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Abstract 

Obsessive compulsive disorder (OCD)1 is a debilitating psychiatric disorder that presents with intrusive 

thoughts (obsessions) and repetitive ritualistic behaviour (compulsions) as main symptoms.  Selective 

reuptake inhibitors (SSRIs)2 is regarded as first line intervention for OCD patients; however, only 40 - 

60% of patients respond favourably to treatment.  Moreover second-line interventions, which include 

switching to another SSRI or augmenting SSRI therapy with a low-dose antipsychotic, also demonstrates 

suboptimal response. 

Recent psychological investigations have revealed different phenotypes of OCD, i.e. contamination/ 

washing; C/W)3 and safety/checking; S/C4, to be associated with unique dopaminergic constructs.  

Briefly, contrary to what was reported of individuals with S/C OCD, patients with C/W OCD seem to 

demonstrate more impulsive behaviour as well marked reductions in dopaminergic reward anticipation 

during tests of incentive-related action-outcome control.  In this regard, adequate phasic striatal 

dopaminergic release prior and during presentation of a reward, is necessary for effective reward 

consolidation, while the opposite, i.e. inhibition of dopamine release, is needed to consolidate feedback 

learning from negative outcomes.  However, irrespective of rewarding or punishing processing, 

simultaneous stimulation of the serotonergic pathways of the cortico-striatal-thalamic-cortical (CSTC)5 

circuitry is also needed to code an adequate feedback memory.  Therefore, that C/W and S/C OCD 

seem to present with different neurological responses during reward processing, may provide valuable 

insight into what may possibly be unique neurobiological processes underlying its respective phenotypic 

presentations.  It follows that while most SSRI-refractory cases of OCD are treated with anti-

dopaminergic interventions, it should be considered that some individuals with treatment-refractory 

OCD may indeed benefit from interventions aimed at restoring the deficits in dopaminergic signalling we 

mention here.  This idea forms the foundation of the current study. 

Deer mice of both sexes that are housed in captivity naturally develop three forms of phenotypically 

heterogeneous but equally compulsive-like behaviours, i.e. high motor stereotypy, large nest building 

(LNB)6, and high marble burying behaviour (HMB)1.  These traits generally develop in different subjects 
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and are variably expressed across the deer mouse population.  Of more importance for the present 

work is that high motor stereotypy and LNB is sensitive to chronic high dose SSRI intervention, while 

HMB remains refractory.  As such, and taking into account that HMB is just as persistent and repetitive 

as LNB, we hypothesized that whereas LNB may be founded in a neurobiological construct closely 

related to the classic picture of hyposerotonergic, but overly normal dopaminergic functioning in OCD2, 

viz. potentially resembling S/C3 OCD, HMB may be a treatment resistant OC4 phenotype of which the 

underlying mechanisms should be further studied in terms of its dopaminergic construct.  More 

specifically, we hypothesized that HMB, but not LNB will respond to a combination of a SSRI 

(escitalopram) and a dopaminergic potentiator, i.e. the monoamine oxidase type B inhibitor, rasagiline.  

In fact, this concept has not yet been studied in either preclinical or clinical investigations. 

As HMB is expressed in 11% of the deer mice only, a total number of 160 animals of both sexes (10 

weeks of age at the onset of experimentation) first underwent screening for marble burying activity (3 x 

30min trials over 3 consecutive days).  Those individuals not identified as HMB were then further 

analysed for nesting building behaviour (7 consecutive days x 24h trials).  Importantly, only animals 

presenting with HMB or LNB were selected for further treatment studies.  The remainder of the subjects 

were either included in studies not related to this investigation, or euthanized.  Treatment groups 

consisted of 1) water (control), 2) escitalopram (50 mg/kg/day), 3) rasagiline (5 mg/kg/day), or 4) a 

combination of escitalopram and rasagiline (n = 6 for all groups).  All drugs were administered in the 

drinking water for 28 days.  After treatment, the behavioural analyses were repeated as described 

above. 

Following statistical analyses of the data generated, our results revealed 1) that HMB and LNB respond 

uniquely to dopaminergic potentiation, where 2) marble-directed behaviour (MDB)5 as observed in the 

marble burying test is ameliorated by escitalopram and a combination of escitalopram and rasagiline, 

while only demonstrating modest response to rasagiline alone, and 3) LNB is sensitive to escitalopram 

alone only, while being exacerbated over time, irrespective of the administration of rasagiline alone or in 

combination with escitalopram.  We also demonstrate the importance of appraising marble burying 

behaviour with marble-directed behaviour in mind, instead of focusing on the number of marbles 

buried, only. 
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Our data seems therefore supportive of the hypothesis that LNB and HMB1 are founded in unique 

neurobiological constructs as described by the inherent dopaminergic dysfunction underlying such 

behaviour.  That HMB, but not LNB responded to dopaminergic intervention, putatively indicate that an 

improvement in reward feedback processing is associated with an improvement in compulsive-like 

burying behaviour.  Although HMB also responded to escitalopram monotherapy, this response was 

suboptimal in the absence of rasagiline. 

Taken together, the data presented in this dissertation provide a valuable and potentially important 

window on the neurobiological processes underlying symptom heterogeneous OCD.  That HMB may be 

associated with deficits in reward related feedback, albeit being just as persistent and repetitive as 

SSRI-sensitive LNB, provides the necessary and much needed proof-of-concept to extend this work in 

clinical samples.  Indeed, while OCD2 may be appraised and diagnosed as a single condition, its 

treatment will possibly require an understanding of the unique perturbations in neurocognitive 

processes that promulgates the different symptomological clusters. 

Keywords:  Obsessive compulsive disorder (OCD), large nest building, high marble burying, 

escitalopram, rasagiline, dopamine, safety / checking / symmetry, contamination / washing 

Solemn Declaration:  I, Arina Fick (23371064) herewith declare that this dissertation is my own work 

and that no part thereof has been copied from other sources. 
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1 Introduction 

1.1 Dissertation approach and layout 

This dissertation has been prepared in article format according to the requirements of North-West 

University.  This implies that the main body of the work is presented in the form of a journal article that 

will be submitted for publication following input from the examiners.  The journal for which the work is 

intended is Behavioural Pharmacology. 

The complete dissertation will however consist of four chapters.  Chapter 1 provides a brief literature 

background, the problem statement, working hypothesis and experimental layout.  Chapter 2 comprises 

a review of applicable literature, while Chapter 3 contains the journal article.  Chapter 4 concludes the 

dissertation with a brief overall summary of the literature, the methods followed and the main findings 

of the current investigation.  The manuscript was prepared in accordance with the ‘Instructions to 

Authors’ provided by Behavioural Pharmacology (link provided at the beginning of Chapter 3), while the 

referencing style used throughout this investigation is uniform in this regard.  The different addenda 

contain letters of permission from co-authors to submit Chapter 3 for examination purposes, 

supplementary data tables and previous work by the candidate that was used in the conceptualization 

of the presented work.   
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1.2 Problem statement 

Obsessive-compulsive disorder (OCD)1 affects 2-3% of the global population (Sasson et al., 1997; Angst 

et al., 2004; De Bruijn et al., 2010; Ruscio et al., 2010).  The condition is severe and debilitating to 

such an extent that it interferes significantly in the functional, occupational and social routines of 

patients (Bobes et al., 2001; Angst et al., 2005; De Bruijn et al., 2010; Macy et al., 2013; Schwartzman 

et al., 2017).  Even more worrisome is that only 40 – 60% of OCD patients respond favourably to first-

line intervention, i.e. chronic, high dose selective serotonin reuptake inhibitors (SSRIs)2 (Pallanti et al., 

2002; Pallanti & Quercioli, 2006).  Apart from pharmacotherapeutic intervention, psychotherapeutic 

approaches, e.g. cognitive behavioural therapy (CBT)3, can also be considered.  Briefly, CBT comprises 

the cognitive reconstruction of behaviour by means of exposure and response prevention (ERP)4 (Albert 

et al., 2013).  Currently, most treatment protocols specify that in cases of treatment refractory OCD, two 

strategies can be followed, i.e. 1) combining pharmacotherapy and psychotherapeutic intervention or 2) 

bolstering the effect of first-line drug therapy by either increasing the dose of the same drug, switching 

to another serotonin reuptake inhibitor (SRI)5 / SSRI or augmenting SSRI treatment with a low-dose 

antipsychotic (Anand et al., 2011; Albert et al., 2013).  Whereas up to 50% of treatment refractory 

cases respond to CBT-drug augmentation (Anand et al., 2011), data pertaining to SSRI/anti-

dopaminergic augmentation strategies is also promising (Bloch et al., 2006; Murray et al., 2017).  In 

this case, an additional 40 – 60% of the refractory cases demonstrate adequate response (Maina et al., 

2003). However, discontinuation of antipsychotic augmentation treatment causes relapse within 2-4 

weeks in up to 83% of patients after 2 months (Maina et al., 2003), while patients that only achieve 

partial remission during treatment are more likely to relapse (Eisen et al., 2013; Cherian et al., 2014). 

Recent findings indicate that differences in dopaminergic functioning may be central to the 

neurocognitive architecture underlying OCD and OC subtypes (Figee et al., 2011; Figee et al., 2014; 

Murray et al., 2017).  Indeed, research in the field of behavioural psychology demonstrated that 

patients with different phenotypes of OCD, most notably those with contamination/washing (C/W)6 vs. 

safety/checking (S/C)7 OCD1, differ in terms of striatal activation when presented with a potential 

                                                      

 

1 obsessive-compulsive disorder 
2 selective serotonin reuptake inhibitor 
3 cognitive behavioural therapy 
4 exposure and response prevention 
5 serotonin reuptake inhibitor 
6 contamination/washing 
7 safety/checking 



Introduction 

3 

 

reward (Figee et al., 2011).  Briefly, collective evidence from these studies demonstrate that patients 

with C/W OCD present with a marked reduction in striatal anticipatory response prior to receiving an 

expected reward.  Further, these individuals generally respond impulsively in measures of action-

outcome control, i.e. being unable to delay behavioural responses in return for greater rewards (Figee et 

al., 2011), implicating deficits in reward-orientated processing.  No such disturbances were found in 

patients presenting with S/C OCD (Figee et al., 2011). 

Considering the above, a closer look at the neurobiological mechanisms underlying reward and 

punishment learning is necessary to place the current investigation within context.  Briefly, two theories 

have been proposed that attempt to explain how individuals process and learn from rewarding and 

punishing outcomes, i.e. the theory of phasic dopaminergic changes (Schultz et al., 1993; Schultz et al., 

1997; Schultz, 2002; 2007) and the theory of dopaminergic and serotonergic opponency (Daw et al., 

2002).  While the former explains reward and punishment learning on the basis of phasic increases and 

decreases in dopaminergic signalling respectively (Schultz et al., 1993; Schultz et al., 1997; Schultz, 

2002; 2007), the latter suggests that while dopamine (DA)2 is responsible for the coding of reward, 

serotonin (5HT)3 could act as an opponent system by facilitating punishment learning (Daw et al., 

2002).  That said, while these two concepts are essentially congruent with respect to suggesting a 

dichotomous role for DA in reward and punishment learning, it has also been found that neither of 

these learning processes can optimally transpire in the absence of sufficient serotonergic input 

(Palminteri et al., 2012).  Thus, while 5HT may be regarded as the functional opponent of DA, it can only 

fulfil this role in the absence of dopaminergic signalling.  Therefore, the fact that monotherapeutic 

SSRIs4 are often effective in the treatment of OCD, can possibly be ascribed to an already reduced 

dopaminergic tone in OCD patients diagnosed with generally responsive phenotypes OCD.  On the other 

hand, DA can only adequately facilitate reward learning properly in combination with simultaneous 5HT 

release.  It is in this principle that the current study is founded.  In fact, it is likely that patients 

presenting with C/W5 OCD and deficits in dopaminergic functioning (Figee et al., 2011) will respond 

better to pharmacotherapeutic interventions that combine SSRIs with drugs that are known to bolster 

reward-related dopaminergic signalling, e.g. dopaminergic potentiators (Pilla et al., 1999).  On the other 
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hand, patients who present with no such deficit in striatal DA1 release, may respond better to SSRI2 

monotherapy, and possibly even more so if this is augmented with compounds that inhibit 

dopaminergic responses, e.g. DA antagonists.  Indeed, this concept has been illustrated before, albeit 

not in pre-clinical or clinical OCD3 studies.  For instance, Cools and colleagues (2009) demonstrated 

that DA enhancers, e.g. levodopa, will improve reward learning in patients with a low baseline 

dopaminergic tone, whereas DA blocking agents (antipsychotics) will cause further impairment of 

reward consolidation. 

These concepts are of major importance for the current study, as we will apply two distinct persistent 

and repetitive behaviours expressed by deer mice, a prior validated model of OCD (Korff et al., 2008; 

2009; Wolmarans et al., 2013), i.e. high marble-burying (HMB)4 and large nest-building (LNB)5, as 

frameworks in which to investigate the neurobiological differences underlying different OC6 phenotypes.  

This study builds on previous findings from our laboratory that identified both HMB and LNB as 

aberrant, persistent, recurrent and seemingly purposeless behaviours in 11 – 15% and 30% of the deer 

mouse population, respectively (Wolmarans et al., 2016b; Wolmarans et al., 2016a).  Further, we have 

shown that only LNB, but not HMB, responds to chronic high dose escitalopram intervention (50 

mg/kg/day for 28 days), indicating that these two behaviours, although both resembling the compulsive 

phenotype, are founded in distinctly different neural correlates.  Interestingly, the prevalence rates of 

HMB and LNB within the breeding colony seem to be congruent with clinical findings pertaining to the 

prevalence of treatment resistance in OCD patients (Wolmarans et al., 2016b; Wolmarans et al., 

2016a). 

Taken the literature summarized above into account, we therefore propose that as increased 5HT7 

release would be broadly effective in patients who demonstrate a low dopaminergic tone and that LNB 

is attenuated by bolstering serotonergic signalling (Wolmarans et al., 2016a), such behaviour may 

potentially resemble the S/C8 OC phenotype.  On the other hand, given that HMB is completely non-

                                                      

 

1 dopamine 
2 selective serotonin reuptake inhibitor 
3 obsessive-compulsive disorder 
4 high marble burying 
5 large nest building 
6 obsessive-compulsive 
7 serotonin 
8 safety/checking 



Introduction 

5 

 

responsive to serotonergic interference (Wolmarans et al., 2016b), we hypothesize that this may be due 

to inadequate simultaneous increases in DA1 and 5HT2 release. 
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1.3 Study hypothesis and objectives  

1.3.1 Hypothesis 

We hypothesize that two distinctly different but aberrant, persistent and repetitive behaviours 

expressed by deer mice, viz. HMB1 and LNB2, are representative of two different OC3 phenotypes, being 

characterized by unique dysfunctions in dopaminergic activity.  More specifically, we hypothesize that 

HMB, previously shown to be resistant to SSRI4 monotherapy, will be attenuated by combination therapy 

comprising chronic high dose oral escitalopram (50 mg/kg/day) and rasagiline (5 mg/kg/day), a 

monoamine oxidase type-B inhibitor and dopaminergic potentiator; however, HMB will not respond to 

either drug alone. Further, we propose that while LNB will, as shown previously, be responsive to 

escitalopram alone, it will not respond to either rasagiline alone or in combination with escitalopram. 

* * * 

A note on the context in which this dissertation is presented:  Importantly, to achieve the outcomes of 

the larger investigation, which also includes treatment groups that comprises the use of a DA5 

antagonist, i.e. flupentixol either alone or in combination, this project has been divided into two 

separate phases that have been conducted in parallel, the findings of which will be disseminated in two 

separate dissertations by two separate candidates.  For examination, the objectives of the full 

investigation will be provided here.  However, for the perusal of the examiners, indications of the 

specific objectives addressed in each of the phases will be provided.  * * * 
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1.3.2 Study Objectives 

Based on the aforementioned summary of applicable literature and considering that deer mouse 

behaviour in general may provide a novel and necessary perspective on OC1 symptom heterogeneity, 

the current project will attempt to elucidate the cognitive and neurobiological mechanisms underlying 

different OC phenotypes.  More specifically, we will: 

1. Characterize the behaviour of deer mice with respect to its resemblance of symptom 

heterogeneous OCD2, with special emphasis on identifying either HMB3 or LNB4 

expressing subjects within the normal deer mouse population housed in the Vivarium of 

North-West University; and 

2. Employ distinct chronic pharmacological interventions via the drinking water to 

determine whether such behaviours may indeed be associated with unique DA5 

dysfunctions as shown in patients with different phenotypes of OCD.  In the larger study, 

these interventions will aim to either bolster or inhibit dopaminergic responses alone or 

in combination with high dose SSRI6 intervention in both behavioural cohorts, and will 

be structured as follows (n = 6 for all treatment groups in both behavioural cohorts):  

i. Escitalopram alone (50 mg/kg/day x 28 days) (Wolmarans et al., 2013); 

*Findings reported in both the dissertations of A Fick (2018) and A 

Lombaard (2019) 

ii. Rasagiline alone (5 mg/kg/day x 28 days) (Eigeldinger-Berthou et al., 

2012); *Findings reported in the dissertation of A Fick (2018) 

iii. Combined escitalopram (50 mg/kg/day) (Wolmarans et al., 2013) and 

rasagiline (5 mg/kg/day) (Eigeldinger-Berthou et al., 2012) for 28 days; 

*Findings reported in the dissertation of A Fick (2018) 
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iv. Flupentixol alone (0.9 mg/kg/day x 28 days) (Engster et al., 2015); 

*Findings reported in the dissertation of A Lombaard (2019) 

v. Combined escitalopram (50 mg/kg/day) (Wolmarans et al., 2013) and 

flupentixol (0.9 mg/kg/day) (Engster et al., 2015) for 28 days; 

*Findings reported in the dissertation of A Lombaard (2019) 

vi. Normal water – control in all cohorts  

Findings reported in both the dissertations of A Fick (2018) and A 

Lombaard (2019). 

* * * 

A note regarding the choice to exclude animals expressing normal behaviour as an additional control 

group from the current study:  The main focus of the current investigation was to assess whether 

aberrant compulsive-like behaviours, purportedly representing different OC1-phenotypes, respond 

differentially to interventions that either bolster or inhibit dopaminergic signalling compared to its 

response to the relevant control treatments.  As such, we did not include a normal behavioural control, 

as the only reason to do so would be to validate HMB2 and LNB3 as accurate frameworks in which to 

study OC-like behaviours.  As this has been concluded before (Wolmarans et al., 2016a; Wolmarans et 

al., 2016b), it was decided not to include normal subjects in the current study design. 
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1.4 Project layout 

From this point forward, only those aspects of the study that are relevant for this dissertation, will be 

explained. 

Please refer to Infogram 1 for a detailed summary of the study layout and procedures followed.  Taking 

into account that only 11 – 15% of the deer mouse colony housed at the NWU1 express HMB2, all 

animals (160 in the initially screened group; 10 weeks of age at onset of experiments; both sexes) were 

screened for HMB behaviour (Wolmarans et al., 2016b; Wolmarans et al., 2016a; Wolmarans et al., 

2017; de Brouwer & Wolmarans, 2018).  Those that did not express HMB were subsequently screened 

for LNB3.  HMB and LNB expressing animals were then divided into the four treatment groups (n = 6 per 

group) and treated for 28 days where after the relevant behavioural analyses were repeated. 

Detailed schematic representation of study layout continues on next page .../.. 
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1.4.1 Detailed Study Layout 

 

(A) First animal selection: 

 HMB1 is expressed in 

approximately 11-15% and LNB2 in 

30% of the population. 

 Male and female mice (160) have 

randomly been sourced from the 

current breeding colony 

maintained at the vivarium of the 

NWU 

 Age: 10 – 12 weeks. 

 Housing: single animal per cage. 

from the onset of investigation. 

 Caging: individual ventilated cages, 

standard approved bedding 

(corncob), food and water ad lib. 

 Twelve-hour light/dark (6h/18h). 

 Cleaning: once a week. 

 

(B) Screening for HMB: 

 3 MB3 assessments per animal 

(see methodology section, 

Manuscript A; Chapter 3). 

 Light phase: dark. 

 Behavioural caging: home cages. 

 Bedding: river sand. 

 Cleaning: daily cleaning and 

autoclaving of burying substrate 

that have been reused. 

 Screening protocol: 30 min, 1 day 

apart. 

(C) Screening for LNB: 

 7 NB4 trials per animal (see 

methodology section, Manuscript A; 

Chapter 3). 

 Light phase: 24 hrs. 

 Behavioural cages: home cages. 

 Bedding: standard laboratory 

bedding. 

 Nesting material: standard non-

odorized cotton wool. 

 Cleaning: weekly, nests removed, 

and remaining cotton wool weighed 

daily  

 Screening protocol: daily for 7 days. 

   

 (E) Post-treatment behavioural testing: 

 Repetition of (B) and (C) in treated 

animals 

 

(D) Treatment phase: 

 Only the 24 animals expressing 

HMB and LNB respectively from the 

initial pool of 165 are used.  The 

rest are either used in other 

investigations as per ethically 

approved protocol, or euthanized. 

 Both the HMB and LNB cohorts will 

undergo the following 28-day 

treatments (n = 6 per treatment 

group per behavioural cohort). 

 Water 

 Escitalopram 50 mg/kg/day 

 Rasagiline 5 mg/kg/day 

 Escitalopram 50 mg/kg/day + 

rasagiline 5 mg/kg/day 

Table 1-1 - Detailed Project Layout and Summary of Methods    
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1.5 Expected outcomes 

We expect both phases of the current project to contribute to elucidating the underlying neurocognitive 

constructs of phenotypically heterogeneous compulsive-like behaviour.  Specifically, with respect to the 

aspects of work that are disseminated in the current dissertation, we expect that:  

 Deer mice can be separated into cohorts expressing aberrant HMB1 and LNB2 

behaviours, respectively;  

 HMB will be sensitive to chronic (28-day) intervention with a combination of the SSRI3, 

escitalopram (50 mg/kg/day) and the MAO-B4 inhibitor and dopaminergic potentiator, 

rasagiline (5 mg/kg/day), but not to escitalopram alone or rasagiline alone, thereby 

linking HMB with deficits in dopaminergic signalling as has also been observed in 

patients expressing C/W5 OCD; and that 

 LNB will be sensitive to escitalopram (50 mg/kg/day) alone, but not to rasagiline (5 

mg/kg/day) either alone or in combination with escitalopram, thereby differentiating the 

underlying neurocognitive construct in LNB from that of HMB. 

* * * 
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1.6 Ethical approval 

The current investigation has been approved by the AnimCare Research Ethics Committee (NHREC reg. 

number AREC-130913-015) of North-West University (approval number NWU-00262-16-A5) and has 

been completed by the researcher, Miss A Fick, under constant supervision of the project supervisor, Dr 

PD Wolmarans.  We have further aimed to follow the ARRIVE1-guidelines for animal experimentation as 

closely as possible by continuously refining the experimental protocol and reducing the sample sizes to 

the lowest number of animals per treatment group that would be sufficient to address the research 

theme. 

