3.30 shows the effect of acute treatment of the DOM animal with venlafaxine on
the UC scores for each rank position.
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Figure 3.29: E ffect o f acute treatm ent o f dom inant rats w ith venlafax in e (1.67, 5.0, 15.0 m g.kg’1) on the num ber o f
successful challenges (SC ) m ade by each triad m em ber
sq u a re s), S u b o rd in a te

(b lu e tria n g le s )

B-D:

A: D om inant (black circles), S u b d o m in a n t (red

D ose response curves:

B: D om inant, C : Subdom inant,

D: Subordinate (T hin solid lme: pre data, T hick solid lme: drug data, D otted Line: p o st data); ★ p < 0.05 different
from control data (C). T he values are the m eans+S.E .M ; n =5 for each ran k position.
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Effect of treatment
Analysis revealed no variation in DOM UC scores although a reduction in DOM UC
scores following treatment with venlafaxine, 15.0 mg.kg'1 approached significance
(xr2=4.909, DF=2, P=0.0859). A significant reduction in SUBDOM UC scores was
identified following DOM treatment with venlafaxine, 5.0 mg.kg'1 (xf=l.895, DF=2,
P<0.05; pre: 5.4±1.8, drug: 4.4±1.6, post: 10.4±3.0) although post hoc analysis revealed
no further significance (p>0.05). The reduction in both SUBDOM (xi*=5.200, DF=2,
P=0.0934) and SUBORD (jpM.778, DF=2, P=0.0917) UC scores following DOM
treatment with venlafaxine, 15.0 mg.kg'1 approached significance (Figure 3.30A).

Effect of dose
Analysis revealed no significant effect of dose on UC scores achieved by any rank
position (P>0.05) although the dose-dependent reduction in DOM UC scores
approached significance (xr2=7.667, DF=2, P=0.0534).

Analysis revealed no

significant variation in UC scores achieved by any rank position during pre-treatment
sessions (P>0.05).

A significant reduction in SUBORD UC scores was identified

during post-treatment sessions (xr2=9.812, DF=3, P<0.05) from 10.0±3.4 to 4.4±1.7
(15.0 mg.kg'1;^?<0.05) (Figure 3.30D).
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3.3.7

Chronic treatment of subdominant animals with m-CPP

33 male Wistar rats (initial weight 120±2g) randomly grouped into 11 triads all
developed dominance hierarchies following three weeks of social competition. Over the
course of the study one triad was excluded due to loss of hierarchy. All subsequent data
therefore represent only the 10 triads (91%) that were included in the statistical
analyses. (N.B. data values from D1 of chronic treatment excluded from analyses due
to missing values in two triads as a result of recording failure.)

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
213.4±12.6s, SUBDOM: 21.0±4.9s, SUBORD: 2.6±1.8s.

3.3.7.1 Animal weights
Table 3.10 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed no
significant differences in animal weight between rank positions on any of these days
(P>0.05). Two-way mixed ANOVA of animal weights measured throughout the social
competition experiment revealed an extremely significant effect of time on animal
weights (F(26,486)=368.72, PO.OOOl) that was independent of rank position, i.e. rank
x time interaction was not significant (P>0.05). Further analysis revealed extremely
significant increases in all animal weights prior to commencing chronic m-CPP
treatment

(F(15,288)=324.30,

PO.OOOl),

during

chronic

m-CPP

treatment

(F(5,108)=l 10.65, PO.OOOl) and after cessation of chronic m-CPP treatment
(F(4,90)=51.53, P<0.0001), all of which were independent of rank position, i.e. rank x
time interaction was not significant (all P>0.05). There was no main effect of rank
position on animal weights measured during social competition (all P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

116±3

116±3

120±4

Start o f Social Competition

330±8

325±8

340±12

End o f Social Competition

494±17

496±17

510±23

T able 3.10: Animal weights (m-CPP (DOM ) study), g ± S.E.M (w=10 for each rank position.)
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3.3.7.2 Total Access Time (TAT)
Figure 3.31 A shows the effect of acute and then chronic treatment of the SUBDOM
animal with m-CPP on the TAT scores for each rank position.

Effect of acute treatment
Analysis revealed no significant variation in DOM TAT scores (P>0.05). A significant
and acute reduction in SUBDOM TAT scores was evoked by acute treatment with mCPP, 0.2 mg.kg’1 (xr2=12.896s DF=5, P<0.05; pre: 21.0±4.9s, acute: 4.0±1.9s, postl:
32.2±12.1s, post2: 19.6±11.7s, post3: 40.8±22.9s, post4: 27.2+11.4s, D-l: 21.4±5.6s;
p<0.05, pre v. acute, acute v. postl). Conversely, SUBORD TAT scores were increased
during post-treatment sessions following acute treatment of SUBDOM animals
(x1^=12.582, DF=5, P<0.05; pre: 2.6+1.8s, acute: 9.6±6.3s, postl: 8.6±4.4s, post2:
18.8+11.0s, post3: 14.8+5.Is, post4: 14.1±4.7s, D-l: 8.3±2.7s;/K0.05, pre v. post3,4).

Effect of chronic treatment
Analysis revealed no significant variation in the TAT scores achieved by any rank
position during chronic treatment of SUBDOM animals with m-CPP, 0.2 mg.kg’1.day'1
(^>0.05).

Effect of cessation of chronic treatment
Analysis revealed a significant increase in DOM TAT scores following cessation of
chronic SUBDOM treatment (xi*=14.398, DF=5, P<0.05) from 198.4±22.6s (D13) to
250.2±13.8s (D+10; ^?<0.05).

Analysis also revealed a significant reduction in

SUBDOM TAT scores following cessation of chronic treatment (xi*=l 1.770, DF=5,
P<0.05) from 42.2±16.2s (D13) to 13.3±6.3s (D+10) although post hoc analysis
revealed no significant paired differences.

Variation in SUBORD TAT scores

following cessation of chronic SUBDOM treatment approached significance
fc rM 0.493, DF=5, P=0.0624).

3.3.7.3 Total access number (TAN)
Figure 3.3IB shows the effect of acute and then chronic treatment of the SUBDOM
animal with m-CPP on the TAN scores for each rank position.
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O p <0.05, OOO p <0.001 different from D13. Key: Dominant (black
circles), Subdom inant (red squares; during treatm ent: open red squares), Subordinate (blue triangles). The
☆ ☆ /?<0.01 different from acute drug data,

values are the m eans+S.E .M ; n =10 for each rank position, ex cep t on D1 w here n =8 (see m ain text).
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Effect of acute treatment
Analysis revealed no significant variation in DOM TAN scores (P>0.05). A significant
and acute reduction in SUBDOM TAN scores was evoked by acute treatment with
m-CPP, 0.2 mg.kg-1 (xr2=13.599, DF=5, P<0.05; pre: 4.1+1.0, acute: 1.4+0.6, postl:
6.9+2.0, post2: 3.6±1.2, post3: 4.0±1.0, post4: 4.3+1.3, D-l: 5.5+1.4; ^<0.05, pre v.
acute;/?<0.01, acute v. postl). Conversely, a significant increase in SUBORD TAT was
identified during post-treatment sessions

12.909, DF=5, PO .05; pre: 0.7±0.5,

acute: 2.0+1.0, postl: 1.8+0.7, post2: 3.4+1.6, post3: 2.8+0.7, post4: 2.8+0.7, D-l:
2.6+0.7; /?<0.05, pre v. post4).

Effect of chronic treatment
Analysis revealed no significant variation in the TAN scores achieved by any rank
position during chronic treatment of SUBDOM animals with m-CPP, 0.2 mg.kg-1day-1
(P>0.05) although the variation in DOM TAN scores approached significance
(xr2=9.439, DF=5, P=0.0928).

Effect of cessation of chronic treatment
Analysis revealed a significant reduction in DOM TAN scores immediately on cessation
of chronic treatment (xrz=20.929, DF=5, P 0 .0 0 1 ) from 16.1+2.9 (D13) to 9.5±2.3,
(D+l; /K0.001). Reduction in SUBDOM TAN scores following cessation of chronic
treatment approached significance ( x ^ l 0.852, DF=5, P=0.0544). Analysis revealed
no significant variation in SUBORD TAN scores following cessation of chronic
treatment (P>0.05).

3.3.7.4 Total challenges (TC)
Figure 3.32A shows the effect of acute and then chronic treatment of the SUBDOM
animal with m-CPP on the TC scores for each rank position.

Effect of acute treatment
Analysis revealed no significant variation in DOM TC scores following acute treatment
of SUBDOM animals with m-CPP, 0.2 mg.kg-1 (F^>0.05) while variation in SUBDOM
TC scores approached significance (xr2=9.386, DF=5, 7^=0.0946). Analysis did reveal
significant variation in SUBORD TC scores (xi*=l 1.265, DF=5, P<0.05) although post
hoc analysis revealed no further significant differences (p>0.05).
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Figure 3.32: Effect of acute (Acute; 0.2 mg.kg'1 s.c.) and chronic treatment (D1 to D13,
0.2 mg.kg'1.day'1 s.c. for 14 days via s.c. implanted mini-osmotic pumps) of subdominant rats with
m -CPP on A: Total number of Challenges, B: Number of Successful Challenges and C: Number
of Unsuccessful Challenges of each rank position. Social competition observed before acute
treatment (pre) and was continued between acute treatment and the start of chronic treatment (post
1-4, D -l) and after cessation of chronic treatment (D+l to D+10); ★ p<0.05 different from pre
data, O p < 0.05, © /><0.05, O p<0.05 different from D13. Key: Dominant (black circles),
Subdominant (red squares; during treatm ent: open red squares), Subordinate (blue
triangles). The values are the means+S.E.M; n =10 for each rank position, except on D1 where
n =8 (see main text).
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Effect of chronic treatment
Analysis revealed no significant variation in the TC scores achieved by any rank
position during chronic treatment of SUBDOM animals with m-CPP, 0.2 mg.kg"1day'1
(P>0.05).

Effect of cessation of chronic treatment
Analysis revealed a significant reduction in DOM TC scores following cessation of
chronic treatment (xr2=15.090, DF=5, P=0.01) from 9.8±3.1 (D13) to 5.6±2.3 (D+10;
/?<0.05). Analysis revealed a significant acute reduction in SUBDOM TC scores on
cessation of chronic treatment (x r^ l 1.758, DF=5, P<0.05) from 12.7+3.4 (D13) to
7.8+2.6 (D+l; p<0.05).

A similar acute reduction in SUBORD TC scores was

identified fciM 2.493, DF=5, P<0.05) from 7.3+2.1 (D13) to 4.7+2.0 (D+l;/?<0.05).

3.3.7.5 Successful challenges (SC)
Figure 3.32B shows the effect of acute and then chronic treatment of the SUBDOM
animal with m-CPP on the SC scores for each rank position.
Effect of acute treatment
Analysis revealed no significant variation in DOM SC scores (F>0.05) while variation
in SUBDOM SC scores approached significance (xr2=9.876, DF=5, P=0.0788).
Analysis did reveal a significant increase in SUBORD SC scores during post-treatment
sessions following acute treatment of SUBDOM animals ix^= \2.431, DF=5, P<0.05;
pre: 0.5+0.3, acute: 1.5+0.7, postl: 1.6+0.6, post2: 2.8+1.1, post3: 2.3+0.7, post4:
2.2+0.6; p<0.05, pre v. post4).

Effect of chronic treatment
Analysis revealed no significant variation in the SC scores achieved by any rank
position during chronic treatment of SUBDOM animals with m-CPP, 0.2 mg.kg-1day"1
(P>0.05).

Effect of cessation of chronic treatment
Analysis revealed significant variation in DOM SC scores following cessation of
chronic treatment (xi*=l3.410, DF=5, P<0.05) although post hoc analysis did not
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identify any further significance (p>0.05). Analysis revealed no significant variation in
SUBDOM or SUBORD SC scores (F>0.05).

3.3.7.6 Unsuccessful challenges (UC)
Figure 3.32C shows the effect of acute and then chronic treatment of the SUBDOM
animal with m-CPP on the UC scores for each rank position.

Effect of acute treatment
Analysis revealed no significant variation in the UC scores achieved by any rank
position following acute treatment of SUBDOM animals with m-CPP, 0.2 mg.kg-1
(P>0.05) although variation in SUBORD UC scores approached significance
(X^=9.622, DF=5, P=0.0867).

Effect of chronic treatment
Analysis revealed no significant variation in the UC scores achieved by any rank
position during chronic treatment of SUBDOM animals with m-CPP, 0.2 mg.kg-Iday-1
(P>0.05).
Effect of cessation of chronic treatment
Analysis revealed no significant variation in UC scores achieved by any rank position
after chronic SUBDOM treatment with m-CPP, 0.2 mg.kg-1day-1 (P>0.05). However,
the reduction in DOM UC scores following cessation of chronic treatment approached
significance (x^=9.781, DF=5, P=0.0817) from 2.0+0.7 (D13) to 0.7+0.5 (D+10). The
acute reduction in SUBDOM UC scores also approached significance (xi*=l 0.994,
DF=5, P=0.0515) from 6.1+1.5 (D13) to 3.3+1.0 (D+l). Similarly the acute reduction
in SUBORD UC scores also approached significance (xr2=9.896, DF=5, P=0.0783)
from 5.5+1.6 (D13) to 2.9+1.4 (D+l).
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3.3.8

Acute treatment of subdominant animals with venlafaxine

18 male Wistar rats (initial weight 133g±2g) randomly grouped into 6 triads all
developed dominance hierarchies following three weeks of social competition. Over the
course of the study one triad was excluded due to loss of hierarchy. All subsequent data
therefore represent only the 5 triads (83%) that were included in the statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions were DOM:
187.4±25.7s, SUBDOM: 47.8±12.3s, SUBORD: 1.8±l.ls.

33.8.1 Animal weights
Table 3.11 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. One-way ANOVA revealed no
significant differences in animal weight between rank positions on any of these days
(P>0.05). Furthermore, two-way mixed ANOVA of weekly animal weight gain during
social competition revealed an extremely significant effect of time on animal weights
(F(8,72)=725.50, PO.OOOl) that was independent of rank position (i.e. rank x time
interaction was not significant (PX3.05). There was no main effect of rank position
(P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

133±7

131±5

135±5

Start o f Social Competition

341±17

331±16

337±9

End o f Social Competition

550±26

539±21

528±15

T able 3.11: Animal w eights (venlafaxine (SU BD O M ) study), g ± S.E.M (n=5 for each rank position.)

3.3.8.2 Total access time (TAT)
Figure 3.33A shows the effect of acute treatment of the SUBDOM animal with
venlafaxine on the TAT scores for each rank position.

Effect of acute treatment (1)
Analysis revealed a reduction in DOM TAT scores during post-treatment sessions
following SUBDOM treatment with venlafaxine, 1.67 mg.kg'1 (x^=l 0.720, DF=5,
P<0.05; prel:

187.4±25.7s, acutel:

199.8±27.2s, postla:
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133.6±23.2s, postlb:
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Figure 3 3 3 : E ffect o f repeated acute treatm ent (a c u te l, acute2) o f subdom inant rats w ith venlafaxine,
1.67 m g .k g '1 on A: T otal A ccess Tim e (seconds) and B: T otal A ccess N um ber o f each rank position. Social
com petition w as observ ed prior to acu te l (i.e. p r e l) and co ntinued b efo re (p o stla -p re 2 ) and after acute2 (post2apost2d). ★ p < 0 .0 5 , ★ p < 0.05 different from p re l/p re 2 data, ☆ p < 0.05 different from p o s tlE data (during w ashout
period). Key: D om inant (black circles), Subdom inant (red sq u ares), Subordinate (blue triangles). The values
are the m eans+S.E .M , n =5 for each rank position.
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103.0±28.9s, postl c: 81.6±31.6s, postl d: 79.6±25.0s) although post hoc analysis did not
reveal any significant paired differences (p>0.05). Analysis revealed an acute reduction
in SUBDOM TAT scores evoked by treatment with venlafaxine, 1.67 mg.kg'1
5.360, DF=5, PO .Ol; prel: 47.8±12.3s, acutel: 9.0±5.8s, postl a: 64.2±18.9s,
postlb: 88.8±19.7s, postlc: 123.6±30.6s, postld: 116.4±28.6s) although once again post
hoc analysis revealed no significant paired differences. Analysis revealed a reciprocal
acute increase in SUBORD TAT scores following SUBDOM treatment with
venlafaxine, 1.67 mg.kg'1 (xr2=12.963, DF=5, P<0.05; prel: 1.8±l.ls, acutel:
35.2±17.7s, postla:

19.6±9.8s, postlb:

15.4±8.6s, postlc:

14.0±7.8s, postld:

19.6±10.4s;/?<0.01, prel v. acutel).

Effect of washout period (postl e - postl j)
Analysis revealed no significant variation in either DOM or SUBDOM TAT scores
achieved by any rank position (P>0.05). However, significant variation in SUBORD
TAT scores was identified during the washout period (xr2=14.497, DF=5, P<0.05;
postle: 18.4±10.4s, postlf: 11.0±9.5s, postlg: 4.0±4.0s, postlh: 1.4±1.4s, postlh:
16.4±8.6s, postli: 16.6±6.7s; /?<0.05, postle v. postlg, postlh).
Effect of acute treatment (2)
Analysis revealed no significant variation in DOM TAT scores (F^O.05). A significant
acute reduction in SUBDOM TAT scores was evoked by the second dose of
venlafaxine, 1.67 mg.kg'1 ( x ^ l 0.735, DF=4, PO .05; pre2: 130.2±49.8s, acute2:
50.4±29.0s, postlA: 138.2±45.3s, post-IB: 141.2±45.3s, postlC: 135.4±50.6s; p<0.05,
pre2 v. acute2). Analysis also identified an acute increase in SUBORD TAT scores
following SUBDOM treatment (xr2= 11.714, DF=5, P<0.05) although post hoc analysis
revealed no further significance (p<0.05).

33,8.3 Total access number (TAN)
Figure 3.33B shows the effect of acute treatment of the SUBDOM animal with
venlafaxine on the TAN scores for each rank position.

Effect of acute treatment (1)
Analysis revealed no significant variation in either DOM or SUBORD TAN scores
(P>0.05). Analysis revealed an acute reduction in SUBDOM TAN evoked by treatment
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with venlafaxine, 1.67 mg.kg-1 (xr2=14.720, DF=4, PO .Ol; prel: 20.0±5.6, acutel:
4.6±2.9, postlA: 17.2±5.4, postlB: 22.2±6.3, postlC: 23.8±6.1) although post hoc
analysis revealed no further significance (p>0.05).

Effect of washout period (postle - postl j)
Analysis revealed no significant variation in DOM or SUBDOM TAN scores (F^O.05).
However, variation in SUBORD TAN scores was identified during the washout period
(XJJ2= 13.194, DF=5, P<0.05; postle: 5.8±2.9, postlf: 4.8±3.8, postlg: 2.8±2.8, postlh:
2.2±2.2, postli: 6.2±3.6, postlj: 5.4±1.9) although post hoc analysis revealed no further
significance (p>0.05).

Effect of acute treatment (2)
Analysis revealed no significant variation in DOM TAN scores (.P>0.05). However, the
acute reduction in SUBDOM TAN scores evoked by administration of the second dose
of venlafaxine, 1.67 mg.kg-1 approached significance ( x r ^ l0.643, DF=5, P=0.0589).
Analysis did reveal a significant acute increase in SUBORD TAN scores following
SUBDOM treatment with venlafaxine, 1.67 mg.kg-1 (x r^ 13.758, DF=5, P<0.05; pre2:
3.2±1.4, acute2: 9.2±2.6, post2a: 8.4±3.7, post2b: 7.0±2.4, post2c: 4.6±2.0, post2d:
7.2±2.5; /?<0.01, pre2 v. acute2).

3.3.8.4 Total challenges (TC)
Figure 3.34A shows the effect of acute treatment of the SUBDOM animal with
venlafaxine on the TC scores for each rank position.

Effect of acute treatment (1)
Analysis revealed no significant variation in TC scores achieved by any rank position
(P>0.05) although the reduction in DOM TC scores following SUBDOM treatment
with venlafaxine, 1.67 mg.kg-1 approached significance (%r2=9.914, DF=5, /M).0777).

Effect of washout period (postle - postlj)
Analysis revealed no significant variation in TC scores achieved by any rank position
(P>0.05) although variation in SUBDOM TC scores approached significance
(xr2=9.551, DF=5, ^=0.0890).
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Figure 3.34: Effect o f repeated acute treatment (acutel, acute2) of subdominant rats with venlafaxine,
l .dTmg.kg'1 on A: Total number o f Challenges, B: Number o f Successful Challenges and C: Number of
Unsuccessful Challenges made by each rank position. Social competition was observed prior to acutel
(i.e. p re l) and continued before (postla-pre2) and after acute2 (post2a-post2d). ★ p < 0.05 different from
prel data, ☆ /><0.05 different from pre2 data. Key: D om inant (black circles), S u bdom inant (red
squares), Subordinate (blue triangles). The values are the means+S.E.M; n= 5 for each rank position.
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Effect of acute treatment (2)
Analysis revealed no significant variation in TC scores achieved by any rank position
(P>Q.Q5).

3.3.8.5 Successful challenges (SC)
Figure 3.34B shows the effect of acute treatment o f the SUBDOM animal with
venlafaxine on the SC scores for each rank position.

Effect of acute treatment (1)
Analysis revealed no significant variation in either DOM or SUBORD SC scores
(P>0.05).

However, an acute reduction in SUBDOM SC scores was identified

following treatment with venlafaxine, 1.67 mg.kg'1 (%i^=l4.762, DF=5, P<0.05; prel:
16.2±4.1, acutel: 4.2±2.7, postla: 12.8±4.8, postlb: 13.2±4.5, postlc: 16.4±4.4, postld:
15.0±4.5) although post hoc analysis revealed no further significance (p>0.05).

Effect of washout period (postle - postlj)
Analysis revealed no significant variation in SC scores achieved by any rank position
(P>0.05) although variation in SUBORD SC scores approached significance
GcrMO.545, DF=5, P=0.0612).

Effect of acute treatment (2)
Analysis revealed no significant variation in either DOM or SUBDOM SC scores
(P>0.05).

However, a significant increase in SUBORD SC scores was identified

following SUBDOM treatment with a second dose of venlafaxine, 1.67 mg.kg'1
(xi*=l 1.242, DF=5, PO .05; pre2: 3.2±1.4, acute2: 6.6±1.9, post2a: 7.8±3.6, post2b:
6.6±2.3, post2c: 4.6±2.0, post2d: 6.6±2.4; /?<0.05, pre2 v. acute2).

