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ABSTRACT 

Obsessive-compulsive disorder (OCD) is a psychiatric condition that is characterized by two 

main symptom cohorts, namely recurrent inappropriate thoughts (obsessions) and seemingly 

purposeless repetitive motor actions (compulsions).  In 70% of cases, the condition only re-

sponds to chronic, but not sub-chronic, high dose treatment with the selective serotonin reup-

take inhibitors (SSRIs), such as fluoxetine and escitalopram.  This indicates a role for hyposero-

tonergic functioning in the primary brain areas involved in OCD, namely the components of the 

cortico-striatal-thalamic-cortical (CSTC) circuit which include the prefrontal cortex, the basal 

ganglia, and the thalamus.  A number of studies have demonstrated a lower serotonin trans-

porter (SERT) availability in OCD patients compared with healthy controls, supporting the hy-

pothesis of a hyposerotonergic state in OCD. 

The current study focuses on the validation of the deer mouse (Peromyscus maniculatus 

bairdii) model of OCD and builds on previous work done in our laboratory.  Deer mice that are 

bred and housed in confinement naturally develop two main forms of stereotypical behaviour, 

namely vertical jumping and pattern running.  Furthermore, these behaviours can be catego-

rized into various levels of severity, namely high (HSB), low (LSB) and non-stereotypic (NSB) 

cohorts.  The seemingly purposeless and repetitive nature of these behaviours mimics the com-

pulsions that characterize human OCD and constitutes the basis for the face validity of the 

model.  However, although these two forms of stereotypy seem equally repetitive and persis-

tent, stereotypical pattern runners do not complete the required number of cage revolutions per 

30 minutes compared to the amount of jumps executed by stereotypical vertical jumpers.  As 

only one set of criteria for the appraisal of the different topographies of deer mouse stereotypy 

has been applied in previous studies, the matter of whether pattern runners do in fact generate 

stereotypical behaviour of the same persistent and severe nature as opposed to the behaviour 

expressed by vertical jumpers, is problematic. 

Therefore, the first objective of the current study was to develop a new classification system 

for the appraisal of the different forms of behavioural topographies of deer mice and subse-

quently to evaluate whether pattern runners can indeed be categorized into non-, low- and high 

stereotypical cohorts.  After an eight-week behavioural assessment period, deer mice express-

ing the two different behavioural topographies could be classified into non-, low- and high 

stereotypical cohorts (NSB, LSB, and HSB respectively), applying different criteria for each be-

havioural topography.  Based on the weekly mean stereotypy count generated during three 30-

minute intervals of highest stereotypical behaviour over the course of a 12-hour assessment 
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period, HSB pattern runners were found to execute on average 296 cage revolutions per 30 

minutes, while HSB vertical jumpers executed an average of 3063 jumps per 30 minutes.  This 

discrepancy between the generated numbers of the different topographies of stereotypy indi-

cates that one classification system for the appraisal of both behavioural topographies is indeed 

inappropriate, and hence requires re-evaluation and validation. 

As patients with OCD present with a lower central SERT availability compared to healthy 

controls, the second objective of the study was to determine whether a decrease in SERT den-

sity could be demonstrated in HSB animals compared to the NSB and LSB controls.  After eight 

weeks of behavioural assessment, animals were sacrificed and frontal-cortical and striatal SERT 

binding was performed.  HSB deer mice presented with significantly lower striatal, but not fron-

tal-cortical SERT availability compared to the [NSB/LSB] control animals (p = 0.0009).  As far as 

it concerns a lower SERT availability in HSB animals and involvement of the CSTC circuitry, this 

data is congruent with that demonstrated in human OCD and strengthens the construct validity 

of the model. 

Although previous studies undertaken in our laboratory demonstrated that deer mouse 

stereotypy is attenuated after chronic (21-day) fluoxetine administration, OCD only responds to 

chronic, but not sub-chronic treatment with the SSRIs.  The lack of response of deer mouse 

stereotypy to sub-chronic treatment has not been established and therefore the third study ob-

jective was to assess the behavioural effects of sub-chronic (7-day) and chronic (28-day) SSRI 

treatment on expression of deer mouse stereotypy.  Chronic, but not sub-chronic treatment with 

oral escitalopram (50 mg/kg/day) significantly increased the number of intervals over a 12-

hour assessment period during which no stereotypical behaviour were expressed by HSB deer 

mice (p = 0.0241) and decreased the number of intervals during which high-stereotypical be-

haviour were executed (p = 0.0054).  Neither chronic, nor sub-chronic treatment significantly 

affected the behaviour of animals in the [NSB/LSB] cohort.  The fact that the model demon-

strates a lack of response to sub-chronic treatment with high dose SSRIs, positively contributes 

to the predictive validity of the deer mouse model of OCD. 

The results from the current study therefore strengthens the construct and predictive valid-

ity of the deer mouse model of OCD and confirm the model’s status as a prominent animal 

model of OCD.  Not only is hyposerotonergic functioning in the CSTC circuitry implicated in the 

behaviour of HSB animals, but the model also demonstrates selective response to chronic SSRI-

treatment – two core characteristics of human OCD. 
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OPSOMMING 

Obsessiewe-kompulsiewe siekte (OKS) is ‘n psigiatriese toestand wat deur veral twee   

simptoomkomplekse gekenmerk word, nl. terugkerende, onvanpaste gedagtes (obsessies) en 

herhalende motoriese bewegings wat op die oog af doelloos voorkom (kompulsies).  Die 

toestand reageer in 70% van gevalle slegs op chroniese (maar nie sub-chroniese), hoë dosis be-

handeling met die selektiewe serotonien-heropnameremmers (SSHRs), bv. s-sitalopram.  Dit dui 

op hiposerotonergiese funksionering in die breinareas wat geassosieer word met die patologie 

van OKS, nl. die komponente van die kortiko-striatale-talamiese-kortikale (KSTK) bane (ins-

luitend die prefrontale korteks, basale kerne en die talamus).  ‘n Aantal studies het getoon dat 

pasiënte met OKS ‘n laer serotonien-heropnamereseptor (SHR) beskikbaarheid vertoon, verge-

leke met gesonde kontroles, ondersteunend tot die hiposerotonergiese hipotese van OKS. 

Die huidige studie handel oor die validering van die deer-muis (Peromyscus maniculatus 

bairdii) -model van OKS en bou voort op vorige studies wat in ons laboratorium uitgevoer is.  

Deer-muise wat in aanhouding geteel en gehuisves word, ontwikkel twee vorme van stereotipi-

ese gedrag, nl. vertikale spronge en hardlooppatrone wat as hokomwentelings uitgevoer word.  

Hierdie gedrag kan volgens ernstigheidsgraad geklassifiseer word, nl. hoë- (HSG), lae- (LSG) en 

geen- (GSG) stereotipiese gedrag.  Die oënskynlike doellose en herhalende wyse van hierdie 

gedrag, boots die simptome van menslike OKS na en vorm die basis van die model se validering 

op grond van sigwaarde.  Alhoewel albei vorme van stereotipiese gedrag ewe herhalend en aan-

houdend uitgedruk word, genereer die diere wat hokomwentelings voltooi, minder stereotipi-

ese tellings per 30 minute, vergeleke met die diere wat vertikaal spring.  Gegewe die feit dat 

slegs een stel kriteria vir die klassifisering van beide tipes stereotipiese gedrag in vorige studies 

gebruik is, maak dit die klassifisering van diere wat hokomwentelings voltooi problematies om-

dat dit onseker is of hierdie diere se gedrag van dieselfde ernstigheidsgraad is as dié van diere 

wat vertikale spronge uitvoer. 

Die eerste doelwit van die studie was dus om ‘n nuwe klassifiseringsisteem vir die evaluer-

ing van die verskillende vorme van deer-muis stereotipiese gedrag te ontwikkel en om te bepaal 

of diere wat hokomwentelings voltooi wel gekategoriseer kan word as GSG, LSG en HSG.  Na 

afloop van ‘n agt-weke periode waartydens deer-muise se gedrag bestudeer is, kon muise wat 

onderskeidelik vertikale spronge uitvoer en hokomwentelings voltooi, geklassifiseer word as 

GSG, LSG en HSG, in ag genome dat twee verskillende stelle kriteria toegepas is vir die beoor-

deling van die onderskeie tipes stereotipiese gedrag.  Data wat gebaseer is op die drie intervalle 

van 30-minute gedurende die weeklikse 12-uur lange evalueringsperiodes waartydens elke 

muis die meeste stereotipiese bewegings uitgevoer het, dui daarop dat hoë-stereotipiese diere 
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wat hokomwentelings voltooi, gemiddeld 296 omwentelings per 30 minute voltooi, teenoor die 

3063 gemiddelde aantal spronge per 30 minute wat uitgevoer word deur die hoë-stereotipiese 

diere wat vertikale spronge uitvoer.  Hierdie verskil in die aantal stereotipiese bewegings wat 

uitgevoer word deur diere wat die onderskeie vorme van gedrag openbaar, dui daarop dat die 

toepassing van een stel kriteria vir die evaluering van beide tipes gedrag onvoldoende is en 

daarom herontwerp en hervalideer moes word. 

Die feit dat pasiënte met OKS presenteer met ‘n laer sentrale SHR-beskikbaarheid vergeleke 

met gesonde kontroles, het gelei tot die tweede doelwit van die studie, nl. om te bepaal of ‘n laer 

SHR-beskikbaarheid aangetoon kan word in HSG-diere, vergeleke met die GSG- en LSG-

kontroles.  Deer-muise is onthoof en frontale-kortikale en striatale SERT-bindingsdigtheid is 

bepaal na afloop van ‘n agt-weke periode waartydens die gedrag bestudeer is.  Daar is bevind 

dat hoë stereotipiese deer-muise met aansienlik minder striatale, (maar nie frontale-kortikale) 

SHR-beskikbaarheid presenteer, vergeleke met die [GSG/LSG]-kontroles (p = 0.0009).  Betref-

fende die laer SHR-bindingsdigtheid en die assosiasie van die KSTK-bane met die gedrag van die 

HSG muise, stem hierdie data ooreen met wat in pasiënte aangetoon is en word die konstrukte 

geldigheid van die model dus hierdeur versterk. 

Tydens vorige studies wat in ons laboratorium uitgevoer is, is aangetoon dat stereotipiese 

gedrag wat deur deer-muise geopenbaar word, verminder kan word deur die chroniese toedien-

ing (21-dae) van fluoksetien.  Klinies reageer pasiënte met OKS egter slegs op chroniese, maar 

nie op sub-chroniese, behandeling met die SSHRs, ‘n verskynsel wat nog nie in die deer-

muismodel gedemonstreer is nie.  Die derde doelwit van die die studie was dus om die effekte 

van sub-chroniese (7-dae) en chroniese (28-dae) SSHR-behandeling op stereotipiese gedrag te 

evalueer.  Gevolglik kon aangetoon word dat chroniese, maar nie sub-chroniese, behandeling 

met orale s-sitalopram (50 mg/kg/dag) gelei het tot ‘n aansienlike afname in die aantal inter-

valle gedurende ‘n 12-uur assesseringsperiode waartydens hoë-stereotipiese gedrag deur HSG 

diere geopenbaar is (p = 0.0054).  Verder het die aantal periodes waartydens geen stereotipiese 

gedrag deur HSG diere geopenbaar is nie, statisties toegeneem (p = 0.0241) na afloop van chro-

niese, maar nie sub-chroniese, behandeling.  Nie sub-chroniese of chroniese behandeling het die 

gedrag van [GSG/LSG] diere beïnvloed nie.  Die feit dat die stereotipiese gedrag wat deur deer-

muise geopenbaar word, nie verminder na sub-chroniese behandeling met die SSHRs nie, ver-

sterk die voorspellingsgeldigheid van die model. 

Die resultate van die huidige studie versterk dus hoofsaaklik die konstrukte en voorspel-

lingsgeldigheid van die deer-muis model van OKS en verstewig die model se status as ‘n 

toonaangewende dieremodel vir OKS.  Nie net is hiposerotonergiese funksionering in die KSTK-
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bane aangetoon nie maar is dit ook aangetoon dat die model slegs reageer op chroniese behan-

deling met SSHRs – twee kerneienskappe van OKS. 

Sleutelwoorde:  Obsessiewe-kompulsiewe siekte (OKS), deer-muis, gedragstopografieë, se-

rotonien-heropnamereseptor (SHR), selektiewe serotonien heropnamereseptor (SSHR), s-

sitalopram. 
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CHAPTER 1   

INTRODUCTION 

1.1. PROBLEM STATEMENT 

Animal models of human psychiatric conditions are pivotal instruments that aid in elucidat-

ing the neurobiological mechanisms underlying human disorders as well as provide a suitable 

framework for the development and pre-clinical evaluation of new treatment strategies.  The 

current study follows on previous work undertaken in our laboratory (Güldenpfennig et al., 

2011; Korff et al., 2008; Korff et al., 2009) and concerns the validation of spontaneous stereo-

typy in the deer mouse (Peromyscus maniculatus bairdii) as an animal model of obsessive-

compulsive disorder (OCD). 

In most patients, OCD is characterized by two main symptoms, namely recurrent and intru-

sive thoughts (obsessions) and rigid repetition of certain motor actions (compulsions) (Ameri-

can Psychiatric Association, 2000).  Although OCD is currently classified by the American Psy-

chiatric Association as an anxiety disorder, the prevalence of different OCD endophenotypes has 

sparked much debate as to whether or not OCD is indeed an anxiety disorder (Bartz and Hol-

lander, 2006; Nestadt et al., 2001; Stein, 2002; Tynes et al., 1990).  The DSM-IV clearly stipulates 

that OCD can be diagnosed in a patient without the presence of obsessive and intrusive thoughts 

(American Psychiatric Association, 2000).  Furthermore, traditional anxiolytics such as the ben-

zodiazepine class of drugs are ineffective in the clinical management of OCD (El Mansari and 

Blier, 2006; Erzegovesi et al., 2005; Fineberg and Craig, 2007).  The fact that OCD can be diag-

nosed without obsessions being present, has important implications for the development of 

animal models of OCD, as cognitive disturbances such as obsessions are difficult to demonstrate 

in animals.  OCD also demonstrates high comorbidity with a group of conditions collectively 

known as the obsessive-compulsive spectrum disorders (Bartz and Hollander, 2006; Nestadt et 

al., 2001), which includes trichotillomania, compulsive gambling, anorexia and body dysmor-

phic disorder, none of which responds to traditional anxiolytics. 

However, in 70% of cases OCD responds preferentially to high dose, chronic treatment with 

the selective serotonin reuptake inhibitors (SSRIs) (Blier et al., 1996; El Mansari and Blier, 

2006; Fineberg and Craig, 2007).  This evidence implicates a role for hyposerotonergic signal-

ling in the brain areas associated with the pathology of OCD, namely the prefrontal cortex (most 

notably the orbitofrontal and anterior cingulate cortices), the basal ganglia and the thalamus 
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(Evans et al., 2004; Husted et al., 2006; Maia et al., 2008; Markarian et al., 2010).  In fact, a num-

ber of studies have demonstrated that patients with OCD present with hyposerotonergic signal-

ling (Delgado and Moreno, 1998; Goddard et al., 2008) and that a decreased availability of sero-

tonin transporters (SERT) is associated with increased symptom severity (Hesse et al., 2005; 

Reimold et al., 2007; Zitterl et al., 2008).  Nevertheless, 30% of OCD patients remain refractive 

to treatment with SSRIs as monotherapy, in which case augmentation strategies with especially 

low dose antipsychotics may be followed (El Mansari and Blier, 2006; Erzegovesi et al., 2005; 

Fineberg and Craig, 2007).  These latter drugs act by blocking the D2 receptors in the basal gan-

glia, located on neuronal pathways responsible for the activation of the cortex via the thalamus 

(Brown et al., 2006; Denys et al., 2004c; Kempf et al., 2007).  Antagonizing these receptors with 

low dose antipsychotics in combination with serotonin reuptake inhibition has been demon-

strated to be effective in most patients that remain refractory to treatment with monotherapy 

SSRIs (Fineberg and Craig, 2007), thus supporting a dual role for serotonin and dopamine in the 

neuropathology and treatment of OCD. 

Suitable animal models of OCD are necessary to understand the complex neurobiological 

mechanisms underlying obsessive-compulsive behaviour.  That obsessions may play as promi-

nent a role as compulsive-like repetition in the symptomology of OCD, complicates the devel-

opment of animal models since cognitive abnormalities such as recurrent thoughts and obses-

sions are impossible to demonstrate in animals.  However, by associating compulsive-like repe-

tition of certain motor actions in animals with the fundamental constructs of OCD, certain con-

clusions can be made that may have direct relevance to the human disorder.  Thus, by targeting 

altered serotonergic and dopaminergic signalling, involvement of the prefrontal-cortex and 

basal ganglia as well as a favourable response to chronic, but not sub-chronic high dose SSRIs, 

certain repetitive behaviours in an animal can be distinguished from such behaviours without a 

confounding cognitive association (Barnard et al., 2002; Langen et al., 2011a; Makki et al., 2008; 

Rasmussen et al., 1994).  This allows the model to distinguish OCD-like behaviour from other 

illnesses such as autism, Tourette’s syndrome and Parkinson’s disease. 

Much has already been done to validate spontaneous stereotypy in the deer mouse as an 

animal model for OCD (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009).  In short, 

deer mouse stereotypy can be categorized into two main behavioural topographies, namely re-

petitive vertical jumping and pattern running.  These behaviours mimic the rigid repetitive mo-

tor actions observed in human OCD and form the basis for the face validity of the model.  Korff 

and colleagues (2008) demonstrated that chronic (21-day) intraperitoneal treatment with 10 

and 20 mg/kg/day fluoxetine significantly decreased the expression of spontaneous stereotypy 

in stereotypical deer mice, a finding that provided the first evidence for the predictive validity of 
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the model.  Furthermore, the authors later presented evidence for an increase in cyclic adeno-

sine monophospate (cAMP) and a decrease in phospodiesterase-4 (PDE4) expression in stereo-

typical animals as opposed to non-stereotypical animals.  Since the SSRIs are known to exert 

adaptive changes in this second messenger system via indirect actions on serotonin (5-

hydroxytryptamine; 5HT) 1A/B/D and 5HT2C receptors (Barnes and Sharp, 1999; Bergqvist et al., 

1999), this observation has important implications for the construct validity of the model. 

The fact that chronic treatment with fluoxetine attenuates spontaneous stereotypy in the 

deer mouse confirms that an altered serotonergic system underscores the expression of stereo-

typic behaviour in this model.  However, this observation must also be considered in the light 

that OCD does not respond to acute or sub-chronic treatment with high dose SSRIs.  The latter 

finding is a critical observation that is typical of the SSRI response in OCD and that needs to be 

demonstrated in deer mice.  Furthermore, it needs to be established whether there are any dif-

ferences in the baseline expression of SERT between non-stereotypical controls and high 

stereotypical animals, as is the finding in healthy human controls compared to patients with 

OCD (Hesse et al., 2005; Reimold et al., 2007; Zitterl et al., 2008).  Such an observation would 

significantly strengthen the construct validity of the deer mouse model of OCD.  Recent evidence 

from our laboratory (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009) has shown 

that stereotypical pattern runners are almost always excluded from the high stereotypical co-

hort.  These animals do not execute the required number of cage revolutions (the main behav-

ioural manifestation of pattern running) needed to be classified as high stereotypical animals, 

evaluated using the current classification criteria (for a full discussion on the classification crite-

ria of deer mice stereotypy, refer to Chapter 3, paragraph 3.1.1).  Since the expression of pattern 

running seems just as rigid and repetitive as vertical jumping, the question arises whether the 

current behavioural classification system is appropriate to accommodate and quantify both be-

havioural topographies.  In fact, it is possible that the inadvertent inclusion of stereotypical pat-

tern runners in the non- or low-stereotypical cohorts instead of the high stereotypical cohort 

can complicate the analysis of neurochemical data resulting from the inappropriate classifica-

tion of these animals. 
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1.2. STUDY QUESTIONS 

Following from the introduction, the following questions will be addressed in the current 

study: 

a) Given that stereotypical pattern runners are almost never included in the high 

stereotypical (HSB) cohort, can the current behavioural classification system de-

scribed by Korff and colleagues (2008) be adapted and improved to more repro-

ducibly and accurately appraise both vertical jumping and pattern running as behav-

ioural topographies expressed by deer mice? 

b) Taking its cue from human OCD, can the stereotypical behaviour of deer mice classi-

fied as HSB be associated with altered serotonergic signalling as depicted by a de-

crease in SERT availability compared to their non-stereotypical and low-

stereotypical ([NSB/LSB]) controls?  Moreover, as in OCD, will any such evidence 

have a dependency on brain regions of the cortico-striatal thalamic-cortical circuit?  

c) If such a difference in SERT density is evident, will HSB deer mice respond to an in-

crease in serotonergic signalling following chronic, but not sub-chronic, treatment 

with high dose escitalopram, a known antagonist of SERT (Owens et al., 2001), as has 

been demonstrated in humans with OCD? 

1.3. PROJECT AIMS 

To address the study questions laid out in section 1.2, this project will aim to: 

 Develop a new classification system for the appraisal of deer mouse stereotypy and 

investigate whether a clear distinction can be made between stereotypical and non-

stereotypical pattern runners. 

 Determine the baseline frontal-cortical and striatal SERT density in treatment naive 

HSB animals and compare these values to animals assigned to the [NSB/LSB] cohort 

and determine whether high and low stereotypic animals can be differentiated by 

regional brain differences in SERT binding in the frontal cortex and striatum. 

 Assess whether chronic, but not sub-chronic treatment with high dose oral escitalo-

pram (50 mg/kg/day) will attenuate deer mouse stereotypy. 
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1.4. PROJECT LAYOUT 

The current project will be divided into two sections: 

 CONTROL (DRUG-NAIVE) STUDY 

Forty deer mice will be studied for eight weeks in order to develop a new classification sys-

tem for the appraisal of deer mouse stereotypy, as well as to determine frontal-cortical and stri-

atal SERT density in animals from the [NSB/LSB] and HSB cohorts. 

 DRUG TREATMENT STUDY 

Forty deer mice will be used to determine the effects of sub-chronic (1 week) and chronic 

treatment (4 weeks) with high dose (50 mg/kg/day) oral escitalopram on the expression of 

stereotypy by deer mice.  The introduction of escitalopram to the drinking water of deer mice 

will be preceded by four weeks of baseline behavioural assessments to determine the pre-

treatment stereotypy score for each animal. 

* * * 

Animals in both studies will be assessed for stereotypical and locomotor behaviour on a 

weekly basis for eight weeks.  Every behavioural assessment will be performed over a period of 

12 hours during the dark cycle of the animals (18:00 – 06:00).  After the 8-week behavioural 

assessment period, animals from the control (drug naive) study will be sacrificed, their behav-

iour scored and analysed by computer-aided means and the frontal-cortical and striatal SERT 

densities of the respective cohorts determined.  The behaviour of animals in the drug treatment 

study will be evaluated following the eight weeks of behavioural assessment and the effects of 

sub-chronic and chronic high dose (50 mg/kg/day) escitalopram on the expression of stereo-

typy determined. 

* * * 

Different addenda (A – D) are included at the end of the dissertation and contain examples of 

the behavioural data generated by deer mice (Addendum A) and the results from pilot studies 

performed during the course of the main study.  The aims of these pilot studies were to assess 

the normal drinking behaviour of deer mice (Addendum B) and to determine whether the ad-

ministration of escitalopram in the drinking water alters this behaviour (Addendum C).  In Ad-

dendum D, a dose-response analysis was also performed in order to establish the appropriate 

dose of escitalopram for application in the drug treatment study.  
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1.5. PREDICTED OUTCOMES 

It is hypothesized that although stereotypical pattern runners do not execute the number of 

cage revolutions per 30 minutes than the number of jumps executed by stereotypical vertical 

jumpers, pattern runners can be separated into non-, low- and high stereotypical cohorts apply-

ing newly developed classification criteria for the appraisal of deer mouse stereotypy.  Fur-

thermore, it is hypothesized that HSB animals will present with significantly lower frontal-

cortical and striatal SERT densities compared to animals of the [NSB/LSB] cohort.  Chronic (4-

week), but not sub-chronic (1-week) treatment with high dose (50 mg/kg/day) oral escitalo-

pram will significantly attenuate the expression of stereotypy in HSB animals, while the behav-

iour of animals in the [NSB/LSB] groups will remain unchanged. 

* * * 

In Chapter 2, a thorough review of the current literature on clinical OCD and its neurobiol-

ogy will be presented, as well as an overview of current animals models for OCD.  Chapter 3 will 

present the methodology that has been developed during prior studies in our laboratory for the 

appraisal and scoring of deer mouse stereotypy, as well as the manner in which this method of 

assessment has been adapted for application in the current study. 

 

  

END OF CHAPTER 1 
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CHAPTER 2   

LITERATURE REVIEW 

2.1. OCD IN THE CLINICAL ENVIRONMENT 

2.1.1. The classification and diagnosis of OCD 

By historical definition OCD is a debilitating psychiatric condition characterized by intrusive 

and disturbing thoughts (obsessions) leading to mounting anxiety which manifests in repetitive 

stereotypical behaviour with its only purpose being to relieve the anxiety caused by the obses-

sion (Stein, 2002).  Strictly, according to this definition, a patient has to present with both ob-

sessions and compulsions before OCD can be diagnosed, although as explained later, this diag-

nostic criterion has changed over the past three decades (American Psychiatric Association, 

2000).  OCD has a lifetime prevalence of between 2.5% and 3% in the general population, mak-

ing it the fourth most common psychiatric disorder (Pittenger et al., 2006). 

OCD is currently classified as an anxiety disorder by the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV), mainly due to the apparent role anxiety plays in the pathogenesis of 

the condition (American Psychiatric Association, 2000; Tynes et al., 1990).  Whether it is appro-

priate to categorize OCD with anxiety disorders such as phobias, post-traumatic stress disorder 

(PTSD), and generalized anxiety disorder, is a question that has been much debated during the 

past two decades (Bartz and Hollander, 2006; Stein et al., 2002).  This debate had its origin 

partly in the realization that obsessions do not necessarily always translate into anxiety and 

that certain compulsions are in many cases not a direct consequence of either obsessions or the 

anxiety caused by a certain obsession.  Indeed, certain symptoms of OCD share some character-

istics with other conditions grouped under the obsessive-compulsive (OC) spectrum of disor-

ders – conditions without anxiety as a pivotal diagnostic criterion (Bartz and Hollander, 2006). 

Interestingly, the DSM-IV stated criteria for diagnosing OCD clearly state that either obses-

sions or compulsions, or a combination of both, may justify the diagnosis of OCD.  Although pa-

tients can be diagnosed with OCD, irrespective of whether obsessions and compulsions, or only 

one of the two, are present, the DSM-IV sets certain restrictions to the criteria for diagnosing 

obsessions and compulsions and eventually OCD.  Examples of such restrictions are that the pa-

tient must realize that the obsessions or compulsions are senseless or unreasonable, that the 

obsessions and compulsions must be time consuming and impair the normal day to day func-

tionality of the patient, and that the obsessions or compulsions cannot be attributed to any 
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other mental or physical condition, or be the direct or indirect consequence of drug usage or 

abuse (American Psychiatric Association, 2000). 

Although more that 95% of OCD patients report both obsessions and compulsions (Foa and 

Kozak, 1995; Goodman et al., 1989), the fact that only obsessions or compulsions can be present 

in a patient with OCD, changes the general assumption that anxiety always plays a central role in 

the pathogenesis of the condition.  Compulsions that manifest without the patient expressing 

either obsessions or anxiety can now be diagnosed as OCD.  This diagnostic separation between 

the two symptoms has important implications with respect to modelling the condition in ani-

mals, as imitating the obsessive symptoms of the condition in putative animal models has 

proven to be especially problematic. 

As will be explained in paragraph 2.1.2, OCD is a condition that presents itself in different 

forms and subtypes with symptoms representing a number of other conditions, from anxiety 

related psychiatric conditions to impulse-control disorders.  Thus, demonstrating the comorbid-

ity of OCD with other psychiatric and motor conditions may aid in the better understanding of 

the etiology and pathophysiology of the condition and ultimately the improvement of current 

treatment strategies for patients diagnosed with OCD (Bartz and Hollander, 2006). 

2.1.2. The symptoms of OCD and its comorbidity with other conditions 

Markarian and colleagues (2010) conclude that at least five main subtypes of OCD can be 

identified.  These are highlighted in the Table 2-1: 

Obsessions Compulsions 

Concerns about contamination Excessive washing 

Concerns about harming oneself or others Checking and praying 

Concerns about symmetry and order Ordering, arranging and counting 

Obsessions only (mainly of sexual, religious or 

aggressive nature) 

No compulsions prevalent 

Concerns about waste Collecting and hoarding 

TABLE 2-1 – COMMON OBSESSIONS AND COMPULSIONS IN PATIENTS DIAGNOSED WITH OCD 

Of the above five subtypes, the most prevalent obsessions are concerns about contamination 

(55%), followed by inappropriate aggressive and sexual thoughts (50% and 32% respectively), 

and concerns about symmetry and order (36%).  The most common compulsions are ritualistic 

checking (80%), cleaning and decontamination rituals (46%) and counting (21%) (Abramowitz 

et al., 2003).  From these statistics, it is also evident that many patients present with symptoms 
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that span across the different subtypes of OCD, a fact that further complicates the diagnosis of 

the condition. 

In a systematic review by Husted and Shapira (2006), the authors investigated the possible 

role of disgust in OCD.  Disgust normally involves the evaluation of objects and events for their 

possible role in contamination.  Normal individuals have the ability to discount any fears of con-

tamination if it remains below a certain level (Husted et al., 2006), and thus the conclusion 

could be made that the normal process of fear of contamination and its subsequent extinction 

may be dysfunctional in patients with OCD.  In addition, it could likely be concluded that OCD 

patients expressing concerns about contamination and subsequently engage in washing rituals, 

may express a lower threshold for experiencing disgust and fail to perceive a decline in the con-

tagiousness of a contaminated object, hence the expression of washing rituals.  Since the earliest 

definitions that suggested disgust to be the expression of revulsion against taste and other sen-

sory stimuli (Darwin, 1965), the definition has subsequently evolved to include revulsion at the 

oral incorporation of contaminants (Rozin and Fallon, 1987), as well as disgust arising from ab-

stract concerns like personal appearance, religion, and sexual thought (Rozin et al., 1999).  The 

authors also concluded that the same neurocircuitry implicated in OCD, mainly the cortico-

striatal-thalamic-cortical (CSTC) circuit, is also activated in the response to disgust, providing 

further evidence for a possible role of disgust in the etiology of OCD. 

When reviewing the comorbidity of OCD with other mood and anxiety disorders, the general 

finding is that patients diagnosed with OCD exhibit a higher prevalence rate for major depres-

sive disorder (MDD), social phobia, panic disorder, agoraphobia and generalized anxiety disor-

der, compared to the general population (LaSalle et al., 2004; Nestadt et al., 2001).  Interestingly 

though, Denys and co-workers (2004b) found that with respect to MDD, OCD typically precedes 

depression, a finding that suggests that depression does not have an etiological relationship 

with OCD, but rather results from OCD.  Whether or not the same relationship exists between 

OCD and anxiety disorders, is still not clear (Denys et al., 2004b).  Furthermore, it is especially 

interesting to note at this stage that OCD responds exclusively to drugs that potently inhibit the 

synaptic reuptake of serotonin, such as the selective serotonin reuptake inhibitors (SSRIs), also 

the first line drug choice for patients with MDD.  However, the traditional anxiolytics, for in-

stance the benzodiazepines, have no clinical effect in patients with OCD, nor do drugs that target 

the noradrenergic system (Fineberg and Craig, 2007).  Consequently, demonstrating comorbid-

ity of OCD with anxiety disorders may not necessarily be an indication that OCD is an anxiety 

disorder, but simply that patients with OCD are more prone to develop other anxiety disorders, 

compared to the general population.  Indeed, that anxiety is often a co-morbid symptom in pa-

tients with MDD re-emphasizes this fact. 
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As alluded to earlier, OCD shares some characteristics with a cluster of conditions called the 

obsessive-compulsive (OC) spectrum of disorders (Bartz and Hollander, 2006).  Although these 

conditions cannot be classified as OCD, they present with a distinctly similar range of character-

istics that are also found in OCD.  Obsessive thinking or compulsive behaviour, though some-

what different in presentation to the typical phenomenology of OCD, is also central to the nature 

of these conditions.  The OC spectrum of disorders can be classified into three main clusters 

(Bartz and Hollander, 2006):  1) body image/body sensitization/body weight concern disor-

ders; 2) impulse control disorders; and 3) neurological disorders with repetitive behaviours.  

Like in OCD, the first cluster of disorders are characterized by intense intrusive and anxiety 

provoking thoughts and include conditions like bulimia nervosa, anorexia and hypochondriasis.  

The second cluster is characterized by impulsivity, such as compulsive gambling, but unlike in 

OCD the compulsive behaviour is associated with pleasure.  The third cluster includes syn-

dromes like Tourette’s syndrome and autism and can be classified as pure neurological distur-

bances that present with, among others, stereotypical motor behaviour.  Generally, patients 

primarily diagnosed with OCD also have higher lifetime prevalence rates for OC-spectrum dis-

orders compared to the general population (Denys et al., 2004b; du Toit et al., 2001).  Moreover, 

patients primarily diagnosed with an OC-spectrum disorder also have higher prevalence rates 

for OCD, a relationship that is not consistently shown in comorbidity studies of OCD and mood 

and anxiety disorders (Bartz and Hollander, 2006; Gunstad and Phillips, 2003; Thornton and 

Russell, 1997). 

2.1.3. The treatment of OCD 

It has been widely demonstrated that OCD responds best to drugs that selectively targets se-

rotonergic, but not noradrenergic neurotransmission, especially in the frontal cortex, striatum 

and thalamus (Fineberg and Craig, 2007; Grados and Riddle, 2001; Jenike, 1993; Stein, 2002; 

Vythilingum et al., 2000).  Clomipramine, a tricyclic antidepressant (TAD) that is particularly 

effective in inhibiting the presynaptic reuptake of serotonin, was the first drug shown to be con-

sistently effective in the treatment of OCD.  This is in direct contrast with desipramine, a TAD 

mainly inhibiting the presynaptic reuptake of noradrenalin, which has no demonstrable clinical 

efficacy in OCD (Fineberg and Craig, 2007).  However, the development of the SSRIs was an im-

portant advance in the treatment of OCD, as these drugs have a better safety and tolerability 

profile than clomipramine.  To date, however, no study has been able to present proof that SSRIs 

have greater therapeutic effect in treating OCD than clomipramine, although the lack of serious 

side-effects with the SSRIs (for example cardiotoxicity as seen with clomipramine treatment), 

may favour the prescribing of SSRIs over clomipramine (Fineberg and Craig, 2007). 
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Two general traits characterize the treatment of OCD with the SSRIs:  1) Unlike in depres-

sion, OCD responds optimally to SSRI treatment only after 4 to 8 weeks of treatment, and 2) a 

better response can usually be achieved with initial SSRI doses higher than that prescribed for 

the treatment of depression (Fineberg and Craig, 2007; Stein, 2002).  Although it has been 

shown that some patients with OCD do in fact respond to SSRI doses corresponding to the doses 

used in depression, relapse using low dose SSRI treatment is common.  Moreover, subsequent 

reinstatement of treatment after such a relapse is associated with a poorer clinical outcome 

(Maina et al., 2001). 

Resistance to SSRI therapy is a major clinical challenge.  Even after long-term treatment, ap-

proximately 30% of patients remain unresponsive to monotherapy with the SSRIs (Fineberg 

and Craig, 2007).  The treatment of refractory OCD is difficult, with some authors advocating for 

an increased dose and a longer duration of treatment (Bejerot and Bodlund, 1998; Stein, 2002), 

while others advise switching treatment to another SSRI (Fineberg et al., 2006; Stein, 2002).  A 

third strategy that may prove to be especially useful in patients that have shown a partial re-

sponse to a SSRI after 10 – 12 weeks, is to augment the SSRI therapy with a low dose antipsy-

chotic (Erzegovesi et al., 2005; Hollander et al., 2003; McDougle et al., 2000).  With respect to 

the latter, it is interesting to note that no clinically significant difference with respect to efficacy 

has been observed between typical antipsychotics, such as haloperidol, and atypical antipsy-

chotics such as clozapine or risperidone (Fineberg and Craig, 2007). 

Although glutamate and gamma-amino butyric acid (GABA) are major role players in the 

functioning of the CSTC circuit (refer to section 2.2), less work has been done in targeting these 

systems in the treatment of OCD.  Nevertheless, GABAergic (Oulis et al., 2009) as well as gluta-

matergic agents (Coric et al., 2005; Lafleur et al., 2006; Onder et al., 2008; Stewart et al., 2010) 

have demonstrated their possible usefulness in treating OCD.  Because of their acknowledged 

importance in OCD neurocircuitry, the targeting of these two neurotransmitters and their recep-

tors for the treatment of OCD are under continuous investigation (El Mansari and Blier, 2006). 

It is recommended that from the time of diagnosis, treatment should be initiated with a SSRI 

as first choice and titrated relatively quickly to high doses until remission of symptoms.  Fur-

thermore, treatment should be continued for at least 12 weeks before any change in the regime 

is considered. Once stabilized, treatment should not be interrupted for at least a year (Fineberg 

and Craig, 2007; Stein, 2002; Maina et al., 2001).  
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2.2. THE NEUROBIOLOGY OF OCD –  

BOULDER HOPPING ACROSS UNKNOWN WATERS 

When reviewing the different texts, articles, and data concerning the neurobiology of OCD 

currently at our disposal, one finds oneself boulder hopping across a wide and unknown river.  

Every now and then you can grab onto a steady boulder of knowledge and/or information that 

is robust and familiar, only to realise that in order to cross the river (and attempt to understand 

the neurobiology of OCD), you need to take giant leaps to the next boulder, as what lurks in be-

tween is neither steady, nor valid enough to allow you to take small confident steps. 

Although the etiology and neurobiology of OCD are not yet fully elucidated, there are certain 

clinical and neurobiological certainties around which the puzzle can be built. 

First, it is clear that in most cases OCD is characterized by both cognitive and behavioural 

abnormalities (den Heuvel et al., 2010; Markarian et al., 2010; Stein, 2002).  Different hypothe-

ses exist that attempt to explain the symptomology of OCD, but whether patients diagnosed with 

OCD express a lower threshold for disgust (Husted et al., 2006) and subsequently present with 

compulsions like ritualistic hand washing, or simply cannot find closure after a certain task is 

completed (e.g. ritualistic locking due to obsessions about security), it is clear that an abnormal 

regulation of goal-directed behaviour is central to the symptomology of OCD.  Thus, it is evident 

that the brain areas implicated in OCD would be among others, those that translate cognitive 

planning and experiences into motor behaviour, and subsequently mediate goal-directed behav-

iour.  These brain areas include the prefrontal cortex, striatum and thalamic nuclei which com-

municate with each other via different pathways (Bartz and Hollander, 2006; den Heuvel et al., 

2010; Evans et al., 2004; Nambu et al., 2002). 

Secondly, certain neurotransmitters have been identified as playing a central role in the 

pathogenesis of OCD, of which the excitatory amino acid glutamate, the inhibitory neurotrans-

mitter GABA, and the monoamines dopamine and serotonin are the most well studied (El Man-

sari and Blier, 2006; Markarian et al., 2010; Pittenger et al., 2006; Sareen et al., 2004; Stein, 

2002). 

The neurobiology of OCD will subsequently be discussed by elaborating on these neuro-

anatomical and neurochemical theories, thus trying to build stable and tested bridges that will 

afford us with a greater understanding of the neurobiology and treatment of OCD. 
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2.2.1. The neurocircuitry of OCD 

2.2.1.1. An explanation of the cortico-striatal-thalamic-cortical (CSTC) pathway 

The term ‘CSTC circuit’ denotes the functional organization of the three distinct brain areas 

that are purported to be involved in the pathology of OCD viz., the prefrontal cortex, the stria-

tum (and other parts of the basal ganglia), and the thalamus (Stocco et al., 2010).  These struc-

tures are organized in such a manner that the cortex innervates the striatum, which subse-

quently influences other parts of the basal ganglia and ultimately exerts feedback via the thala-

mus to the cortex.  As a whole, the CSTC circuit is fundamental in the planning, execution and 

termination of complex motor behaviour and reward based learning – two major processes that 

are hypothesized to be dysfunctional in patients with OCD (Stocco et al., 2010). 