All animals were bred and housed at the Vivarium (SAVC2 reg. number FR15/13458; SANAS3 GLP4 

compliance number G0019) of North-West University.  All procedures performed were done so in 

accordance with the code of ethics and complied with national legislation (Ethics approval number 

NWU-00262-16-A5). 
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2 Literature Review 

2.1 Obsessive-compulsive disorder in clinical practice   

2.1.1 Epidemiology  

The worldwide prevalence rate of obsessive-compulsive disorder (OCD)1 has been reported at 2.5% 

(Ruscio et al., 2010) and the condition is listed as the fourth most common psychiatric disorder (Basile 

& Mancini, 2014).  It has consistently been suggested that OCD can broadly be clustered into five 

obsessive-compulsive symptom subtypes, viz. 1) obsessions about symmetry and ordering compulsions, 

2) fear of contamination and cleaning or washing rituals, 3) concerns about harm to oneself or others 

associated with checking routines, 4) repugnant obsessions concerning sex, violence and religion, and 

5) hoarding compulsions (see paragraph 2.1.2.1; McKay et al., 2004; Mataix-Cols et al., 2005; Rosario-

Campos et al., 2006; Abramowitz et al., 2009).  Irrespective of the symptom cluster(s) diagnosed, its 

presentation is time-consuming, while often incapacitating the social and familial relations of the 

patient, while significantly interfering with the general quality of life of patients (Steketee, 1997; Bobes 

et al., 2001; Schwartzman et al., 2017).  Taylor and colleagues (2011) proposed two age groups i.e. 

early onset (EO)2 OCD that manifests at a mean age of 11 years and late onset (LO)3 OCD, manifesting 

by 23 years.  It is notable that the EO subtype is associated with more severe symptoms whereas LO 

OCD is characterized by greater neuropsychological impairment, i.e. deficits in executive planning, 

organizational strategy and visual memory (Greisberg & McKay, 2003; Huyser et al., 2010) compared to 

EO OCD.  The distribution ratio of OCD between gender is roughly equal (Lochner & Stein, 2001; Van 

Oort et al., 2009; Torresan et al., 2013).  However, men are often diagnosed with OCD symptoms at a 

younger age (18-24) compared to women (35-44) (Zohar et al., 1997; Torresan et al., 2013; Huang et 

al., 2014).  Interestingly, female OCD patients are generally married or cohabitating whereas men are 

more likely to be single (Bogetto et al., 1999; Torresan et al., 2013; Cherian et al., 2014).  Concerning 

symptom presentation, women more often present with obsessions and compulsions of the 

contamination/cleaning, hoarding and aggression clusters, while religious or sexual OCD symptoms are 

often observed in males (Labad et al., 2008; Torresan et al., 2013).  Genetic involvement in the etiology 
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of OCD is indicated by family studies demonstrating that relatives of OCD1 patients present with an up 

to 10-23 % increased risk to develop OCD compared to the risk in the general population of 2-3% 

(Gottesman & Gould, 2003; Hanna et al., 2005).  Further, it is estimated that genetic predisposition 

accounts, at least to some extent, for approximately 40% of OCD cases (Pauls et al., 2014), while the 

remainder of cases arise from other environmental factors, e.g. trauma and inflammatory processes 

(Murphy et al., 2010), psychosocial stressors (Lafleur et al., 2011), and adverse perinatal events (Geller 

et al., 2008). 

While some debate exists regarding the recent Diagnostic and Statistical Manual of Mental disorders 

DSM-52 classification of OCD not as an anxiety disorder, but rather as the archetype disorder in a new 

diagnostic category, i.e. obsessive-compulsive and related disorders (OCRDs)3 (Abramowitz & Jacoby, 

2015), the condition demonstrates co-diagnosis with anxiety in up to 70% of patients (Carter et al., 

2004).  Indeed, high levels of anxiety or distress are associated with OCD, while patients report 

temporary relief of anxiety following engagement in compulsive and repetitive rituals in attempts to 

suppress feelings of distress caused by obsessions (Stein et al., 2016).  However, it has been shown 

that voluntarily attempts to suppress obsessional thoughts could contribute to symptom exacerbation 

(Tolin et al., 2002).  That said, considering its new classification status, OCD also demonstrates a high 

degree of comorbidity with other conditions in the class, i.e. trichotillomania (Lovato et al., 2012; 

Brakoulias et al., 2017), body dysmorphic disorder (Torres et al., 2016; Brakoulias et al., 2017), 

anorexia nervosa (Swinbourne et al., 2012; Cederlöf et al., 2015) and excoriation disorder (Torres et al., 

2016). 

* * * 

2.1.2  The diagnosis of OCD 

As alluded to earlier, OCD can be described as a phenotypically heterogeneous psychiatric illness of 

which obsessions and compulsions are the main characteristics (Shapse, 2008).  Obsessions are 

regarded as unpleasant images, doubts or feelings that vary in content between patients.  Compulsions 

on the other hand, can be defined as repetitive and persistent behaviours that are often driven by an 

underlying obsession (Veale et al., 2014).  For instance, a personal experience that may have nothing to 
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do with filth or contamination or even a distasteful place, can result in a person developing 

contamination related fears or feelings of disgust (Pauls et al., 2014).  These feelings will, in some 

individuals, translate into obsessive compulsive (OC)1 psychopathology, e.g. obsessions about being 

afraid to acquire an undesirable trait, e.g. anti-social behaviour, from another person.  Subsequently, 

this will translate into repetitive avoidance behaviours (Pauls et al., 2014).  These obsession-

compulsion associations manifest within several contexts that are related to the five main symptom 

clusters discussed above.  Importantly, the relation between obsessions and compulsions are of such a 

nature that obsessions within one symptom domain, e.g. symmetry related thoughts, will only result in 

ordering compulsions, and not trigger compulsions related to another symptom cohort.  However, 

patients often present with symptoms from more than one symptom cluster (Mataix-Cols et al., 2005; 

Hasler et al., 2007), an aspect of OCD2 that will receive attention in the current study. 

Briefly, the DSM-53 diagnostic criteria for OCD can be summarized as follows (APA, 2013); aspects 

relevant to the current investigation underlined): 

A. The occurrence of compulsions, obsessions or both; 

The two descriptions for obsessions are: 

1. Persistent recurrent thoughts, ideas or images that are intrusive and unwanted and 

that causes noticeable anxiety or distress in individuals; 

2. Attempts to ignore or neutralize these urges, recurrent thoughts, images or ideas with 

other actions or thoughts. 

On the other hand, compulsions are described by:  

1. Specific covert intellectual (i.e. mental counting or word repetition) or overt repetitive 

behaviours (e.g. checking or ordering) in response to strict rules or experienced 

obsessions; 

2. Although such behaviours are performed in an attempt to reduce the level of anxiety or 

distress experienced, they are regarded as unrealistic. 
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B. Obsessive and/or repetitive rituals are time consuming, cause feelings of distress and impair 

the social and occupational routines of patients, while also interfering in normal daily life; 

C. The presence of OCD1 symptoms must not be attributable to another medical condition or the 

use of any substance; and 

D. The obsessions and compulsions cannot be more appropriately explained by another possible 

DSM-52 psychiatric illness; 

Furthermore, it is important to determine the level of insight a patient has into his/her symptoms 

(Phillips et al., 2012).  Indeed, data indicate that patients with poor insight may present with more 

severe symptoms, comorbid illness and poor treatment response (Kishore et al., 2004; Catapano et al., 

2010; Jakubovski et al., 2011). 

* * * 

2.1.3 Obsessive-compulsive phenotypes 

As highlighted earlier, OCD can broadly be divided into 5 major symptom clusters i.e. 

symmetry/ordering, contamination/washing (C/W)3, safety/checking (S/C)4, repugnant intrusive 

thoughts, and collecting compulsions (Mataix-Cols et al., 2005; Rosario-Campos et al., 2006), the latter 

which under certain circumstances is diagnosed as a unique condition, i.e. hoarding disorder (APA, 

2013).  Of these phenotypes, C/W OCD has been extensively studied and described according to two 

broad ideas, viz. fears of being harmed or harming others – in this regard overlapping with the S/C 

phenotype, and feelings of discomfort when confronted with specific objects (Feinstein et al., 2003; 

Calamari et al., 2004).  Considering the S/C phenotype, various stimuli (e.g. beliefs of theft or natural 

disasters) could provoke checking rituals while patients engage in such behaviour to curb the distress 

or uncertainty borne from an inflated fear of possible harm (Rachman & Rachman, 2003).  These 

individuals incidentally reinforce their own beliefs that harmful events are more likely to happen by 

constantly imagining the worst possible outcomes of certain scenarios, e.g. strangers knocking on the 

front door or an oven that has been switched on with the intention to bake a cake (Shafran et al., 

1996).  With respect to patients presenting with obsessive and often repugnant intrusive thoughts, 

themes commonly revolve around sexual images, religious guilt, or violence.  While these obsessions 
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rarely result in the expression of overt behavioural symptomology that can be observed by others, they 

do significantly interfere with the normal functioning of the affected individual.  For example, patients 

diagnosed with this OC1 phenotype will for instance constantly seek reassurance from loved ones 

regarding spiritual beliefs and will commonly engage in excessive praying routines (Abramowitz et al., 

2002).  Fears of losing objects and collecting compulsions is regarded to be one of the most disabling 

OC phenotypes; in fact, so much so that hoarding disorder has been introduced as a unique condition 

within the OCRD2 category in the most recent version of the DSM3 (Mataix‐Cols et al., 2010; APA, 

2013).  Patients with the hoarding phenotype commonly form emotional attachments towards 

worthless possessions (Frost et al., 2004; Frost et al., 2011).  Further, these individuals also present 

with significantly more psychiatric comorbidities and a higher rate of treatment resistance compared to 

those diagnosed with other OC phenotypes (Wheaton et al., 2008).  Previously it has been suggested 

that different OC phenotypes may be founded in unique underlying neurological constructs, with at least 

some findings indicating that different symptomologies respond uniquely to pharmacotherapeutic 

intervention.  That OCD4 can be clustered into various symptomologies and that each may respond 

differently to treatment (see section 2.4) constitute the core focus of the current investigation. 

* * * 

2.2 The brain in OCD 

2.2.1 The neuroanatomy of obsessive-compulsive disorder  

It has been hypothesised that OCD results in part from or is associated with perturbations in specific 

loops within the cortico-striatal-thalamic-cortical circuitry (CSTC)5 (Huyser et al., 2009; Welter et al., 

2011).  Briefly, the CSTC circuitry comprises the cortex, certain areas in the striatum which include the 

nucleus accumbens, putamen, and caudate, and the thalamus (Alexander et al., 1986; Maia et al., 

2008; Kalra & Swedo, 2009; Bernstein et al., 2016).  Each of these brain structures, that together is 

responsible for the execution of complex motor behaviours as well as reward-based learning (Stocco et 

al., 2010), plays a fundamental though distinct role in the functioning of the CSTC-circuitry.  This will 

briefly be discussed below from the perspective of obsessive-compulsive symptomology. 
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The orbito-frontal cortex (OFC)1 is mainly responsible for the normal processing of motivational and 

reward-related cues (i.e. perceiving an open door that needs to be locked) and emotions (Rolls, 2004; 

Oldham et al., 2018).  In fact, lesions in the OFC of animals and humans are associated with deficits in 

said reward-related processing (McEnaney & Butter, 1969; Rolls et al., 1994).  While hyperactivity of 

the OFC in patients with OCD2 has been suggested and often demonstrated (Rauch et al., 2007; 

Menzies et al., 2008; Zurowski et al., 2012), a clear and well-elucidated role for its involvement in the 

condition has not yet been established.  Indeed, opposing findings prevail while different regions of the 

frontal cortex (FC)3, including the anterior cingulate (AC)4, have been implicated (Perani et al., 1995; 

Busatto et al., 2000; Menzies et al., 2008), which somewhat clouds our understanding of the initial 

triggers for signal propagation in OCD. 

The FC and the basal ganglia (BG)5 are linked via the frontal-striatal loops (Alexander et al., 1986; 

Busatto et al., 2000; Nambu et al., 2000; Nambu et al., 2002; Nambu, 2008) which originate with 

projections from the OFC that can be traced to the caudate and the ventral striatum.  From here they 

reach the dorsal thalamus from where the loop closes by once again entering relevant areas of the FC 

where outcome valuation is processed again (Alexander et al., 1986; Maia et al., 2008; Abramowitz et 

al., 2009; Kalra & Swedo, 2009).  Dysfunction within the BG has been implicated in numerous 

psychiatric conditions, including OCD (Welter et al., 2011; Leisman & Melillo, 2013).  The BG have a 

distinct role in cognitive control and the facilitation of executive processes, i.e. response inhibition, set-

shifting and memory consolidation (Rubia et al., 2001; Garavan et al., 2006; Monchi et al., 2006; 

Calabresi et al., 2016).  Further, the BG manifest the execution of reward related action plans 

propagated by the FC.  Neuropsychological constructs of reward-related performance for which the BG 

are responsible include coding both the extent to which rewards are anticipated as well as the 

difference between the predicted and the actual reward, i.e. reward prediction errors and regulating 

incentive salience, i.e. promoting or inhibiting approach behaviour (Knutson & Cooper, 2005; Delgado, 

2007). 

The thalamus, located between the cortex and the midbrain, processes stimuli from different 

subcortical brain areas, including the BG6 before reaching the cortex (Haber & Calzavara, 2009).  The 
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thalamus is structured into various lamellae that divide it into different functional regions (Jones et al., 

1991).  This anatomical organization enables the thalamus to regulate a number of brain functions, 

including some that are especially significant in the case of OCD1, e.g. the delivery of motor tasks to the 

cortex as conveyed to the thalamus by the BG (Steriade & Llinás, 1988).  Thus, the thalamus ultimately 

functions as the final trigger for the execution of the motor plan as originally designed by the cortex. 

Considering the anatomical organization of the CSTC2-circuitry as summarized above, its functional 

involvement in the pathogenesis of OCD will now be discussed.  Briefly, the relay between the cortex 

and the thalamus via the BG involves both a direct (excitatory) and an indirect (inhibitory) pathway 

(Figure 2-1).  These pathways oppose one another functionally, with the direct pathway facilitating 

signal propagation and subsequent motor execution, and the indirect pathway doing the opposite 

(Saxena & Rauch, 2000).  Collectively, findings from animal and human studies have revealed a bias in 

favour of the direct over the indirect pathway in OCD (Gerfen, 2000; Saxena & Rauch, 2000; Mataix-

Cols & van den Heuvel, 2006; DeLong & Wichmann, 2007; Perani et al., 2008; Kravitz et al., 2012; 

Ahmari et al., 2013).  For instance, hyper activation of the direct pathway will result in compulsive 

washing rituals in response to exaggerated concerns of danger or hygiene that are perceived as 

persistent threats (Saxena & Rauch, 2000; Ahmari et al., 2013).  Importantly, it has been suggested 

that the different symptom dimensions of OCD can be associated with unique demarcations in the CSTC 

circuits (Mataix-Cols et al., 2004), an idea that is supported by findings that different phenotypes of 

OCD, e.g. hoarding, are associated with a higher degree of treatment resistance.  Currently, studies are 

underway that attempt to gain more insight into this possibility. 
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Figure 2-1 - The cortico-striatal-thalamic-cortical (CSTC) circuit 

Solid lines, no cortical activation of pathways; dotted lines, cortically activated pathways; crosses, no considerable neurotransmitter release; 

minus signs, GABAergic inhibition; plus signs, disinhibition of target / glutamatergic activation; GPi / SNr, globus pallidus interna/substantia 

nigra pars reticulata; GPe, globus pallidus externa; STN, subthalamic nucleus; GABA, gamma-amino butyric acid 
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2.2.2 The neurotransmission of OCD 

A substantial body of evidence indicates involvement of dopaminergic and serotonergic signalling in the 

neuropathology underlying OCD1 (Denys et al., 2004; Moresco et al., 2007; Perani et al., 2008; 

Hoffman & Rueda Morales, 2012; Ducasse et al., 2014; Beaulieu et al., 2015; Sinopoli et al., 2017; 

Winter et al., 2018a).  However, given that the actual inhibitory and excitatory signals within the CSTC2 

circuitry are facilitated by gamma-aminobutyric acid (GABA)3 and glutamate respectively, it is not 

surprising that both these neurotransmitters have also been implicated in the manifestation of OCD (Wu 

et al., 2012; Mas et al., 2014).  In the following paragraphs, a synopsis of the neurotransmitter 

involvement in OCD will be provided. 

2.2.2.1 Serotonin 

The vast majority of serotonergic projections in the brain originates from the midbrain raphe nuclei from 

where it modulates various functions and processes regulated by the central nervous system, including 

eating and sleeping patterns, mood, reproduction, cognitive processing and motor functions (Murphy et 

al., 2004; Murphy et al., 2008; Murphy & Lesch, 2008).  Serotonin (5HT)4 has originally been implicated 

in the pathology of OCD following observations that treating patients with serotonin reuptake inhibitors 

(SRIs)5 often, but not always, result in a positive treatment outcome (Vythilingum et al., 2000; Grados & 

Riddle, 2001; Stein et al., 2002; Fineberg et al., 2007).  Although a causal relationship between 5HT 

and OCD cannot be made based on the response to serotonin reuptake inhibitors (SRIs), such drugs act 

by blocking the reuptake of 5HT from the synaptic cleft (Blier & El Mansari, 2007) and hence the 

classical picture of OCD is that of a condition of hyposerotonergic signalling.  However, the fact that only 

40 – 60% of patients respond optimally to treatment (Pigott & Seay, 1998; Pallanti et al., 2002; Maina 

et al., 2003; Pallanti & Quercioli, 2006) and only following 8 – 12 weeks of uninterrupted drug 

administration (Hood et al., 2001) somewhat clouds such a simplistic view.  Further, neuroimaging 

studies in OCD patients have revealed confounding data regarding the availability of serotonin 

transporters (SERT)6 and 5HT2A receptors in the brain regions implied in OCD7 (Pogarell et al., 2003; 
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Stengler-Wenzke et al., 2004; Adams et al., 2005; Hesse et al., 2005; Hasselbalch et al., 2007; 

Reimold et al., 2007; Perani et al., 2008; Zitterl et al., 2008; Matsumoto et al., 2010). 

The main theory regarding the involvement of 5HT1 in OCD is founded on its functional opponency of 

dopamine (DA)2 (Deakin & Graeff, 1991; Fletcher & Korth, 1999; Fletcher et al., 1999; Daw et al., 

2002; Cools et al., 2008a).  Since behavioural inhibition has been associated with serotonergic 

neurotransmission (Daw et al., 2002; Cools et al., 2008a), it may provide a possible explanation for the 

positive treatment outcomes observed with long-term SRI treatment.  A number of authors have 

proposed a role for the serotonergic system as a functional opponent of DA (Deakin & Graeff, 1991; 

Fletcher & Korth, 1999; Fletcher et al., 1999; Daw et al., 2002; Cools et al., 2008a).  Indeed, while the 

dopaminergic system propagates reward seeking behaviour, 5HT is mostly activated during aversive 

experiences (Fletcher, 1995; Kapur & Remington, 1996; Fletcher & Korth, 1999; Fletcher et al., 1999; 

Daw et al., 2002).  Thus, it has been hypothesized that if DA is responsible for approach behaviour, 

motor excitement and reward processing, 5HT will be associated with avoidance behaviour, motor 

suppression and the processing of aversive or punishing stimuli.  Several animal studies support this 

theory, showing that by enhancing serotonergic transmission, reward seeking behaviour can be 

attenuated (Parsons et al., 1998; Harrison et al., 1999; Harrison & Markou, 2001; Higgins & Fletcher, 

2003).  Recently, 5HT has also been linked to changes in risk-perceiving sensitivity (Balasubramani et 

al., 2015; Cohen et al., 2015), task disengagement and motor inhibition (Abrams et al., 2004; Cools et 

al., 2008a).  Indeed, it has been shown that subjects with low baseline levels of 5HT present with 

impulsive behaviour and would rather opt for an immediate short-term reward rather than a larger, 

delayed, and longer-lasting reward (Tanaka et al., 2007).  This work has since been replicated and also 

in patients with deficits in striatal DA release (Figee et al., 2011).  Further, these findings were only 

applicable to patients diagnosed with the C/W3 but not the S/C4 phenotype, implicating and supporting 

theories that different phenotypes of OCD may be founded in unique underlying neurobiological 

involvement.  This forms an important foundation for the current investigation. 

5HT5 elicits its effect via 14 different receptor subtypes (Nichols & Nichols, 2008).  Those that are 

mostly relevant to OCD are the 5HT1 (Adams et al., 2005) and 5HT2 receptor classes (Papakosta et al., 
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2013), which will briefly be highlighted here.  Predominantly SRIs1 and the highly selective reuptake 

inhibitors (SSRIs)2 exert mostly an indirect influence on the 5HT1A/1B/2A/2C receptors (Barnes & Sharp, 

1999; Bergqvist et al., 1999).  5-HT1 receptors can be categorized into 5 different receptor subtypes 

viz., 5HT1A, 5HT1B, 5HT1D, 5HT1E and 5HT1F (the 5HT1C receptor was renamed as the 5HT2C receptor; 

Hoyer & Martin, 1997).  Serotonin 5HT1A receptors are widely localized throughout the limbic regions of 

the brain and high densities have been demonstrated in the anterior cingulate cortex, the hippocampus, 

the dorsal and median raphe nuclei and the lateral septum (Barnes & Sharp, 1999).   

The behavioural effects on reward of the 5HT1A receptor are well known (Hoyer et al., 2002; Hannon & 

Hoyer, 2008; Hayes & Greenshaw, 2011).  For example, low dose treatment with 5HT1A agonists such 

as 8-OH-DPAT3 increases behavioural responses to reward, while high doses exert the opposite effect 

(Papp & Willner, 1991; Harrison & Markou, 2001).  The facilitation of reward-related behaviour at low 

dosages is postulated to be a consequence of decreasing serotonergic outflow from the raphe nuclei, 

while the opposite effect observed with high dose treatment purportedly result from the stimulation of 

post-synaptic 5HT1A receptors, a dichotomous effect also observed with respect to the 5HT1B receptor 

(Sharp et al., 1989; Bari et al., 2010).  Another important set of behaviours associated with the 

stimulation of post-synaptic 5HT1A receptors of relevance for OCD4 is hyperphagia and an exacerbated 

tail flick response upon minor stimulation (Lucki, 1992; Millan et al., 1994).   

As is true for the 5HT1A receptor, the 5HT1B receptor is found both pre- and post-synaptically but only in 

the BG5, FC6, hippocampus and hypothalamus where it decreases the release of neurotransmitters from 

nerve terminals and cell bodies in these areas (Hoyer et al., 2002; El Mansari & Blier, 2006).  With 

respect to OCD, previous studies have provided evidence implicating 5HT1B receptor activation in 

perseverative locomotor paths and that such behaviour is only attenuated after chronic but not sub-

chronic treatment with SSRIs (Shanahan et al., 2009).  These findings could possibly relate to those of 

Blier and colleagues (1996), who demonstrated that terminal 5HT1B autoreceptors desensitize only 

after 8 weeks of SSRI-treatment.  Evidence exists that the 5HT1B receptor functions as a heteroreceptor 

in the regulation of DA7 release, amongst others (Pauwels et al., 1997).  Indeed, it has been shown that 
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5HT11B agonists indirectly stimulate frontal cortical and nigral DA release (Johnson et al., 1992), 

especially within the indirect pathway. 