3.3.8.6 Unsuccessful challenges (UC)
Figure 3.34C shows the effect of acute treatment of the SUBDOM animal with
venlafaxine on the UC scores for each rank position.

Effect of acute treatment (1)
Analysis revealed an acute reduction in DOM UC scores following SUBDOM
treatment, 1.67 mg.kg'1

DF=5, P<0.05; prel: 7.6±3.5, acutel: 1.8±1.3,
175

postla: 6.2±3.0, postlb: 8.2±3.9, postlc: 10.2±4.0, postld: 7.4±2.4) although post hoc
analysis revealed no further significance (p>0.05). However, analysis revealed no
significant variation in SUBDOM UC scores (P>0.05). A significant increase in
SUBORD US scores was identified during post-treatment sessions

2.977, DF=5,

P<0.05; prel: 9.2±3.3, acutel: 10.0±4.4, postla: 18.8±5.2, postlb: 18.2±4.2, postlc:
17.2±3.0, postld: 13.0±3.8;/?<0.05, prel v. postlb).

Effect of washout period (postle - postlj)
Analysis revealed no significant variation in UC scores achieved by any rank position
CP>0.05).

Effect of acute treatment (2)
Analysis revealed no significant variation in UC scores achieved by any rank position
(P>0.05) although the reduction in SUBORD UC scores following SUBDOM treatment
approached significance (xr2=9.971, DF=5, /*=0.0761).
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3.3.9

Administration of a single electroconvulsive shock to subdominant and
dominant animals

18 male Wistar rats (initial weight 113g±3g) randomly grouped into 6 triads all
developed dominance hierarchies following three weeks of social competition.
Therefore all 6 triads were subsequently included in statistical analyses (100%).

Total access time (TAT scores) achieved on allocation of rank positions were DOM:
219.7±22.0s, SUBDOM: 16.8±9.1s, SUBORD: 0.7±0.7s.

3.3.9.1 Animal weights
Table 3.12 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition.

DOM animals weighed

significantly less than SUBDOM animals at the start of social competition (P<0.05)
although the weight difference was no longer significant at the end of the experiment.

DOM

SUBDOM

SUBORD

Triad Formation

106±5

117±7

117±4

Start o f Social Competition

280±8*

316±10*

306±9

End o f Social Competition

384±14

428±17

414±13

T ab le 3.12: Animal weights (acute ECS study), g ± S.E.M * p < 0.05. (n=6 for each rank position.)

Two-way mixed ANOVA of animal weights data measured during the two weeks when
first SUBDOM then DOM animals were ECS treated revealed an extremely significant
effect of time on weight (F(7,80)=58.36, PO.OOOl) and a very significant effect of rank
position (F(7,40)=6.52, PO .O l) with a significant rank x time interaction
(F(14,80)=1.84SJP<0.05).

Subsequent repeated measures ANOVA across time for each rank position revealed that
all rank positions gained weight over the two-week period (Fs(7,35)>8.557, PsO.OOOl).
However, post hoc analysis revealed that SUBDOM animals failed to gain weight
significantly during the first week, i.e. following SUBDOM ECS treatment (p>0.05) but
did demonstrate weight gain during the second week (p<0.01). On the other hand,
DOM animals gained weight during the first week (p<0.001) but failed to gain weight
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significantly during the second week, i.e. following DOM ECS treatment (p>0.05).
SUBORD animals demonstrated significant weight gain during both experiment weeks
(both /?<0.001).

33.9.2 Total access time (TAT)
Figure 3.35A shows the effect of acute ECS treatment of SUBDOM and DOM animals
on the TAT scores for each rank position.

Effect of SUBDOM treatment
Kruskal-Wallis analysis revealed a significant rank separation during the pre-treatment
sessions between DOM and SUBORD TAT scores (p<0.001).

Following ECS

treatment of SUBDOM animals, significant rank separation was also identified between
DOM and SUBDOM TAT scores (p<0.01) and this rank separation was maintained 52
hours after ECS treatment (Table 3.13).

Test
1

2

SU B D O M EC S T R E A T M E N T

Ranks fo r Comparison

+52hrs

Pre

+4hrs

+28hrs

***

**

**

***

13.860

12.460

12.465

14.209

D O M -SUBD O M

-

♦♦

**

♦

D O M -SUBO R D

***

**

**

♦♦

SU BDO M -SU BO RD

NS

NS

NS

NS

A ll Ranks
H

T able 3.13: Rank comparisons for TAT scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to SUBDO M animals (+4hrs, +28hrs,
+52hrs). 1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc te st A ll H-values quoted are
corrected for ties. * /K 0 .0 5 , ** /K 0 .0 1 , *** /K 0 .0 0 1 , N S p> 0.05. (n=6 for each rank position.)

Friedman’s analysis revealed an increase in DOM TAT scores following ECS treatment
of SUBDOM animals (x,r2=l 1.949, DF=3, P<0.01) that reached significance 52 hours
after treatment (i.e. from 219.7±22.0s (Pre) to 263.8s±14.5s (+52hrs; p<0.01)).
Analysis revealed a reduction in SUBDOM TAT scores that was maintained 52 hours
after treatment following administration of a single ECS (xrMS.415, DF=3, PO .05)
although post hoc analysis revealed no significant paired differences (p>0.05). Analysis
revealed no significant variation in SUBORD TAT scores (P>0.05).
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Effect of DOM treatment
Kruskal-Wallis analysis revealed a significant rank separation during the pre-treatment
sessions between DOM TAT scores and both SUBDOM (p<0.01) and SUBORD
(p<0.01) TAT scores. Significant rank separation between DOM and SUBDOM TAT
scores was lost during competition 4 hours after ECS treatment (p>0.05) while all rank
separation was lost 52 hours after ECS treatment (Table 3.14).

Test
1

2

DO M ECS TREATM ENT

Ranks fo r Comparison

Pre

+4hrs

**

**

+28hrs
*

12.462

12.909

6.740

NS
3.128

DO M -SUBD O M

**

NS

NS

-

DO M -SUBO RD

*♦

**

*

-

SUBDO M -SU BO RD

NS

NS

NS

-

A ll Ranks
H

+52hrs

T able 3.14: Rank comparisons for TAT scores achieved by each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to DOM animals (+4hrs, +28hrs, +52hrs). 1Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are corrected for
ties. * p< 0.05, ** /K 0 .0 1 , N S p> 0.05. (n=6 for each rank position.)

Friedman’s analysis revealed no significant variation in the TAT scores achieved by any
rank position (P>0.05).
3.3.9,3 Total access number (TAN)
Figure 3.35B shows the effect of acute ECS treatment of the SUBDOM and DOM
animals on the TAN scores for each rank position.

Effect of SUBDOM treatment
Kruskal-Wallis analysis revealed a significant rank separation during the pre-treatment
sessions between DOM and SUBORD TAN scores (p<0.01). Following ECS treatment
of SUBDOM animals, significant rank separation was also identified between DOM and
SUBDOM TAT scores during competition 28 hours after treatment (p<0.05) although
this significance was not maintained 52 hours after ECS treatment (p>0.05) (Table
3.15).

Friedman’s analysis revealed a reduction in DOM TAN scores following SUBDOM
ECS treatment that approached significance (xr2=7.190, DF=3, P=0.0661) from
17.2±6.1 (Pre) to 7.3±2.5 (+4hrs).

Analysis revealed a significant reduction in

180

SUBDOM TAN scores following ECS treatment (^=10.125, DF=3, P<0.05) from
6.8±4.0 (Pre) to 2.0±1.8 (+4hrs) although post hoc analysis did not quite achieve
significance (p>0.05). Analysis revealed no significant variation in SUBORD TAN
scores CP>0.05).

Test
1

2

S U B D O M EC S T R E A T M E N T

Ranks fo r Comparison

+4hrs
*

+28hrs
*

+S2hrs

**
10.483

7.568

8.425

11.206

DOM -SUBD O M

NS

NS

*

NS

DOM -SUBORD

**

*

*

**

SUBDO M -SU BO RD

NS

NS

NS

NS

Pre

A ll Ranks
H

**

T able 3.15: Rank comparisons for TA N scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to SUBDO M animals (+4hrs, +28hrs,
+52hrs). 1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc te st A ll H-values quoted are
corrected for ties. *p<0.05, **p<0.0l, N S p > 0 .0 5 . (n=6 for each rank position.)

Effect of DOM treatment
Kruskal-Wallis analysis revealed a significant rank separation during the pre-treatment
sessions between DOM TAT scores and both SUBDOM (p<0.05) and SUBORD
(p<0.05) TAT scores. Significant rank separation between DOM and SUBDOM TAT
scores was lost during competition 4 hours after ECS treatment (p>0.05) while all rank
separation was lost 28 hours after ECS treatment (Table 3.16).

Test
1

2

D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

**

**

10.007

9.395

NS
5.558

NS
3.128

DOM -SUBD O M

*

NS

-

-

DO M -SUBORD

*

**

-

-

SUBDO M -SU BO RD

NS

NS

-

-

A ll Ranks
H

T able 3.16: Rank comparisons for TA N scores achieved by each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to DOM animals (+4hrs, +28hrs, +52hrs). 1Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are corrected for
ties. * /K 0 .0 5 , * * p < 0 .0 1 , N S/?>0.05. (n=6 for each rank position.)

Friedman’s analysis revealed no significant variation in the TAN scores achieved by
any rank position (P>0.05).
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3.3.9,4 Total challenges (TC)
Figure 3.36A shows the effect of acute ECS treatment of the SUBDOM and DOM
animals on the TC scores for each rank position.

Effect of SUBDOM treatment
Kruskal-Wallis analysis revealed no significant rank separation of TC scores either
before or after SUBDOM ECS treatment (Table 3.17).

Test

S U B D O M EC S T R E A T M E N T

Ranks fo r Comparison

1

2

Pre

+4hrs

+28hrs

+52hrs

NS
3.064

NS
1.261

NS
0.9546

NS
3.334

D O M -SUBD O M

-

-

-

-

D O M -SUBO RD

-

-

-

-

SUBDO M -SU BO RD

-

-

-

-

A ll Ranks
H

T able 3.17: Rank comparisons for TC scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to SUBDO M animals (+4hrs, +28hrs,
+52hrs). 1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are
corrected for ties. N S/?>0.05. (n=6 for each rank position.)

Friedman’s analysis revealed a reduction in DOM TC scores following SUBDOM ECS
treatment that approached significance (xr2=7.186, DF=3, FM3.0622). A significant
reduction in SUBDOM TC scores following ECS treatment was identified (xr2=7.909,
DF=3, P<0.05) from 15.0±6.4 (Pre) to 3.3±1.7 (+4hrs; p<0.05) although this reduction
was not maintained during subsequent competition sessions (i.e. 7.7±5.1 (+28hrs) and
7.2±4.4 (+52hrs)). Analysis revealed no significant variation in SUBORD TC scores
(P>0.05).

Effect of DOM treatment
Kruskal-Wallis analysis revealed no significant rank separation of TC scores either
before or after DOM ECS treatment (Table 3.18).

Friedman’s analysis revealed no significant variation in the TC scores achieved by any
rank position (P>0.05).
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Figure 3.36: Effect of administration of a single electroconvulsive shock (arrow indicates time of administration) to
subdominant and then dominant animals on social competition conducted 4, 28 and 52 hours after treatment.
A: Total number of Challenges, B: Number of Successful Challenges and C: Number of Unsuccessful Challenges
made by each rank position. ★ p < 0.05 different from pre data. Key: Dominant (black circles), Subdominant (red
squares), Subordinate (blue triangles). The values are the means+S.E.M; n =6 for each rank position.
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Test
1

2

D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

NS
4.181

NS
0.7823

NS
1.403

NS
0.8201

D OM -SUBDOM

-

-

-

-

DOM -SUBORD

-

-

-

-

SUBDO M -SUBO RD

-

-

-

-

A ll Ranks
H

Table 3.18: Rank comparisons for TC scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to DOM animals (+4hrs, +28hrs, +52hrs).
1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are corrected
for ties. N S /?>0.05. (n=6 for each rank position.)

3.3,9.5 Successful challenges (SC)
Figure 3.36B shows the effect of acute ECS treatment of the SUBDOM and DOM
animals on the SC scores for each rank position.

Effect of SUBDOM treatment
Rank separation of SC scores was not quite significant during pre-treatment sessions
(H=5.968, DF=2, P=0.0506). Analysis revealed no significant rank separation during
competition following SUBDOM ECS treatment (Table 3.19).

Test
1

2

SU B D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

NS
5.968

NS
0.04978

NS
1.235

NS
2.391

D OM -SUBDOM

-

-

-

-

DOM -SUBORD

-

-

-

-

SUBDO M -SUBO RD

-

-

-

-

A ll Ranks
H

T able 3.19: Rank comparisons for SC scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to SUBDOM animals (+4hrs, +28hrs,
+52hrs). 1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are
corrected for ties. N S p>0.05. (n=6 for each rank position.)

Friedman’s analysis revealed a reduction in DOM SC scores following SUBDOM ECS
treatment that approached significance (%r2=7.186, DF=3, P=0.0662). A significant
reduction in SUBDOM SC scores was identified (x^lO .125, DF=3, P<0.05) from
6.2±3.5 (Pre) to 1.8±1.6 (+4 hrs) although post hoc analysis did not reveal any further
significance (p>0.05).

Analysis revealed no significant variation in SUBORD SC

scores (P>0.05).
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Effect of DOM treatment
Kruskal-Wallis analysis revealed no significant rank separation of SC scores either
before or after DOM ECS treatment (Table 3.20).

Test
1

2

D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

NS
0.5410

NS
3.335

NS
1.435

NS
0.3277

DOM -SUBD O M

-

-

-

-

DOM -SUBORD

-

-

-

-

SUBDO M -SU BO RD

-

-

-

-

A ll Ranks
H

T able 3.20: Rank comparisons for SC scores achieved by each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to DOM animals (+4hrs, +28hrs, +52hrs).
1- Kruskal-Wallis test, 2- Dunn M ultiple Comparisons post hoc test. A ll H-values quoted are corrected
for ties. N S p>0.05. («=6 for each rank position.)

Friedman’s analysis revealed no significant variation in the SC scores achieved by any
rank position (P>0.05).

3.3.9.6 Unsuccessful challenges (UC)
Figure 3.36C shows the effect of acute ECS treatment of the SUBDOM and DOM
animals on the UC scores for each rank position.
Effect of SUBDOM treatment
Kruskal-Wallis analysis revealed a rank separation during pre-treatment sessions that
approached significance (H=5.903, DF=2, /M1.0523; DOM: 0.7±0.3, SUBDOM:
8.8±4.2, SUBORD: 3.5±1.7). Analysis revealed no significant rank separation in UC
scores during competition sessions 4 hours after SUBDOM ECS treatment while the
rank separation once again approached significance 28 hours after treatment (H=5.262,
DF=2, P=0.0720).

However, during competition 52 hours after SUBDOM ECS

treatment, SUBDOM UC scores (4.7±2.3) were significantly greater than DOM UC
scores (0.2±0.2;/?<0.05) (Table 3.21).

Friedman’s analysis revealed no significant variation in the UC scores achieved by any
rank position (P>0.05).

185

Test
1

2

S U B D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

NS
5.903

NS
3.480

NS
5.262

7.901

D OM -SUBDOM

-

-

-

*

DOM -SUBORD

-

-

-

NS

SUBDO M -SUBO RD

-

-

-

NS

A ll Ranks
H

*

T able 3.21: Rank comparisons for UC scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to SUBDO M a n im als (+4hrs, +28hrs,
+52hrs). 1- Kruskal-Wallis test, 2- Dunn Multiple Comparisons post hoc test. A ll H-values quoted are
corrected for ties. * /K 0 .0 1 , N S /?>0.05. (n=6 for each rank position.)

Effect of DOM treatment
Kruskal-Wallis analysis revealed a significant rank separation during pre-treatment
sessions (H=l2.707, DF=2, PO .O l) between DOM UC scores (zero) and both
SUBDOM (2.5±1.0; /X0.05) and SUBORD (4.5±1.8; ^<0.01) UC scores. Significant
rank separation was lost following DOM ECS treatment (.P>0.05) (Table 3.22).

Test
1

2

D O M EC S T R E A T M E N T

Ranks fo r Comparison

Pre

+4hrs

+28hrs

+52hrs

**
12.707

NS
2.805

NS
5.285

NS
4.563

D OM -SUBDOM

*

-

-

-

DOM -SUBORD

**

-

-

-

SUBDO M -SUBO RD

NS

-

-

-

A ll Ranks
H

T able 3.22: Rank comparisons for UC scores achieved b y each rank position during pre-treatment (Pre)
and after administration o f a single electroconvulsive shock to DOM animals (+4hrs, +28hrs, +52hrs).
1- Kruskal-Wallis test, 2- Dunn M ultiple Comparisons post hoc test. A ll H-values quoted are corrected
for ties. (n=6 for each rank position.)

Friedman’s analysis revealed no significant variation in the UC scores achieved by any
rank position (P>0.05).
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3.3.10 Repeat administration of electroconvulsive shocks to subdominant animals

18 male Wistar rats (initial weight 124±2g) randomly grouped into six triads all
developed dominance hierarchies following three weeks of social competition. Over the
course of the study one triad was excluded due to loss of hierarchy. All subsequent data
therefore represents only the 5 triads (83%) that were included in the statistical analyses.

Total access times (TAT scores) achieved on allocation of rank positions at the start of
the fourth week of SC were DOM: 189.2±14.6s, SUBDOM: 24.4±11.8s, SUBORD:
11.8±5.3s.

3.3.10,1 Animal weights
Table 3.23 shows the animal weights on random grouping five days after weaning (triad
formation) and at the start and end of social competition. There were no significant
differences in animal weight between rank positions (P>0.05).

DOM

SUBDOM

SUBORD

Triad Formation

122±3

129±5

123±2

Start o f Social Competition

316±8

331±13

315±8

End o f Social Competition

505±10

484±17

483±12

T able 3.23: Animal weights (repeat ECS (SUBDOM ) study), g ± S.E.M (w=5 for each rank position.)

Figure 3.37 shows the change in animal weights over the course of the experiment pre-,
during and post-treatment of subdominant rats with repeated ECS. Two-way mixed
ANOVA of animal weights measured during pre treatment revealed an extremely
significant effect of time (F(3,32)=348.94, PO.OOOl) that was independent of rank, i.e.
rank x time interaction was not significant (P>0.05) and there was no main effect of
rank position (P>0.05). Therefore all rank positions gained weight significantly during
pre-treatment sessions.

However, during ECS treatment, analysis revealed an extremely significant effect of
time (F(4,40)=16.46, PO.OOOl) that was not independent of rank, i.e. there was an
extremely significant rank x time interaction (F(8,40)=8.97, PO.OOOl). Once again,
there was no main effect of rank position (P>0.05).
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Repeated measures ANOVA revealed a significant increase in both DOM
(F(4,16)=67.0, PO.OOOl; 438±llg to 465±10g (+27g)) and SUBORD (F(4,16)=56.23,
PO.OOl; 423±10g to 445±10g (+22g)) animal weights during ECS treatment, although
SUBDOM animals showed no significant weight change (F(4,16)=1.097, P>0.05;
439±20g to 433±20g (-6g).

Finally, post ECS treatment, an extremely significant effect of time was identified
(F(8,72)=145.97, PO.OOOl) although this was not independent of rank position, i.e. an
extremely significant rank x time interaction was identified (F(16,72)=4.15, P0.0001).
Furthermore, a significant effect of rank position on animal weights was identified post
ECS treatment (F(2,72)=4.26, PO.05).

Repeated measures ANOVA of weight change over time revealed that all rank positions
gained weight during post-treatment (DOM: F(8,32)=58.08, PO.OOOl; 470±10g to
505±10g (+39g); SUBDOM: F(8,32)=164.2, PO.OOOl; 432±20g to 484±17g (+53g);
SUBORD: F(8,32)=28.78, P0.0001; 451±12g to 483±12g (+31g)).

One-way ANOVA revealed no significant variation in weight gain across rank position
prior to starting ECS treatment (i.e. days 1-8; P>0.05), although significant variation
was identified both during ECS treatment (i.e. days 10-19; F(2,12)=26.58, PO.OOOl)
and post ECS treatment (i.e. day 22 onwards; F(2,12)= 16.32, P<0.001).

Post-hoc

analysis (Bonferonni's Multiple Comparison Test) revealed that SUBDOM animals
gained significantly less weight than both DOM (p<0.001) and SUBORD (p<0.001)
animals during ECS treatment and significantly more weight than both DOM (p<0.01)
and SUBORD (p<0.001) animals post ECS treatment.

There were no significant

differences between DOM and SUBORD animal weight gain during or post ECS
treatment (all Ps>0.05).

3.3.10.2 Total access time (TAT)
Figure 3.38A shows the effect of repeat ECS treatment of the SUBDOM animal on the
TAT scores for each rank position.

Analysis revealed no significant variation in TAT scores achieved by any rank position
(P>0.05).

However, the reduction in SUBDOM TAT scores during repeated ECS

189

A
300

<A
■O

c

8
8

200

-

100

-

CD

E

F

<A
CA

<
«j

B
25 n

20

-

l_

0)
E
3

-O

z

15 -

<A
CA

<

10

-

CO

Figure 3.38: E ffect o f repeated adm in istratio n o f electroconvulsive shocks to subdom inant rats on A: Total A ccess
Tim e (seconds) and B: Total A ccess N u m b er o f each ran k position.

E ight electroconvulsive shocks w ere
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Key: D om inant (black circles), Subdom inant (red squares), Subordinate (blue triangles). The values are th e
m eans+S.E .M , n = 5 for each rank position.
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administration approached significance (%r2=9.628, DF=5, P=0.0865) from 16.6±10.1s
(day 8) to 0.2±0.2s (day 19). In addition, an increase in SUBDOM TAT scores during
post-treatment sessions also approached significance ( x t^ 10.222, DF=5, P=0.0692)
from zero (day 22) to 2.6±1.1 (day 33) although this was not maintained during the
remainder of the washout period, i.e. SUBDOM TAT = zero (day 40).

3.3.10.3 Total access number (TAN)
Figure 3.38B shows the effect of repeat ECS treatment of the SUBDOM animal on the
TAN scores for each rank position.