Many different models have been postulated by different authors to try and conceptualize 

the functioning of the cortico-striatal-thalamic circuits (Beiser et al., 1997; Bogacz and Larsen, 

2011; Bullock et al., 1993; Chakravarthy et al., 2010; Fukai and Tanaka, 1997; Kotter and Wick-

ens, 1995; McHaffie et al., 2005; Wickens et al., 1995).  It is also important to note that a number 

of these circuits coexist and each is hypothesized to have different functions (McHaffie et al., 

2005).  The model that is generally accepted to fit the phenomenology of OCD describes a circuit 

that forms a closed loop between these three structures.  After being initiated in the prefrontal 

cortex, the circuit passes through the basal ganglia via a direct and an indirect pathway, continu-

ing through the thalamus, and ends in an anatomically different part of the prefrontal cortex 

than where the circuit originated (Stocco et al., 2010).  This specific model will be explained in 

more detail in an attempt to simplify the neurobiological understanding of OCD. 

* * * 

‘C’ for cortex.  For the sake of simplicity, the cortex can be assumed to be the initiator or 

trigger for the normal functioning of the CSTC circuit (Evans et al., 2004).  When a certain action 

has been planned, the cortex activates the striatum via corticofugal glutamatergic afferent pro-

jections (den Heuvel et al., 2010), initiating a number of subsequent events that result in the 

translation of the impulse.  Following transmission and processing of the impulse in the basal 

ganglia and thalamus, the cortex also functions as the termination stage of the CSTC circuit.  

Two main cortical regions that are implicated in the pathology of OCD are the orbitofrontal cor-

tex and the anterior cingulate cortex (Baxter Jr. et al., 1992; Evans et al., 2004; Maia et al., 2008; 

Saxena and Rauch, 2000; Stein, 2002). 

The orbitofrontal cortex (OFC) is especially important for the development of reward-based 

learning (Rolls, 2004).  It contains the secondary taste and olfactory cortices in which the re-
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ward of taste and smell is represented.  It has also been shown that the orbitofrontal cortex is 

activated by pleasant and painful touch and by more abstract reinforcers such as winning or 

losing money (Rolls, 2004). 

Numerous studies using functional neuroimaging to investigate the brain activity of patients 

with OCD have demonstrated an increased activity in the anterior cingulate cortex (ACC) com-

pared to healthy controls (Maia et al., 2008; Maina et al., 2001; Maltby et al., 2005; Markarian et 

al., 2010; Saxena and Rauch, 2000).  The main functions of the anterior cingulate cortex include 

the control of emotional and cognitive behaviour, and the mediation of executive processes 

(Shim et al., 2009). 

‘S’ for striatum.  In order to comprehend the functioning of the striatum and its role in the 

pathogenesis of OCD, it must be placed in perspective to the rest of the nuclei in the basal gan-

glia.  The basal ganglia are a set of major subcortical nuclei that are located in the midbrain, 

around the thalamus (Stocco et al., 2010).  The following structures form the main components 

of the basal ganglia: 

 striatum (composed of the caudate nucleus, putamen and ventral striatum) 

 globus pallidus (GP – consisting of an internal [GPi] and external [GPe] section) 

 substantia nigra (SN – divided in two sections viz., the pars compacta [SNc] and the 

pars reticulata [SNr]) 

 subthalamic nucleus (STN) 

Note:  The GPi and SNr will henceforth be discussed as a single functional entity (GPi/SNr) as 

their actions in the CSTC circuit are identical (Stocco et al., 2010). 

To simplify the understanding of the functions of the basal ganglia in the CSTC circuit, we 

must move one level up for a moment and examine the CSTC circuit holistically.  The cortex 

plans and initiates complex motor patterns.  In order to execute the relevant motor pattern, the 

cortex needs to activate the thalamus via the basal ganglia circuitry, which will lead to subse-

quent feedback to the cortex and the execution of the plan (Stocco et al., 2010).  The obvious 

question is why does the cortex need to convey its plan of action to the thalamus via the basal 

ganglia and back to the cortex, if the cortex is responsible for both the planning and eventual 

execution of a relevant motor pattern?  Firstly, the prefrontal-cortical area responsible for plan-

ning the action (e.g. the anterior cingulate cortex, ACC) is a different cortical region from the one 

executing the relevant plan and inhibiting irrelevant motor actions (i.e. the orbitofrontal cortex, 

OFC).  These two distinct cortical areas communicate with each other via the basal ganglia and 

the thalamus (Evans et al., 2004).  Secondly, the cortex initiates a number of complex motor pat-
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terns at any given time, which need to be filtered before the relevant action can be taken.  It is 

the role of the basal ganglia to select the relevant action and convey the message to the orbi-

tofrontal cortex via the thalamus.  The orbitofrontal cortex then suppresses the irrelevant motor 

patterns and executes only the desired action as selected by the basal ganglia (Stocco et al., 

2010). 

The striatum functions as the major entry point for cortical input to the basal ganglia, 

whereas the GPi/SNr functions as the major output nuclei for relaying the relevant messages to 

the thalamus (Albin et al., 1989; Chesselet and Delfs, 1996).  The striatum is connected to the 

GPi/SNr via two relays, as depicted in Figure 2-1 by the direct (blue) and indirect (orange) 

pathways. 

FIGURE 2-1 – THE CSTC CIRCUIT IMPLICATED IN OCD 

Blue lines, direct pathway;  Orange lines, indirect pathway;  Solid lines, no cortical activation of pathways;  Dotted lines, cortically 

activated pathways;  Purple crosses, no considerable neurotransmitter release;  Red minus signs, GABAergic inhibition;  Green plus 

signs, lack of target inhibition / 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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The striatum mainly consists of GABAergic projection neurons which divide into two sub-

groups:  striato-nigral (SN) neurons originating in the direct pathway (projecting to and inhibit-

ing the GPi/SNr), and striato-pallidal (SP) neurons originating in the indirect pathway (project-

ing to and inhibiting the GPe) (Rymar et al., 2004; Yelnik et al., 1991).  The striatum also consists 

of dominating GABAergic interneurons, which inhibits the functioning of the GABAergic inhibitory 

projection neurons under resting conditions (Wilson and Groves, 1981).  Furthermore, an in-

crease in striatal dopamine before a certain motor action is to be executed shifts the balance to 

the direct pathway, leading to an increase in overall motor activity.  Thus under resting condi-

tions, the indirect pathway plays the dominant role (Chakravarthy et al., 2010).  A more detailed 

discussion of dopamine and its influence on the CSTC circuit follows later in this paragraph and 

in paragraph 2.2.2.3. 

Note:  As the basal ganglia are composed mostly of GABAergic neurons, the use of the word ‘ac-

tivating’ depicts the activation of inhibiting neurons.  The net effect following the activation of 

these neurons will evidently be inhibition of their targets, unless explained otherwise. 

The GPi/SNr mostly consists of tonically active GABAergic neurons (TANs) which inhibit the 

thalamus and therefore also the OFC under resting conditions.  These TANs decrease their firing 

rate dramatically at the onset of behaviourally significant stimuli from among others, the ACC 

(Apicella, 2002; Morris et al., 2004). 

When activated by cortical glutamatergic afferents, the striatum activates both the direct 

and indirect GABAergic pathways.  When the direct pathway is activated, the striatum exerts 

inhibitory control on the usually tonic inhibitory GPi/SNr-complex, which leads to the activation 

of the thalamus.  Figure 2-1 also depicts the effects of a resting (solid line) and activated (dotted 

line) indirect pathway.  It is evident that the activation of the indirect pathway leads to the inhi-

bition of the thalamus via the indirect activation of the GPi/SNr (Albin et al., 1989; DeLong, 

1990; Penney Jr. and Young, 1986). 

If the direct pathway favours activation, and the indirect pathway not, and both are acti-

vated at the same time, how is a relevant voluntary motor plan ever executed?  This contradic-

tion between “yes” and “no” signals are solved by the SNc which produces dopamine.  The SN 

neurons of the direct pathway express dopamine-1 (D1) receptors, which is associated with Gs, a 

GTP binding protein that mediates stimulation of neurotransmitter-receptor signalling.  Stimu-

lation of D1 receptor-Gs coupling by dopamine therefore results in elevated cAMP levels and in-

creased GABA release.  The net effect is the continuous activation of the direct pathway and sub-

sequently the activation of the thalamus.  The SP neurons on the other hand express dopamine-
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2 (D2) receptors, which are associated with the Gi-protein, a GTP binding protein that mediates 

inhibition of neurotransmitter-receptor signalling.  Stimulation of the D2 receptor thus leads to a 

decrease in cAMP levels and a decrease in the release of GABA resulting in the inhibition of the 

indirect inhibitory pathway and the subsequent activation of the thalamus (Gerfen et al., 1990; 

Tepper and Bolam, 2004).  For a more detailed discussion on dopamine, refer to paragraph 

2.2.2.3. 

To summarize the functions of the striatum and the basal ganglia in the functioning of the 

CSTC circuit, it can be concluded that under resting conditions the basal ganglia are in a state of 

inactivity, with the net effect being thalamic suppression.  Once cortical input activates the stria-

tum, a cascade of events is triggered in the basal ganglia.  Action selection then takes place and 

irrelevant signalling is suppressed, resulting in decisive feedback to the thalamus.  Dopamine 

can be regarded as an important part of the ‘yes-no’ switch, as only actions transmitted while 

dopamine exerts its effect on both of the pathways, are transferred to the thalamus. 

‘T’ for thalamus.  The thalamus, located between the cortex and the midbrain, serves as a 

hub for stimuli from different subcortical brain areas in transit to the cortex, notably also from 

the basal ganglia (Haber and Calzavara, 2009) and is the main entry point to the cortex for im-

pulses from these brain regions.  The thalamic anatomy is comprised of a system of lamellae 

that separates it into different functional clusters (Jones, 1991).  This anatomical organization 

enables the thalamus to regulate a number of brain functions, for instance the processing of 

sensory afferents before entering the cortex, the regulation of sleep patterns and especially sig-

nificant in the case of OCD, the delivery of motor tasks to the cortex as conveyed to the thalamus 

by the basal ganglia (Steriade and Llinas, 1988).  The thalamus then activates the relevant re-

gion of the cortex via glutamatergic signalling, resulting in the execution of the plan as originally 

designed by the cortex. 

2.2.1.2. A proposed dysfunction in the CSTC circuitry in patients with OCD 

Given the persistent inability of most OCD patients to find closure after the ‘reward of task 

completion’, it is not surprising to find that both the ACC and the OFC are hyperactive in OCD 

patients as numerous functional neuroimaging studies have demonstrated (Maia et al., 2008; 

Maltby et al., 2005; Markarian et al., 2010; Saxena and Rauch, 2000; Shim et al., 2009; Stein, 

2002).  The fact that the ACC is vital in the control of cognitive and behavioural processes and 

mediates certain executive functions, justifies the hypothesis that in patients with OCD, an over-

active ACC maybe plays a role in the instigation of compulsive behaviour.  The fact that no ‘re-
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ward after task completion’ is established in most OCD patients could suffice to explain the hy-

peractivity in the OFC. 

Furthermore, it is believed that there is a bias in favour of the direct thalamus-activating 

pathway over the indirect thalamus-inhibiting pathway in the basal ganglia of OCD patients 

compared to healthy controls (Saxena and Rauch, 2000).  This not only results in an overactive 

OFC, but also increases the activities of both the caudate nucleus and the thalamus.  The subse-

quent hyperactivity in the CSTC circuit as a whole, is believed to be central to the pathological 

presentation of OCD (Bartz and Hollander, 2006; Saxena and Rauch, 2000). 

2.2.2. The neurotransmission of OCD 

2.2.2.1. Glutamate and excitatory signalling 

Following the discussion on the neurocircuitry of OCD, it is clear that excitatory glutamater-

gic signalling via corticofugal afferents initially activates the striatum and that the thalamus 

functions as the final output of the CSTC circuit, activating the prefrontal cortex by means of the 

same neurotransmitter.  Evidently, a valid question to ask would be whether patients with OCD 

present with dysfunctional glutamatergic signalling in these two subcortical areas.  Recent stud-

ies performed on patients with OCD using magnetic resonance spectroscopy (MRS), demon-

strated that patients diagnosed with OCD have an increase in caudate, but a decrease in cingu-

late, levels of ‘Glx’ compared with the healthy controls (Bolton et al., 2001; Moore et al., 1998; 

Rosenberg et al., 2000; Rosenberg et al., 2004).  The term ‘Glx’ denotes a number of markers 

used to determine amino acid neurotransmitter levels in general and cannot be used to repre-

sent the levels of glutamate specifically (Pittenger et al., 2006).  Due to methodological con-

straints, the MRS determination of glutamate and GABA as single molecular compounds is diffi-

cult.  By determining the levels of Glx, which includes glutamate, glutamine, homocaronsine, and 

GABA, it could be concluded that patients with OCD express abnormal amino acid neurotrans-

mitter levels, but whether it implies an increase in amino acid signalling, or just an increase in 

the metabolic stores of these compounds, is not clear (Pittenger et al., 2006).  Also, the method 

does not differentiate between glutamate and GABA concentrations, and therefore studies that 

are more specific need to be done to clear up the meaning of an increased Glx level in the cau-

date nuclei of OCD patients. 

One such a study was done by Chakrabarty and colleagues (Chakrabarty et al., 2005).  In an 

investigation focussing only on central glutamate levels, the authors compared the glutamate 

concentrations in the cerebrospinal fluid (CSF) of 21 drug naive OCD patients to that of 18 

healthy controls (Chakrabarty et al., 2005).  The authors found a significant elevation in the glu-
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tamate concentrations of the OCD patients compared to healthy controls.  This finding may sup-

port the MRS data suggesting that patients with OCD present with abnormal caudate glutamate 

levels (Pittenger et al., 2006). 

* * * 

Glutamate exerts its effects via ionotropic and metabotropic receptors.  The term ‘iono-

tropic’ refers to receptors producing rapid ion flux across the post-synaptic membrane resulting 

in relatively large conductance changes in the post-synaptic neuron.  Metabotropic glutamate 

receptors activate second messengers such as cyclic nucleotides (cAMP and cGMP), inositol 

triphosphate (IP3) and diacylglycerol (DAG) which ultimately mediate metabolic changes in the 

post-synaptic cell (Nicoletti et al.; Schoepp et al., 1999).  The ionotropic group of glutamate re-

ceptors include N-methyl-D-aspartate (NMDA), α-amino-3-hydroxy-5-methyl-4-isoxazole-

propionate (AMPA) and kainate (KA) receptors, while there are eight metabotropic glutamate 

receptor types (mGluRs), divided into three groups, and termed mGluR1 – mGluR8 (Galvan et 

al., 2006).  As mentioned earlier, various glutamate active compounds, including memantine, 

riluzole and N-acetylcysteine have demonstrated usefulness in treating OCD (Coric et al., 2005; 

Lafleur et al., 2006; Onder et al., 2008; Stewart et al., 2010). 

The ionotropic NMDA and AMPA receptors.  NMDA and AMPA receptors co-localize post-

synaptically at glutamatergic, but not at GABAergic synapses (Galvan et al., 2006).  The high 

density of co-localized NMDA and AMPA receptors at the glutamatergic synapses allows for 

rapid exposure to synaptic glutamate and thus facilitates fast glutamatergic transmission.  

NMDA and AMPA receptor mediated effects with a rapid onset of action have been reported in 

the striatum (Carter and Sabatini, 2004) (which is activated by corticofugal glutamatergic affer-

ents), both the internal and external segments of the GP (Kita et al., 2005), the STN (Nambu et 

al., 2000) (which activates its targets via glutamatergic signalling), and the SNc (Christoffersen 

and Meltzer, 1995).  As stated earlier, both sections of the GP contain mostly GABAergic neurons 

(Apicella, 2002; Morris et al., 2004), a fact which renders the demonstration of an increased 

density in NMDA and AMPA receptors in the GPi and GPe contradictory to the general under-

standing of the functioning of these two subcortical regions.  Kita and co-workers explains this 

finding by proposing a complex interaction between the STN, GPe, and GPi.  Such an interaction 

is believed to mediate the control of the activities of both the GPe and GPi by the STN (Kita et al., 

2005).  The fact that the STN activates its targets via glutamatergic signalling, may subsequently 

explain the increased densities of NMDA and AMPA receptors in the pallidal structures.  Fur-

thermore, the glutamatergic neurons of the STN also project to the SNc, which functions as the 

main dopaminergic regulator of the striatum (Chatha et al., 2000).  The glutamatergic afferents 
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from the STN regulates the release of dopamine from the SNc via both ionotropic NMDA and 

AMPA receptors and metabotropic mGlu-receptors (Chatha et al., 2000), a functional interaction 

accounting for the presence of these receptors in the SNc.  Although NMDA and AMPA receptors 

are also found at certain presynaptic locations with the main function of decreasing the release 

of glutamate, this distribution is not significant enough in the basal ganglia to exert any mean-

ingful physiological effects. 

Evidence for the involvement of ionotropic glutamate receptors in OCD have been forthcom-

ing from animal studies.  For example, using the marble-burying test in mice, a putative screen-

ing test for putative OCD-like behaviour, Egashira and colleagues observed that the non-

competitive NMDA antagonists memantine, amantadine and MK801 inhibit marble-burying be-

haviour, although MK801 also markedly increased locomotor activity (Egashira et al., 2008b).  

However, the AMPA receptor antagonist NBQX, and the glutamate release inhibitor riluzole 

showed no effect in this regard.  With regard to the AMPA receptor, the AMPA receptor potenti-

ator, CX546, significantly inhibits marble-burying behaviour, while the NR2B subunit-

containing NMDA receptor antagonist, Ro25-6981, also reduces marble-burying behaviour in 

this test, suggesting that AMPA receptor potentiators and NR2B receptor antagonists may be 

useful in treating OCD (Iijima et al., 2010).  In the compulsive lever press model of Joel and co-

workers (Joel and Avisar, 2001), systemic administration of the partial NMDA receptor agonist, 

D-cycloserine, selectively decreased compulsive lever pressing in rats (Albelda et al., 2010). 

The ionotropic KA receptor.  It has been demonstrated that KA receptors are located both 

pre-and post-synaptically in among others, the striatum and GP, although only a few studies 

have been done up to date to obtain information regarding the expression of KA receptors in 

other parts of the basal ganglia (Galvan et al., 2006).  It is believed that the activation of post-

synaptic KA receptors inhibit GABAergic transmission indirectly due to the release of adenosine, 

which acts on A2A receptors (Chergui et al., 2000), while the activation of presynaptic KA recep-

tors in the nucleus accumbens inhibits the release of glutamate and therefore suppresses glu-

tamatergic signalling (Crowder and Weiner, 2002).  This finding may predict the same physio-

logical effect of the presynaptic KA receptor in the striatum and GP, but further studies in this 

regard must still be undertaken. 

Group I metabotropic receptors – mGluRs 1 and 5.  Group I mGluRs are mainly expressed 

post-synaptically in the glutamatergic neurons of the basal ganglia, most notably so in the stria-

tum, GP, SN and STN (Conn et al., 2005; Valenti et al., 2002).  They mostly exert the excitatory 

effects of glutamate by activating phospholipase C (PLC) and subsequently increasing intracellu-

lar Ca2+.  As these receptors are located in regions of the basal ganglia predominantly consisting 
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of GABAergic efferents, it could be hypothesized that the glutamatergic stimulation of the post-

synaptic group I mGluRs, will result in an increased GABAergic outflow (Galvan et al., 2006). 

mGluR1 is also expressed on the dopaminergic neurons of the SNc where it co-facilitates the 

release of dopamine and enhances dopaminergic signalling in the nigro-striatal pathway (Kos-

inski et al., 1998).  In translational animal model studies, the mGluR5 antagonist, MPEP, has 

been found to decrease burying behaviour in the marble-burying test (De La Mora et al., 2006; 

Spooren et al., 2000). 

Group II (mGluRs 2 and 3) and Group III (mGluRs 4, 6, 7, and 8) metabotropic receptors.  

Little is known about the functions of the Group II and III mGluRs, other than that they are ex-

pressed presynaptically in the basal ganglia on glutamatergic neurons and mediate a decrease 

in glutamate release via the negative regulation of adenylyl cyclase and cyclic AMP production.  

It is thought that Group III mGluRs modulate the release of GABA in the striatum, GP and SN, 

though it is not yet known for certain what the manner of this modulation may be (Galvan et al., 

2006).  Group II and III mGluRs are also localized on the neurons of the STN and modulate the 

release of dopamine from the SNc (Corti et al., 2002). 

It must be stressed that up to date, little data have been obtained regarding the role of me-

tabotropic glutamate receptors in the pathology of OCD (Nicoletti et al., In Press).  It remains to 

be elucidated whether targeting mGluRs will result in clinical advances concerning the under-

standing and treatment of OCD. 

2.2.2.2. GABA and inhibitory signalling 

Apart from the glutamatergic outputs of the prefrontal cortex to the striatum, the STN to the 

GPi / SNr, and the thalamus to the prefrontal cortex, the most notable functions of the CSTC cir-

cuit are characterized by the inhibitory actions of GABA (Beiser et al., 1997; Chakravarthy et al., 

2010; den Heuvel et al., 2010; Haber and Calzavara, 2009; Husted et al., 2006).  Of these func-

tions, probably the most important is the tonic inhibition of the thalamus by the GPi / SNr under 

normal resting conditions.  As explained in paragraph 2.2.1, this effect is attenuated following 

glutamatergic input in the striatum via corticofugal afferents, a process that may be overactive 

in patients diagnosed with OCD.  Very little evidence has been obtained regarding the direct role 

of GABAergic neurotransmission in the pathogenesis of OCD.  Most computational models of 

OCD, and studies done in animal models as well as in patients diagnosed with OCD focus on, and 

demonstrate, dysfunctional glutamatergic and / or dopaminergic signalling which subsequently 

influences the GABAergic neurotransmission in the basal ganglia (Bolton et al., 2001; Chakra-

barty et al., 2005; Chakrabarty et al., 2005; Chakravarthy et al., 2010; Jones et al., 2001; Mark-
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arian et al., 2010; Moore et al., 1998; Pittenger et al., 2006; Rosenberg et al., 2000; Rosenberg et 

al., 2004).  The treatment of patients with drugs that target GABAergic signalling, have also been 

demonstrated to be mostly unsuccessful, either as monotherapy or as an augmentation strategy 

for SSRI-refractory OCD (El Mansari and Blier, 2006; Fineberg and Craig, 2007; Jenike, 1993).  

Most authors therefore conclude that dysfunctional glutamatergic regulation of normal 

GABAergic signalling is at least partly responsible for the typical symptoms of OCD, and is not a 

primary dysfunction in GABAergic neurotransmission itself.  Nevertheless, a recent study using 

tiagabine has suggested some value in pursuing this direction (Oulis et al., 2009). 

* * * 

The effects of GABA are mediated by the ionotropic GABAA and metabotropic GABAB recep-

tors (Galvan et al., 2006). 

The ionotropic GABAA receptor.  The GABAA receptor is a ligand gated chloride channel and 

consists of five subunits (Galvan et al., 2006).  Different combinations of the eight types of 

GABAA receptor subunits already identified are used to form physiologically different receptors, 

with each different GABAA receptor type expressing different physiological properties.  The 

most common GABAA receptor stoichiometry is two alphas (α), two betas (β) and one gamma 

(γ) subunit (Korpi et al., 2002; Sieghart and Sperk, 2002).  The rapid inhibitory actions that 

characterize GABAergic neurotransmission are mediated by the GABAA receptor via the opening 

of the ligand-gated chloride channel, resulting in an inhibitory post-synaptic potential (IPSP).  

Interestingly though, the highest density of GABAA receptors in the rat striatum are expressed 

on terminals that do not present with detectable GABA levels (Fujiyama et al., 2002), suggesting 

a GABAA receptor association with non-GABAergic terminals such as on dopaminergic nerve 

endings (Smith et al., 1994).  This association demonstrates a reciprocal relationship between 

GABA and other neurotransmitters, which could allow for the bi-directional control of interneu-

ron signalling. 

The metabotropic GABAB receptor.  GABAB receptors located post-synaptically mediate 

slow hyperpolarization while presynaptic receptors inhibit the release of GABA from the pre-

synaptic terminal (Galvan et al., 2006).  The greatest proportion of post-synaptic receptors lo-

cated in the basal ganglia are found intracellularly and show a prominent co-expression with 

Group I mGluRs (Boyes and Bolam, 2003).  Therefore, certain functions of the CSTC circuit do 

not necessarily involve only the rapid effects caused by the ionotropic glutamatergic and 

GABAergic receptors, but also the longer lasting actions brought about by the cross talk be-

tween glutamate and GABA metabotropic receptors.  Interestingly, the glucose isomer and sec-
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ond messenger precursor for metabotropic directed PLC signalling, myo-inositol, has demon-

strated efficacy in OCD (Harvey et al., 2002).  Consequently, it can be expected that me-

tabotropic receptors, be it GABAergic or glutamatergic, that function via this signalling system 

may have a role to play in the treatment of OCD.  In fact, recent clinical evidence suggests that 

inositol administration exerts its therapeutic benefits in OCD via an alternate neuronal circuitry 

to the SSRIs (Carey et al., 2004). 

In the striatum, presynaptic GABAB receptors are found in the corticofugal and thalamic af-

ferents (Boyes and Bolam, 2003; Galvan et al., 2006).  This indicates that the two main glutama-

tergic inputs to the striatum can be regulated by GABA.  However, due to the absence of con-

trolled studies in humans and animal models, it remains speculation as to whether the stimula-

tion of the striatal presynaptic GABAB receptor will prove useful in the treatment of OCD. 

* * * 

Following the discussion on the CSTC circuit and the two most prominent neurotransmitters 

directly responsible for the transduction of signals via the direct and indirect pathways, namely, 

glutamate and GABA, the focus will now be shifted to the neurotransmitters responsible for the 

functional regulation of the CSTC circuit.  The two neurotransmitters that are especially significant 

in this regard are dopamine and serotonin (Bartz and Hollander, 2006; Biggs et al., 1997; Chak-

ravarthy et al., 2010; Markarian et al., 2010; Mora et al., 2008).  Referring to section 2.1.3, it is im-

portant to note that drugs found to consistently demonstrate efficacy in the treatment of OCD tar-

get these latter two regulatory neurotransmitters, and not glutamatergic and GABAergic signal-

ling as could be expected.  Current understanding of the pathology of OCD therefore implies a ma-

jor dysfunction in the regulatory processes of the CSTC circuitry and not necessarily an abnormal 

CSTC circuit itself. 

2.2.2.3. Dopamine and the differential regulation of the direct and indirect pathways 

Dopamine clearly plays a prominent, if not critical, role in the regulation of the CSTC circuit 

and therefore by implication will play a central role in the pathology of OCD.  A number of stud-

ies have attempted to elucidate the exact functions of the dopaminergic system in the CSTC cir-

cuitry (Biggs et al., 1997; Denys et al., 2004c; Hrabovska et al., 2010; Jones et al., 2001; Olver et 

al., 2009), while others have hypothesized different functions for the basal ganglia and its regu-

lation by dopamine (Albin et al., 1989; Beiser et al., 1997; Bogacz and Larsen, 2011; Bullock et 

al., 2009; Chakravarthy et al., 2010; Chesselet and Delfs, 1996; DeLong, 1990; den Heuvel et al., 

2010; Evans et al., 2004; Gerfen et al., 1990; Husted et al., 2006; Joel and Weiner, 2000; Kotter 

and Wickens, 1995; McHaffie et al., 2005; Morris et al., 2004; Smith and Kieval, 2000; Tepper 
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and Bolam, 2004; Wickens et al., 1995).  As explained in paragraph 2.2.1.1, D1 receptor stimula-

tion activates the direct pathway via an increase in GABA release, and D2 receptor stimulation 

inhibits the indirect pathway via a decrease in GABA release.  Thus, the net effect of dopamine 

release in the striatum and its actions on SN and SP neurons (Albin et al., 1989; Beiser et al., 

1997; Bogacz and Larsen, 2011; Bullock et al., 1993; Bullock et al., 2009; Husted et al., 2006; Joel 

and Weiner, 2000; Markarian et al., 2010; Stocco et al., 2010) is the activation of the prefrontal 

cortex, resulting in the expression of complex motor behaviour.  The subsequent hypothesis is 

that patients presenting with OCD symptoms will express a relative increase in striatal dopa-

minergic signalling and thus, when targeting the dopaminergic system in a patient with OCD, a 

non-selective D1 / D2 receptor antagonist would theoretically be ideal.  Even so, treating OCD 

with dopaminergic antagonists as monotherapy has proved unsuccessful (El Mansari and Blier, 

2006; Erzegovesi et al., 2005; Fineberg and Craig, 2007; Hollander et al., 2003; Sareen et al., 

2004), most probably due to the complicated cross talk between dopamine, GABA, and gluta-

mate in the striatum and basal ganglia.  The fact that dopaminergic antagonists are useful as 

augmentation therapy with SSRIs implicates a regulatory role for serotonin in the normal func-

tioning of dopamine in the basal ganglia (see paragraph 2.2.2.4). 

Knowing that dopamine plays a role in the functioning of the CSTC circuit raises the question 

how certain motor programs are executed only when the need arises.  Put another way, what 

exactly triggers dopamine release when a certain motor program needs to be executed?  More-

over, can the symptomology of OCD be directly associated with a dysregulated dopaminergic 

system, or is it a combination of striatal glutamatergic, GABAergic, and dopaminergic mecha-

nisms?  To answer these questions, it is necessary to delve deeper into the origins of dopamine 

in the basal ganglia in order to understand how and when it is released during the execution of 

complex motor patterns. 

* * * 

In addition to the intrastriatal organization of dopaminergic neurons and the local release of 

dopamine in the substantia nigra itself, the dopaminergic neurons in the basal ganglia can be 

classified into three major projections (Smith and Kieval, 2000).  The nigro-striatal, nigro-

pallidal, and nigro-subthalamic projections convey dopaminergic signalling from the SNc to the 

striatum, GP, and the STN respectively.  Although the relevance of the latter two pathways is still 

to be established in OCD (Smith and Kieval, 2000), it is evident that with respect to the basal 

ganglia, the SNc functions as the main originator for dopaminergic signalling. 
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The dendritic release of dopamine in the substantia nigra.  The dendritic release of do-

pamine in the substantia nigra is well established (Araneda and Bustos, 1989; Campusano et al., 

2002; Cheramy et al., 1981; Le Boulch et al., 1991; Rosales et al., 1994).  Dopamine released lo-

cally in the substantia nigra mainly regulates the activity of the nigrofugal dopaminergic outputs 

to the striatum, GP and STN via the stimulation of pre- and post-synaptic dopamine D1, D2, D3, 

and D4 receptors (Bouthenet et al., 1991; Tepper et al., 1997).  A full description of dopamine D1 

– D4 receptors will follow later in this paragraph.  In the SNr, dopamine also mediates the re-

lease of GABA from striato-nigral afferents (Cameron and Williams, 1993; Waszczak, 1990) 

which explains the net inhibition of the thalamus via the direct pathway in the absence of stri-

ato-nigral activation. 

The nigro-striatal dopaminergic projection.  The dopaminergic projection from the SNc to 

the striatum is believed to be the main source of dopamine utilized in the regulation of the di-

rect and indirect pathways in the CSTC circuit (Gerfen et al., 1990; Tepper and Bolam, 2004).  

Interestingly, the majority of dopaminergic nigro-striatal afferents converge with corticofugal 

afferents on individual spines of striatal neurons (Smith and Bolam, 1990).  This fact provides 

the pivotal piece of information needed to understand the basic dopaminergic regulation of 

complex motor behaviour as it demonstrates the co-localization of cortical glutamatergic affer-

ents (which instigates the execution of motor patterns) and nigro-striatal dopaminergic inputs 

(which in turn is believed to be central to appropriate action selection).  Following innervation 

by corticofugal and nigro-striatal afferents, the striatal efferents divide in two distinct neuronal 

bundles as explained in paragraph 2.2.1.1.  The substance-P-containing SN-neurons of the direct 

pathway mainly express D1 receptors, whereas the enkephalin-containing SP-neurons of the 

indirect pathway mostly express D2 receptors (Gerfen et al., 1990). 

Intrastriatal dopaminergic neurons.  The expression of dopaminergic neurons in the nor-

mal striatum is insignificant (Greenamyre, 1997).  Interestingly though, their density increases 

with a decrease in nigrofugal dopaminergic outputs to the striatum as demonstrated in patients 

with Parkinson’s disease (PD) (Greenamyre, 1997). 

The nigro-pallidal and nigro-subthalamic dopaminergic projections.  Although the func-

tional significance of the nigro-pallidal and nigro-subthalamic projections are not yet fully un-

derstood (Smith and Kieval, 2000), it is known that these two projections terminate in the GP 

and STN respectively and exert dopaminergic effects in both of these structures via D1 and D2 

receptors (Hauber and Lutz, 1999). 

* * * 
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Following the discussion on the major dopaminergic pathways that interconnect the differ-

ent components of the basal ganglia, the question remains as to how the differentiating role of 

dopamine only comes to play when a certain motor action is to be executed.  From that dis-

cussed in paragraph 2.2.1.1, it is evident that any given motor task can only be executed if do-

pamine simultaneously stimulates D1 and D2 receptors in the direct and indirect pathways of the 

CSTC circuit respectively.  However, what exactly triggers dopamine release from the SNc?  The 

answer to this question is complicated, and intertwines many different aspects of both the 

neurobiological and cognitive functions of the human brain.  There is however one factor that is 

always central to the release of dopamine and that is the concept of “reward”.  Since OCD is pos-

tulated to be a condition that is characterized by the dysfunctional appraisal of reward (refer to 

section 2.1 and paragraph 2.2.1.1), the role of reward in the regulation of nigro-striatal dopa-

minergic signalling will now be discussed. 

The term ‘reward’ denotes any form of satisfactory feedback, from the pleasant taste of 

foods and liquids or the response to a pleasant or aversive experience, to the successful comple-

tion of a certain task (Schultz, 2002).  For the sake of simplicity, it can be assumed that any mo-

tor action driven to accomplish a certain task is initiated by the anticipation of a reward that 

should result from the successful completion of that specific action.  For example, the locking of 

a door is initiated by the anticipated reward of a secure environment.  Since this action had been 

highly prioritized (Schultz, 2002), it led to certain actions being taken which, in this case could 

be indentifying the correct key, inserting it into the lock and turning the key.  Importantly 

though, under normal conditions, the repetitive experience of any given reward should mediate 

a process called reward-based learning or ‘reward conditioning’.  As explained later in this 

paragraph, this process prevents further reward-seeking behaviour and is pivotal to the normal 

day-to-day functioning of any human being (Schultz, 2002). 

The anticipation and appraisal of reward is closely correlated with dopaminergic signalling 

in the brain (Ljungberg et al., 1991; Mirenowicz and Schultz, 1994; Schultz et al., 1993).  During 

the initial anticipation of a novel reward, roughly 75% of the dopaminergic neurons in the basal 

ganglia are activated – most notably those forming the nigro-striatal projection (Ljungberg et al., 

1991; Mirenowicz and Schultz, 1994).  Over time, with repetitive exposure to the same reward, 

the brain becomes conditioned to the reward through the complex association thereof with dif-

ferent environmental, physiological, and circumstantial factors.  Reward conditioning enables 

the brain to evaluate future confrontations with the same set of factors it was conditioned to, 

and to associate it with an applicable reward, even before the reward has been presented 

(Romo and Schultz, 1990).  Once the reward is presented, the subsequent reaction of the brain 

can manifest as either one of the following:  1) if the reward is greater than that anticipated or 
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totally unpredicted, dopaminergic signalling is elicited; 2) if the reward has been predicted in 

full, no dopamine response is elicited, and 3) if the anticipated reward was omitted a suppres-

sion in dopaminergic signalling is induced (Schultz et al., 1997). 

Following dopamine response after actual exposure to the reward, the basal ganglia codes a 

‘reward prediction error’ – a term used to represent the difference between the predicted and 

actual reward (Schultz et al., 1997).  The reward prediction error is pivotal to the process of re-

ward-based learning, as it is used to compute the changes that must be implemented in future to 

either keep experiencing the same reward in the case of a positive error, or experiencing a bet-

ter reward in the case of a negative error.  It can be postulated that the lack of a significant 

dopaminergic response after the manifestation of a fully predicted reward, may account in part 

for finding closure after task completion, as the lack of a dopamine response will not induce fur-

ther reward-seeking behaviour. 

The effects of dopamine on the various post-synaptic neurons can be separated into tonic 

and phasic aspects (Schultz, 2002).  In the striatum, sustained low extracellular concentrations 

of dopamine (5 – 10 nM), as regulated in a narrow band by different factors such as reuptake 

transport, negative feedback control of synthesis, and release via autoreceptors, stimulates the 

high affinity D2 receptors, preferentially expressed on the neurons originating in the indirect 

pathway (Richfield et al., 1989).  When a reward is predicted though, the striatal release of do-

pamine increases up to 40 fold (peaking at 150 – 400 nM), which permits the stimulation of the 

low affinity D1 receptors expressed in the direct pathway (Richfield et al., 1989).  This transient 

increase in dopamine temporarily shifts the balance to the direct pathway, resulting in thalamic-

cortical activation. 

* * * 

Although the matters of dopamine origin in the basal ganglia and the factors triggering 

dopaminergic signalling are now clearer, it is still not known how only a certain motor task is 

being executed and how a total increase in general motor activity following the dopaminergic 

activation of the thalamus, is suppressed.  The answer to this question lies in the fact that most 

nigro-striatal dopaminergic afferents converge with glutamatergic corticofugal afferents on the 

individual GABAergic neurons of the striatum, as stated earlier in this paragraph.  In addition, as 

it is evident from paragraph 2.2.1.1, the frontal cortex plays a central role in the regulation of 

cognition, behaviour and reward based learning.  For a simplistic explanation of the cross talk of 

dopamine and glutamate and how it influences striatal GABAergic neurons, it can be assumed 

that an increase in dopaminergic neuron activity represents the generation of a reward predic-
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tion error during the appraisal of a given reward.  At the same time, some corticofugal glutama-

tergic afferents code another aspect of the same reward, for instance its sensory modality, col-

our, or taste, while other cortical inputs related to different events or experiences not applicable 

during this specific situation, are inactive (Schultz, 2002).  Thus, in the theoretical absence of 

corticofugal glutamatergic signalling in the striatum, a transient increase in dopamine would 

have led to a global increase in motor activity due to the thalamic-cortical activation via the di-

rect pathway.  However, due to the selective activity of the corticofugal afferents in the striatum 

in specific reward-related situations, only the striatal neurons simultaneously activated by do-

pamine and glutamate will be influenced (Schultz, 2002), thus engendering a specific and se-

lected motor response. 

Patients diagnosed with OCD clearly do not find closure after task completion.  As they con-

stantly exhibit repetitive compulsive behaviour of some nature, it can be hypothesized that, 

concerning the processes of reward appraisal and reward-based learning, a dysfunctional re-

ward system may be central to the pathology of OCD (Husted et al., 2006). 

* * * 

Dopamine exerts its effects via two main classes of metabotropic receptors, namely D1-like 

receptors (D1 and D5) and D2-like receptors (D2, D3, and D4) (Vallone et al., 2000). 

The metabotropic D1 and D5 receptors.  The D1-like receptors generally stimulate Gs-

coupled membrane receptors resulting in elevated intracellular cAMP and protein kinase A 

(PKA) levels (Jackson and Westlind-Danielsson, 1994; Monsma Jr. et al., 1990; Sherrington et al., 

1993).  The D1 receptor is the most widespread of dopaminergic receptors in the brain and D1 

receptor mRNA expression has been demonstrated in both the striatum and the thalamus 

(Dearry et al., 1990; Fremeau Jr. et al., 1991).  Although D1 receptors have also been located in 

the GP and SNr, D1 mRNA has not been detected in these localities, a demonstration of the fact 

that the D1 receptors expressed in these regions are only present on the GABAergic striatal pro-

jections (Le Moine et al., 1991).  As explained earlier, the most important function of the D1 re-

ceptor with respect to the neurobiology of OCD is the mediation of GABA release from the neu-

rons forming the direct pathway through the CSTC circuit, resulting in thalamic-cortical activa-

tion (Gerfen et al., 1990; Tepper et al., 1997).  D5 receptors are expressed in a number of brain 

areas that are not directly implicated in OCD (Jaber et al., 1996), and will therefore not be dis-

cussed in more detail. 
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The metabotropic D2, D3, and D4 receptors.  The D2-like receptors are generally associated 

with the inhibition of adenylyl cyclase and a subsequent decrease in intracellular cAMP levels 

via the stimulation of Gi-coupled membrane receptors (Jaber et al., 1996; Jackson and Westlind-

Danielsson, 1994; Vallone et al., 2000).  The D2 receptor has a long and a short isomer and al-

though both inhibit the activity of adenylyl cyclase, the short isomer does so to a greater extent 

and needs a lower dose of agonist to induce half-maximal inhibition (Hayes et al., 1992; Mont-

mayeur and Borrelli, 1991; Montmayeur et al., 1993).  Although the inhibition of adenylyl cy-

clase via the stimulation of D3 and D4 receptors has also been demonstrated in certain cell lines 

(Jaber et al., 1996), the same effect could not be demonstrated in many others.  Whether these 

two receptors have any role to play in the pathology of OCD remains to be elucidated.  The fact 

that certain atypical antipsychotics like risperidone demonstrate clinical effect when combined 

with a SSRI in augmentation strategies (Erzegovesi et al., 2005; Fineberg and Craig, 2007; 

Sareen et al., 2004), do not suffice to answer this question.  Most dopaminergic agonists and an-

tagonists, although they demonstrate specificity for either one of the two families, do not clearly 

discriminate between the different receptor subtypes of the D1-like and D2-like families respec-

tively (Vallone et al., 2000).  Concerning the functions of the D2 receptor with respect to OCD, 

the most notable is its suppression of GABA release from the neurons in the indirect pathway of 

the CSTC circuit, resulting in the activation of the thalamus (Gerfen et al., 1990; Tepper et al., 

1997). 