The 5HT2 receptor class can be divided into 3 subtypes viz. 5HT2A, 5HT2B and 5HT2C, of which the 

5HT2A/2C receptors are implicated in OCD (Pytliak et al., 2011).  5HT2A receptor activation is associated 

with the modulation of executive functioning, i.e. decision-making (Rogers, 2011; Seymour et al., 2012), 

cognitive processes i.e. learning (Williams et al., 2002; Harvey, 2003; Zhang & Stackman Jr, 2015), 

response inhibition and impulse control, and attention (Nichols & Nichols, 2008; Berger et al., 2009).  

Direct evidence for the involvement of 5HT2A receptors in OCD was presented by findings demonstrating 

increased receptor expression in the caudate nuclei of untreated OCD patients.  In line with the theory 

of hypo serotonergic functioning, Adams and colleagues (2005) suggest that a compensatory up-

regulation of the 5HT2A receptor could follow in response to a decreased level of 5HT in CSTC2 loops.  

5HT2C receptors, being highly expressed throughout hippocampus, nucleus accumbens, amygdala and 

frontal and parietal cortex (Sharma et al., 1997; Clemett et al., 2000; Barbon et al., 2011; Finnema et 

al., 2014), have been demonstrated to attenuate and blunt dopaminergic responses (Di Giovanni et al., 

2000).  Further, this response seems reversible.  In a study by Alex and colleagues (2005), the authors 

demonstrated that an increase in neuronal DA3 activity and increased levels of striatal DA follows the 

administration of a selective 5HT2C receptor antagonist.  It can therefore be expected that 5HT2C 

receptor agonists will result in abrogation of OC4 symptomology, while blocking such receptors would 

exacerbate the illness (Di Giovanni et al., 2000).  However, this simplified hypothesis has been met with 

controversy (Zohar et al., 1987; Tsaltas et al., 2005; Nardo et al., 2014; Reimer et al., 2018). 

2.2.2.2 Dopamine 

As alluded to earlier, DA5 plays an important, if not crucial, role in the manifestation of OCD6.  This 

neurotransmitter elicits its effects via D17 – D5 receptors and has been implicated in a range of 

processes and functions, including but not limited to reward-related approach behaviour, attention and 

sleep regulation (Seeman, 2006; Harvey et al., 2011; Nishi et al., 2011; Jackson et al., 2012; 
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Korshunov et al., 2017).  Dopaminergic neurons are located primarily in the BG1 and hippocampus (Hall 

et al., 1994; Khan et al., 1998), the former being an integral brain area involved in the manifestation of 

OC2 symptoms (Kalra & Swedo, 2009; Welter et al., 2011; Leisman & Melillo, 2013). 

DA, most notably so via dopamine-1 (D1) and dopamine-2 (D2) receptor signalling, is central to the 

functioning of the CSTC3-circuitry (Carmin et al., 2002).  As explained earlier, a bias in favour of the 

behaviourally activating D1 receptor expressing direct pathway over that of the behaviourally inactivating 

D2 receptor expressing indirect pathway in the BG, has been demonstrated in OCD (Perani et al., 2008; 

Kravitz et al., 2012).  D1 receptor stimulation, via their activation of glutamatergic neurons, activates 

the direct striatal pathway, while activation of D2 receptors prevents excitation in said glutamatergic 

neurons, thereby inhibiting the propagation of motor behaviour via the indirect striatal pathway (Cepeda 

et al., 1993).  Also, as opposed to the reported reductions in central SERT4 expression often observed in 

OCD patients (Reimold et al., 2007; Zitterl et al., 2008; Hesse et al., 2011), some studies have found 

an increased expression of dopamine transporters (DAT)5 in the prefrontal cortex (Minzer et al., 2004; 

Yoon et al., 2007) and the CSTC circuitry (Müller-Vahl et al., 2009) of patients with Tourette syndrome 

(TS)6, a motor disorder characterized by repetitive stereotyped movements and vocalizations in the 

absence of significant cognition (Krause et al., 2002).  Although TS and OCD differ with respect to the 

neuropsychological constructs driving the expression of repetitive behaviour (Coffrey, 1995; Miguel et 

al., 1997; Ferrão et al., 2009), persistent and often rigid motor repetition is a core symptom of both 

conditions; TS and OCD may therefore share common ground with respect to the striatal pathways 

involved (Figure 2-1).  Importantly, these findings do not implicate dopaminergic hyperactivity in OCD7.  

Rather, they highlight an imbalance in dopaminergic signalling (Pitchot et al., 1996; Brambilla, 2000).  

In fact, while both clinical (Borcherding et al., 1990; Lemus et al., 1991; Ahlskog, 2011) and preclinical 

(Szechtman et al., 1998; Taylor et al., 2010) evidence implicates DA8 in the manifestation and 

exacerbation of OC9 symptoms, selective mono-therapeutic interference with dopaminergic modulators 

is not successful in attenuating OC behaviour (Borcherding et al., 1990; Lemus et al., 1991; Szechtman 

et al., 1998; Taylor et al., 2010; Ahlskog, 2011).  Also, amphetamine-like drugs may either exacerbate 
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or improve OC-symptoms, while DA receptor agonists may result in symptom attenuation in some OCD 

patients (Denys et al., 2004).  Further, whereas motor stereotypy in both humans (Borcherding et al., 

1990; Lemus et al., 1991; Ahlskog, 2011) and animals (Szechtman et al., 1998; Taylor et al., 2010) 

can be induced with DA agonists, it is often, but not always (Ghaleiha et al., 2013; Veale et al., 2014; 

McLean et al., 2015) alleviated by the administration of DA antagonists (Connor et al., 2005).  

Nevertheless, SSRI1-refractory patients often respond to augmentation therapy where an SSRI and a 

low-dose antipsychotic, e.g. risperidone, is combined (Bedingfield et al., 1997; Muscatello et al., 2011; 

Dold et al., 2015).  Considering these contradictions, recent clinical evidence proposes unique 

dopaminergic constructs underlying different OC-phenotypes.  In fact, it is possible that either bolstering 

or suppressing dopaminergic signalling in patients diagnosed with different OC symptoms, may be key 

to understanding the role of DA in OCD (see paragraph 2.3).  This idea forms a core component of the 

current study. 

* * * 

2.2.3 The cognitive neuropsychology of OCD: the role of feedback processing and its 

relation to modulation by serotonin and dopamine  

Essentially, OCD can be regarded as a condition of dysfunctional reward- and punishment feedback 

processing.  Fundamentally rewards can be described as environmental incentives to approach a 

specific sensation (Schneirla, 1959).  Continuous seeking of such sensations, e.g. task completion from 

the perspective of OCD, could constitute the foundation of any habit or addiction (Wise, 2002).  

Therefore, abnormal reward valuation and seeking can alter the ways in which goal-directed behaviours 

are regulated (Schultz, 2006).  Normally, reward and punishment processing is controlled and gated by 

reward prediction errors.  Briefly, when an actual outcome is more rewarding than that which has been 

predicted, a positive dopaminergic reward prediction error will be coded, driving future behaviours to 

seek out the same reward.  If the outcome is negative or associated with any form of punishment, the 

reward prediction error will be negative, i.e. a decrease in dopaminergic tone, preventing likewise future 

incidents.  However, upon continued exposure to rewards of the same magnitude, i.e. the outcome 

repeatedly matches the expectation, reward seeking behaviour will reset to its default goal-directed 

function, e.g. only locking a door when it is unlocked (Kamin, 1969; Schultz, 2006).  It is well 
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established that DA1 plays an important role in reward, motivation and choices (Robinson & Berridge, 

1993; Schultz et al., 1997; Berridge & Robinson, 1998; Bayer & Glimcher, 2005; Cools et al., 2008b).  

In fact, repeated and rapid firing of ventral tegmental dopaminergic neurons has been proposed as a 

probable mechanism underlying the processing of prediction errors (Montague et al., 1996; Schultz et 

al., 1997).  Nonetheless, findings that selective interference in the dopaminergic system is not 

sufficient to modify and improve reward-related deficits, implicates more than one role player in the 

coding and processing of prediction learning.  Indeed, as has been highlighted earlier, 5HT2 has been 

suggested as the functional opponent of DA (Schultz et al., 1997; Daw et al., 2002; Bayer & Glimcher, 

2005).  More specifically, it is hypothesized that 5HT, like DA, is released in a phasic manner during the 

valuation of outcome with a negative valence (Cools et al., 2008b), thereby coding prediction errors 

related to adverse or punishing outcomes.  That said, 5HT has been shown to modulate reward and 

punishment processing in various ways (Palminteri et al., 2012).  For instance, while 5HT is important to 

prevent punishment-related behaviours, it has also been implicated to act in concert with DA in normal 

reward processing (Seymour et al., 2012). 

Considering the above, reward could be conceptualized as task completion.  For instance, when an 

OCD3 patient concerned about contamination engages in washing rituals, the possible absence of 

adequate dopaminergic release following satisfactory task completion could drive persistent reward-

seeking behaviour manifesting as constant hand-washing rituals.  However, it is also possible that 

compulsive rituals can be conceptualized as behavioural addictions, i.e. expressed due to 

hypersecretion of DA during compulsive behaviours, continuously driving reward seeking behavioural 

rituals.  That said, taking recent findings into consideration which demonstrated that patients 

diagnosed with the S/C4 phenotype do not share the deficits in reward processing shown in C/W5 OCD6, 

it is possible that this subgroup of individuals are either unable to process signals related to 

dopaminergic suppression or punishment-related serotonergic release (Figee et al., 2011; Pinto et al., 

2014).  This hypothesis may provide some insight into treatment resistance and the differential 

response of patients with different phenotypes of OCD to pharmacotherapeutic intervention.  This 

concept is of major importance in the current investigation. 
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2.3 The pharmacological treatment of OCD and treatment -resistance 

2.3.1 First line treatment 

As explained earlier, the gold standard of pharmacological treatment for OCD include agents that act 

mainly by bolstering serotonergic neurotransmission, i.e. SSRIs1, e.g. escitalopram, fluoxetine and 

fluvoxamine and SRIs2, e.g. clomipramine (Murphy et al., 2004; Millan et al., 2015).  Other treatment 

approaches for OCD include cognitive behavioural therapy (CBT)3 and deep brain stimulation (DBS)4 

(Pallanti et al., 2004; Denys et al., 2010).  Irrespective of the SRI/SSRI used, OCD responds only 

following chronic (> 8 weeks), high dose treatment.  In fact, daily doses of up to 3 – 4 times more than 

that usually used for the treatment of depression may be used (Stein et al., 2007).  SRIs/SSRIs are 

generally well tolerated; however, there are certain adverse effects, e.g. weight gain, nausea, impotence 

and anorgasmia that may adversely affect patient compliance (Marazziti & Consoli, 2010).  

Interestingly, one SSRI, escitalopram, is associated with improved remission rates and less adverse 

effects compared to other agents in this class (Stein et al., 2007).  Concerning the success rate of SSRI 

treatment in OCD patients, only 40-60% respond effectively to SSRIs (Pigott & Seay, 1998; Pallanti et 

al., 2002).  Nonetheless, it is still important to carefully contemplate the possible reasons for 

unsuccessful treatment, e.g. suboptimal doses, short treatment duration and patient compliance, 

before embarking on augmentative treatment (Hood et al., 2001). 

* * * 

2.3.2 Treatment resistance 

Refractory or treatment-resistant OCD5 is clinically defined as those symptoms that fail to respond to 

the maximum doses of various SSRI6 treatments after 3 months of treatment with each (Pallanti et al., 

2002).  Clinically, treatment-resistant OCD is evinced by reductions of less than 25 – 35% in the total 

pre-treatment OC7 score on the Yale-Brown Compulsive Scale (Jenike & Rauch, 1994).  Importantly, four 
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aspects should be considered before a patient can be classified as being treatment-resistant (Albert et 

al., 2013):  

 The diagnosis of OCD must be accurate while the symptoms should not be the result of a co-

morbid psychiatric disorder, i.e. anxiety, depression, personality disorder, or others (Albert et al., 

2013);  

 First-line treatment response should be evaluated only after 12 weeks; attenuation of OC 

symptoms happens slowly over time (Albert et al., 2013);  

 If the diagnosis of OCD is in fact co-morbid with other psychiatric illnesses, assessment of 

treatment response must take this into account, i.e. OCD diagnosed with bipolar disorder could 

worsen with high doses of SSRI treatment (Ghaemi et al., 2008); 

 Further, should a patient demonstrate a partial response to treatment after three months, it 

may be suggestive that more time is needed to achieve a full response.  In this case, treatment 

must not be discontinued (McDonough & Kennedy, 2002). 

Strategies to manage treatment-resistant OCD include augmentation therapies or switching (Abudy et 

al., 2011) to a different SRI1/SSRI2 (Marazziti et al., 2008).  Augmentation strategies for treatment-

resistant OCD usually consists of a combination of a high dose of SSRI and a low-dose antipsychotic, 

e.g. risperidone (Hollander et al., 2003).  Normally, it is recommended that initial augmentative 

strategies are introduced at the lowest possible dose of the DA3 antagonist and that treatment 

response is only evaluated after 12 weeks (Abudy et al., 2011).  Further, it is important to note that 

antipsychotics can also result in adverse reactions such as an increase in body mass index, an increase 

in total cholesterol, triglycerides and fasting blood glucose following long-term administration.  

Therefore, nutritional and metabolic evaluation is essential before and during such approaches are 

being taken (Abudy et al., 2011). 

Another approach in the management of refractory OCD4 that often proves to be successful is a 

combination of CBT5 and pharmacological treatment (Foa et al., 2005; Abudy et al., 2011).  At least 
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75% of patients diagnosed with OCD respond to this treatment.  However, as alluded to earlier, patients 

expressing hoarding compulsions often remain refractory to even the most rigorous treatment 

schedules (Calamari et al., 2004).  The greatest advantage of a CBT-drug combination over drug-only 

interventions is that it is successful not only in treating the OC1 symptoms, but also in moderating the 

comorbid symptoms such as a depressed mood, lack of self-care, as well as poor school performance 

and social functioning (Greenberg et al., 2006).  Indeed, OCD is commonly associated with other 

comorbid psychiatric illnesses such as anxiety, mood disorders, substance abuse and impulsive 

behaviour (Ruscio et al., 2010; Adam et al., 2012).  Interestingly, hoarding present with the highest 

degree of comorbidity, especially with major depression and impulsive behaviours (Frost et al., 2011) 

which could explain the poor treatment outcome of this phenotype. 

Considering the background provided in section 2.2.3, it is important to note that there is currently no 

evidence that could indicate a possible role for dopaminergic potentiation in the treatment of OCD, 

either as a monotherapeutic intervention or in combination with an SSRI2.  However, it may be possible 

that patients consistently engaging in compulsive rituals do so due to the lack of sufficient 

dopaminergic signalling during task completion.  Therefore, to shed more light on the possible 

differential roles of DA3 in the pathogenesis of various OC phenotypes, the current phase of the larger 

investigation (please refer to Chapter 1) will assess the effects of the SSRI, escitalopram and the 

dopaminergic potentiator, i.e. rasagiline, both alone and in combination with one another on the 

expression of large nest building (LNB)4 and high marble burying (HMB)5. 

* * * 

2.4 Animal models of OCD as preclinical frameworks for investigating complex 

mechanisms 

2.4.1 An introduction to animal models of OCD 

Suitable animal models of psychiatric conditions are necessary to understand the complex 

neurobiological mechanisms underlying these illnesses to develop essential treatment approaches 
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(Angoa-Pérez et al., 2013).  It is extremely difficult to model obsessions in animals.  However, animals 

can express natural induced behaviours that may resemble human compulsions (Angoa-Pérez et al., 

2013).  In general, animal models can be considered as tools to investigate certain aspects of the 

human condition but that is problematic to investigate in patients (Wang et al., 2009).  However, animal 

models need to be validated based on certain criteria before they can be considered useful.  These 

criteria describe a model’s face, construct, and predictive validity (Geyer & Markou, 1995).  In the case 

of face validity, the animal model should display abnormal behaviour that is similar to the 

symptomology of the human disorder (Willner, 1991; Geyer & Markou, 1995) viz., repetitive, persistent, 

time-consuming and seemingly purposeless compulsive-like behavioural routines (Veale et al., 2014).  

Construct validity refers to the extent in which the underlying neurobiology of the animal phenotype and 

the psychiatric illness agrees.  With respect to OCD1, this refers to CSTC2 circuit involvement parallel 

with perturbations in dopaminergic and serotonergic signalling.  Predictive validity broadly refers to 

analogous treatment response and non-response in the human and animal.  In the case of OCD, the 

foundation of predictively valid models can be found in a robust response to high dose, chronic 

serotonergic interference.  Due to the large body of confounding results with respect to dopaminergic 

involvement, response to dopaminergic interferences in animal models of OCD are, as of yet, not 

regarded as a mandatory prerequisite (Wolmarans et al., 2017b).  However, this confound will be 

addressed in the current investigation.  To date, several pharmacological, genetic and natural models of 

OCD have been described.  For the purpose of the current investigation, we will only focus on the 

natural models, most notably the deer mouse model of OCD, LNB3 and HMB4, both of which are 

generally, albeit controversially so, not regarded as measures of compulsive-like behaviour, but as 

animal models in itself. 

* * * 

2.4.2 The deer mouse model 

The deer mouse model has been the focus of validation studies in our laboratory since 2006.  It is a 

natural animal model that may be representative of symptom heterogeneous human OCD 

(Güldenpfennig et al., 2011b; Wolmarans et al., 2013; Wolmarans et al., 2016b; Wolmarans et al., 
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2016a; Wolmarans et al., 2017a).  Under normal laboratory housing conditions, roughly 45% of deer 

mice (Peromyscus maniculatus bairdii) will develop spontaneous stereotypy (Powell et al., 1999).  

However, 30% and 11% of animals will demonstrate persistent and repetitive LNB and HMB behaviour, 

respectively (Wolmarans et al., 2016b; Wolmarans et al., 2016a), which we have put forward as 

evidence for symptom heterogeneous OCD (Szechtman et al., 2017).  Further, in line with 

epidemiological data, all three phenotypes manifest without sex bias (Wolmarans et al., 2013; 

Wolmarans et al., 2016b; Wolmarans et al., 2016a), and generally do not present in the same animal. 

Briefly, stereotypy involves rigid routines of pattern running, backward somersaulting and repetitive 

jumping that are of a time-consuming nature (Wolmarans et al., 2013).  Further, the extent to which 

these behaviours manifest demonstrates a waxing and waning nature that resembles the behaviour of 

patients expressing compulsive routines in order to gain short-term relieve from the underlying 

obsession-related anxiety.  However, these behaviours generally represent compulsions, while the fact 

that obsessions play a prominent role in the symptomology of OCD complicates the development of 

animal models.  Cognitive abnormalities such as recurrent thoughts and obsessions are to say the 

least, nearly impossible to demonstrate in animals (d'Angelo et al., 2014).  However, by associating 

compulsive-like repetition of certain motor actions in animals with the fundamental constructs of OCD, 

certain conclusions can be made that may have direct relevance to the human disorder (Langen et al., 

2011).  Since motor stereotypy was the founding focus of the model, considerable work has been put 

into elucidating its neurobiological construct.  As such, it has been demonstrated that deer mouse 

stereotypy is characterized by perturbation in the same neural systems as those implicated in human 

OCD1, i.e. the CSTC2 circuitry (Presti et al., 2003; Presti & Lewis, 2005; Korff et al., 2009; 

Güldenpfennig et al., 2011a; d'Angelo et al., 2014).  More specifically, not only has it been shown that 

an imbalance between the direct and indirect pathways modulates stereotypy (Presti & Lewis, 2005; 

Bechard et al., 2016), but also that such modulation is associated with reduced striatal SERT3 

expression, indicating a role for hyposerotonergic signalling (Wolmarans et al., 2013).  The latter results 

are in line with that demonstrated in at least some patients with OCD (Hesse et al., 2005; Reimold et 

al., 2007; Zitterl et al., 2008).  Taken together with the findings of Korff and colleagues (2009) that 

showed 5HT2A/C4 receptor involvement in stereotypy, these contributions support the construct validity 
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of the model.  Although the neurobiological underpinnings of LNB1 and HMB2 in the deer mouse are not 

yet established, studies are currently underway to elucidate more on these phenomena. 

Considering the predictive validity of the model, Korff and colleagues (2008) demonstrated that chronic 

(21-day) intraperitoneal treatment with 10 and 20 mg/kg/day of the SSRI3, fluoxetine, significantly 

decreased the expression of stereotypical behaviours.  Furthermore, such a response was not achieved 

with desipramine, a noradrenergic tricyclic antidepressant, thus supportive of the specific response of 

OCD to serotonergic agents (Korff et al., 2008).  In a follow-up study, Wolmarans and colleagues (2013) 

demonstrated that the response of deer mouse stereotypy is highly sensitive to chronic, but not sub-

chronic treatment with high dose SSRIs.  Concerning nest building behaviour, while LNB in deer mice 

also respond to the same treatment regimen as stereotypy (Wolmarans et al., 2016a), HMB (see 

paragraph 2.4.3) remains unresponsive, possibly resembling a treatment refractory behavioural 

phenotype (Wolmarans et al., 2016b).  Together, these results form the basis of the robust predictive 

validity of the model, i.e. resembling the response of OCD to pharmacological manipulation. 

The deer mouse model of OCD presents with several advantages of over other animal models for 

exploitation in this work.  First, as the heterogeneous behavioural phenotypes in the model develop 

naturally and only in some individuals, OCD can be studied from a developmental perspective, taking 

into consideration the natural variation in genetic predisposition (Shorter et al., 2012).  Further, the 

behaviours observed in deer mice are to various extents modifiable by both pharmacological and 

environmental interference, thereby constituting a framework in which to study both drug and 

behavioural intervention (Lewis et al., 2007; Wolmarans et al., 2013; Wolmarans et al., 2017b). 

* * * 

2.4.3 Marble burying as a purported animal model of OCD 

In this section, we will not focus on marble burying (MB)4 as unique behavioural phenotype within the 

deer mouse model, but rather as a separate model of OCD5 that, although highly disputed (De Boer & 

Koolhaas, 2003; de Brouwer & Wolmarans, 2018), is widely applied in various laboratories. 
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MB, without any clear guideline describing the requirements for its severity or persistence, was initially 

considered as a screening test for anxiety (Broekkamp et al., 1986); however, it has later been utilised 

as a measure of compulsive-like behaviour.  The premise on which application of the marble burying 

test (MBT)1 for psychiatric illness is founded is twofold.  First, in analyses of anxiety it is proposed that a 

more anxious cohort of rodents will engage in burying behaviour following a neophobic response elicited 

by exposure to harmless but foreign objects in a home cage environment (Pinel & Treit, 1978; de 

Brouwer & Wolmarans, 2018).  Second, with respect to analyses of OC2-like behaviour, it has been 

hypothesized that animals engaging in MB behaviour do so without a clear goal in mind as marbles are 

regarded as non-anxiogenic and non-reactive (Thomas, 2006). 