Analysis revealed no significant variation in TAN scores achieved by any rank position
(P>0.05). However, the reduction in SUBDOM TAN scores during repeated ECS
administration approached significance (x^lO .124, DF=5, P=0.0718) from 3.2±2.2
(day 8) to 0.2±0.2 (day 19). In addition, an increase in SUBDOM TAN scores during
post-treatment sessions also approached significance (xr2=l 0.449, DF=5, Z^O.0635)
from zero (day 22) to 0.8±0.4 (day 33) although once again this increase was not
sustained until the end of the washout period (i.e. zero (day 40)).

3.3.10.4 Total challenges (TC)
Figure 3.39A shows the effect of repeat ECS treatment of the SUBDOM animal on the
TC scores for each rank position.

Analysis revealed no significant variation in TC scores achieved by any rank position
(P>0.05).

3.3.10.5 Successful challenges (SC)
Figure 3.39B shows the effect of repeat ECS treatment of the SUBDOM animal on the
SC scores for each rank position.

Analysis revealed no significant variation in SC scores achieved by any rank position
(P>0.05).

However, the reduction in SUBDOM SC scores during repeated ECS

administration approached significance (x^lO .124, DF=5, /MX0718) from 3.2±1.6
(day 8) to 0.2±0.2 (day 19). In addition, an increase in SUBDOM TAN scores during
post-treatment sessions also approached significance (x^=l 0.449, DF=5, P=0.0635)
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The values are the means+S.E.M; n =5 for each rank position.
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from zero (day 22) to 0.67±0.33 (day 33) although this increase was not maintained
during the remainder of the washout period, i.e. SUBDOM SC = zero (day 40).

3.3.10.6 Unsuccessful challenges (UC)
Figure 3.39C shows the effect of repeat ECS treatment of the SUBDOM animals on the
UC scores for each rank position.

Analysis revealed no significant variation in UC scores achieved by any rank position
during repeat ECS treatment (P>0.05).

However, an increase in DOM UC scores

following cessation of SUBDOM ECS treatment approached significance (xr*=9.815,
DF=5, P=0.0807) from 0.2±0.2 (day 8) to 1.6±0.9 (day 19). Analysis also revealed
variation in SUBDOM UC scores during pre-treatment sessions that approached
significance (xr2=6.702, DF=5, i*=0.0820).
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3.4

DISCUSSION

The data reported above demonstrate that competition for limited access to sweetened
milk can be pharmacologically manipulated by treatment of either DOM or SUBDOM
animals. The test is particularly sensitive to treatment of DOM animals and this may
reflect the overwhelming influence that the DOM animals have on competition in
comparison to their non-dominant triad partners.

Thus, acute treatment of DOM

animals with tm-CPP or venlafaxine evoked changes in competition sufficient to disrupt
hierarchies, with SUBDOM animals temporarily displacing DOM animals at the top of
the rank order. These effects may reflect anxiogenesis although it is also conceivable
that a general reduction in competitive behaviour resulting from a sedative effect may
be involved. This possibility is considered further below.

Acute treatment of SUBDOM animals often evoked changes in challenge scores. As
these scores measure competition intensity, it is argued here that they are more sensitive
to changes in competitiveness than the TAT scores (see Section 2.4). Increases in
competition intensity (following treatment with CDP, mesulergine and ketanserin) were
often, but not always, accompanied by increases in success during the competition (i.e.
increases in total access times). However, unlike the marked effects observed following
DOM treatment, these increases in SUBDOM TAT scores were generally not sufficient
to enable these animals to displace the DOM animals in the rank order. In fact, when
dominance hierarchies were disrupted, these effects were rarely acute and often
necessitated exclusion of these triads from statistical analysis due to the inability to
administer, and examine the effects of, all the designated doses of the relevant drug.
The inability of treated SUBDOM animals to displace their DOM triad partners
sufficiently to produce a rank reversal suggests that the impact of social learning during
repeated sessions of social competition may be too strong. However, the rank reversals
achieved during DOM treatment incorporated marked increases in SUBDOM TAT
scores, and suggests that SUBDOM animals are in fact quite capable of overcoming any
social inhibitions. The possible complications of repeat dosing in the social competition
test are discussed further in Section 4.3.

Interestingly, the non-acute effects of acute venlafaxine treatment of SUBDOM animals
demonstrate hierarchical disruption whereby although not all SUBDOM animals

194

achieved the top rank position, their access times were increased sufficiently to remove
any effect of rank position. Indeed, the study was initially designed to investigate the
effects of acute followed by chronic treatment of SUBDOM animals with venlafaxine
but chronic treatment was not possible due to the significant and prolonged disruption in
rank order following acute treatment.

Analysis revealed no significant differences in animal weights between rank position in
almost all the studies reported above. The possible implications of this to the validity of
the social competition test as a measure of social dominance are considered in Section
4.3. Analysis did identify an effect of both acute and chronic ECS treatment (see
Sections 3.3.9-10) on animal weights and this is discussed further below (see Sections
3.4.9-10).

A number of the proposed drug effects reported here only approached statistical
significance. There are several possible explanations for this.

Non-parametric statistical tests, particularly in those studies that utilised relatively few
subjects (i.e. n=5 for each rank position), have less power than the respective parametric
statistical tests although they do not require any assumptions on the distribution of the
data. The lack of statistical significance in some of the studies described above may
therefore be attributed to the low n numbers used and thus low statistical power of the
subsequent analysis. The rationale for the choice of non-parametric statistical tests and
its implications were considered in Section 2.2.7.

The relative influence of the social (competitiveness) and individual (palatability) drives
of SUBDOM animals on hierarchical separation may be variable in different triads of
male rats (as discussed in Section 2.5). This may explain the variable responsiveness of
SUBDOM animals to drug treatment. Thus, those SUBDOM animals that had high
individual drives are likely to have performed poorly during competition largely due to
the presence of the DOM animals, and may have been more sensitive to treatment with
drugs designed to increase the social drive (i.e. competitiveness of the animal). On the
other hand, those SUBDOM animals that performed poorly due to their lack of interest
in the sweetened milk resource (i.e. they possessed low individual drives) might
reasonably be expected to be less responsive to these drug treatments.
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It is noted with caution that while much of the data reported above do indicate changes
in social competition following drug treatment, and these effects were often confirmed
following statistical analysis, significant variation in behavioural scores were also
identified during both pre and post-treatment sessions. These changes may simply
reflect endogenous variability in behaviour during baseline competition. Alternatively,
as has been suggested above, these significant variations may reflect longer-term
alterations in competition as a result of drug-induced learned behaviour influencing
subsequent sessions of competition.

In other words, the postulated increase in

SUBDOM competitiveness following treatment with CDP may result in improved
performance in some of these animals in subsequent competition sessions. In either
case, variations in behaviour during supposedly control competition sessions may mask
or exaggerate apparent acute effects of drug treatment, therefore making it rather
difficult to draw any firm conclusions.

The reported effects of drug and electroconvulsive shock treatment are considered in
more detail individually below.

3.4.1

Acute treatment of subdominant animals with chlordiazepoxide

As described in Section 1.11, previous studies have demonstrated conflicting effects of
CDP treatment on social competition in rats. Joly and Sanger (1991) found a significant
increase in SUBORD drinking bouts following treatment with CDP, 1.25, 2.5 and 5.0
mg.kg'1but not with 10.0 mg.kg'1. Earlier studies by Gentsch et al., (1990) had failed to
elicit an increase in competition for sucrose-pellets by poorly performing rats following
acute treatment (0.1-20.0 mg.kg'1) although treatment with CDP, 5.0 mg.kg'1 for 5
consecutive days did temporarily improve performance of these rats. On the other hand,
File (1986) demonstrated no significant effects of chronic CDP (5.0 mg.kg'1 for 5 days)
treatment of subordinate rats on competition for chocolate.

In this thesis, the effects of acute treatment of SUBDOM animals with CDP, 1.25, 2.5
and 5.0 mg.kg'1 on social competition were examined (for results see Section 3.3.1).
Acute CDP treatment of SUBDOM animals dose-dependently increased SUBDOM
TAT scores at the expense of DOM TAT scores in which a dose-dependent reduction
.

that approached significance was identified. On the other hand, treatment of SUBDOM
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animals had no significant effect on SUBORD TAT scores. The data indicate that the
maximal effect of CDP treatment on SUBDOM TAT scores was achieved with the 2.5
mg.kg'1 dose, perhaps due to behavioural disruption (i.e. possible sedation) following
treatment with CDP, 5.0 mg.kg'1. However, the TAN and challenge scores recorded
indicate that the intensity of competition was increased following acute CDP treatment
of SUBDOM animals and that this intensity was not disrupted following administration
of CDP, 5.0 mg.kg'1. Thus, it is argued that any behavioural disruption at this dose did
not affect competitive behaviour.

SUBDOM TAN scores were dose-dependently increased following acute treatment with
CDP although this effect was dampened by the smaller (but nonetheless significant)
increase in SUBDOM TAN scores during pre-treatment sessions. Furthermore, the data
indicate that both DOM and SUBDOM animals made more challenges (TC scores)
following treatment of the SUBDOM animals with CDP. Both DOM and SUBDOM
successful challenges also appeared to increase following drug treatment, although this
increase was more apparent in DOM than in SUBDOM animals. Interestingly, the
increases in SUBDOM TC and SC scores appeared more significant following
treatment with CDP, 1.25 and 5.0 mg.kg'1 than following administration of the most
effective dose of 2.5 mg.kg'1. It may be speculated that these findings support the value
of these scores in detecting behavioural effects of CDP at doses that are less effective at
increasing SUBDOM TAT scores. An increase in SUBDOM UC scores that
approached significance following treatment with CDP, 1.25 mg.kg'1, but was less so
following administration of CDP, 2.5 or 5.0 mg.kg"1 also suggests that the challenge
scores may be more sensitive to sub-threshold increases in competition that do not result
in similar increases in access time.

However, as has already been discussed, the

variability within the pre and post-treatment data makes it difficult to draw firm
conclusions.

3.4.2

Acute treatment of subdominant animals with 8-OH-DPAT

Woodall et ah (1996) showed that acute treatment of the SUBORD animal with low
doses of 8-OH-DPAT (i.e. 25 and 37.5 pg.kg'1) increased their access to sweetened milk
during limited access.
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In this thesis, the effects of acute treatment of SUBDOM animals with 8-OH-DPAT, 15,
30 and 60 pg.kg*1 s.c., on social competition were examined (for results see Section
3.3.2). In contrast to the reported effects observed by Woodall and colleagues (1996),
there were no significant increases in SUBDOM TAT scores following acute treatment
with these comparable doses of 8-OH-DPAT. Neither was the intensity of competition,
as measured by the number of challenges made, significantly altered.

Despite failing to demonstrate overall significance however, changes in behavioural
scores were identified following drug treatment of some of the SUBDOM animals.
Certainly, the mean TAT scores reported support a tendency for SUBDOM access times
to be dose-dependently increased following acute treatment with 8-OH-DPAT although
analysis of the individual data* highlights the fact that some SUBDOM TAT scores were
in fact reduced following treatment with 8-OH-DPAT, 30 and 60 pg.kg-1. Similarly
varied drug effects were apparent on analysis of the challenge scores achieved following
acute treatment with 8-OH-DPAT, with some SUBDOM animals demonstrating
increased competition while others appeared to compete less vigorously.

The reasons for the variable effects of drug treatment are not clear. The possibility that
the variation in competition may simply reflect variations in baseline cannot be
dismissed. The reduced TAT scores and competitiveness identified in some triads,
particularly following treatment with 8-OH-DPAT, 60 pg.kg'1, may be indicative of the
induction of 8-OH-DPAT behavioural syndrome, thought to be mediated by activation
of post rather than pre-synaptic 5-HTiA receptors (Goodwin et al.9 1987).

Indeed,

Woodall et al., (1996) found that the increases in drinking times that were recorded
following treatment with lower doses of 8-OH-DPAT were lost following treatment of
subordinate animals with 8-OH-DPAT, 50 pg.kg-1. In fact, acute treatment with the
higher doses of 100 and 200 pg.kg'1 produced significant reductions in drinking time.
Inconsistent findings on the behavioural effects of 8-OH-DPAT have also been reported
in other animal models of anxiety (e.g. in the elevated plus-maze test: no activity:
Pellow et a l , 1987; anxiogenic: Critchley and Handley, 1987; anxiolytic: Dunn et al.,
1989). Cao and Rodgers (1996) have reported studies using the murine elevated plusmaze in which R(+)-8-OH-DPAT produced a general suppression of behaviour while in
contrast, S(-)-8-OH-DPAT treatment reduced behaviours associated with anxiety
without modifying other behaviours.

Therefore, further studies investigating the
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possible differential effects of the two enantiomers on competitive behaviour are
warranted. Given that those 5-H T ia agonists that have been examined in the clinic are
only effective in the treatment of anxiety after repeated administration (e.g. buspirone,
Goa and Ward, 1986), further studies examining the effects of subchronic or chronic
treatment of subdominant animals with 8-OH-DPAT are also warranted.

3.4.3

Acute treatment of subdominant animals with mesulergine

The effects of acute treatment of SUBDOM animals with mesulergine, 0.1, 0.3 and 0.9
mg.kg'1 s.c., on social competition were examined (for results see Section 3.3.3). The
data do not demonstrate a significant effect of treatment with mesulergine on success
during social competition although the dose-dependent increase in SUBDOM TAT
scores (following administration of the top dose of 0.9 mg.kg'1) did approach
significance. In comparison, acute treatment of resident rats with mesulergine, 0.3
mg.kg'1 s.c., elicited a significant increase in aggressive behaviour on exposure to an
intruder rat (Mitchell and Redfem, 2000).

The results observed here indicate that

success during social competition was not sensitive to increases in aggressive
behaviour. However, it is also noted that the resident-intruder studies cited above were
conducted during the dark-phase of the light-dark cycle, as rats are more active during
the dark phase, this might explain the apparent increased sensitivity to the observed proaggressive effects of mesulergine (Mitchell and Redfem, 2000) at lower doses.

Interestingly, while a significant increase in success during social competition (as
measured by TAT scores) was not demonstrated, significant changes in the challenge
behavioural scores indicate that drag treatment did increase the intensity of competition
even where success rates were not significantly altered.

Thus, both DOM and

SUBDOM animals made more successful challenges following drag treatment
(although significance was often only determined between these drag treatment scores
and subsequently reduced post-treatment scores).

Furthermore, the number of

unsuccessful challenges made by SUBDOM but not DOM or SUBORD animals was
significantly and dose-dependently reduced following treatment with mesulergine. It is
argued that, together with the fact that DOM animals achieved a significant increase in
TC scores, these data provide evidence for the increased intensity of competition for
access to the sweetened milk resource despite no significant changes in access times.
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3.4.4

Acute treatment of subdominant animals with ketanserin

The effects of acute treatment of SUBDOM animals with ketanserin, 0.1, 0.3 and 0.9
mg.kg'1 s.c., on social competition were examined (for results see Section 3.3.4). The
data suggest that acute treatment of the SUBDOM animals with ketanserin (0.9 mg.kg'1)
significantly increased SUBDOM TAT scores although this increase was not apparent
when considering the effects of dose (i.e. when comparisons were made between scores
achieved during each drug treatment session).

Furthermore, variations in the

behavioural scores achieved by each rank position during both pre and post-treatment as
well as following SUBDOM treatment with vehicle raise serious doubts as to the true
significance of any apparent drug effects. This inconsistency within pre and post
treatment data may reflect the instability of rank orders within these triads as has been
discussed, although disruption of these hierarchies may of course be, at least in part, due
to the delayed or prolonged effects of drug treatment on behaviour.

3.4.5

Acute treatment of dominant animals with m-CPP

The effects of acute treatment of DOM animals with m-CPP, 0.08, 0.2 and 0.5 mg.kg'1
s.c., on social competition were examined (for results see Section 3.3.5). Acute m-CPP
treatment of DOM animals evoked a dose-dependent reduction (0.2-0.5 mg.kg'1) in
DOM TAT scores. This was paired with an indirectly dose-dependent increase (0.2-0.5
mg.kg'1) in SUBDOM TAT scores, although significance was limited, at 0.2 mg.kg'1, to
the post-treatment effects (i.e. the increase in DOM TAT scores and reciprocal
reduction in SUBDOM TAT scores during the post-treatment competition sessions
compared with scores achieved following acute treatment). SUBORD TAT scores were
also dose-dependently increased following DOM treatment with m-CPP, 0.5 mg.kg'1. It
is clear from the data that the indirect effects of DOM treatment on the two non-drugged
cage partners correlated with their rank separation. In other words, the rank order
allocated following baseline competition served as an accurate predictor of which of the
two non-dominant animals would temporarily attain the dominant rank position
following acute m-CPP treatment of the DOM animals. In addition, although rank
positions were completely reversed in a number of triads, particularly following
administration of the top dose of m-CPP (i.e. 0.5 mg.kg'1), baseline hierarchies were re
established in most triads tested.
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Kennett and Curzon (1991) found that m-CPP-induced hypolocomotion in a novel cage
and impaired balance on a rotating drum was only observed at much higher doses than
those used in my study (i.e. >1 mg.kg'1 i.p.). Furthermore, m-CPP reduced interaction
time and time spent in the light compartment in the social interaction (0.1-0.5 mg.kg'1
i.p.) and light/dark box (0.5, 0.75 mg.kg-1 i.p.) tests respectively at doses that failed to
impair locomotion (Kennett era/., 1989). Acute treatment of resident rats with m-CPP
(IE>5o= 0 .1 6

mg.kg_1 s.c.) reduced aggressive behaviour exhibited towards intruder

conspecifics without significantly altering total behaviours (Mitchell and Redfem,
2000).

In keeping with these reported observations, the lack of significant variation in DOM
TAN or challenge scores indicates that there was no significant effect of acute m-CPP
treatment on the level of active DOM competition (i.e. DOM animals continued to
compete for access to the milk, but with reduced success). It is argued therefore, that
the reductions in DOM TAT scores were not a result of behavioural dismption or
sedation but were instead indicative of an anxiogenic or anti-aggressive effect of acute
m-CPP treatment. On the other hand, the significant increases in both SUBDOM and
SUBORD TAN scores, together with the significant increase in SUBORD SC scores
provides further evidence of the increased success of the two untreated animals as a
result of m-CPP treatment of the DOM animals.

3.4.6 Acute treatment of dominant animals with venlafaxine

The effects of acute treatment of DOM animals with venlafaxine, 1.67, 5.0 and 15.0
mg.kg'1 s.c., on social competition were examined (for results see Section 3.3.6). Acute
treatment of DOM animals with each of these doses of venlafaxine evoked a doseindependent reduction in DOM TAT scores. This was paired with a dose-dependent
(5.0, 15.0 mg.kg"1) increase in SUBDOM TAT scores. In addition, SUBORD TAT
scores were significantly increased following DOM treatment with venlafaxine, 5.0
mg.kg'1. As was noted following m-CPP treatment of DOM animals (see Section 3.4.5
above), the rank separation between the SUBDOM and SUBORD animals was
correlated with the order in which, and extent to which, the two non-drugged animals
increased their TAT scores following DOM treatment with venlafaxine.
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Despite a reduction in both TAT and TAN scores following acute drug treatment, the
lack of significant variation in DOM challenge scores (as with the m-CPP studies, see
Section 3.3.5) indicates that any general behavioural disruption following acute
venlafaxine treatment did not result in a significant reduction in competitive behaviour.
Moreover, the tendency (as indicated by the mean data represented in Figure 3.28)
towards a reduction in challenge scores following treatment with venlafaxine, 15.0
mg.kg'1 suggests that any general behavioural disruption may have been dosedependent. In fact, the literature would appear to indicate that venlafaxine is unlikely to
have a sedative effect at any of these dose.

For example, acute treatment with

venlafaxine selectively reduced aggressive behaviour exhibited by resident rats (albeit
under reverse daylight, i.e. during the dark phase) without any effect on total behaviours
at doses as high as bOpmoLkg'1 (16.6 mg.kg'1) s.c. (Mitchell and Fletcher, 1993).
Furthermore, spontaneous locomotor activity in mice pre-treated (30 minutes before
testing) with venlafaxine, 16, 32 and 64 mg.kg'1 i.p., was actually increased, suggesting
a stimulant effect of the drug at these doses (Redrobe et al., 1998). On the other hand,
locomotor activity was reduced following subchronic treatment of male SpragueDawley rats with venlafaxine, 80 mg.kg'1 s.c., administered three times in 24 hours prior
to behavioural testing (Reneric and Lucki, 1998). It appears likely therefore that the
acute reductions in the competitive success of DOM animals at the doses used in this
study are not due to a sedative effect of venlafaxine and may instead reflect an
anxiogenic or antiaggressive effect.

3.4.7

Chronic treatment of subdominant animals with m-CPP

The effects of an initial acute challenge with m-CPP, 0.2 mg.kg'1 s.c., followed by
chronic treatment with m-CPP, 0.2 mg.kg'1.day"1 for 14 days, of SUBDOM animals on
social competition were examined (for results see Section 3.3.7). The target dose was
identified following acute treatment of DOM animals (see Section 3.3.5). Indeed, as
was observed during DOM treatment, SUBDOM TAT scores were significantly
reduced following acute m-CPP treatment. In addition, and once again in common with
the observations made following acute treatment of DOM animals, there were no
significant changes in challenge scores following acute treatment of SUBDOM animals.
As has been argued earlier, this lack of significant variation in competitive behaviour
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following acute m-CPP treatment indicates that the reduction in competitive success is
unlikely to be a result of sedation.

Many of the behavioural and other effects of m-CPP were attenuated following daily
dosing of both healthy human volunteers (Benjamin et al., 1996) and panic disorder
patients (Benjamin et al., 1999). Indeed, Mellow and colleagues (1990) reported a
study in which six elderly depressed patients received daily m-CPP treatment, 80
mg.day'1 for two weeks. All of the patients tolerated the drug while two showed a
significant improvement in their depressive symptoms and a further two showed modest
improvement. A previous study (Mellow et al., 1988 as cited in Murphy et al., 1989)
reported that psychiatric patients treated with gradually increasing doses of m-CPP
received a modest therapeutic effect of the drug which was followed, on withdrawal,
with rebound anxiogenesis. Chronic treatment of Lister Hooded rats with m-CPP, 10.0
mg.kg'1.day'1for 14 days, attenuated the effects of a subsequent acute challenge with mCPP, 2.5 mg.kg'1, on locomotion and to a lesser extent feeding behaviour and
corticosterone levels.