2.2.2.4. Serotonin and the serotonergic system – a balancing act par excellence 

At this point, it is clear that although GABA, glutamate, and dopamine each has a certain pu-

tative role to play in the neurobiology of OCD, probably none of them is as clinically important 

as serotonin (5-hydroxytryptamine, 5-HT).  The fact that only drugs targeting the serotonergic 

system are proven to be consistently successful in alleviating the symptoms of OCD in the ma-

jority of patients (Fineberg and Craig, 2007; Grados and Riddle, 2001; Jenike, 1993; Stein, 2002; 

Vythilingum et al., 2000), implicates a central role for serotonin in the pathology of obsessive-

compulsive behaviour.  However, whether serotonin (or the physiological shortage thereof) is 

the etiological instigator of obsessive-compulsive behaviour, is not known (Fineberg and Craig, 

2007; Goddard et al., 2008; Husted et al., 2006; Markarian et al., 2010). 

When reviewing the available literature on serotonin and its functioning in the central nerv-

ous system, it becomes clear that in itself the serotonergic system is very complex.  Given the 

vast distribution of serotonin in the central nervous system (Barnes and Sharp, 1999; Hayes and 

Greenshaw, 2011), and the relative lack of information regarding its global functioning as a 

regulatory neurotransmitter (Barnes and Sharp, 1999; Cools et al., 2008; Daw et al., 2002; Hayes 
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and Greenshaw, 2011), our understanding of this neurotransmitter and its functioning still 

leaves us with more questions than answers.  This void in our knowledge of serotonin can es-

sentially be attributed to four factors.  Firstly, unlike GABAergic, glutamatergic, and dopaminer-

gic signalling which is mostly found in certain distinct brain areas only, serotonergic signalling 

has been demonstrated globally across the central nervous system and thus it is evident that it 

influences a great number of processes and functions (Barnes and Sharp, 1999; Hayes and 

Greenshaw, 2011).  Secondly, unlike the receptors for GABA, glutamate, and dopamine, of which 

each can generally be localized on certain nerve bundles only (for example D1 receptors being 

expressed mainly in, among a few other locations, the direct pathway in the basal ganglia and D2 

in the indirect pathway), each serotonin receptor can in many instances be found at a variety of 

locations (Barnes and Sharp, 1999; Galvan et al., 2006; Gerfen et al., 1990; Jackson and Wes-

tlind-Danielsson, 1994; Le Moine et al., 1991; Sherrington et al., 1993; Tepper et al., 1997).  Also 

unlike most of the receptors for GABA, glutamate, and dopamine, certain serotonin receptors 

can be found at pre- and post-synaptic locations in different regions of the brain, each receptor 

subsequently being able to exert different location-dependant effects (Barnes and Sharp, 1999).  

Thirdly, serotonin has been demonstrated to influence the release and transmission of more or 

less every other major neurotransmitter, including GABA, glutamate, dopamine, acetylcholine, 

and noradrenalin (Barnes and Sharp, 1999; Hayes and Greenshaw, 2011), which complicates 

the matter of whether it plays a direct or indirect role in the mediation of certain functions that 

are currently attributed to be the consequence of serotonergic action.  Lastly, also in contrast to 

most of the other neurotransmitters, fourteen different receptors for serotonin have been iden-

tified of which at least twelve have been shown to exert functional effects in physiological sys-

tems (Barnes and Sharp, 1999; Hannon and Hoyer, 2008; Hayes and Greenshaw, 2011; Hoyer et 

al., 2002).  In addition, no ligand has been developed for many of these receptors yet (Barnes 

and Sharp, 1999; Hayes and Greenshaw, 2011).  This slow development of highly receptor-

selective agents has delayed research regarding the specific neurophysiological effects of each 

receptor.  A more detailed discussion on the serotonergic receptors can be found later in this 

paragraph. 

In this section, a summary of what is known about this neurotransmitter and its functioning 

is given.  This could form a framework to aid in a better understanding of the role that serotonin 

may play in the pathology of OCD.  First, the serotonergic system as a whole as well as its postu-

lated functioning in behavioural and emotional processing will be reviewed.  Secondly, the focus 

will move to the individual serotonergic receptors and the neurobiological and functional sig-

nificance of each. 
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* * * 

Serotonin has been implicated in a number of behavioural phenomena including impulse 

control abnormalities, obsessions, anxiety, mood disturbances, hallucinations, and eating disor-

ders (Barnes and Sharp, 1999; Cools et al., 2008; Daw et al., 2002; Deakin et al., 1991; Goddard 

et al., 2008; Hayes and Greenshaw, 2011; Hoyer et al., 2002).  Also, in certain cases of patients 

diagnosed with impulse control disorders such as aggressive behaviour following alcohol abuse, 

decreased levels of serotonin have been demonstrated in the CNS (Coccaro, 1989; Evenden, 

1999; Linnoila and Virkkunen, 1992).  However, contradictory findings have complicated the 

unravelling of its role in each of these conditions.  For example, while the benzodiazepines alle-

viate the symptoms of anxiety, they also decrease the release of serotonin (Deakin et al., 1991).  

On the other hand, long-term use of drugs like the SSRIs which increase serotonergic neuro-

transmission, have also been shown to be effective in the treatment of anxiety, albeit in higher 

doses than those used for depression (Hollander, 1998). 

The fact that behavioural inhibition has been associated with serotonergic neurotransmis-

sion (Cools et al., 2008; Daw et al., 2002) provides a possible explanation for the ameliorative 

effects observed when treating these conditions with drugs enhancing serotonergic functioning.  

In most of these conditions, dopamine is a major role player and thus a number of authors pro-

pose a role for the serotonergic system to act as the behavioural opponent of dopamine (Cools 

et al., 2008; Daw et al., 2002; Deakin et al., 1991; Fletcher and Korth, 1999; Fletcher et al., 1999).  

In a comprehensive review of the opponent interactions between serotonin and dopamine (Daw 

et al., 2002), the authors use the term ‘opponency’ to describe a situation in which more than 

one system code for different affective events.  As such, it has been demonstrated that the 

dopaminergic system codes for rewarding stimuli and that it is crucial for reward-based learn-

ing (for a review on dopamine and reward, refer to paragraph 2.2.2.3), while serotonin is acti-

vated during the experience of aversive stimuli (Daw et al., 2002; Fletcher, 1995; Fletcher and 

Korth, 1999; Fletcher et al., 1999; Kapur and Remington, 1996).  Indeed, work undertaken in 

our laboratory using an animal model of posttraumatic stress disorder has clearly demon-

strated the central role for serotonin in the bio-behavioural response to aversive stimuli (Har-

vey et al., 2003; Harvey et al., 2006), as well as its response to serotonergic agents (Harvey et al., 

2004; Uys et al., 2006).  Also, in a number of studies undertaken by Fletcher and colleagues 

(Fletcher et al., 1993; Fletcher, 1995; Fletcher et al., 1999), the authors have broadly shown that 

enhancing serotonergic signalling suppresses both conditioned behaviours (such as lever press-

ing for food) and unconditioned behaviours (such as feeding) which is normally associated with 

an activation of dopaminergic signalling.  Consequently, when antagonizing serotonin or agoniz-

ing dopamine, the opposite effect is mediated.  This also corresponds with data demonstrating 
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that serotonin antagonizes the effects of dopamine in the substantia nigra and striatum (Kapur 

and Remington, 1996). 

Daw et al (2002) hypothesizes that if dopamine is responsible for approach behaviour, mo-

tor excitement, and reward processing, serotonin will be associated with avoidance behaviour, 

motor suppression, and the processing of aversive or punishing stimuli.  In different terms, it 

can be understood that the balance between reward seeking behaviour and aversive reactions is 

related to the balance between dopaminergic and serotonergic signalling respectively (Daw et 

al., 2002; Deakin et al., 1991).  A number of studies done in animals support this hypothesis and 

show that enhancing serotonergic transmission, broadly reduces reward seeking behaviour 

(Harrison et al., 1999; Harrison and Markou, 2001; Higgins and Fletcher, 2003; Parsons et al., 

1998).  However, in direct contrast to this hypothesis, it has been postulated that patients with 

depression express a bias in favour of the processing of negative, instead of positive stimuli as a 

result of the relative lack of sufficient serotonergic signalling demonstrated in this condition 

(Cools et al., 2008; Murphy et al., 2002).  Thus, serotonin may be involved in the mediation of 

contrary behaviours, namely the preservation of a normal mood (euthymia) and the suppres-

sion of reward-based behavioural responses.  Deakin and colleagues (1991) attempted to re-

solve this paradox by explaining that the serotonergic projections from the dorsal and median 

raphe nuclei respectively, are responsible for different cognitive and behavioural functions.  The 

authors explained this by implicating the serotonergic projection from the dorsal raphe nuclei 

to the amygdala and basal ganglia to be the opponent of dopamine functioning, while the projec-

tion from the median raphe nuclei is postulated to play a role in the pathology of mood disor-

ders such as depression. 

In summary, it is possible that serotonin will affect diverse neural systems via different sero-

tonergic projections and a number of different serotonergic receptors.  Taken from paragraph 

2.2.2.3, an abnormal reward appraisal system may be central to the pathology of OCD.  As OCD 

patients generally do not find closure after task completion, it is hypothesized that the dopa-

minergic response following the presentation of a given reward, is always of the same magni-

tude and that reward based learning does therefore not occur (refer to paragraph 2.2.2.3). 

* * * 

Although much regarding the role of serotonin as a global regulator of cognition and behav-

iour is still lacking, another way in which to probe its functioning may be to focus on its recep-

tors and their individual physiological effects.  The main advantage of studying the serotonin 

receptors is that it sheds more light on the region-specific functions of the neurotransmitter, 
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especially in conditions such as OCD which are associated with the abnormal functioning of cer-

tain distinct brain areas only, namely the prefrontal cortex and basal ganglia (refer to paragraph 

2.2.1). 

Serotonin mediates its effects via the stimulation of seven classes of receptors, denoted 5HT1 

– 5HT7.  As a result of modern cloning techniques, fourteen different receptors have been identi-

fied and grouped based on their structural, transductional, and functional characteristics (Bar-

nes and Sharp, 1999; Hoyer et al., 2002).  Currently the Receptor Nomenclature Committee of 

the International Union of Pharmacology (NC-IUPHAR) classifies the different receptors as re-

viewed in Table 2-2 (see following page) (Hannon and Hoyer, 2008). 

* * * 

The 5HT1 receptor class.  Referring to Table 2-2, five 5HT1 receptors have been indentified 

up to date.  With the exception of 5ht1e (refer to Table 2-2 for an explanation of lower case let-

ters), all of these receptors have been located in the human brain where they also have shown 

to exert functional effects.  As the 5HT1C receptor was found to share more functional and trans-

ductional similarities with the 5HT2 receptor class it was aptly renamed 5HT2C (Hannon and 

Hoyer, 2008; Hoyer et al., 2002).  The 5HT1 receptor family mainly functions via coupling of 

adenylyl cyclase to Gi/0 thereby inhibiting the formation of cAMP resulting in cellular hyperpo-

larization (Barnes and Sharp, 1999; Hoyer et al., 2002). 
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Serotonin receptor class Neurophysiological effect Receptor subtypes 

5HT1 Gi/0 (decrease cAMP) 

5HT1A 

5HT1B 

5HT1D 

5ht1e 

5HT1F 

5HT2 Gq (increase IP3/DAG) 

5HT2A 

5HT2B 

5HT2C 

5HT3 
Opening of cation channels (mainly 
Na+, Ca2+, and K+) 

- 

5HT4 Gs (increase cAMP) - 

5ht5 Probably Gi (decrease cAMP) 
5ht5a 

5ht5b 

5HT6 Gs (increase cAMP) - 

5HT7 Gs (increase cAMP) - 

TABLE 2-2 – THE CURRENT CLASSIFICATION OF THE 5HT RECEPTORS 

(Lower case representation designate receptors for which no physiological functions have been identified yet) 

5HT1A receptors are found throughout the brain but are highly expressed in the raphe nuclei, 

limbic structures such as the hippocampus, and the anterior cingulate cortex (Barnes and Sharp, 

1999; Hannon and Hoyer, 2008; Hoyer et al., 2002).  In the raphe nuclei, they are located pre-

synaptically and function mainly to suppress serotonergic outflow to the cortex.  In the frontal 

cortex and limbic areas they are expressed post-synaptically and their actions result in the inhi-

bition of neuronal activity (Barnes and Sharp, 1999; Sprouse and Aghajanian, 1988).  It is not 

found in the basal ganglia (Barnes and Sharp, 1999).  Importantly, it has been shown that ad-

ministering the selective 5HT1A antagonist, WAY 100 635, results in a stimulatory effect on sero-

tonergic cell firing, suggesting that the 5HT1A receptor might be under the influence of tonic 

stimulation (Fornal et al., 1996).  In addition, administering 5HT1A antagonists, strengthens the 

effects of the SSRIs, TADs, and venlafaxine on serotonergic neurotransmission, most probably 

because it prevents the 5HT1A induced negative feedback on serotonin release resulting from an 

acute rise in serotonin following the administration of these drugs (Barnes and Sharp, 1999).  

However, in a study done by Ceglia and colleagues (2004), the authors demonstrate that chronic 

treatment with the SSRIs, escitalopram and citalopram, only partially desensitize 5HT1A autore-

ceptors.  They conclude by stating that the desensitization of 5HT1A autoreceptors may only play 

a small role in the long-term clinical efficacy of the SSRIs, although it is possible that the admini-

stration of 5HT1A antagonists may quicken the onset of action of the SSRIs.  Curiously though, by 

acting on heteroreceptors 5HT1A agonists exert a stimulatory effect on the release of acetylcho-

line and noradrenalin, especially in the hippocampus and frontal cortex of rats and guinea pigs 
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(Done and Sharp, 1994; Wilkinson et al., 1994).  The behavioural effects of the 5HT1A receptor 

have been well documented (Barnes and Sharp, 1999; Hannon and Hoyer, 2008; Hayes and 

Greenshaw, 2011; Heisler et al., 1998; Hoyer et al., 2002; Parks et al., 1998).  5HT1A receptor 

knockout (KO) mice, which exhibit an increase in serotonergic outflow from the raphe nuclei, 

present with increased levels of anxiety and show antidepressant like behaviour in a number of 

behavioural paradigms.  These findings are in accordance with clinical evidence that demon-

strates the same behaviour in humans associated with increased and decreased levels of sero-

tonin respectively (Deakin et al., 1991; Murphy et al., 2002; Murphy et al., 2002).  With regards 

to reward-related behaviour it has been demonstrated that low dose treatment with 5HT1A ago-

nists such as 8-OH-DPAT increases behavioural responses to reward, while high doses exert the 

opposite effect (Harrison and Markou, 2001; Papp and Willner, 1991).  The facilitation of re-

ward-related behaviour is postulated to be a consequence of decreasing serotonergic outflow 

from the raphe nuclei, while the opposite effect observed with high dose treatment is thought to 

result from the stimulation of post-synaptic 5HT1A receptors.  Another important set of behav-

iours associated with the stimulation of post-synaptic 5HT1A receptors are hyperphagia, hypo-

thermia, altered sexual behaviour and the tail flick response (Lucki, 1992; Millan et al., 1991).  

In conclusion, the 5HT1A receptor may be an important target for future clinical trials in the 

treatment of OCD, as the slow onset of action of SSRI-treatment in OCD poses a clinical dilemma. 

The 5HT1B/D receptors have originally been regarded as the rodent and non-rodent homo-

logues of the same receptor, as they share 97% amino acid sequence homology (Hartig et al., 

1996; Hoyer et al., 2002).  Both of these receptors have since been demonstrated in rodents and 

humans and the receptor nomenclature has been changed to align their animal and human de-

nominations (Hartig et al., 1996).  Although the 5HT1B receptor is expressed in far greater con-

centrations than the 5HT1D receptor, both are found pre- and post-synaptically in the basal gan-

glia, striatum, frontal cortex, hippocampus, and hypothalamus and functions to decrease the re-

lease of neurotransmitters from nerve terminals and cell bodies in these areas (El Mansari and 

Blier, 2006; Hoyer et al., 2002).  Interestingly, administering 5HT1B antagonists does not inten-

sify the increase in prefrontal cortical serotonin levels following the acute administration of 

SSRIs (Barnes and Sharp, 1999).  However, after 8-week treatment with the SSRI paroxetine, an 

increase in electrically evoked serotonin release from the OFC, but not from the caudate nu-

cleus, has been demonstrated and thought to be the direct result of the desensitization of termi-

nal 5HT1D receptors in the OFC (El Mansari and Blier, 2006).  The fact that striatal 5HT1D recep-

tor sensitivity remained unaltered is interesting.  Moreover, 5HT1D receptors in the hippocam-

pus and hypothalamus desensitizes only after three weeks of administering SSRI-treatment, im-

plicating different location-specific mechanisms of 5HT1D receptor function (Blier et al., 1996; El 
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Mansari and Blier, 2006).  In a study done by Shanahan and colleagues (2009), the authors pro-

vide evidence to implicate 5HT1B receptor activation in perseverative locomotor paths and that 

this behaviour is only attenuated after chronic, but not sub-chronic, treatment with SSRIs.  

These findings could possibly relate to those of Blier (Blier et al., 1996), demonstrating terminal 

5HT1B autoreceptor desensitization only after 8 weeks of SSRI-treatment, as discussed above.  

Although the 5HT1B receptor is also expressed presynaptically on afferent terminals to the dor-

sal raphe nuclei, it does not seem to influence the serotonergic outflow from this area (Barnes 

and Sharp, 1999).  Evidence exists that demonstrates a function for the 5HT1B receptor as a het-

eroreceptor in the regulation of acetylcholine, glutamate, GABA, noradrenalin, and dopamine 

release (Pauwels, 1997).  It has been reported that 5HT1B agonists indirectly stimulate frontal 

cortical and nigral dopamine release via the disinhibition of GABAergic innervation of the 

dopaminergic terminals resulting from a decrease in GABA release (Johnson et al., 1992).  Inter-

estingly, 5HT1D receptors, but not 5HT1B receptors, have also been located on cell bodies that 

originate in the dorsal raphe nuclei, but due to the low levels of its expression, the functional 

significance of its actions in this location is unknown (Sanchez-Alavez et al., 2001).  5HT1B/D re-

ceptors are also expressed on cerebral arteries and sumatriptan, a non-selective 5HT1B/D ago-

nist, exerts anti-migraine effects (Hoyer et al., 2002).  In the light of a number of studies which 

showed that administering 5HT1B/D agonists at least did not exacerbate the symptoms of OCD 

(Bergqvist et al., 1999; Boshuisen and Den Boer, 2000; Tsaltas et al., 2005), investigating the 

role of either non-specific 5HT1B/D antagonists or specific 5HT1B and 5HT1D antagonists in the 

treatment of OCD could produce valuable results. 

Apart from the fact that no selective ligand for the 5ht1e receptor has been developed yet, and 

although high expression of the 5HT1F receptor has been demonstrated in the cortex, caudate 

nucleus, putamen and the cingulate cortex, very little data exist on the physiological functions of 

these two receptors (Hannon and Hoyer, 2008), and therefore they will not be discussed in 

more detail. 

The 5HT2 receptor class.  All of the 5HT2 receptors preferentially stimulate Gq resulting in 

the activation of phospholipase C and an excitatory post-synaptic potential via the increase of 

intracellular IP3 and DAG (Barnes and Sharp, 1999; Hannon and Hoyer, 2008). 

The 5HT2A receptor is expressed in among other locations, the cerebral cortex, caudate nu-

cleus, nucleus accumbens and hippocampus (López-Giménez et al., 1997).  In the cortex it is ex-

pressed on GABAergic interneurons while it is also localized on glutamatergic cortico-striatal 

efferents (Barnes and Sharp, 1999; Sheldon and Aghajanian, 1991).  Two characteristic behav-

ioural traits of the 5HT2A receptor are the mediation of wet-dog shakes in rats and head twitch-
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ing in mice (Schreiber et al., 1995).  The 5HT2A receptor also probably has hallucinogenic prop-

erties as the affinity of 5HT2A agonists strongly correlate with their hallucinogenic potency 

(Glennon, 1990).  The fact that most atypical antipsychotics such as olanzapine, quetapine, and 

risperidone block 5HT2A and D2 receptors complicates investigations into the hallucinogenic 

properties of 5HT2A receptor stimulation, as it may exert this effect indirectly via cross-talk with 

dopamine (Hoyer et al., 2002).  Although some authors propose a role for 5HT2A receptor stimu-

lation as a mediator of the anti-compulsive effects of the SSRIs (Fineberg et al., 2010), this is 

controversial as atypical antipsychotics block the 5HT2A receptor and are used in augmentation 

strategies in patients refractory to SSRI monotherapy (El Mansari and Blier, 2006; Fineberg, 

2004). 

5HT2B receptors are mostly localized in the heart, kidneys, and the fundus of the stomach.  In 

the central nervous system, it is expressed in the cerebellum, hypothalamus and amygdala 

(Hoyer et al., 2002).  Direct administration of 5HT2B agonists in the amygdala has been associ-

ated with anxiolytic effects in rats (Duxon et al., 1997). 

Extensive mapping of the 5HT2C receptor has demonstrated its expression in the prefrontal 

cortex, limbic system and the basal ganglia, most notably in the substantia nigra and caudate 

nucleus (Barnes and Sharp, 1999; Sheldon and Aghajanian, 1991).  The activation of 5HT2C re-

ceptors are associated with hypolocomotion, hypophagia, anxiety, and penile erections (Koek et 

al., 1992).  Importantly, 5HT2C receptor activation results in a tonic inhibition of dopaminergic, 

but not serotonergic signalling (Millan et al., 1998).  The 5HT2C receptor is believed to be the 

major mediator of the opponent actions of the serotonergic system on reward-seeking behav-

iour (Higgins and Fletcher, 2003) and may pose as a possible target for the development of 

novel drugs for the treatment of OCD.  In line with this, Chou-Green and colleagues (Chou-Green 

et al., 2003) have demonstrated compulsive-like behaviour in the 5HT2C receptor KO mouse. 

The 5HT3 receptor class.  The main difference between the 5HT3 receptor and its other se-

rotonergic stable mates is the fact that 5HT3 receptors act as non-selective ligand gated cation 

channels that facilitate rapid depolarization via the influx of Na+ and Ca2+ and efflux of K+ ions.  

5HT3 receptor expression has been demonstrated especially in the hippocampus, the dorsal mo-

tor nucleus of the solitary tract, and the area postrema (Hoyer et al., 2002).  Although 5HT3 re-

ceptor activation in the brain leads to increased dopamine release, no clinical trials have been 

done to assess the behavioural significance of this interaction (Hannon and Hoyer, 2008; Hayes 

and Greenshaw, 2011).  The main functions of the 5HT3 receptors seem to be mostly limited to 

the enteric nervous system where receptor activation results in the conveyance of enteric stim-

uli to the central nervous system.  5HT3 antagonists have since been developed for the treat-
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ment of chemotherapy-induced nausea and vomiting (Hannon and Hoyer, 2008; Hoyer et al., 

2002). 

The 5HT4/6/7 receptor classes.  As these three subtypes of serotonergic receptors all bind 

preferentially to Gs resulting in increased intracellular cAMP levels, they will be discussed in 

more detail as one group. 

5HT4 receptors are mainly expressed in the nigro-striatal and meso-limbic pathways of the 

brain (Barnes and Sharp, 1999; Hannon and Hoyer, 2008).  High expression levels of the 5HT4 

receptor have been demonstrated on striato-pallidal and striato-nigral efferents and evidence 

has been presented to indicate that 5HT4 receptors, although they are expressed in the striatum, 

are not present on dopaminergic nerve-terminals but on afferent neurons terminating in the 

striatum (Ullmer et al., 1996).  More specifically, activation of central 5HT4 receptors may in-

crease the release of GABA and dopamine in the striatum (Steward et al., 1996).  A clinically im-

portant observation is that the administration of 5HT4 antagonists do not exert any behavioural 

effect, most probably due to a very low level of endogenous tone on 5HT4 receptors (Steward et 

al., 1996).  5HT4 receptors are, like 5HT3 receptors, also localized in the enteric nervous system 

and function to increase smooth muscle tone and gastric emptying following receptor activation 

(Hoyer et al., 2002). 

Recently, the expression of 5HT6 receptors was mapped and it was subsequently demon-

strated that this serotonergic receptor subtype is located in the striatum, amygdala, nucleus ac-

cumbens, hippocampus and cortex, with no expression in the peripheral tissues (Hannon and 

Hoyer, 2008).  The main function of the 5HT6 receptor seems to be its regulation of cholinergic 

transmission, as 5HT6 antagonists not only increase the release of acetylcholine but also have 

positive effects on learning and memory (Meneses et al., 2007). 

Apart from its extensive localization on vascular and non-vascular smooth muscle (Hannon 

and Hoyer, 2008), the 5HT7 receptor is expressed in the central nervous system mainly in the 

thalamus, hypothalamus, and hippocampus (To et al., 1995).  Its main physiological function is 

believed to be the regulation of sleep and circadian rhythm (Barnes and Sharp, 1999; Hannon 

and Hoyer, 2008; Hayes and Greenshaw, 2011; Hoyer et al., 2002).  One study did however im-

plicate the 5HT7 receptor in a model of compulsive-like marble-burying (Hedlund and Sutcliffe, 

2007).  The authors conclude that antagonizing the 5HT7 receptor in this model decreases spon-

taneous marble-burying and that the 5HT7 receptor could be a valuable target for the develop-

ment of novel drugs for the treatment of OCD. 

  



 

39  
 

2.2.2.5. Miscellaneous neurotransmitters and biological agents in the pathology of OCD 

Except for the major neurotransmitters discussed above, evidence has been presented to 

demonstrate a role for factors such as increased nitric oxide (NO) levels (Atmaca et al., 2005), 

the circadian effects of the female hormonal cycle (Abramowitz et al., 2003), an altered oxida-

tive status (Güldenpfennig et al., 2011), and decreased nocturnal growth hormone secretion 

(Kluge et al., 2006) in the pathology of OCD. 

Indeed, considering the central role for the glutamate NMDA receptor in the CSTC circuit 

and in OCD (refer to paragraph 2.2.2.1), it is not surprising that NO, a central sub-cellular mes-

senger for the NMDA receptor (Frade et al., 2009; Zomkowski et al., 2010), has been implicated 

in OCD.  Therapies effective in the management of OCD such as the SSRIs and D2 receptor an-

tagonists also reduce the synthesis of NO (Almeida et al., 2006; Harkin et al., 2004; Nel and Har-

vey, 2003; Wegener et al., 2003).  Furthermore, it has been demonstrated that the cyclic secre-

tion of ovarian hormones may influence the expression of OCD symptomology (Abramowitz et 

al., 2003), while the administration of GnRH analogues have been associated with an ameliora-

tion of OCD symptoms (Eriksson, 2000), most probably due to the decrease in androgenic hor-

mones.  A number of studies also implicate a role for oxidative stress in the pathology of OCD 

(Behl et al., 2010; Chakraborty et al., 2009a; Chakraborty et al., 2009b; Ozdemir et al., 2009).  N-

acetylcysteine (NAC), an antioxidant, has been demonstrated to be effective in some patients 

with OCD that do not respond to the first-line treatment options (Lafleur et al., 2006).  The 

mechanism of action underlying the ameliorating effects of NAC on OCD symptomology may be 

twofold.  In addition to its antioxidant effects, it also inhibits the release of glutamate via the in-

direct stimulation of presynaptic mGlu2 and mGlu3 receptors, thereby again implicating the glu-

tamatergic system.  One report demonstrated that patients with OCD, secrete substantially less 

growth hormone during the onset of sleep when compared to healthy controls (Kluge et al., 

2006).  The authors did not however discuss the basis of the observed association between OCD 

and growth hormone, and the results have yet to be confirmed in different studies.  Myo-inositol 

(MI) is another biological agent that has been implicated in the pathology of OCD.  Four studies 

have been published reporting conflicting results regarding its successful application as a possi-

ble treatment for OCD (refer to Camfield et al., 2011 for a review).  Although Harvey and col-

leagues (2001; 2002) demonstrated that MI may up-regulate both 5HT2 and D2 receptor densi-

ties in the striatum, the possible mechanisms underlying its therapeutic effects in OCD remains 

to be elucidated.  Interestingly, based on neuroimaging studies, Carey and colleagues (2004) 

suggest that MI acts via a different pathway within the CSTC circuit than do the SSRIs. 
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The evidence implicating these miscellaneous neurotransmitters in the pathology of OCD 

has been mostly generated by initial observations in case reports.  While these mechanisms are 

implicated in OCD, it remains to be confirmed whether these changes are causal or secondary to 

a more central neurotransmitter dysfunction.  As noted earlier, NO is a direct sub-cellular target 

for glutamate NMDA receptor function so that any change in glutamate activity will very likely 

result in altered NO levels.  The fact that the mainstay of treatment in OCD patients is based on 

the targeting of the serotonergic and dopaminergic systems indicates that most of these factors 

are probably being brought into play as a consequence of serotonin, dopamine and/or gluta-

mate dysfunction.  Nevertheless it remains imperative that these leads be followed up in order 

to obtain a more global view of the neurobiology of the disorder and possibly to identify new 

targets for treatment. 
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2.3. DESIGNING ANIMAL MODELS OF OCD - 

A CONSTANT CONFRONTATION WITH THOUGHTFUL REPETITION 

In sections 2.1 and 2.2 the pieces of the puzzle that will eventually be fitted together to per-

haps give a better picture of OCD, was discussed.  Cross-referencing to these two sections now 

become very important and it would be convenient for the reader to bookmark them for quick 

and easy references for the sections to follow.  In short, as explained in the aforementioned two 

sections OCD is characterized not only by compulsions but also in most cases by disturbances in 

cognition such as obsessions.  In the following paragraphs, it will become clear that although 

perseverative motor repetition, which may represent human compulsions, is a common behav-

ioural phenotype in animals, it is difficult to associate this behaviour with cognitive deficits.  In 

animal models of OCD this association is very important, as it differentiates normal repetitive 

stereotypy from compulsive-like motor repetition. 

When considering the development of a suitable animal model of OCD, a few important 

questions need to be borne in mind:  First, what are the core symptoms of a condition that the 

putative animal model is required to display?  Second, which treatment options should be con-

sidered once the appropriate symptomology has been described?  Third, which neurophysi-

ological targets should be scrutinized for similarities between the animal model and the human 

condition?  In essence, these three fundamental questions constitute the foundation of behav-

ioural research in animals and can otherwise be conceptualized as face, predictive and construct 

validity, respectively (van der Staay, 2006).  Subsequently, the importance of each of these vali-

dation criterions as they apply to the development of a suitable animal model of OCD will be 

discussed. 

* * * 

2.3.1. Repetitive behaviour – corner stone for establishing face validity for OCD 

OCD patients typically experience constant recurrent thoughts or compulsive-like repetition 

of certain actions and as such repetitive (and perseverant) behaviour is central to the manifesta-

tion of OCD symptomology.  Although the repetition of behavioural sequences forms part of 

normal human behaviour, under certain conditions and pathological states it may become ab-

normally frequent, rigid and resistant to change, purposeless, and relatively mono-dimensional 

– the four principles that collectively define the term stereotypy (Garner and Mason, 2002; Lan-

gen et al., 2011b).  For example, locking doors and brushing teeth are normal daily behaviour of 

a ritualistic nature, but in patients with OCD, it may become a pathological manifestation result-

ing in major functional impairment.  Applying the four principles of stereotypy to strengthen the 
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face validity of a given animal model of OCD seems to be uncomplicated, as compulsive-like 

repetition of certain behavioural sets is relatively easy to model in animals.  Consequently, all 

the animal models of OCD currently at our disposal are based foremost on the demonstration of 

some sort of stereotypical behaviour (Albelda and Joel, In Press (a); Fineberg et al., 2010; Joel et 

al., 2008; Korff and Harvey, 2006; Wang et al., 2009) (refer to paragraph 2.3.4 for a more de-

tailed discussion on the major current animal models for OCD).  However, great care is to be 

taken if stereotypical behaviour forms the only strength of a putative animal model of OCD, as 

pathological motor repetition is a diagnostic criterion for a number of human disorders as well 

as a common behavioural manifestation in many different animal species housed under con-

fined circumstances (Eilam et al., 2006).  In addition, if motor stereotypy can be described as 

lower order repetition, most OCD patients also present with higher order repetitions such as 

recurrent thoughts or obsessions (Abramowitz et al., 2003; Bartz and Hollander, 2006; du Toit 

et al., 2001; Nestadt et al., 2001; Rasmussen et al., 1994; Stein, 2002).  Although it is just as im-

portant as the demonstration of motor stereotypy, these types of repetitions involve cognitive 

abnormalities and are very difficult to model, as this by implication would suggest that an ani-

mal is obsessive.  An animal model of OCD therefore needs to distinguish between the stereo-

typy expressed in OCD patients, and the various forms of stereotypy observed in other disor-

ders.  In addition, in order to utilize repetitive animal behaviour as a means of establishing face 

validation in animal models of OCD, the development and manifestations of stereotypy in ani-

mals need to be explored (Eilam et al., 2006). 

2.3.1.1. Stereotypy in humans – a common symptom of many comorbid conditions 

Motor stereotypy is a diagnostic criterion for a number of human conditions and, although 

the basal ganglia are involved in the pathogenesis of most forms of stereotypy (Garner and Ma-

son, 2002; Haber and Calzavara, 2009; Joel and Weiner, 2000; Langen et al., 2011a; Langen et 

al., 2011b; Maia et al., 2008), the various conditions respond differently to the available treat-

ment options.  As a result of this, a number of studies have attempted to elucidate the exact role 

of the basal ganglia in the etiology of the repetitive behaviour observed in conditions such as 

OCD, Tourette’s syndrome, trichotillomania, and autism.  Since then, three major functional 

loops linking the cortex and basal ganglia have been described (Groenewegen et al., 2003; Lan-

gen et al., 2011b).  In short they are termed the sensorimotor loop (linking the sensory and mo-

tor cortices with the putamen), the associative loop (linking the dorsolateral prefrontal cortex 

with the basal ganglia), and the limbic loop (comprising the anterior cingulate and orbitofrontal 

cortices).  The main function of each loop is believed to be the control or regulation of goal di-

rected behaviour (sensorimotor), cognitive functioning (associative) and motivational behav-

iour (limbic) (Langen et al., 2011b).  If any success is to be gained during the development of an 
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animal model of OCD, the differences between the neurobiological and behavioural presentation 

of the stereotypies observed in some of the most prevalent conditions associated with motor 

repetition, need to be understood.  Therefore, in the following few paragraphs a brief discussion 

on the stereotypies associated with Tourette’s syndrome, autism and OCD respectively will be 

given. 

Tourette’s syndrome is characterized by verbal and motor tics (American Psychiatric Asso-

ciation, 2000).  It mostly develops between 5 and 7 years of age, peaks in severity at age 12, and 

then gradually ameliorates during puberty.  An inverse relationship has been demonstrated be-

tween symptom severity and the volume of the caudate nucleus and, although the condition is 

postulated to be of a hyper-dopaminergic nature due to its favourable response to dopaminergic 

antagonists, it can also be treated with the SSRIs (Langen et al., 2011a; Makki et al., 2008; Ras-

mussen et al., 1994).  Caudate involvement implicates the limbic loop and distinguishes the 

stereotypy observed in Tourette’s from pure motor repetition. 

Patients with autism present with three main symptoms namely stereotypy, non-

stereotypical repetitive behaviour, and restricted interests (American Psychiatric Association, 

2000).  A number of studies have associated autism with abnormalities of the anterior cingulate 

and posterior parietal cortices (Shafritz et al., 2008) and it has been demonstrated that patients 

with autism make more mistakes in experimental tasks and fail to distinguish between correct 

and incorrect responses compared to healthy control subjects (Thakkar et al., 2008).  Although 

the repetitive behaviour expressed in autistic patients respond to some degree to SSRIs 

(Kolevzon et al., 2006), dopamine antagonists are still the mainstay of therapy (Barnard et al., 

2002). 

Stereotypical behaviour in most patients with OCD involves motor and cognitive repetition 

(Abramowitz et al., 2003; Bartz and Hollander, 2006; Rasmussen et al., 1994; Stein, 2002; Tynes 

et al., 1990).  As reviewed in section 2.2, OCD has been associated with increased activity in the 

anterior cingulate and orbitofrontal cortices, and interestingly also in the caudate nucleus (Maia 

et al., 2008; Maina et al., 2001; Maltby et al., 2005; Markarian et al., 2010; Saxena and Rauch, 

2000).  The anterior cingulate and orbitofrontal cortices function as the cortical inputs of the 

limbic loop, while the caudate functions as the striatal entry point for the associative loop, im-

plicating a possible role for the cross-talk between these two major pathways in the pathology 

of OCD.  A number of studies using positron emission tomography (PET) have demonstrated 

decreased midbrain levels of the serotonin transporter (SERT) in patients with OCD compared 

to healthy controls (Hesse et al., 2005; Reimold et al., 2007; Zitterl et al., 2008).  Although stud-

ies done by Simpson (Simpson et al., 2003) and Pogarell (Pogarell et al., 2003) could not repli-



 

44  
 

cate the latter findings, they did demonstrate that the pre-treatment SERT density in OCD-

patients positively correlated with response to treatment with clomipramine, although this was 

inversely related to the severity of OCD symptomology (Zitterl et al., 2008).  In summary, it 

seems that the repetitive behaviour of OCD is unique in that it involves motor and cognitive 

repetition and responds mostly to monotherapy with the SSRIs and not atypical antipsychotics.  

Subsequently, these two parameters are the principle targets under consideration in an animal 

model of OCD. 

2.3.1.2. Stereotypy in animals – normal biology or abnormal pathology? 

Now that certain criteria have been established with respect to stereotypy in animals and 

how these can be explored for possible application in an animal model of OCD, it is now neces-

sary to evaluate the different forms of stereotypy expressed in animals.  Motor stereotypy is a 

common manifestation in many animal species and usually develops when wild animals are 

bred or kept in restricted and/or environmentally deprived habitats (Eilam et al., 2006).  How-

ever, it can also be induced by behavioural training and through pharmacological or genetic 

manipulation of the neuronal pathways implicated in repetitive behaviour, especially the cor-

tico-striatal circuitry (Berridge et al., 2005; Chou-Green et al., 2003; Egashira et al., 2008b; Joel 

and Avisar, 2001; Klavir et al., 2009; Langen et al., 2011a; Szechtman et al., 1998; Szechtman et 

al., 2001; Tsaltas et al., 2005). 

Many different theories have been put forward to explain the development of stereotypy re-

sulting from environmental deprivation or so called cage stereotypy, including that a restrictive 

environment only allows a certain behavioural pattern to be executed (Ridley, 1994) or that the 

stress resulting from confinement induces abnormal repetitive motor behaviour (Langen et al., 

2011b).  Cage stereotypy mostly manifests as stationary behaviour, in other words motor repe-

titions that are being executed only in a few preferred locations, and although it seems senseless 

(as do the compulsions in human OCD), it is not necessarily the case.  In fact a number of studies 

have reported that while most OCD patients realize the futility of their actions, preventing the 

completion of these motor routines sometimes results in acute anxiety (Eilam et al., 2006; 

Goodman et al., 1989; Rapoport, 1989).  It can thus be argued that at least in some patients, re-

petitive behaviour plays an anxiolytic role.  Bearing this in mind, it would be valuable to assess 

the behavioural effects induced by the prevention of cage stereotypy in putative animal models 

of OCD.  Still, most forms of cage stereotypy resemble one another through their rigid repetition 

of various motor routines.  The question thus arises how can these behaviours be distinguished 

from one another?  Referring back to paragraph 2.3.1.1, different forms of stereotypy are central 

to the diagnosis of each human condition.  While rigid motor patterns without any evident cog-
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nitive influence forms the core of stereotypical behaviour in conditions such as Tourette’s syn-

drome, tics and autism, compulsive-like stereotypy is exhibited by OCD patients.  Eilam and col-

leagues (2006) propose that compulsive-like repetitions can be distinguished from pure motor 

stereotypy based on the idea that compulsions are characterized by flexibility and thoughtful-

ness.  They explain that in most cases, patients with OCD will not execute the compulsive behav-

ioural routine if the environmental paradigm triggering it is not present (therefore the behav-

iour is regarded as flexible) and that the compulsions are mostly the result of obsessions or in-

appropriate thoughts.  These two characteristics can be assessed in animals expressing repeti-

tive behaviour, albeit only to a certain extent, as demonstrated in rats expressing compulsive 

like behaviour following treatment with quinpirole (a non-selective D2/3 agonist) (Szechtman et 

al., 1998; Szechtman et al., 2001) (for a more detailed discussion on this specific model, refer to 

paragraph 2.3.4).  These two proposed characteristics of compulsions could be employed to dis-

tinguish between rigid motor patterns and compulsive-like repetitive behaviour, both of which 

manifest as motor stereotypy.  In summary, the spontaneous development of repetitions such as 

cage stereotypies can be a valuable way in which to investigate the etiological mechanisms be-

hind the development of OCD. 