However, the face validity of MB as an animal model and screening test for either psychiatric construct 

must be evaluated after considering the ethological value of burying behaviour.  Indeed, digging, 

burrowing and burying serve analogous purposes across both natural and laboratory settings and are 

central to rodent survival and social structure (Ebensperger & Blumstein, 2006; Deacon, 2012).  

Fundamentally, burying is motivationally driven by the need to store food (Fleming & Brown, 1975; 

Jenkins & Breck, 1998), to control temperature (Ellison, 1995; Tracy & Walsberg, 2000), to facilitate 

social interaction, to nurture and protect young (Denenberg et al., 1969) and to avoid predation (Ruffer, 

1965; Tracy & Walsberg, 2002; Ebensperger & Blumstein, 2006).  Further, such behaviours can also be 

regarded as a mandatory behavioural need as such behaviours persists in cages that already contain 

extensive burrow networks (Sherwin et al., 2004).  However, although digging and burrowing are natural 

and persistent under laboratory conditions, even in the offspring of captive bred animals (Adams & 

Boice, 1981; Weber & Hoekstra, 2009), such behaviour is modifiable by a number of factors including 

pre-exposure to the burying substrate that results in decreased, albeit persistent burrowing activity 

(Schultz, 1972).  Further, the burying substrate itself can influence the number of burying episodes, and 

the overall measurable digging activity (Layne & Ehrhart, 1970; Webster et al., 1981).  Overall digging 

behaviour can also be influenced by genetics, even in closely-related species which can exhibit notably 

different burrow architecture and digging activity (Layne & Ehrhart, 1970; Webster et al., 1981; Dudek 

et al., 1983; Weber & Hoekstra, 2009).  Considering that common standard housing conditions in most 

rodent housing facilities constitute only a thin layer of any given form of bedding material, e.g. corn cob 

(Jimenez-Gomez et al., 2011), wood chips (Deacon, 2012), or paper (Burn et al., 2006), digging and 

burrowing cannot be readily expressed.  It can therefore be expected that such behaviours will be 
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expressed to a greater extent following the provision of ample bedding or burrowing substrate (Adams & 

Boice, 1981; Webster et al., 1981). 

As opposed to the natural tendency of rodents to burrow, dig and bury as described above, defensive 

burying is founded upon a clear goal of self-defence.  However, to elucidate the neurobiological 

mechanisms underlying defensive burying, Pinel and Treit (1978) introduced a shock prod paradigm 

and observed that a rat will present with a strong tendency to bury a shock prod or any novel object if 

confronted in its familiar surroundings.  Various objects have been identified as aversive stimuli e.g., 

electrified shock prods (Pinel & Treit, 1978), mouse traps, flash bulbs (Terlecki et al., 1979; Gray et al., 

1981), noxious smells (Silverman, 1978), pepper sauce and other unpleasant liquids (Wilkie et al., 

1979; Poling et al., 1981).  However, studies also found that rodents bury harmless and non-fear-

provoking objects, i.e. glass marbles (Broekkamp et al., 1986) and rat chow pellets (Poling et al., 1981; 

Londei et al., 1998), thus undermining the value of introducing marbles in home cages as a neophobic 

stimulus.  Rather, burying behaviour may be dependent on the emotional state of a subject rather than 

be propagated by a clear outcome in mind (Londei et al., 1998).  In fact, it has been shown that 

different levels of aggression (Koolhaas et al., 1999) or stress could influence burying behaviour 

(Londei et al., 1998).  This is evinced by findings that compared defensive burying responses in rats and 

hamsters during exposure to a shock prod (Whillans & Shettleworth, 1981), demonstrating that even 

though hamsters associate shock with the presence of a prod, they do not engage in burying behaviour 

similar to that expressed by rats (Whillans & Shettleworth, 1981). 

Thus, taking aforementioned into account, the face validity of the MBT1 can only be evaluated knowing 

that such behaviour is natural and that it occurs in most rodent species both in the absence and 

presence of anxiogenic stimuli.  Therefore, if such behaviour is natural, which criteria must be met if 

MB2 is to be applied as a screening tool for anxiety- and/compulsive like behaviour?  First, anxiety (or 

neophobia as in the case of the MBT) and compulsions differ in meaningful ways, foremost of which is 

that neophobic responses should abate over time, while compulsive behaviour should persist (de 

Brouwer & Wolmarans, 2018).  Indeed, with respect to anxiety-like behaviours related to novelty in 

other behavioural paradigms, such behaviours have been shown to abate as a function of repeated 

exposure (Savy et al., 2015) or even over the course of a single continuous test session (Choleris et al., 

2001).  On the other hand, considering that compulsions are mostly directed towards reducing the 

distress caused by persistent intrusive thoughts related to specific scenarios, MB behaviour should be 
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appreciated based on an animal’s persistent, repetitive and behaviourally inflexible preoccupation and 

direct interaction with marbles (Njung'e & Handley, 1991; Wolmarans et al., 2016b; Wolmarans et al., 

2017b).  However, as MB is often only applied during a single session, neither of these criteria is met, 

undermining the face validity of the model with respect to both conditions. 

As the MBT is mostly employed as a rapid screening tool to establish whether an animal may be anxious 

or engaging in compulsive behaviour, no study has yet investigated the construct validity of the model 

for either condition per se.  However, some insight into the neurobiological basis of MB behaviour can 

be found in pharmacological treatment data, of which numerous results have been published.  

Nevertheless, a brief overview of these findings indicate that MB respond to several interventions that 

include agents which target the noradrenergic, dopaminergic, serotonergic, cholinergic, glutamatergic, 

and GABA1ergic systems (for a complete review of these and other pharmacological treatment findings, 

refer to (de Brouwer et al., 2018, in press, Addendum C).  Further, several miscellaneous receptors 

have also been targeted, including neurokinin, imidazoline, calcium, and endocannabinoid receptors, 

while genetic studies have also considered a number of putative anxiety-linked receptor targets 

(Lähdesmäki et al., 2002; Egashira et al., 2007; Gavioli et al., 2007; Tasan et al., 2009; Angoa-Pérez et 

al., 2013).  Taking this into account, it therefore must be considered that if MB2 activity is triggered and 

driven by a possible anxiogenic and/or obsessive-compulsive-like construct, the test itself as applied in 

preclinical literature presents with poor construct and predictive validity as a screening test for either 

behaviour.  Indeed, neither clinical anxiety nor OCD3 demonstrates response to many of these. 

2.4.3.1 A perspective on the current investigation: methodological aspects of the marble 

burying setup 

2.4.3.1.1 Zone configuration 

The MBT4 can be performed in a one zone (marbles spaced evenly on the burying substrate throughout 

the test cage) or a two zone (marbles spaced evenly on one side of the testing arena only) paradigm 

(Handley, 1991; Gyertyan, 1995; Takeuchi et al., 2002; Li et al., 2006; Nicolas et al., 2006; Slot et al., 

2008; Thomas et al., 2009; Badgujar & Surana, 2010; Kinsey et al., 2011; Prajapati et al., 2011; Nardo 

et al., 2014).  However, as a one-zone paradigm does not allow the animal to avoid exposure to marbles 
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and therefore is insensitive to behaviours driven by voluntary engagement, the current investigation will 

employ a two-zone paradigm only.  Following placement of the marbles, the mouse is introduced to the 

experimental cage and left to interact with the marbles for 30 minutes.  Thereafter, the number of 

marbles buried is counted by observers that are unfamiliar with the cohort to which the tested 

individuals belong (Harasawa et al., 2006; Angoa-Pérez et al., 2013; de Almeida et al., 2014; 

Wolmarans et al., 2016b).  Importantly, different investigators apply different criteria to determine if a 

marble is buried (or covered).  Whereas some studies refer to buried marbles as those covered up to 

two-thirds  of its size in bedding material (as applied in this investigation; Shimazaki et al., 2004; Slot et 

al., 2008; Badgujar & Surana, 2010; Shimada et al., 2011) others apply a 50% (Kinsey et al., 2011) or 

fully (Torres-Lista et al., 2015) covered criterion. 

2.4.3.1.2 Burying Substrates 

Substrates commonly used include corn cob (Thomas et al., 2009; Jimenez-Gomez et al., 2011; Angoa-

Pérez et al., 2013), sawdust (Harasawa et al., 2006; Slot et al., 2008; Krass et al., 2010; Dixit et al., 

2014), wood chips (Londei et al., 1998; Saadat et al., 2006; Llaneza & Frye, 2009; Thomas et al., 

2009), wood shavings (Poling et al., 1981), river sand (de Brouwer & Wolmarans, 2018) and Sani-

chips© (Young et al., 2006; Thomas et al., 2009; Kinsey et al., 2011).  However, the choice of an 

appropriate burying substrate is important for several reasons.  Due to the sparse and light nature of 

burying substrates such as sawdust (pine, weighed and calculated at 0.17 g/cm3 (de Brouwer & 

Wolmarans, 2018) and wood shavings (pine, weighed and calculated at 0.07 g/cm3 (de Brouwer & 

Wolmarans, 2018), marbles simply placed gently on the surface of these substrates may appear from 

outset to be covered to a depth of at least two-thirds of its size when compared to more dense 

substrates (de Brouwer & Wolmarans, 2018).  Further, as most investigations do not report the use of 

video tracking, endpoint quantification of the number of marbles buried may be a caveat in the 

interpretation of data.  In contrast, denser substrates with a higher mass per volume ratio, e.g. corncob 

(weighed and calculated at 0.38 g/cm3 de Brouwer & Wolmarans, 2018), or river sand (weighed and 

calculated at 1.65 g/cm3 de Brouwer & Wolmarans, 2018) are generally more resistant to the effects of 

normal exploration and therefore may be better suited as appropriate substrates in which to carry out 

the MBT1.  In fact, in substrates such as sawdust and wood shavings, marbles of a greater mass would 

settle to the bottom of the testing arena quicker compared to marbles of a lower mass; these 

substrates are therefore subject to disturbance by any routine movement of the animals during the test 
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session (de Brouwer & Wolmarans, 2018).  For this reason, the current investigation made use of river 

sand as the burying substrate of choice. 

2.4.3.1.3 Habituation before exposure 

Since MB1 behaviour may partly be driven by an inherent need for investigation, the novelty of burying 

substrates may trigger natural exploratory activity in the form of digging and burrowing and may 

therefore influence the number of marbles being covered (Gyertyan, 1995; Thomas et al., 2009).  

Therefore, to exclude the possible effects of novel cage exploration on burying outcomes, it is important 

to consider adequate habituation in burying substrates before the onset of behavioural analysis.  This 

may be more applicable for anxiety than compulsivity-related studies.  This is because in compulsivity 

studies, animals should be exposed over the course of repetitive trials, instead of a single trial (Njung'e 

& Handley, 1991; Gyertyan, 1995; Thomas et al., 2009; Wolmarans et al., 2016b; Taylor et al., 2017; 

de Brouwer & Wolmarans, 2018); hence, habituation is introduced coincidentally in the experimental 

design.  In fact, it has been shown previously that when the test is repeated on up to five consecutive 

days with the same subjects, no significant differences in burying activity ensue (Poling et al., 1981; 

Njung'e & Handley, 1991; Gyertyan, 1995; Thomas et al., 2009; Wolmarans et al., 2016b).  However, 

with investigations into anxiety-like behaviour, it is important therefore to exclude the possible effects of 

other novelty factors, e.g. burying substrate on burying performance (Casarotto et al., 2010; Umathe et 

al., 2012; Gawali et al., 2016; Taylor et al., 2017).  With respect to the current investigation, we 

attempted to exclude the influence of a possible neophobic trigger underlying the burying response, and 

therefore habituated all individuals in the burying substrate for at least 24 hours prior to the first test. 

* * * 

2.4.4 Large nest building as an animal model of OCD 

In the wild, mice build nests to protect themselves against predators or harsh elements as well as to 

conserve heat, to breed and as nurseries to raise young (Latham & Mason, 2004; Hess et al., 2008).  

Various aspects, i.e. genetics (Lynch, 1980), environmental configuration (Porter & Busch, 1978) and 

endocrinological status (Voci & Carlson, 1973) may influence nest building (NB)2 behaviour.  However, 

non-breeding mice will spontaneously build complex nests without prior experience with nesting 

material (Sherwin, 1997) and will repeatedly engage in such behaviour (Lynch, 1977).  Although being a 
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normal behavioural manifestation in rodents, previous investigation into the nesting behaviour of house 

mice (Mus musculus) (Greene-Schloesser et al., 2011) and deer mice (Wolmarans et al., 2016a) 

demonstrated aberrant NB that is persistent, repetitive and seemingly purposeless compared to normal 

nest building behaviour in some individuals only within a normal laboratory colony.  These findings 

provide the basis for the face validity of LNB1 behaviour as an animal model of OCD2, in this study 

hypothesized to be resembling of the S/C3 phenotype.  Further, LNB is responsive to SRI4 

(clomipramine) and SSRI5 (fluoxetine and escitalopram; Greene-Schloesser et al., 2011; Wolmarans et 

al., 2016a) treatment, but not to the norepinephrine reuptake inhibitor (NRI)6, desipramine (Greene-

Schloesser et al., 2011).  Thus, the model presents with good predictive validity.  Further, recent results 

also demonstrated reduced 5HT7 levels in the brain regions implicated in OCD (Winter et al., 2018b; 

Mitra et al., 2016; Mitra et al., 2017), thereby strengthening the construct validity of the model.  From a 

different OC8 perspective that addresses the construct of perfectionism, a recent series of studies have 

investigated nest building behaviour in rabbits as a model of OCD (Hoffman & Rueda Morales, 2009; 

2012).  This model is proposed to be relevant to understanding compulsions related to feelings of 

incompleteness, "just right" sensations, and the perception of task completion and has provided some 

interesting evidence in support of its face validity for OCD. 

2.4.4.1 Perspectives on the current investigation: the assessment of nest-building 

behaviour 

To characterize persistence and repetition, nest building analyses are conducted over 7 consecutive 

days (Wolmarans et al., 2016a).  Briefly, an excess of pre-weighed cotton wool is placed on top of the 

metal grid of the animal’s home cage and left for 24 hours.  On every following day, the remaining 

cotton wool is weighed, and an excess of cotton wool again provided (Wolmarans et al., 2016a).  

Following completion of the 7-day trial period, the total nesting score (in grams) is calculated and 

applied to characterize a compulsive-like large nest-building phenotype within the normal deer mouse 
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population.  Indeed, we have shown previously that 20 – 30% of deer mice, irrespective of stereotypical 

cohort or sex, express aberrant large LNB1 behaviour (Wolmarans et al., 2016a). 

* * * 

2.4.5 The relevance of high marble burying and large nest building as different 

obsessive-compulsive phenotypes in the current investigation  

Considering the literature background we have presented here, little progress has been made in 

addressing the poor treatment response of patients with OCD.  Recent findings relating to the 

neurocognitive constructs underlying different OC2 phenotypes (Figee et al., 2011) provide some 

indication that a novel understanding of OCD may be necessary.  The fact that HMB3 by an 11% minority 

of deer mice seems just as persistent and purposeless as LNB or high stereotypy, but that it does not 

respond to serotonergic intervention, may indicate that aberrant burying behaviour may be a unique OC-

like phenotype within the deer mouse model of OCD, especially one that is treatment resistant.  

Therefore, based on the matter of persistence, repetition and seemingly purposelessness, the current 

investigation sets out from the perspective that HMB and LNB are two different phenotypes of the same 

condition but that may provide a valuable framework in which to investigate unique treatment 

interventions.  Further, we propose HMB to resemble treatment-resistant OC-like behaviour related to 

deficits in dopaminergic signalling.  Moreover, we hypothesize that based on its response to SSRI4 

intervention, LNB will resemble an OC-like phenotype akin to the classic picure of OCD, i.e. a condition 

of hyposerotonergic signalling.  Moreover, we propose that HMB and LNB will diverge on the basis of 

their unique response to dopaminergic intervention administered either alone or in combination with 

escitalopram, as alluded to earlier.    
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ABSTRACT 

Obsessive-compulsive disorder (OCD) is treated with selective serotonin reuptake inhibitors (SSRIs), 

while in treatment-resistant cases, augmentation of SSRIs with anti-dopaminergic agents is typical.  

There is increasing evidence that different OCD phenotypes have somewhat different neurobiological 

underpinnings in terms of dopaminergic involvement.  Although a number of experimental models of 

OCD have been proposed, further work is needed to determine whether these are useful in shedding 

light on differences in neurobiology across OCD phenotypes.  Therefore, we aimed to investigate the 

neurobiological mechanisms underlying two phenotypes of persistent repetitive behaviour in the deer 

mouse, i.e. SSRI-responsive large nest-building (LNB) and SSRI-resistant high marble-burying (HMB).  

160 deer mice of both sexes underwent screening for marble burying and nest building behaviour.  

Animals presenting with HMB or LNB were selected for treatment with one of four interventions:  water 

control, the SSRI escitalopram (50 mg/kg/day), the MAO-B inhibitor and dopamine potentiator 

rasagiline (5 mg/kg/day), or a combination of rasagiline and escitalopram at the aforementioned doses 

(28 days; n = 6 for all groups).  Behavioural analyses were repeated following treatment.  HMB 

responded to escitalopram and even most robustly to the combination of escitalopram and rasagiline (p 

< 0.0001).  In contrast, LNB responded to escitalopram, but was worsened by rasagiline and the 

combination of escitalopram and rasagiline.  Our findings indicate that 1) HMB and LNB are founded in 

different neurobiology and 2) whereas LNB resembles an OCD phenotype responding to 

pharmacological interventions used in clinical samples, HMB may be a behavioural paradigm in which 

to investigate compulsive behaviour associated with unique dopaminergic involvement. 

KEYWORDS 

Obsessive-compulsive disorder; marble burying; nest building; animal model; escitalopram; deer mouse 

model 
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INTRODUCTION 

Obsessive compulsive disorder (OCD) is a debilitating psychiatric illness (Basile & Mancini, 2014) that 

affects up to 2.5% of the global population (Ruscio et al., 2010).  The two main diagnostic traits of OCD 

are obsessions (invasive thoughts or ideas) and / or compulsions (repetitive persistent behaviours) 

(Veale et al., 2014) which impair normal functioning, including in the social and occupational domains 

(Bobes et al., 2001; De Bruijn et al., 2010; Schwartzman et al., 2017).  OCD demonstrates symptom 

heterogeneity within 5 typical main symptom domains i.e. 1) contamination/washing (C/W), 2) 

safety/checking (S/C), 3) symmetry/ordering, 4) repugnant intrusive thoughts related to religion, 

violence and sex, and 5) collecting compulsions (McKay et al., 2004; Mataix-Cols et al., 2005; Rosario-

Campos et al., 2006; Abramowitz et al., 2009), the last of which has recently been classified as a 

unique disorder, i.e. hoarding, within the obsessive-compulsive and related disorders category of the 

DSM-5 (APA, 2013). 

OCD is treated with selective serotonin reuptake inhibitors (SSRIs) (Murphy et al., 2004; Millan et al., 

2015), while in treatment-resistant cases, augmentation of SSRIs with anti-dopaminergic agents is used 

(Marazziti et al., 2008; Dold et al., 2015).  Still, up to 15% of patients remain refractory to these 

interventions (Pallanti et al., 2002; Pallanti & Quercioli, 2006).  Further, there is increasing evidence 

that different OCD phenotypes have somewhat different neurobiological underpinnings.  For example, 

individuals with contamination/washing (C/W) OCD have been shown to present with marked 

dysfunctional striatal activation compared to patients with safety/checking (S/C) OCD, prior to receiving 

an expected reward (Figee et al., 2011).  This point to unique dopaminergic involvement (Schultz, 

2007) possibly underlying different phenotypes of OCD. 

With respect to the current investigation, few pre-clinical investigations have aimed to divulge the 

neurobiological underpinnings of different OC phenotypes.  Further, investigations into the effects of 

dopamine-modulating drugs in animal models of OCD, delivered inconsistent results (Hatalova et al., 

2017 Mitra et al., 2017; Dorfman et al., 2018; Egashira et al., 2018).  Considering that OCD has 

previously been associated with a hyperactive D1-expressing cortico-striatal-thalamo-cortical (CSTC) 

pathway in some patients (Rauch et al., 2007) and that bolstered serotonergic signalling in the CSTC-

circuitry is believed to underlie the efficacy of SSRIs (Goddard et al., 2008), the anti-compulsive role of 

serotonin could possibly be ascribed to it acting as a behavioural opponent to the actions of dopamine 

(Daw et al., 2002).  Thus, based on the aforementioned potential differences in dopaminergic 

involvement in different phenotypes of OCD, the question arises whether individuals expressing 

differences in SSRI-related treatment response, will respond uniquely following dopaminergic 

manipulation. 
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To investigate this point, the deer mouse (Peromyscus maniculatus bairdii) model of OCD has been 

employed.  The model is especially suited for the current investigation as we have previously identified 

three naturally occurring compulsive-like behaviours in both male and female deer mice that are 

variably expressed across the population, viz. high stereotypical behaviour (HSB; Wolmarans et al., 

2013), large nest-building behaviour (LNB; Wolmarans et al., 2016a), and high marble burying 

behaviour (HMB; Wolmarans et al., 2016b).  Importantly, these phenotypes resemble the persistent, 

ritualistic and seemingly purposeless symptomology of clinical OCD.  Further, while both HSB 

(Wolmarans et al., 2016b) and LNB (Wolmarans et al., 2016a) respond favourably to chronic high-dose 

oral escitalopram (50 mg/kg/day), HMB seems more resistant to this agent (Wolmarans et al., 2016b).  

Therefore, we hypothesize that these phenotypes are founded on distinct neurobiological correlates.  

Specifically, we propose that since HMB is non-responsive to serotonergic intervention, it may rather 

involve unique perturbations in the dopaminergic system and respond to SSRIs only if co-administered 

with drugs that manipulate dopaminergic signalling.  On the other hand, as LNB demonstrates response 

to SSRI intervention, it may demonstrate a different response to dopaminergic potentiation compared to 

HMB, thereby resembling a distinct neurobiology. 

MATERIALS AND METHODS 

Animals 

As only 11 - 15% of deer mice demonstrate HMB (Wolmarans et al., 2016b), 160 deer mice of both 

sexes were initially obtained from the deer mouse colony of the North-West University (NWU), 

Potchefstroom, South Africa (ethical approval number: NWU-00262-16-A5; AnimCare Research Ethics 

Committee, NHREC Registration Number: AREC-130913-015).  The original breeding pairs were 

established using breeding pairs obtained from the Peromyscus Genetic Stock Centre at the University 

of South Carolina, USA.  All animals were aged 10 weeks at the onset of experimentation and were 

randomly selected without litter or weight bias.  One week prior to the first behavioural assessment, 

animals were separately housed in individually ventilated and climate-controlled mouse cages (35cm (l) 

x 20cm (w) x 13cm (h); Techniplast® S.P.A., Varese, Italy).  All experiments were conducted in the good 

laboratory practice (GLP) area of the vivarium of the NWU.  Throughout the investigation, animals were 

maintained at 23ºC on a 12-hour light/dark cycle (06h00/18h00).  Food and water were provided ad lib 

for the duration of the study.  Cages were cleaned, and new bedding material (ground corncob) added 

weekly, except when stated otherwise.  Animals that were not identified as either HMB or LNB were 

euthanized immediately following the last NB assessment (see below). 