These changes were associated with reductions in 5-HT2C

receptor levels in both cortical homogenates and in the hippocampus but not in the
hypothalamus and may relate to differences in 5-HT2C receptor reserve (Fone et al.,
1998). Similarly, chronic treatment of male Sprague-Dawley rats with m-CPP, 2.5
mg.kg'1.day'1 s.c. for 14 days, attenuated the hypophagic, hypolocomotor and
anxiogenic effects of an acute m-CPP challenge (2.5 mg.kg'1 administered 24 hours
after cessation of chronic treatment; Kennedy et al., 1993). Therefore, it might be
predicted that chronic m-CPP treatment of SUBDOM animals would result in the
development of tolerance to the reduction in competitive success and proposed
anxiogenic effect of acute m-CPP treatment.

In contrast to the anti-aggressive effects of acute m-CPP treatment in resident-intruder
studies, and in common with the effects of a broad range of antidepressant drugs
(Mitchell and Redfem, 1992a), chronic treatment of resident rats with m-CPP,
0.1 mg.kg"1day'1 s.c. for 14 days selectively increased aggressive behaviour exhibited
towards intruder rats (Mitchell and Redfem, 2000). If competitive success during social
competition and therefore rank position is determined by the relative aggressiveness of
each triad member, chronic m-CPP treatment might be expected to result in increased
competitive success of the SUBDOM animals.
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Here, chronic m-CPP treatment of SUBDOM animals failed to modify any of the
behavioural scores recorded for any rank position during social competition. These
results would appear to confirm the development of tolerance to the anxiogenic effects
of m-CPP during chronic treatment. In other words, the postulated anxiogenic effect of
acute m-CPP treatment that resulted in an acute reduction in SUBDOM TAT scores was
not maintained during chronic m-CPP treatment of the same animals. These results are
also consistent with the suggestion that the social competition model in rodents may not
be sensitive to antidepressant-like drugs (Woodall et a l , 1997). Certainly, if as is
proposed by Mitchell and Redfem (2000), chronic treatment with m-CPP increases
aggressive behaviour it would seem unlikely that the competition for access to
sweetened milk in this test reflects the relative aggressiveness of the respective triad
members. The implications of this are discussed further in Section 4.

Figure 3.40 shows the effects of chronic treatment of a responsive (A), and nonresponsive (B) SUBDOM animal with m-CPP, 0.2 mg.kg'1.day'1 in two of the triads
used in this experiment. It is clear then that at least in this one responsive triad, chronic
treatment of the SUBDOM animal with m-CPP elicited a substantial increase in
SUBDOM, such that by day 8 of chronic treatment (D8), the SUBDOM animal has
gained the dominant position within the hierarchy.

Moreover, this effect was

maintained until day 3 following cessation of chronic treatment (D+3) after which the
DOM animal regained its top rank position. However, a more typical response is that
exhibited by the non-responding SUBDOM in which virtually all access time is lost
during and following chronic treatment.

Whether the variable responsiveness of

SUBDOM rats to chronic treatment is indicative of variations in the degree of tolerance
induced to the anxiogenic effect of m-CPP, or whether it relates more to the variations
in the nature of the hierarchy being measured in this social competition model is not
clear. It can be speculated that the responsive SUBDOM animal is a member of a triad
in which individual drives are both high and similar (refer to Section 2.5) and therefore
the competitive rank order is highly correlated with aggression and social dominance
(see also Section 4).

Finally, the tendency towards a reduction in SUBDOM TAT scores and associated
significant increase in DOM TAT scores achieved ten days after cessation of chronic
treatment may reflect a rebound anxiogenic effect (see above). Indeed, the reduction in
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TAN and TC scores following cessation of chronic treatment also indicates a reduction
in the intensity of competition.

3.4.8

Acute treatment of subdominant animals with venlafaxine

The effects of acute treatment of subdominant animals with venlafaxine, 1.67 mg.kg'1
s.c., on social competition were examined (for results see Section 3.3.8). The target
dose was identified following acute treatment of DOM animals as the minimum
effective dose which acutely reduced DOM TAT scores (see Section 3.3.6). Acute
treatment of SUBDOM animals with venlafaxine evoked a similar acute reduction in
SUBDOM TAT scores.

SUBDOM TAT scores recovered during the first post

treatment session and during subsequent competition sessions such that eventually mean
SUBDOM TAT scores were greater (although not significantly) than mean DOM TAT
scores. Indeed, its is quite clear from the data, that the separation of the TAT scores
achieved by DOM and SUBDOM animals was lost during the washout period following
acute SUBDOM treatment. However, not all SUBDOM animals demonstrated this
increase in rank position and thus TAT score differences between DOM and SUBDOM
animals were not statistically significant.

The hierarchical disruption was maintained throughout the washout period (i.e. over
three weeks) such that on administration of a second dose of venlafaxine, 1.67 mg.kg'1
to the SUBDOM ranked animals the rank positions were in fact no longer applicable.
SUBDOM TAT scores were reduced acutely but were once again re-established during
post-treatment sessions.

There was little to no variation in any of the challenge scores recorded throughout the
experiment other than during the competition sessions immediately following acute
treatment and so it would appear that the intensity of competition by each triad member
was maintained throughout despite the hierarchical disruption.

It is not clear why the hierarchies were so consistently disrupted following acute
treatment of SUBDOM animals with venlafaxine in comparison with the hierarchies
manipulated by other drug treatments. It is of course possible that the triads used in this
study simply developed less-stable hierarchies and thus acute manipulation of behaviour
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during competition resulted in the permanent disruption of these rank orders. Indeed,
mean SUBDOM TAN and SC scores were already higher than mean DOM TAN scores
before venlafaxine treatment despite the considerably lower TAT scores. Furthermore,
in contrast to most of the hierarchies reported in this thesis, DOM and SUBDOM UC
scores were also very similar during the pre-treatment session. These data indicate that
DOM animals were simply ’less dominant' in this set of triads than on average and thus
hierarchical separation was more vulnerable to drug treatment.

It is interesting to note however, that DOM TAT scores were acutely reduced to 20.9%
of pre-treatment scores on average, following treatment of DOM animals with
venlafaxine, and yet were restored to 93.4% of these scores during the first post
treatment sessions (see Section 3.3.6). Indeed, dominance was permanently lost in only
one triad out of six despite these marked acute effects. On the other hand, the loss of
dominance following acute treatment of DOM animals with m-CPP was sometimes
maintained post-treatment (thus necessitating extended washout periods, the re
allocation of rank positions or indeed the complete exclusion of triads from the study).
Thus the reduced stability of the hierarchies in this study, together with the apparent
increased stability of the hierarchies in which DOM animals were treated with
venlafaxine, may reflect a delayed or prolonged effect of acute venlafaxine treatment on
the animal’s behaviour during competition. Further investigation of these observed
effects is clearly warranted.

3.4.9 Administration of a single electroconvulsive shock to subdominant and
dominant animals

The effects of administration of a single electroconvulsive shock (ECS) first to
subdominant and subsequently to dominant animals on social competition observed 4,
28 and 52 hours after treatment were examined (for results see Section 3.3.9).
Administration of a single electroconvulsive shock to SUBDOM animals evoked a
reduction in SUBDOM TAT scores and a reciprocal increase in DOM TAT scores.
These effects were observed during competition four hours after treatment and
maintained (reaching statistical significance in the case of DOM TAT scores) 52 hours
after treatment.

While the reduction in SUBDOM TAT scores did not reach
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significance, a significant rank separation between DOM and SUBDOM TAT scores
was absent prior to ECS treatment but was evident following treatment.

The reduction in TAN and TC scores achieved by both DOM and SUBDOM animals
and the reduction in UC scores by SUBDOM animals 4 hours after ECS treatment
indicate a reduction in the intensity of competition. The subsequent partial recovery
(not significant) of these scores during competition sessions conducted 28 and 52 hours
after ECS treatment indicate that the intensity of competition was at least partially
restored despite the failure of SUBDOM animals to recover TAT scores. In particular
therefore, it is noteworthy that although no significant variation in SUBDOM UC scores
was identified, the number of unsuccessful challenges made by SUBDOM animals
became significantly greater than the number made by DOM animals during
competition 52 hours after treatment.

Administration of a single ECS to DOM animals did not significantly modify TAT
scores achieved by any rank position. However, the changes in TAT scores following
ECS treatment did result in a loss of significant rank separation between both TAT and
TAN scores achieved by both DOM and SUBDOM animals 4 hours after ECS
treatment, while all rank separation was lost 52 hours after treatment. Similarly, ECS
treatment also resulted in a loss of significant rank separation between UC scores.
Whether the lack of a significant reduction in DOM TAT scores following DOM
treatment is related to the failure to elicit full tonic-clonic seizures in some of these
DOM animals is uncertain.

Following administration of a single ECS the treated animals failed to significantly gain
weight during the week in which they were treated, while at the same time non-treated
animals did demonstrate significant weight gain. Therefore SUBDOM animals, which
were previously treated with an ECS themselves, demonstrated significant weight gain
during the following DOM treatment week. The lack of significant weight change is a
well-documented effect of ECS treatment, although a hypophagic effect of ECS appears
to be unconfirmed and requires further examination. As the reductions in access to
sweetened milk during social competition are not likely to significantly contribute to
this lack of weight gain, it is proposed here that administration of a single ECS resulted
in hypophagia that was maintained for up to 52 hours after administration.
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It is

therefore possible that the reductions in SUBDOM TAT scores and then DOM TAT
scores following acute ECS treatment were either due to a reduction in competition per
se or an indirect consequence of the apparent hypophagia.

Exposure to ECS treatment can have cognitive (particularly amnesic) effects in human
studies (Calev et a l, 1989; Stephens et a l, 1996; Barnes et a l , 1997) as well as in
animal studies (Lerer et a l, 1986). In rat studies, Netto and colleagues (1986) found
that ECS treatment reduced habituation to rearing behaviour in an open field but not the
ability to perform a water-finding task. It was argued that learning the water-finding
task was simply incidental to exploration of the environment, while the reduction in
habituation was indicative of the amnesic effects of ECS treatment (Netto et a l, 1986).
It is possible that the prolonged loss of competitive success following a single exposure
to ECS treatment was a result of these cognitive and memory impairments. If indeed,
cognition and/or habituation were important factors in determining the level of rodent
performance during limited access to sweetened milk, this could have implications for
the validity of the model as a measure of social dominance (see Section 4).

3.4.10 Repeated administration of electroconvulsive shocks to subdominant
animals

In keeping with the effects of chronic antidepressant drug treatment, repeated
administration of ECS (eight shocks delivered over 14 days) selectively increased the
aggressive behaviour exhibited by resident rats towards unfamiliar intruders on days 7
and 14 of treatment (Mitchell and Fletcher, 1992, abstract; Mitchell et al., submitted for
publication). Thus, if competitive performance during limited access to sweetened milk
is a valid measure of the relative aggressiveness of each rank position, it would be
predicted that the performance of SUBDOM animals during social competition would
be improved during repeated ECS treatment.

In this study, repeated administration of ECS (eight shocks delivered over 14 days) to
SUBDOM animals resulted in a general reduction in SUBDOM behavioural scores that
approached significance (as «<6, the power of the non-parametric statistical test is
limited, see Section 2.2.7). Indeed, on analysis of the data, it is clear that SUBDOM
animals are in fact completely excluded from successful competition during treatment,
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thus achieving zero TAT, TAN and SC scores although continuing to record some UC
and therefore TC scores.

The apparent increases in mean TAN, TC and SC data

represented in Figures 3.38B, 3.39A and 3.39B respectively, suggest that the intensity
of competition may have been increased (albeit not significantly) during the first session
following the start of ECS treatment (i.e. day 10 compared with day 8). However, the
observed variation in these data during baseline competition (i.e. days 1-8) suggest that
this apparent increase in competition intensity is perhaps more likely to be explained as
baseline variation. It is clear though that the reduction in SUBDOM competitiveness
during ECS treatment is not effected until day 12 of competition, i.e. until after the
administration of the second ECS.

There was also a small increase in competition and subsequently in TAT scores
following cessation of ECS treatment although these effects only approached
significance and were not sustained throughout the washout period. Thus, it would
appear that the reductions in competitiveness of the SUBDOM animal that were
observed following administration of a single ECS were also evident during and
subsequent to repeated ECS administration.
The poor performance of SUBDOM animals in competition during repeated ECS
treatment might reflect a general hypophagia (as indicated by the lack significant weight
gain during treatment). All animals gained significant weight prior to ECS treatment
and there were no significant differences in the rate of weight gain exhibited by any
rank.

During repeated ECS treatment, both DOM and SUBORD animals, but not

SUBDOM animals, exhibited significant weight gain. These results correlate with those
described by Mitchell and co-workers (submitted for publication) regarding the
differences in weight gained by ECS treated and sham-ECS treated rats and also with
the weight changes observed here, following administration of a single ECS.

However, once repeated ECS treatment was stopped, all animals once again exhibited
significant weight gain. Indeed, SUBDOM rats gained weight at a significantly faster
rate than both DOM and SUBORD animals once ECS treatment had stopped such that
they were able to make up for their lack of weight gain during the treatment period.
However, the observed increase in weight following cessation of repeated ECS
treatment was not accompanied by a substantial re-establishment of competitive
210

performance and it would therefore seem unlikely that the effect of ECS on competition
was simply an indirect effect of the apparent hypophagia.

Human studies have demonstrated that ECT-induced cognitive impairments are not
exacerbated but are maintained during maintenance ECT therapy (Barnes et al., 1997).
The postulated effects of memory impairments following administration of a single ECS
on SUBDOM behaviour during competition (see Section 3.4.9) are therefore also likely
to be responsible for the maintenance of this behaviour during repeated ECS treatment.
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SECTION 4

GENERAL DISCUSSION

4.1

SOCIAL DOMINANCE

Dominance is defined as "the dominant position in an order o f forcefulness", or "the
relative position o f an animal in the social hierarchy o f its kind' (Webster's Third New
International Dictionary, 1961).

Forcefulness (or aggressiveness) is therefore

considered to be central to the determination of dominance.

Aggression may be

regarded as a mechanism for gaining control over resources (such as territory, food,
water or mate) that are vital to the individual’s evolutionaiy fitness (Slater, 1979).
However, the individual must also make a cost versus benefit analysis of a competitive
situation. Thus, using Price’s (1994) terminology (see Section 1.11), an individual with
a low resource-holding potential (RHP) will usually succumb to one with a higher RHP
rather than get involved in a potentially serious conflict.

In evolutionary terms

therefore, the maintenance of a stable social hierarchy might serve to prevent serious
fighting within the group thus avoiding serious injury or death, to unite the group
against external threat and as a form of population control (van Kreveld, 1970).

However, this aggressive dominance does not necessarily predict the direction of all
interactions between individuals (Hinde, 1978). Both Syme (1974) and Hinde (1978)
asserted that to attempt to extrapolate aggressive dominance to all rank orders identified
during interactions between individuals, and thus perhaps to identify a large number of
different social hierarchies serves only to render the concept of dominance useless.
Hinde (1978) suggested that it is wiser to limit the use of dominance to those activities
or interactions that depend either actually or potentially on aggression. Syme (1974)
argued further that in order to avoid the misinterpretation of this concept as a universal
order of social dominance, it may be more appropriate to restrict its description in terms
of an aggressive order.

Moreover, Syme (1974) advised against assuming that a

particular aggressive order is necessarily any more valid a measure of social dominance
than a competitive order with which it happens to be poorly correlated.

Social dominance is not only a popular concept for study by behavioural
pharmacologists. Indeed, social organisation has been studied in a wide array of species
including not only the highly social mammals, but also all other vertebrates and even
some invertebrates (Syme, 1974).

Dominance relationships between farm animals

appear to be a particularly popular area of applied research and have potential
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implications for animal welfare and productivity (Craig, 1986; e.g. chickens (Oden et
a l, 1999), cows (Ketelaar-de Lauwere et a l, 1996), pigs (Arey, 1999; Otten et al,
1999), sheep (Wasilewski, 1999)). By developing an understanding of the basis and
function of social dominance in laboratory animals, and the manipulation of these social
organisations by drug treatment, the behavioural pharmacologist is provided with an
opportunity to develop animal models of anxiety or depression. These animal models
would appear to present with face validity and potential construct validity as both
human anxiety and depression are believed to be associated with social stress. For
example therefore, and as discussed in Section 1.9, subordination in colonies of rats
housed in visible burrow systems has been proposed as a model of chronic social stress
(Blanchard et a l, 1995), while in addition, hierarchies based on agonistic success are
sensitive to antidepressant drug treatment (Mitchell and Redfem, 1992b).

Van Kreveld's (1970) definition of dominance as a priority of access to an approach
situation allows for dominance to be measured by observation of the behaviour of a
social group of animals during competition for limited access to a resource (Benton,
1982). Competitive measures of dominance were initially developed to overcome the
apparent lack of overt aggression in many of the laboratory animals, particularly when
housed in stable groups and with resources freely available (e.g. see Gentsch et a l,
1998a). As these tests usually focus on success or failure during competition, they also
present the considerable advantage over tests incorporating detailed ethological analysis
of being easier and quicker to analyse, and thus the experience and training of the
observer are less important.

However, it is important not to lose sight of the not

inconsiderable advantages of the ethological approach to behavioural analysis (see
Section 1.7).

Replacing detailed analysis of animal behaviours during social

interactions with a simple but arguably uninformative end-point measure of competitive
success might be considered somewhat of a backward step.

The importance of demonstrating the internal and external validity of competitive orders
has been discussed earlier (Section 1.11). To summarise, one must ask the following
questions. Firstly, is this a test of social competition? That is, does this test measure
socially mediated priority of access to a limited supply of a palatable resource (is it
internally valid)?

Secondly, does this social competition test correlate with other

competitive or aggressive orders (is it externally valid)?
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4.2

IS THIS SOCIAL COMPETITION?

By ensuring that only one animal can have access to a resource at a time, priority of
access to this resource is measured. Thus, access to the sweetened milk resource used
in the experiments described here was limited to one animal at a time via tunnel entry
(see Figure 1.1).

In order to demonstrate the validity of this test as a measure of social competition and
therefore of social dominance it must be demonstrated that this priority of access is
socially mediated (Syme, 1974). Most other research groups have only considered the
end-point of social competition (see Table 1.1). For example, File (1984) attributed
success in competition to the animal that successfully captured a piece of chocolate. In
the case of the limited access measure of the social competition test, the method
developed by Joly and Sanger merely measured the relative access of each member of
the competing triad to sweetened milk (e.g. Joly and Sanger, 1991). Gentsch and coworkers (1988a) on the other hand, in recognising that this form of measurement was
unnecessarily restrictive on the analysis of competitive behaviour, instead scored not
only the success in competition for sucrose pellets, but also the extent to which each
triad member was actually involved in competition. Similarly, in my experiments the
active involvement in competition during limited access (various challenge scores were
recorded, see Appendix 2 for definitions) as well as the relative success during this
competition was scored.

Gentsch and co-workers (1988a) noted that the subordinate animals (or 'poorperforming' animals, as they preferred to define them) were rarely involved in active
competition for access to sucrose pellets although they did record a number of 'nearby'
scores awarded for achieving proximity to the resource during competition. In their
experiments, Joly and Sanger (1991) noted that, after an initial approach at the start of
each session of competition, subordinate animals frequently retreated to the back of the
cage and ceased to involve themselves further in competition for access.

The

significance of the various challenge scores recorded during competition in this thesis
has been described earlier (Section 2.3). In brief, and in contrast to the observations
reported by other authors, the general lack of significant variation in the total number of
challenges (TC) made by each triad member indicates that the involvement of each
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animal in active competition was not significantly different. This supports the assertion
that a socially mediated priority of access was responsible for the relative success of
each rank position in my social competition procedure. The extent to which each
animal was involved in active competition was also evident anecdotally from personal
observations during video analysis.

In some triads however, and particularly after a number of sessions of competition had
been completed and stable hierarchies had been established, subordinate animals did
display similarly ’disinterested' behaviour to that witnessed by Joly and Sanger (1991).
This pattern was more frequently observed in those experiments in which the animals
competed for access to the sweetened milk within their home cages and even more so
when competition was observed during the dark phase (personal observations; see also
Section 2.5). Indeed, competition appeared non-existent in some of these triads, with
dominant animals maintaining virtually unchallenged access for entire sessions.

Other researchers have often deprived triads of resources prior to introducing social
competition. Thus, Plewako and Kostowski (1984) deprived animals of water prior to
introducing competition for water, while the introduction of social competition for
access to sweetened milk using the method described by Joly and Sanger (1991) was
also preceded by a period of water deprivation. However, the studies reported here
demonstrate that sweetened milk is a sufficiently palatable substance such that prior
resource deprivation is not necessary to induce competition (see also Gentsch et al.,
1988a).

Syme and colleagues examined the internal validity of a water competition test in dyads
of male rats by comparing performance during individual access with that during
competition (Syme et a l, 1974). They discovered that while individual access times
may not have been significantly different between a pair of competing rats, the amount
of water consumed was significantly different and concluded therefore, that the time
measure of competition was unreliable (Syme et a l , 1974). Thus, it was argued that
performance of individual rats during competitive access was likely to be related to skill
rather than social drive (Syme et a l , 1974).

215

In my studies, all animals (including the dominant animal) did significantly increase
their access times during individual access thus implying that access to the sweetened
milk resource was suppressed during competition. Furthermore, the loss of significant
rank separation of TAT scores during individual access indicates that the individual
drives of each triad member were similar. Access times, and not volume of milk
consumed, were used to determine success in competition. Indeed, it was not always
easy during video analysis to determine whether the animal with access (i.e. during
tunnel entry) was in fact drinking the milk. In addition, the apparatus was not equipped
to detect individual consumption by each animal during competition. Figure 4.1 shows
(A) the total amount of milk consumed during social competition (5 and 60 minutes)
and (B) the amount consumed by each rank position during individual access (data
refers to Study 1; see Section 2.5).

As would be expected, the amount of milk consumed was significantly increased during
sixty minutes of extended social competition compared with the amount consumed
during the previous five minute competition session (t=5.291, DF=5,/?<0.01).

However, there was no significant variation between the amount of milk consumed by
each rank position during individual access and that consumed during the five minute
competition session (F(3,20)=0.5468, P=0.6560). Therefore, the data presented here
contrast with the results reported by Syme (Syme et a l, 1974) and thus support the
validity of time as a measure of competitive dominance. In other words, on the basis of
this data, each rank position not only achieved similar drinking times during individual
access but also consumed a similar amount of milk during this period (N.B. this does not
account for any milk that may have been spilled during drinking).