The genetic manipulation of animals resulting in stereotypy, or the pharmacological modula-

tion of certain receptors implicated in the pathology of stereotypy, provides one major advan-

tage over cage stereotypy in that it induces repetitive behaviour as a direct consequence of the 

relevant manipulation.  Thus, the roles of individual pathways and receptors in the development 

of stereotypy can be investigated and thus have great importance from a construct point of 

view.  In other words, they can be used to study certain defined neurobiological underpinnings 

believed to mediate the presenting stereotypy.  A major disadvantage of these models is that, as 

a direct consequence of this predetermined construct, they disregard the role of crosstalk be-

tween the different neuronal pathways and neurotransmitters in the development of OCD.  For a 

complete discussion on animal models of OCD that have been developed based on genetic and 

pharmacological manipulation, refer to paragraph 2.3.4. 

To summarize, stereotypical behaviour in itself may strengthen the face validity of an animal 

model of OCD, provided that it can be associated with either the demonstration of flexibility or 

thoughtfulness, or linked with good predictive and construct validity (refer to paragraphs 2.3.2 

and 2.3.3) which could substantiate the type of stereotypy being expressed.  Rigid repetition of 

specific motor patterns in itself cannot be regarded as compulsive behaviour. 
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2.3.2. A favourable response to SSRIs – the mainstay of predictive validity 

Although all the current animal models of OCD demonstrate various forms of repetitive be-

haviour, it is evident that these behaviours need to be associated with good predictive and con-

struct validity, as stereotypy in itself is a common behavioural manifestation in animals.  As de-

scribed in section 2.1, it is clear that for an animal model of OCD to be credible, it must demon-

strate selective response to the SSRIs, either as monotherapy, or in a combination with low-dose 

antipsychotics (Fineberg et al., 2006; Grados and Riddle, 2001; Stein, 2002).  In addition, the 

model must be unresponsive to treatment strategies that have no clinical effect in human OCD, 

for instance drugs targeting the noradrenergic system and the benzodiazepines (Fineberg, 

2004; Grados and Riddle, 2001; Stein, 2002). 

Various treatment regimens have been utilized in the different animal models of OCD (refer 

to paragraph 2.3.4 for a more detailed discussion), including acute, sub-chronic and chronic 

administration of the SSRIs, either as mono-therapy or in a combination with drugs from differ-

ent classes.  However, as explained in paragraph 2.1.3, patients with OCD only respond to high 

dose SSRIs and only after chronic administration.  The predictive validity of animal models of 

OCD could thus be strengthened if it could be demonstrated that chronic, but not acute or sub-

chronic, and high dose (but not nominal or antidepressant doses) treatment with the SSRIs is 

successful in alleviating stereotypy while drugs ineffective in human OCD exert no response.  In 

addition, it would be interesting to assess whether animals refractory to treatment with the 

SSRIs, will respond to the augmentation thereof with low dose antipsychotics.  Interestingly, 

OCD symptoms do not exacerbate due to serotonin depletion following cessation of chronic SSRI 

therapy (Delgado and Moreno, 1998) and it would be a valuable observation if the same effect 

could be demonstrated in an animal model of OCD. 

2.3.3. The construct of OCD 

The criteria that must be met to establish construct validity of an animal model of OCD can 

be summarized from section 2.2.  In short, the CSTC circuitry is fundamental in the pathology of 

OCD and must therefore be implicated in the animal model.  As patients with OCD mostly re-

spond selectively to the SSRIs, serotonin is regarded as a major role player, whether direct or 

indirect.  As explained in paragraph 2.2.2.4, post-synaptic 5HT2C receptor activation is thought 

to be the major mediator of the anti-compulsive effects of the SSRIs, while the down regulation 

of 5HT1B/D receptors is hypothesized to be linked to an increase in serotonergic neurotransmis-

sion following chronic treatment with the SSRIs.  Although the presynaptic 5HT1A receptors in 

the raphe nuclei may suppress the serotonergic outflow to the cortex, it is believed that 5HT1A 
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antagonism will only quicken the onset of action of the SSRIs and that the down regulation of 

the 5HT1A receptors during chronic SSRI-treatment is not a contributing factor to the efficacy of 

the SSRIs (Ceglia et al., 2004). 

As explained in paragraph 2.2.1, it is also believed that there is a bias in favour of the activity 

of the direct pathway through the basal ganglia over that of the indirect pathway.  As D1 recep-

tors are predominantly found in the direct pathway and D2 receptors in the indirect pathway, it 

would be interesting to evaluate the behavioural effects following the administration of various 

selective dopaminergic stimulating and blocking agents in established and putative animal 

models of OCD. 

Although a number of other factors, such as an altered oxidative status (Güldenpfennig et al., 

2011), increased glutamatergic signalling (Pittenger et al., 2006), increased nitric oxide levels 

(Atmaca et al., 2005), the circadian effects of the female hormonal cycle (Abramowitz et al., 

2003), and increased growth hormone levels (Kluge et al., 2006) to name but a few, may con-

tribute to the symptomology of OCD, these are likely to be secondary to changes in serotonin 

and/or dopamine.  Furthermore, most of these markers or mediators of disease are altered in a 

wide variety of conditions and therefore cannot be used to establish the construct validity of an 

animal model of OCD.  However, these markers can be used to strengthen an already solid foun-

dation built from a combination of good face, predictive and construct validity (refer to Gülden-

pfennig et al., 2011). 

Taken together, the construct validity of an animal model of OCD could be strengthened if 

the stereotypy can be linked to a dysfunctional CSTC circuit, abnormal serotonergic and dopa-

minergic signalling, differences in the relevant serotonin receptor densities and the activity of 

their respective second messengers compared to healthy controls, and lastly if changes in 

stereotypical behaviour pre- and post-treatment can be correlated with altered serotonergic 

and possibly dopaminergic signalling. 

2.3.4. Current animal models of OCD 

Although repetitive behaviour that may imitate human motor compulsions may be quite 

straightforward to demonstrate in animals, demonstrating this seemingly primitive repetition 

of specific behavioural sets in association with an underlying condition that may represent hu-

man OCD is extremely difficult.  Considering paragraphs 2.3.1 – 2.3.3, it is evident that motor 

stereotypy, as exhibited by many animal species, has to be linked with a favourable response to 

chronic high dose SSRIs or a combination of chronic SSRIs and low-dose antipsychotics.  More-

over, this needs to be combined with either an obsessive/thoughtful origin, serotonergic and 
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dopaminergic abnormalities in the prefrontal cortex and basal ganglia, or both.  Although many 

animal models of OCD have been proposed during the past 35 years (Joel, 2006), it is difficult to 

discriminate between established and putative models, as none of them can yet be regarded as 

complete.  Each model however, reflects some characteristics of the condition that may be help-

ful towards novel drug discovery for the treatment of human OCD. 

As repetitive behaviour in animals is easy to demonstrate, it provides a solid foundation for 

the development of most if not all current animal models of OCD.  Repetitive behaviour may de-

velop naturally (whether resulting from confinement or not), or due to pharmacological (or ge-

netic) manipulation or behavioural training.  Different models fit into either of these categories 

and in the following paragraphs, a brief summary of the most prominent models of each cate-

gory will be provided.  The current study can be classed in the first category and centres on the 

natural expression of stereotypical behaviour by deer mice and therefore this model will be re-

viewed separately in section 2.4. 

2.3.4.1. Animal models based on the natural development of stereotypy 

Spontaneous marble-burying in mice and rats.  The burying of marbles in bedding mate-

rial by mice and rats has been postulated to represent OCD symptomology (Gyertyan, 1995) 

based primarily on the fact that this behaviour responds favourably to treatment with SSRIs 

(Broekkamp et al., 1986).  Furthermore, it has been demonstrated that marble-burying is not 

anxiety-induced behaviour, but rather reflects repetitive compulsive-like behaviour (Thomas et 

al., 2009).  Much work has since been done to assess the validity of marble-burying as an animal 

model of OCD.  Considering the roles of reward and task completion in the pathology of OCD, 

Londei and colleagues (1998) postulated that the burying of marbles by rodents begins as a 

normal investigation of novel objects.  As marbles do not have reactionary properties, the au-

thors postulate that a lack of perceptible feedback, that should induce a sense of task-

completion, induces compulsive burying.  This hypothesis, which implicates a role for thought-

fulness, combined with the compulsive-like burying of marbles, strengthens the face validity of 

the model.  Unfortunately, although it has been demonstrated that the SSRIs, but not the 

noradrenalin reuptake inhibitor (NRI) desipramine, are successful in the attenuation of marble-

burying (Broekkamp et al., 1986; Ichimaru et al., 1995; Takeuchi et al., 2002), the model does 

not discriminate between the serotonergic drugs and anxiolytics such as the benzodiazepines 

(Broekkamp et al., 1986).  Since OCD does not respond to benzodiazepines, this significantly 

undermines the predictive validity of the model.  The construct validity of the model has not di-

rectly been investigated but is incidentally based on the observations that drugs acting via 

mechanisms that have been proved clinically useful in OCD, also decrease the burying of mar-
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bles.  These drugs include the NMDA antagonist, memantine (Egashira et al., 2008b), and the 

atypical antipsychotic, aripiprazole, a partial agonist at D2 , 5HT1A and 5HT2C receptors and an 

antagonist at 5HT2A receptors (Egashira et al., 2008a).  These findings implicate the glutamater-

gic, dopaminergic, and serotonergic systems in marble burying and may aid in strengthening the 

construct validity of the model. 

Nest building in mice.  Although only one report on this model has been published (Greene-

Schloesser et al., 2011), the study design and the resulting outcomes are striking and thus well 

worth mentioning here.  In this model, the authors evaluated and classified nest building behav-

iour of house mice (Mus musculus) into BIG and SMALL nest building cohorts.  The BIG cohort 

was regarded as being compulsive while the SMALL cohort was defined as the control group.  

The authors demonstrated a 40-fold difference between the nest sizes of the BIG and SMALL 

cohorts, with the behaviour of the BIG cohort possibly correlated with the clinical symptoms of 

hoarding and concerns about security so often observed in human OCD.  Furthermore, the au-

thors also demonstrated that mice from the BIG cohort bury more marbles than mice from the 

SMALL cohort, thus constituting a link between nest building behaviour and marble-burying, 

another proposed animal model of OCD (see above).  These findings provide the basis for the 

face validity of the model.  The authors also provided evidence that the SSRI fluoxetine and the 

SRI clomipramine, but not the NRI desipramine, attenuated nest building behaviour of the BIG 

cohort.  Also, nest building behaviour does not return to the baseline values during the four 

weeks post-treatment, a finding that correlates with studies done in OCD patients that demon-

strated the long lasting behavioural effects of chronic SSRI-treatment in patients with OCD fol-

lowing cessation of drug administration (Delgado and Moreno, 1998).  Subsequently the model 

demonstrates good predictive validity.  The model has to date not been subjected to testing with 

respect to its construct validity for OCD.  Another recent study has investigated nest building 

behaviour in rabbits as a model of OCD (Hoffman and Rueda Morales, 2009).  This model is rele-

vant 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.  However, this model still requires investigation with regard to predic-

tive and construct validity and will not be discussed further at this time.  In summary, nest 

building behaviour may be a novel animal model of OCD, providing that the CSTC circuitry and 

other biological markers associated with OCD can be implicated in its underlying biology. 
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2.3.4.2. Animal models based on pharmacological or genetic manipulation 

8-OH-DPAT-induced decrease in spontaneous alternation.  Rats have a natural tendency 

to explore novel places in any given environment (Albelda and Joel, In Press (a)).  In this model, 

originally developed by Yadin and colleagues (1991), the authors demonstrated that admini-

stration of the 5HT1A agonist, 8-OH-DPAT to rats was associated with a compulsive-like de-

crease in spontaneous alternating behaviour that provides the foundation for the face validity of 

the model.  A number of studies have also demonstrated that sub-chronic and chronic admini-

stration of fluoxetine and clomipramine, but not desipramine, prevented this decrease in spon-

taneous alternation (Albelda and Joel, In Press (b); Fernández-Guasti et al., 2003; Yadin et al., 

1991), thus strengthening the predictive validity of the model.  Although the decrease in spon-

taneous alternation is brought about by targeting the serotonergic system – a fact that may pro-

vide the model with some degree of construct validity – this behaviour is also common in condi-

tions such as Parkinson’s disease, autism and schizophrenia (Albelda et al., 2010; Langen et al., 

2011a), which may somewhat lessen the face validity of the model. 

Quinpirole-induced compulsive checking.  In this model developed by Szechtman, Sulis 

and Eilam (1998), compulsive checking behaviour was induced in rats by the administration of 

the D2/3 receptor agonist, quinpirole.  Compulsive checking was defined with the demonstration 

that animals treated with quinpirole preferentially stopped at two specific locations only in a 

given environment compared to the non-specific exploratory behaviour of saline treated rats.  

The authors distinguished the compulsive checking behaviour induced by quinpirole from mo-

tor stereotypy by implicating a role for thoughtfulness.  They demonstrated that in addition to 

the compulsive checking at the two preferred locations in the environment, rats treated with 

quinpirole demonstrated shorter return times to these locations compared to the other loca-

tions in the cage and performed a certain set of behaviours at each location.  These observations 

markedly increase the strength of the model’s face validity, as it not only demonstrates repeti-

tive behaviour, but also links the repetition with cognitive planning.  However, chronic 

clomipramine only partially attenuated the compulsive checking (Szechtman et al., 1998) while 

no trial with an SSRI has yet been performed.  In addition, the model has not been subjected to 

challenge with drugs known to be ineffective in human OCD, which diminishes its overall pre-

dictive validity.  While some construct validity may be provided by the implication of D2 recep-

tor involvement, it must be stressed that this model may represent only a part of the clinical pic-

ture of OCD, as the behaviour is the result of dopaminergic modulation and therefore does not 

account for the crosstalk between dopamine and serotonin.  This may be the reason why 

clomipramine only partially attenuates the compulsive checking induced by quinpirole. 
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The 5HT2C-receptor knockout mouse.  5HT2C receptor KO mice were originally developed to 

assess the influence of the receptor on feeding behaviour (Nonogaki et al., 1998).  However, 

Chou-Green and colleagues (2003) soon realised that these animals exhibited compulsive traits.  

It has since been demonstrated that not only do 5HT2C receptor KO mice chew on objects and 

substances without any nutritive value, but do so in a very rigid, neat and organized way.  The 

authors concluded that this type of behaviour may represent the compulsive expression of 

neatness and symmetry observed in OCD-patients, and as such provides the model with good 

face validity.  Interestingly (as explained in paragraph 2.2.2.4), the 5HT2C receptor is thought to 

be a major mediator of the opponent actions of serotonin on reward-based learning, a fact that 

may strengthen the face and construct validity of this model. It can be postulated that these 

animals constantly experience the same level of reward as a result of the compulsive-like and 

neat chewing of plastic screens.  However, no drug treatment trials have been done to assess the 

effects of drugs known to be effective in human OCD, nor with drugs that are clinically ineffec-

tive, such that the model has no recognised predictive validity (Joel, 2006; Wang et al., 2009). 

The following models can also be classed in this category, but due to the lack of recent work 

to further their validation, they are not used and will therefore not be discussed in more detail:  

D1CT-7 mutant mice, dopamine transporter (DAT) knockdown mice, SAPAP3-mutant mice, oes-

trogen-deficient mice, and Hoxb8-mutant mice.  For a review on these models, see Wang (2009) 

and Joel (2006). 

2.3.4.3. An animal model based on behavioural training 

The signal-attenuation model.  This model involves the training of rats to press a lever for 

reward, in this case food.  The presentation of the reward is accompanied by a cue that signals a 

successful lever press, upon which the food is introduced.  Subsequently, the rewarding prop-

erty of the signal is attenuated by repeatedly presenting the cue without the reward.  In short, 

rats keep pressing the lever in a compulsive manner, even if no reward is gained from their ac-

tions.  This model has been developed by Joel and Avisar (2001) based on the theory that a dys-

functional reward-based learning system may be central to the pathogenesis of OCD and thus 

the model demonstrates excellent face and some construct validity.  Not only is compulsive-like 

lever pressing demonstrated, but it is also linked with a dysfunction in reward-based learning 

that distinguishes lever pressing from rigid motor stereotypy.  Furthermore, that the dopa-

minergic, serotonergic and glutamatergic systems have been implicated in the model further 

strengthens the construct validity of the model.  The authors argue that the model has a solid 

predictive foundation, as acute treatment with the SSRIs, but not with desipramine or diazepam, 

have been found to attenuate compulsive lever pressing.  However, this aspect somewhat dimin-
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ishes the predictive validity of the model since human OCD only responds after chronic and high 

dose treatment with the SSRIs. 

* * * 

In summary, it is clear that none of the models discussed above have strong foundations an-

chored in all three of the validation criterions necessary to establish an animal model as a credi-

ble representation of a human condition.  In general, natural stereotypy can prove valuable to 

investigate the etiological development of specific compulsive-like behaviours and shed more 

light on the crosstalk in the CSTC circuitry, while the pharmacological or genetic manipulation 

of animals can provide insights into the specific roles of certain receptors and neurotransmit-

ters in the pathology of stereotypical behaviour, whether it may represent human compulsions 

or not.  Lastly, the signal attenuation model is one of the only models available that implicates a 

role for reward and thus may further our understanding of the role of reward-based learning in 

the symptomology of OCD.  
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2.4. A REVIEW OF SPONTANEOUS STEREOTYPY IN THE DEER MOUSE – 

1999 – 2011 

Since stereotypical behaviour in the deer mouse (Peromyscus maniculatus bairdii) was first 

studied in 1999 by Susan Powell and her colleagues at the University of Florida (Powell et al., 

1999), much work has been done to investigate the pathogenesis and underlying pathology of 

these behaviours.  Deer mice exhibit three main topographies of stereotypy when housed under 

normal laboratory conditions, namely repetitive jumping, pattern running and backward som-

ersaulting (Hadley et al., 2006; Korff et al., 2008; Powell et al., 1999).  These three behavioural 

phenotypes have since been under investigation as putative animal models of stereotypical 

movement disorder (Hadley et al., 2006; Powell et al., 1999; Presti et al., 2004), and more re-

cently, OCD (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009).  In this section, the 

history of the model will briefly be reviewed, from its initial development as an animal model of 

stereotypical movement disorder to the more current investigations concerning OCD.  Further-

more, the validation status of the deer mouse model of OCD will be evaluated, focussing on the 

model’s current strengths and shortcomings. 

* * * 

2.4.1. A timeline of major developments in the appraisal of deer mouse stereotypy 

Powell and colleagues was the first group to conceptualize the behaviour expressed in deer 

mice housed in confinement as being abnormal and of a stereotyped nature (Powell et al., 

1999).  The main purpose at that time was to evaluate the influence of environmental enrich-

ment on the development of stereotypy and therefore animals were not categorized based on 

the amount of stereotypy they expressed, but rather according to the percentage time each ani-

mal spent exhibiting stereotypy.  In addition, the authors demonstrated that 62% of the animals 

housed in laboratory cages developed stereotypy, a number that has changed somewhat during 

the course of later studies due to the implementation of newer assessment protocols.  Important 

to note though, is that not all animals develop this behavioural trait, a fact that has not changed 

over the past years. 

At that time, the group did not make use of automated screening and the behavioural cate-

gorization was done by means of visual observation (Powell et al., 1999).  Due to the time con-

straints imposed by this method of screening, the authors observed each animal twice weekly 

for only 5 minutes at a time.  Since then the same group has broadened their investigations with 

the purpose of developing and validating an animal model of stereotypical movement disorder 

(Powell et al., 1999; Presti et al., 2004).  In 2004 the same group introduced automated screen-
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ing which opened up the possibility of evaluating the behaviour over longer periods of time (for 

a full discussion on the methodology of automated screening, refer to Chapter 4).  This resulted 

in the first quantitative assessment of stereotypy scores with the measurement unit being ex-

pressed as counts per hour (Presti et al., 2004).  The authors classified the animals into one of 

two cohorts, viz. low-stereotypical (LS, less than 300 vertical beam interruptions per hour), and 

high-stereotypical (HS, more than 1000 vertical beam interruptions per hour) based on the 

mean stereotypy score calculated following behavioural screening during an eighteen hour-long 

session over two days (Presti and Lewis, 2005).  Although this classification system excluded 

animals that executed 300 to 1000 jumps per hour, the authors intended to determine whether 

any differences in the striatal opioid content between the LS and HS cohorts could be demon-

strated.  It was therefore crucial to exclude the ‘grey’ middle population of animals from the 

group (Presti and Lewis, 2005), a rationale that was exploited in the current study as well.  In 

addition, due to the practical constraints imposed by the methodology of striatal micro-dialysis, 

the pattern running and backward somersaulting topographies were excluded from the study as 

these types of behaviour interfered with the normal functioning of the micro-dialysis equip-

ment. 

In 2005, our laboratory initiated the validation of deer mouse stereotypy as a putative ani-

mal model of OCD, with Korff and colleagues (2008) being the first group to comprehensively 

describe the face and predictive validity of deer mouse stereotypy as a putative animal model of 

OCD.  As pattern running and backward somersaulting were included in this study, the authors 

realised that the original classification system developed by Presti was insufficient to meet the 

purposes of the study at that time.  The main reason for this was that backward somersaulting 

resulted in more beams being broken per stereotypical movement than was the case with verti-

cal jumping.  Subsequently the authors re-classified the behaviour expressed by deer mice into 

three cohorts, viz. non-stereotypical behaviour (NSB, less than 1000 beam interruptions per 

hour), low-stereotypical behaviour (LSB, 1000 – 2000 beam interruptions per hour), and high-

stereotypical behaviour (HSB, more than 2000 beam interruptions per hour) (Korff et al., 2008) 

(for an explanation of the rationale followed when applying beam interruptions as a means of 

behavioural categorization, refer to paragraph 3.1.2 and 3.1.3).  Important to note is that during 

this study, as well as two subsequent studies from this group (Güldenpfennig et al., 2011; Korff 

et al., 2009), the animals were classified into either one of the cohorts using a mean stereotypy 

score calculated from the data obtained during three individual one-hour long behavioural 

screening sessions, each one week apart to exclude the influence of handling stress.  This meth-

odology has since been reappraised (see section 3.1). 
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2.4.2. The current validation status of the deer mouse model of OCD 

In the first article published on deer mouse stereotypy and its relevance to OCD, Korff and 

colleagues (2008) demonstrated that deer mouse stereotypy is heterogeneous within a given 

population of animals.  As such, 45% of the animals were classified as HSB, 41% as LSB, and 

16% as NSB.  Without elaborating on the importance of the diversity of stereotypy expressed, 

the authors compared the differences in symptom severity in human OCD to the heterogenic 

distribution of the stereotypy scores of deer mice.  Indeed, it must be stressed that these behav-

iours develop naturally and that a number of deer mice do not exhibit stereotypy at all.  Al-

though the latter cohort of animals is small compared to the cohorts exhibiting either high or 

low stereotypical behaviour, it can be postulated that a genetic basis for the expression of 

stereotypy may exist and that the proposed influences of confinement stress (Langen et al., 

2011b) and the restricting role of the environment on normal behavioural motor patterns 

(Ridley, 1994) may only be triggering factors for the development of stereotypy and not neces-

sarily the etiological origins thereof.  Although Powell presented evidence for an ameliorative 

effect of environmental enrichment on the expression of deer mouse stereotypy (Powell et al., 

1999), which is in line with the hypothesis of Ridley (Ridley, 1994), animals in both standard 

and enriched cages did however develop stereotypical behaviour.  The difference was that a 

smaller percentage of the animals in enriched cages expressed stereotypy, also developing it at 

a later stage and displaying mostly pattern running instead of vertical jumping or somersaulting 

(Powell et al., 1999).  In addition, the average amount of stereotypy expressed in animals 

housed in enriched cages was less than the amounts expressed in their fellow subjects housed in 

the standard cages.  These findings were replicated in a study done by Hadley and colleagues 

(2006).  This observation, combined with the evidence that a proportion of animals do not de-

velop any form of stereotypy, would suggest that the environment these animals are kept in is 

not the determining factor in the expression of stereotypy and that it may only play a modula-

tory role in the extent to which stereotypy is exhibited.  As such, the face validity of the model is 

based on the demonstration of rigid repetition of certain motor patterns in intensities of a het-

erogenic nature across a given population and that it is not entirely dependent on environment, 

but may have a genetic basis.  In addition, the demonstration that deer mouse stereotypy cannot 

be prevented by environmental enrichment, but only alleviated to a certain extent, is in line 

with the hypothesis that compulsions can be distinguished from rigid motor patterns on the ba-

sis of thoughtfulness and flexibility (Eilam et al., 2006).  Although this behaviour does not dis-

appear in total, it can be influenced by environmental factors and thus can be regarded as flexi-

ble.  This hypothesis further strengthens the face validity of the deer mouse model for OCD. 
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* * * 

Evidence in support of the predictive validity of the model has also been established.  Korff 

and colleagues (2008) demonstrated that chronic high dose treatment with the SSRI fluoxetine, 

but not the NRI desipramine, decreased the amount of stereotypy exhibited by HSB and LSB 

animals without affecting general locomotor activity.  As chronic and high dose treatment with 

the SSRIs is the mainstay of treatment for human OCD, these findings contribute positively to 

the predictive validation of deer mouse stereotypy as an animal model of OCD.  Based on the 

hypothesis that a bias in favour of the direct pathway through the basal ganglia over that of the 

indirect pathway is central to the pathology of OCD, the authors also challenged deer mice with 

sub-acute quinpirole at a dosage of 5 mg/kg/day.  Quinpirole, a non-selective D2/3 agonist, 

should theoretically have inactivated the indirect pathway, leading to an exacerbation of stereo-

typy (refer to section 2.2.2 for a discussion on the functioning of the direct and indirect path-

ways in the control of movement).  Indeed, Szechtman and colleagues (1998) used quinpirole to 

induce what they termed ‘compulsive checking’ in rats, another putative animal model of OCD 

(see paragraph 2.3.4).  However, in the study by Korff and colleagues (2008), quinpirole attenu-

ated the spontaneous stereotypy exhibited by deer mice.  Given the number of conflicting re-

ports regarding the effects of dopamine releasers like amphetamine and selective dopaminergic 

agents in the treatment of OCD (Denys et al., 2004a), the fact that quinpirole decreases the 

stereotypical behaviour in deer mice implicates a role for dopamine in the pathology of deer 

mouse stereotypy and thus strengthens the construct of the model, albeit only with regards to 

the neurotransmitters involved.  If one attempts to draw a parallel to human OCD, in contrast to 

what has been proposed with respect to dopamine’s role in OCD, the Korff study suggests that at 

least the stereotypy component of the OCD spectrum of symptoms may be related to reduced 

dopaminergic activity within certain CSTC circuits.  It should however be reiterated that various 

studies have failed to demonstrate a hyperdopaminergic state in OCD (Brambilla et al., 2000; 

Pitchot, 1996).  Further, while amphetamine-like drugs (dopamine releasers) are known to ex-

acerbate obsessive-compulsive symptoms, dopamine agonists may also improve symptoms in 

OCD patients (Denys et al., 2004a).  Moreover, while dopamine agonists may precipitate com-

pulsive/stereotypic behaviour in a non-pathological (induced) animal model such as the quinpi-

role model described by Szechtman and colleagues, they seem to suppress these behaviours in 

spontaneous stereotypy models (Korff et al., 2008; Vandebroek and Odberg, 1997).  These data 

concur that further study is not only necessary to delineate the role of dopamine in stereotypy 

as it pertains to OCD, but also to better understand the underlying neurobiology of induced ver-

sus natural stereotypy.  
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Korff and colleagues (2008) also found that the administration of m-chlorophenylpiperazine 

(mCPP), a non-selective 5HT1A/2A/2B/2C agonist, decreased the degree of stereotypy expressed in 

deer mice.  This is in line with data published reporting compulsive-like behaviour in the 5HT2C 

receptor KO mouse (see paragraph 2.3.4) (Chou-Green et al., 2003) and the hypothesis that the 

stimulation of 5HT2C receptors may be an important mediator of the suppressing effects of sero-

tonin on reward-seeking behaviour (Millan et al., 1998).  This mechanism is postulated to be 

central to at least some forms of OCD (refer to section 2.1 and paragraph 2.2.2.3 for a full dis-

cussion on the role of reward in the pathology of OCD).  However, conflicting clinical reports 

have been published regarding the effects of mCPP administration in patients with OCD, with 

some authors reporting an exacerbation of symptoms (Hollander et al., 1991), while others 

failed to demonstrate the same (Khanna et al., 2001).  As mCPP decreased the amount of stereo-

typy expressed in deer mice, a role for the 5HT1A/2C receptors is implicated in the pathology of 

deer mouse stereotypy.  Although the finding does not necessarily strengthen the predictive va-

lidity of the model, it certainly is not an undermining factor.  As explained in section 2.2, the 

crosstalk between serotonin, dopamine, glutamate, and GABA in the CSTC circuitry is complex.  

The manner in which stereotypy develops may shed light on the functioning of the CSTC cir-

cuitry and aid in explaining the conflicting results reported concerning dopaminergic and sero-

tonergic drug challenges and their effect on stereotypy. 

* * * 

As dopamine and serotonin has been implicated in the symptomology of deer mouse stereo-

typy (Korff et al., 2008), the validity of the model is strongly founded on this construct.  It has 

been demonstrated that the amount of stereotypy expressed in deer mice is positively corre-

lated to frontal-cortical, but not striatal, cAMP levels and inversely related to PDE4-enzyme ac-

tivity in the frontal cortex but not striatum (Korff et al., 2009).  The select involvement of the 

frontal cortex strongly supports a frontal cortical lesion in OCD (Evans et al., 2004; Husted et al., 

2006; Markarian et al., 2010).  The authors proposed that, given the fact that an earlier study 

(Korff et al., 2008) demonstrated reduced stereotypy in HSB mice following administration of a 

non-selective 5HT1A agonist, increased stereotypy would be characterized by reduced 5HT1A Gi 

dependent adenylate cyclase coupling and increased levels of cAMP (Korff et al., 2009).  In both 

brain regions, the authors also found a significant inverse correlation between PDE4 activity 

and stereotypic behaviour.  Since PDE4 selectively hydrolyses cAMP, this negative correlation 

indicates that the increase in cAMP observed as a function of stereotypy in HSB mice is related 

to reduced hydrolysis by PDE4 (Korff et al., 2009).  Perseverative locomotor paths have been 

associated with the stimulation of 5HT1B/1D receptors (Shanahan et al., 2009) and the desensiti-

zation of these receptors is thought to mediate some of the ameliorative effects of the SSRIs on 
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OCD symptomology (Blier et al., 1996).  As the desensitization of frontal-cortical 5HT1B/D auto-

receptors results in the increased release of frontal-cortical serotonin (which in turn can be as-

sociated with the attenuation of stereotypy), the assumption would be that the frontal-cortical 

cAMP levels in HSB animals, should actually be lower than in the LSB cohort, which is not the 

case.  The opposite observation in deer mice on the one hand can be ascribed to the use of 

mCPP, a relatively non-selective 5HT agonist, or due to state-dependent differences in the ani-

mal models used, such as natural versus induced stereotypy models.  Clearly, these findings 

warrant further investigation into the serotonergic mechanisms underlying the development of 

spontaneous stereotypy in the deer mouse. 

Studies confirming the involvement of the direct and indirect pathways in the development 

of deer mouse stereotypy (Presti et al., 2004; Presti and Lewis, 2005), together with data impli-

cating the frontal cortex in the pathology of these behaviours strengthens the construct validity 

of the model. 

* * * 

In summary, deer mouse stereotypy presents with sufficient face, predictive and construct 

validity to constitute a solid foundation for its further development as an animal model of OCD.  

Nevertheless, the face validity of the model can be strengthened by studying the association of 

high stereotypical behaviour with compulsive-like traits in the animal, such as marble-burying 

and nest building.  Furthermore, the predictive validity of the model can be taken further by as-

sessing the effects of augmenting SSRI treatment with low-dose antipsychotics in animals that 

are refractory to SSRI monotherapy, and demonstrating that acute administration of the SSRIs 

does not exert any ameliorative effect in HSB mice.  The administration of selective 5HT2C ago-

nists as monotherapy and 5HT1A/B/D antagonists in combination with the SSRIs may also pro-

duce valuable results.  Since the pathogenesis of OCD remains a topic of much debate, specifi-

cally with respect to the brain regions and neuronal systems and neurotransmitters implicated 

in OCD, the construct validity of the model is at this point relatively robust.  However, studies 

aimed at strengthening the construct of the model by confirming a role for a dysfunctional re-

ward-based learning system in HSB deer mice would be very valuable.  Such a demonstration 

would be in line with the hypothesis that reward may play a role in the symptomology of OCD 

(see section 2.1 and paragraph 2.2.2.3) and correlate with findings from the signal-attenuation 

model of Joel and Avisar (2001). 
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* * * 

Like many other psychiatric conditions, OCD remains an enigma.  In the clinical environment 

the diagnosis of the condition is challenged by many difficulties, including the high prevalence of 

comorbid disorders (Le Boulch et al., 1991; Nestadt et al., 2001) and the variation in obsessive-

compulsive symptomology (Abramowitz et al., 2003; Bartz and Hollander, 2006).  The etiologi-

cal and pathological foundations of the condition have also not yet been fully elucidated (Fine-

berg et al., 2010; Stein, 2002).  However, it is clear that functional abnormalities in the CSTC cir-

cuitry are central to the symptomology of OCD (Markarian et al., 2010) and that most patients 

respond selectively to treatment with SSRIs (Fineberg and Craig, 2007; Vythilingum et al., 

2000).  Thus, the demonstration of CSTC involvement and a selective response to chronic, high 

dose SSRIs, at least in 70% of animal subjects, would constitute a solid foundation for the devel-

opment of an animal model of OCD.  However, these cannot be the only strengths of an animal 

model of OCD, as many psychiatric conditions share the same characteristics.  OCD is also char-

acterized by the rigid repetition of certain motor patterns that can be distinguished from simple 

motor repetition on the basis of thoughtfulness and flexibility (Eilam et al., 2006).  Another aim 

in the development of a model for OCD would thus be to investigate the origins and the charac-

teristics of the different forms of motor stereotypy expressed in animals. 

In the following chapters, the current study will be discussed in detail, including a reap-

praisal of deer mouse stereotypy as a putative animal model of OCD, the objectives of the study, 

the results, and finally a discussion of the findings and how these relate to our current knowl-

edge of deer mouse stereotypy and, indeed, OCD. 

  

END OF CHAPTER 2 
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CHAPTER 3   

APPRAISING DEER MOUSE STEREOTYPY AS AN ANIMAL MODEL 

OF OCD 

During the course of the current study, I drew on ideas from different methods described in 

our previous studies (Güldenpfennig et al., 2011; Korff et al., 2009) as well as from other pub-

lished studies (Hadley et al., 2006; Powell et al., 1999) to assess and evaluate the degree of 

stereotypy expressed in deer mice.  In this chapter, I will focus on the critical reappraisal of deer 

mouse behaviour specifically in the light of its relevance to OCD and shortly discuss the reason-

ing behind the methodology followed in the current study. 

3.1. THE REAPPRAISAL OF PAST METHODS 

3.1.1. How was deer mouse stereotypy assessed in the past? 

In studies based on the discrimination between the different amounts of stereotypy ex-

pressed in deer mice, baseline assessment of stereotypy is required in order to classify each 

animal into one of the three cohorts (HSB, LSB or NSB) before any treatment- and neurochemi-

cal-related studies can be initiated.  During the previous investigations in our laboratory, this 

classification was done based on the mean stereotypy score calculated following three behav-

ioural screens, each one hour in duration and one week apart.  The apparatus used at that time 

(Digiscan® Animal Activity Monitoring System, Accuscan Instruments, Columbus, Ohio, USA) 

only allowed for a maximum of four animals to be screened at a time and did not have the capa-

bility to provide the animals with food and water throughout the night for extended behavioural 

analysis.  Animals were then transferred from their home cages to the testing room 30 minutes 

prior to the behavioural assessment to allow them to habituate in the test cages.  Following the 

one-hour assessment period, the animals were returned to their home cages and the next group 

of four mice subjected to the habituation protocol.  This method allowed screening of 12 ani-

mals maximum per night or 48 animals per week.  This procedure was repeated for three weeks 

in order to obtain three stereotypy values for each animal from which a mean value could be 

calculated.  Thereafter the drug administration began and continued for the duration of the 

treatment period without any intermittent behavioural screening.  The last behavioural assess-

ment after the cessation of drug administration was performed as a once-off measurement to 

determine treatment-associated behavioural changes.  This methodology worked well as far as 

the expression of stereotypy is concerned since the mean value used to determine the baseline 

stereotypy score mostly excluded any outliers from the post-treatment assessment.  However, 
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the fact that the post-treatment assessment involved a single measurement, posed some signifi-

cant challenges in the evaluation of the data. 

The original classification system used was an adaptation of that developed by Presti (2004) 

and divided animals precisely into one of the three cohorts.  At this stage, it is important to ex-

plain how the data generated by the Digiscan® Animal Acitivity Monitoring System were subse-

quently used to determine the stereotypy scores for each individual animal (for a full descrip-

tion of the mechanics of the activity monitoring system, in particular the newer version, refer to 

Chapter 4).  Briefly, every time an animal moves, it interrupts a light beam at a certain location 

in a grid of beams spaced 2.5cm apart, organized in a XY-manner (see Figures 4-3 and 4-4).  In 

addition, another set of beams are located 10cm above the bottom grid to record vertical jump-

ing and somersaults, without being influenced by rearing activity.  If an animal interrupts the 

same beam at the same location repeatedly, the software records the repetitions as stereotypy.  

Behaviour such as head dipping and eating chow can cause this type of data to be recorded and 

therefore the stereotypy score generated by the software could not be regarded as definitive.  

Thus, for vertical activity the amount of vertical beam interruptions as a measure of vertical 

jumping and somersaulting was used.  As pattern running by deer mice manifests as running in 

circles, the amount of cage revolutions recorded by the software was used to determine the pat-

tern running scores, as this is a measurement of the cage circling behaviour of the animals (note 

that rotating behaviour in one spot is not recorded as cage revolutions).  Based on these re-

cordings, the animals were then divided into three cohorts, namely HSB, LSB or NSB, using the 

same classification criteria for all animals without discriminating between the three behavioural 

topographies and thus not taking into account the different types of stereotypy expressed by the 

different animals.  Animals expressing 1000 vertical beam interruptions or cage revolutions per 

hour or less were classified as NSB.  If the amount of vertical beam interruptions or cage revolu-

tions generated were between 1000 and 2000 per hour the animal was classified as LSB and if 

the amount of vertical beam interruptions or cage revolutions equalled 2000 and more per 

hour, the animal was classified HSB. 

3.1.2. The influence of the different topographies on the classification of stereotypy 

As stated earlier, Presti and Lewis (2005) excluded the pattern running and backward som-

ersaulting topographies from their studies.  As these behaviours are as repetitive and persistent 

as vertical jumping, these topographies were included in our studies.  Subsequently the same 

classification criteria explained above to categorize the three different cohorts across all forms 

of stereotypy were used.  However, in hindsight this method of discrimination excluded the pat-

tern runners from our experiments as the number of cage revolutions never amounted to more 
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than 1000 (see Figure 3-1 and Addendum A for supportive data using the Fusion®).  The reason 

for this is that the animal spends much more time completing one revolution compared to com-

pleting one vertical jump.  Thus, even if the pattern runners ran in circles without end, they 

would never complete 1000 revolutions.  Similarly, it would be even more difficult to attain a 

score of 2000 needed to be classified as HSB.  Nevertheless, the behaviour they express is just as 

rigid and repetitive as that of the vertical jumpers and backward somersaulters.  Consequently, 

it is possible that in our previous studies, certain pattern runners that executed relatively high 

numbers of cage revolutions could have been classified inappropriately as NSB animals.  It was 

therefore decided to reappraise the original classification system employed in our laboratory to 

accommodate the topographical differences in the expression of stereotypy.  In general, vertical 

jumpers and backward somersaulters generate the same amount of beam interruptions per co-

hort and it is very difficult to discriminate between these two topographies statistically when 

only studying the behavioural data.  Therefore, we now only distinguish between vertical 

stereotypies and pattern running as the two main topographies.  These behavioural observa-

tions have resulted in the development of a new classification system that will be explained in 

the following section. 