Drugs 
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Both drugs, namely the SSRI, escitalopram oxalate (50 mg/kg/day; Wolmarans et al., 2013) and the 

monoamine oxidase type B (MAO-B) inhibitor, rasagiline mesylate (5 mg/kg/day; Eigeldinger-Berthou et 

al., 2012) were dosed orally by dissolving them in the drinking water of each individual animal 

(Wolmarans et al., 2013; Wolmarans et al., 2016b; Wolmarans et al., 2016a).  Fresh drug solutions 

were prepared daily using Milli-Q® water for dissolution.  Animals of both behavioural cohorts, i.e. HMB 

and LNB were divided into four treatment groups that received chronic (28-day) treatment with either 1) 

normal drinking water (control), 2) escitalopram alone, (3) rasagiline alone, or 4) a combination of 

escitalopram and rasagiline.  To prevent any possible anxiogenic effect that may arise from excessive 

handling, neither parenteral administration, nor oral gavage was considered, while the handling of 

animals was kept to a minimum.  As deer mice consume liquid at a rate of 0.25 ml/g/day (Aschhoff et 

al., 2000; Wolmarans et al., 2016b) and that the addition of escitalopram and rasagiline does not 

modify this, the dose received by each animal over 24 hours could be calculated and confirmed within 

close margins. 

The marble burying test 

The marble burying test (MBT) has been applied as reported previously (Broekkamp et al., 1986), albeit 

with some modification based on previous findings from our laboratory (de Brouwer et al., 2018; de 

Brouwer & Wolmarans, 2018).  Considering that rodents are nocturnal animals, all marble burying (MB) 

experiments were conducted under dim red light (40 lux) during the dark phase of the 24-hour cycle.  

Briefly, the experimental cage setup involved 9 glass marbles (ø=15 mm) being evenly placed in one 

half of the cage only (two-zone paradigm) on a 5 cm-thick layer of course river sand (de Brouwer et al., 

2018).  As opposed to employing sawdust (Krass et al., 2010; Dixit et al., 2014), wood shavings (Poling 

et al., 1981) and husk (Kedia & Chattarji, 2014), course river sand was used as a burying substrate as 

it is largely resistant to the co-incidental covering of marbles when animals, especially highly motor-

active deer mice, engage in their normal behavioural repertoire (de Brouwer et al., 2018).  Further, we 

adopted a two-zone paradigm as this allows the animal to completely avoid exposure to the marbles in 

the event of experiencing neophobic anxiety.  In studies of relevance for OCD, directed and intentional 

engagement with the marbles is important as compulsions are preoccupied with and aimed at specific 

outcomes (Londei et al., 1998; Thomas et al., 2009).   

After introducing each animal to its own experimental cage, they were allowed to explore the area for 30 

minutes, after which they were returned to their home cages.  The same procedure was followed in all 

animals for three consecutive nights before and after treatment, respectively, with each animal 

introduced to the same, but newly prepared experimental cage for each trial.  Thus, three pre- and post-

treatment MB scores were generated for each animal.  Importantly, all animals were habituated to the 

burying substrate for 24 hours preceding the first MB trial both before, and after treatment.  To quantify 
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the number of marbles buried and identify the HMB expressing animals, a marble was regarded ‘buried’ 

if two-thirds of its size has been covered in burying substrate.  However, although being adequate to 

provide a robust baseline separation in burying cohorts, this criterion falls short to identify the effects of 

treatment on the burying response, for which the additional criterion of ‘marble-directed behaviour’ 

(MDB) has been introduced (see ‘Results’ as well as Addendum B).  To score MDB, which included 1) 

rolling, 2) sniffing and licking, 3) touching with forepaws and 4) standing on or over marbles, all 

experiments were video recorded and analysed retrospectively by an investigator blind to treatment 

condition.  As burying behaviour is a naturally occurring behaviour that is expressed by all rodents, 

albeit demonstrating within- and between-species variance, HMB was regarded as those burying scores 

that clustered within the upper 25th percentile of the individual average 3-night burying scores, while 

also being associated with the lowest coefficients of variance with respect to the daily expression of 

burying behaviour (Figure 1).  Locomotor behaviour was assessed simultaneously with MB activity, and 

has been scored using Ethovision XT® 14 software (Noldus Information Technologies, Wageningen, The 

Netherlands). 

Nest building analysis 

Following the initial pre-treatment analysis of MB activity, all animals that did not present with HMB 

were screened for nest building (NB) over the course of seven consecutive nights.  On each of the 

respective days, an excess of pre-weighed cosmetic cotton wool was provided above the steel grid roof 

of the home cages (Wolmarans et al., 2016a).  On subsequent days, the remaining cotton wool, i.e. that 

which had not been used for NB, was weighed and the built nests removed from the cages.  Animals 

were therefore allowed 24 hours to interact with the nesting material.  A seven-day analysis period was 

necessary, as deer mice demonstrate within-individual variance in NB behaviour (Wolmarans et al., 

2016a).  As with MB, the daily nesting scores were recorded and totalled after seven days to provide a 

total one-week nesting score (Wolmarans et al., 2016a).  These experiments were conducted in the 

home cages of individually housed animals with food and water being supplied ad lib.  During this time, 

animals did not have access to other forms of laboratory nesting material.  Like MB, NB is also a 

naturally occurring behaviour and as such, LNB was identified based on the same criteria as those used 

for MB, albeit applying total nesting score, instead of the number of marbles buried.  Therefore, if an 

animal expressed LNB behaviour during a single or two of the seven nights only, it was excluded from 

the current investigation (Figure 2; Wolmarans et al., 2016a). 

Statistical analysis 

Statistical analysis was performed with GraphPad Prism® 6 under guidance of the Statistical 

Consultation Service of NWU, Potchefstoom.  Linear regression and column statistics (25th and 75th 
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quartiles) were applied to identify HMB and LNB expressing subjects.  Pre-and post-treatment 

expression of HMB and LNB, as well as locomotor behaviour (LMB; in the case of the HMB groups) were 

analysed and compared by applying of two-way repeated measures analysis of variance (2-Way RM-

ANOVA) followed by Bonferroni post-hoc tests (Wolmarans et al., 2016b; Wolmarans et al., 2016a).  

Behavioural expression (MB and NB scores respectively) was set as between subject factor and time 

and treatment as within subject factors.  Statistical significance was determined at p < 0.05 for all 

analyses.  Cohen’s d was used to determine the effect sizes of interventions, where a large effect is 

indicated by a d > 0.8, and a very large effect by d > 1.3. 

RESULTS 

Figure 3: Marble burying – number of marbles buried 

A total of 24 HMB expressing animals were identified from the initial pool of 160 (Figure 1).  Although 

no statistically significant two-way interaction was observed between time and treatment (F [3,20] = 

1.46, p = 0.25), time had a significant main effect on the burying scores observed in the post-treatment 

phase (Figure 3; F [1,20] = 45,73; p = < 0,0001).  As such, post-hoc pairwise comparisons revealed 

significant reductions in the number of marbles buried within the control (1.17 vs 3.72; p = 0.004; CI: 

0.7—4.4; Cohen’s d = 2.48) and the rasagiline (0.44 vs 3.67; p = 0.0004; CI: 1.4—5.0; Cohen’s d = 

3.88) treated groups compared to the respective pre-treatment values.  Neither escitalopram, nor the 

combination had any significant effect on the number of marbles buried, although the main effect of 

time also tended to decrease behavioural expression in these groups (Cohen’s d = 1.15 and 1.6 

respectively). 

Figure 4: Marble burying – marble-directed behaviour (MDB) 

A statistically significant two-way interaction between time and treatment was shown (Figure 4; F [3,20) 

= 5.29, p = 0.008).  Further, both time and treatment were shown to be significant sources of the 

observed interaction (time: F [1,20] = 41.8, p < 0.0001; treatment: F [3,20] = 7.84, p = 0.001).  Post-

hoc analysis revealed a significant difference in the pre-treatment MDB of animals within the 

escitalopram and rasagiline groups (20.7 vs 30.4; p = 0.008; CI: 1.9—17.4; Cohen’s d = 1.79) which 

can only be explained as naturally occurring behavioural variation, since no behaviour-modifying 

interventions had taken place at this time.  Considering the effect of treatment over time, both 

escitalopram (19.0 vs 30.4; p = 0.001; Cohen’s d = 1.98) and the combination of escitalopram and 

rasagiline (8.4 vs 23.7; p < 0.0001; Cohen’s d = 3.06) elicited significant and large reductions in the 

number of MDB episodes compared to the respective pre-treatment scores.  As opposed to the number 

of marbles buried (Figure 3), neither the control, nor rasagiline alone had any statistical or practical 

effect.  This data is supported by comparisons of the number of MDB episodes within the post-
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treatment groups.  Indeed, significant differences with large effect sizes have been demonstrated 

between the number of MDB expressed by the combination group compared to all other treatment 

groups (control: p < 0.0001, CI: 6.3—21.7, Cohen’s d = 3.08; escitalopram: p = 0.003, CI: 2.9—18.4, 

Cohen’s d = 2.16; rasagiline: p = 0.013; CI: 1.4—16.9, Cohen’s d = 2.19). 

Figure 5: Marble burying – locomotor activity 

A two-way RM ANOVA was run to determine whether time or treatment had any significant effect on 

motor ability.  In a random sample of three animals in each treatment group, no significant interaction 

between time and treatment was found (Figure 5; F [3,8] = 0.16, p = 0.922).  However, although time 

did not have any significant main effect on the results obtained (F [1,8] = 0.28, p = 0.612), the effect of 

treatment was significant (F [3,8] = 5.63, p = 0.023).  However, this effect is negligible as no significant 

differences between either of the groups, both within and between treatment groups was 

demonstrated. 

Figure 6: Nest building 

A total of 24 LNB expressing subjects were identified from the remaining 136 animals, i.e. those that 

remained following the identification of 24 HMB expressing mice (Figure 2).  A statistically significant 

two-way interaction between time and treatment was evident with respect to the pre- and post-

treatment nesting scores of LNB animals (Figure 6: F [3,20] = 9.56, p = 0.0004).  Further, time had a 

significant effect on the way in which NB responded to treatment (F [1,20] = 9.37, p = 0.0062).  

Subsequent pairwise analyses revealed that although no differences in the pre-treatment nesting 

behaviour of the different treatment groups were observed, the average expression of LNB increased 

significantly over time in the control group (34.1g vs 19.8g; p = 0.0014; CI: 5.2g—23.3g; Cohen’s d = 

1.8), which may indicate that LNB is a type of self-reinforcing behaviour.  However, although not 

demonstrating statistical significance, LNB behaviour expressed by rasagiline and combination-treated 

animals also trended towards an increment in nest building score following treatment (Cohen’s d = 

1.63 and 1.05, respectively).  On the other hand, administration of escitalopram alone significantly 

reduced the expression of LNB (14.9g vs 24.5g; ^p = 0.0356; CI: 0.5g—18.7g, Cohen’s d = 1.2).  The 

marked reduction in NB scores elicited by escitalopram was also evinced by the significant differences 

with large effect sizes in post-treatment NB scores between this and the other treatment groups 

(control: p = 0.0002, CI: 7.7g—30.5g, Cohen’s d = 2.04; rasagiline: p = 0.017; CI: 1.6g—24.4g, Cohen’s 

d = 1.87; combination: p = 0.016; CI: 1.8g—24.6g, Cohen’s d = 1.52). 
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DISCUSSION 

The major findings of the present work, which investigated the response of two compulsive-like 

phenotypes in the deer mouse model of OCD, i.e. HMB (Wolmarans et al., 2016b) and LNB (Wolmarans 

et al., 2016a) to serotonergic and dopaminergic intervention are 1) MDB is ameliorated by escitalopram 

and a combination of escitalopram and rasagiline while only demonstrating modest response to 

rasagiline alone and 2) LNB is sensitive to escitalopram alone only, while being worsened by rasagiline 

alone or in combination with escitalopram.  These findings indicate that LNB and HMB is associated 

with unique underlying neurobiological constructs, which may be founded on differences in 

dopaminergic involvement. 

Despite the fact that OCD affects 2-3% of the global population (Sasson et al., 1997; Angst et al., 2004; 

De Bruijn et al., 2010; Ruscio et al., 2010), only 40 – 60% of OCD patients respond favourably to first-

line pharmacotherapeutic intervention, i.e. chronic, high SSRIs (Issari et al., 2016; Locher et al., 2017).  

Although psychotherapeutic approaches, e.g. cognitive behavioural therapy (CBT), can also be 

considered, treatment response to these is also suboptimal (Abramowitz et al., 2002; Ost et al., 2015; 

Ost et al., 2016).  Current guidelines for treatment refractory OCD suggest several strategies, e.g. 

increasing the dose of current SSRI used (Liebowitz et al., 2002; Bloch et al., 2010), switching to 

another SSRI (Marazziti et al., 2008), combining pharmacotherapy and psychotherapeutic interventions 

(Abudy et al., 2011), or bolstering the effect of first-line drug therapy by augmenting SSRI treatment 

with a low-dose antipsychotic (Dold et al., 2015; Murray et al., 2017).  In this regard, data are promising 

(Bloch et al., 2006; McLean et al., 2015; Murray et al., 2017).  Nevertheless, a better understanding of 

the neurobiology of OCD would be valuable to further current attempts to improve treatment outcomes. 

Considering that OCD has previously been described as a condition closely related to perturbations in 

cortico-striatal reward-feedback processes (Welter et al., 2011), findings from different investigations 

collectively point to the unique involvement of striatal dopaminergic signalling in different phenotypes of 

OCD (Rauch et al., 2007; Figee et al., 2011).  Such differences in dopaminergic signalling may 

potentially be related to the way in which humans process and learn from rewarding and punishing 

outcomes as explained by the theories of phasic dopaminergic signalling (Schultz et al., 1993; Schultz 

et al., 1997; Schultz, 2002; Schultz, 2007) and serotonin-dopamine opponency (Daw et al., 2002).  

While the former explains reward and punishment learning on the basis of phasic increases and 

decreases in dopaminergic signalling respectively (Schultz et al., 1993; Schultz et al., 1997; Schultz, 

2002; Schultz, 2007), the latter suggests that while dopamine is responsible for the coding of reward, 

serotonin could act as an opponent system by facilitating punishment learning (Daw et al., 2002).  That 

said, while these two concepts are essentially congruent with respect to suggesting a dichotomous role 

for dopamine in reward and punishment learning, it has also been found that neither can optimally 
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transpire in the absence of sufficient serotonergic input (Palminteri et al., 2012).  Considering current 

treatment approaches, it may therefore be possible that unique involvement of serotonin and dopamine 

in different phenotypes of OCD, may be associated with varying treatment response. 

As alluded to earlier, deer mice of both sexes naturally develop different phenotypes of compulsive-like 

behaviour that manifest in some individuals only.  These behaviours, i.e. spontaneous motor stereotypy, 

HMB, and LNB, are generally expressed by different animals; however, all three phenotypes resemble 

compulsions in that they are persistent, recurrent and seemingly purposeless (for a more detailed 

overview, please see Wolmarans et al., 2013; Wolmarans et al., 2016b; Wolmarans et al., 2016a).  The 

deer mouse model can thus be regarded as a potentially useful framework in which to study the etiology 

and neurobiological foundations of phenotypically heterogeneous OCD.  Of more importance for the 

current study is that while spontaneous stereotypy (Wolmarans et al., 2013) and LNB (Wolmarans et al., 

2016a) respond to chronic high dose escitalopram intervention (50 mg/kg/day for 28 days), HMB—at 

the time of its initial characterization quantified only based on the number of marbles buried—remains 

overly insensitive to such intervention (Wolmarans et al., 2016b).  Hence, it seems that these 

behaviours diverge from one another on a neurobiological level. 

Indeed, our findings indicate that MDB demonstrated a significant reduction following chronic 

administration of the combination treatment only, as neither escitalopram nor rasagiline alone groups 

demonstrated any significant behavioural changes after treatment, while the behaviour of the control 

group did remain consistent after the treatment period (Figure 4).  It must be noted however that the 

impact of drug treatment may have been blunted by the significantly increased MDB measured in the 

escitalopram group during the pre-treatment testing.  Further, these results were obtained in the 

absence of any significant changes in the general locomotor activity of the animals (Figure 5).  

Importantly, this finding was not supported by the data generated by counting the number of marbles 

buried (Figure 3).  This is noteworthy as the majority of investigations that apply the MBT as a measure 

of compulsive-like behaviour, only quantify the number of marbles ‘buried’ as an indicator of 

behavioural severity.  Such an approach is inaccurate for a number of reasons which have been 

reviewed elsewhere (de Brouwer et al., 2018).  Suffice to say that appraisals of MB activity from an OCD 

perspective should be based on observations of persistent, recurrent and goal-directed preoccupation 

with the objects.  In fact, marbles coincidentally become covered due to the normal cage exploration 

activity of rodents, viz. digging and burrowing (Thomas et al., 2009).  Only focusing on this parameter 

may yield a false picture of the actual underlying burying phenotype.  For example, here we show that 

over time, all interventions, including the control, were associated with large, although not always 

significant, reductions in the number of marbles buried (Figure 3).  Rather than being a true reflection of 

a reduction in burying activity, this result is likely an artefact of diminished novelty-induced exploratory 

activity which would have played a significant role in the burying scores generated before the onset of 
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treatment (de Brouwer & Wolmarans, 2018).  The findings related to escitalopram intervention reported 

here, differ from what we have shown before (Wolmarans et al., 2016b), i.e. that HMB is refractory to 

monotherapeutic SSRI intervention.  However, this discrepancy can be explained by methodological 

differences pertaining to zone setup (one-zone vs two-zone), burying substrate (ground corncob vs 

course river sand), and scoring criteria (number of marbles buried vs MDB).  In fact, we show here that 

an appraisal of actual marble-directed activity highlights key characteristics of compulsive-like 

behaviours that would otherwise have been overseen.  Taken together, it seems that aberrant marble 

burying activity is associated with deficits in dopaminergic signalling which may possibly play a role in 

the promulgation of this compulsive-like phenotype, and which is subject to modification with 

dopaminergic potentiators.  Therefore, it can be posited that HMB resembles an OC phenotype in which 

unique dopaminergic mechanisms underlying compulsive-like behaviour, may be investigated. 

On the other hand, we demonstrate that LNB exacerbates over time as evinced by the significant 

increase in post-treatment nest-building activity of control-treated LNB animals (Figure 6).  Although not 

statistically significant, LNB animals treated with rasagiline alone or in combination with escitalopram, 

also trended towards increased building activity, indicating that although not worsening LNB more than 

what was simply a consequence of time, it also did not prevent or reverse this phenomenon.  In fact, in 

line with our previous observation (Wolmarans et al., 2016a), only escitalopram when administered 

alone resulted in a significant reduction in the expression of LNB, thereby overcoming the effect of time 

on building activity.  It can therefore be considered that as opposed to HMB, LNB may be representative 

of an OC phenotype that is associated with a neurobiological construct in which a reduced 

dopaminergic tone is not disadvantageous, but rather instrumental to the effect of serotonergic 

intervention.  In this regard, LNB may be more representative of the ‘classic’ neurobiological picture of 

OCD that describes the condition as a manifestation of hyposerotonergic signalling (Goddard et al., 

2008). 

CONCLUSION 

Here we provide pharmacological evidence that two compulsive-like phenotypes as expressed by deer 

mice of both sexes, i.e. HMB and LNB, are founded in different neurobiological constructs.  More 

specifically, the two behaviours can be separated based on the unique involvement of serotonin and 

dopamine in its expression, where simultaneous serotonergic and dopaminergic potentiation 

attenuates HMB, while having no significant effect in LNB.  In fact, LNB is responsive to escitalopram 

treatment alone.  Therefore, we propose that HMB and LNB are representative of two OC-phenotypes 

which together, may be of value to investigated different neurobiological underpinnings of compulsive-

like behaviour. 
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FIGURE CAPTIONS 

Figure 1 

Plot of total marble burying scores after three nights and the coefficients of variance with respect to the 

daily burying activity.  Data reflects all animals that were initially screened.  Blue circle: animals selected 

for treatment. 

Figure 2 

Plot of total nest building scores after seven 24h periods and the coefficients of variance with respect 

to the daily nesting activity.  Data reflect all animals that were initially screened.  Blue circle: animals 

that were selected for treatment. 

Figure 3 

Average pre- vs. post-treatment number of marbles buried over three trials by high marble burying 

(HMB) animals.  ^Pre- vs. post-treatment; within treatment groups. ^^p < 0.01; ^^^p < 0.001 (Two-way 

RM-ANOVA, Bonferroni post-hoc).  Cohen’s effect size: 0.8 > d < 1.3 > dd.  Data is mean ± SEM. 

Figure 4 

Average pre- vs. post-treatment number of marble-directed interactions over three trials by high marble 

burying (HMB) animals.  ^Pre- vs. post-treatment; within treatment groups. *Pre- and post-treatment 

comparison between treatment groups.  *p < 0.05; ^^/**p < 0.01; ^^^^/****p < 0.0001 (Two-way 

RM-ANOVA, Bonferroni post-hoc).  Cohen’s effect size: 0.8 > d < 1.3 > dd.  Data is mean ± SEM. 

Figure 5 

Average pre- vs. post-treatment expression of motor activity in three animals of each treatment group 

over three trials.  Two-way RM ANOVA (no significant interaction or main effects reported). 

Figure 6 

Average pre- vs. post-treatment total nesting scores after seven trials in large nest building (LNB) 

animals.  ^Pre- vs. post-treatment; within treatment groups. *Pre- and post-treatment comparison 

between treatment groups.  ^/*p < 0.05; ^^p < 0.01; ***p < 0.001 (Two-way RM-ANOVA, Bonferroni 

post-hoc).  Cohen’s effect size: 0.8 > d < 1.3 > dd.  Data is mean ± SEM. 
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4 Conclusion 

The major findings of the present work, which investigated the response of two obsessive-compulsive 

(OC)1-like phenotypes in the deer mouse model of obsessive compulsive disorder (OCD)2, i.e. HMB3 

(Wolmarans et al., 2016b) and LNB4 (Wolmarans et al., 2016a) to serotonergic, dopaminergic and 

combination intervention are 1) that HMB and LNB respond uniquely to dopaminergic potentiation, 

where 2) marble directed behaviour (MDB)5 as observed in the marble burying test (MBT)6 is 

ameliorated by escitalopram and a combination of escitalopram and rasagiline while only 

demonstrating modest response to rasagiline alone, and 3) LNB is sensitive to escitalopram alone only, 

while being exacerbated over time, irrespective of the administration of rasagiline alone or in 

combination with escitalopram.  We also demonstrate the importance of appraising marble burying 

behaviour with marble-directed behaviour (MDB) in mind, instead of focusing on the number of marbles 

buried, only. 