Another criticism of the limited access measure of social dominance concerned the
rationale for the choice of duration of competition (Syme et a l , 1974). In their water
competition test, and based on the data they obtained during individual access, Syme's
research group demonstrated that limiting access to periods of only two-minutes would
ensure that competition was maintained throughout each session (Syme et al., 1974).
All the limited-access competitive tests reviewed in Section 1.11 examined access
during five-minute periods of competition (see Tablel.l).
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Observing competitive behaviour during extended periods of access in this thesis also
demonstrated the importance of limiting the duration of access to maintaining
competition (see Section 2.5). Thus, intense competition (as noted both in the challenge
scores recorded as well as in personal observations) was only maintained during the first
few minutes when access to the sweetened milk was provided for an hour. In addition,
rank separation of access times was only maintained during the first ten minutes of
competition. These experiments thus provide a rational explanation for the decision to
limit access to five minutes per competition session in all subsequent experiments
reported in this thesis. However, the lack of significant increases in the access times
achieved by non-dominant animals during these extended periods of competition could
be interpreted as evidence that priority of access is not exclusively socially mediated
(see discussion in Section 2.5). However, despite the reduction in competition for
resource control displayed by the dominant animal during extended periods of access,
the mere social presence of this animal within the test cage is likely to be sufficient to
inhibit the behaviour of its non-dominant triad partners. It would certainly be of interest
to examine the competitive performance of the non-dominant animals during periods of
limited and/or extended access in the absence of the dominant triad member. Results
reported in this thesis would predict that subdominant animals would gain greater
resource control than subordinate animals.

While Syme's assertion that individual drinking skill might be variable (Syme, 1974) is
not supported by the results reported here (see above, Figure 4.1), the skill involved in
removing and then displacing the drinking animal from the tunnel (i.e. making
successful challenges) might well vaiy between triad members. During competition,
some animals were observed to repeatedly challenge for access during competition with
limited success. It quickly became apparent that challenges to remove the drinking
animal by biting or pulling it from above or behind were often unsuccessful because,
having removed the drinking animal from the tunnel, the challenging animal would then
be required to release its grip on the newly displaced animal in order to gain access for
itself. However, once the challenging animal had released its grip on the displaced
animal, it was the displaced animal that was immediately in a far more advantageous
position to regain access than its challenger. Indeed, on occasions, the third animal,
without having used any force, was best placed to take advantage of these challenges
and thus gain access to the milk. Other challengers appeared more adept at displacing
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the drinking animals by challenging from the side or even below. Approaching the
drinking animal from this position was far more likely to result in a successful challenge
than a challenge from behind (personal observations). Defending access control while
at the same time continuing to drink the milk was another 'skill' that appeared to vary
between animals observed.

Some animals appeared more adept at defending their

position by kicking out with their hind paws at challengers, or gripping the tunnel walls
with their forepaws to resist pulling from challengers (personal observations). There
can be little doubt therefore that skill, and not pure aggression alone, was important for
successful competition.

Gentsch and his co-workers (1988a) argued that affiliation or co-operation between two
animals was more likely to be disrupted in triads than in dyads. However, it could also
be argued that triad-based competition allows for more intricate social relationships.
While most studies have either claimed or simply assumed that linear social
relationships are usually present in triads of male rats, the possibility of a triangular
relationship in which no clear dominance is established is a clear possibility (see for
example Craig, 1986). Indeed, the number of triads in which stable hierarchies could
not be established, both in my experiments and in similar research undertaken in other
laboratories, would appear to suggest that these complex relationships between
competitive performance do exist in some triads of male rats.

It is worth commenting briefly here on some further personal observations made during
behavioural analysis that emphasise the possible complications of triad-based
competition.

As alluded to above, in competition between triads of rats it is not

uncommon for the subordinate animal largely to abstain from active competition whilst
remaining proximal to the resource. A subordinate animal may therefore be in a position
to take advantage of more vigorous competition between the dominant and subdominant
animals despite being largely uninvolved in this active competition. On occasions this
might have involved co-operative behaviour between the two challenging animals
effectively teaming up against the drinking dominant animal. However, it should also
be noted that this type of indirect success during competition was rarely sustained for
any length of time, as the animal was usually rapidly displaced from the tunnel by one
of its more competitive triad partners.
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Syme and his colleagues also compared both the access time achieved and volume of
water consumed by pairs of rats during individual access, social drinking (i.e. non
competitive) and social competition (Syme et a l, 1974). Their most interesting finding
was that performance during initial periods of competition was highly correlated with
performance during final baseline sessions of individual access. Syme and colleagues
argued that this further emphasised the importance of individual skill in the performance
of each animal during competition (Syme et a l, 1974).

The development of a 'stable' rank separation during subsequent periods of competition
that is poorly correlated with either early competition or baseline competition scores
may be due to an eventual establishment of dominance relationships (Syme et al,
1974). However, Syme iand colleagues argued that this was more likely to reflect the
relative abilities of each competing animal to learn the necessary competing skills and
subsequent habituation of performance, as one would have expected dominantsubordinate relationships to have already been established in familiar pairs of rats
(Syme et a l, 1974). However, the use of test cages provides an alternative explanation
for the observed delay in establishing stable rank separation in this competition test.
Indeed, rank separation was established more rapidly in those experiments in which
triads were permanently housed in the competition test cages (N.B. Other
methodological differences were also present, see Section 2.5).

Figure 4.2 below shows the TAT scores achieved by each rank position in three triads of
male Wistar rats over an eight-week period. Rank positions were assigned as usual at
the start of the fourth week of social competition. Over the following three weeks,
triads were not exposed to competition for sweetened milk, and were instead only
handled during twice weekly cleaning of cages and weight measurement once a week.
Each triad was then allowed to compete for access to the sweetened milk, as before
during the eighth week of competition.

Rank separation of TAT scores was maintained during the final week of competition.
These results suggest that the consistency of the rank separation in competitive
performance is not simply due to procedural habituation, although it is noted that the
maintenance of learned skills over the three-week break in competition cannot be
discounted. It is interesting to note that dominant-subordinate relationships between
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Figure 4.2: Total access tim es (seconds, m ean+S.E.M ) achieved by each rank position
during com petition for access to sw eetened milk. C om petition sessions were conducted
three tim es a w eek for four w eeks (w ith rank positions assigned at the start o f week 4 as
usual). A fter a three w eek break in com petition, a final three sessions were conducted in
week 8. Key: D om inant (black circles), S u b d o m in a n t (re d sq u a re s), S u b o rd in a te (blue
trian g les). (n= 3 for each rank position).
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pairs of undernourished pigeons during food competition were maintained even when
aggressive behaviours were reduced during chronic treatment of the dominant pigeons
with 5-hydroxytryptophan (Fachinelli et a l, 1996). Furthermore, following cessation of
this treatment, the recovery of aggressive behaviour did not return to pre-treatment
levels and Fachinelli and co-workers (1996) speculate that the dominant pigeons might
have learned, during treatment, alternative methods of maintaining feeder control
without requiring aggressive behaviour. Thus, in the context of this social competition
test, it may be argued that aggressive behaviour may serve an important function in the
initial establishment of rank orders but not in the subsequent maintenance of habituated
competitive performance.

In summary, whilst it is clear that priority of access is being measured, the extent to
which this priority of access is socially mediated remains unclear. The results reported
here and discussed above would appear to indicate that the priority of access is indeed
dependent, at least partially, on the respective social or competitive drives of each
competing triad member. In answer to the original question therefore, this test would
appear to be measuring social competition. However, non-social factors that are likely
to be important in determining priority of access in some triads may include skill and
learning. The following section considers the validity of this social competition test as a
measure of social dominance.

4.3

IS THIS SOCIAL COMPETITION TEST A MEASURE OF SOCIAL
DOMINANCE?

As Syme (1974) argued, the external validation of a putative measure of social
dominance such as the social competition test requires demonstration of high correlation
with other measures of social dominance, including both competitive and non
competitive orders. Non-competitive social orders can be based on various behaviours
including social grooming but, as explained earlier, the order used most for identifying
social dominance is the aggressive order.

The validity of aggressive orders as measures of social dominance is supported in a
variety of species with both behavioural and non-behavioural correlates identified (see
Section 1.9, 1.10). It is both easy and attractive to predict a relationship between
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dominance and aggression, and it is often assumed that that dominant animals will
display more aggressive behaviour than their subordinate cohorts (File, 1986). As File
observed in her studies however, aggressive orders established through observation of
spontaneous aggressive behaviours were often, but not always, correlated with the
competitive order established during competition for access to chocolate (File, 1986).

If it is accepted that closed groups of rats will develop stable social orders, then the
inability to establish stable and consistent rank separation in all triads both in this study
and elsewhere (see Section 2.4) indicates that social competition may not be an effective
measure of social organisation. However, it is noteworthy that dominance hierarchies
were also not always observed even when based on aggression. For example, in a
particular study, Blanchard and co-workers (1988b) failed to identify rank separation in
two of six colonies (33%) in which aggressive behaviours were infrequently observed.
Even in dyad-based competition, Raab and colleagues (1986) failed to establish clear
dominance in one out of 20 resident-intruder pairs. It is clear once again, as emphasised
by Syme (1974), that social orders based on measurement of levels of aggressive
behaviour cannot be assumed to be more valid measures of social dominance than
competitive orders.

Subordination in colonies housed in visible burrow systems was associated with
significant body weight loss (Blanchard et al., 1995). Similarly, subordinate rats housed
in the resident-intruder dyads studied by Raab and colleagues (1986) had lower weights
than their dominant partners despite no significant weight differences being apparent
before the coexisting period commenced. These results indicate that social dominance
may be correlated with body weight.

Dominant animals in triads ranked during social competition for sweetened milk (Joly
and Sanger, 1991) tended to be the largest animals although no significant differences
were identified. In this thesis, there was no significant effect of rank on body weight
when social competition was first introduced other than in the acute ECS study, in
which dominant animals actually weighed significantly less than subdominant animals.
Indeed, by the final session of social competition, there were no significant differences
in animal weights in any of the studies reported in this thesis. (N.B. Animal weights
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were not provided in any of the other publications on the social competition test
reviewed here.)

Based on these animal weight data, competitive hierarchies would appear to be poorly
correlated with the social dominance they are intended to measure. It is interesting to
note however that there were also no significant weight differences between male rats
housed in triads when aggressive hierarchies were determined according to success in
agonistic encounters (Mitchell and Redfem, 1992b).

In addition, Blanchard and

colleagues (1988a) noted that highly aggressive male rats housed in mixed-sex colonies
were not necessarily larger than their less-aggressive cohorts were.

Hormone-dependent increases in aggression associated with pregnancy and lactation in
female rats are well-documented (e.g. Albert and Walsh, 1995). Figure 4.3 below
shows the total access times achieved during competition when a female rat was
accidentally included in each of two triads along with two male rats. Each experiment
was ended at parturition after three weeks of competition (note: the gestation period of
the rat is 21 -23 days).
Interestingly, the competitive success of the female rat in each triad was improved over
time relative to the success of its male counterparts. This is in keeping with the increase
in aggressive behaviour in female rats (maternal aggression) which is believed to occur
during the second half of pregnancy (Albert and Walsh, 1995). In these particular triads
therefore, a correlation between aggression and competitive success was apparent.
However, further studies are clearly required to confirm these preliminary findings.

To further validate the social competition test as a measure of social hierarchy and as a
model of anxiety, previously ranked animals were exposed to an elevated plus-maze
and, immediately following culling, selected organs were dissected and weighed to
enable the identification of any rank differences (see Section 2.6).

The social stress associated with living in mixed-sex colonies in the visible burrow
system was often, but not always reflected in changes in specific organ weights (see
Section 1.10). One might predict that, if subordination in closed groups is indeed
associated with increases in stress, the activity of the hypothalamic-pituitary-adrenal
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Figure 4.3: T o tal acce ss tim es (se co n d s, m ean + S .E .M ) a ch ie v ed by tw o m ale rats (black
circles, blue triangles) a n d one fe m a le ra t (re d s q u a r e s ) h o u se d in triad s d u rin g b aselin e
social c o m p etitio n (« = 2 , i.e. th ere w e re tw o triads).
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(HPA) axis would be increased and it might be expected that the adrenal glands would
subsequently be enlarged. Indeed, adrenal weights were often enlarged compared with
controls in subordinate animals although importantly, enlarged adrenal glands were also
observed in some dominant animals (Blanchard et al., 1995). The literature is therefore
far from conclusive on the relationship between social dominance and organ weights.

The studies conducted in this thesis did not demonstrate any significant relationship
between competitive performance and adrenal, spleen, thymus or thyroid weights
although it is noteworthy that dominant animals tended to have lower relative adrenal
weights than subordinate animals. It is debatable that significant differences might have
been achieved had the competition been maintained for a few more weeks, as a number
of the hierarchies obtained in these triads were disrupted following plus-maze exposure.
Further experiments examining the organs of animals that have cohabited and
undertaken social competition for a longer time period would be desirable.

Rodgers and Cole (1993) have demonstrated that murine behaviour on the plus-maze
may be influenced by prior exposure to social stress.

Thus DBA/2 mice display

increased open arm avoidance and increased risk assessment immediately following
social defeat to an aggressive conspecific and to a lesser extent following olfactory
contact with a similarly aggressive animal, but not following interaction with a nonaggressive male.

However, as reported earlier, previous studies have failed to

demonstrate any significant correlation between rank position during social competition
and behaviours observed on the elevated plus-maze (Gentsch et a l , 1988a) or in the
open-field (Gentsch et al., 1988a; Woodall et al., 1996).

The results reported here do indicate that the behaviour of dominant animals on the
plus-maze is significantly less anxious than that off subordinate animals although the
ethological scores appear more sensitive than the conventional scores of plus-maze
behaviour to these differences. Thus, subordinate animals made a higher percentage of
protected head-dips than both subdominant and dominant animals.

Furthermore,

although post hoc analysis did not identify any paired differences between rank
position, the variation in the number of attempts made was also significant. Of the
conventional scores, only the variation in the number of closed arm entries was
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significant (there were no significant paired differences) while the variation in time
spent on the central square of the maze only approached significance (P=0.0919).

Most of these differences would appear to support the hypothesis that subordinate
animals are more anxious than dominant animals. It could be argued that the tendency
for dominant animals to make fewer closed arm entries than both subdominant and
subordinate animals also reflects a reduced anxiety in these animals although this is not
supported by factor analysis studies.

Closed arm entries do not load on factors

associated with anxiety, but rather load heavily on a separate factor related to locomotor
activity (Rodgers et al., 1995). The greater sensitivity of the ethological scores such as
risk assessment behaviours to drug-induced anxiolysis has been reviewed elsewhere
(e.g. Rodgers et a l , 1997) and this may explain the lack of significant correlation
between competitive rank and the conventional scores of plus-maze behaviours
recorded by Gentsch and colleagues (1988a).

However, the disruption of a number of competitive hierarchies following plus-maze
exposure does make it difficult to draw firm conclusions from the data reported here.
Moreover, the general lack of open-arm avoidance displayed by all rank positions
suggests that plus-maze exposure may not have been a particularly fearful experience
for these animals, perhaps due to their extensive prior handling.

In summary, the results reported here admittedly present little evidence with regard to
the generality of the social competition test as measure of social dominance. However,
the apparent correlation between competitive hierarchies and plus-maze behaviour
implies that performance during social competition might be related to the respective
anxiety levels of each animal.

Whether this proposed difference is indicative of

variations in stress and therefore arguably social status remains unclear although it does
provide some support for the use of the social competition test as a model of anxiety.
The utility as well as validity of the social competition test as an animal model is
considered further below.
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4.4

IS THE SOCIAL COMPETITION TEST A VALID AND USEFUL
ANIMAL MODEL OF ANXIETY?

Various research groups have demonstrated the sensitivity of the social competition test
to manipulation with a variety of anxiolytic and anxiogenic drugs (see Section 1.11). In
my studies, significant drug effects on social competition were not always identified,
particularly with regard to changes in success in competition (see Section 3). It has
been argued here that the challenge scores may provide a more sensitive measure of
drug effects on social competition than access time, and indeed, significant drug effects
were often observed in challenge scores at lower doses than required to elicit an
increase in access time. In general, these results do also support the hypothesis that the
social competition test is sensitive to both anxiolytic and anxiogenic drug effects.

Thus,

acute

treatment

of

subdominant

animals

with

the

benzodiazepine,

chlordiazepoxide increased both their involvement in competition and subsequent
access times. In keeping with the proposed anxiety-modulating role of the 5-HT2C/2A
receptors (Kennett et al., 1994), acute treatment of subdominant animals with the
selective 5-HT2C/2A receptor antagonist mesulergine increased competition although the
increase in their access times only approached significance. The data indicate that acute
treatment of subdominant animals with the 5-HT2A/2C receptor antagonist ketanserin
appeared to increase their access times, although significant variations in the baseline
behavioural data point to caution over the interpretation of these effects. As has been
discussed elsewhere (see Section 3.1) the reported literature indicate that the anxiolytic
activity of these ligands is likely to mediated via blockade of the 5-HT2C receptor rather
than via blockade of the 5-HT2A receptor. As mesulergine has a greater affinity for the
5 -HT2C receptor subtype compared with ketanserin (Fiorella et al., 1995) one would

predict that mesulergine would be a more effective anxiolytic agent. While statistical
analysis of my data does not necessarily confirm this prediction, it is argued that the
effects observed in the mesulergine study are more reliable that those observed in the
ketanserin study. Further investigation of these effects would appear to be warranted.
Acute treatment of subdominant animals with the 5-H T ia receptor agonist and putative
anxiolytic drug, 8-OH-DPAT failed to demonstrate any significant effect on behaviour
during social competition.

The 5-H T ia receptor agonists have often yielded

inconsistent results in a variety of animal models of anxiety, and indeed, 8-OH-DPAT
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treatment has previously been demonstrated to increase subordinate access times
(Woodall et al., 1996a). The significance of the variable individual data obtained in my
study was considered in Section 3.4.2.

The anxiogenic effects of the selective 5 -HT2C receptor agonist, m-CPP are established
(e.g. Gibson et al., 1994). Furthermore, acute treatment with both m-CPP and the SNRI
venlafaxine, has been shown to reduce aggressive behaviours displayed by resident rats
at doses similar to those used here and which do not appear to induce sedation (Mitchell
and Fletcher, 1993; Mitchell and Redfem, 2000). Similarly, as reported here, acute
treatment with m-CPP and venlafaxine reduced access times during social competition
when administered to either dominant or subdominant animals.

Rat social hierarchies have been disrupted by chronic antidepressant drug treatment
(e.g. Mitchell and Redfem, 1992b) while the proposal that subordination is a model of
chronic social stress (Blanchard et al., 1995) also supports the assertion that low rank in
rat social hierarchies is a model of depression. However, the social competition test
appears to be insensitive to antidepressant treatment (e.g. Woodall et al., 1996) and this
claim is supported by the results reported in this thesis.

Thus, chronic treatment of subdominant animals with m-CPP had no significant effect
on social competition although the reversal of dominant-subdominant rank during
treatment in one triad suggested that this particular triad was more sensitive to the proaggressive (and thus antidepressant-like) effects of chronic m-CPP treatment (see
Mitchell and Redfem, 2000). Furthermore, administration of a single electroconvulsive
shock (ECS) to subdominant and dominant animals appeared to reduce both access
times and competitiveness. While competitiveness appeared to partially recover with
time, the access times failed to do so (up to 52 hours after treatment).

Repeated

administration of ECS increased aggressive behaviour in resident rats exposed to an
intruder (Mitchell and Redfem, submitted for publication) but when administered to
subdominant animals in this thesis, instead reduced access times and competitiveness.
Indeed, this reduction in success during competition was maintained not only
throughout the treatment period but also up to two weeks following cessation of
treatment.
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These results therefore support observations reported in previous studies and reviewed
above (see Section 2.11), which indicate that rank order assigned during the social
competition test reflects different levels of anxiety and is unlikely to be sensitive to
antidepressant drug effects.

Thus, it is generally argued that the improvements in

competitive performance seen in social competition reflect the disinhibition of
suppressed competitive or social behaviours (e.g. Gentsch et al., 1990; Joly and Sanger,
1991).

On the other hand, the disruption of agonistic encounter-based hierarchies

during chronic antidepressant drug treatment (Mitchell and Redfem, 1992b) is thought
to reflect increases in basal levels of aggressive behaviour. That anxiety and aggression
are ethologically related is now established, although the precise nature of this
relationship appears to depend on the type of aggressive behaviours involved (Mendoza
et al., 1999). Indeed, much of the confusion surrounding the relationship between
anxiety and aggression stems from the inaccurate assumption that the variety of
aggressive behaviours displayed in a variety of contexts are necessarily equivalent
(Rodgers and Waters, 1985). Thus, anxiolytic activity is generally associated with antiaggressive activity but as demonstrated by Ferrari and colleagues (1997), the differential
effects of CDP treatment on aggressive behaviour in male mice depends on prior social
experience. Furthermore, CDP treatment increases some types of aggressive behaviour
(e.g. conspecific aggression) at low doses but conversely decreases aggressive
behaviours at high doses (Miczek et al., 1995; Ferrari et al., 1997).

The prevalence of anxiety comorbid with depression, the considerable symptom overlap
between the two illnesses and the ever-increasing use of antidepressant drugs to treat
anxiety disorders have already been described (see Section 1). It could be argued that
the insensitivity of the social competition test to antidepressant drugs that have
clinically established efficacy in the treatment of anxiety disorders including GAD
poses a problem for the predictive validation of this test as a model of anxiety. This
clearly encourages further investigation of the differences in dmg sensitivity between
dominance measured by competition and agonistic encounters (Woodall et al., 1996a).

The advantages of using ethological techniques of analysing rodent behaviour for
identifying and discriminating between behavioural effects of different dmg treatments
have also been discussed earlier (see Section 1.7).
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However, most researchers have made no attempt to score the various behavioural
elements displayed during social competition, rather focussing on the end-point of this
competition (i.e. success or failure).

Herein lies a major drawback of the social

competition test, i.e., the replacement of detailed behavioural analysis with arbitrary and
often poorly validated measures of competitive success (see also Syme, 1974). It is
important to remember that competition for access to a palatable resource was
introduced, in order to facilitate the observation of competitive behaviours in otherwise
non-aggressive laboratory rats.

This neither necessitates nor justifies limiting the

behavioural analysis to a chosen measure of success (be that access time or amount
consumed).

It has been argued here, that the analysis of competitive behaviour in the studies
conducted in this thesis, by scoring of challenges made during competition provided a
more sensitive measure of competitiveness than the end-point score of total access time.
It has also been argued that these scores are sensitive to behavioural disruption (i.e.
sedation) and therefore potentially avoid the need for conducting separate locomotor
activity tests.