3.1.3. 12-hour assessments influence stereotypy classification 

Since the publication of the first series of validation studies undertaken in our laboratory 

(Korff et al., 2008; Korff et al., 2009), the original Digiscan® Animal Activity Monitoring System 

was replaced with a novel more well-appointed model from the same company, called the Fu-

sion® (see Figure 4-3).  This apparatus can accommodate eight animals at a time and is capable 

of continuous behavioural screening of the mice for 12 hours.  Furthermore, it has the capability 

of providing food and water ad lib for the duration of the dark cycle, thus enabling extended and 

continuous behavioural evaluation.  It was therefore decided to screen eight animals at a time, 

five nights of the week.  The total amount of animals screened during a week thus equalled the 

same amount screened using the old system, except that it has now been possible to increment 

the data during the night and thereby obtain a mean value of stereotypy for each animal after 

only one night instead of three weeks.  Thus, mean stereotypy scores could now be generated 

for each animal on a weekly basis, providing a much more objective way to assess the behav-

iour.  In addition, behavioural screening can continue throughout the treatment phase of a 

study, providing us with “snapshots” over time depicting the changes in behaviour as a function 

of treatment progression.  Thus for example, response after 1 and/or 7 days of treatment (i.e. 

response following acute and/or sub-chronic treatment) with an automatic extension to longer 

treatment periods, such as 3 – 8 weeks (i.e. chronic treatment) could be considered, allowing a 

more robust assessment of acute versus chronic drug response (in support of the model’s pre-
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dictive validity).  An interesting consequence of the 12-hour screening protocol was that pre-

liminary observations indicated that many animals do not express the same levels of stereotypy 

during the whole of the dark-cycle (see Figure 3-1 and Addendum A for supporting data).  In-

stead, there are periods during which they execute a high number of stereotypical repetitions, 

followed by periods of very little stereotypical activity, this despite the fact that the general lo-

comotor activity stays the same during these periods.  A statistical analysis of this behavioural 

phenomenon could provide interesting insights since stereotypy expressed in this manner could 

be a functional reaction to anxiety.  If such a pattern in the expression of stereotypy can be con-

firmed, it may be postulated that the execution of stereotypy may play an anxiolytic role, ex-

plaining the fluctuating manner in which many animals express this behaviour.  Further studies 

of the chronological expression of stereotypy are therefore warranted.  Such studies would have 

to take into account the different behavioural topographies, the individual chronological varia-

tion of stereotypy between animals and the differences in stereotypy response of animals to a 

wide range of treatment options.  Such an analysis was beyond the scope of this study, but will 

be considered for future investigations in our laboratory. 

It is therefore possible that certain animals in our previous studies were classified inappro-

priately as they were only observed for one hour during the dark cycle.  Although each animal 

was observed during three consecutive weekly sessions, the fact that many animals express 

stereotypical behaviour of varying intensity during the night (see above), implies that the mani-

festation of an animal’s behaviour during the time of observation could have been misinter-

preted.  Therefore, in all subsequent work the entire 12-hour assessment period was used to 

generate data for each animal after each screen.  Subsequently, the weekly mean individual 

stereotypy scores after each assessment was determined from the three 30-minute intervals 

during which the highest behavioural scores were generated by each animal during a 12-hour 

screen.  This is based on the idea that it does not matter when an animal expresses the ‘compul-

sive’ behaviour, but that it does express it. 

Furthermore, the time increments of behavioural assessment were reduced from 1 hour to 

30 minutes for reasons that will be explained.  Normally an animal generating a vertical stereo-

typy score of 4000 counts per hour would be classed as an HSB animal.  Some animals generate 

the whole count per hour during the first 10 minutes of the hour, while others execute jumps at 

a slower rate but still complete the 4000 movements within the hour.  For identifying stereo-

typy, these two animals may be regarded as being the same.  However, when reappraising these 

behaviours with respect to OCD, a very different picture unfolds.  If it is assumed that the sever-

ity of the ‘compulsiveness’ of an animal is represented by the amount of stereotypy it expresses 

and the rate at which it generates these movements (see section 6.2 for an explanation), it can 
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be postulated that the animal executing 4000 jumps within the first 10 minutes of the hour is 

more ‘compulsive’ than the animal executing the same amount of jumps at a slower rate.  If the 

duration of the individual increments is shortened, to 30 minutes in this case, the animal that 

executes 4000 jumps within the first ten minutes of the hour will still generate a stereotypy 

score of 4000 counts per 30 minutes, while the animal expressing the behaviour at a slower 

rate, will generate a lower score. 

Interestingly, preliminary observations using this revised method of analysis found that the 

mean weekly stereotypy scores generated for each animal could differ on a week-to-week basis 

(See Figure 4-6).  On these grounds, it was decided to precede each treatment period with at 

least four weeks of baseline screens (or five behavioural assessments) in order to generate a 

reliable pre-treatment stereotypy score to more appropriately classify the animals. 

The classification system that resulted from the above initial observations can be summa-

rized as follows.  All animals are screened on a weekly basis whereafter a weekly stereotypy 

score for each animal is calculated from the three highest counts/30 minutes generated during a 

12-hour assessment period.  Five of these baseline assessments precede each treatment- or 

neurochemical study.  Subsequently, the median value (not the average) of the five weekly mean 

stereotypy scores is used to determine the baseline stereotypy count and to classify the animals.  

The median value excludes the influence of any outlier values on the classification of the animals 

(the median of numbers is defined as that number that represents the physical middle of a 

range of numbers and therefore reduces the value of outliers).  Table 3-1 (next page) summa-

rizes the newly defined cut-off values for each cohort.  It must be stressed that in the current 

study more animals were assessed behaviourally than needed for the neurochemical analysis, a 

rationale also followed by Presti and Lewis (2005).  This ensured a clear separation of the HSB 

and [NSB/LSB] animals used in the neurochemical analysis. 

Note – As the behavioural scores generated by some of the HSB animals are much higher than 

those generated by animals classified as NSB or LSB, we decided to group the latter two cohorts 

together. 

* * * 

When all of the above is considered, the net result of the changes made to the original meth-

odology has resulted in a more definitive discrimination between the different cohorts.  More-

over, it will also ensure a clear-cut separation of the animals for extraction of brain tissue used 

in the neurochemical analysis.  
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TABLE 3-1 – THE NEWLY DEFINED CUT-OFF VALUES FOR EACH COHORT AS A FUNCTION OF THE TO-

POGRAPHY EXPRESSED  

  

Cohort Vertical counts / 30 minutes 
(number of beam interruptions) 

Horizontal revolutions / 30 min-
utes 

HSB > 2000 > 200 

LSB 500 - 2000 150 – 200 

NSB < 500 < 150 
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FIGURE 3-1 – AN EXAMPLE OF THE QUANTITATIVE MANIFESTATION OF PATTERN RUNNING AND THE CHRONOLOGICAL VARIATION OF THE BEHAVIOURAL TO-

POGRAPHIES EXPRESSED IN DEER MICE 
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3.2. A REVIEW OF STUDY OBJECTIVES 

Table 3-2 summarizes the study objectives as outlined in Chapter 1 and the literature upon 

which these objectives have been founded. 

Study objective Literature that formed the foundation 

i. To classify deer mice into [NSB/LSB] and 
HSB cohorts based on a newly developed 
classification system accommodating the dif-
ferent manifestations of the two main topog-
raphies, viz. pattern running and vertical ac-
tivity. 

Based on observations and methodologies taken 
from our earlier work (Güldenpfennig et al., 2011; 
Korff et al., 2008; Korff et al., 2009), the rationale 
for this particular study objective is thoroughly ex-
plained in section 3.1 and strengthened by the data 
presented in Addendum A. 

ii. Strengthen the construct of the deer mouse 
model of OCD by determining whether any 
differences exist between baseline values of 
frontal-cortical and striatal SERT densities 
in treatment naive [NSB/LSB] and HSB ani-
mals. 

It is postulated that the serotonergic system, which 
is thought to oppose the behavioural effects of do-
pamine, is hypo-functioning in OCD (Daw et al., 
2002; Goddard et al., 2008; Husted et al., 2006; 
Markarian et al., 2010; Zitterl et al., 2008) (see 
paragraphs 2.2.2.4 and 2.3.1.1).  Since a number of 
studies have indicated that patients with OCD have 
lower densities of SERT than healthy controls 
(Hesse et al., 2005; Reimold et al., 2007; Zitterl et al., 
2008), it can be postulated that the SERT density 
could be used as a robust measure of serotonergic 
signalling. 

iii. Strengthen the predictive validity of the deer 
mouse model of OCD by determining the ef-
fect of sub-chronic and chronic high-dose 
oral treatment with the SSRI, escitalopram, 
on the expression of stereotypy in the deer 
mouse. 

OCD responds preferentially to chronic high-dose 
SSRI treatment.  Thus, the efficacy of chronic high 
dose SSRI treatment in attenuating deer mouse 
stereotypy needs to be determined and whether 
sub-chronic treatment is indeed ineffective (see 
paragraphs 2.1.3 and 2.3.2). 

TABLE 3-2 – A SYNOPSIS OF THE STUDY OBJECTIVES AND RATIONALE 

Although much investigation into the model has been undertaken to date, and while recent 

reviews on the subject have highlighted the deer mouse model as a leading animal model of 

relevance for OCD (Albelda and Joel, In Press (a); Albelda and Joel, In Press (b); Hoffman and 

Rueda Morales, 2009; Joel, 2006; Joel et al., 2008), stereotypy in the deer mouse still needs to be 

more comprehensively evaluated and validated before it can be regarded as a definitive animal 

model of OCD.  As outlined by Chapter 2, much is still to be elucidated regarding the pathogene-

sis and underlying pathology of OCD, a fact that not only complicates the understanding and 

treatment of OCD in humans, but also slows the development of suitable animal models.  Since 

there are many uncertainties regarding the pathogenesis and neurobiology of OCD, such as the 

role of comorbid disorders and the functioning of certain neurotransmitters, an investigation 

into a specific form of stereotypical animal behaviour will not be sufficient to ensure adequate 
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validation of the animal model for OCD.  Therefore, the main aim of the current study will be to 

strengthen the predictive and construct validity of stereotypy in the deer mouse as a putative 

animal model of OCD.  This will be done by more stringently delineating the criteria for assess-

ing stereotypic behaviours in these animals, especially by developing a new method of analysing 

and scoring stereotypy in deer mice, and by implicating the cortico-striatal serotonergic system 

(altered SERT density) as a causal neurobiological factor in the genesis of these behaviours. 

In Chapter 4, the methods used in an attempt to achieve the above-mentioned behavioural 

and neurochemical outcomes of the study will be discussed. 

 

  

END OF CHAPTER 3 
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CHAPTER 4   

THE METHODOLOGICAL BASIS OF THE CURRENT STUDY 

4.1. THE STUDY OUTLINE 

As the main aim of the study was to strengthen the construct and predictive validity of 

stereotypical behaviour in the deer mouse as a putative animal model of OCD, the framework of 

the investigation was designed to support the predictive validation on a platform of behavioural 

assessment followed by pharmacological treatment with the SSRI escitalopram.  Construct vali-

dation of the model was based on post-mortem SERT analysis.  In order to more accurately ob-

serve drug treatment related changes on deer mouse stereotypy, it was necessary to identify 

specific topographies of stereotypical behaviour in these animals that allowed for more reliable 

and robust identification and interpretation.  After close scrutiny of the escitalopram treated 

data sheets, a new method of analysing the effects of treatment on the expression of stereotypy 

by deer mice was developed based on (1) identifying and scoring rest periods between bouts of 

stereotypical behaviours, and (2) identifying and scoring periods of heightened stereotypy be-

tween normal bouts of activity. 

In this chapter, the study design, animals, reagents and equipment used, as well as the be-

havioural and neurochemical methodology followed during the course of this study will be dis-

cussed in detail.  The study method as will be discussed comprises a number of small pilot stud-

ies that were necessary to decide on certain aspects of the study design, how to identify key be-

haviours within a pattern of data, and how to score these data.  The final data are now pre-

sented in Chapter 5 as well as in the different addendums. 

In order to compare the baseline behaviour and frontal cortical and striatal SERT densities 

of the [NSB/LSB] cohort with that of the HSB cohort, the 40 animals included in the control 

study were used.  The subsequent outline of the main study is summarized in Figure 4-1, while a 

graphical representation of the study progress is shown on a timeline in Figure 4-2. 

The same behavioural and neurochemical methodology was followed for each of the two 

studies, the only difference between these two groups being that the control group never re-

ceived any drug, while the treatment group received daily escitalopram from day 29 (one day 

after the fifth behavioural screen) until day 56.  The progression of the study from day 0 until 

day 56 is discussed in detail in section 3.2, without discriminating between the two groups ex-

cept when discussing the administration of treatment.  
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FIGURE 4-2 – THE TIME COURSE OF THE STUDY 

(BS 1 – 9:  Behavioural screens) 

  

CONTROL 

Weekly behavioural screening of 40 animals for 
8 weeks 

Divided into two different cohorts - 

[NSB/LSB] and HSB 

SERT-binding done in the striata and frontal 
cortices of [NSB/LSB] and HSB animals 

TREATMENT 

Weekly behavioural screening of another group 
of 40 animals for 4 weeks, during which only 

placebo is administered 

Animals divided into [NSB/LSB] and [HSB] 
cohorts based on the 4-week placebo data 

All animals receive oral escitalopram at a dose of 
50 mg/kg/day (refer to paragraph 3.2.2) 

Changes in behaviour evaluated during the 4-
week treatment period 

0 7 14 21 28 35 42 49 56 

DAY 

CONTROL TREATMENT 

Placebo 
administration began 

Day 29 -  
Escitalopram 
administration began 

Decapitation and snap-freezing 
of brain samples 

BS 1 BS 2 BS 3 BS 4 BS 5 BS 6 BS 7 BS 8 BS 9 

Placebo 
administration began 

BS 1 BS 2 BS 3 BS 4 BS 5 BS 6 BS 7 BS 8 

FIGURE 4-1 – A SCHEMATIC REPRESENTATION OF THE STUDY OUTLINE 
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4.2. EXPERIMENTAL MATERIALS AND PROCEDURES 

4.2.1. Animals 

Forty (40) deer mice were used during each study and were obtained from the deer mouse 

colony maintained and housed at the Animal Research Centre of North-West University (NWU), 

Potchefstroom, South Africa (Ethical Approval Number - NWU-00066-10-S5).  As the stereo-

typical behaviour expressed by deer mice is established by the age of 8 weeks (Korff et al., 

2008), only mice between the ages of 10 and 12 weeks were chosen as experimental subjects at 

the onset of behavioural assessments (day 0).  Mice were randomly chosen from different lit-

ters, without sex or weight bias with the average weight of a deer mouse being 19 grams.  One 

day before the start of the behavioural assessments (day -1), each animal was allocated indi-

vidually to an automatically climate-controlled laboratory cage (35cm (l) x 20cm (w) x 13cm 

(h); Techniplast® S.P.A., Varese, Italy) and maintained at 23°C on a 12-hour light/dark cycle 

(06:00 to 18:00).  Food and water were provided ad lib for the duration of the control study and 

over the first four weeks of the treatment study.  However, from the fifth week of the treatment 

study, oral drug administration via the drinking water began, with the solutions being replaced 

every day (for a full discussion on the administration of the drug, refer to paragraph 3.2.2).  

Cages were cleaned and new bedding material, food and water provided on a weekly basis. 

* * * 

As the average weight of a deer mouse is 19 grams, the brain tissue from one animal is not 

sufficient to complete one saturation binding assay for SERT analysis (refer to paragraph 4.2.4 

for a discussion on the methodology of saturation binding).  In experimental trial runs before 

the actual study, it was determined that striatal and frontal-cortical tissues from at least 3 ani-

mals (or 90mg), classified in the same behavioural cohort, were needed to perform one binding 

assay.  As a minimum of three to four assays are needed to guarantee statistical credibility (pre-

vious experience from similar studies), 9 – 12 animals per cohort were needed to determine the 

average SERT density of each cohort respectively.  To compensate for unplanned deaths, and to 

discriminate as clearly as possible between animals from the different cohorts, it was decided 

that at least 40 animals were needed in both studies, providing a ‘grey’ margin of 16 – 22 ani-

mals across both topographies in each study.  Therefore, after the control study, the striatal and 

frontal-cortical tissue of the 9 – 12 animals presenting with the highest and the lowest weekly 

amounts of stereotypy in the saturation binding studies were used.  This rationale was also fol-

lowed by Presti and Lewis (2005) and ensures the generation of optimal neurochemical results. 
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4.2.2. Drug used and administration 

Escitalopram oxalate was a generous gift of H. Lundbeck A/S® (9 Ottiliavej, Valby, Copenha-

gen, Denmark).  Escitalopram for oral administration was prepared by dissolving it in the drink-

ing water.  This was done because of the long duration of each study (8 weeks) and to minimize 

the influence of injection stress on the behaviour, well-being, and survival of the animals.  Fur-

thermore, the half-life of escitalopram in rodents is less than one hour (data supplied by H. 

Lundbeck A/S®), so that at least three daily intraperitoneal injections would be necessary to 

ensure adequate plasma escitalopram concentrations.  As OCD is postulated to be an anxiety 

disorder (American Psychiatric Association, 2000), all forms of contact with the mice was kept 

at a minimum to prevent any possible anxiogenic effects that might result from physical han-

dling.  For the same reason, it was also decided not to use oral gavage as a route of drug admini-

stration. 

However, oral treatment in drinking water cannot be regarded as a dosage route free from 

complications.  A number of uncertainties characterize oral dosing when the drug is adminis-

tered in drinking water, including inter-animal differences in the amount of water ingested, un-

certainties about oral bioavailability of drugs in rodents, the inevitable wastage of drug, and the 

leakage of water bottles filled with very little quantities of liquid (preliminary observations in 

our laboratory – data not shown).  However, these obstacles can be overcome to a large extent 

by administering a drug in a dose based on a calculation of the average water intake by animals 

from the same species, and supplying each animal with a freshly prepared drug solution every 

day.  In pilot studies done to assess the normal intake of water by deer mice (see Addendum B), 

it was established that the average amount of water ingested by a deer mouse equals 0.25 

ml/g/day, confirming statistics provided by the Animal Research Centre.  Subsequently, the fol-

lowing calculation was applied to determine the amount of drug to be dissolved to ensure that 

the correct dose would be administered (the calculation shown is applicable to a dose of 30 

mg/kg/day): 

Average water intake by a deer mouse = 0.25 ml/g/day 

A dose of 30 mg/kg/day   = 0.03 mg/g/day 

THUS:  Concentration of drug desired = 0.03 mg/0.25 ml 

      = 12 mg/100 ml 

(The mass calculated above was converted to the mass of escitalopram oxalate before the solu-

tions were prepared) 
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* * * 

The main problem with the administration of drug in drinking water is the unnecessary 

wastage of drug resulting from the regular replacement of drug solution.  In an attempt to limit 

the wastage to as little as possible, each animal was provided with the daily minimum amount of 

liquid required that would prevent leakage of water during times of no drinking activity, and to 

satisfy the average required individual intake of liquid.  This amount equalled 20ml per animal 

per day.  Unfortunately, this quantity is also associated with increased leakage during times of 

drinking activity so that daily weighing of water bottles could not be used as a reliable measure 

of liquid intake.  Subsequently, a pilot study was launched to assess the drinking behaviour of 

deer mice presented with a 4 mg/100ml solution of escitalopram.  At this concentration, the av-

erage individual daily intake of escitalopram is 10 mg/kg/day (according to the calculation 

above).  The primary purpose of the pilot study was to assess whether deer mice express any 

aversion to the taste of escitalopram in their drinking water and not to perform any drug-

treatment response on behaviour or neurochemistry.  Therefore, and in order to conserve the 

limited amount of drug available, a dose of 10 mg/kg/day rather than higher doses normally 

recommended for an OCD-related study, eg. 20 - 50 mg/kg/day that would later be applied in 

the primary study, was administered.  During the pilot study, each bottle was filled to full capac-

ity with the escitalopram solution to prevent unnecessary leakage.  The daily intake of solution 

was measured by weighing the water bottles every day between 9:00 and 10:00 AM.  This study 

demonstrated that on average, the animals drank the same amount of escitalopram solution 

compared to water over the period of evaluation (Addendum C for supportive data). 

Once the above series of studies were completed, a dose-response analysis was initiated 

during which escitalopram was administered in doses of 1, 10, 30, and 40 mg/kg/day respec-

tively over a period of 14 days.  These doses were chosen based on previous studies done in our 

laboratory with fluoxetine, which demonstrated an ameliorative effect on deer mouse stereo-

typy at an intraperitoneal dose of 20 mg/kg/day (Korff et al., 2008).  Although the duration of 

treatment in the current study was 4 weeks, previous data generated in our laboratory (not 

published) demonstrated that at least some ameliorative effect on deer mouse stereotypy could 

be observed after two weeks of intraperitoneal treatment with fluoxetine.  Therefore, due to 

factors such as the availability of animals of appropriate age and the amount of drug at our dis-

posal, it was decided that a dose-response analysis of only two weeks in duration would be de-

ployed.  Unfortunately, no behavioural effect could be demonstrated (see Addendum D).  In the 

study published by Greene-Schloesser and colleagues (2011) (see paragraph 2.3.4.1 for a dis-

cussion), the authors administered fluoxetine in the drinking water of mice at a dose of 50 

mg/kg/day, which resulted in the near maximal inhibition of compulsive-like nest-building be-
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haviour.  Although both fluoxetine and escitalopram are potent inhibitors of SERT, escitalopram 

demonstrates even more selectivity for SERT, and inhibits it more potently than fluoxetine 

(Owens et al., 2001).  It was therefore decided to administer escitalopram at a dose of 50 

mg/kg/day but over a period of four weeks. 

* * * 

As described in section 3.1, the treatment study consisted of two parts.  During the first four 

weeks, all animals received only water.  Each animal was subsequently classified into either the 

[NSB/LSB] or HSB cohort based on the median behavioural score calculated from the first five 

weekly stereotypy scores generated by each individual (refer to paragraph 3.1.3).  On day 29, 

following the fifth behavioural assessment, the administration of escitalopram in the drinking 

water began.  Every day a new solution of escitalopram was prepared at a concentration of 20 

mg/100ml, sufficient to provide each animal with 50 mg/kg/day based on an average water in-

take of 0.25 ml/g/day (see the calculation above), of which 20ml was transferred to each water 

bottle.  The daily replacement of escitalopram solution continued throughout the four weeks of 

drug administration.  Animals that were behaviourally screened during the night, received the 

same solution during behavioural assessment. 

4.2.3. Assessing the behavioural topographies of deer mice 

4.2.3.1. Generating the behavioural data 

As stated earlier, all animals underwent weekly behavioural screening during the 8-week 

period of each study.  On any specific assessment day, eight animals were moved from their 

housing environment to the behavioural screening room.  These areas are located 15m from one 

another on the same floor of the Animal Research Centre and are environmentally controlled 

with respect to temperature (23°C), humidity, and light-dark cycle.  Subsequently each animal 

was introduced to a test cage (21cm (w) x 21cm (l) x 35cm (h); Accuscan® Instruments, Colum-

bus, Ohio, USA) constructed from clear, translucent Plexiglas®.  Bedding material was provided 

in quantities enough to cover the floor of the test cages, but ensuring that it did not interrupt the 

light beams and influence the scoring of behavioural data.  Food was also provided ad lib on the 

floor of the cage in the form of course pellets broken from the normal rodent chow.  Water and 

escitalopram solutions were provided through a tiny hole in a wall of each test cage.  As some 

mice have the ability to jump as much as 7 times higher than their own length, the cages were 

covered with lids but at the same time allowing uninterrupted airflow.  The animals were intro-

duced to these environments by 16h00 and habituated for at least two hours before the behav-

ioural assessments started at the onset of the dark cycle.  This routine was repeated for five 
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days of the week, screening a different group of eight animals every time, allowing two nights of 

the week during which rescreening could be done should power outages or other interruptions 

have occurred during the week.  The test cages were cleaned after each screen using the viruci-

dal, bactericidal, and mycocidal disinfectant, Virkon® (DuPont de Nemours®, Melrose Arch, 

Sandton, South Africa). 

* * * 

The behavioural assessment was performed using the Fusion® Animal Activity Monitoring 

System (Accuscan® Instruments, Columbus, Ohio, USA).  As explained briefly in paragraph 3.1.1, 

the cage presents with a grid of infra-red light beams that cross the cage roughly 2cm above the 

cage floor along the X- and Y-axes (Figure 4-3), while another set of beams cross the cage 10cm 

above the bottom grid only along the Y-axis (also termed the Z-axis). 

 

These beams are spaced 2.5cm apart and record activity every time it is interrupted by 

movement.  Thus, the software can track the movements of the animals and the distances they 

travel, while also recording different forms of behaviour, such as stereotypy, vertical jumping, 

and locomotor activity.  Each of these hardware units were divided in four quarters, allowing 

two animals to be screened in two of the four separate compartments, each 21cm (w) x 21cm 

(l).  As explained earlier, the software records the repetitive interruption of the same beam or 

set of beams in the same location, as stereotypy.  When assessing stereotypic behaviour of deer 

mice, however, these data cannot be used as the forms of stereotypy recorded by the software 

may also include behaviour such as head dipping and tail flicking.  Therefore, only the parame-

ters of circling behaviour and the amount of vertical beam interruptions recorded by the soft-

FIGURE 4-3 – THE FUSION® HARDWARE SETUP 
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ware were used to assess the behavioural topographies expressed by deer mice.  For a discus-

sion on the criteria applied to assess these three behavioural topographies, refer to section 3.1. 

During the recording session, the Fusion® software generates data continuously (Figure 4-

4), allowing for experimental playback and the export of behavioural reports the following day.  

The data reports were subsequently used to calculate the average stereotypy score of a mouse 

following each behavioural screen. 

As explained in paragraph 3.1.3, the data is incremented in 30-minute intervals during the 

recording of behaviour.  Subsequently, the software generates all behavioural statistics for each 

of the 24 timeslots incorporated in a 12-hour screening session.  This data can subsequently be 

exported in Microsoft® Excel® format, after the completion of each screening session (Figure 4-

5). 

FIGURE 4-4 – THE FUSION® INTERFACE DURING THE RECORDING OF BEHAVIOUR  

NOTE:  Each individual black line drawn in the square represents one beam.  Beams are spaced 2.5cm apart.  
This figure depicts the cage setup for one animal.  This cage had been divided in four quarters to allow for the 
screening of 2 animals at a time 
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FIGURE 4-5 – AN EXCERPT FROM THE MICROSOFT® EXCEL® DATA SHEET EXPORTED FOLLOWING THE COMPLETION OF EACH BEHAVIOURAL SCREEN 
The higlighted green square represents the average number of horizontal movements per 30 minutes over the course of 24 hours.  The first colomn of highlighted red squares represents the 

highest vertical jumping scores per 30 minutes over 24 hours, while the last column represents the same values for the horizontal revolutions during the same period. 
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4.2.3.2. Analyzing the behavioural data 

The methodology described in this paragraph was applied to classify deer mice into the dif-

ferent behavioural cohorts (NSB, LSB and HSB respectively), and was used to categorize animals 

in the control study after 4 and 8 weeks of behavioural assessment respectively, and animals in 

the treatment study after the first four weeks of pre-treatment baseline assessments.  However, 

after careful scrutiny of the effects of escitalopram on the expression of deer mouse stereotypy, 

a novel approach was developed to appraise the effects of sub-chronic and chronic drug treat-

ment on the expression of stereotypical behaviour in deer mice.  This new technique was devel-

oped after rather unexpected negative results were obtained using escitalopram while applying 

the original method of behavioural assessment described earlier (results presented in para-

graph 5.3.1).  However, this new approach has been restricted to evaluating drug treatment and 

its effect on the expression of stereotypy. To keep this in context the method will only be de-

scribed in more detail in Chpater 5 (see paragraph 5.3.2). 

It must be noted that the 40 animals in the drug treatment study were treated as a separate 

group.  The 4-week pre-treatment assessment period for each animal acted as a built-in control to 

compare the effects of escitalopram treatment on the expression of deer mouse stereotypy pre- 

and post-treatment.  It was therefore decided not to analyze the behaviour of the 40 animals in 

the control (treatment naive) group using the revised method of assessment.  It must also be 

kept in mind that the behaviour of this latter group of animals (i.e. treatment naive) were inves-

tigated with the intent to develop a new classification system for the appraisal of deer mouse 

stereotypy and to separate the [NSB/LSB] and HSB cohorts as clearly as possible, and hence the 

aims and outcomes were not the same.  As a built in control was included in the treatment 

study, it was never the intention to compare behavioural changes manifesting in the control 

versus drug treatment groups of the study. 

* * * 

First, all data generated during the light cycle (the horizontal grey bars on the top and bot-

tom of Figure 4-5) were excluded.  The numbers in the left-hand side column indicate the indi-

vidual 30-minute intervals.  Thus, for this specific animal, the dark cycle began at the 11th inter-

val, continuing until the 36th interval.  Secondly, the general locomotor activity of the animal was 

recorded.  The cell highlighted in green depicts the average amount of movement episodes per 

30 minutes (defined as locomotor episodes separated by at least 1 second) generated during the 

whole of the dark cycle and was used to determine the locomotor activity of the animals.  There-

fore, these averages should be more or less constant throughout the study, if escitalopram has 
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not influenced the locomotor activity of the animals.  Third, the average amount of vertical beam 

interruptions were calculated from the three highest 30-minute values generated during the 

night.  These values are highlighted in red (fifth column from the right).  These weekly averages 

were subsequently used for the evaluation of vertical stereotypy.  Lastly, the average amount of 

cage revolutions were calculated also based on the three highest 30-minute values generated 

during the screening session.  All the clockwise and anti-clockwise revolutions (second and 

third columns from the right, respectively) were summed and used to calculate the average 

amount of cage revolutions from the three highest 30-minute sum-totals (far-right column), also 

highlighted in red.  As with the vertical stereotypy averages, the weekly cage revolution scores 

were used for the evaluation of pattern running.  In paragraph 3.1.3, the interrupted manner in 

which deer mice express stereotypical behaviour is described.  This can once again be seen in 

Figure 4-5, depicting the relatively long intervals between the executions of the highest num-

bers of stereotypy.  Although the three highlighted values of the two different topographies are 

preceded and followed by numbers near enough to the highlighted values, the expression of re-

petitive behaviour in many animals clearly varies over time.  Also, note the periods of very little 

to no stereotypical activity. 

* * * 

After 8 weeks of weekly behavioural screening, another data sheet is generated that summa-

rizes the weekly average vertical activity and pattern running scores for each animal, and an 

example is provided in Figure 4-6.  The data shown here have been generated for the control 

group.  The numbers in the far left-hand column depict the individual behavioural assessment 

numbers.  The first assessment (1) was done on day 0 and the last (9) on day 56 for each animal 

respectively.  The numbers in the third row from the top, just above the first vertical activity 

scores, indicate the individual animals.  Median stereotypy scores for both groups (control and 

treatment) were calculated from the individual averages after the fourth week of baseline as-

sessment and were applied to categorize animals into the different behavioural cohorts 

([NSB/LSB] and HSB respectively). 

In order to compare the behavioural manifestation (study aim 1) of [NSB/LSB] and HSB ani-

mals in the control group during the eight-week assessment period and to categorize animals in 

the treatment study, all animals were classified after the fourth week of behavioural assessment 

based on the median value of stereotypy calculated as explained above.  This discrimination was 

based exclusively on the criteria described in paragraph 3.1.3.  Animals must have demon-

strated [NSB/LSB] behaviour in both the vertical and horizontal topographies to be included in 
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the [NSB/LSB] cohort, although animals classified as being HSB could have demonstrated high 

stereotypical behaviour over either one or both of the topographies. 

For the purposes of the neurochemical assessment, [NSB/LSB] and HSB cohorts in the control 

group were separated according to the median values calculated after the first four weeks, fol-

lowing the explained rationale.  The baseline differences in SERT density between the 

[NSB/LSB] and HSB cohorts were then determined using striatal and frontal-cortical tissue from 

9 animals per cohort classified as [NSB/LSB] and HSB after the first five baseline assessments.  

Also, even if more than 9 animals could theoretically be classified into either one of the cohorts, 

it was attempted to discriminate as clearly as possible between these cohorts on a neurobiologi-

cal level (refer to paragraph 3.1.3). 

 

See Figure 4-6 on the next page, followed by paragraph 4.2.4. 
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FIGURE 4-6 – AN EXCERPT FROM THE SUMMARY OF THE WEEKLY AVERAGES OF STEREOTYPICAL BEHAVIOUR AND LOCOMOTOR ACTIVITY OF THE PLACEBO GROUP 

Vertical activity (top), pattern running (middle) and locomotor activity (bottom) 

Note the weekly variation in the amount of stereotypy expressed by some animals, for example the ver tical activity of animals 1, 7, 11, and 22 and the pattern running of animals 7, 9, and 10.  
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4.2.4. Determination of frontal-cortical and striatal SERT density 

On the day following their last behavioural assessments, the animals were anaesthetized by 

transferring them to a closed 5 litre container to which 1 ml halothane (acquired from Trans-

farm® Pharmaceuticals, Johannesburg, South Africa) was added.  The mice were subsequently 

decapitated using a custom-made mouse guillotine provided by the Animal Research Centre.  

Following the removal of the brains on ice, the frontal cortices and striata were dissected on an 

ice-cooled dissection slab and snap frozen in liquid nitrogen.  All brain samples were stored at –

80°C until neurochemical analysis could be performed.  Samples were stored for a maximum of 

14 days. 

4.2.4.1. Chemicals and equipment used to determine SERT density 

Chemicals and equipment used Originating company 

Warm (radioactive) ligand 
Paroxetine, [phenyl-6’-3H] 

Perkin-Elmer®; obtained from Separation Sci-
entific®, Sandton, South Africa 

Cold ligand 
Fluoxetine HCl 

Cipla® Pharmaceuticals, Cape Town, South Af-
rica 

Tris-HCl Buffer 
Trizma®-HCl Buffer 
Potassium chloride 
Sodium chloride 

 
All obtained from Sigma-Aldrich®, Aston 
Manor, Johannesburg, South Africa 

Consumables 
Whatman® GFB glass micro fibre filters 
 
Scintillation vials 
 
Filter-Count® scintillation liquid 
 
Eppendorf® 1.5 ml Safe-Lock® tubes 
 
 
Gilson® Pipetman® pipettes and tips 

 
Whatman® International; obtained from Sepa-
ration® Scientific 
Perkin-Elmer®, obtained from Separation Sci-
entific® 

Perkin-Elmer®, obtained from Separation Sci-
entific® 

Eppendorf®; obtained from Merck®, Modder-
fontein, Johannesburg, South Africa 
Gilson® Inc.; obtained from Lasec® SA, Centu-
rion, South Africa 

Equipment 
Beckman-Coulter® Optima® L-100 XP ultracen-
trifuge 
Packard® Tri-Carb® 2100 TR liquid scintillation 
counter 
LabSystems® Multiscan® RC microplate reader 
 
Kinematica® Polytron 

 
Beckman-Coulter®, Indianapolis, Indiana, USA 
 
Packard® Industries, Downers Grove, Illnois, 
USA 
Thermo® Scientific, Waltham, Massachusetts, 
USA 
Kinematica®, Kriens, Luzern, Switzerland 

TABLE 4-1 – CHEMICALS AND EQUIPMENT USED IN DETERMINING SERT BINDING DENSITY 
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4.2.4.2. Methodology for the determination of SERT density 

As this method applies to saturation binding in a tissue homogenate, the theoretical basis 

upon which this type of assessment is founded, will briefly be explained.  All cell membranes 

contain proteins called receptors that have the ability to interact selectively with certain ligands 

(McKinney and Raddatz, 2006), for example SERT, which interacts with serotonin and the SSRIs, 

and D1 and D2receptors that interact with dopamine, dopamine agonists or antagonists.  To 

measure the density of such receptors in tissue homogenates, selective radioactive labelled 

ligands, which interact with the receptor in question, can be employed.  The term saturation 

binding indicates that a series of radioactive labelled ligand concentrations is prepared and 

added in equal volumes to different samples of the homogenate.  These concentration points are 

chosen to range from a very small ligand concentration which will result in very little binding, 

gradually becoming stronger and ending in a concentration point high enough to ensure that a 

theoretical saturation of all the available receptors in question is established and providing an 

excess of radioactive labelled ligand in the reaction mixture, not bound to the receptor.  As the 

concentrations of the radioactive labelled ligand increase from low to high in the different sam-

ples, saturation of the receptor in question is established at some point.  This point could theo-

retically have been accepted as the Bmax (a measure of the total amount of receptor in the sam-

ple), was it not for the fact that most ligands are not 100% selective for a given receptor.  Most 

radioactive labelled ligands also bind to different types of receptors, certain components of the 

cell membrane and in general to many cellular and non-cellular components that are not in 

question (termed the non-specific binding).  Therefore, the increased binding of radioactive la-

belled ligand to the receptors in question as well as to other different components in the ho-

mogenate is termed the total binding, a value that does not represent the actual amount of re-

ceptors in the homogenate. 

To determine the actual amount of the receptor in question (termed the specific binding), the 

non-specific binding must be subtracted from the total binding.  As only total binding can be es-

tablished in a series of homogenates to which only the radioactive ligand has been added, an-

other series of homogenates from the same pool of tissue has to be prepared to determine the 

non-specific binding.  In addition to adding equal volumes of the same concentrations of radio-

active ligand as above to this series of points, a non-radioactive (cold) ligand is also added.  The 

cold ligand is usually of the same pharmacological class as the radioactive (warm) ligand and 

just as selective for the receptor in question, but is not labelled with radioactivity.  In this case, 

fluoxetine was used as cold ligand and tritiated (H3) paroxetine as warm ligand.  The principle of 

establishing non-specific binding is founded upon adding the cold ligand to each sample of ho-

mogenate, also containing the warm ligand, in a 100 – 1000 fold excess.  This results in competi-
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tion between the cold and the warm ligands at the receptor site in question.  As the concentra-

tion of the cold ligand is much higher than that of the warm ligand, the cold ligand displaces 

nearly all of the warm ligand from the receptor site in question.  The net result is that the warm 

ligand only binds to the non-specific components in the homogenate, and the generation of ra-

dioactive counts from these samples are therefore a true representation of the amount of non-

specific binding (McKinney and Raddatz, 2006). 

Subsequently, the non-specific binding can be subtracted from the total binding established 

at each respective concentration point in a different series of homogenates, resulting in the gen-

eration of a new concentration curve.  This curve can be employed to determine the specific 

binding and ultimately the actual Bmax value (see Figure 4-7). 

 

  

FIGURE 4-7 – A GRAPHICAL REPRESENTATION OF A SATURATION BINDING ASSAY 
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* * * 

The method for the determination of SERT density in the current study was adapted from 

Sato et al (2010).  At least one but not exceeding two striatal and frontal-cortical assays were 

performed per day.  This allowed both striatal and frontal-cortical assays to be performed si-

multaneously.  At least three assays were performed per brain area. 

* * * 

First, brain tissue from the identified animals of a given cohort were weighed and pooled in 

25ml Erlenmeyer flasks kept on ice.  The striata and frontal-cortices from at least 3 animals (or 

90mg per brain area) were needed to complete one striatal and one frontal-cortical assay.  De-

pending on the final mass of the pooled tissues, 50 mM Tris-HCl buffer (containing 120 mM NaCl 

and 5 mM KCl; pH adjusted to 7.4) was added to constitute a 100 volumes dilution of each brain 

area (90mg tissue per 9ml buffer; 12mg tissue per 120ml buffer, etc.).  Subsequently, the pooled 

tissue was homogenized (5 seconds using a Polytron®, setting 6) (see Table 3-1) and centri-

fuged at 50 000 x g for 10 minutes and the supernatant discarded.  The pellets were resus-

pended in the same amount of new buffer (50 mM Tris-HCl buffer (containing 120 mM NaCl and 

5 mM KCl; pH adjusted to 7.4), transferred to glass tubes and homogenized again using a Tef-

lon® drill bit custom-made to fit tightly in the glass tubes.  The resultant homogenates were cen-

trifuged again at 50 000 x g for 10 minutes.  Subsequently, the supernatant was discarded and 

the last two steps were repeated once more.  Thus, each pool of tissue was washed, homoge-

nized and centrifuged three times.  After discarding the final volumes of supernatant, the correct 

amount of buffer was added for a final time and the pellets were homogenized using the Poly-

tron®.  All of the above steps took place on ice or in the cold room (temperature, 3°C).  The tissue 

homogenates were subsequently kept on ice until added to the reaction mixtures. 