While OCD affects 2-3% of the global population (De Bruijn et al., 2010; Ruscio et al., 2010), only 40 – 

60% of OCD patients respond favourably to first-line pharmacotherapeutic intervention, i.e. chronic, 

high selective serotonin reuptake inhibitors (SSRIs)7 (Albert et al., 2017).  Guidelines for treatment 

refractory OCD suggest several strategies, foremost of which is to augment SSRI treatment with a low-

dose antipsychotic (Albert et al., 2017).  In this case, it has been shown that up to 60% of SSRI-

refractory patients demonstrate at least some response (Albert et al., 2017), leaving roughly 15 – 20% 

of patients suffering from OCD with no alternative. 

In this regard, findings from psychological investigations pointed to unique associations between 

dopaminergic involvement in different OC subtypes (Rauch et al., 2007; Figee et al., 2011).  For 

instance, whereas patients with contamination/washing (C/W)8 OCD are often more impulsive and 

present with reduced neural reward anticipatory activity, such deficits are not seen in patients with 

safety/checking (S/C)9 OCD (Figee et al., 2011).  The clinical dilemma is founded in the fact that 

                                                      

 

1 obsessive-compulsive 
2 obsessive-compulsive disorder 
3 high marble burying 
4 large nest building 
5 marble-directed behaviour 
6 marble burying test 
7 selective serotonin reuptake inhibitor 
8 contamination/washing 
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reductions in dopamine (DA)1 code learning responses to aversive stimuli, while dopaminergic increases 

are responsible for coding rewarding stimuli (Schultz et al., 1993; Schultz et al., 1997; Schultz, 2002; 

Schultz, 2007; 2016).  Moreover, adequate serotonergic neurotransmission is also needed for both of 

these processes to be facilitated (Fischer & Ullsperger, 2017).  It can therefore be hypothesized that 

patients responding to SSRI monotherapy, present with an underlying neurobiological construct already 

akin to low dopaminergic tone, but in which hyposerotonergic signalling is driving the symptomology.  

On the other hand, SSRI refractory OCD, may be founded on the basis of a reduced dopaminergic tone 

and it may be likely that augmentation of SSRI2 therapy with dopaminergic potentiators, may prove to 

be beneficial. 

In this investigation we attempted to apply HMB3 and LNB4 as two phenotypes of OC5-like behaviour 

that resemble a refractory and a SSRI sensitive behaviour, respectively.  We have previously shown that 

while LNB is completely reversible by SSRI treatment, HMB remains largely unresponsive (Wolmarans et 

al., 2016b; Wolmarans et al., 2016a).  Briefly, we hypothesized that as LNB is already attenuated by 

bolstering serotonergic signalling alone (Wolmarans et al., 2016a), such behaviour should demonstrate 

no response to the co-administration of a dopaminergic potentiator.  On the other hand, given that HMB 

is overly refractory to serotonergic interference (Wolmarans et al., 2016b), we hypothesized that this 

may be due to inadequate simultaneous increases in serotonin (5HT)6 and DA release.  Considering the 

data presented here, this hypothesis is largely supported. 

With respect to the compulsive-like directed action aimed at the marbles itself and how such behaviour 

responded to the different interventions, it seems that aberrant marble burying activity is associated 

with deficits in dopaminergic signalling which may possibly play a role in the promulgation of this 

compulsive-like phenotype, and which is subject to modification with dopaminergic potentiators.  This is 

reflected by the marked and large reduction in MDB7 following treatment with a combination of 

escitalopram and rasagiline.  Although escitalopram elicited some response, it could only maximally do 

                                                      

 

1 dopamine 
2 selective serotonin reuptake inhibitors 
3 high marble burying 
4 large nest building 
5 obsessive-compulsive 
6 serotonin 
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so when administered in combination with rasagiline.  Therefore, it can be posited that HMB1 resembles 

an OC2 phenotype that may be related to inadequate dopaminergic signalling (Figee et al., 2011). 

On the other hand, our findings relating to LNB3 also supports the working hypothesis of the 

investigation that was performed.  As opposed to HMB, LNB may indeed be representative of the 

‘classic’ neurobiological picture of OCD4 that describes the condition as a manifestation of 

hyposerotonergic signalling (Goddard et al., 2008). 

To conclude, we provide pharmacological evidence that two compulsive-like phenotypes as expressed 

by deer mice of both sexes, i.e. HMB and LNB, are founded in different neurobiological constructs.  

More specifically, the two behaviours can be separated based on the unique involvement of 5HT5 and 

DA6 in its expression, where simultaneous serotonergic and dopaminergic potentiation attenuates HMB, 

while having no significant effect in LNB.  In fact, LNB is responsive to escitalopram treatment alone 

(Table 4-1).  Therefore, considering theories explaining how reward feedback is processed, we propose 

HMB and LNB may be representative of two OC-phenotypes which may be associated with unique 

dopaminergic involvement.  Further, it could be of value to assess the response of OCD patients 

presenting with perturbations in reward-feedback processing, to simultaneous serotonergic and 

dopaminergic intervention. 
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Addendum B 

Addendum B includes notes and comments regarding the burying behaviour of each animal (pre-

treatment and post-treatment) that presented with high marble burying (HMB)1 during this investigation.  

As previously mentioned in paragraph 2.4.3, rodents display burrowing, burying and digging behaviour 

in natural and laboratory settings that is essential for optimal social structures and survival 

(Ebensperger & Blumstein, 2006; Deacon, 2012).  For preclinical studies, burying behaviour is regarded 

as a measuring tool for anxiety (Broekkamp et al., 1986) and/or compulsive-like behaviour (De Boer & 

Koolhaas, 2003; de Brouwer & Wolmarans, 2018).  Due to the natural tendency of animals to bury both 

noxious and non-noxious objects, we included an extra parameter to exclude the effects of natural 

burying behaviour on the results obtained.  Indeed, from a compulsive perspective, burying behaviour 

must persist, must be directed at the objects of interest and must be seemingly purposeless.  As such, 

the marble burying test (MBT)2 was video recorded over three consecutive nights and the number of 

marble directed interactions counted.  The following pages contain the bulk of these observations.  

Marble directed interactions included the following behaviours: 1) rolling the marble, 2) standing over 

the marble, 3) touching and sniffing the marble, and 4) rolling the marble and finally covering the 

marble with sand. 
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Escitalopram and rasagiline drug combination group 

Pre-treatment 

MOUSE NUMBER 12 13 19 20 21 44 

TRIAL 1 DB observed in corner 

nearest to marbles.  

Investigative and sniffing 

behaviour towards 

marbles.  Displays DB 

near marble.  Displays DB 

in non-marble zone.  

Mouse keeps on 

returning to marble side.  

Mouse digs a hole and 

marble is displaced.  

Displayed less 

stereotypical behaviour. 

 

Stereotypical jumping in 

corner near the marbles.  

Mouse did display BB 

towards marbles.  DB in 

NMZ was observed.  

Mouse also displayed 

investigative and digging 

behaviour. 

Rearing behaviour.  

Stereotypical jumping in 

MZ corner.  DB in MZ 

corner spraying sand 

backwards.  DB in NMZ 

area.  DB in MZ corner 

displaces nearest marble 

and covers another 

marble with sand.  DB in 

NMZ corner spraying 

sand backwards.  Mouse 

dug a hole in the corner.  

Investigative behaviour 

viz., touching and sniffing 

marble.  Mouse rolls 

marble out of original 

setting.  Stereotypical 

jumping in NMZ corner.  

Mouse spent a lot of time 

displaying stereotypical 

jumping. 

DB in NMZ area.  

Investigative behaviour 

viz., sniffing, rolling and 

touching marbles.  

Rearing behaviour.  

Mouse runs over 

marbles.  DB in MZ 

corner spraying sand 

backwards covering the 

nearest marble with 

sand.  DB between 

marbles.  Stereotypical 

jumping in NMZ corner. 

Rearing behaviour.  

Investigative behaviour.  

Mouse rolls marbles.  DB 

in NMZ area and corner.  

DB between marbles.  DB 

in MZ corner spraying 

sand backwards covering 

nearest marbles.  Mouse 

buries marble.  

Stereotypical jumping in 

MZ corner.  

Somersaulting on 

marbles causes the 

marble to move from 

original setting.   

Mouse displayed 

neophobic behaviour.  

Touching marble and 

running away.  DB in 

corner of the NMZ.  

Rearing, sniffing and 

investigative behaviour.  

Mouse roles marble and 

displaced marble. 

TRIAL 2 Displayed same 

behaviour as in trial 1.  

Digging and investigative 

behaviour was observed.  

Mouse sat by marble and 

covered it. 

 

Mouse displayed digging 

behaviour near the 

marbles.  DB, 

investigative behaviour 

and sniffing behaviour 

were observed.  Mouse 

buried marble.  Mouse 

engaged a great deal of 

time in DB in both sides 

of the cage.  DB greatly 

observed in corners of 

cage. 

DB in MZ corner spraying 

sand backwards covering 

nearest marble.  Rearing 

behaviour.  Stereotypical 

jumping in corners of the 

cage.  Investigative 

behaviour viz., sniffing 

and touching marble.  DB 

in MZ corner and marble 

roles into the corner and 

mouse buries it partially.  

DB near marbles.  Mouse 

buries another marble 

partially.  Stereotypical 

jumping on marble 

DB in MZ corner spraying 

sand backwards covering 

the nearest marbles with 

sand.  Rearing behaviour.  

Stereotypical jumping in 

NMZ corners.  DB in NMZ 

area.  DB between 

marbles.  DB displaces 

marble into corner.  

Mouse displays 

stereotypical jumping on 

marble in the corner.  DB 

in NMZ corner.  Mouse 

buries marble partially 

then completely.  Buries 

DB in MZ corner 

displaces the marble 

from original setting into 

the corner.  Mouse 

present with stereotypical 

jumping on the marble in 

the corner.  DB between 

marbles.  DB in NMZ 

area.  Rearing behaviour.  

Mouse stands over 

marble and tries to bury 

the marble.  Investigative 

behaviour viz., touching 

and sniffing marble.   

DB in NMZ area.  Mouse 

roles marbles and then 

burying the marble.  

Mouse buries marble 

that was bumped into 

the corner of the MZ.  

Mouse buried the 

marbles.  DB in the 

corner of the NMZ.  

When the mouse engage 

in DB in the corners of 

the cage the nearest 

marbles are displaced or 

covered with sand.  

Mouse displayed digging 
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presses the marble 

deeper in the sand.  

Mouse buries the 

partially cover marble 

completely. 

another marble.   and rearing behaviour.  

Mouse buried marbles. 

TRIAL 3 Displayed sniffing and 

investigative behaviour.  

Spends an amount of 

time digging in the NMZ.  

Spends time with marble.  

Displayed digging 

behaviour 

Stereotypical behaviour 

in NMZ but mouse buried 

a marble in the MZ.  

Sniffing behaviour 

observed and DB next to 

the marble. 

Stereotypical jumping in 

NMZ and MZ corner.  

Rearing behaviour.  DB in 

top MZ corner causes the 

marble to roll into the 

corner and the nearest 

marble to the corner is 

covered with sand.  

Mouse displays 

stereotypical jumping on 

the marble pressing it 

deeper in the sand.  

Mouse then buried this 

marble in the sand 

completely.  

Rearing behaviour.  

Mouse rolls marble.  

Stereotypical jumping in 

NMZ and MZ corner.  

Mouse stands over 

marble and tries to bury 

it causing the marble to 

move from its original 

setting.  DB in NMZ 

areas.  Mouse buries a 

marble partially.  Mouse 

stands over marble and 

tries to bury it.  Mouse 

buried marbles.  Mouse 

rolls marbles.  Mouse 

also partially buries 

another marble 

Stereotypical jumping in 

MZ corner.  Rearing 

behaviour.  DB in NMZ 

area.  DB in MZ corner 

spraying sand backwards 

covering the nearest 

marble.  Mouse rolls 

marble and buries it.  

Mouse then returns and 

uncovers buried marble.  

DB between marbles.  

Investigative behaviour 

viz., touching, sniffing 

and rolling marble. 

DB in NMZ area.  

Rearing behaviour.  DB 

between marbles and in 

corner of the MZ.  Mouse 

roles marble and tries to 

bury the marble.  Mouse 

displayed HMB towards 

the marbles and spent 

time burying the 

marbles. 

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 1.3 

 

Observer 2: 1 

Observer 1: 1.3 

 

Observer 2: 3 

Observer 1: 2 

 

Observer 2: 1.67 

Observer 1: 2 

 

Observer 2: 2.33 

Observer 1: 1.33 

 

Observer 2: 3 

Observer 1: 3.33 

 

Observer 2: 3.67 

 

PREOCCUPIED BEHAVIOUR 

OVER 3 CONSECUTIVE 

NIGHTS 

29.67 29 17.33 25.67 16.33 24.33 
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Post -Treatment 

MOUSE NUMBER 12 13 19 20 21 44 

TRIAL 1 DB observed in NMZ.  

Less DB between 

marbles.  Somersaulting 

on marbles.  Displayed 

stereotypical behaviour.  

Rearing behaviour 

observed.  Photo relates 

with less BB and more 

stereotypy.   

Photo supports that the 

mouse displayed BB in 

MZ and NMZ.  

Stereotypical behaviour 

observed.  DB near 

marbles and in corners of 

cage (NMZ and MZ).  

Rearing behaviour was 

also observed.  Mouse 

rolled marble.  When the 

mouse digs in the 

corners of the MZ the 

nearest marble is 

displaced and falls into 

the hole.  

 

Displayed stereotypical 

behaviour in NMZ.  DB 

was observed in corners 

of the cage.  Mouse spent 

a great amount of time 

digging.   

Stereotypical jumping 

was observed.  Mouse 

presented with rearing 

behaviour and digging 

behaviour.  Mouse 

displaced marble when 

digging gin the corner of 

the MZ.  Digging 

behaviour in corners and 

throughout the cage.   

DB in the corner of the 

NMZ.  Stereotypical 

behaviour in corner of the 

MZ.  Mouse displaced 

marble when digging in 

the corner of the MZ.  

Mouse buried marbles.  

Displayed rearing 

behaviour.  Sometimes 

the mouse ran over the 

marbles covering the 

marbles with sand this 

phenomenon can also be 

seen when the mouse 

digs in the corner of the 

MZ.  Stereotypical 

jumping in the corner of 

the MZ also covers the 

marble in some way.  The 

mouse will also roll the 

marble and then engage 

in DB. 

 

Investigative and rearing 

behaviour.  Mouse rolls 

marble.  Digging NMZ.  

Digging behaviour 

between marbles and in 

the corners of the MZ.  

Mouse bumped marble 

and marble rolled to the 

nearest corner of the MZ.  

The mouse ran over the 

marble in the corner 

covering it with sand.  

Mouse runs over marbles 

pressing the marbles 

deeper in the sand.  

Mouse buries marble that 

was already covered 

therefore, covering it 

completely.  One marble 

was buried. 

TRIAL 2 BB observed in corners of 

the cage.  Rearing 

behaviour observed.  

Mouse displayed DB in 

corner of MZ and covered 

the nearest marble 

slightly.  Repetitive 

somersaulting on 

marbles.  When mouse 

jumps marbles are 

displaced. 

A little stereotypical 

behaviour observed 

however rearing and DB 

was observed.  DB in 

both the MZ and NMZ.  

Most of the time the 

mouse was engaged in 

BB however none of the 

marbles were buried.   

Stereotypical behaviour 

on the marbles.  Mouse 

also displayed rearing 

behaviour as well as 

digging behaviour.  DB in 

NMZ. 

Rearing behaviour and 

DB was observed.  Mouse 

constantly moved from 

MZ to NMZ.  Stereotypical 

jumping in the corner of 

the MZ.   

Rearing behaviour and 

DB observed in NMZ.  

Mouse digs in corner of 

the MZ a marble falls into 

the hole and the mouse 

buries the marble.  In the 

3rd trial the mouse also 

rolled the marble.  Overall 

the mouse presented 

greatly with digging 

behaviour.   

Rearing behaviour.  DB in 

the NMZ.  Mouse 

displayed DB in the 

corner of the MZ, the DB 

covered the nearest 

marble with sand.  

Stereotypical jumping in 

NMZ corners.  Mouse 

runs over marbles 

pressing marbles deeper 

in the sand. 

TRIAL 3 Stereotypical behaviour 

(somersaulting) on 

marbles.  Displayed 

rearing behaviour as well 

Displayed rearing 

behaviour as well as 

stereotypy.  DB in NMZ 

observed.  Stereotypical 

Repetitive somersaulting 

on marbles.  Rearing and 

stereotypical behaviour in 

MZ and NMZ.  

Rearing behaviour 

observed as well as DB in 

corners in the NMZ.  

Stereotypical jumping 

Rearing behaviour.  DB in 

NMZ as well as the 

corners of the NMZ.  

Mouse rolled the marble 

Digging in the NMZ area.  

DB in the NMZ corner.  

Stereotypical jumping in 

the NMZ corner.  Mouse 
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as DB in NMZ. jumping on the marble 

nearest to the corner of 

the MZ.  No direct BB 

towards marbles.  DB 

especially in the corners 

of the MZ and NMZ. 

Somersaulting displaced 

marbles.  DB in corners of 

MZ and NMZ.  Mouse 

displayed a lot of DB.  DB 

between and near 

marbles 

observed.  Mouse 

displayed DB in NMZ and 

MZ.  

and showed DB near the 

marble.  When the mouse 

engaged in DB near the 

marble the marble rolled 

into the hole and mouse 

buried it.  Important to 

note, mouse did also 

accidentally covered 

marbles when DB is near 

marbles.  Burrowing 

behaviour was also 

observed. 

Mouse buried marbles. 

displayed rearing 

behaviour.  DB between 

and next to marbles.  

Mouse spent most of the 

time in the NMZ  

NUMBER OF MARBLES 

BURRIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 0.33 

 

Observer 2: 0.33 

Observer 1: 1 

 

Observer 2: 0.67 

Observer 1: 0 

 

Observer 2: 0 

Observer 1: 0 

 

Observer 2: 0 

Observer 1: 3 

 

Observer 2: 2.33 

Observer 1: 0.33 

 

Observer 2: 0.33 

 

PREOCCUPIED BEHAVIOUR 

OVER 3 CONSECUTIVE 

NIGHTS 

7.33 13.33 4.67 5.33 14.33 5.33 
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Rasagiline alone group 

Pre-treatment 

MOUSE NUMBER 29 30 31 36 55 56 

TRIAL 1 DB in MZ corner.  

Stereotypical jumping in 

MZ area.  DB between 

marbles.  Rearing 

behaviour.  Mouse rolled 

marble.  DB in corners of 

cage (NMZ and MZ).  DB 

in MZ corner partially 

covered the nearest 

marbles.   

DB in the NMZ corner and 

area.  Rearing behaviour.  

DB between marbles.  DB 

in MZ corner.  Rolled the 

marble but did not bury 

marbles.  Stereotypy in 

NMZ corner. 

DB in NMZ corner and 

area.  DB and BB near 

marble.  DB in MZ corner.  

Rearing behaviour.  

Mouse buried marble.  

Mouse rolled marble. 

Rearing behaviour.  DB 

between marbles.  

Stereotypical behaviour 

observed in corners of 

cage.  Mouse rolled 

marbles.  Mouse buried 

marble.  DB in NMZ area. 

Rearing behaviour. DB in 

top corner of MZ 

displacing marble from 

original setting.  

Investigative behaviour 

viz., touching, sniffing and 

rolling marble.  DB in MZ 

and NMZ corners.  Mouse 

pushes sand backwards 

by using forepaws thereby 

covering nearby marbles.  

Mouse rolls marble and 

tries to bury it.  DB caused 

the marble to fall into the 

corner itself and the 

mouse buried it.  DB 

observed throughout the 

cage especially in NMZ 

area.  Stereotypical 

jumping in cage.  Mouse 

buries marbles. 

Stereotypical jumping in 

corners of cage.  Rolling 

marbles.  DB in NMZ and 

MZ corners spraying sand 

backwards.  DB between 

marbles.  Mouse buries 

marbles.  Mouse spent a 

lot of time digging in the 

sand throughout the cage.  

Mouse digs a hole in the 

corner of the MZ.  The 

mouse investigated the 

marble and displaced it 

from its original setting 

and buried it.   

TRIAL 2 DB in corners of cage 

(NMZ and MZ).  Mouse 

displaced marble into the 

corner.  Rearing 

behaviour.  Stereotypical 

jumping on the marble 

that was displaced into 

the corner thereby 

covering it.  Mouse buried 

marbles.  Mouse 

displayed HMB.  It seems 

the mouse returns to 

marbles to bury them.  

DB in corner displaced 

the nearest marble.  

Stereotypical behaviour in 

NMZ corner.  Burrowing 

and rearing behaviour.  

Mouse buried marble.  

DB in NMZ corner.  DB in 

MZ corner.  Stereotypical 

behaviour was observed.  

Mouse buried marbles.  

Mouse dug a hole near 

the marble and the 

marble had fallen into the 

hole and then the mouse 

buried the marble.  

Burrowing and rearing 

behaviour observed.   

Mouse rolled marble.  

Mouse buried marbles.  

DB in NMZ corners and 

area.  Displayed 

stereotypical behaviour a 

lot.  DB in corners of cage. 

Mouse rolls marble out of 

original setting.  Mouse 

digs between marbles 

and throughout the cage.  

Rearing behaviour.  DB in 

NMZ area as well as 

corners.  Mouse buried 

marbles.  DB in MZ corner 

the marble falls into the 

corner and mouse buried 

the marble.  

Investigative behaviour 

viz., sniffing and touching.  

DB in the corners of the 

MZ and NMZ.  Rearing 

behaviour observed.  DB 

next to the marbles.  

Mouse rolls marble.  DB 

displaced the marble into 

the MZ bottom corner.  

Mouse displayed 

stereotypical jumping on 

the marble pressing it 

deeper into the sand.  The 

mouse tried to bury the 

marble and this behaviour 

displaced the marble from 



Addendum B 

112 

 

its original setting.  Mouse 

rolls marble.  DB in top 

NMZ corner.  Mouse 

buries marble which had 

fallen into the corner 

bottom corner MZ.  

Mouse buries marbles.  

DB between marbles. 

Stereotypy in the corners 

of the cage 

TRIAL 3 DB in MZ corners covered 

the nearest marbles due 

to mouse pushing sand 

backwards with its hind 

legs.  Mouse dug a hole 

near the marble and the 

marble had fallen into the 

hole and then the mouse 

buried the marble.  

Stereotypical behaviour 

on marbles that had 

fallen into a hole in the 

corner.  Mouse rolled 

marble.   

Rearing behaviour.  DB in 

NMZ area and corner.  

Mouse tries to bury 

marble but merely 

displaced it.  Mouse rolled 

marble.  Mouse dug a 

hole near the marble and 

the marble had fallen into 

the hole and then the 

mouse buried the marble.  

Mouse buried marbles.  

Mouse displayed lesser 

stereotypy. 

DB in MZ corner 

displaced the nearest 

marble and partially 

covered the marble with 

sand.  Stereotypical and 

rearing behaviour were 

observed.  Mouse buried 

marbles.  Mouse rolled 

the marbles. 

Rearing behaviour.  DB in 

MZ corner.  Mouse buried 

marbles.  DB in MZ corner 

and area.  DB between 

marbles.  Mouse buried 

marbles that were 

displaced in the corners 

of the cage.  