For example, acute treatment of dominant animals with venlafaxine

(1.67-15.0 mg.kg'1) reduced dominant access times but only appeared to reduce their
total challenge scores at the highest dose (although even this apparent effect failed to
reach statistical significance).

Furthermore, the lack of significant rank separation

between these total challenge scores indicates that the involvement of each animal in
active competition was generally not significantly different. Whether this conflicts with
the hypothesis that competitive behaviour is inhibited in subordinate animals is not
certain. It is of course perfectly plausible that, despite their apparent active involvement
during social competition, the relative aggression of challenges made by subdominant
and subordinate animals were in fact suppressed compared with that of the dominant
animals and that this suppression was ultimately reflected in their respective access
times gained. It is interesting to note though, that the equal involvement of each triad
member in agonistic encounters was taken to indicate that the aggressive behaviours of
low-ranking animals in those groups are not suppressed (Mitchell and Redfem, 1992b).
It is noted that while the maintenance of challenge scores following dmg treatment
indicates a lack of sedation, a reduction in challenge scores does not necessarily imply
sedation. Thus reductions in competitive motivation or even appetite may also serve to
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reduce the intensity of competitiveness (as indeed was observed during extended
resource access).

While most researchers have examined drug effects on subordinate (or poorperforming) animals during social competition, the antidepressant effect identified by
Mitchell and Redfem (1992b) was observed in subdominant animals. It would seem
highly improbable though that different sensitivities to anxiolytic and antidepressant
treatments were related to the choice of target rank position and indeed, the studies
reported in this thesis examined the effects of dmg treatment on the performance of
subdominant animals during social competition.

It is not clear however, whether the choice of subdominant over subordinate as dmg
target in these dmg studies contributed to some of the non-significant effects observed
here. It could be argued that subdominant animals, being more involved in competition
and often demonstrating greater individual drive (palatability) than subordinate animals
would be better targets for increasing social drive (competitiveness/aggressiveness) (see
Section 2.5).

In this sense, it would appear that the competitive behaviour of

subdominant animals was more suppressed than that of the subordinate animals. This is
supported by the observed differences between subdominant and subordinate increases
in access times following treatment of dominant animals with either m-CPP or
venlafaxine (see Section 3). However, the tendency for subordinate animals to display
more behaviours characteristic of anxiety on the plus-maze suggests that this rank
position might have been a better target for anxiolytic dmg treatment.

Further

investigation of the differences between subdominant and subordinate animals during
social competition is warranted.

Of perhaps greater significance is the potential difference between hierarchies
established in either the home or test cages. It has been demonstrated that dominance
was established more rapidly and often involved the complete abstention of non
dominant triad members during social competition tests conducted in home cages and
that these effects were possibly even further enhanced when competition took place in
the dark phase (Section 2.5). In pilot experiments (see Section 2.2.8), competitive
hierarchies that were determined under these conditions were not sensitive to either
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acute or chronic chlordiazepoxide treatment of any rank position (these data are not
reported here).

It is of potential interest therefore that antidepressant-induced hierarchical disruption in
Mitchell and Redfem’s study (1992b) was observed within the home cages and under
reverse daylight conditions.

On the other hand, anxiolytic-induced increases in

subordinate competition were, in most cases, observed in test cages and under normal
light conditions (e.g. Joly and Sanger, 1991; Woodall et al., 1996a). It is of further
interest that, in those social competition studies that were conducted within the triad
home cages and under reverse daylight, subordinate performance was only sensitive to
subchronic and not acute chlordiazepoxide treatment (Gentsch et al., 1990). It can be
speculated that subordinate status determined within the home cage and during activity
observed during periods of arousal (i.e. during the dark phase) is a better model of
social stress and thus depression. In contrast, subordination determined during the light
phase and in territorially neutral test cages might be less influenced by social dominance
and therefore simply reflects relative anxiety levels in response to the novelty and light.
Alternatively, social competition under these conditions might simply emphasise some
aspects of social dominance such as skill, curiosity and fearfulness more than others
such as aggression and thus be more sensitive to anxiolytic than antidepressant drug
treatment.

The social competition test is regarded as an unconditioned response test (e.g. see
Rodgers, 1997) as it is used to observe the spontaneous social behaviours displayed by
group-housed laboratory rats during competition for limited access to a highly palatable
resource. In practice however, the need to effectively train the animals to ’compete' for
access prior to establishing stable and consistent rank separations of competitive
success, would appear to present some of the problems associated with conditioned
response tests. Thus, the confounding effects of learning, memory and habituation
hinder the potential utility of this test.

Most other laboratories limited the disruption of baseline hierarchical separation
following acute drug treatments by allowing a reasonable period of time for washout
(between six and eight days) between doses (e.g. Joly and Sanger, 1991, 1992; Woodall
et a l , 1996). However, it is interesting to note that in the studies conducted by Gentsch

233

and colleagues (1988b, 1990), drug effects were not always immediately evident and
often remained during several subsequent sessions of competition. Indeed, Joly and
Sanger (1992) also reported hierarchy disruption in some triads that were subsequently
excluded from their studies.

Maintenance of hierarchical

disruption

in post-treatment

sessions

following

subdominant treatment was evident in a number of triads observed in this thesis
although it is unclear whether this was due to the influence of cognitive effects on
competitive behaviour. In particular, long-term disruption of hierarchies was observed
following acute treatment of subdominant animals with venlafaxine and following
electroconvulsive shock treatment. The observed prolonged effects of electroconvulsive
shock treatment, which is known to impair memory (e.g. Calev et al., 1989), on both
dominant and subdominant performance during social competition, implicate a possible
role for cognitive function in determining relative success during competition.

A

number of triads were excluded prior to data analysis in most of the drug studies
reported here due to loss of dominance following acute drug treatment of the
subdominant animals. The inherent risk here is that the only data that is included in
analysis is obtained from triads in which drug effects were not large or in which the
strength of dominance was greater and thus the chances of identifying significant drug
effects was substantially reduced.

However, considering the number of animals

required to conduct experiments (each triad consisting of two non-drugged animals in
addition to the drugged animal) and the time required to establish stable hierarchies for
manipulation (up to 4 weeks of competition), it would appear that repeat dosing (i.e.
within-subjects design) remains the only viable option for dose-response studies.

In summary, there is evidence that a priority of access to sweetened milk, that is at least
in part socially mediated (more so in some triads than others), is established during the
social competition test. While there is little to suggest that the competitive rank order
established during this test is anything other than test-specific, the performance of each
triad member does appear to relate to anxiety levels. Thus, subordinate animals appear
more anxious than their triad partners when exposed to the plus-maze. In addition,
competitive success is reduced following acute anxiogenic drug treatment and increased
following acute anxiolytic drug treatment but not during chronic antidepressant drug
treatment or repeated electroconvulsive shock treatment. However, the influence of
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non-social factors such as individual skill and palatability and learning/memory
functions on performance during competition are major confounds for the validity and
thus utility of this test as animal model of anxiety. It is suggested, that the rank orders
identified in some triads, in which individual animals have similarly high individual
drives for gaining access to the sweetened milk resource, are likely to represent better
models of social dominance. Subordination (i.e. including both non-dominant animals)
in these triads is also more likely to represent chronic social stress and therefore respond
to drug treatments that increase aggressive behaviour.

Further disadvantages of the current test procedure include the absence of an adequate
control for drug effects on general activity or appetitive motivation. In recognising
these limitations of the social competition test, Woodall and colleagues (1996a)
therefore tested for locomotor activity and individual access independently of social
competition sessions.

Individual access was examined in my laboratory and could

reasonably be incorporated into the experimental design for future drug studies. Finally,
subordinate animals may arguably have provided a more promising target for anxiolytic
drug treatment than subdominant animals and further empirical studies on the
differences between these rank positions are required.

4.5

WHERE NOW FOR THE SOCIAL COMPETITION TEST?
SUGGESTIONS FOR FUTURE WORK

The paucity of published research using the social competition test is perhaps the best
indicator of the perceived utility of this test as a valid animal model of anxiety. Indeed,
as has been highlighted here, there are numerous valid criticisms that remain to be
addressed. Particular attention has been focussed on the lack of detailed behavioural
analysis and validation for this test. The predictive validity of the test has arguably been
demonstrated by other research groups (e.g. Joly and Sanger, 1991; Woodall et al.,
1996a) although the tests established in this laboratory were less than reliable at
eliciting significant effects. While the predictive validity of a putative model is clearly
important to behavioural pharmacologists, recent advances in ethopharmacological
techniques have encouraged greater emphasis on other aspects of validation.

It is

commonly argued that models that incorporate ethological analysis are time consuming
and require extensive training. However, it is unlikely that the social competition test
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presents any substantial advantages in terms of time consumption.

Indeed, time

limitations as well as ethical considerations have prevented the examination of larger
sample sizes in a number of the studies reported here. Moreover, time and cost
limitations prevented the use of more appropriate control groups (such as during chronic
subdominant animal treatment where all subdominant animals received drug treatment
and thus the control animals were the saline treated dominant and subordinate cage
partners). Further study would be desirable to enable the operation of statistical tests
with greater power in order to ensure that true drug effects are identified.

Despite these criticisms, it is argued that interest in the social competition test is still
warranted. It has been demonstrated that the sweetened condensed milk is a highly
palatable resource, the access for which randomly grouped triads of age- and weightmatched male Wistar rats will generally compete.

In the majority of cases, this

competition eventually results in stable rank orders based on the access times gained
during limited periods of access. However, it remains to be ascertained whether the
rank orders determined in this laboratory during access for sweetened milk would also
be obtained during competition for another limited resource (e.g. food, water, sexual
partner). Prior studies reported in the literature would suggest that this is unlikely, i.e.
that the competitive rank order is in fact test-specific. This in itself is not a major
concern if, as is now generally acknowledged, social dominance is recognised as being
a complex relationship that cannot be adequately characterised by individual terms such
as aggression (Drews, 1993 as cited in Militzer, 1995). More importantly the responsespecificity of this social competition test has not been examined.

It would therefore be useful to assess whether the competitive rank orders established
using this procedure remain stable when competition for the same sweetened milk is
introduced under different conditions.

Indeed, Syme has argued (1974) that a test

cannot claim to measure dominance unless the possibility of a response specific
interpretation of the rank order is discounted. For example, competition for any number
of resources such as food, water, sexual partner, sweetened milk etc., might reasonably
provide an equal number of different rank orders within a closed group of rats (i.e. the
rank orders appear to be resource specific). However, these differences could also be
interpreted as a response-specificity. Thus competition for access to, and maintaining
control of, a sucrose pellet may suit the capabilities of one triad member (thus achieving
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a dominant rank position) more than gaining and maintaining access to sweetened milk
via a drinking spout (leading to a non-dominant rank position). These rank orders
would merely reflect the individual capabilities of each triad member under the specific
conditions in which they are examined. In order to ensure that the dominance achieved
during competition for the sweetened milk is not merely response-specific, rank
positions achieved during competition for access to the tunnel containing the sweetened
milk might be compared with those achieved during competition for access to the milk
in the absence of tunnels. Alternatively, access to milk might be assessed when the
milk is placed in a small trough positioned in the opposite comer of the test cage, rather
than via a drinking spout. It would also be interesting to assess whether rank orders
established in the test cages would remain stable when competition was subsequently
assessed within the home cages and/or during the dark phase of the light-dark cycle.

It was not practical to examine the importance of all the possible methodological and
organismic variables to the valid and effective measurement of social dominance.
However, as has been identified with other procedures (including the elevated plusmaze; refer back to Section 2.6) baseline, as well as drug-induced behaviours are
influenced by apparently small changes in these parameters. Indeed, various procedural
alterations were implemented during the early period of this research project (see
Section 2.5). However, in order to be able to examine drug effects on these competitive
hierarchies, the extent of these procedural manipulations was essentially limited. Thus,
all the studies reported in this thesis have utilised the University of Bath strain of Wistar
rat.

As listed in Table 1.1, Wistar and Lister Hooded rats have both been used

effectively in producing anxiolytic drug sensitive hierarchies. However, Woodall and
colleagues (1996a) did speculate that the maintenance of constant levels of hierarchical
separation between rank positions in their studies might have related to their use of the
Lister Hooded strain (compared with Wistar rats used by Joly and Sanger, 1991). It
would be of interest to investigate possible strain differences in the sensitivity of
competitive hierarchies to drug treatment in my laboratory.

The data reported here suggest that rank positions achieved during social competition
are correlated with behaviours displayed on the elevated plus-maze, although this is not
supported by previous studies (e.g. Gentsch et al., 1988a), while the disruption of some
hierarchies during subsequent competition also detracts from these findings. Further
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studies are warranted to examine the relationship between competitive orders and plusmaze behaviour. For example, anxiolytic treatment has been demonstrated to reduce
extracellular levels of serotonin in the ventral hippocampus as measured by in vivo
microdialysis during exposure to an elevated plus-maze (e.g. Wright et a l, 1992).
Similar experiments, using rats previously ranked during social competition, might be
useful to test for differences in localised neurotransmitter levels between rank positions
that accompany different levels of anxiety displayed on exposure to an elevated plusmaze.

In common with the majority of animal studies, my research has concentrated on the
investigation of hierarchical relationships between male rats and their sensitivity to drug
treatment. Anxiety and particularly depression are prevalent in women (e.g. Maier et
al., 1999) and these disorders can be associated with stress and hormonal disorders (e.g.
Bailey and Cohen, 1999). The increased use of female, as well as male subjects, in
animal behavioural models of these disorders is therefore warranted (see also
Blanchard, 1997, abstract only). Where the behaviour of female rats has been studied,
for example in the Anxiety/Defence Test Battery (cf. the MDTB, Section 1.6), gender
differences in both baseline defensive behaviours and sensitivity to specific anxiolytic
drug treatments have been identified (e.g. Blanchard et a l, 1992, 1993b). Moreover, in
the study by Militzer (1995), competitive dominance established in groups of female
rats was, in contrast with dominance in groups of male rats, more highly correlated with
appeasement behaviour (co-operation) than with aggressive behaviour.

It might

therefore be of interest to examine the competitive behaviour displayed by female
Wistar rats in this social competition test and the sensitivity of this behaviour to drug
treatment.

Any such experiments would be complicated by possible differences

between individual rat oestrous cycles and the impact any resulting changes in hormone
levels may have upon competitive behaviours.

Finally, as discussed above, it remains of interest to investigate the different sensitivities
of the competitive and aggressive hierarchies to anxiolytic and antidepressant drugs
respectively. Through the observation of both social competition and agonistic
encounters in triads of laboratory rats both competitive and aggressive hierarchical
orders (which may or may not be related) can be determined. It might then be possible
to distinguish between anxiolytic and antidepressant activity in individual drugs using
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the same animals thus providing considerable economical (both ethical and financial)
advantages. In any case, it is essential that future studies examining social competition
should consider not only the final access times but all of the competitive behaviours
displayed during competition. Whether these behaviours can be adequately
characterised as part of the defensive repertoire that have been described as the
evolutionary antecedents of anxiety responses (Rodgers, 1997) remains to be
ascertained.
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APPENDIX 1

Experimental timetable for social competition tests

Time
Experiment

1

Triads
Weigh Animals

Administer Dose

Social Competition Test

1+2

0900

0930

1000

3+4

0900

0940

1010

5+ 6

0900

0950

1020

65 minutes (Test cages w ere cleaned and prepared for the next competition sessions)

2

1+2

1130

1200

1230

3+4

1130

1210

1240

5+6

1130

1220

1250

65 minutes (Test cages were cleaned and prepared for the next competition sessions)

3

1+2

1400

1430

1500

3+4

1400

1440

1510

5+6

1400

1450

1520

Notes:
1 - Animals were housed under normal daylight conditions (i.e. light:dark 12h:12h; lights on 0700 GMT).
2 - A s six test cages w ere available, each experiment included six triads.
3 - Competition sessions were conducted in pairs due to video recorder limitations.
4 - Animals were placed in the test cages follow ing drug administration (i.e. 30 minutes prior to social
competition test).
5 - On occasions w hen animals did not receive a dose, they were still placed into the test cages 30 minutes
prior to social com petition test.
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APPENDIX 2

Definitions of behavioural scores allocated during social competition test
TAT

Total Access Time (seconds)
The total time that an animal has access (via tunnel entry) to the sweetened milk
during the social competition session.

TAN Total Access Number
The total number of tunnel entries made by an animal (no matter how brief)
during the social competition session. An entry is scored when at least the
whole head of the animal is placed within the tunnel.
SC

Successful Challenges
The number of times that an animal successfully displaces the drinking animal
(with or without physical contact) and gains access to the sweetened milk (no
matter how briefly).
e.g.

’A' has access to the sweetened milk
'B' removes ’A' from the tunnel (challenge)
'B' gains access to the sweetened milk

UC

Unsuccessful Challenges
The number of times that an animal is unsuccessful in attempting to displace the
drinking animal (with or without physical contact) and therefore fails to gain
access to the sweetened milk.
e.g.

'A' has access to the sweetened milk
?B' removes 'A* from the tunnel (challenge)
'B' fails to gains access to the sweetened milk
(’A' may or may not regain access)

TC

Total Challenges
The total number of times that an animal makes either successful or unsuccessful
challenges to displace the drinking animal from the tunnel (i.e. TC=SC+SC).

241

REFERENCES

Albeck, D.S., McKittrick, C.R., Blanchard, D.C., Blanchard, R.J., Nikulina, J.,
McEwen, B. and Sakai, R.R. (1997). Chronic Social Stress Alters Levels of
Corticotropin-Releasing Factor and Arginine Vasopressin mRNA in Rat Brain. The
Journal o f Neuroscience, 17(12), pp. 4895-4903.

Albert, D.J. and Walsh, M.L. (1995). Aggression is Attenuated by Ovariectomy in
Pregnant Female Rats Given Progesterone and Estradiol Replacement to Maintain
Pregnancy. Physiology and Behavior, 57(6), pp. 1035-1038.

Albus, M., Zahn, T.P., Breier, A. (1992a). Anxiogenic properties of yohimbine: I.
Behavioral, physiological and biochemical measures. European Archives o f Psychiatry
and Clinical Neuroscience, 241, pp. 337-344.

Albus, M., Zahn, T.P., Breier, A. (1992b). Anxiogenic properties of yohimbine: II.
Influence of experimental set and setting. European Archives o f Psychiatry and Clinical
Neuroscience, 241, pp. 345-351.

American Psychiatric Association (1994) Diagnostic and Statistical Manual o f Mental
Disorders, 4th edition. Washington, D.C: American Psychiatric Association.

Arey, D.S. (1999). Time course for the formation and disruption of social organisation
in group-housed sows. Applied Animal Behaviour Science, 62, pp. 199-207.

Ashton, H. (1994). Guidelines for the Rational Use of Benzodiazepines. When and
What to Use. Drugs, 48(1), pp. 25-40.

Bailey, J.W., Cohen, J.S. (1999). Prevalence of mood and anxiety disorders in women
who seek treatment for premenstrul syndrome. Journal o f Womens Health and Gender
Based Medicine, 8(9), pp. 1181-1184 (abstract only).

Ballenger, J.C. (1999).

Current Treatments of the Anxiety Disorders in Adults.

Biological Psychiatry, 46, pp. 1579-1594.

242

Bandler, R., Keay, K.A., Floyd, N. and Price, J. (2000). Central circuits mediating
patterned autonomic activity during active vs. passive emotional coping. Brain
Research Bulletin, 53(1), pp. 95-104.

Bandler, R. and Shipley, M.T. (1994).

Columnar organisation in the midbrain

periaqueductal grey: Modules for emotional expression. Trends in Neuroscience, 17(9),
pp. 379-389.

Barnes, R.C., Hussein, A., Anderson, D.N. and Powell, D. (1997).

Maintenance

electroconvulsive therapy and cognitive function. British Journal o f Psychiatry, 170,
pp. 285-287.

Barnett, S.A. (1963). A study in behaviour: Principles o f ethology and behavioural
physiology, displayed mainly in the rat. London: Science Paperbacks.

Benjamin, J., Geraci, M., McCann, U., Greenberg, B.D. and Murphy, D.L. (1999).
Attenuated response to m-CPP and to pentagastrin after repeated m-CPP in panic
disorder. Psychopharmacology, 143, pp. 215-216.

Benjamin, J., Greenberg, B.D. and Murphy, D.L. (1996).

Daily administration of

m-chlorophenylpiperazine to healthy human volunteers rapidly attenuates many of its
behavioral, hormonal, cardiovascular and temperature effects. Psychopharmacology,
127, pp. 140-149.

Benton, D. (1982). Is the Concept of Dominance Useful in Understanding Rodent
Behaviour? Aggressive Behavior, 8, pp. 104-107.

Berrios, G. (1999).

Anxiety Disorders: a conceptual history. Journal o f Affective

Disorders, 56, pp. 83-94.

Bertoglio, L.J. and Carobrez, A.P. (2000).

Previous maze experience required to

increase open arms avoidance in rats submitted to the elevated plus-maze model of
anxiety. Behavioral Brain Research, 108, pp. 197-203.

243

Blanchard, D.C. (1997). Sex, drugs and defensive psychopathology: female models for
(mainly) female disorders. Behavioural Pharmacology, 8(6&7), p. 643 (abstract only).

Blanchard, D.C. and Blanchard, R.J. (1990). Behavioural Correlates of Chronic
Dominance-Subordination Relationships of Male Rats in a Seminatural Situation.
Neuroscience and Biobehavioral Reviews, 14, pp. 455-462.

Blanchard, D.C., Blanchard, R.J., De Padua Carobrez, A., Veniegas, R., Rodgers, R.J.
and Shepherd, J.K. (1992). MK-801 produces a reduction in anxiety-related antipredator
defensiveness in male and female rats and a gender-dependent increase in locomotor
behavior. Psychopharmacology, 108, pp. 352-362.

Blanchard, R.J., Blanchard, D.C. and Flannelly, K.J. (1985). Social Stress, Mortality
and Aggression in Colonies and Burrowing Habitats. Behavioural Processes, 11,
pp. 209-213.

Blanchard, D.C., Cholvanich, P., Blanchard, R.J., Clow, D.W., Hammer Jr., R.P.,
Rowlett, J.K. and Bardo, M.T. (1991). Serotonin, but not dopamine, metabolites are
increased in selected brain regions of subordinate male rats in a colony environment.
Brain Research, 568, pp. 61-66.

Blanchard, R.J., Flannelly, K.J. and Blanchard, D.C. (1988b). Life-Span Studies of
Dominance and Aggression in Established Colonies of Laboratory Rats. Physiology
and Behavior, 43, pp. 1-7.