* * * 

For the purpose of the current assays,  a concentration range of 10 points between 0.1 and 

2.0 nM of the radioactive ligand paroxetine-[phenyl-6’-3H] (specific activity – 22.9 Ci/mmol) 

were used.  Subsequently, 25µl of each concentration of the radioactive ligand were transferred 

to separate Eppendorf® Safe-Lock® tubes.  The total binding was established by adding 25µl of 

Tris-HCl buffer to one series of tubes for each of the brain areas.  The non-specific binding was 

determined in the presence of 10µM fluoxetine of which 25µl were added to the remaining se-

ries of tubes for each brain area.  Thus, two reaction mixtures were used to determine the spe-

cific SERT binding in each brain area; one consisted of 25µl radioactive ligand and 25µl Tris-HCl 

buffer (total binding) and the other 25µl radioactive ligand and 25µl of the 10 µM fluoxetine 
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(non-specific binding).  450µl of the tissue homogenates were added to each tube, vortexed, and 

allowed to incubate for one hour at room temperature. 

Following the 1-hour incubation period, the content of the tubes were individually and or-

derly drained via rapid vacuum filtration through Whatman® GFB glass microfiber filters pre-

soaked in ice-cold buffer.  Still applying vacuum, the filters were then washed twice with 4ml of 

ice-cold buffer, inserted into scintillation vials and immersed in 4ml Filter-Count® scintillation 

liquid.  The series of radioactive standards consisted of 25µl of each radioactive concentration 

added to 4ml Filter-Count® scintillation liquid.  The vials were left for two hours after which it 

was subjected to scintillation counting in the Packard® scintillation counter.  The binding data 

were subsequently analyzed using GraphPad Prism® 5 software (GraphPad® Software, Inc., La 

Jolla, California, USA) to obtain values for the maximal number of binding sites (Bmax) and the 

binding affinity (KD). 

In Chapter 5, the results of the study will be presented, with an in-depth discussion of these 

findings and their relevance to OCD presented in Chapter 6. The reader is also referred to the 

relevant addenda for any additional information when reviewing the results presented in Chap-

ter 5. 

  

END OF CHAPTER 4 
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CHAPTER 5   

RESULTS 

5.1. STUDY OBJECTIVE I – 

THE DEVELOPMENT OF A NEW CLASSIFICATION SYSTEM FOR THE AP-

PRAISAL OF DEER MOUSE STEREOTYPY 

The main aim of the first study objective was to develop a new classification system for the 

appraisal of the different behavioural topographies expressed by deer mice.  As mentioned ear-

lier in Chapter 3, these two topographies include pattern running and vertical jumping. Prelimi-

nary data from pilot studies done in our laboratory indicated that pattern runners could not be 

classified as HSB animals when applying the previous criteria (for a full discussion, refer to 

paragraph 3.1.1).  The results from the current study indicate that different criteria can indeed 

be applied to that previously employed (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et 

al., 2009) to appraise the different behavioural topographies of deer mice.  The newly deter-

mined classification criteria for the appraisal of pattern running and vertical jumping indicate a 

clear separation between the numbers of cage (horizontal) revolutions (HR) and vertical jumps 

(VBI) executed by animals of the same behavioural cohort expressing either of these two topog-

raphies (Table 5-1).  The animals could now be separated into [NSB/LSB] and HSB cohorts that 

allowed sufficient accommodation of both behavioural topographies.  This in direct contrast to 

the data obtained during our previous studies that employed a classification system which only 

allowed for animals generating 2000 relevant stereotypies per hour or more, to be classified as 

HSB.  A typical example of stereotypy breakdown within a group of animals is illustrated in Ta-

ble 5-2.  

TABLE 5-1 – THE NEWLY DEFINED CUT-OFF VALUES FOR EACH COHORT AS A FUNCTION OF THE TO-

POGRAPHY EXPRESSED  

Cohort VBI / 30 minutes HR / 30 minutes 

HSB > 2000 > 200 

LSB 500 - 2000 150 – 200 

NSB < 500 < 150 
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BEHAVIOURAL COHORT 
CONTROL GROUP 

(n = 31) 
TREATMENT GROUP 

(n = 39) 

 HSB [NSB/LSB] HSB [NSB/LSB] 

Animals expressing ver-
tical stereotypy 

8 

20 

11 

23 
Animals expressing pat-
tern running stereotypy 

2 3 

Animals expressing both 
behavioural topogra-
phies 

1 2 

Percentage of Group 35% 65% 41% 59% 

Of the original 40 animals in the control group at day 1, 31 animals survived until day 56, 

while 39 out of the original 40 animals in the treatment group survived for the duration of the 

study.  Eleven (35%) animals in the control group (n = 31) and sixteen (41%) animals in the 

treatment group (n = 39) could be classified as HSB applying the newly developed classification 

criteria.  This is somewhat less than the 45% of the deer mouse population that were classified 

as HSB in the study done by Korff and colleagues (2008).  This study objective was addressed by 

assessing the behaviour of the animals in the control group, such that the figures and tables pre-

sented henceforth in section 5.1 are representative of data obtained from these animals. 

 

 

 

 

TABLE 5-2 – THE NUMBER OF ANIMALS IN EACH EXPERIMENTAL GROUP DEVELOPING STEREOTYPY 

FIGURE 5-1 –WEEKLY MEAN NUMBERS OF VERTICAL BEAM INTERRUPTIONS (VBI) GENERATED DURING A 

PERIOD OF 30 MINUTES BY TREATMENT NAIVE [NSB/LSB] ANIMALS EXPRESSING VERTICAL STEREOTYPY 

COMPARED TO HSB ANIMALS 

Data represent the weekly mean VBI of the 9 animals classified as HSB vertical jumpers and 12 low stereotypy animals classified as 

([NSB/LSB]).  Data were collected after the fourth week of assessment.  The weekly contribution of each animal to the data presented here 

was calculated as a mean value from three 30-minute intervals over a 12-hour assessment period during which the highest amount of VBI 

were generated. 
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Table 5-3 lists the weekly differences between the mean amounts of vertical beam interrup-

tions (VBI) generated by [NSB/LSB] and HSB animals respectively, while Table 5-4 lists the 

same comparative results concerning pattern running (HR).  Unpaired t-tests were performed 

to establish the p-values. 

Day 
[NSB/LSB] 

(Mean VBI ± SEM) 
n = 12 

HSB 
(Mean VBI ± SEM) 

n = 9 

p Values 
(Unpaired t-test) 

7 711 ± 114 3177 ± 298 < 0.0001 

14 965 ± 183 3071 ± 308 < 0.0001 

21 814 ± 126 3416 ± 427 < 0.0001 

28 1216 ± 283 3219 ± 403 0.0007 

35 1068 ± 303 3377 ± 422 0.0003 

42 828 ± 152 2774 ± 375 0.0001 

49 817 ± 205 2749 ± 349 0.0002 

56 971 ± 265 2726 ± 327 0.0006 

AVERAGE 923 3063  

TABLE 5-3 – WEEKLY DIFFERENCES BETWEEN THE MEAN NUMBERS OF VBI GENERATED BY ANIMALS 

CLASSIFIED AS [NSB/LSB] AND HSB, RESPECTIVELY 

The weekly contribution of each animal to the data presented here, was calculated as a mean value from three 30-minute intervals 

over a 12-hour assessment period during which the highest amount of VBI were generated.  p values of < 0.05 are regarded as 

significant. 

  

FIGURE 5-2 – WEEKLY MEAN NUMBERS OF CAGE REVOLUTIONS (HR) EXECUTED DURING A PERIOD OF 30 MIN-

UTES BY TREATMENT NAIVE [NSB/LSB] ANIMALS EXPRESSING PATTERN RUNNING COMPARED TO HSB ANIMALS 

Data represent the weekly mean HR of 3 animals classified as HSB pattern runners and 12 low stereotypy animals classified as ([NSB/LSB]).  Data 

were collected after the fourth week of assessment.  The weekly contribution of each animal to the data presented here was calculated as a mean 

value from three 30-minute intervals over a 12-hour assessment period during which the highest amount of HR were executed. 
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Day 
[NSB/LSB] 

(Mean HR ± SEM) 
n = 12 

HSB 
(Mean HR ± SEM) 

n = 3 

p Values 
(Unpaired t-test) 

7 46 ± 11 211 ± 46 0.0001 

14 71 ± 19 294 ± 46 0.0003 

21 60 ± 16 319 ± 33 < 0.0001 

28 44 ± 11 333 ± 19 < 0.0001 

35 57 ± 11 276 ± 54 < 0.0001 

42 75 ± 31 351 ± 39 0.0013 

49 49 ± 16 288 ± 30 < 0.0001 

56 41 ± 10 297 ± 66 < 0.0001 

AVERAGE 55 296  

TABLE 5-4 – WEEKLY DIFFERENCES BETWEEN THE MEAN NUMBERS OF HR EXECUTED BY ANIMALS 

CLASSIFIED AS [NSB/LSB] AND HSB, RESPECTIVELY 

The weekly contribution of each animal to the data presented here was calculated as a mean value from three 30-minute intervals 

over a 12-hour assessment period during which the highest amount of HR were executed.  p values of < 0.05 are regarded as 

significant. 

 

In Table 5-5, the weekly mean numbers of VBI generated by HSB vertical jumpers are com-

pared to the weekly mean HR executed by animals classified as HSB pattern runners. 

 

Day 
HSB Vertical Jumpers 

(Mean VBI ± SEM) 
n = 9 

HSB Pattern Runners 
(Mean HR ± SEM) 

n = 3 

p Values 
(Unpaired t-test) 

7 3177 ± 298 211 ± 46 0.0003 

14 3071 ± 308 294 ± 46 0.0006 

21 3416 ± 427 319 ± 33 0.0027 

28 3219 ± 403 333 ± 19 0.0029 

35 3377 ± 422 276 ± 54 0.0025 

42 2774 ± 375 351 ± 39 0.0056 

49 2749 ± 349 288 ± 30 0.0032 

56 2726 ± 327 297 ± 66 0.0023 

AVERAGE 3063 296  

TABLE 5-5 – THE WEEKLY MEAN AMOUNTS OF VBI GENERATED, AND HR EXECUTED BY HSB VERTICAL 

JUMPERS AND PATTERN RUNNERS, RESPECTIVELY 

The weekly contribution of each animal to the data presented here was calculated as a mean value from three 30-minute intervals 

over a 12-hour assessment period during which the highest amount of VBI and HR were executed.  p values of < 0.05 are regarded as 

significant. 

* * * 

The above data indicate that deer mice expressing different behavioural topographies can be 

classified as [NSB/LSB] or HSB, based on different classification criteria for vertical jumping and 

pattern running.  Furthermore, given the major differences between the amounts of VBI gener-

ated by HSB vertical jumpers and HR executed by HSB pattern runners, it is evident that one 
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behavioural classification system for both topographies is inappropriate, as HSB pattern run-

ners generate much lower levels of stereotypy than do HSB vertical jumpers. 
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5.2. STUDY OBJECTIVE II –  

AN INVESTIGATION INTO FRONTAL-CORTICAL AND STRIATAL SERT DENSI-

TIES OF TREATMENT NAIVE [NSB/LSB] AND HSB DEER MICE 

The second objective of the current study was aimed at strengthening the construct validity 

of the deer mouse model of OCD by investigating whether any baseline differences in frontal-

cortical and striatal SERT densities could be demonstrated in treatment-naive HSB animals as 

opposed to low stereotypy [NSB/LSB] animals.  The data presented here were obtained using 

tissue from nine animals that were found to consistently generate the highest (HSB) and lowest 

([NSB/LSB]) amounts of stereotypy during the first four weeks of the control study, irrespective 

of the behavioural topography expressed by the animals.  Paired t-tests were performed to de-

termine the statistical differences between frontal-cortical and striatal SERT densities in tissues 

of the same animals (HSB and [NSB/LSB], respectively).  In case of comparing the respective 

frontal-cortical and striatal SERT densities of one cohort of animals (HSB or [NSB/LSB]) with 

those in the same brain area, but of another cohort, unpaired t-tests were applied. 

5.2.1. Frontal-cortical and striatal SERT densities in [NSB/LSB] animals 

Frontal-cortical and striatal tissues from nine animals that consistently generated the lowest 

amount of stereotypy during the first four weeks of the control study were pooled three to an 

assay, allowing three SERT binding assays to be performed for each of the two brain areas.  The 

mean striatal SERT density in [NSB/LSB] animals was higher than that in the frontal cortex 

(12.96 ± 1.42 vs. 5.81 ± 1.61 fmol/mg protein), although this difference was not statistically sig-

nificant (p = 0.1102; Figure 5-3).  
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5.2.2. Frontal cortical and striatal SERT densities in HSB animals 

Frontal-cortical and striatal tissues from nine animals that consistently generated the high-

est amount of stereotypy during the first four weeks of the control study, irrespective of the to-

pography expressed, were pooled in the same manner as those obtained from animals in the 

[NSB/LSB] cohort.  The mean frontal-cortical SERT density (4.15 ± 0.25 fmol/mg protein) was 

found to be significantly higher than that in the striatum (2.3 ± 0.09 fmol/mg protein) (p = 

0.0087; Figure 5-4). 

  

FIGURE 5-3 – FRONTAL-CORTICAL AND STRIATAL SERT DENSITIES IN TREATMENT NAIVE [NSB/LSB] 

ANIMALS 

Data represent the mean ± SEM of three assays per brain region.  Frontal -cortical and striatal tissues from three ani-

mals were pooled to perform one assay.  p > 0.05 (paired t-test).  Bmax (frontal cortex) = 5.81 ± 1.61 fmol/mg protein;  

Bmax (striatum) = 12.96 ± 1.42 fmol/mg protein. 
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5.2.3. Comparing frontal-cortical SERT densities of [NSB/LSB] and HSB animals 

Although frontal-cortical SERT density in HSB animals (4.15 ± 0.25 fmol/mg protein) was 

lower than that in [NSB/LSB] animals (5.81 ± 1.61 fmol/mg protein), these differences were not 

statistically significant (p > 0.05; Figure 5-5). 

  

FIGURE 5-4 – FRONTAL-CORTICAL AND STRIATAL SERT DENSITIES IN TREATMENT NAIVE HSB ANIMALS 

Data represent the mean ± SEM of three assays per brain region.  Frontal -cortical and striatal tissues from three ani-

mals were pooled to perform one assay.  p > 0.0087 (paired t-test).  Bmax (frontal cortex) = 4.15 ± 0.25 

fmol/mg/protein;  Bmax (striatum) = 2.31 ± 0.09 fmol/mg protein. 

FIGURE 5-5 – A COMPARISON BETWEEN FRONTAL-CORTICAL SERT DENSITIES OF [NSB/LSB] AND HSB 

ANIMALS 

Data represent the mean ± SEM of three assays per brain region.  Frontal -cortical tissues from three animals were pooled 

to perform one assay.  p > 0.05 (unpaired t-test) Bmax ([NSB/LSB]) = 5.81 ± 1.61 fmol/mg/protein;  Bmax (HSB) = 4.15 ± 

0.25 fmol/mg protein. 
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5.2.4. Comparing striatal SERT densities of [NSB/LSB] and HSB animals 

As demonstrated in Figure 5-6, the difference between the striatal SERT densities of treat-

ment naive [NSB/LSB] and HSB animals were found to be highly statistically significant.  Ani-

mals of the [NSB/LSB] cohort (12.96 ± 1.42 fmol/mg protein) presented with much higher stri-

atal SERT concentrations than animals from the HSB cohort (2.3 ± 0.09) (p = 0.0009; unpaired t-

test; Figure 5-6). 

* * * 

In summary, the data presented in Section 5.2 indicate that, while SERT densities between 

[NSB/LSB] and HSB animals are similar in the frontal cortex, these densities are significantly 

lower in the striatum of HSB mice compared to their low stereotypic controls ([NSB/LSB]).  Al-

though not statistically significant for animals of the ([NSB/LSB]) cohort, the data also indicate 

an inverse relationship between frontal-cortical and striatal SERT densities in HSB  compared to 

[NSB/LSB] animals.  However, more than three assays per brain area will be needed to verify 

whether this opposite relationship in SERT density between the [NSB/LSB] and HSB cohorts is 

indeed significant. 

  

FIGURE 5-6 – A COMPARISON BETWEEN STRIATAL SERT DENSITIES OF [NSB/LSB] AND HSB ANIMALS 

Data represent the mean ± SEM of three assays per brain region.  Frontal -cortical tissues from three animals were pooled 

to perform one assay.  p = 0.0009 (unpaired t-test).  Bmax ([NSB/LSB)] = 12.96 ± 1.42 fmol/mg/protein;  Bmax (HSB) = 2.31 ± 

0.09 fmol/mg protein 
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5.3. STUDY OBJECTIVE III –  

THE EFFECT OF SUB-CHRONIC AND CHRONIC ORAL ESCITALOPRAM TREAT-

MENT ON DEER MOUSE STEREOTYPY 

The third study objective was to determine whether chronic, but not sub-chronic oral treat-

ment with high dose escitalopram (50 mg/kg/day) would result in attenuation of stereotypy 

expressed by HSB animals.  It was also hypothesized that such treatment will not affect the be-

haviour of animals in the [NSB/LSB] cohort. 

In order to clarify the data presented here, a short review of the intended methods of assess-

ing deer mouse stereotypy and its response to treatment with high dose escitalopram is neces-

sary.  As explained in paragraph 4.2.3.2, animals were classified into either [NSB/LSB] or HSB 

cohorts based on the median value of stereotypy for each animal after four weeks of baseline 

behavioural assessment.  The weekly mean stereotypy scores for each animal (from which the 

median value was calculated after four weeks) have been calculated from the three 30-minute 

intervals over each of the weekly 12-hour screening sessions during which an animal generated 

the highest amount of relevant beam interruptions.  It has originally been proposed that the 

weekly mean stereotypy scores generated by each animal should be used to assess the changes 

in the manifestation of stereotypy as a function of treatment over the course of the 28-day ad-

ministration of treatment following the four weeks of baseline assessment.  Based on this, three 

weekly mean stereotypy values (day 28, 35 and 56) were used to discriminate between the ef-

fects of sub-chronic (day 35; 1 week after the initiation of treatment) and chronic (day 56; 4 

weeks after the initiation of treatment) administration of escitalopram on the expression of 

stereotypy, with day 28 being applied as the pre-treatment control.  Data were analyzed using a 

one-way analysis of variance (ANOVA) followed by Dunnett’s test, and are presented in para-

graph 5.3.1.  In order to exclude the possible effects of escitalopram on the general activity of 

deer mice, locomotor activity was routinely recorded and is presented in paragraph 5.3.3. 

Although the pre-treatment classification of deer mice over 28 days were performed accord-

ing to the above protocol, the methodology for evaluating the effects of drug treatment on the ex-

pression of deer mouse stereotypy and the statistical methods followed, are explained in paragraph 

5.3.2 as this differs drastically from the above mentioned protocol (refer to paragraph 4.2.3.2 for 

an explanation). 

The data that will be presented in this section will include the results as interpreted follow-

ing the originally intended methodology (see paragraph 5.3.1), as well as that obtained follow-

ing the revised protocol, i.e. after changes had been made to the original protocol (see para-
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graph 5.3.2).  Note that the treatment data presented in this section have been obtained assess-

ing a different group of 40 animals than those included in the control study.  Thirty-nine of the 

40 animals completed the treatment study, of which 16 animals could be classified as HSB (Ta-

ble 5-2). 

5.3.1. The effect of escitalopram on stereotypy generated 

These results are based on the effect of escitalopram (50 mg/kg/day x 1 or 4 weeks) on the 

weekly manifestation of stereotypy as determined by calculating the highest average stereotypy 

score for each animal per week.  As explained previously, these average individual stereotypy 

scores were calculated from three 30-minute intervals over a 12-hour period during which an 

animal executed the highest amounts of stereotypy. 

5.3.1.1. Weekly manifestation of vertical jumping (VBI) expressed by [NSB/LSB] and HSB 

animals, and response to 1 or 4 weeks of escitalopram treatment 

Neither sub-chronic (1 week) nor chronic (4 weeks) treatment with escitalopram (50 

mg/kg/day) affected vertical jumping (VBI) in either one of the [NSB/LSB] or HSB cohorts with 

respect to the highest average VBI generated on a weekly basis (Figure 5-7). 

 

FIGURE 5-7 – WEEKLY MANIFESTATION OF VERTICAL JUMPING (VBI) EVIDENT IN [NSB/LSB] AND HSB 

COHORTS, AND RESPONSE TO ESCITALOPRAM TREATMENT 

Data represent the weekly mean VBI of 12 animals that consistently generated the lowest stereotypy scores during 

the first four weeks of assessment ([NSB/LSB]), as well as nine animals classified as HSB vertical jumpers , after the 

first four weeks of baseline assessments  and following 1 or 4 weeks of escitalopram treatment from day 28 .  The 

weekly contribution of each animal to the dat a presented here was calculated as a mean value from three 30 -

minute intervals over a 12-hour assessment period during which the highest amount of VBI were executed.  
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5.3.1.2. Average VBI in [NSB/LSB] and HSB cohorts before and after sub-chronic (day 28-

35) and chronic (day 28-56) escitalopram treatment 

No statistical differences could be demonstrated with respect to the average amount of VBI 

generated by both the [NSB/LSB] or HSB cohorts following treatment with either sub-chronic (1 

week) or chronic (4 weeks) treatment with escitalopram (50 mg/kg/day), compared to baseline 

stereotypy as measured on day 28 (Figures 5-8 and 5-9). 

 

 

FIGURE 5-8 – AVERAGE VBI GENERATED BY ANIMALS OF THE [NSB/LSB] COHORT BEFORE AND AFTER 

ESCITALOPRAM TREATMENT 

Data represent the mean VBI of 12 animals that generated the lowest amount of stereotypy during the first four 

weeks of assessment (up to day 28), and following treatment with either sub-chronic (1 week) or chronic (4 weeks) 

treatment with escitalopram.  The contribution of each animal to the data presented here was calculated as a mean 

value from three 30-minute intervals over a 12-hour assessment period during which the highest amount of VBI 

were generated.  No statistical differences could be demonstrated. p > 0.05 for both days 35 and 56 compared to 

day 28 (One-way ANOVA followed by Dunnett’s test).  
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FIGURE 5-9 – AVERAGE VBI GENERATED BY ANIMALS OF THE HSB COHORT, BEFORE AND AFTER ESCI-

TALOPRAM TREATMENT 

Data represent the weekly mean VBI of 9 animals classified as HSB vertical jumpers after the first four weeks of 

baseline assessments (up to day 28), and following treatment with either sub -chronic (1 week) or chronic (4 

weeks) treatment with escitalopram.  The weekly contribution of each animal to the data presented here was 

calculated as a mean value from three 30-minute intervals over a 12-hour assessment period during which the 

highest amount of VBI were executed.  No statistical differences could be demonstrated.  p > 0.05 for both days 35 

and 56 compared to day 28 (One-way ANOVA followed by Dunnett’s test).  

5.3.1.3. Weekly manifestation of the pattern running (HR) executed by [NSB/LSB] and HSB 

animals, and response to 1 or 4 weeks of escitalopram treatment 

As was the case with the effect of escitalopram (50 mg/kg/day) on the expression of vertical 

jumping in animals of the [NSB/LSB] and HSB cohorts, neither sub-chronic nor chronic treat-

ment with escitalopram resulted in any statistical changes in the weekly expression of pattern 

running with respect to the highest average stereotypy scores generated (Figure 5-10). 
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FIGURE 5-10 – WEEKLY MANIFESTATION OF PATTERN RUNNING (HR) EVIDENT IN [NSB/LSB] AND 

HSB COHORTS, AND RESPONSE TO ESCITALOPRAM TREATMENT 

Data represent the weekly mean HR of 12 animals classified as ([NSB/LSB]) and five animals classified as HSB 

pattern runners after the first four weeks of baseline assessments , and following 1 or 4 weeks of escitalopram 

treatment.  The weekly contribution of each animal to the data presented here was calculated as a mean value from 

three 30-minute intervals over a 12-hour assessment period during which the highest amount of HR were executed. 

 

5.3.1.4. Average HR in [NSB/LSB] and HSB cohorts before and after sub-chronic (day 28-

35) and chronic (day 28-56) escitalopram treatment 

Neither sub-chronic nor chronic treatment with oral escitalopram (50 mg/kg/day) altered 

the manifestation of pattern running behaviour with respect to the highest average HR executed 

in animals of both the [NSB/LSB] and HSB cohorts (Figures 5-11 and 5-12). 
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FIGURE 5-11 – AVERAGE HR GENERATED BY ANIMALS OF THE [NSB/LSB] COHORT BEFORE AND 

AFTER ESCITALOPRAM TREATMENT 

Data represent the mean HR of 12 animals that generated the lowest amount of stereotypy during the first four 

weeks of assessment (up to day 28), and following treatment with either sub -chronic (1 week) or chronic (4 weeks) 

treatment with escitalopram.  The contribution of each animal to the data presented here was calculated as a mean 

value from three 30-minute intervals over a 12-hour assessment period during which the highest amount of HR 

were generated.  No statistical differences could be demonstrated. p > 0.05 for both days 35 and 56 compared to 

day 28 (One-way ANOVA followed by Dunnett’s test).  

 

 

FIGURE 5-12 – AVERAGE HR GENERATED BY ANIMALS OF THE HSB COHORT, BEFORE AND AFTER 

ESCITALOPRAM TREATMENT 

Data represent the weekly mean HR of 5 animals classified as HSB pattern runners after the first four weeks of 

baseline assessments (up to day 28), and following treatment with either sub -chronic (1 week) or chronic (4 

weeks) treatment with escitalopram.  The weekly contribution of each animal to the data presented here was 

calculated as a mean value from three 30-minute intervals over a 12-hour assessment period during which the 

highest amount of HR were executed.  No statistical differences could be demonstrated.  p > 0.05 for both days 35 

and 56 compared to day 28 (One-way ANOVA followed by Dunnett’s test).   
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5.3.2. Effect of escitalopram on the weekly amount of rest periods and HSB inter-

vals over the course of 12 hours 

According to data presented in Section 5.2, HSB deer mice present with significantly lower 

striatal SERT densities compared to animals of the [NSB/LSB] cohort.  Taking this into account, 

and given the fact that previous studies (Korff et al., 2008) have demonstrated attenuation of 

deer mouse stereotypy following 21-day intraperitoneal administration of fluoxetine (10 and 20 

mg/kg/day), the results presented in paragraph 5.3.1 seem to contradict these earlier findings. 

These new data thus oppose the hypothesis that the average amount of stereotypy expressed by 

HSB animals will decrease after chronic, but not sub-chronic treatment with high dose escitalo-

pram. 

In light of this, it was decided to re-evaluate the method of assessing the weekly data gener-

ated by each animal following drug treatment.  It must be stressed, however, that the methodol-

ogy explained here is novel and that no previous studies in our laboratory or by other authors, 

have assessed the effects of drug treatment on the expression of deer mouse stereotypy applying 

these new criteria. 

* * * 

Instead of focussing only on the three 30-minute intervals during which an animal expresses 

the highest amounts of stereotypy, all the data generated by an animal over the course of each 

12-dark assessment period was now analysed.  Two clear trends in the behaviour of deer mice 

pre- and post drug treatment became obvious, of which a typical data sheet is provided in Fig-

ure 5.13. This figure can be explained as follows: 

Firstly [NSB/LSB] animals not only present with lower baseline average scores of stereotypy 

(supported by the data in Addendum A) compared to HSB animals, but they also express more 

30-minute intervals over a 12-hour assessment period during which no stereotypy at all are 

executed.  These intervals were defined as rest periods and were identified as such if less than 

10 repetitions of the respective behavioural topographies were expressed during a 30-minute 

interval. 

Although [NSB/LSB] animals may express high stereotypical behaviour during certain times 

of the dark cycle, the second trend observed in the behaviour of deer mice was that [NSB/LSB] 

animals generated significantly less 30-minute intervals during which HSB behaviour were exe-

cuted as opposed to animals from the HSB cohort.  An interval of HSB-activity was defined as a 
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30-minute interval during which HSB-behaviour was executed, as per the parameters defined in 

Table 5-1.   

The changes in these two parameters following sub-chronic and chronic treatment with 

escitalopram (50 mg/kg/day) were subsequently applied as a measure of behavioural outcome.  

To compare the behaviour of deer mice on days 35 (after sub-chronic treatment) and 56 (after 

chronic treatment) with that of day 28 (the day before treatment was initiated), one-way 

ANOVA followed by Dunnett’s test was performed.  An example of the data sheet generated to 

evaluate the behaviour following this approach is provided in Figure 5-13. 
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22 29 35

286 271 242 406 304 345 265 245 261 56 43 27 15 24 62 25 21 13 2 304 99 264 262 1 74 75 2

367 284 251 365 231 260 357 192 261 46 32 132 25 17 74 35 24 28 18 378 458 322 314 164 209 122 118

481 154 236 268 228 268 275 213 215 42 61 132 23 0 116 0 32 13 13 338 323 306 108 148 144 0 231

452 149 226 185 275 216 227 180 257 32 11 93 27 3 0 0 0 0 81 334 242 271 251 237 0 1 287

246 165 197 288 219 224 261 0 187 12 0 13 36 6 158 7 0 0 119 404 277 112 125 48 0 1 217

404 162 209 209 243 235 112 0 180 36 32 0 19 70 124 0 1 1 24 403 237 0 0 0 0 0 0

230 162 217 209 156 252 0 0 233 38 49 0 0 140 4 0 0 1 1 308 164 193 111 0 1 0 0

419 182 231 174 377 213 0 64 107 56 4 18 4 0 0 0 2 53 0 309 0 315 241 0 185 0 136

264 155 276 113 273 232 60 213 0 9 22 19 32 0 4 33 0 16 0 306 0 331 186 2 39 123 262

253 73 263 189 297 239 363 276 0 7 50 2 24 0 3 25 7 0 175 265 179 345 112 0 0 183 101

28 190 360 137 220 257 380 299 126 50 74 30 44 44 37 180 35 2 229 284 332 318 0 58 0 166 0

310 216 294 202 178 240 224 280 226 123 487 26 68 47 28 332 50 160 251 466 334 246 122 94 41 0 173

266 225 206 215 172 262 253 0 217 143 420 126 65 0 2 78 65 32 330 475 325 325 135 0 209 209 409

384 207 336 88 255 250 334 264 232 119 240 101 26 0 48 36 70 0 286 382 275 326 290 200 236 248 224

322 236 223 185 259 278 383 246 209 169 501 87 68 0 198 124 65 21 319 390 317 313 277 215 170 294 232

328 162 286 125 235 213 305 253 222 284 502 321 438 10 63 71 79 55 435 343 310 301 252 101 231 265 128

189 213 216 126 292 260 312 321 172 164 495 284 85 147 59 104 58 41 413 338 302 278 297 167 231 168 119

280 230 287 183 313 203 280 267 238 232 392 327 138 154 64 53 107 39 374 285 328 287 327 227 222 235 196

321 235 298 82 216 215 322 180 181 719 402 248 383 40 164 77 153 174 337 367 330 301 325 293 272 223 242

265 189 333 130 255 225 319 248 161 528 496 94 140 53 43 13 17 24 261 366 311 291 379 331 251 178 160

227 221 346 186 146 86 317 39 6 311 536 27 55 73 3 1 2 7 357 405 277 314 422 381 223 191 206

338 290 343 213 153 0 325 1 0 200 536 9 294 115 0 0 0 0 325 399 349 256 299 258 251 72 195

364 319 153 59 211 0 280 0 17 121 200 37 223 0 0 0 0 0 370 360 253 188 220 17 41 0 58

0 0 0 0 0 2 2 5 4 2 2 4 2 10 9 9 10 10 4 0 2 1 2 7 6 8 4

18 4 12 4 10 9 17 7 3 4 10 3 2 0 0 1 0 0 12 23 16 14 12 8 3 2 3

FIGURE 5-13 – AN EXCERPT FROM THE DATA SHEET USED TO CALCULATE THE WEEKLY AMOUNTS OF REST PERIODS AND INTERVALS OF HSB PATTERN RUNNING ACTIVITY OB-

SERVED IN THE DATA GENERATED BY INDIVIDUAL ANIMALS OVER THE COURSE OF EIGHT WEEKS 

Data in this figure represent the HR executed by animals 22, 29 and 35.  All three animals were classified as HSB pattern runners after the first four weeks of assessment.  The first behavioural screen for each animal (column 

indicated at the bottom by a blue rectangle) was excluded from the statistical analysis.  The four columns indicated by the red colouration at the bottom represent the weekly data from day 7 until day 28, the day before treat-

ment was initiated.  The columns indicated by the green colouring represent the data from the first week after treatment was initiated (day 35) until the termination of treatment (day 56).  The numbers written in the coloured 

rows represent the amount of rest periods in each respective assessment, while the numbers in the row below these indicate the amount of intervals during which an animal expressed HSB behaviour.  The numbers in each col-

umn represents an individual 30-minute interval.  A rest period is defined as a 30-minute interval during which equal to or less than 10 stereotypical movements occurred, irrespective of the topography expressed, while an HSB 

interval is defined as score of > 2000 VBI / 30 min or > 200 HR / 30 or a combination of both. 
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5.3.2.1. The average occurrence of rest periods observed in the behaviour of animals from 

the [NSB/LSB] and HSB cohorts, and response to sub-chronic (day 28-35) or 

chronic (day 28-56) escitalopram treatment 

Figure 5-14 demonstrates the average weekly amount of rest periods observed in animals of 

the [NSB/LSB] and HSB cohorts respectively.  Neither sub-chronic, nor chronic treatment with 

oral escitalopram (50 mg/kg/day) significantly changed the amounts of rest periods observed 

in the behaviour of [NSB/LSB] animals (Figure 5-15).  However, a statistically significant in-

crease in the amount of rest periods could be observed in the behaviour of animals from the HSB 

cohort after chronic, but not sub-chronic treatment with escitalopram (p = 0.0241) (Figure 5-

16). 

 

FIGURE 5-14 – THE AVERAGE WEEKLY OCCURRENCE OF REST PERIODS OBSERVED IN THE BEHAVIOUR 

OF ANIMALS FROM THE [NSB/LSB] AND HSB COHORTS, AND RESPONSE TO SUB-CHRONIC OR CHRONIC 

ESCITALOPRAM TREATMENT 

Data representing rest period behaviour of 12 animals classified as ([NSB/LSB)] and HSB during the first four 

weeks of assessment, and response to 1 or 4 weeks of escitalopram treatment .  A rest period is defined as a 30-

minute interval during which equal to or less than 10 stereotypical movements were executed.  
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FIGURE 5-15 – THE AVERAGE OCCURRENCE OF REST PERIODS OBSERVED IN THE BEHAVIOUR OF ANI-

MALS FROM THE [NSB/LSB] COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALOPRAM 

TREATMENT 

Data represent the rest period behaviour of 12 animals classified as [NSB/LSB] during the first four weeks of as-

sessment, and response to 1 or 4 weeks escitalopram treatment .  A rest period is defined as a 30-minute interval 

during which equal to or less than 10 stereotypical movements were executed.   No statistical differences could be 

demonstrated.  p > 0.05 for both days 35 and 56 compared to day 28 (One-way ANOVA followed by Dunnett’s test).  

 

FIGURE 5-16 – THE AVERAGE OCCURRENCE OF REST PERIODS OBSERVED IN THE BEHAVIOUR OF ANI-

MALS FROM THE HSB COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALOPRAM 

TREATMENT 

Data represent the rest period behaviour of 12 animals classified as HSB during the first four weeks of assess-

ments, and response to 1 or 4 weeks escitalopram tr eatment.  A rest period is defined as a 30-minute interval dur-

ing which equal to or less than 10 stereotypical movements were executed.   p = 0.0241 for day 56 compared to day 

28 (One-way ANOVA followed by Dunnett’s test) . 
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5.3.2.2. The average occurrence of intervals of HSB activity observed in animals from the 

[NSB/LSB] and HSB cohorts, and response to sub-chronic (day 28-56) or chronic 

(day 28-56) escitalopram treatment 

The weekly occurrence of intervals of HSB activity in both the [NSB/LSB] and HSB cohorts 

are represented in Figure 5-17.  Neither chronic, nor sub-chronic treatment with escitalopram 

(50 mg/kg/day) significantly altered the amount of HSB-intervals generated by [NSB/LSB] ani-

mals (p = 0.3840) (none of the animals in the [NSB/LSB] group expressed HSB behaviour on 

days 14, 49 and 56) (Figure 5-18).  Chronic, but not sub-chronic treatment however, signifi-

cantly decreased the amount of intervals during which HSB animals expressed HSB behaviour (p 

= 0.0054) (Figure 5-19). 

 

FIGURE 5-17 – THE AVERAGE WEEKLY OCCURRENCE OF INTERVALS OF HSB ACTIVITY OBSERVED IN 

THE BEHAVIOUR OF ANIMALS FROM THE [NSB/LSB] AND HSB COHORTS, AND RESPONSE TO SUB-

CHRONIC OR CHRONIC ESCITALOPRAM TREATMENT 

Data represent the behaviour of 12 animals classified as ([NSB/LSB]) or HSB during the first four weeks of assess-

ment, and response to 1 or 4 weeks escitalopram treatment .  An HSB interval is defined as a score of > 2000 VBI / 

30 min or > 200 HR / 30 or a combination of both . 
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FIGURE 5-18 – THE AVERAGE OCCURRENCE OF INTERVALS OF HSB ACTIVITY IN THE BEHAVIOUR OF 

ANIMALS FROM THE [NSB/LSB] COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALO-

PRAM TREATMENT 

Data represent the HSB activity of 12 animals classified as [NSB/LSB] during the first four weeks of assessment , 

and response to 1 or 4 weeks escitalopram treatment .  An HSB interval is defined as score of > 2000 VBI / 30 min 

or > 200 HR / 30 or a combination of both .  None of the animals in the cohort expressed any intervals of HSB acti v-

ity on day 56.  No statistical differences could be demonstrated.  p > 0.05 for both days 35 and 56 compared to 28 

(One-way ANOVA followed by Dunnett’s test).  
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FIGURE 5-19 – THE AVERAGE OCCURRENCE OF INTERVALS OF HSB ACTIVITY OBSERVED IN THE BE-

HAVIOUR OF ANIMALS FROM THE HSB COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCI-

TALOPRAM TREATMENT 

Data represent the HSB activity of 12 animals classified as HSB during the first four weeks of assessment , and re-

sponse to 1 or 4 weeks escitalopram treatment .  An HSB interval is defined as a score of > 2000 VBI / 30 min or > 

200 HR / 30 or a combination of both.  p = 0.0054 for day 56 compared to day 28 (One-way ANOVA followed by 

Dunnett’s test) . 

* * * 

In summary, it is evident from these data that although HSB deer mice continuously express 

high stereotypical behaviour even after long term treatment with high dose escitalopram, the 

frequency with which these high stereotypical bouts are expressed decreases as a result of 

treatment.  Furthermore, while the average behaviour of treatment naive HSB deer mice are 

characterized by very little periods of inactivity (4.08 intervals or roughly 2 hours), this level of 

inactivity doubles after chronic, but not sub-chronic treatment with high dose escitalopram, 

again emphasizing the susceptibility of both these behaviours to modification by effective SSRI 

treatment.  This new approach to analysing deer mouse stereotypy has thus proved to be par-

ticular useful. It has especially helped to delineate certain behavioural characteristics not previ-

ously observed in these animals that allows for a more accurate and robust measure of stereo-

typy, especially following a drug intervention.  
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5.3.3. General locomotor activity of [NSB/LSB] and HSB deer mice, and response to 

sub-chronic or chronic escitalopram treatment 

In order to exclude the possibility that escitalopram could affect locomotor activity of the 

animal and subsequently influence stereotypical behavioural, the general locomotor activity of 

the animals was recorded as horizontal movements.  These data are presented in Figure 5-20.  A 

horizontal movement is defined as any beam interruption in the lower grid of light beams, each 

interruption separated by at least one second.  Neither sub-chronic nor chronic treatment with 

escitalopram significantly influenced the average general locomotor activity of HSB deer mice (p 

> 0.05) (Figure 5-22).  However, chronic but not sub-chronic treatment with escitalopram sig-

nificantly decreased the average locomotor activity of the animals in the [NSB/LSB] cohort (p = 

0.0088; Figure 5-21). 

 

FIGURE 5-20 – THE AVERAGE WEEKLY LOCOMOTOR ACTIVITY OF [NSB/LSB] AND HSB DEER MICE, 

AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALOPRAM TREATMENT 

A horizontal movement is defined as a beam interruption in the lower grid of beams separated by at least one sec-

ond.  The contribution of each animal to the data presented here was calc ulated as the mean number of horizontal 

movements generated during the whole 12-hour assessment period. 
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FIGURE 5-21 – THE AVERAGE AMOUNTS OF HORIZONTAL MOVEMENTS GENERATED BY ANIMALS OF 

THE [NSB/LSB] COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALOPRAM TREATMENT 

A horizontal movement is defined as a beam interruption in the lower grid of beams separated by at least one sec-

ond.  The contribution of each animal to the data presented here was calculated  as the mean number of horizontal 

movements generated during the whole 12-hour assessment period.  p = 0.0088 for day 56 compared to day 28 

(One-way ANOVA followed by Dunnett’s test).  