Mouse engages in DB in 

the MZ top corner and 

this behaviour caused the 

marble to fall into the 

corner and partially buried 

it.  Mouse rolls marble.  

Mouse buries in bottom 

corner of MZ spraying 

sand backwards covering 

nearby marbles.  

Investigative behaviour 

touching, sniffing and 

rolling marble.  Mouse 

buries marble.  

Stereotypical jumping in 

the corners of the cage.  

DB in NMZ corners.  

Mouse digs near or next 

to marbles. 

Stereotypical jumping.  

DB in NMZ area.  DB in 

MZ corner caused the 

marble to fall into the 

corner (top).  Mouse 

present stereotypical 

jumping on top of this 

marble in the corner 

pressing it deeper into the 

sand.  Investigative 

behaviour viz., touching, 

sniffing and rolling 

marble.  DB in the NMZ 

area.  DB in MZ corner 

displaced nearest marble 

from its original setting 

and the marble is partially 

covered with sand due to 

sand that is pushed 

backwards.  Rearing 

behaviour observed.  DB 

in corners of cage. Mouse 

stands over marble and 

tries to bury it.   

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 2.67 

 

Observer 2: 3.33 

Observer 1: 2.33 

 

Observer 2: 2.33 

 

Observer 1: 5.33 

 

Observer 2: 5.33 

Observer 1: 2.33 

 

Observer 2: 2.33 

 

Observer 1: 5 

 

Observer 2: 5.67 

Observer 1: 3 

 

Observer 2: 4.33 

PREOCUPIED BEHAVIOUR 

OVER 3 CONSECUTIVE 

NIGHTS 

21 17 21.67 13.33 26.33 25 
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Post -Treatment 

MOUSE NUMBER 29 30 31 36 55 56 

TRIAL 1 Rearing behaviour.  DB in NMZ 

area and corner.  Stereotypical 

jumping in NMZ corner.  Roles 

marble and buries it a little.  

Stereotypy in MZ corner.  Mouse 

buried marble.  Mouse digs in 

the MZ corner and displaces 

sand on the nearest marble 

thereby covering it.  

Stereotypical behaviour also 

displaces sand.  Mouse runs 

over marbles and digs between 

marbles. 

Rearing and investigative 

behaviour.  DB in NMZ corner.  

Stereotypical jumping in the MZ 

corner.  Stereotypy displaced 

the marble nearest to the MZ 

corner.  Mouse roles marbles 

and displayed DB.  Mouse 

engaged in DB between 

marbles.  Stereotypy displaced 

sand and covered marbles.  

Displayed DB throughout the 

cage. 

Rearing and investigative 

behaviour.  DB in corner of MZ 

and shoots sand backwards on 

the marbles.  Stereotypical 

jumping in the same corner 

where mouse first displayed DB.  

Runs over marbles and roll the 

marbles as well.  Mouse 

displaced marble by DB.  Runs 

over marbles.  Mouse returned 

to same corner and covered the 

sand and uncover the same 

marble again and covered it 

again.  Roll marble.  DB in 

corner and shoots sand 

backwards and covered marble 

with sand. 

Rearing and sniffing behaviour.  

DB in the NMZ area and 

corners.  DB in MZ corners 

thereby causing the marble to 

fall into the hole in the corner 

and then the mouse buried 

marble.  The mouse then 

uncovered the buried marble 

then runs away.  The mouse 

then goes to the same 

uncovered marble and buried it 

again.  The mouse returns to 

the same marble recently 

covered and then uncovered it 

again.  Stereotypical jumping on 

the partially uncovered marble 

forced the marble deeper in the 

sand thereby completely 

covering the marble.   

DB in corner of MZ cage 

displaced marble away from 

corner.  DB between marbles 

and in MZ corners.  Rearing 

behaviour observed.  Mouse 

rolls marble.  DB in bottom 

corner of MZ pushing sand 

backwards thereby covering 

nearest marbles with sand.  DB 

in corners of cage (MZ and 

NMZ).  Mouse walks and digs 

throughout the cage.  Mouse 

digs a hole in bottom corner in 

MZ.  DB in NMZ area.  

Stereotypical behaviour 

observed viz., stereotypical 

jumping and pattern running.  

DB between marbles the mouse 

will also roll the marbles.  

Mouse buries the marble only 

partially.  DB near marbles also 

displaces marble from original 

setting.  Mouse buried marble.  

DB in top corner of MZ covers 

nearest marbles partially.   

DB in bottom NMZ corner.  

Rearing and grooming 

behaviour.  Stereotypical 

jumping in corners of cage.  DB 

in corners of cage displaced 

sand backwards.  Stereotypical 

jumping in bottom corner of MZ 

displaces sand.  Mouse stands 

over marbles.  DB in top MZ 

corner.  Investigative behaviour 

viz., sniffing, touching and 

rolling.  DB between marbles.  

DB in NMZ area.  Rolling of 

marbles causes the 

displacement of marbles from 

its original place. 
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TRIAL 2 Stereotypical jumping most of 

the time in the NMZ corner.  

Rearing behaviour.  DB in the 

NMZ area and corner.  Mouse 

roles marble tries to bury it and 

only displaced the marbles. 

Rearing and grooming 

behaviour.  DB in the corners of 

the cage (NMZ and MZ).  

Stereotypical jumping in corners 

of the cage (MZ and NMZ).  

Investigative and sniffing 

behaviour.  Stereotypy in the MZ 

corner displaced marbles from 

original place.  

Rearing, sniffing and 

investigative behaviour.  DB in 

corner of MZ and marble is 

displaced and covered with 

sand.  Stereotypical jumping in 

corners of the MZ and NMZ.  DB 

and BB near marble.  Mouse 

runs over marbles.  DB in MZ 

corners. 

DB in the NMZ area and corner.  

Stereotypical jumping in the 

NMZ.  Mouse rolled marble.  

Mouse runs over and between 

marbles.  DB between marbles.  

Rearing behaviour.  

Stereotypical jumping in corner 

near marbles.   

Investigative behaviour viz., 

sniffing and rolling, displaced 

marble.  Grooming behaviour in 

NMZ corner.  Rearing behaviour.  

DB in NMZ corners the mouse 

pushed the sand backwards 

using its forepaws.  DB in top 

MZ corner.  DB between 

marbles.  Stereotypical jumping 

in the NMZ corner.  Mouse 

spent most of the time in the 

NMZ corner.  DB in top MZ 

corner, covers the nearest 

marbles due to spraying of sand 

backwards.  DB in NMZ area.  

Rolling of marbles as well as 

rearing behaviour observed.  

Spent most of the time engaged 

in stereotypical jumping  

Rearing behaviour.  DB between 

marbles.  Stereotypical jumping 

in NMZ corners.  DB in NMZ 

area.  Spent most of the time 

presenting with stereotypical 

jumping.  Mouse touches 

marble.   

TRIAL 3 Mouse digs in corner of MZ and 

displaced the marble.  

Stereotypy in NMZ and MZ 

corner.  Mouse roles marble.  

Mouse buried marble.  Displays 

investigative and digging 

behaviour.  Mouse roles marble 

again and tries to bury the 

marble.  The mouse displays DB 

and BB.  

BB near marble thereby 

displaced marble.  DB in MZ 

corner.  Stereotypical jumping in 

NMZ and MZ corner.  DB near 

marble and covered the marble 

partially with sand.  Rearing 

behaviour.  DB near between 

marbles.  Running over 

marbles. 

Rearing behaviour.  DB in the 

MZ corner and the nearest 

marble is displaced.  DB in NMZ 

corner.  Stereotypical jumping in 

NMZ corner.  DB near marble 

slightly covered the marble.  DB 

in the corners of the MZ caused 

the marbles to be partially 

covered.  DB between marbles 

DB in NMZ and MZ corners.  

Rearing and investigative 

behaviour.  Stereotypical 

jumping in MZ and NMZ 

corners.  Mouse tried to bury 

marble and displayed DB 

between marbles. 

DB in NMZ area.  DB in MZ area 

spraying corner backwards 

covering nearest marbles.  

Rearing behaviour.  

Stereotypical jumping in NMZ 

corner.  DB in MZ bottom corner 

displaces marble from original 

setting.  Rearing behaviours 

against walls of cage.  DB 

between marbles.  Spent most 

time engaged in stereotypical 

jumping 

Rearing and grooming 

behaviour.  DB in NMZ area.  

Stereotypical jumping in NMZ 

area.  Spent most of the time 

presenting with stereotypical 

jumping.  DB between marbles.  

Rearing against wall of cage.  

Mouse didn’t really display 

BB/DB  

NUMBER OF MARBLES BURIED 

OVER 3 CONSECUTIVE NIGHTS 

Observer 1: 0.67 

 

Observer 2: 0.6 

Observer 1: 0.33 

 

Observer 2: 0.33 

Observer 1: 0.67 

 

Observer 2: 1 

Observer 1: 0.67 

 

Observer 2: 0.33 

Observer 1: 0.33 

 

Observer 2: 0.33 

Observer 1: 0 

 

Observer 2: 0 

PREOCUPIED BEHAVIOUR OVER 15 13.67 14.67 17.33 24 20.67 
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3 CONSECUTIVE NIGHTS 

 

Control 

Pre-treatment 

MOUSE NUMBER 49 51 52 71 74 81 

TRIAL 1 Rearing behaviour.  DB in 

MZ corner displaces 

marble from its original 

setting.  Marble rolled into 

the corner due DB. 

Investigative behaviour 

viz., sniffing, touching and 

rolling.  DB in corners of 

cage spraying sand 

backwards.  Mouse buries 

marble in the corner.  

Mouse buries marbles.  

DB between marbles.   

DB in NMZ area and 

corner.  Rearing 

behaviour.  DB in MZ 

corner.  Mouse displaces 

marble into top corner of 

MZ.  Mouse buries marble 

in corner.  DB throughout 

the cage.  Stereotypy 

observed viz., 

somersaulting.  Running 

over marbles.  DB near 

marble.  Mouse buries 

marble.  DB in NMZ area.  

Mouse rolls marble and 

buries the marble.  

Stereotypical jumping in 

NMZ corner. 

Rearing behaviour.  DB 

throughout the cage.  

Investigative behaviour 

viz., touching and rolling 

of marble.  DB near 

marble displaces the 

marble from the original 

setting.  DB in NMZ and 

MZ corner.  Stereotypical 

jumping in corners of 

cage.  Mouse buries 

marbles.  Mouse rolls 

marble and buries the 

marble.  DB in MZ bottom 

corner displaces nearest 

marble from original 

setting.   

Mouse buries 1st marble 

in 1st row in MZ corner.  

Rearing behaviour.  DB in 

NMZ area and corner.  

Investigative behaviour 

viz., touching and sniffing 

marble.  DB in bottom MZ 

corner displacing nearest 

marble from original 

setting.  DB between 

marbles and buries 

marble.  Mouse buries 

another marble.  Mouse 

displays DB throughout 

the cage.  DB in MZ 

corner pushing sand 

backwards covering 

nearest marbles partially 

then the mouse buries 

the marble completely.  

Stereotypical jumping in 

MZ corner.  Mouse digs a 

hole in the sand. 

Rearing behaviour.  

Investigative behaviour 

viz., touching marble.  DB 

in NMZ area.  DB in MZ 

corner spraying a sand 

backwards covering 

marbles with sand.  DB 

between marbles.  DB in 

NMZ area and corner.  

Rearing and grooming 

behaviour.  Mouse stands 

over marble and tries to 

bury it.  Mouse buries 

marble.  Mouse spent a 

lot of time digging. 

DB between marbles 

displaces marble from 

original setting.  Rearing 

behaviour.  Mouse buries 

marble.  DB in NMZ area.  

DB in MZ corner pushing 

sand backwards covering 

nearest marble.  

Stereotypical jumping in 

NMZ and MZ corners.  

Stereotypical jumping on 

marble that rolled into the 

MZ corner.  Mouse 

partially buries marble.  

Mouse stands over 

marble and tries to bury 

it. 

TRIAL 2 Mouse rolls marble.  DB 

in corner of NMZ.  Mouse 

buries marbles.  DB in MZ 

corner displaces nearest 

marble from original 

setting.  Rearing 

behaviour.  Mouse digs 

between marbles. 

Mouse buries marble that 

rolled into the corner.  

Stereotypical jumping in 

MZ corner.  Investigative 

behaviour viz., rolling, 

touching and sniffing 

marble.  Rearing 

behaviour.  Mouse buries 

another marble which 

rolled into the corner 

however, DB in corner 

Rearing behaviour.  

Investigative behaviour 

viz., touching and rolling 

of marble.  DB between 

marbles.  DB throughout 

the cage.  Mouse rolls the 

marble and tries to bury 

the marble.  Mouse buries 

marble.  DB in NMZ area 

and corners.  

Stereotypical jumping 

DB in MZ displaces 

nearest marble into the 

corner.  Mouse buries 

marbles partially.  DB 

between marbles.  

Rearing behaviour.  

Mouse digs between 

marbles and covers 

nearest marbles with 

sand.  DB in NMZ areas 

covers the nearest 

DB in NMZ area.  Rearing 

behaviour.  DB in MZ 

corners spraying sand 

backwards covering 

nearest marbles.  DB in 

NMZ corners and areas.  

Stereotypical jumping in 

MZ corners.  DB between 

marbles.  Investigative 

behaviour viz., touching, 

rolling and sniffing 

DB in MZ corner displaces 

nearest marble from 

original setting.  Rearing 

behaviour.  DB in NMZ 

corner pushing sand 

backwards.  Stereotypical 

jumping in NMZ corner.  

DB between marbles.  DB 

in NMZ area and corner.  

Mouse spent a lot of time 

digging in bedding 
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also covered nearest 

marbles with sand.  

Running over marbles 

displaces the marble from 

the original setting.  

Mouse buries marble.  DB 

in NMZ area.  

observed.   marbles with sand.  

Mouse displays 

stereotypical jumping on 

top of the marble in the 

corner pressing the 

marble deeper in the 

sand.  Investigative 

behaviour viz., sniffing, 

touching and rolling 

marble. 

marble.  Mouse rolls and 

buries marble.  Mouse 

stands over marble and 

tries to bury it. 

material.  DB in MZ corner 

displacing the marble into 

the corner the mouse 

then buries it. 

Investigative behaviour 

viz., sniffing, touching and 

rolling marble.  Stereotypy 

covers marble partially 

TRIAL 3 Rearing behaviour.  DB in 

corners of MZ.  DB in NMZ 

areas and corners.  

Mouse rolls marbles 

(investigative behaviour).  

DB in MZ corner causes 

the marble to roll into the 

corner. Mouse buries 

marbles.  Mouse 

displaces marble from 

original setting when the 

mouse tries to bury it.  DB 

in corners of MZ covers 

the nearest marbles with 

sand. 

DB in corners of the cage 

(NMZ and MZ).  

Investigative behaviour 

viz., touching, sniffing and 

rolling marble.  

Stereotypical jumping in 

NMZ corners.  DB 

throughout the cage.  DB 

near the marbles. 

Rearing behaviour.  DB in 

MZ and NMZ corners.  

Mouse tries to bury 

marble.  Stereotypical 

jumping observed.  DB in 

MZ corner.  DB near 

marble also causes the 

marble to move.  Mouse 

stands over marble and 

tries to bury it.  DB 

between marbles.  Mouse 

buries marbles.  Mouse 

rolls marble. 

Mouse buries 2 marbles 

completely.  DB in MZ 

corners spraying sand 

backwards covering 

nearest marbles with 

sand.  DB in NMZ area.  

DB in MZ area and 

between marbles.  

Investigative behaviour 

viz., sniffing and touching 

marble.  Mouse rolls and 

buries marble.  Spent a 

lot of time burying. 

DB in MZ corner pushing 

sand backwards covering 

nearest marble with sand.  

Rearing behaviour.  DB 

between marbles.  DB in 

NMZ area.  DB in NMZ 

corner pushing sand 

backwards.  Investigative 

behaviour viz., sniffing, 

touching and rolling 

marble.  Mouse rolls 

marble and buries it.  

Mouse digs a hole near 

marble covering nearest 

marbles with sand. Mouse 

buries marble.  

Stereotypical jumping in 

NMZ corner. 

Rearing behaviour.  DB in 

MZ corner displaces the 

nearest marble from its 

original setting.  DB in 

NMZ area and corner.  

Mouse buries marble.  

Stereotypical jumping in 

NMZ corners.  DB in MZ 

corner pushing sand 

backwards covering the 

nearest marble.  Spent a 

lot of time digging 

bedding material.  

Investigative behaviour 

viz., sniffing, touching and 

rolling marble.   

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 4.67 

 

Observer 2:  5 

Observer 1: 3.67 

 

Observer 2: 3.67 

Observer 1: 2.67 

 

Observer 2: 3.67 

Observer 1: 6.33 

 

Observer 2: 5.67 

Observer 1: 3 

 

Observer 2: 2.33 

Observer 1: 2.33 

 

Observer 2: 1.67 

PREOCCUPIED 

BEHAVIOUR 

28 26 27 27.67 26.67 21 

 

Post -Treatment 

MOUSE NUMBER 49 51 52 71 74 81 

TRIAL 1 DB in MZ corners sprays 

sand backwards covering 

nearest marble with sand.  

DB in NMZ area and 

corner.  Investigative 

behaviour viz., touching, 

DB in corners of NMZ and 

MZ.  Rearing behaviour.  

DB next to marble causes 

Rearing behaviour.  DB in 

MZ bottom corner.  

Investigative behaviour 

Mouse rolls marble and 

displays investigative 

behaviour viz., sniffing 

Rearing behaviour.  DB in 

NMZ area.  Stereotypical 

jumping in NMZ area.  
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Rearing behaviour.  DB in 

corner of NMZ.  DB 

between marbles.  

Investigative behaviour 

viz., rolling, sniffing and 

touching of marbles.  DB 

in NMZ area.  DB near 

marbles displaces the 

marble from its original 

setting.  Mouse stands 

over marble and partially 

buries it.  Somersaulting 

over marbles.  

Stereotypical jumping 

covered one marble 

completely.  Mouse 

displays high DB however, 

seldom shown interest in 

marbles.   

sniffing and rolling 

marble. Rearing 

behaviour.  DB in corner 

of MZ spraying sand 

backwards on top of 

nearest marble.  DB 

between and next to 

marble.  Grooming 

behaviour observed.  A lot 

of time spent digging in 

NMZ area.  Buries a 

marble only partially.  

Stereotypical jumping on 

top of marble that rolled 

into the corner pressing it 

deeper in the sand.  

Stereotypical jumping in 

NMZ corners.  Mouse rolls 

marble into the bottom 

corner of the MZ.   

the marble to roll into the 

top MZ corner.  DB in 

NMZ area.  Mouse stands 

over marble and tries to 

bury the marble.  DB 

between and next to 

marble.  Stereotypical 

jumping in NMZ corner.  

Stereotypical jumping in 

NMZ corner runs over 

marbles and returns to 

the same corner.  

Investigative behaviour 

viz., touching and sniffing 

marble.   

viz., sniffing, touching and 

rolling marble.  Mouse 

rolls marble out of original 

setting.  DB in NMZ corner 

spraying sand backwards.  

Stereotypical jumping in 

NMZ corner DB between 

marbles.  Mouse rolls 

another marble out of 

original setting.  Mouse 

rolls a marble and 

partially buries it.  DB in 

NMZ area.  DB throughout 

the cage.  A lot of 

stereotypical behaviour 

observed.  Mouse buries 

the partially buried 

marble completely.  

Mouse displays less DB in 

corners.   

touching and rolling.  

Rearing behaviour.  DB in 

NMZ corner spraying sand 

backwards.  DB in MZ 

corner displacing nearest 

marble from original 

setting.  DB between 

marbles.  Stereotypical 

jumping in NMZ corner.  

Pattern running.  Most of 

the time stereotypical 

behaviour observed.  DB 

in NMZ area.  Mouse rolls 

and buries it.  DB in MZ 

corner spraying sand 

backwards covering 

nearest marble. 

Stereotypical behaviour 

displaces marble in MZ 

area.  DB between 

marbles.  Stereotypical 

jumping in MZ corner.  

Investigative behaviour 

viz., sniffing, touching and 

rolling marble.  DB in MZ 

corner displacing marble 

from original place and 

covers it with sand.  

Mouse rolls marble.  

Mouse spent a lot of time 

displaying stereotypical 

jumping. 

TRIAL 2 Grooming behaviour.  DB 

between marbles.  Mouse 

rolls marble.  

Somersaulting on top of 

marbles pressing them 

deeper into the sand.  

Investigative behaviour 

viz., touching, sniffing and 

rolling of marbles.  Mouse 

stands over marble and 

partially buries it.  DB 

between marbles covers 

the marble with sand.  DB 

in NMZ area.  Mouse 

present with DB 

throughout the cage.   

Db between marbles.  

Grooming and rearing 

behaviour.  Investigative 

behaviour viz., rolling, 

touching and sniffing 

marble.  DB in NMZ area.  

DB between marbles.  DB 

in MZ corners spraying 

sand backwards covering 

nearest marbles.  Sitting 

in NMZ area.  

Stereotypical jumping in 

NMZ corners.  Mouse rolls 

marble.  Pattern running 

in NMZ corners.  DB next 

and between marbles. 

Spent most of the time in 

NMZ area. 

DB in MZ corner displaces 

marble from originals 

setting.  Investigative 

behaviour viz., touching, 

rolling and sniffing 

marble.  DB in NMZ area.  

Rearing and grooming 

behaviour.  Mouse rolls 

marble into bottom corner 

of MZ corner.  DB 

between marbles.  DB in 

MZ corner spraying sand 

backwards on top of 

nearest marbles.  Mouse 

stands over marble and 

partially buries it.  Mouse 

rolls another marble and 

partially buries the 

marble.  Mouse rolls the 

marble and tries to bury it 

only to displace the 

Rearing behaviour.  DB in 

NMZ corner.  DB between 

marbles.  Rearing 

behaviour displaces 

marble from original 

setting.  DB between 

marbles sprays sand 

backwards covering other 

marbles.  DB in NMZ 

corner spraying sand 

backwards.  Mouse 

stands over marble and 

completely buries it.  DB 

in MZ and NMZ corners.  

Most of the time 

stereotypical behaviour 

observed.   

Rearing and grooming 

behaviour.  DB in MZ 

corner.  DB between 

marbles displaces it from 

original setting.  Mouse 

stands over and partially 

buries it.  Pattern running.  

DB next to marble covers 

nearest marble with sand.  

Mouse buries partially 

covered marble.   

Rearing behaviour.  

Mouse rolls marble.  DB 

in MZ corner displacing 

nearest marble from 

original setting.  

Stereotypical jumping in 

MZ corner.  DB in MZ 

sprays sand backwards 

covering nearest marble.  

DB in NMZ area.  DB 

between marbles.  Mouse 

DB between marbles 

covers one marble 

partially.  Mouse stands 

over marble and tries to 

bury it.  
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marble from original 

setting.  Stereotypical 

jumping in NMZ corner.  

Somersaulting over 

marble covering marbles 

with sand.   

TRIAL 3 DB in the NMZ corner.  