Blanchard, R.J., Fukunaga, K., Blanchard, D. and Kelley, M.J. (1975). Conspecific
Aggression in the Laboratory Rat.

Journal o f Comparative and Physiological

Psychology, 89(10), pp. 1204-1209.

Blanchard, R.J. Hori, K., Tom, P. and Blanchard, D.C. (1988a). Social dominance and
individual aggressiveness. Aggressive Behavior, 14(3), pp. 195-203.

244

Blanchard, D.C., Sakai, R.R., McEwen, B., Weiss, S.M. and Blanchard, R.J. (1993a).
Subordination stress: behavioral, brain, and neuroendocrine correlates. Behavioural
Brain Research, 58, pp. 113-121.

Blanchard, R.J., Shepherd, J.K., Rodgers, R.J., Magee, L. and Blanchard, D.C. (1993b).
Attenuation of antipredator defensive behavior in rats following chronic treatment with
imipramine. Psychopharmacology, 110, pp. 245-253.

Blanchard, D.C., Spencer, R.L., Weiss, S.M., Blanchard, R.J., McEwen, B. and Sakai,
R.R. (1995). Visible Burrow System as a model of chronic social stress: Behavioral and
Neuroendocrine Correlates. Psychoneuroendocrinology, 20(2), pp. 117-134.

British National Formulary 40. (2000). Mehta, D.K., executive editor, p. 164. London:
British Medical Association and the Royal Pharmaceutical Society of Great Britain.

Britton, K.T., Morgan, J., Rivier, J., Vale, W. and Koob, G.F. (1985). Chlordiazepoxide
attenuates response suppression induced by corticotropin-releasing factor in the conflict
test. Psychopharmacology, 86, pp. 170-174.

Bruce, R.H. (1941). An experimental analysis of social factors affecting the
performance of white rats. Ill Dominance and Cooperation motivated by water and food
deprivation. Journal o f comparative physiology and psycholology, 31,pp. 395-412.

Calev, A., Ben-Tzvi, E., Shapira, B., Drexler, H., Carasso, R. and Lerer, B. (1989).
Distinct memory impairments following electroconvulsive therapy and imipramine.
Psychological Medicine, 19, pp. 111-119.

Cao, B.-J. and Rodgers, R.J. (1996). Different behavioural profiles of the R(+)- and
S(-)-enantiomers of 8-hydroxy-2-(di-n-propylamino)tetralin in the murine elevated plusmaze. Behavioural Pharmacology, 7(8), pp. 810-819.

Chance, M.R.A. and Silverman, A.P. (1964). The structure of social behaviour and
drug action. In: CIBA-Symposium: Animal Behaviour and Drug Action (Steinberg, H.,
De Reuck, A. V. S. and Knight, J., eds.), pp. 65-79. London: Churchill.

245

Chamey, D.S., Woods, S.W., Goodman, W.K. and Heninger, G.R. (1987). Serotonin
function in anxiety. II. Effects of the serotonin agonist MCPP in panic disorder patients
and healthy subjects. Psychopharmacology, 92, pp. 14-24.

Cherkovich, G.M. and Tatoyan, S.K. (1973).

Heart Rate (Radiotelemetrical

Registration) in Macaques and Baboons According to Dominant-Submissive Rank in a
Group. Folia primatology, 20, pp. 265-273.

Clement, Y. and Chapouthier, G. (1998). Biological Bases of Anxiety. Neuroscience
and Biobehavioral Reviews, 22(5), pp. 623-633.

Cole, J.C., Burroughs, G.J., Laverty, C.R., Sheriff, N.C., Sparham, E.A. and Rodgers,
R.J. (1995).

Anxiolytic-like effects of yohimbine in the murine plus-maze: strain

interdependence and evidence against a 2-adrenoceptor mediation.

Connor, K.M. and Davidson, J.R.T. (1998).

Generalized Anxiety Disorder:

Neurobiological and Pharmacotherapeutic Perspectives.

Biological Psychiatry, 44,

pp. 1286-1294.

Coplan, J. and Lydiard, R.B. (1998). Brain Circuits in Panic Disorder. Biological
Psychiatry, 44, pp. 1264-1276.

Craig, J.V. (1986). Measuring Social Behavior: Social Dominance. Journal o f Animal
Science, 62, pp. 1120-1129.

Critchley, M.A.E. and Handley, S.L. (1987). Effects in the X-maze anxiety model of
agents acting at 5-HTi and 5-HT2 receptors. Psychopharmacology, 93, pp. 502-506.

Cruz, A.P.M, Frei, F. and Graeff, F.G. (1994). Ethopharmacological analysis of rat
behavior on the elevated plus-maze. Pharmacology, Biochemistry and Behavior, 49, pp.
171-176.

Curran,

H.V.

(1991).

Benzodiazepines,

Psychopharmacology, 105, pp. 1-8.

246

memory

and

mood:

a

review.

Dalvi, A. And Rodgers, RJ. (1999). Behavioural Effects of Diazepam in the Murine
Plus-Maze: Flumazenil Antagonism of Enhanced Head-Dipping But Not the
Disinhibition of Open-Arm Avoidance. Pharmacology, Biochemistry and Behavior,
62(4), pp. 727-734.

Davis, M. (1998). Are Different Parts of the Extended Amygdala Involved in Fear
versus Anxiety? Biological Psychiatry, 44, pp. 1239-1247.

De Vry, J. (1995). 5-HTia receptor agonists: recent developments and controverisal
issues. Psychopharmacology, 121, pp. 1-26.

De Vry, J., Benz, U., Schreiber, R. and Traber, J. (1993). Shock-induced ultrasonic
vocalisation in young rats: a model for testing putative anti-anxiety drugs. European
Journal o f Pharmacology, 249, pp. 331 -339.

Drews, C. (1993). The concept and definition of dominance in animal behaviour.
Behaviour, 125, pp. 283-313.
Drummond, L.M. (1993). Behavioural approaches to anxiety disorders. Postgraduate
Medical Journal, 69, pp. 222-226.

Dunn, R.W., Corbett, R. and Fielding, S. (1989). Effects of 5-HTia receptor agonists
and NMDA receptor antagonists in the social interaction test and the elevated plus
maze. European Journal o f Pharmacology, 169, pp. 1-10.

Duxon, M.S., Kennett, G.A., Lightowler, S., Blackburn, T.P. and Fone, K.C.F. (1997).
Activation of 5-HT2B Receptors in the Medial Amygdala causes Anxiolysis in the Social
Interaction Test in the Rat. Neuropharmacology, 36(4/5), pp. 601-608.

Eisermann, K. (1992).

Long-term Heartrate Responses to Social Stress in Wild

European Rabbits: Predominant Effect of Rank Position. Physiology and Behavior, 52,
pp. 33-36.

247

Ely, D.L. (1981). Hypertension, Social Rank, and Aortic Arteriosclerosis in CBA/J
mice. Physiology and Behavior, 26, pp. 655-661.

Emmanuel, J., Simmonds, S. and Tyrer, P. (1998). Systematic review of the outcome of
anxiety and depressive disorders. British Journal o f Psychiatry, 173(suppl. 34), pp. 3541.

Fachinelli, C., Ison, M. and Rodriguez Echandia, E.L. (1996). Effect of subchronic and
chronic exposure to 5-hyrdroxytiyptophan (5-HTP) on the aggressive behavior induced
by food competition in undernourished dominant and submissive pigeons (Columba
livia). Behavioral Brain Research, 75, pp. 113-118.

Feighner, J.P. (1994). The Role of Venlafaxine in Rational Antidepressant Therapy.
Journal o f Clinical Psychiatry, 55(9, suppl. A), pp. 62-68.

Ferrari, P.F., Parmigiani, S., Rodgers, R.J. and Palanza, P. (1997). Differential effects
of chlordiazepoxide on aggressive behaviour in male mice: the influence of social
factors. Psychopharmacology, 134, pp. 258-265.

File, S.E. (1986). Effects of Chlordiazepoxide on competition for a preferred food in
the rat. Behavioural Brain Research, 21, pp. 195-202.

File, S.E. (1990). One-trial tolerance to the anxiolytic effects of chlordiazepoxide in the
plus-maze. Psychopharmacology, 100, pp. 281-282.

File, S.E. (1996). Recent Developments in Anxiety, Stress, and Depression.
Pharmacology Biochemistry and Behavior, 54(1), pp. 3-12.

File, S.E. and Hyde, J.R.G. (1978). Can social interaction be used to measure anxiety?
British Journal o f Pharmacology, 62, pp. 19-24.

File, S.E., Gonzalez, L.E. and Andrews, N. (1996). Comparative Study of Pre- and
Postsynaptic 5-HTia Receptor Modulation of Anxiety in Two Ethological Animal
Tests. The Journal o f Neuroscience, 16(15), pp. 4810-4815.

248

Fiorella, D., Rabin, R.A. and Winter, J.C. (1995). The role of the 5-HT2A and 5-HT2C
receptors in the stimulus effects of m-chlorophenylpiperazine. Psychopharmacology,
119, pp. 222-230.

Fletcher, A., Forster, E.A., Bill, D.J., Brown, G., Cliffe, I.A., Hartley, J.E., Jones, D.E.,
McLenachan, A., Stanhope, K.J., Critchley, D.J.P., Childs, K.J., Middlefell, V.C.,
Lanfumey, L., Corradetti, R., Laporte, A.-M., Gozlan, H., Hamon M. and Dourish, C.T.
(1996). Electrophysiological, biochemical, neurohormonal and behavioural studies with
WAY-100635, a potent, selective and silent 5-HTiA receptor antagonist. Behavioural
Brain Research, 73, pp. 337-353.

Fone, K.C.F., Austin, R.H., Topham, I.A., Kennett, G.A. and Punhani, T. (1998). Effect
of chronic m-CPP on locomotion, hypophagia, plasma corticosterone and 5-HT2C
receptor levels in the rat. British Journal o f Pharmacology, 123, pp. 1707-1715.

Fuchs, E., Kramer, M., Hermes, B., Netter, P. and Hiemke, C. (1996). Psychosocial
stress in tree shrews: Clomipramine counteracts behavioral and endocrine changes.
Pharmacology, Biochemistry and Behavior, 54(1), pp. 219-228.

Gabbard, G.O. (2000). A neurobiologically informed perspective on psychotherapy.
British Journal o f Psychiatry, 111, pp. 117-122.

Geller, I. and Seifter, J. (1960).

The Effects of Meprobamate, Barbituates,

d-Amphetamine and Promazine on Experimentally Induced Conflict in the Rat.
Psychopharmacologia, 1, pp. 482-492.

Geller, I., Kulak Jr., J.T. and Seifter, J. (1962). The Effects of Chlordiazepoxide and
Chlorpromazine on a Punished Discrimination. Psychopharmacologia, 3, pp. 374-385.

Gentsch, C., Lichtsteiner, M. and Feer, H. (1988a). Competition for sucrose-pellets in
triads of male Wistar rats: the individuals’ performances are differing but stable.
Behavioural Brain Research, 27, pp. 37-44.

249

Gentsch, C., Lichtsteiner, M. and Feer, H. (1988b). Competition for sucrose-pellets in
triads of male Wistar rats: effects of three serotonergic drugs. Progess in NeuroPsychopharmacology & Biological Psychiatry, 12, pp. 639-651.

Gentsch, C., Lichtsteiner, M. and Feer, H. (1989). Behavioral effects of yohimbine and
chlordiazepoxide: Dependence on the rat’s previous familiarization with the test
conditions. Neuropsychobiology, 22(2), pp. 101-107.

Gentsch, C., Lichtsteiner, M. and Feer, H. (1990). Competition for sucrose-pellets in
triads of male Wistar rats: effects of acute and subchronic chlordiazepoxide.
Psychopharmacology, 100, pp. 530-534.

Gibson, E.L., Bamfield, A.M.C. and Curzon, G. (1994). Evidence that mCPP-induced
Anxiety in the Plus-maze is Mediated by Postsynaptic 5-HT2C Receptors but not by
Sympathomimetic Effects. Neuropharmacology, 33(3/4), pp. 457-465.

Glas, G. (1994). A conceptual history of anxiety and depression. In: Handbook o f
Depression and Anxiety: A Biological Approach (den Boer, J. and Ad Sisten, J., eds.),
pp. 1-44. New York: Marcel Dekker, Inc.

Goa, K.L. and Ward, A. (1986).

Buspirone. A Preliminary Review of its

Pharmacological Properties and Therapeutic Efficacy as an Anxiolytic. Drugs, 32,
pp. 114-129.

Goldberg, H.L. and Finnerty, R.J. (1979). The Comparative Efficacy of Buspirone and
Diazepam in the Treatment of Anxiety.

American Journal o f Psychiatry, 136(9),

pp. 1184-1187.

Goldstein, L.E., Rasmusson, A.M., Bunney, B.S. and Roth, R.H. (1996). Role of the
Amygdala in the Coordination of Behavioural, Neuroendocrine, and Preffontal Cortical
Monoamine Responses to Psychological Stress in the Rat.
Neuroscience, 16(15), pp. 4787-4798.

250

The Journal o f

Goodwin, G.M., Souza, R.J.D., Green, A.R. and Heal, D.J. (1987). The pharmacology
of the behavioural and hypothermic responses of rats to 8-hydroxy-2-(di-7Vpropylamino)tetralin (8-OH-DPAT). Psychopharmacology, 91, pp. 506-511.

Graeff, F.G., Guimaraes, F.S., De Andrade, T.G.C.S. and Deakin, J.F.W. (1996b). Role
of 5-HT in Stress, Anxiety, and Depression. Pharmacology Biochemistry and Behavior,
54(1), pp. 129-141.

Graeff, F.G., Netto, C.F. and Zangrossi Jr., H. (1998). The elevated T-maze as an
experimental model of anxiety. Neuroscience and Biobehavioral Reviews, 23, pp. 237246.

Graeff, F.G., Viana, M.B. and Mora, P.O. (1996a). Opposed Regulation by Dorsal
Raphe Nucleus 5-HT Pathways of Two Types of Fear in the Elevated T-maze.
Pharmacology Biochemistry and Behavior, 53(1), pp. 171-177.

Grant, E.C. (1963). An analysis of the social behaviour of the male laboratory rat.
Behaviour, 21, pp. 260-281.

Grant, E.C. and Chance, M.R.A. (1958). Rank order in caged rats. Animal Behaviour,
6, pp. 183-194.

Grant, E.C. and Mackintosh, J.H. (1963). A comparison of the social postures of some
common laboratory rodents. Behaviour, 21, pp. 246-259.

Griebel, G. (1995). 5-Hydroxytryptamine-interacting drugs in animal models: more
than 30 years of research. Pharmacology and Therapeutics, 65, pp. 319-395.

Griebel, G., Blanchard, D.C., Agnes, R.S. and Blanchard, R.J. (1995). Differential
modulation of antipredator defensive behavior in Swiss-Webster mice following acute
or chronic administration of imipramine and fluoxetine. Psychopharmacology, 120, pp.
57-66.

251

Griebel, G., Rodgers, R.J., Perrault, G. and Sanger, D.J. (1997). Risk Assessment
Behaviour: Evaluation of Utility in the Study of 5-HT-Related Drugs in the Rat
Elevated Plus-Maze Test. Pharmacology Biochemistry and Behavior, 57(4), pp. 817827.

Griebel, G., Rodgers, R.J., Perrault, G. and Sanger, D.J. (2000).

The effects of

compounds vaiying in selectivity as 5-HTia receptor antagonists in three rat models of
anxiety. Neuropharmacology, 39, pp. 1848-1857.

Grove, G., Coplan, J.D. and Hollander, E. (1997). The neuroanatomy of 5-HT
dysregulation and panic disorder.

Journal o f Neuropsychiatry and Clinical

Neuroscience, 9, pp. 198-207.

Guelfi, J.D., White, C., Hackett, D., Guichoux, J.Y. and Magni, G. (1995).
Effectiveness of Venlafaxine in Patients Hospitalized for Major Depression and
Melancholia. Journal o f Clinical Psychiatry, 56(10), pp. 450-458.

Handley, S.L. (1995). 5-Hydroxytryptamine pathways in anxiety and its treatment.
Pharmacology and Therapeutics, 66, pp. 103-148.

Handley, S.L. and Mithani, S. (1984).

Effects of alpha-adrenoceptor agonists and

antagonists in a maze-exploration model of ’fear'-motivated behaviour.

Naunyn-

Schmiedeberg's Archives o f Pharmacology, 327, pp. 1-5.

Herbert, M. (1990, reprinted 1992).

Planning a research project. A guide fo r

practitioners and trainees in the helping professions. London: Cassell Educational Ltd.

Higgitt, A., Fonagy, P. and Lader, M. (1988). The natural history of tolerance to the
benzodiazepines. Psychological Medicine, 18(suppl. 13), pp. 1-55.

Hinde, R.A. (1970). Animal Behaviour (2nd edition). New York: McGraw Hill.

Hinde, R.A. (1978). Dominance and role - two concepts with dual meanings. J. Social
Biol. Struct., 1, pp. 27-38.

252

Hjorth, S. and Auerbach, S.B. (1996). 5-HTia autoreceptors and the mode of action of
selective serotonin reuptake inhibitors (SSRI).

Behavioural Brain Research, 73,

pp. 281-283.

Hogg, S. (1996). A Review of the Validity and Variability of the Elevated Plus-Maze
as an Animal Model of Anxiety. Pharmacology Biochemistry and Behavior, 54(1),
pp. 21-30.

Holets, V.R., Hokfelt, T., Rokaeus, A., Terenius, L., Goldstein, M. (1988). Locus
coeruleus neurons in the rat containing neuropeptide Y, tyrosine hydroxylase or galanin
and their efferent projections to the spinal cord, cerebral cortex and hypothalamus.
Neuroscience, 24, pp. 893-906.

Holliday, S.M. and Benfield, P. (1995). Venlafaxine. A Review of its Pharmacology
and Therapeutic Potential in Depression. Drugs, 49(2), pp. 280-294.

Holmes, P.V., Blanchard, D.C., Blanchard, R.J., Brady, L.S. and Crawley, J.N. (1995).
Chronic Social Stress Increases Levels of Preprogalanin mRNA in the Rat Locus
Coeruleus. Pharmacology Biochemistry and Behavior, 50(4), pp. 655-660.

Holmes, A. and Rodgers, R.J. (1999). Influence of spatial and temporal manipulations
on the anxiolytic efficacy of chlordiazepoxide in mice previously exposed to the
elevated plus-maze. Neuroscience and Biobehavioural Reviews, 23, pp. 971-980.

Hood, S.D., Argyropoulos, S.V. and Nutt, D.J. (2000). Agents in Development for
Anxiety Disorders: Current Status and Future Potential. CNS Drugs, 13(6), pp. 421-431.

Invemizzi, R., Bramante, M. and Samanin, R. (1996). Role of 5-HT ia Receptors in the
Effects of Acute and Chronic Fluoxetine on Extracellular Serotonin in the Frontal
Cortex. Pharmacology Biochemistry and Behavior, 54(1), pp. 143-147.

Joly, D. and Sanger, D.J. (1991). Social competition in rats: a test sensitive to acutely
administered anxiolytics. Behavioural Pharmacology, 2, pp. 205-213.

253

Joly, D. and Sanger, D.J. (1992). Social competition in dominant rats can be attenuated
by anxiogenic drugs. Behavioural Pharmacology, 3, pp. 83-88.

Kennedy, A.J., Gibson, E.L., O’Connell, M.T. and Curzon, G. (1993).

Effects of

housing, restraint and chronic treatments with mCPP and sertraline on behavioural
responses to wCPP. Psychopharmacology, 113, pp. 262-268.

Kennett, G.A. (1992). 5-HTic receptor antagonists have anxiolytic-like actions in the
rat social interaction model. Psychopharmacology, 107, pp. 379-384.

Kennett, G.A., Trail, B., and Bright, F. (1998). Anxiolytic-like actions of BW 723C86
in the rat Vogel conflict test are 5-HT2B receptor mediated. Neuropharmacology, 37,
pp. 1603-1610.

Kennett, G.A., Bright, F., Trail, B., Baxter, G.S. and Blackburn, T.P. (1996b). Effects
of the 5-HT2B receptor agonist, BW 723C86, on three rat models of anxiety. British
Journal o f Pharmacology, 117, pp. 1443-1448.
Kennett, G.A. and Curzon, G. (1988). Evidence that mCPP may have behavioural
effects mediated by central 5-HTic receptors.- British Journal o f Pharmacology, 94,
pp. 137-147.

Kennett, G.A. and Curzon, G. (1991). Potencies of antagonists indicate that 5-HTIC
receptors mediate l-3(chlorophenyl)piperazine-induced hypophagia. British Journal o f
Pharmacology, 103, pp. 2016-2020.

Kennett, G.A., Pittaway, K. and Blackburn, T.P. (1994). Evidence that 5-HT2C receptor
antagonists

are

anxiolytic

in

the

rat

Geller-Seifter

model

of

anxiety.

Psychopharmacology, 114, pp. 90-96.

Kennett, G.A., Whitton, P., Shah, K. and Curzon, G. (1989). Anxiogenic-like effects of
mCPP and TFMPP in animal models are opposed by 5-HTic receptor antagonists.
European Journal o f Pharmacology, 164, pp. 445-454.

254

Kennett, G.A., Wood, M.D., Bright, F., Cilia, J., Cooper, D.C., Gager, T., Thomas, D.,
Baxter, G.S., Forbes, I.T., Ham, P. and Blackburn, T.P. (1996a). In vitro and in vivo
profile of SB 206553, a potent 5-HT2c/5-HT2b receptor antagonist with anxiolytic-like
properties. British Journal o f Pharmacology, 117, pp. 427-434.

Kent, J.M., Coplan, J.D. and Gorman, J.M. (1998). Clinical Utility of the Selective
Serotonin Reuptake Inhibitors in the Spectrum of Anxiety. Biological Psychiatry, 44,
pp. 812-824.

Kessler, R., McGonagle, K., Zhao, S., Nelson, C.B., Hughes, M., Eshleman, S.,
Wittchen, H.-U. and Kendler, K.S. (1994). Lifetime and 12-month Prevalence of DSMIIIR Psychiatric Disorders in the United States: Results From the National Comorbidity
Survey. Archives o f General Psychiatry, 51, pp. 8-19.