 

 

FIGURE 5-22 - THE AVERAGE AMOUNTS OF HORIZONTAL MOVEMENTS GENERATED BY ANIMALS OF 

THE HSB COHORT, AND RESPONSE TO SUB-CHRONIC OR CHRONIC ESCITALOPRAM TREATMENT 

A horizontal movement is defined as a beam interruption in the lower grid of beams separated by at least one second.  The contribu-

tion of each animal to the data presented here was calculated as the mean number of horizontal movements generated during the 

whole 12-hour assessment period.  No statistical difference could be demonstrated.  P > 0.05 for both days 35 and 56 compared to 

day 28 (One-way ANOVA followed by Dunnett’s test).  
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CHAPTER 6   

DISCUSSION 

6.1. INTRODUCTION 

The deer mouse model is currently regarded as one of the five leading animal models of OCD 

(Albelda and Joel, In Press (a); Albelda and Joel, 2012); Hoffman and Rueda Morales, 2009; Joel 

et al., 2008; Wang et al., 2009) and has been investigated mostly with regard to its predictive 

and construct validity (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009).  The pre-

dictive validity of the model is strengthened by the demonstration that chronic administration 

of the SSRI, fluoxetine (10 and 20 mg/kg/day), results in the attenuation of stereotypy (Korff et 

al., 2008) while the construct validity is founded in the fact that an imbalance between the di-

rect and indirect pathways in the basal ganglia can be associated with the expression of stereo-

typy (Presti and Lewis, 2005).  Furthermore, high stereotypical deer mice express higher pre-

frontal-cortical and striatal levels of cAMP and lower levels of PDE4 compared to their non-

stereotypical controls (Korff et al., 2009), while high stereotypical deer mice also present with 

evidence of cortico-striatal disturbances in redox balance (Güldenpfennig et al., 2011).  It is 

widely accepted that OCD involves a lesion of the CSTC circuit (Evans et al., 2004; Husted et al., 

2006; Maltby et al., 2005), while recent work has noted the presence of a redox imbalance and 

oxidative stress in patients with OCD (Ersan et al., 2006; Kuloglu et al., 2002; Ozdemir et al., 

2009; Selek et al., 2008).  These latter findings therefore strengthen the construct of the model 

as it not only implicates oxidative stress and a cortico-striatal lesion in the expression of deer 

mouse stereotypy, but also demonstrates an involvement of the second messenger system 

modulated by serotonergic signalling (Barnes and Sharp, 1999; Bergqvist et al., 1999) in the ex-

pression of such stereotypy. 

Building on this foundation, the aim of the current study was to strengthen the predictive 

and construct validity of the model even more.  Although Korff and colleagues demonstrated a 

selective response of deer mouse stereotypy to chronic fluoxetine treatment versus the 

noradrenergic agent, desipramine, one of the relative shortcomings of the model was that a sub-

chronic pharmacological challenge was not performed.  As OCD only responds to chronic treat-

ment with the SSRIs (Fineberg et al., 2006; Fineberg and Craig, 2007), one of the aims of the cur-

rent study was to assess whether the model will also demonstrate a lack of response to a sub-

chronic regimen as is the case in human OCD.  Furthermore, the fact that deer mouse stereotypy 

responds to treatment with fluoxetine (Korff et al., 2008) strongly implicates the serotonergic 
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system in the neurobiology of these behaviours.  However, hyposerotonergic functioning is be-

lieved to be directly involved in the symptomology of OCD (Cools et al., 2008; Daw et al., 2002; 

Delgado and Moreno, 1998; Goddard et al., 2008) and has been associated with a decrease in 

SERT availability, as demonstrated in a number of clinical studies done in OCD patients (Hesse 

et al., 2005; Reimold et al., 2007; Zitterl et al., 2008).  Another aim of the current study therefore 

was to investigate whether any differences in frontal-cortical and striatal SERT density could be 

observed in high versus low stereotypic animals, and to confirm whether altered SERT binding 

(a marker of serotonin signalling) can be demonstrated between stereotypical and non-

stereotypical animals. 

To compare the behavioural effects of sub-chronic and chronic SSRI treatment on the ex-

pression of stereotypy, and to assess the differences between the baseline SERT densities of 

stereotypical and non-stereotypical animals, a clear behavioural distinction must be made be-

tween these two cohorts.  To classify deer mice into non-stereotypical (NSB), low-stereotypical 

(LSB) and high-stereotypical (HSB) cohorts, previous studies done in our laboratory (Gülden-

pfennig et al., 2011; Korff et al., 2008) employed a classification system that did not discriminate 

between the different behavioural topographies expressed by deer mice, viz. pattern running 

and vertical jumping.  In other words, all the topographies were grouped together and applied 

with reference to the separation criteria.  Consequently, since the type of stereotypy an animal 

expresses is not important in the argument of whether an animal is stereotypical or not, the 

emphasis was not which type of stereotypy a particular animal expresses, but that it does ex-

press repetitive behaviour, and that it mimics the rigid motor actions observed in human OCD.  

Although this is a valid argument, laboratory data from the current study indicated that, based 

on the above criteria, pattern runners are more than often not included in the HSB cohorts, 

while vertical jumpers are always included.  Scrutiny of the data sheets found that even very 

high stereotypic pattern runners have markedly less episodes of pattern running than the 

equivalent high stereotypic animal that expresses vertical jumping.  However, although the be-

havioural topography expressed does not have implications for the theoretical basis of the 

model per se, it does influence the behavioural and neurochemical evaluation of the animals.  

The behaviour of pattern runners is characterized by the rigid and repetitive completion of cage 

revolutions, while that of animals expressing vertical stereotypy manifests as repetitive jumping 

in one of the corners of the cage.  If the behaviour of pattern runners seems just as rigid as that 

of vertical jumpers but results in the generation of less stereotypy counts, the question arises if 

these animals are indeed classified correctly.  This has major implications for the behavioural 

and neurochemical assessment of deer mice as it is possible that based on the currently em-

ployed classification system, HSB pattern runners will be appraised as NSB or LSB animals.  This 
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may result in obtaining data that do not depict the actual behavioural and neurochemical differ-

ences between the HSB and [NSB/LSB] cohorts as the behaviour and neurochemistry of poten-

tial HSB pattern runners are included in the assessments of otherwise [NSB/LSB] animals.  The 

first study aim was therefore to provide a stronger foundation for establishing the predictive and 

construct validation of the model through a newly developed classification system that differen-

tiates between the respective behavioural topographies. 
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6.2. STUDY OBJECTIVE I – 

THE DEVELOPMENT OF A NEW CLASSIFICATION SYSTEM FOR THE 

APPRAISAL OF DEER MOUSE STEREOTYPY 

The classification criteria for the evaluation of deer mouse stereotypy that were developed 

during the course of the current study differ in two main respects from that employed in our 

previous studies (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009).  First, the unit 

of measurement was changed from stereotypy counts per hour to stereotypy counts per 30 

minutes and secondly different cut-off values were applied to assess the respective behavioural 

topographies. 

In an attempt to customize the classification criteria to be applied specifically in an animal 

model of OCD, it was decided to shorten the duration of assessment intervals from one hour to 

30 minutes.  From paragraph 3.1.3, it is argued that the behaviour of an animal expressing 2000 

or more stereotypical movements per hour is less rigid and repetitive than that of an animal 

generating the same count in 30 minutes as the latter animal executes stereotypy at a faster 

pace.  As per the previous criteria, both animals can be classified as HSB, while only the latter 

animal would be included in the HSB cohort according to the newly defined cut-off values (Table 

5-1).  This modification of the previous criteria can be explained as follows.  The Yale-Brown 

Obsessive-Compulsive Scale (Y-BOCS) (Goodman et al., 1989), a widely used clinical rating scale 

to assess and score the severity of OCD symptoms in humans, rates the severity of obsessions 

and compulsions on a scale of 0 (no symptoms) to 40 (very severe).  In short, patients are pre-

sented with a list of 50 obsessions and compulsions from which the clinician rates the five most 

prominent obsessions and compulsions respectively.  The severity of each of these is assessed 

applying five criteria namely (1) time, (2) interference, (3) distress, (4) resistance, and (5) con-

trol.  Each obsession and compulsion is then scored (ranging from 0 – 4) from which a final 

score of severity is calculated (Abramowitz et al., 2008; Abramowitz et al., 2003).  Although it is 

difficult to determine whether deer mice experience distress while they execute stereotypical 

behaviour, it can be hypothesized that animals executing repetitive behaviour at a more rapid 

pace exert less resistance to the expression of stereotypy, and have less control over the ‘need’ 

to express stereotypical behaviour.  Regarding the time factor (1), it cannot be argued that ani-

mals expressing 2000 jumps over the course of 30 minutes spend less time expressing stereo-

typy than do animals expressing the same amount of jumps in one hour, as these animals simply 

generate more 30-minute intervals during which high stereotypical behaviour is expressed.  

However, although the time factor has not been employed in the current study as a means of 

categorizing deer mice into [NSB/LSB] and HSB cohorts, it can be a valuable tool to separate 
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treatment naive deer mice based on the amount of time an animal spends in the execution of 

stereotypical behaviour.  Nevertheless, in the current study the time factor has indeed been em-

ployed to assess the behavioural outcomes of sub-chronic and chronic escitalopram treatment, 

which will be discussed in section 6.3. 

With respect to the different classification criteria employed for vertical jumpers and pat-

tern runners, it was demonstrated that although pattern runners can be divided into HSB and 

[NSB/LSB] cohorts (Figures 5-1 and 5-2), the HSB animals execute on average significantly less 

cage revolutions than HSB animals expressing vertical jumping (296 vs. 3063 respectively; Ta-

ble 5-5; weekly p values < 0.005; unpaired t-tests).  The 12 animals that generated the lowest 

weekly numbers of stereotypy, irrespective of the behavioural topography expressed, executed 

on average 55 cage revolutions and 923 vertical jumps per 30 minutes, which is significantly 

less than the stereotypy counts generated by HSB pattern runners and vertical jumpers respec-

tively (Tables 5-3 and 5-4; weekly p values < 0.005; unpaired t-tests). 

Applying the newly defined criteria, only 35% of animals in the control group and 41% of 

animals in the treatment group could be classified as HSB (Table 5-2).  This is somewhat less 

than the 45% of animals classified as HSB by Korff and colleagues (2008).  However, this result 

was expected since the shorter duration of assessment intervals resulted in the exclusion of 

candidates who would otherwise have been classified as HSB based on the previous unit of 

measurement (viz. stereotypy counts per hour instead of stereotypy counts per 30 minutes). 

* * * 

Data from the current study clearly indicate that one classification system for both behav-

ioural topographies is inadequate to accommodate the differences in the respective manifesta-

tions of stereotypy.  Furthermore, it is evident that although pattern runners can be separated 

statistically into HSB and [NSB/LSB] cohorts, HSB pattern runners could not have been classi-

fied as such, but rather as [NSB/LSB] animals, when applying the previously published criteria.  

By applying the newly developed criteria for the appraisal of deer mouse stereotypy, a better 

distinction can be made between animals of the HSB and [NSB/LSB] cohorts, thereby providing 

a stronger foundation for treatment and neurochemical studies. 
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6.3 STUDY OBJECTIVE II –  

AN INVESTIGATION INTO FRONTAL-CORTICAL AND STRIATAL SERT DENSI-

TIES OF TREATMENT NAIVE [NSB/LSB] AND HSB DEER MICE 

It has been hypothesized that OCD is characterized by hyposerotonergic functioning in the 

cortico-striatal-thalamic-cortical circuitry (Delgado and Moreno, 1998; Goddard et al., 2008; 

Hollander, 1998), explaining the ameliorative effects on OCD symptomology following chronic 

treatment with the SSRIs (Blier et al., 1996; El Mansari and Blier, 2006; Fineberg and Craig, 

2007; Vaswani et al., 2003; Vythilingum et al., 2000).  Furthermore, a number of studies have 

investigated the availability of serotonin transporters (SERT) in patients with OCD compared to 

healthy controls (Hesse et al., 2005; Pogarell et al., 2003; Reimold et al., 2007; Simpson et al., 

2003; Zitterl et al., 2008).  Most of these studies assessed SERT densities in the thala-

mus/hypothalamus, midbrain and brain stem (Hesse et al., 2005; Pogarell et al., 2003; Zitterl et 

al., 2008).  Except for two of these reports (Pogarell et al., 2003; Simpson et al., 2003), all dem-

onstrated a 10 – 20% decrease in SERT availability in untreated OCD patients compared to 

healthy controls.  Furthermore, Zitterl and colleagues (Zitterl et al., 2008) also found a signifi-

cant negative correlation between the severity of OCD symptoms (as measured by the Y-BOCS-

scale) and the availability of SERT in OCD patients. 

Although a number of studies have attempted to establish a possible link between OCD and 

polymorphisms of the promoter region in the SERT gene (Bengel et al., 1999; Chabane et al., 

2004; Kinnear et al., 2000), meta-analyses of these studies failed to demonstrate any definitive 

association (Bloch et al., 2008; Hemmings and Stein, 2006).  However, it must be kept in mind 

that studies investigating polymorphisms in the SERT gene target the human genome and not 

the actual expression of SERT in the different brain areas.  Indeed, no studies to date have com-

pared actual frontal-cortical and striatal SERT densities in OCD patients compared to healthy 

controls.  However, as stated above, a number of studies demonstrated a 10 – 20% decrease in 

midbrain (containing the striatum and basal ganglia) and thalamic SERT availability in OCD pa-

tients, compared to healthy controls (Hesse et al., 2005; Pogarell et al., 2003; Zitterl et al., 2008).  

Furthermore, a number of reports implicate the CSTC circuitry in the pathology of OCD.  Baxter 

and colleagues (Baxter Jr. et al., 1992) demonstrated altered glucose metabolism in the caudate 

nuclei of patients with OCD compared to healthy controls, while an imbalance between the di-

rect and indirect pathways of the basal ganglia have also been associated with obsessive-

compulsive symptoms (den Heuvel et al., 2010; Nambu et al., 2002).  Many studies employing 

positron emission tomography (PET), single photon emission CT (SPECT), magnetic resonance 

(MR), and functional MR (fMR) have demonstrated involvement of the frontal-subcortical cir-
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cuits in the neurobiology of OCD and are reviewed by Saxena and Rauch (2000).  Therefore, as 

hyposerotonergic functioning and abnormalities in the CSTC circuitry are implicated in OCD, it 

was decided to investigate whether HSB deer mice present with differences in frontal-cortical 

and striatal SERT densities as opposed to that of [NSB/LSB] deer mice. 

* * * 

Although the HSB cohort demonstrated a lower mean frontal-cortical SERT density com-

pared to the [NSB/LSB] cohort (Figure 5-5), this result was not statistically significant.  How-

ever, the striatal SERT density of HSB animals was found to be significantly lower compared to 

that of [NSB/LSB] animals (Figure 5-6; p = 0.0009).  This data is congruent to that demonstrated 

in human OCD (Hesse et al., 2005; Pogarell et al., 2003; Zitterl et al., 2008) and implies a com-

mon change or perturbation in SERT binding in these two brain regions, albeit more severe in 

the striatum.  In a SPECT study looking at a combined group of patients with different anxiety 

disorders (OCD, PTSD, and SAD), Carey and colleagues (2004) found that the SERT antagonist, 

citalopram, resulted in deactivation within the anterior and superior cingulate cortex, the left 

hippocampus and the right thalamus.  Moreover, this response was more marked in treatment 

responders.  Given the postulated role of serotonin in the suppression of complex motor behav-

iour (Coccaro, 1989; Cools et al., 2008; Daw et al., 2002; Fletcher et al., 1999), these results fit 

the hypothesis of a hyposerotonergic functioning in the compulsive-like expression of motor 

patterns (Delgado and Moreno, 1998; Goddard et al., 2008).  Linking these behavioural func-

tions of serotonin with the cortico-striatal circuitry implicated in OCD (den Heuvel et al., 2010; 

Denys et al., 2004c; Nambu et al., 2002; Saxena and Rauch, 2000), these new findings strengthen 

the construct of the model, as it not only associates hyposerotonergic functioning with in-

creased stereotypic behaviour in deer mice, but do so in the neural circuitry implicated in both 

OCD and the execution of complex motor patterns. 

Animals of the HSB cohort expressed significantly higher SERT values in the frontal-cortex 

compared to the striatum (Figure 5-4; p = 0.0087), while data obtained from the [NSB/LSB] co-

hort, although not statistically significant, indicate that this relationship tends to be the opposite 

from that demonstrated in HSB animals (Figure 5-3).  This would indicate a decreased seroton-

ergic functioning in the striatum relative to the frontal cortex in high stereotypic animals, as 

well as provides support for a more pronounced lesion/dysfunction in the striatum over the 

frontal-cortex that may be responsible for the higher levels of stereotypy evident in HSB mice.  

Earlier studies in the deer mouse have also highlighted cortico-striatal differences but with re-

spect to other biological parameters, although favouring a greater disturbance in the frontal-

cortex (Güldenpfennig et al., 2011; Korff et al., 2009).  Nevertheless, these data confirm a differ-
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ential role and pathology within the CSTC circuit in deer mouse stereotypy and OCD.  Consider-

ing the strong interaction between 5HT and DA in the CSTC circuit, and that deer mouse stereo-

typy involves disturbances in both 5HT and DA (Korff et al., 2008), the findings regarding SERT 

density described here can also be interpreted with respect to this interaction.  As serotonin is 

postulated to be the behavioural opponent of dopamine within the CSTC circuit (Daw et al., 

2002), these results support the hypothesis of hyposerotonergic functioning in the pathology of 

OCD (Delgado and Moreno, 1998; Goddard et al., 2008; Hollander, 1998).  This can be explained 

as follows: 

A bias in favour of the direct pathway over the indirect pathway in the striatum and basal 

ganglia is postulated to play a role in the pathology of OCD (Bartz and Hollander, 2006; Saxena 

and Rauch, 2000), while stereotypical behaviour in the deer mouse has also been linked with an 

overactive direct pathway (Presti and Lewis, 2005).  Furthermore, it is known that the simulta-

neous innervation of both these pathways by dopamine activates the cortex via the thalamus 

(Nambu et al., 2002; Nambu, 2008; Penney Jr. and Young, 1986) resulting in the execution of 

complex motor patterns such as the compulsions observed in OCD.  It is hypothesized that sero-

tonin plays the role of behavioural opponent to dopamine (Daw et al., 2002; Delgado and Mo-

reno, 1998) therefore attenuating the behavioural effects elicited by the striatal release of do-

pamine. 

One possible mechanism of such an opponent interaction between serotonin and dopamine 

could be the decrease in caudate dopamine release elicited following the stimulation of 5HT2C 

receptors (Millan et al., 1998).  Keeping in mind that SERT density is used as a measure of sero-

tonergic signalling (Delgado and Moreno, 1998; Goddard et al., 2008; Reimold et al., 2007; Zit-

terl et al., 2008), the results from the current study support the above-described opposing in-

teraction between dopamine and serotonin.  This is evident by an increase in striatal serotoner-

gic signalling, as demonstrated in the [NSB/LSB] cohort (Figure 5-3), and can be associated with 

an increased stimulation of caudate 5HT2C receptors and a subsequent decrease in dopamine 

release. 

Interestingly, in a different mouse model of OCD, Shanahan and colleagues demonstrated 

that stimulation of orbito-frontal 5HT1B/D-receptors is associated with the expression of rigid 

hyperlocomotion and perseveration along a certain set of locomotor paths (Shanahan et al., 

2011; Shanahan et al., 2009).  Although the authors conclude that the activation of orbitofrontal, 

but not striatal, 5HT1B/D receptors is necessary for the expression of OCD-like behaviour, the 

data from the current study seem to contradict this.  As no significant differences between the 

frontal-cortical SERT densities of [NSB/LSB] and HSB animals could be demonstrated, it is pos-
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sible that striatal, but not frontal-cortical serotonergic signalling may play a major role in the 

pathology of deer mouse stereotypy.  The model described by Shanahan and colleagues 

(Shanahan et al., 2011) may differ from the deer mouse model of OCD with respect to the etio-

logical mechanisms underlying compulsive-like behaviour.  However, studies comparing the 

frontal-cortical and striatal 5HT1B/D receptor densities of treatment-naive [NSB/LSB] and HSB 

deer mice would be valuable in determining whether this is indeed the correct explanation, or 

whether deer mouse stereotypy can be associated with altered frontal-cortical 5HT1B/D receptor 

density.  In fact, earlier work has demonstrated that the amount of stereotypy expressed in deer 

mice is positively correlated to differences in frontal-cortical cAMP levels (Korff et al., 2009), 

while it is known that changes in intracellular cAMP are directly regulated by 5HT1B/1D receptors 

(Barnes and Sharp, 1999).  Moreover, the desensitization of these receptors is thought to medi-

ate some of the ameliorative effects of the SSRIs on OCD symptomology (Blier et al., 1996).  

Since stereotypy observed in the model described by Shanahan and colleagues is pharmacologi-

cally induced, while the deer mouse model is a naturalistic animal model, studies aimed at in-

vestigating deer mouse stereotypy and its association with altered frontal-cortical 5HT1B/D re-

ceptor density will strengthen the construct validities of both these animal models.  Not only 

could such an association aid in elucidating the etiological mechanisms underlying deer mouse 

stereotypy, but the model of Shanahan and colleagues will benefit from the demonstration that 

natural stereotypy may develop following frontal-cortical 5HT1B/D receptor changes.  The main 

drawback of pharmacological models of OCD is that results can only be related to the pharma-

cological mechanism of the drug used, and that the naturally occurring etiological basis underly-

ing a given disorder cannot be investigated.  Consequently, the construct validity of the model 

developed by Shanahan and colleagues will benefit from the demonstration that the etiological 

target of their model is congruent with that demonstrated in the natural developing stereotypy 

expressed by deer mice. 

* * * 

In summary, the current study demonstrates that striatal but not frontal-cortical SERT 

availability significantly differed between animals of the [NSB/LSB] and HSB cohorts.  This 

would indicate that the degree of deer mouse stereotypy expressed by HSB animals is associ-

ated with a significant decrease in striatal, but not frontal-cortical SERT density, thus reflecting 

a disturbance in 5HT transmission in this particular brain region.  This change may reflect a di-

rect role for altered 5HT signalling or a result of changes in other signalling pathways that in 

turn affect serotonin function, such as GABAergic and glutamatergic signalling.  Further studies 

in this regard are required.  Although no studies have compared the frontal-cortical and striatal 

SERT densities in patients with OCD (Zitterl et al., 2008), the respective functions of serotonin in 
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the frontal-cortex and striatum can be delineated by focussing on the regional effects of the se-

rotonergic receptors, such as 5HT1B/D and 5HT2C, as described above.  Studies comparing the 

frontal-cortical and striatal SERT densities of these two serotonergic receptors in deer mice 

would be valuable in understanding the functional significance of striatal and frontal-cortical 

serotonergic signalling in the pathology of repetitive behaviour, as demonstrated in [NSB/LSB] 

animals.  Furthermore, results describing reduced SERT density in HSB deer mice are congruent 

with data from clinical studies in patients with OCD (Hesse et al., 2005; Reimold et al., 2007; Zit-

terl et al., 2008), and thus contribute favourably to the construct validity of the deer mouse 

model of OCD. 

* * * 

Following the investigation on the construct validity of the model, the predictive validity of 

the model was studied by investigating whether HSB deer mice respond to chronic, but not sub-

chronic, treatment with escitalopram. 
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6.4 STUDY OBJECTIVE III –  

THE EFFECT OF SUB-CHRONIC AND CHRONIC ORAL ESCITALOPRAM TREAT-

MENT ON DEER MOUSE STEREOTYPY 

The third aim of the current study was to evaluate the effects of sub-chronic and chronic 

high dose escitalopram on the manifestation of deer mouse stereotypy.  As chronic but not sub-

chronic treatment with the SSRIs demonstrates clinical efficacy in at least 70% of OCD patients 

(Fineberg and Craig, 2007), the existing predictive validity of the deer mouse model of OCD can 

be strengthened if it demonstrates the same lack of response to sub-chronic treatment with high 

dose SSRIs, as is the case in human OCD.  Up to date, deer mouse stereotypy has not been tested 

with regard to this type of drug challenge, and hence the reason for its inclusion in the present 

work together with a chronic treatment regimen. 

* * * 

Deer mice were screened weekly for four weeks to determine a baseline pre-treatment 

stereotypy value for each animal.  As explained in Chapter 4, data from the three 30-minute in-

tervals during which the highest number of stereotypical movements were executed, were used 

to calculate a mean stereotypy value for each animal.  Subsequently, animals were divided into 

either HSB or [NSB/LSB] cohorts and their behaviour recorded for the remaining four weeks of 

treatment. 

Interestingly, evaluation of the weekly changes in these values as a measure of the efficacy of 

1 or 4 weeks treatment with escitalopram to attenuate these behaviours, did not demonstrate 

any significant changes in either [NSB/LSB] or HSB deer mice with respect to the amount of ver-

tical jumps (VBI) and cage revolutions (HR) (Figures 5-7 and 5-10).  The sub-chronic and 

chronic effects of escitalopram treatment on the expression of these stereotypy values was fur-

ther assessed by comparing the highest average individual stereotypy scores on day 28 (pre-

treatment control) with that of day 35 (sub-chronic) and day 56 (chronic) (Figures 5-8, 5-9, 5-

11 and 5-12).  One-way ANOVA followed by Dunnett’s test failed to show any significant 

changes resulting from either sub-chronic or chronic treatment on the expression of VBI and HR 

as expressed by [NSB/LSB] and HSB deer mice.  However, although not statistically significant, 

escitalopram tended to decrease the VBI of [NSB/LSB] animals as treatment progressed (Figure 

5-8).  This can possibly be explained by the significant decrease in locomotor activity observed 

in the [NSB/LSB] cohort following treatment with chronic but not sub-chronic escitalopram. 

Interestingly, this effect could not be demonstrated in the HSB cohort. 
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* * * 

As previous studies done in our laboratory (Korff et al., 2008; Korff et al., 2009) demon-

strated the attenuation of deer mouse stereotypy after chronic treatment with fluoxetine, it was 

decided to scrutinize the data for changes in the nocturnal behaviour of deer mice over the 

course of each of the 12-hour screening sessions.  As explained in paragraph 5.3.2, two trends 

with respect to their behaviour could be identified. 

First, the baseline behaviour of [NSB/LSB] deer mice during the four pre-treatment weeks 

was characterized by significantly fewer intervals of high stereotypical activity on day 28 com-

pared to that of HSB animals, irrespective of the behavioural topography expressed (Figure 5-

17).  An interval of HSB activity was defined as a 30-minute interval during which high stereo-

typical behaviour of any topography, as defined in Table 5-1, was expressed.  Secondly, although 

no statistical differences could be demonstrated between the baseline amounts of rest periods 

(defined as a 30-minute interval during which less than 10 stereotypical movements occurred) 

expressed by [NSB/LSB] and HSB deer mice, [NSB/LSB] deer mice consistently generated more 

rest periods than did animals from the HSB cohort (Figure 5-14).  In the light of the apparent 

failed response following chronic escitalopram treatment, the behavioural data were re-

analysed using this new method of assessment and scoring (see paragraph 5.3.2). 

Comparing the effects of sub-chronic (day 28-35) and chronic (day 28-56) treatment with 

escitalopram on the manifestation of the above two new parameters, an interesting pattern be-

came apparent.  Not only did chronic, but not sub-chronic escitalopram significantly increase the 

amount of rest periods observed in the behaviour of HSB but not [NSB/LSB] animals (Figures 5-

15 and 5-16; p value for HSB day 28-56 = 0.0241; one-way ANOVA followed by Dunnett’s test), 

but it also decreased the amount of intervals during which HSB animals generated high stereo-

typical behaviour, again only evident after chronic but not sub-chronic treatment (Figures 5-18 

and 5-19; p value for HSB day 28-56 = 0.0054; one-way ANOVA followed by Dunnett’s test). 

It is therefore proposed that data from the current study indicate that, although HSB deer 

mice persist in the expression of HSB behaviour even after chronic treatment with high dose 

escitalopram, significantly less time is spent executing HSB behaviour compared to pre-

treatment values after chronic, but not sub-chronic treatment.  Furthermore, significantly more 

periods of resting activity was evident following chronic but not sub-chronic escitalopram 

treatment in HSB but not [NSB/LSB] animals. 
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These new data have important implications for the predictive and face validity of the deer 

mouse model of OCD.  First, chronic but not sub-chronic treatment with high dose escitalopram 

effectively attenuates HSB deer mouse stereotypy, as measured by the amount of time spent 

executing HSB behaviour.  Secondly, since time spent executing obsessive-compulsive behav-

iour in an OCD patient is one of the diagnostic criteria of the Y-BOCS scale (refer to section 6.2) 

(Goodman et al., 1989), the fact that effective drug treatment in the deer mouse model was able 

to reduce time spent expressing stereotypical behaviour is a valuable observation.  It can thus 

be hypothesized that chronic, but not sub-chronic, treatment with high dose escitalopram con-

tributes positively to the face validity of the model, as HSB animals spent less time executing 

stereotypical behaviour as a result of said treatment.  Although these two parameters were only 

used to evaluate the behavioural effects resulting from treatment with escitalopram, these pa-

rameters would also be valuable in categorizing deer mice into HSB and [NSB/LSB] cohorts. 

However, this would require additional study to confirm this assumption. 

Instead of only focussing on the amount of stereotypy generated during three pre-

determined time slots, it is recommended that future studies investigating stereotypical behav-

iour in deer mice must assess the behaviour of these animals over a longer period of time (12 

hours, instead of one hour) and take into account the different behavioural effects that could 

manifest resulting from drug treatment.  

  

END OF CHAPTER 6 
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CHAPTER 7   

CONCLUSION AND FUTURE STUDY QUESTIONS 

In the current study, the construct and predictive validity of the deer mouse model of OCD 

has been strengthened by implicating a decreased striatal serotonergic functioning in HSB ani-

mals compared to the [NSB/LSB] controls, while the model also demonstrated selective re-

sponse to chronic, but not sub-chronic, treatment with high dose escitalopram. 

These results were realised following the successful development of a new classification sys-

tem for the appraisal of deer mouse stereotypy that accurately discriminates between the dif-

ferent behavioural topographies expressed by deer mice.  We propose that the comprehensive 

accommodation of both vertical and horizontal behavioural topographies in the assessment of 

deer mouse stereotypy contributed to the success of this study, as for the first time a distinct 

separation between HSB and [NSB/LSB] animals expressing vertical jumping and pattern run-

ning respectively could be established.  This methodology ensured appropriate classification of 

deer mice, providing a stronger foundation for the neurochemical and behavioural comparison 

of HSB and [NSB/LSB] deer mice in this study, and indeed for future studies. 

Furthermore, a new method of analyzing the behavioural data generated by deer mice has 

been developed in this study.  Importantly, this new system of scoring stereotypy more closely 

represents the evaluation criteria employed by clinicians for the diagnosis of OCD.  In direct 

contrast to previous studies that have investigated deer mouse stereotypy (Güldenpfennig et al., 

2011; Korff et al., 2008; Korff et al., 2009; Powell et al., 1999; Presti et al., 2004; Presti and 

Lewis, 2005), this study has demonstrated that “the time spent executing stereotypical behav-

iour”, as well as “the rest-time between episodes of stereotypy”, are also to be considered in the 

evaluation of drug treatment effects on deer mouse stereotypy.  This improved system of analy-

sis and scoring opens up a new area of validation that is now possible for the model, as briefly 

highlighted below. 

* * * 

Scrutiny of the weekly behavioural data generated by both HSB and [NSB/LSB] deer mice 

(examples of data sheets presented in Addendum A) highlighted a distinct pattern in the mani-

festation of deer mouse stereotypy, namely the chronological variation in the severity of stereo-

typy expressed over the course of 12 hours.  Given the role of anxiety in the initiation of com-

pulsive-like behaviour in OCD and the subsequent anxiolytic effects following the expression of 

compulsions (Bartz and Hollander, 2006; Nestadt et al., 2001; Rasmussen et al., 1994), future 
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studies investigating an association between the expression of deer mouse stereotypy and an 

associated anxiolytic-like effect would further strengthen the face validity of the model.  Such a 

result could prove useful to distinguish deer mouse stereotypy from repetitive motor routines 

without a cognitive basis.  The face validity of the model could further be strengthened by de-

termining whether HSB animals demonstrate compulsive-like behaviour if challenged with 

situations that evoke compulsive-like repetition, such as excessive lever pressing (Joel and Av-

isar, 2001), marble-burying (Egashira et al., 2008a), and nest-building (Greene-Schloesser et al., 

2011; Hoffman and Rueda Morales, 2009). 

* * * 

The construct validity of the model could further be addressed by assessing whether 

changes in SERT density occurs following chronic treatment with the SSRIs, as has been demon-

strated in patients with OCD (Zitterl et al., 2008).  Determining these changes, together with the 

expression of 5HT1B/D and 5HT2C receptors in HSB and [NSB/LSB] animals, could prove valuable 

to our understanding of the mechanisms behind serotonin-directed control of repetitive behav-

iour.  A limitation of the current study was the relatively small number of binding assays that 

could be performed per brain region.  As saturation-binding studies involve the preparation of 

relatively large amounts of tissue homogenate, tissue from three animals had to be pooled to 

provide sufficient quantities to perform each assay.  Different techniques of neurochemical as-

sessment, such as homogenous time-resolved fluorescence (HTRF®) that enables the analysis of 

smaller quantities of tissue, could provide valuable data during future investigations into SERT 

and serotonin, dopamine, glutamate and GABA receptor density changes in HSB and [NSB/LSB] 

animals.  Given the SERT data generated in the current study, further receptor binding studies 

on the aforementioned transmitter systems are urgently needed. 

* * * 

The demonstration of a selective response of deer mouse stereotypy to chronic, but not sub-

chronic, escitalopram treatment has significantly bolstered the predictive validity of the model.  

As only 70% of patients respond favourably to chronic SSRI treatment, with some patients 

benefitting from augmentation with atypical antipsychotic agents (Fineberg and Craig, 2007), it 

would be valuable to assess whether certain animals remain refractory to SSRI treatment, and 

to investigate the behavioural effects of antipsychotic augmentation on such a group of animals. 

* * * 
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In conclusion, the results from the current study contribute positively to the already strong 

validation status of the deer mouse model of OCD.  This, and the fact that it represents a non-

inducible, naturalistic animal model, confirms its status as one of the foremost animal models of 

OCD.  As the construct and predictive validity of the model has received much attention in the 

current and earlier studies undertaken in our laboratory, the next phase of the model’s devel-

opment should focus on strengthening the face validity of the model by associating the seem-

ingly mono-dimensional motor stereotypy expressed by deer mice with the compulsive-like be-

haviour of human OCD that invariably presents with a strong cognitive basis. 

  

--- END --- 
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A D D E N D U M  A  

EXAMPLES OF THE RAW DATA GENERATED ON A WEEKLY BASIS BY FOUR 

DEER MICE OVER THE COURSE OF EIGHT WEEKS 
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GENERAL NOTES ON ADDENDUM A 

The main purpose of the work presented in this addendum is to demonstrate the behavioural 

manifestations in deer mice that have prompted us to devise a new method of analysing and 

scoring deer mouse stereotypy, as described in Chapter 5.  Important aspects of deer mouse 

stereotypy that will be addressed here can be summarized as: 

a) the relative low stereotypy scores generated by pattern runners in contrast to the 

scores generated by animals expressing vertical stereotypy 

b) the chronological variation in the expression of stereotypy during the dark cycle 

Previous studies done in our laboratory using the Digiscan® Animal Activity Monitor 

(Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009) used the following protocol to 

appraise the behaviour of deer mice.  To establish a baseline stereotypy score, animals were 

screened on a weekly basis for three weeks by assessing the behaviour of each animal for one 

hour during the dark cycle.  The mean value of these three 1-hour screens was used to classify 

the animals in the different cohorts (NSB, LSB and HSB).  Thereafter, treatment was initiated 

and the behavioural and neurochemical effects thereof assessed using a once-off final screen on 

the last day of treatment.  During the validation of the new Fusion® Animal Activity Monitor for 

this study, which allows for automated screening over the course of the dark cycle, it became 

clear that the stereotypy scores generated by deer mice vary during the course of a 12-hour 

dark period.  Therefore, we decided not to use a pre-determined timeslot during the night to 

evaluate the behaviour of deer mice, but instead to evaluate all the data generated by each ani-

mal on a weekly basis.  The data in this addendum demonstrate these variances in the expres-

sion of stereotypy and are highlighted on the relevant sheets. 

Furthermore, the fact that HSB pattern runners generate lower stereotypy values as opposed 

to those generated by HSB vertical jumpers necessitated the development of a new classification 

system.  This has also been one of the objectives of the current study.  Based on the classification 

system of Korff and colleagues (2008) an animal had to execute at least 2000 stereotypies per 

hour (or 1000 per 30 minutes) to be classified as HSB, irrespective of the behavioural topogra-

phy the animal expressed.  Data from the current study indicate that, although certain animals 

clearly express higher pattern running behaviour compared to animals from the [NSB/LSB] co-

hort, none of the pattern runners complete enough cage revolutions per 30 minutes to comply 

with this criterion.  It was therefore necessary to reappraise pattern running as a behavioural 

topography in deer mice and to set new criteria for the classification of animals expressing this 



 

159  

 

behaviour.  The data presented in this addendum demonstrate these quantitative differences in 

stereotypy clearly and are highlighted on the relevant sheets. 

To meet the purposes of this addendum, the weekly data sheets of three HSB animals (ani-

mals 1 – 3) and one [NSB/LSB] animal (animal 4) are included, reflecting the weekly manifesta-

tion in stereotypy.  All four animals had been participants in the control study.  The three HSB 

animals have been chosen based on the type of stereotypy they expressed: 

 ANIMAL 1 - Vertical jumper 

 ANIMAL 2 - Pattern runner 

 ANIMAL 3 - Both a vertical jumper and a pattern runner 

Eight sheets (on four separate pages) are presented for each animal, generated weekly from 

the first until the eighth week of behavioural assessments.  The first behavioural data generated 

for each animal on day 0 are not included.  When studying the data sheets, the following data 

are emphasised: 

 The numbers in the far-left column each represents an individual 30-minute interval 

during the dark cycle.  Data from the light cycle have been excluded and are indi-

cated by the horizontal grey colouring. 

 The numbers in the fifth column from the right each represents the amount of verti-

cal beam interruptions in a period of 30 minutes of which the three highest values 

have been highlighted in grey. 

 The numbers in the far right hand column each represents the total amount of hori-

zontal cage revolutions an animal executed during 30 minutes, of which the three 

highest values have been highlighted in grey. 

Animals 1 – 3 can be compared according to the quantitative differences in the expression of 

vertical and horizontal stereotypies, while the chronological variation in the expression of 

stereotypy can be observed in all animals across both behavioural topographies.  The relative 

differences between the stereotypy scores of HSB and [NSB/LSB] animals across both topogra-

phies can be observed when comparing animal 4 with animals 1 – 3. 