Somersaulting over 

marbles.  DB in MZ 

corners spraying sand 

backwards on top of the 

marbles.  Investigative 

behaviour viz., touching, 

rolling and sniffing of 

marbles.  Rearing 

behaviour.  DB between 

marbles.  Standing over 

marble rolling it then 

burying it.  

Rearing behaviour.  

Mouse digs in MZ corner 

this behaviour causes the 

marble to roll into the 

corner however, the 

mouse continuous to dig 

in the MZ corner shooting 

the marble out of the 

corner into the cage.  DB 

between marbles.  Rolls 

marble and tries to bury 

it.  DB in NMZ area and 

corner.  Mouse stands 

over marble and buries it 

completely.  DB in MZ 

area.  Mouse uncovers 

buried marble partially.  

Stereotypical jumping in 

NMZ and MZ corner.  

Rearing against walls of 

NMZ area.  Grooming and 

rearing behaviour.  Spent 

most of the time 

displaying stereotypical 

behaviour.   

Mouse rolls marble and 

tries to bury the marble.  

Stereotypical jumping in 

NMZ corner.  DB in NMZ 

area and corner.  Rearing 

behaviour.  DB in MZ 

corners mouse pushes 

sand backwards covering 

nearest marbles.  DB in 

bottom MZ corner 

displaces nearest marble 

from original setting.  

Investigative behaviour 

viz., touching, rolling 

marble.  Mouse rolls 

marble into MZ corner 

and partially buries it.  DB 

in corners of MZ sprays 

sand backwards covering 

marbles.  Mouse stands 

over marble and tries to 

bury the marble however, 

this only displaces the 

marble from original 

setting.  Mouse buries 

one of the partially buried 

marbles.  Mouse buries 

the marble in the corner.  

Mouse uncovers buried 

marble and later buried it 

again. 

DB between marbles.  DB 

in NMZ area.  Rearing 

behaviour.  Mouse rolls 

marble.  DB in MZ corner 

displaces nearest marble 

from original setting.  DB 

in NMZ corner spraying 

sand backwards.  Mouse 

rolls marble and buries it.  

DB in NMZ area.  Mouse 

buries marble completely.  

Stereotypical jumping in 

NMZ and MZ corner. 

DB in MZ corner.  

Stereotypical jumping in 

MZ corner.  Pattern 

running.  DB in NMZ area.  

Rearing behaviour.  DB in 

NMZ corner spraying sand 

backwards.  Investigative 

behaviour viz., touching, 

sniffing and rolling 

marble.  DB in MZ corner 

displaces nearest marble 

and covers it with sand.  

Mouse rolls marble.  A lot 

of DB in NMZ area. 

Rearing and grooming 

behaviour.  Mouse rolls 

marble.  DB between 

marbles.  Stereotypical 

jumping in MZ corner.  DB 

in NMZ corner spraying 

sand backwards.  

Stereotypical jumping in 

NMZ corner.  

Stereotypical jumping in 

MZ corner displaces a 

marble from original 

setting.  Most of the time 

mouse displays 

stereotypical behaviour.  

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 1.33 

 

Observer 2: 1.33 

Observer 1: 0.33 

 

Observer 2: 1 

Observer 1: 2 

 

Observer 2: 2 

Observer 1: 1.33 

 

Observer 2: 1.33 

Observer 1: 1.33 

 

Observer 2: 1.33 

Observer 1: 0.33 

 

Observer 2: 0.33 

PREOCCUPIED 17.67 21.67 31.67 21 21.33 21 
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BEHAVIOUR 
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Escitalopram alone 

Pre-treatment 

MOUSE NUMBER 100 103 109 105 104 106 

TRIAL 1 Rearing as well as rearing 

behaviour against the 

walls.  DB in NMZ 

spraying sand backwards. 

DB in MZ top corner 

spraying sand backwards 

covering nearest marbles 

with sand.  Mouse digs a 

hole.  DB in NMZ area 

and between marbles.  

DB in bottom MZ corner 

displaces the nearest 

marble causing it to roll 

into the corner the mouse 

partially buries it.  

Stereotypy in MZ bottom 

corner pressing the 

marble deeper in the 

sand.  Mouse rolls 

marbles.  Mouse buries 

marbles.   

DB in NMZ area.  Rearing 

behaviour observed.  DB 

in MZ corner spraying 

sand backwards.  

Somersaulting in MZ 

corner displaces marbles 

from original setting.  

Somersaulting displaces 

marble into corner.  

Grooming behaviour 

observed.  DB in NMZ 

mouse sprays sand 

backwards.  DB near 

marbles or between 

marbles covers the 

marble with sand.  DB 

throughout the cage.  

Mouse buries marble.  

Mouse partially buries 

marble. 

Rearing behaviour 

observed.  DB in NMZ 

area.  DB near marble 

and covers marble 

partially.  Stereotypical 

jumping in MZ corner.  DB 

between marbles.  Mouse 

buries marble partially.  

Mouse rolls marble.  

Investigative behaviour 

viz., sniffing, touching and 

rolling marble.  DB in MZ 

corner spraying sand 

backwards.  Mouse buries 

marble.  DB in MZ corner 

covers the nearest marble 

with sand.   

DB in NMZ corner.  DB 

between marbles.  

Rearing behaviour 

observed.  Stereotypical 

jumping in NMZ corner.  

DB in bottom corner 

displacing marble and 

covering marbles with 

sand.  Stereotypical 

jumping in NMZ corner.  

DB in corner covers 

nearest marble.  Mouse 

rolls marble.  Mouse 

partially buries marble.  

DB between marbles.  

Stereotypy in corner on 

top of marble.  Mouse 

buries marble.  Mouse 

uncovers marble partially 

covered marble.  Mouse 

rolls marble and partially 

covers the marble.  

Mouse buries marble.   

Repeated rearing.  

Stereotypical vertical 

jumping in corners of 

cage.  DB close to the 

marble.  DB between 

marbles.  DB in corners 

of cage.  Possibly buried 

more once the session 

ended and in the period 

when the mice were 

returned to home cages.  

Rearing behaviour 

observed.  Mouse 

displayed pattern 

running for the 1st 

minute of the recording.  

Mouse stretches 

towards the marble and 

sniffs.  Investigative 

behaviour viz., touching, 

sniffing.  Spends a great 

deal of time in NMZ 

area.  About 16:30 of 

the recording the mouse 

crossed the NMZ.  

Mouse preoccupied with 

marble however brief 

visits but behaviour 

directed towards 

marbles.  DB between 

marble.  Mouse buries 

marbles.  DB in corners 

of cage.  Mouse 

displaces marble from 

original setting (Top left 

corner of MZ).   

TRIAL 2 DB in bottom corner 

covering nearest marbles 

completely.  DB between 

marbles.  Mouse rolls 

marble into hole which 

the mouse dug.  DB in 

NMZ corner. Stereotypy in 

top MZ corner.  Mouse 

stands over marble and 

tries to bury it but only 

displaces the marble from 

its original setting.  DB 

Rearing behaviour 

observed.  DB between 

marbles.  DB in NMZ area 

and corner spraying sand 

backwards.  DB in MZ 

corner spraying sand 

backwards covering 

nearest marble.  Rolling 

the marble into the 

corner.  Mouse partially 

buries marble in the 

corner.  Somersaulting 

Stereotypy in NMZ corner.  

Rearing behaviour 

observed.  DB in NMZ 

area.  DB in MZ area and 

corner.  DB between 

marbles.  DB in MZ corner 

spraying sand backwards.  

DB near marble displaces 

marble from original 

setting.  Mouse stands 

over marble.  

Investigative behaviour 

Rearing behaviour.  

Stereotypical jumping in 

MZ corner.  DB in NMZ 

area.  Rearing behaviour 

against cage walls.  DB in 

MZ area.  DB between 

marbles.  Mouse stands 

over marble and partially 

covers the marble with 

sand.  Stereotypical 

jumping in NMZ corner. 

Mouse buries a marble 

DB in corners of the 

cage.  Rearing behaviour 

observed.  Vertical 

jumping in corners of the 

cage.  DB near marbles.  

Grooming behaviour 

observed.  Mouse 

attempt to bury marbles.  

Prolonged DB 

throughout the cage.  

Mouse buried marble.  

Mouse rolls marble.  

Rearing behaviour 

observed.  Mouse 

initially in NMZ area of 

cage seems afraid of 

marbles.  Cautious 

investigation of marbles 

with brief numerous 

interactions with 

marbles.  Mouse moves 

quicker from NMZ to MZ 

when compared with 1st 

night.  DB in top NMZ 
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between marbles covers 

the nearest marbles with 

sand.  Rearing and 

grooming behaviour 

observed.  Mouse buried 

2 marbles completely. 

behaviour observed.  

Again buries marble in 

the corner.  Mouse stands 

over marble and tries to 

bury it.  Mouse 

somersaults on top of 

marbles pressing the 

marbles deeper in the 

sand.  DB in MZ area.  

Mouse rolls marble and 

tries to bury it.  Stereotypy 

displaces marble. 

viz., touching, sniffing and 

rolling marble.  DB 

between marbles 

covering the marbles with 

sand.  Mouse stands over 

marble and tries to bury 

it. 

partially. Mouse uncovered a 

marble which was 

buried.   

corner.  Intentional 

burying behaviour 

observed.  Mouse 

engages in grooming 

behaviour.  Mouse 

intentionally buries 

marble.  Rearing 

behaviour presses 

marbles deeper into the 

sand therefore covering 

the marble completely.  

Burying in proximity to 

marbles.  Spends a great 

deal of time in lower left 

corner rearing or burying.  

Mouse uncovers a 

marble which was buried 

the mouse then buries 

the marble again and 

uncovers it again and DB 

displaces marble.  

Mouse rolls marble.  DB 

in NMZ bottom corner.   

TRIAL 3 Rearing behaviour 

observed.  Stereotypy in 

NMZ corner.  DB in MZ 

corner displaces marble 

from original setting.  DB 

between marbles.  

Investigative behaviour 

displaces marble.  DB in 

NMZ corner spraying 

sand backwards.  DB in 

MZ corner covers nearest 

marble completely.  

Mouse sprays sand 

backwards using 

forepaws. 

DB in top MZ corner 

displacing nearest marble 

and covers other marbles 

with sand by spraying 

sand backwards.  Rearing 

behaviour observed.  

Somersaulting on top of 

marbles this stereotypy 

displaces marble from 

original setting.  DB in 

NMZ and MZ area.  DB 

between marbles.  

Grooming behaviour 

observed.  Mouse rolls 

marbles.  DB in NMZ 

corner spraying sand 

backwards.  DB in bottom 

MZ corner displaces 

Rearing behaviour 

observed.  Stereotypy in 

MZ corner.  DB next to 

marble.  DB in bottom MZ 

corner spraying sand 

backwards.  Investigative 

behaviour viz., rolling, 

touching and sniffing 

marble.  Mouse stands 

over marble.  DB in NMZ 

area as well as 

stereotypy.  Stereotypy on 

top of marbles pressing 

marbles deeper in the 

sand.  Mouse stands over 

marble and tries to bury 

it.  Grooming behaviour 

observed.  Mouse stand 

Mouse tries to bury 

marble and displaces the 

marble from its original 

setting.  Mouse rolls 

marble.  DB in NMZ area.  

Rearing behaviour 

observed.  Rearing 

displaces marble from 

original setting.  

Stereotypy in NMZ area 

and corner.  DB between 

marbles.  Mouse buries 

marble.  Mouse rolls 

marble into the corner.  

Mouse stands over 

marble tries to bury it but 

displaces the marble from 

its original setting.  DB 

Vertical jumping in 

corners of cage.  Mouse 

runs from marble to 

marble.  DB next to 

marble.  Seemingly 

intentional BB.  DB 

between marbles.  

Intentional attempt at 

burying a marble.  

Mouse rolls marble and 

buries it.  DB in top MZ 

and NMZ corner.  

Intentional burying 

behaviour observed. 

Mouse appears no 

longer afraid of marbles.  

Rearing behaviour 

observed.  Mouse 

interacts with marbles.  

DB in top NMZ corner.  

Burying / DB in close 

proximity to marbles.  

Mouse displaces marble 

from original setting in 

an attempt to bury it.  

Grooming behaviour 

observed.  Mouse rolls 

marble.  DB in corners of 

cage (MZ and NMZ).  

Mouse attempts to bury 

marble.  
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marble into the corner 

and covers the marble 

completely.  Mouse 

partially buries marbles. 

over marble tries to bury 

it however the mouse only 

buries the marble 

partially.  Mouse buries 

marble.  Mouse partially 

buries marble in MZ 

corner. 

throughout the cage.  

Mouse buries marble.  

Stereotypy on top of 

displaced marble in the 

MZ corner pressing the 

marble deeper in the 

sand.  DB in MZ corner 

spraying sand backwards 

covering nearest marbles 

PREOCCUPIED BEHAVIOUR 21.67 25.67 37.33 31 31 35.67 

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 5 

 

Observer 2: 4.33 

Observer 1: 3.67 

 

Observer 2: 3 

Observer 1: 4.67 

 

Observer 2: 4 

Observer 1: 2.33 

 

Observer 2: 2 

Observer 1: 4.33 

 

Observer 2: 3.67 

Observer 1: 4 

 

Observer 2: 3.67 

 

Post -Treatment 

MOUSE NUMBER 100 103 109 105 104 106 

TRIAL 1 DB near marbles 

displaces marble from 

original setting.  Rearing 

behaviour observed.  DB 

rolls nearest marble into 

the corner and mouse 

stands on it.  Mouse runs 

over marble in corner and 

completely covers it.  

Mouse stands over 

marble and tries to bury 

it.  DB between marbles.  

DB in corners of cage.  

Investigative behaviour 

viz., rolling, sniffing and 

touching marble.  DB in 

NMZ area.  Mouse buries 

a partially covered 

marble.  Grooming 

behaviour observed.  DB 

between marbles.  

Rearing against cage 

walls.  Stereotypical 

DB in top MZ corner 

displacing marble from 

original setting.  Rearing 

and behaviour observed.  

Stereotypical 

somersaulting.  

Investigative behaviour 

viz., touching, rolling and 

sniffing marble.  DB in 

NMZ area.  DB between 

marbles.  DB in MZ corner 

spraying sand backwards 

covering the nearest 

marble partially.  DB in 

NMZ area.  Mouse 

displays a lot of 

stereotypy.  Mouse covers 

marble by spraying sand 

backwards.  Mouse 

stands over marble and 

tries to bury it.  Walking 

over marbles.  Spent a lot 

of time engaged in 

Rearing behaviour.  

Running displaces marble 

from original setting.  

Investigative behaviour 

viz., sniffing, rolling and 

touching marble.  DB in 

NMZ area.  DB between 

marbles.  Stereotypy in 

top MZ corner.  DB 

partially covers marble.  

Stereotypy covers marble.  

Stereotypy in NMZ 

corners.  Grooming 

behaviour observed.  

Mouse buries marble.  

Mouse partially buries 

marble.   

Mouse displays rearing 

and grooming behaviour.  

DB in MZ corner pushing 

sand backwards and 

displacing marble from 

original setting.  DB in 

corner of NMZ area.  DB 

in MZ area.  Investigative 

behaviour viz., sniffing, 

rolling and touching 

marble.  Stereotypy in 

NMZ corner.  DB between 

marbles.  DB in top MZ 

corner partially covering 

nearest marbles.  Mouse 

tries to bury marble 

however, displaces 

marble further.  Mouse 

displays a lot of 

stereotypy.  Mouse stands 

over marble. 

DB between marbles.  

Rearing against cage 

walls.  DB in corner of 

cage.  Standing over 

marble.  Investigative 

behaviour viz., touching, 

rolling and sniffing 

marble.  Somersaulting 

on top of marbles.  DB in 

NMZ.  DB in bottom of MZ 

corner spraying sand 

backwards covering 

nearest marble.  Mouse 

partially covers marble.  

DB between marbles.  DB 

near marbles displaces 

marble.  Mouse displays 

grooming behaviour.  

Mouse partially buries a 

marble and displaces 

another marble in the 

process.  Stereotypy 

covers marbles and 

Investigative behaviour 

viz., sniffing, rolling and 

touching marble.  Mouse 

rolls marble and buries it.  

Mouse displays rearing 

and grooming behaviour.  

Rearing against cage 

walls.  Mouse stands over 

marble.  DB in bottom MZ 

corner displaces marble 

from original setting.  DB 

in corner of cage and 

sprays sand backwards.  

Mouse partially buries 

marble.  Running 

displaces marble.  DB 

between marbles.  Mouse 

buries marble and 

displaces another.   
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jumping in NMZ corner.  

Mouse stands over 

marble. 

stereotypical behaviour.  

DB in corners of cage.   

presses marbles deeper 

in the sand.  Mouse 

buries marble. 

TRIAL 2 Mouse displaces marble 

from original setting.  DB 

in NMZ corner.  Rearing 

behaviour.  Stereotypy in 

NMZ area.  Stereotypical 

jumping in MZ corner.  

Grooming behaviour 

observed.  DB in MZ 

corner spraying sand 

backwards covering 

nearest marbles.  DB near 

marbles causes nearest 

marble to roll into the 

corner.  DB and 

stereotypy covers the 

marble in the top MZ 

corner partially.  

Investigative behaviour 

viz., touching and sniffing.  

Mouse spent most of the 

time displaying 

stereotypical behaviour.  

Mouse stands over 

marbles.  DB between 

marbles.  Stereotypy near 

marbles presses marbles 

deeper into the sand. 

Mouse stands over 

marble and displaces 

marble from original 

setting.  Somersaulting.  

Mouse touches and sniffs 

marble.  Stereotypical 

behaviour displaces 

behaviour.  DB in NMZ 

area.  Mouse rolls and 

sniffs marble.  Mouse 

displays DB near marble.  

DB between marble.  

Rearing behaviour 

observed.  Spent most of 

the time displaying 

stereotypy 

Investigative behaviour 

viz., touching, sniffing and 

rolling marble.  Rearing 

behaviour.  DB in NMZ 

area.  Stereotypy 

displaces marble from 

original setting.  

Stereotypy in corners of 

cage.  DB between 

marbles.  Mouse displays 

a lot of stereotypy. 

Investigative behaviour 

viz., rolling, sniffing and 

rolling marble.  Displays 

rearing behaviour.  DB in 

NMZ area.  Mouse 

partially buries marble.  

Rearing against cage 

walls.  Stereotypy in NMZ 

corner.  DB between 

marbles.  DB in corners of 

cage.  Mouse buries 

marbles.  Running over 

marbles.  Mouse displays 

a lot of DB.  DB displaces 

marble from original 

setting.  DB covers 

marbles. 

Stereotypy displaces 

marble.  DB in corners of 

cage spraying sand 

backwards.  Stereotypy 

covers marble.  DB in 

NMZ area.  Mouse 

displays grooming 

behaviour.  Mouse spent 

most of the time in NMZ 

area digging.  Mouse 

didn’t display a real 

interest in marbles. 

Mouse displays grooming 

and rearing behaviour.  

Investigative behaviour 

viz., sniffing, touching and 

rolling marble.  Rearing 

against cage walls.  DB in 

bottom MZ corner 

spraying sand backwards 

covering nearest marbles 

with sand.  Mouse tries to 

bury marble but only 

displaces marble.  Mouse 

partially buries marble.  

Stereotypy in MZ corner.  

DB between marbles.  

Mouse buries marble.   

TRIAL 3 Rearing and DB observed.  

Mouse rolls marble.  DB 

in top MZ corner.  Mouse 

stands over marble and 

tries to bury it.  DB 

between marbles 

displaces marble from 

original setting.  

Stereotypical behaviour in 

NMZ and MZ corner.  

Rearing against cage 

Somersaulting on 

marbles. Rearing against 

cage wall.  Investigative 

behaviour viz. touching, 

sniffing marble.  

Grooming behaviour 

observed.  DB in top MZ 

corner displacing marble 

into the corner.  DB in 

NMZ area.  DB near and 

between marbles.  DB 

Investigative behaviour 

viz., sniffing and touching 

marble.  Rearing 

behaviour observed.  DB 

in NMZ area.  Standing 

over marble.  Stereotypy 

against NMZ and MZ 

corners.  DB between 

marbles.   Stereotypy 

displaces marble from 

original setting.  Mouse 

DB in NMZ area.  DB 

displaces marble from 

original setting.  DB in 

corner displaces marble 

from original setting.  

Rearing against cage 

walls.  DB in MZ area.  

Mouse spent most of the 

time engaging in 

stereotypy.  Investigative 

behaviour viz., sniffing 

Rearing and grooming 

behaviour observed.  

Stereotypical 

somersaulting on top of 

marbles.  DB in NMZ 

corners.  DB between 

marbles.  Investigative 

behaviour viz., sniffing 

and touching marble.  

Somersaulting covers one 

marble completely.  

Rearing against cage 

walls.  DB in corners of 

cage.  Mouse displays 

grooming behaviour.  DB 

in bottom MZ corner 

displaces marble.  

Investigative behaviour 

viz., sniffing, rolling and 

touching marble.  Mouse 

buries 2 marbles.  DB in 

corners of cage.  Mouse 
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walls.  DB in NMZ area.  

Investigative behaviour 

viz., sniffing and touching.  

Stereotypical behaviour 

on top of marbles.  Most 

of the time mouse 

displayed stereotypical 

behaviour.  Mouse did not 

bury marbles.  When 

mouse engages in DB in 

the corners of the cage 

the mouse sprays sand 

backwards using 

forepaws.  DB in bottom 

MZ corner covers marble 

partially.   

corners of cage.  Spent 

most of the time 

displaying stereotypy.  

Investigative behaviour 

viz., sniffing.  DB in top 

MZ corner covering 

marble partially.  DB 

decreases.  Rearing 

against cage walls.  

Standing over marble. 

displays grooming 

behaviour.  Mouse directs 

body towards marble as if 

the mouse wants, to bury 

it.   

and touching marble.  

Displaying less DB than 

previous nights. 

Rearing against cage 

walls.  Mouse displays 

nearest marble in bottom 

MZ corner and buries it 

partially.  DB in corners of 

cage.  Mouse spent a lot 

of time digging in MZ 

area.  

partially buries marble.  

Standing over marble.  DB 

in NMZ area.  Mouse rolls 

marble and tries to bury it 

but only pushes the 

marble backwards.  

Mouse displays a lot of 

DB.  Stereotypy in top MZ 

corner pressing marble 

deeper into the sand. 

PREOCCUPIED 

BEHAVIOUR 

19.33 21.67 15.67 12.33 16.67 28.33 

NUMBER OF MARBLES 

BURIED OVER 3 

CONSECUTIVE NIGHTS 

Observer 1: 1.33 

 

Observer 2: 1.33 

Observer 1: 0.33 

 

Observer 2: 0.33 

Observer 1: 1.33 

 

Observer 2: 1 

Observer 1: 2 

 

Observer 2: 1.67 

Observer 1: 1.33 

 

Observer 2: 1 

Observer 1: 5.67 

 

Observer 2: 6.67 
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Addendum C 

The review paper contained in Addendum C was co-written by the candidate.  The work is a critical 

appraisal of the marble burying test as it is often applied, and supports the methodology followed in 

Chapter 3 of this investigation. 
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