Kessler, R.C. and Frank, R.G. (1997). The impact of psychiatric disorders on work loss.
Psychological Medicine, 27, pp. 861-873.
Ketelaar-de Lauwere, C.C., Devir, S. and Metz, J.H.M. (1996). The influence of social
hierarchy on the time budget of cows and their visits to an automatic milking system.
Applied Animal Behaviour Science, 49, pp. 199-211.

Kilts, C.D., Commissaris, R.L. and Rech, R.H. (1981). Comparison of Anti-Conflict
Drug Effects in Three Experimental Animal Models of Anxiety. Psychopharmacology,
74, pp. 290-296.

Klein,

D.F.

(1964).

Delineation

of

two

drug-responsive

syndromes.

Psychopharmacoogia, 53, pp. 397-408.

Koolhaas, J.M., Schuurman, T. and Wiepkema, P.R. (1980).

The organisation of

intraspecific agonistic behaviour in the rat. Progress in Neurobiology, 15, pp. 247-268.

Kramer, M., Hiemke, C. and Fuchs, E. (1999). Chronic psychosocial stress and
antidepressant treatment in tree shrews: time-dependent behavioural and endocrine
effects. Neuroscience andBiobehavioral Reviews, 23, pp. 937-947.

255

Lader, M. (1994). Treatment of anxiety. British Medical Journal, 309, pp. 321-324.

Lader, M.H. and Bond, A.J. (1998). Interaction of pharmacological and psychological
treatments of anxiety. British Journal o f Psychiatry, 173(suppl 34), pp. 42-48.

Lanuza, E., Martinez-Marcos, A. and Martinez-Garcia, F. (1999).

What is the

amygdala? A comparative approach. Trends in Neurscience, 22(5), pp. 207.

LeDoux, J. (1998). Fear and the Brain: Where Have We Been, and Where Are We
Going? Biological Psychiatry, 44, pp. 1229-1238.

Leonard, B. (1998). Animal models in depression. In: Antidepressant Therapy at the
dawn o f the Third Millenium (Briley, M. and Montgomery, S., eds.), pp. 87-110. New
York: Martin Dunitz Ltd.

Lerer, B., Stanley, M., Keegan, M. and Altman, H. (1986). Proactive and Retroactive
Effects of Repeated Electroconvulsive Shock on Passive Avoidance Retention in Rats.
Physiology and Behavior, 36, pp. 471-475.
Longman Dictionary of the English Language. (1984, reprinted 1988). 1st Edition,
p. 504. Essex: Longman Group UK Ltd.

Lorenz, K.Z. (1953). King Solomon’s Ring. London: Methuen.

Maier, W., Gansicke, M., Gater, R., Rezaki, M., Tiemens, B., Urzua, R.F. (1999).
Gender differences in the prevalence of depression: a survey in primary care. Journal o f
Affective Disorders, 53(3), pp. 241-252 (abstract only).

Margison, F.R., Barkham, M., Evans, C., McGrath, G., Clark, J.M., Audin, K. and
Connell, J. (2000).

Measurement and psychotherapy. Evidence-based practice and

practice-based evidence. British Journal o f Psychiatry, 177(123-130).

256

McGrath, C. and Norman, T.R. (1998). The effect of venlafaxine treatment on the
behavioural and neurochemical changes in the olfactory bulbectomised rat.
Psychopharmacology, 136, pp. 394-401.

Meehan, W.P., Tomatzky, W. and Miczek, K.A. (1995). Blood pressure via telemetry
during social confrontations in rats: Effects of clonidine. Phsyiology and Behavior,
58(1), pp. 81-88.

Mellow, A.M., Lawlor, B.A., Sunderland, T., Mueller, E.A., Molchan, S.E. and
Murphy, D.L. (1988). A pilot clinical trial of m-CPP in depression. Annual Meeting o f
the American Psychiatric Association, New Research Abstracts, Montreal, May 1988.

Mellow, A.M., Lawlor, B.A., Sunderland, T., Mueller, E.A., Molchan, S.E. and
Murphy, D.L. (1990)

Effects of daily oral /n-chlorophenylpiperazine in elderly

depressed patients initial experience with a serotonin agonist. Biological Psychiatry,
28(7), pp. 588-594 (abstract only).
Mendlowicz, M.V. and Stein, M.B. (2000). Quality of Life in Individuals with Anxiety
Disorders. American Journal o f Psychiatry, 157(5), pp. 669-682.

Mendoza, D.L., Bravo, H.A. and Swanson, H.H. (1999). Antiaggressive and Anxiolytic
Effects of Gepirone, and Their Attenuation by WAY 100635.

Pharmacology,

Biochemistry and Behavior, 62(3), pp. 499-509.

Miczek, K.A., Weerts, E.M., Vivian, J.A. and Barros, H.M. (1995).

Aggression,

anxiety

anxiolytics.

and

vocalisations

in

animals:

GABAa

and

5-HT

Psychopharmacology, 121, pp. 38-56.

Middlemiss, D.N. and Fozard, J.R. (1983). 8-Hydroxy-2-(di-n-propylamino)-tetralin
discriminates between subtypes of the 5-HTi recognition site. European Journal o f
Pharmacology, 90, pp. 151-153.

257

Militzer, K. (1995). Social dominance and bodily conditions in small groups of male
and female laboratory rats of known familiarity. International Journal o f Mammalian
Biology, 60, pp. 97-111.

Mitchell, P.J. (1993). Ethological studies of the social behaviour of the rat. Animal
Technology, 44(2), pp. 109-120.

Mitchell, P.J. and Fletcher, A. (1992). Chronic treatment with the new antidepressant,
venlafaxine, and repeated electroconvulsive shock increases the aggressive behaviour in
resident rats during social interaction. Journal o f Psychopharmacology, 6, pp. 141.

Mitchell, P.J. and Fletcher, A. (1993). Venlafaxine exhibits Pre-clinical Antidepressant
Activity in the Resident-Intruder Social Interaction Paradigm. Neuropharmacology,
32(10), pp. 1001-1009.

Mitchell, P.J. and Redfem, P.H. (1992a).

Acute and chronic antidepressant drug

treatments induce opposite effects in the social behaviour of rats.

Journal o f

Psychopharmacology, 6(2), pp. 241-257.

Mitchell, P.J. and Redfem, P.H. (1992b). Chronic treatment with clomipramine and
mianserin increases the hierarchical position of subdominant rats housed in triads.
Behavioural Pharmacology, 3, pp. 239-247.

Mitchell, P.J. and Redfem, P.H. (1997).

Potentiation of the time-dependent,

antidepressant-induced changes in the agonistic behaviour of resident rats by the
5-HTia receptor antagonist, WAY-100635. Behavioural Pharmacology 8, pp. 585-606.

Mitchell, P.J. and Redfem, P.H. (2000).

Effects of m-chlorophenylpiperazine and

mesulergine on rodent agonistic behaviour. Journal o f Psychopharmacology, 14S(3),
p. A32.

Motulsky, H.J. (1999).

Analysing Data with GraphPad Prism. A companion to

GraphPad Prism version 3. [WWW] http://www.graphpad.com (May 24 2001).

258

Murphy, D.L., Mueller, E.A., Hill, J.L., Tolliver, TJ. and Jacobsen, F.M. (1989).
Comparative anxiogenic, neuroendocrine, and other physiologic effects of mchlorophenyl-piperazine

given

intravenously

or

orally

to

healthy

subjects.

Psychopharmacology, 98, pp. 275-282.

Nashold, B.S. Jr., Wilson, W.P. and Slaughter, G. (1974). The midbrain and pain. In:
Advances in Neurology, volume 4: International Symposium on Pain (Bonica, J.J.,
editor), pp. 191-196. New York: Raven Press.

Nesse, R.M. (1999).

Proximate and evolutionary studies of anxiety, stress and

depression: synergy at the interface. Neuroscience and biobehavioral Reviews, 23, pp.
895-903.

Netto, C.A., Dutra Dias, R., Izquierdo, I. (1986). Differential effect of posttraining
naloxone, beta-endorphin, leu-enkephalin and electroconvulsive shock administration
upon memory of an open-field habituation

and of a water-finding task.

Psychoneuroendocrinology, 11(4), pp. 437-446 (abstract only).
Nielsen, B.L. (1999). On the interpretation of feeding behaviour measures and the use
of feeding rate as an indicator of social constraint. Applied Animal Behaviour Science,
63, pp. 79-91.

Nierenberg, A.A., Feighner, J.P., Rudolph, R., Cole, J.O. and Sullivan, J. (1994).
Venlafaxine for Treatment-Resistant Unipolar Depression.

Journal o f Clinical

Psychopharmacology, 14(6), pp. 419-423.

Nutt, D.J., Forshall, S., Bell, C., Tch, A., Sandford, J., Nash, J. and ArgyTopoulos, S.
(1999). Mechanisms of action of selective serotonin reuptake inhibitors in the treatment
of psychiatric disorders. European Neuropsychopharmacology, 9(suppl. 3), pp. S81S86.

Oden, K., Vestergaard, K.S. and Algers, B. (1999). Agonistic behaviour and feather
pecking in single-sexed and mixed groups of laying hens. Applied Animal Behaviour
Science, 62, pp. 219-231.

259

Otten, W., Puppe, B., Stabenow, B., Kanitz, E., Schon, P.C., Briissow, K.P. and
Niimberg, G. (1997). Agonistic interactions and physiological reactions of top- and
bottom-ranking pigs confronted with a familiar and an unfamiliar group: Preliminary
results. Applied Animal Behaviour Science, 55, pp. 79-90.

Palvimaki, E.-P., Roth, B.L., Majasuo, H., Laakso, A., Kuoppamaki, M., Syvalahti, E.
and Hietala, J. (1996). Interactions of selective serotonin reuptake inhibitors with the
serotonin 5-HT2C receptor. Psychopharmacology, 126, pp. 234-240.

Parks, C.L., Robinson, P.S., Sibille, E., Shenk, T., and Toth, M. (1998). Increased
anxiety of mice lacking serotoniniA receptor. Proceedings o f the National Academy o f
Sciences USA, 95, pp. 10734-10739.

Passarelli, F. and de Carolis, A.S. (1983).
Imipramine,

Trazodone

Electroencephalographic

and

Effects of Chronic Treatment with

Electroshock

Modifications

induced

on
by

the

Behavioural

Clonidine

in

the

and
Rat.

Neuropharmacology, 22(6), pp. 785-789.

Pellow, S., Johnston, A.L. and File, S.E. (1987). Selective agonists and antagonists for
5-hydroxytryptamine receptor subtypes, and interactions with yohimbine and FG 7142
using the elevated plus-maze test in the rat. Journal o f Pharmacy and Pharmacology,
39, pp. 917-928.

Plassat, J.-L., Amlaiky, N. and Hen, R. (1993). Molecular Cloning of a Mammalian
Serotonin Receptor that Activates Adenylate Cyclase. Molecular Pharmacology, 44,
pp. 229-236.

Plewako, M. and Kostowski, W. (1984). The Effects of Lesions of the Locus Coeruleus
and Treatment with Drugs Affecting Brain Noradrenergic Neurotransmission on
Dominant-Subordinate Behavior in Rats Competing for Water.

Polish Journal o f

Pharmacolog and Pharmacy, 36, pp. 555-560.

Pollard, G.T. and Howard, J.L. (1979). The Geller-Seifter Conflict Paradigm With
Incremental Shock. Psychopharmacology, 62, pp. 117-121.

260

Price, J., Sloman, L., Gardner Jr., R., Gilbert, P. and Rohde, P. (1994). The Social
Competition Hypothesis of Depression. British Journal o f Psychiatry, 164, pp. 309315.

Raab, A., Dantzer, R., Michaud, B., Mormede, P., Taghzouti, K., Simon, H. and Le
Moal, M. (1986).

Behavioural, Physiological and Immunlogical Consequences of

Social Status and Aggression in Chronically Coexisting Resident-Intruder Dyads of
Male Rats. Physiology and Behavior, 36, pp. 223-228.

Raleigh, M.J., Brammer, G.L., McGuire, M.T. and Yuwiler, A. (1985). Dominant
Social Status Facilitates the Behavioral Effects of Serotonergic Agonists.

Brain

Research, 348, pp. 274-282.

Redrobe, J.P., Bourin, M., Colombel, M.C. and Baker, G.B. (1998). Dose-dependent
noradrenergic and serotonergic properties of venlafaxine in animal models indicative of
antidepressant activity. Psychopharmacology, 138, pp. 1-8.
Regier, D.A., Rae, D.S., Narrow, W.E., Kaelber, C.T. and Schatzberg, A.F. (1998).
Prevalence of anxiety disorders and their comorbidity with mood and addictive
disorders. British Journal o f Psychiatry, 173(suppl 34), pp. 24-28.

Reneric, J.-P. and Lucki, I. (1998). Antidepressant behavioral effects by dual inhibition
of monoamine reuptake in the rat forced swimming test. Psychopharmacology, 136,
pp. 190-197.

Rice, D.P. and Miller, L.S. (1998). Health economics and cost implications of anxiety
and other mental disorders in the United States.

British Journal o f Psychiatry,

173(suppl. 34), pp. 4-9.

Rickels, K., Downing, R., Schweitzer, E. And Hassman, H. (1993). Antidepressants for
the treatment of generalised anxiety disorder: A placebo-controlled comparison of
imipramine, trazodone, and diazepam. Archives o f General Psychiatry 50, pp. 884-895.

261

Rodgers, R.J. (1997).

Animal models of 'anxiety': where next?

Behavioural

Pharmacology, 8(6&7), pp. 477-496.

Rodgers, R.J., Waters, A.J. (1985).

Benzodiazepines and Their Antagonists: A

Pharmacoethological Analysis With Particular Reference to Effects on "Aggression".
Neuroscience and Biobehavioral Reviews, 9, pp. 21-35.

Rodgers, R.J., Cao, B.-J., Dalvi, A. and Holmes, A. (1997). Animal models of anxiety:
an ethological perspective. Brazilian Journal o f Medical and Biological Research, 30,
pp. 289-304.

Rodgers, R.J. and Cole, J.C. (1993). Anxiety enhancement in the murine elevated plus
maze by immediate prior exposure to social stressors. Physiology and Behavior, 53(2),
pp. 383-388.

Rodgers, R.J. and Cole, J.C. (1994).

The Elevated Plus-maze: Pharmacology,

Methodology and Ethology. In: Ethology and Psychopharmacology (Cooper, S.J. and
Hendrie, C.A., eds.), pp. 9-44. Chichester: John Wiley & Sons Ltd.

Rodgers, R.J. and Dalvi, A. (1997). Anxiety, Defence and the Elevated Plus-maze.
Neuroscience and Biobehavioral Reviews, 21(6), pp. 801-810.

Rodgers, R.J. and Johnson, N.J.T. (1995).

Factor Analysis of Spatiotemporal and

Ethological Measures in the Murine Elevated Plus-Maze Test of Anxiety.
Pharmacology Biochemistry and Behavior, 52(2), pp. 297-303.

Rodgers, R.J., Lee, C. and Shepherd, J.K. (1992). Effects of diazepam on behavioural
and antinociceptive responses to the elevated plus-maze in male mice depend upon
treatment regimen and prior maze experience. Psychopharmacology, 106, pp. 102-110.

Rouillon, F. (1999).

Anxiety with depression: a treatment need.

Neuropsychopharmacology, 9(Suppl. 3), pp. S87-S92.

262

European

Sanger, DJ. and McCarthy, P.S. (1981). Increased Food and Water Intake Produced in
Rats by Opiate Receptor Agonists. Psychopharmacology, 74, pp. 217-220.

Schreiber, R., Melon, C. and De Vry, J. (1998). The role of 5-HT receptor subtypes in
the anxiolytic effects of selective serotonin reuptake inhibitors in the rat ultrasonic
vocalization test. Psychopharmacology, 135, pp. 383-391.

Schweizer, E., Rickels, K., Lucki, I. (1986). Resistance to the anti-anxiety effect of
buspirone in patients with a history of benzodiazepine use. New England Journal o f
Medicine, 314, pp. 719-720.

Scott, J.P. (1958). Aggression. Chicago: The University of Chicago Press.

Setem, J., Pinheiro, A.P., Motta, V.A., Morato, S. and Cruz, A.P.M. (1999).
Ethopharmacological Analysis of 5-HT ligands on the Rat Elevated Plus-Maze.
Pharmacology Biochemistry and Behavior, 62(3), pp. 515-521.
Sgoifo, A., Koolhaas, J., De Boer, S., Musso, E., Stilli, D., Buwalda, B. and Meerlo, P.
(1999).

Social stress, autonomic neural activation, and cardiac activity in rats.

Neuroscience and Biobehavioral Reviews, 23, pp. 915-923.

Siemiatkowski, M., Sienkiewicz-Jarosz, H., Czlonkowska, A.I., Bidzinski, A. and
Plaznik, A. (2000). Effects of Buspirone, Diazepam, and Zolpidem on Open Field
Behavior,

and

Brain

[ H]Muscimol

Binding

After

Buspirone

Pretreatment.

Pharmacology, Biochemistry and Behavior, 66(3), pp. 645-651.

Silverman, A.P. (1965). Ethological and statistical analysis of drug effects on the social
behaviour of laboratory rats. British Journal o f Pharmacology, 24, pp. 579-590.

Slater, P.J.B. (1979).

The Ethology of Aggression.

In: Pychopharmacology o f

Aggression (Sandeler, M., editor), pp. 5-19. New York: Raven Press.

263

Stephens, A., Fischer, A., Bartels, M. and Buchkremer, G. (1996). Electroconvulsive
therapy: a review on indications, methods, risks and medication. European Psychiatry,
11, pp. 165-174.

Stephens, D.N. (1997).

Animal models of anxiety; grounds for depression?

Commentary on Rodgers, ’Animal models of anxiety: where next?’.

Behavioural

Pharmacology, 8, pp. 497-501.

Swanson, L.W. and Petrovich, G.D. (1998).

What is the amygdala?

Trends in

Neurscience, 21(8), pp. 323-331.

Syme, G.J. (1974). Competitive Orders as Measures of Social Dominance. Animal
Behaviour, 22(2), pp. 931-940.

Syme, G.J., Pollard, J.S., Syme, L.A. and Reid, R.M. (1974). An Analysis of the
Limited Access Measure of Social Dominance In Rats. Animal Behaviour, 22(2),
pp. 486-500.
Tidey, J.W. and Miczek, K.A. (1996).

Social defeat stress selectively alters

mesocorticolimic dopamine release: An in vivo microdialysis study. Brain Research,
721(1-2), pp.140-149.

Tinbergen, N. (1951). The Study o f Instinct. Clarendon Press, Oxford.

Tomatzky, W. and Miczek, K.A. (1994). Behavioural and autonomic responses to
intermittent social stress: Differential protection by clonidine and metoprolol.
Psychopharmacology, 116(3), pp. 346-356.

Tomatzky, W. and Miczek, K.A. (1995). Alcohol, anxiolytics and social stress in rats.
Psychopharmacology, 121(1), pp. 135-144.

Treit, D. (1994).

Animal Models of Anxiety and Anxiolytic Drug Action. In:

Handbook o f Depression and Anxiety. A Biological Approach (den Boer, J.A. and Ad
Sisten, J.M., eds.), pp. 201-224. New York: Marcel Dekker Inc.

264

Tylee, A., Beaumont, G., Bowden, M.W. and Reynolds, A. (1997). A double-blind,
randomized, 12-week comparison study of the safety and efficacy of venlafaxine and
fluoxetine in moderate to severe depression in general practice.

Primary Care

Psychiatry, 3, pp. 51-58.

Van Kampen, M., Schmitt, U., Hiemke, C. and Fuchs, E. (2000). Diazepam has no
beneficial effects on stress-induced behavioural and endocrine changes in male tree
shrews. Pharmacology, Biochemistry and Behavior, 65(3), pp. 539-546.

van Kreveld, D. (1970). A selective review of dominance-subordination relations in
animals. Genet. Psychol. Monogr., 81, pp. 143-173.

Walsh, R.N. and Cummins, R.A. (1976). The open-field test: a critical review.
Psychological Bulletin, 83, pp. 482-504.

Wasilewski, A. (1999). Demonstration and verification of a milking order in dairy
sheep and its extent and consistency. Applied Animal Behaviour Science, 64, pp. 111124.

Watanabe, Y., McKittrick, C.R., Blanchard, D.C., Blanchard, R.J., McEwen, B.S. and
Sakai, R.R. (1995). Effects of chronic social stress on tyrosine hydroxylase mRNA and
protein levels. Molecular Brain Research, 32, pp. 176-180.

Webster’s Third New International English Dictionary. (1961, reprinted 1981). Gove,
P.B., editor-in-chief. 3rd Edition, p. 671. Massachusetts: Merriam-Webster Co.

Willner, P. (1984). The validity of animal models of depression. Psychopharmacology,
83, pp. 1-16.

Wittchen, H.-U., Zhao, S., Kessler, R.C., and Eaton, W.W. (1994).

DSM-III-R

Generalised Anxiety Disorder in the National Comorbidity Survey. Archives o f General
Psychiatry, 51, pp. 355-364.

265

Woodall, K.L., Domeney, A.M. and Kelly, M.E. (1995). A comparison of the effect of
chlordiazepoxide on social competition in triads and diads of rats. British Journal o f
Pharmacology, 114(suppl), p. 283P.

Woodall, K.L., Domeney, A.M. and Kelly, M.E. (1996a).

Selective Effects of

Pharmacology Biochemistry and

8-OH-DPAT on Social Competition in the Rat.
Behavior, 54(1), pp. 169-173.

Woodall, K.L., Domeney, A.M. and Kelly, M.E. (1996b). The effect of fluoxetine on
social competition and drinking behaviour in the rat. British Journal o f Pharmacology,
118(suppl), p. 67P.

Woodall, K.L., Domeney, A.M. and Kelly, M.E. (1996c).

The effect of social

competition and exposure to an open field on plasma corticosterone levels in the rat.
British Journal o f Pharmacology, 119(suppl), p. 65P.

Woodall, K.L., Domeney, A.M. and Kelly, M.E. (1997). Anti-depressant treatment fails
to modify social competition in triads of rats.

British Journal o f Pharmacology,

120(suppl), p. 259P.

World Health Organisation (1993) ICD-10, Chapter (F): Mental and Behavioural
Disorders (Including Disorders o f Psychological Development), Diagnostic Criterion
fo r Research, Geneva: WHO.

Wright, I.K., Upton, N. and Marsden, C.A. (1992). Efffect of established and putative
anxiolytics on extracellular 5-HT and 5-HIAA in the ventral hippocampus of rats during
behaviour on the elevated X-maze. Psychopharmacology, 109, pp. 338-346.

266