NOTE – the chronological variation in the expression of stereotypy during a 12-hour dark cycle 

can be seen in every table, irrespective of the topography highlighted. 
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9 ######## 1800 393.46 1554 1346 1487.96 175 312.04 174 42.02 88 208 19 64 18.41 3 2 5

10 ######## 1800 399.48 1608 1467 1543.54 127 256.44 127 29.15 69 141 30 199 52.59 0 6 6

11 ######## 1800 1712.34 4359 3757 1194.4 303 605.42 304 109.54 177 602 63 488 87.08 15 11 26

12 ######## 1800 3879.44 8037 7564 806.78 303 993.17 304 50.89 177 473 262 2221 383.88 19 39 58

13 ######## 1800 1265.27 6286 5476 879.4 304 920.54 304 112.95 262 810 228 2685 467.32 8 8 16

14 ######## 1800 12.82 73 64 1779.14 33 20.86 32 1.31 5 9 0 0 0 0 0 0

15 ######## 1800 20.82 251 145 1728.38 110 71.62 109 19.28 26 106 0 0 0 0 0 0

16 ######## 1800 44.25 245 207 1724.27 100 75.73 99 6.65 23 38 0 0 0 0 0 0

17 ######## 1800 47.8 216 162 1742.43 74 56.63 74 13.71 19 54 0 0 0 0 0 0

18 ######## 1800 0 168 95 1747.83 68 51.7 68 16.69 27 73 0 0 0 0 0 0

19 ######## 1800 72.64 879 526 1563.29 218 236.71 217 75.83 93 353 0 0 0 0 1 1

20 ######## 1800 1122.68 4791 4281 1073.09 287 726.55 287 95.11 159 510 172 1083 203.35 7 11 18

21 ######## 1800 2788.52 9094 8613 640.12 331 1159.64 332 57.77 180 481 322 2918 565.72 20 21 41

22 ######## 1800 909.85 2398 1970 1352.08 163 447.91 163 52.92 135 428 111 1709 296.08 4 5 9

23 ######## 1800 113.93 298 203 1725.04 81 74.96 80 24.37 29 95 0 0 0 1 0 1

24 ######## 1800 1305.96 4590 4007 1013.09 320 786.61 320 115.46 183 583 191 1889 341.38 8 5 13

25 ######## 1800 1940.79 7038 6610 763.59 284 1036.32 284 66.63 150 428 247 3111 596.77 11 12 23

26 ######## 1800 413.81 1828 1560 1487.89 195 311.36 195 56.11 78 268 63 507 79.12 2 2 4

27 ######## 1800 1313.61 7921 7413 597.94 240 1202.06 240 61.39 190 508 284 3439 735.63 2 4 6

28 ######## 1800 938.95 7607 6939 606.83 250 1192.36 251 100.11 243 668 219 4607 796.26 1 4 5

29 ######## 1800 741.47 6278 5798 809.6 264 990.39 265 62 188 480 166 3649 698.81 1 3 4

30 ######## 1800 710.97 4609 4197 1007.85 308 791.68 309 68.27 169 412 156 2077 390.55 4 0 4

31 ######## 1800 4078.83 5955 5543 886.42 280 913.54 281 66.7 146 412 212 2956 539.23 56 5 61

32 ######## 1800 3368.05 5452 5005 981.09 287 818.9 287 58.64 160 447 133 2257 448.96 27 5 32

33 ######## 1800 506.22 2600 2304 1337.73 188 462.27 187 55.06 110 296 36 951 169.43 2 4 6

34 ######## 1800 0 17 15 1794.46 19 5.54 18 0 2 2 0 0 0 0 0 0

35 ######## 1800 116.75 408 357 1727.51 42 72.49 41 8.14 20 51 2 6 1.53 0 2 2

36 ######## 1800 0 8 4 1799.13 5 0.87 4 0.31 1 4 0 0 0 0 0 0

194.4231

11 ######## 1800 447.47 2163 1635 1351.12 220 448.57 220 120.17 148 528 23 27 3.32 1 4 5

12 ######## 1800 1586.98 7215 6609 737.54 316 1061.83 317 95.69 213 606 258 2117 396.04 2 15 17

13 ######## 1800 513.5 3380 3011 1218.48 242 581.51 242 56.53 144 369 90 1725 322.8 2 3 5

14 ######## 1800 309.91 1921 1400 1402.97 200 396.59 200 114.81 133 521 45 533 104.2 0 4 4

15 ######## 1800 1087.95 7603 6780 550.19 275 1249.72 275 129.38 300 823 267 4341 811.84 3 5 8

16 ######## 1800 217.44 1782 1580 1461.58 173 338.42 172 36.77 82 202 58 1103 188.62 1 0 1

17 ######## 1800 22.21 177 149 1735.94 82 64.06 81 6.1 18 28 0 0 0 0 0 0

18 ######## 1800 20.06 123 106 1763.9 70 36.1 69 4.68 9 17 0 0 0 0 0 0

19 ######## 1800 12.73 110 87 1759.38 56 40.62 55 5.99 13 23 0 0 0 0 0 0

20 ######## 1800 663.79 3691 2863 1081.33 275 718.46 275 193.33 200 828 85 1242 224.58 3 5 8

21 ######## 1800 331.42 2306 2028 1365.15 184 434.68 184 48.48 102 278 72 1211 211.19 0 0 0

22 ######## 1800 5.43 161 99 1747.16 69 52.84 68 12.98 16 62 0 0 0 0 0 0

23 ######## 1800 1075.31 4420 4035 1097.11 275 702.81 275 60.95 146 385 137 1247 259.76 4 11 15

24 ######## 1800 951.13 6839 6151 654.68 317 1145.18 318 97.35 247 688 268 4432 770.5 3 4 7

25 ######## 1800 1160.39 6405 5936 840.76 314 959.21 315 77.27 171 469 204 2812 525.09 2 9 11

26 ######## 1800 356.68 2589 2236 1318.12 202 481.72 203 67.66 122 353 69 1081 198.42 2 3 5

27 ######## 1800 787.47 3857 3419 1147.25 234 652.43 235 79.92 137 438 128 1156 213.63 5 2 7

28 ######## 1800 1531.95 6936 5972 857.82 329 942.17 330 136.93 266 964 208 3673 603.69 10 5 15

29 ######## 1800 2331.65 8302 7583 670.88 295 1129.08 295 83.63 243 719 224 3702 562.87 22 8 30

30 ######## 1800 495.67 2233 1898 1445.29 217 354.69 217 73.09 94 335 37 641 95.3 2 2 4

31 ######## 1800 3160.57 7569 7077 759.39 316 1040.41 317 66.27 195 492 201 2478 396.99 19 14 33

32 ######## 1800 909.6 6309 5829 850.38 298 948.89 299 51.35 207 480 148 3274 522.8 2 5 7

33 ######## 1800 317.49 2737 2415 1296.59 251 503.41 250 55.02 132 322 49 1402 214.71 0 1 1

34 ######## 1800 32.94 304 253 1710.09 110 89.91 109 11.22 27 51 0 0 0 0 0 0

35 ######## 1800 12.8 86 64 1775.77 46 24.23 45 3.57 15 22 0 0 0 0 0 0

36 ######## 1800 0 27 24 1789.64 26 10.36 25 1.81 2 3 0 0 0 0 0 0

202.25

ANIMAL 1 – HSB Vertical Jumper 

(The 3 highest weekly vertical activity scores of animal 1 are highlighted on the following eight sheets using a black 

oval.) 

 

BEHAVIOURAL SCREENS:  WEEKS 1 AND 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Numbers in the first column indicate the 

individual 30-minute intervals during the 

dark cycle. 

HSB vertical jumpers express high levels of 

vertical stereotypy compared to animals 

from the NSB cohort, as demonstrated by 

this column in each table.  The three highest 

30-minute intervals during a dark cycle, are 

indicated by the grey colouring. 

HSB vertical jumpers generate negligible 

amounts of cage revolutions compared to 

HSB runners such as animal 2. 
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6 ######## 1800 119.86 956 682 1577.62 168 222.38 167 66.64 85 274 6 8 2.5 0 1 1

7 ######## 1800 384.07 2086 1704 1415.03 211 384.92 211 83.55 117 382 38 414 58.58 1 2 3

8 ######## 1800 1533.37 7274 6469 767.85 352 1032 352 143.7 235 805 270 2728 436.09 7 9 16

9 ######## 1800 1277.93 7550 6794 672.21 289 1127.74 290 104.17 254 756 281 4544 723.45 6 6 12

10 ######## 1800 2575.42 6264 4615 743.6 301 1055.65 302 248.55 373 1649 235 4355 646.13 20 8 28

11 ######## 1800 541.9 3497 3292 1296.24 164 503.76 164 26.04 82 205 126 2131 319.8 4 2 6

12 ######## 1800 0 124 124 1799.27 5 0.73 4 0 0 0 0 0 0 0 0 0

13 ######## 1800 5.16 95 86 1788.94 31 11.06 30 2.73 6 9 0 0 0 0 0 0

14 ######## 1800 8.55 125 117 1781.3 45 18.7 44 3.12 6 8 0 0 0 0 0 0

15 ######## 1800 701.96 2861 2315 1312.1 229 487.38 229 116.67 131 546 69 663 110.14 6 4 10

16 ######## 1800 519.8 3402 3136 1284.84 211 515.09 211 37.26 122 266 122 1586 250.36 1 4 5

17 ######## 1800 47.64 294 242 1726.28 86 73.72 85 8.89 23 52 0 0 0 1 0 1

18 ######## 1800 153.8 1433 700 1408.13 267 391.76 267 196.12 153 733 5 34 4.9 0 0 0

19 ######## 1800 2586.64 7923 7440 655.17 328 1144.16 329 64.32 191 483 333 4329 667.96 11 20 31

20 ######## 1800 937.68 7218 6615 704.06 319 1095.05 320 82.36 235 603 250 4790 747.09 3 3 6

21 ######## 1800 50.24 325 285 1733.34 42 66.4 42 7.13 16 40 6 85 16.58 0 0 0

22 ######## 1800 242.9 962 749 1581.69 195 218.08 195 44.99 83 213 7 8 0.5 1 3 4

23 ######## 1800 2348.8 6629 5835 928.34 368 871.3 369 120.37 218 794 267 3010 565.21 11 13 24

24 ######## 1800 1766.92 5318 4497 1241.37 366 558.52 366 113.59 196 821 228 2200 435.88 11 10 21

25 ######## 1800 647.44 1245 971 1621.4 141 178.15 142 59.92 65 274 39 373 69.51 5 2 7

26 ######## 1800 1366.26 6094 5430 883.68 345 916.32 344 93.36 217 664 260 3486 544.49 7 9 16

27 ######## 1800 546.22 3708 3297 1090.58 185 709.42 184 62.91 163 411 137 2704 474.27 1 1 2

28 ######## 1800 1366.84 2496 2127 1346.76 218 453.14 218 70.16 122 369 76 1121 183.11 9 2 11

29 ######## 1800 3201.75 5126 4274 987.78 324 811.63 325 120.95 241 852 186 2163 373.51 22 15 37

30 ######## 1800 879.8 1912 1721 1532.13 175 268.71 174 33.36 80 191 39 455 67.75 6 1 7

31 ######## 1800 9.05 44 36 1794.48 6 5.52 5 1.19 3 8 0 0 0 0 0 0

207.9583

9 ######## 1800 51.71 385 220 1681.76 111 118.21 111 42.04 44 165 0 0 0 0 0 0

10 ######## 1800 200.28 1523 1013 1443.37 200 356.37 201 101.59 126 510 9 13 2.14 0 1 1

11 ######## 1800 1664.29 5587 4954 950.71 304 848.84 304 111.61 207 633 179 892 177.2 7 12 19

12 ######## 1800 627.44 2372 2232 1482.43 116 317.49 116 17.59 65 140 84 623 115.5 4 1 5

13 ######## 1800 12.1 310 165 1722.29 124 77.71 123 20.89 35 145 1 2 0.48 0 0 0

14 ######## 1800 30.75 233 166 1726.49 93 73.51 92 19.7 26 67 0 0 0 0 1 1

15 ######## 1800 837.35 4857 4097 1058.58 265 741.31 265 155.22 214 760 142 1336 267.71 5 0 5

16 ######## 1800 2189.44 8308 7635 653.21 318 1146.64 319 79.88 214 673 319 3467 640.02 20 18 38

17 ######## 1800 135.02 890 807 1665.12 86 134.8 86 15.68 26 83 43 437 72.2 1 1 2

18 ######## 1800 28.42 186 153 1764.92 66 35.08 65 7.19 14 33 0 0 0 0 1 1

19 ######## 1800 15.17 225 158 1743.7 80 56.3 79 11.87 19 67 0 0 0 0 0 0

20 ######## 1800 1490.7 5059 4268 1018.18 352 781.82 351 140.01 254 791 119 511 129.51 4 12 16

21 ######## 1800 1040.12 4602 4217 1180.28 204 619.72 203 51.18 145 385 177 1265 282.98 7 9 16

22 ######## 1800 0 10 9 1797.36 13 2.64 12 0 1 1 0 0 0 0 0 0

23 ######## 1800 0.9 62 55 1777.85 55 22.15 54 2.12 5 7 0 0 0 0 0 0

24 ######## 1800 462.53 2946 2279 1229.67 273 570.17 273 158.12 177 667 61 638 93.84 3 1 4

25 ######## 1800 1603 8008 7451 692.2 350 1106.07 351 67.47 197 557 339 3467 565.02 1 14 15

26 ######## 1800 381 1528 1275 1505.71 216 294.21 216 51.51 93 253 38 141 29.09 2 2 4

27 ######## 1800 30.05 720 320 1622.83 141 176.55 141 71.91 80 400 1 1 0 0 0 0

28 ######## 1800 647.05 3503 3205 1278.59 246 520.57 247 41.68 120 298 125 975 160.95 5 3 8

29 ######## 1800 1264.66 5922 5399 931.98 280 868 280 89.16 167 523 222 2112 392.64 9 5 14

30 ######## 1800 2333.17 6643 6071 863.8 337 935.47 338 81.46 214 572 272 2707 493.45 17 11 28

31 ######## 1800 924.97 5838 5271 844.92 343 955.08 342 81.99 220 567 193 2473 459.41 3 1 4

32 ######## 1800 412.63 2117 1808 1400.68 286 399.32 285 61.56 123 309 51 198 43.73 3 2 5

33 ######## 1800 62.97 427 325 1691.7 118 108.3 117 20.79 41 102 2 6 2.12 0 0 0

34 ######## 1800 0 9 7 1798.28 13 1.72 12 0.17 1 2 0 0 0 0 0 0

35 ######## 1800 12.93 32 30 1793.26 20 6.74 19 0 2 2 0 0 0 0 0 0

36 ######## 1800 0 2 2 1800 4 0 3 0 0 0 0 0 0 0 0 0
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BEHAVIOURAL SCREENS:  WEEKS 3 AND 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

162  

 

5 ######## 1800 46.96 446 293 1650.05 160 149.95 159 39.35 53 153 0 0 0 0 0 0

6 ######## 1800 38.98 656 328 1590.11 185 209.89 184 89.29 86 328 3 3 0.08 0 0 0

7 ######## 1800 610.44 3309 2843 1243.05 282 556.79 282 89.34 147 466 117 552 91.26 0 2 2

8 ######## 1800 878.23 7417 6615 713.86 337 1085.89 337 122.01 267 802 324 3661 670.65 6 1 7

9 ######## 1800 695.5 5549 4981 907.91 360 892.09 359 91.49 196 568 269 3367 535.6 4 4 8

10 ######## 1800 279.24 2369 1996 1344.84 297 455.07 297 71.19 125 373 103 1111 172.41 3 1 4

11 ######## 1800 466.32 4574 4102 1069.41 324 730.59 323 79.46 172 472 230 2403 408.21 1 2 3

12 ######## 1800 13.37 223 164 1725.84 117 74.16 116 17.6 26 59 0 0 0 0 0 0

13 ######## 1800 301.96 2975 2232 1190.94 327 608.63 327 180.09 166 743 111 1207 194.88 0 0 0

14 ######## 1800 435.17 4251 3871 1118.71 275 681.48 274 59.14 125 380 263 2203 593.66 3 3 6

15 ######## 1800 0.9 71 50 1780.3 53 19.7 52 4.23 10 21 54 0 19.7 0 0 0

16 ######## 1800 490.02 3578 3072 1203.82 348 596.18 347 97.43 167 506 319 1064 669.52 4 0 4

17 ######## 1800 218.28 2221 1818 1412.28 238 387.49 238 79.93 105 403 217 642 469.62 1 0 1

18 ######## 1800 901.12 6145 5480 840.87 336 959.13 335 115.52 193 665 260 2204 1124.62 4 3 7

19 ######## 1800 1043.48 3512 3116 1296.9 228 502.57 228 65.68 119 396 205 937 565.37 7 8 15

20 ######## 1800 161.93 1833 1398 1418.03 226 381.97 225 96.91 118 435 215 490 401.69 0 1 1

21 ######## 1800 2449.76 7409 6640 917.92 377 882.08 376 107.76 218 769 287 1067 1105.77 16 14 30

22 ######## 1800 1772.46 3930 3529 1255.04 361 544.22 362 58.7 152 401 338 510 688.91 15 8 23

23 ######## 1800 1573.35 5029 4648 1106.76 316 692.42 316 55.35 144 381 264 777 896 11 16 27

24 ######## 1800 538.26 2882 2663 1328.08 371 470.77 372 38.91 104 219 335 339 546.02 0 6 6

25 ######## 1800 1494.91 5868 5357 967.79 364 832.5 364 72.06 209 511 262 564 990.43 6 9 15

26 ######## 1800 1028.47 4713 4301 1156.34 383 643.63 383 74.12 136 412 320 396 771.52 3 7 10

27 ######## 1800 2077.27 4819 4340 1134.71 385 664.94 385 68.64 158 479 327 557 805.52 6 17 23

28 ######## 1800 3868.97 8946 8293 821.15 343 978.17 344 77.03 230 653 228 1124 1223.22 18 39 57

29 ######## 1800 2061.23 4376 3915 1278.54 234 521.23 234 62.8 147 461 184 615 651.19 10 16 26

30 ######## 1800 598.04 3114 2820 1304.84 274 495.14 274 52.83 115 294 265 467 514.14 3 0 3

297.9167

10 ######## 1800 158.4 1232 806 1536.76 186 262.49 186 95.74 115 426 11 19 6.15 0 0 0

11 ######## 1800 1317.61 6698 6109 831.93 325 968.07 324 87.63 217 589 242 1437 250.02 0 10 10

12 ######## 1800 1121.27 7462 6892 842.43 362 957.54 362 79.31 217 570 317 2729 472.58 7 2 9

13 ######## 1800 797.17 4891 4408 1046.48 319 753.34 319 78.87 158 483 240 2335 331.24 4 3 7

14 ######## 1800 26.05 209 117 1750.24 87 49.76 86 10.81 13 92 0 0 0 0 0 0

15 ######## 1800 15.58 120 97 1756.3 64 43.7 63 4.74 17 23 0 0 0 0 0 0

16 ######## 1800 31.95 197 126 1728.35 88 71.65 87 16.3 30 71 0 0 0 0 0 0

17 ######## 1800 33.52 339 214 1713.9 79 86.1 78 18.78 25 125 0 0 0 0 0 0

18 ######## 1800 966.45 5580 4910 970.83 395 828.99 395 127.61 210 670 198 1341 233.3 1 4 5

19 ######## 1800 237.66 1861 1133 1334.87 275 464.18 276 178.11 187 728 18 84 14.94 0 1 1

20 ######## 1800 869.06 4921 4668 1084.61 236 714.96 236 36.74 113 253 223 1975 339.44 1 4 5

21 ######## 1800 43.9 324 217 1707.07 97 92.93 96 27.07 42 107 0 0 0 0 0 0

22 ######## 1800 696.15 2494 2188 1426.27 224 373.73 223 52.18 113 306 79 594 98.97 1 6 7

23 ######## 1800 1336.49 8351 7851 653.42 319 1146.1 320 76.83 179 500 349 2687 547.57 5 7 12

24 ######## 1800 272.36 1422 1273 1527.71 147 272.27 147 31.82 56 149 48 516 88.58 1 0 1

25 ######## 1800 384.6 2128 1684 1363.67 234 436.33 233 100.91 127 444 46 377 67.63 2 1 3

26 ######## 1800 1530.67 8598 8242 512.08 288 1287.47 289 46.52 153 356 428 3465 621.52 3 4 7

27 ######## 1800 1011.62 5270 4837 927.5 262 872.44 262 77.34 148 433 225 2222 377.95 1 4 5

28 ######## 1800 115.43 917 488 1544 230 255.64 230 106.63 100 429 0 0 0 0 0 0

29 ######## 1800 1309.09 6964 6602 707.84 315 1091.55 316 52.08 143 362 308 2984 538.46 3 4 7

30 ######## 1800 720.92 4397 3919 1041.88 301 758.8 301 67.82 178 478 179 1631 272.27 1 2 3

31 ######## 1800 804.22 4339 3882 1078.54 262 721.11 262 88.27 160 457 137 1300 243.51 5 5 10

32 ######## 1800 322.02 2029 1846 1403.06 203 396.52 203 33.11 84 183 54 630 122.84 0 1 1

33 ######## 1800 12.27 83 60 1772.03 38 27.97 37 8.14 6 23 0 0 0 0 0 0

34 ######## 1800 59.42 621 415 1632.6 159 167.4 158 41.68 61 206 1 1 0.5 0 0 0

35 ######## 1800 0 4 2 1799.92 6 0.08 5 0.03 1 2 0 0 0 0 0 0

36 ######## 1800 0 16 10 1793.29 13 6.71 12 0.36 4 6 0 0 0 0 0 0

199.84
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3 ######## 1800 247.89 1444 1012 1468.88 245 330.72 245 93.88 120 432 16 25 6.82 1 0 1

4 ######## 1800 87.61 554 380 1632.18 108 167.78 108 47.96 57 174 3 4 1.44 0 0 0

5 ######## 1800 1703.36 7719 7253 774.48 358 1025.17 358 68.98 182 466 329 2177 388.18 15 5 20

6 ######## 1800 1548.06 8734 8209 623.87 314 1175.95 315 66.4 196 525 392 2957 527.39 4 5 9

7 ######## 1800 1311.87 4581 4238 1127.05 277 672.94 277 60.8 124 343 197 1767 281.38 10 10 20

8 ######## 1800 8.14 104 72 1772.91 49 27.09 48 9.17 11 32 0 0 0 0 0 0

9 ######## 1800 9.42 179 106 1742.28 92 57.63 92 18.55 26 73 0 0 0 0 0 0

10 ######## 1800 31.63 301 209 1697.98 121 101.67 121 25.6 37 92 0 0 0 0 0 0

11 ######## 1800 15.86 124 91 1763.28 90 36.4 90 3.79 15 33 0 0 0 0 0 0

12 ######## 1800 347.69 2500 1635 1274.42 266 524.92 266 193.58 192 865 53 328 64.04 0 0 0

13 ######## 1800 679.32 3798 3500 1223.96 158 575.73 158 37.2 123 298 176 1153 302.98 3 1 4

14 ######## 1800 31.3 206 170 1755.81 69 44.19 68 7.28 18 36 0 0 0 0 0 0

15 ######## 1800 261.62 2045 1595 1464.41 235 335.15 235 96.34 111 450 57 439 112.74 2 1 3

16 ######## 1800 367.62 3570 3120 1197.11 207 602.89 206 57.11 180 450 252 1122 542.23 1 1 2

17 ######## 1800 11.88 108 84 1773.78 55 26.23 54 6.35 11 24 65 0 34.4 0 0 0

18 ######## 1800 1932.52 6154 4736 789.73 301 1010.27 300 203.54 370 1418 270 1847 1180.57 12 14 26

19 ######## 1800 44.86 163 154 1792.62 18 7.38 17 2.05 4 9 46 0 33.03 0 1 1

20 ######## 1800 966.33 3575 3109 1339.02 211 460.98 210 57.53 137 466 107 725 333.99 8 2 10

21 ######## 1800 2830.68 5800 4980 895.7 349 904.3 348 105.84 253 820 293 2516 455.97 22 8 30

22 ######## 1800 5502.37 4517 3897 1033.24 206 766.31 207 72.6 203 620 178 2279 414.47 22 16 38

23 ######## 1800 579.68 1994 1759 1485.77 151 313.86 152 29.35 98 235 71 761 122.15 3 4 7

24 ######## 1800 697.46 4383 3520 1053.33 310 746.41 310 113.87 199 863 87 1173 205.07 1 6 7

25 ######## 1800 443.64 3445 2941 1254.42 355 545.58 354 98.39 170 504 82 648 139.7 1 3 4

26 ######## 1800 437.14 7411 3236 895.64 289 904.91 288 477.79 401 4175 15 23 5.44 1 1 2

27 ######## 1800 0 103 56 1768.82 50 31.18 49 12.03 14 47 0 0 0 0 0 0

196.6522

8 ######## 1800 12.26 296 163 1709.62 109 90.38 108 30.22 42 133 0 0 0 0 0 0

9 ######## 1800 128.62 1392 1021 1432.81 250 367.18 250 85.09 134 371 6 9 2.79 0 1 1

10 ######## 1800 360.34 1858 1507 1415.97 240 383.7 240 77.1 131 351 32 128 27.51 1 0 1

11 ######## 1800 1116.36 8864 8166 685.84 285 1114.16 284 95.42 264 698 314 3130 571.17 1 4 5

12 ######## 1800 986.95 8103 7152 621.4 308 1177.92 309 118.64 301 951 331 4402 751.11 5 3 8

13 ######## 1800 59.1 923 640 1610.39 137 189.56 137 59.23 73 283 28 310 51.22 0 0 0

14 ######## 1800 0 38 23 1792.41 13 7.6 12 4.1 5 15 0 0 0 0 0 0

15 ######## 1800 19.87 125 79 1763.48 39 36.52 38 12.84 12 46 0 0 0 0 0 0

16 ######## 1800 4.91 143 103 1772.37 33 27.63 32 11.16 12 40 0 0 0 0 0 0

17 ######## 1800 6.02 212 92 1730.13 92 69.37 92 42.89 27 120 0 0 0 0 0 0

18 ######## 1800 670.97 4508 3640 1226.41 317 572.75 317 139.1 222 868 150 1537 285.95 3 4 7

19 ######## 1800 3829.18 9440 8762 720.66 311 1078.41 312 78.84 227 678 308 3436 675.12 18 29 47

20 ######## 1800 5209.91 6210 5681 977.21 328 822.79 327 74.86 190 529 242 3245 454.6 28 51 79

21 ######## 1800 7.6 535 382 1740.28 96 59.72 95 27.36 42 153 0 0 0 0 0 0

22 ######## 1800 30.54 70 61 1783.53 20 16.54 19 1.31 4 9 0 0 0 0 0 0

23 ######## 1800 52.99 247 232 1783.53 12 16.47 11 2.87 9 15 0 0 0 0 0 0

24 ######## 1800 466.03 3009 2769 1392.39 235 407.61 234 27.97 109 240 97 940 161.72 6 0 6

25 ######## 1800 664.37 5900 5445 982.9 290 817.1 289 89.5 161 455 196 2736 429.97 5 3 8

26 ######## 1800 405.71 3747 3488 1303.14 219 496.61 219 33.2 105 259 127 2098 268.7 1 1 2

27 ######## 1800 481.27 3631 3344 1270.88 269 528.33 269 40.39 121 287 119 1523 206.69 2 2 4

28 ######## 1800 3711.06 8145 7534 777.01 341 1022.97 341 70.83 192 611 285 4674 647.31 12 16 28

29 ######## 1800 420.2 3068 2800 1346.22 244 453.71 244 45.78 113 268 76 1192 186.6 1 3 4

30 ######## 1800 271.6 1349 1221 1516.3 199 283.7 198 16.99 65 128 20 124 26.35 1 2 3

31 ######## 1800 49.46 923 692 1595.73 161 204.27 160 39.33 85 231 0 0 0 0 0 0

32 ######## 1800 0 11 11 1797.63 7 2.37 6 0 0 0 0 0 0 0 0 0

181.9565

ANIMAL 1 – HSB Vertical Jumper 
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9 ######## 1800 0 45 37 1780.92 32 19.08 31 2.82 5 8 0 0 0 0 0 0

10 ######## 1800 0 54 42 1783.35 54 16.65 53 4.17 6 12 0 0 0 0 0 0

11 ######## 1800 0 35 25 1789.02 31 10.98 30 1.53 5 10 0 0 0 0 0 0

12 ######## 1800 517.71 1729 1428 1356.7 254 443.3 253 71.61 130 301 0 0 0 4 0 4

13 ######## 1800 2710.99 4648 4262 1138.7 215 661.3 214 67.38 152 386 0 0 0 46 1 47

14 ######## 1800 0 92 52 1777.69 49 22.31 48 2.73 8 40 0 0 0 0 0 0

15 ######## 1800 7.75 558 309 1589.68 191 209.61 191 71.34 78 249 0 0 0 0 0 0

16 ######## 1800 6823.33 8248 7573 905.55 276 894.39 276 153.84 210 675 9 9 0.53 106 4 110

17 ######## 1800 21637.88 18307 17375 412.04 172 1387.56 173 72.75 375 932 21 34 0.75 235 52 287

18 ######## 1800 21447.91 18052 17186 420.84 186 1378.7 186 84.16 343 866 6 7 0.24 175 50 225

19 ######## 1800 19987.44 18093 17241 421.34 146 1378.19 146 69.11 351 852 9 11 0.34 212 43 255

20 ######## 1800 19440.74 20620 19690 335.76 155 1463.69 156 77.12 387 930 9 10 0.37 252 36 288

21 ######## 1800 16881.26 18870 17920 452.25 174 1347.66 174 83.51 357 950 22 34 0.95 226 7 233

22 ######## 1800 13879.44 17583 16862 552.56 123 1247.44 122 55.86 306 721 12 12 0.25 223 6 229

23 ######## 1800 2056.01 3903 3564 1221.03 247 578.97 246 59.28 148 339 0 0 0 32 1 33

24 ######## 1800 0.9 347 118 1687.91 104 112.06 104 63.4 40 229 0 0 0 0 0 0

25 ######## 1800 15912.88 16336 15652 477.88 217 1321.72 218 61.43 289 684 13 15 0.56 220 16 236

26 ######## 1800 20648.63 19457 18378 356.94 191 1442.87 192 78.93 369 1079 16 20 0.78 255 32 287

27 ######## 1800 20797.57 20727 19813 332.43 151 1467.56 151 75.53 364 914 41 78 2.75 209 43 252

28 ######## 1800 15443.55 17530 16673 481.93 192 1318.07 191 82.96 327 857 44 77 1.89 203 21 224

29 ######## 1800 17232.62 20461 19516 303.09 153 1497.04 153 83.1 391 945 16 27 0.83 213 29 242

30 ######## 1800 18642.02 21170 20025 290.41 141 1508.99 142 89.51 461 1145 55 107 5.24 241 50 291

31 ######## 1800 17654.91 19628 18411 359.8 144 1440.05 145 100.93 451 1217 73 137 4.73 211 56 267

32 ######## 1800 13734.06 18434 17605 441.54 182 1357.91 183 95.47 336 829 77 182 7.12 185 23 208

33 ######## 1800 12337.54 19050 18205 410.7 179 1389.36 179 96.89 363 845 25 44 1.34 181 13 194

34 ######## 1800 15919.95 19974 19005 400.22 143 1398.9 144 86.47 404 969 39 50 1.76 204 27 231

35 ######## 1800 20686.68 22561 21651 173.96 97 1626.03 98 71.54 365 910 83 166 9.36 199 53 252

164.6

4 ######## 1800 1.9 20 17 1794.96 17 5.04 16 0.52 1 3 0 0 0 0 0 0

5 ######## 1800 0 17 11 1793.98 17 6.02 16 1.98 4 6 0 0 0 0 0 0

6 ######## 1800 1619.18 2712 2415 1400.27 145 399.73 144 56.03 119 297 0 0 0 26 1 27

7 ######## 1800 14468.15 16823 15965 508.71 136 1291.16 136 75.04 352 858 38 83 3.1 217 6 223

8 ######## 1800 21105.47 22719 21786 247.21 93 1552.64 94 77.49 392 933 96 234 10.12 360 4 364

9 ######## 1800 18723.29 22037 21048 241.71 105 1558.11 106 79.59 414 989 194 636 25.02 335 1 336

10 ######## 1800 20621.37 23722 22625 213.29 97 1586.66 97 76.04 459 1097 131 428 17.05 292 9 301

11 ######## 1800 536.11 1384 1125 1505.08 204 294.92 203 62.35 98 259 0 0 0 6 0 6

12 ######## 1800 73.34 636 408 1623.72 146 176.28 145 49.33 64 228 0 0 0 0 0 0

13 ######## 1800 1410.42 2616 2066 1379.98 202 419.65 202 126.12 143 550 6 15 0.41 25 2 27

14 ######## 1800 16091.89 18381 17568 331.7 124 1468.24 125 66.71 353 813 154 568 23.38 247 8 255

15 ######## 1800 16214.84 18241 17452 477.14 120 1322.84 120 61.53 335 789 169 483 21.03 197 31 228

16 ######## 1800 24.64 79 79 1783.11 36 16.89 35 0 0 0 0 0 0 0 0 0

17 ######## 1800 414.08 1038 861 1591.87 157 208.13 156 44.24 62 177 0 0 0 6 1 7

18 ######## 1800 17.37 77 72 1773.92 48 26.08 47 1.4 4 5 0 0 0 0 0 0

19 ######## 1800 2967.76 4905 4259 1184.78 309 615.18 309 118.67 193 646 18 52 1.37 43 1 44

20 ######## 1800 19484.73 23123 22093 197.76 82 1602.12 83 67.31 434 1030 118 334 12.03 313 8 321

21 ######## 1800 18101.2 21163 20284 278.23 118 1521.21 119 72.85 352 879 115 280 11.89 278 9 287

22 ######## 1800 14548.74 19616 18679 365.23 151 1434.66 152 75.56 400 937 54 125 5.4 221 9 230

23 ######## 1800 16960.46 22184 21148 275 117 1524.94 118 89.12 427 1036 85 217 6.3 249 11 260

24 ######## 1800 12904.91 16876 16022 535.83 152 1263.99 153 77.64 341 854 47 126 5.21 175 4 179

25 ######## 1800 15379.75 18917 18100 452.28 161 1347.53 161 64.37 346 817 102 253 14.57 221 9 230

26 ######## 1800 9013.38 11837 11077 754.49 251 1044.72 252 96.75 302 760 46 109 6.39 136 4 140

27 ######## 1800 14075.32 18132 17208 528.23 182 1271.6 182 86.17 380 924 110 305 10.61 207 7 214

28 ######## 1800 10720.15 15388 14502 607.43 214 1191.98 215 91.47 339 886 45 120 4.06 163 6 169

29 ######## 1800 7242.4 12053 11362 769.4 275 1030.21 276 84.8 288 691 25 52 1.77 118 2 120

151.25

ANIMAL 2 – HSB Pattern Runner 

(The 3 highest weekly pattern running scores of animal 2 are highlighted on the following eight sheets using a black 

oval.) 
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HSB pattern runners generate very low vertical 

activity scores compared to HSB vertical jumpers, 

such as animal 1. 

HSB pattern runners generate high amounts of cage 

revolutions compared to animals from the NSB cohort.  

Again the three highest 30-minute values during a 12-

hour dark cycle period, are indicated by the grey col-

ouring.  These values are indicated on each of the 

following eight tables by a black oval. 
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2 ######## 1800 0 31 27 1786.76 14 12.53 14 0.38 3 4 0 0 0 0 0 0

3 ######## 1800 61.36 297 243 1718.77 90 80.18 91 14.21 22 54 0 0 0 1 0 1

4 ######## 1800 5224.87 7943 7247 819.83 216 980 217 120.42 234 696 5 5 0.05 89 1 90

5 ######## 1800 322.64 1105 721 1516.03 155 283.58 155 104.91 92 384 0 0 0 5 0 5

6 ######## 1800 8392.97 9950 8792 654.93 257 1144.12 258 217.72 338 1158 19 66 2.53 157 2 159

7 ######## 1800 15524.92 17030 16042 346.93 147 1453.06 147 103.05 400 988 32 76 3.36 286 5 291

8 ######## 1800 22295.41 20084 19081 209.24 96 1590.71 96 75.63 400 1003 237 706 53.02 293 41 334

9 ######## 1800 24190.48 19680 18416 255.59 107 1544.4 108 108.66 467 1264 360 1199 109.11 286 49 335

10 ######## 1800 29576.63 23894 22786 128.14 49 1671.79 50 62.42 451 1108 444 1695 113.62 265 114 379

11 ######## 1800 27630.04 22280 21028 159.47 65 1640.46 66 80.88 491 1252 419 1502 91.8 247 102 349

12 ######## 1800 22219.91 19249 18306 340.31 61 1459.67 61 69.48 381 943 401 1716 128.44 224 80 304

13 ######## 1800 154.62 297 280 1765.94 43 34.06 42 5.88 10 17 0 0 0 2 0 2

14 ######## 1800 12435.2 11042 10482 982.2 100 817.74 100 49.48 232 560 108 322 12.5 156 21 177

15 ######## 1800 27287.17 20169 18892 154.81 74 1645.16 75 90.17 516 1277 433 1789 146.07 258 122 380

16 ######## 1800 24632.19 19364 18165 215.36 81 1584.58 82 87.77 486 1199 476 2397 206.95 196 133 329

17 ######## 1800 21839.04 18105 16602 282.64 97 1517.35 97 116.57 562 1503 427 2051 146.84 238 87 325

18 ######## 1800 26202.24 20211 19007 258.09 90 1540.84 91 80.57 500 1204 421 1915 117 228 136 364

19 ######## 1800 21407.35 17099 15996 519.28 125 1280.41 126 76.93 436 1103 342 1507 77.71 182 110 292

20 ######## 1800 24795.16 20308 18883 208.91 88 1591.07 88 105.82 514 1425 434 2051 126.98 202 121 323

21 ######## 1800 22226.22 20384 18993 257.4 97 1542.53 97 99.3 504 1391 401 1880 111.41 231 80 311

22 ######## 1800 20840.89 18359 17138 414.81 106 1385.07 106 87.66 443 1221 360 1656 102.19 226 74 300

23 ######## 1800 19402.13 17316 15939 460.85 152 1339.16 151 94.77 457 1377 246 797 48.51 196 49 245

24 ######## 1800 10483.41 12930 12216 655.59 245 1144.21 246 81 298 714 46 97 3.54 170 10 180

25 ######## 1800 10333.81 13108 12255 591.8 225 1208.12 226 107.72 349 853 33 59 2.09 146 3 149

122.0455

5 ######## 1800 0 17 17 1794.31 21 5.69 20 0 0 0 0 0 0 0 0 0

6 ######## 1800 0 82 35 1770.5 37 29.5 36 14.59 10 47 0 0 0 0 0 0

7 ######## 1800 2512.24 3757 3361 1313.31 113 486.61 113 73.06 122 396 1 1 0 35 0 35

8 ######## 1800 18008.81 17603 16600 406.04 163 1393.59 164 115.57 370 1003 77 148 7.16 297 4 301

9 ######## 1800 21244.46 21767 20671 270.15 90 1529.81 91 94.67 449 1096 163 450 24.17 358 1 359

10 ######## 1800 21546.01 21916 20751 248.93 119 1550.78 120 84.85 481 1165 287 1343 99.74 352 6 358

11 ######## 1800 27847.58 20513 19443 330.27 109 1469.5 110 66.6 386 1070 305 1534 115.26 251 105 356

12 ######## 1800 21415.63 18902 17975 410.17 157 1389.71 158 72.14 400 927 289 1548 106.2 246 38 284

13 ######## 1800 20430.55 17023 16092 560.19 128 1238.85 129 65.97 369 931 210 973 56.52 236 55 291

14 ######## 1800 23984.46 19184 18141 406.86 127 1392.83 128 64.74 419 1043 226 1057 73.33 261 81 342

15 ######## 1800 21212.26 19956 18909 433.9 130 1366.02 131 65.03 405 1047 176 647 28.19 254 55 309

16 ######## 1800 16320.85 13980 13143 740.95 183 1058.99 183 93.68 290 837 106 416 20.8 153 26 179

17 ######## 1800 0 114 73 1778.64 41 21.36 40 13.48 8 41 0 0 0 0 0 0

18 ######## 1800 221.72 786 546 1622.14 182 177.84 182 70.58 55 240 0 0 0 0 0 0

19 ######## 1800 20728.31 24161 23148 260.36 98 1539.55 99 57.36 449 1013 248 1041 73.79 345 4 349

20 ######## 1800 27583.81 26966 25741 136.41 63 1663.39 64 77.4 487 1225 350 1645 96.61 268 89 357

21 ######## 1800 22283.4 21142 19841 371.29 115 1427.56 116 86.25 501 1301 276 1275 73.74 260 41 301

22 ######## 1800 24520.57 25077 23718 249.8 100 1550.12 100 93.06 542 1359 330 1721 90.03 219 38 257

23 ######## 1800 18265.66 20999 19833 427.46 155 1372.53 156 90.47 456 1166 248 1213 58.74 240 10 250

24 ######## 1800 20543.75 21126 19896 410.36 131 1389.5 131 78.41 466 1230 221 894 48.25 227 28 255

25 ######## 1800 17422.53 22502 21366 339.36 123 1460.62 123 80.92 457 1136 236 953 51.9 263 13 276

26 ######## 1800 17053.44 17975 16954 523.26 167 1276.7 168 95.16 401 1021 176 668 38.48 178 20 198

27 ######## 1800 18349.69 16921 15992 566.03 195 1233.77 195 80.87 356 929 177 652 39.81 153 32 185

28 ######## 1800 11675.95 14571 13739 657.47 224 1142.43 224 88.48 329 832 114 447 23.37 161 9 170

29 ######## 1800 10115.74 15384 14609 573.43 223 1226.45 224 70.34 334 775 87 258 9.46 153 2 155

30 ######## 1800 13778.07 18593 17713 344.67 140 1455.18 141 74.29 388 880 119 377 18.34 223 4 227

137.0833

ANIMAL 2 – HSB Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 3 AND 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Note the sudden increase in the weekly amount 

of vertical stereotypy executed by animal 2.  This 

animal is an example of an animal excluded from 

the HSB vertical jumping cohort, as the amount 

of vertical stereotypy it executed fluctuated 

dramatically, as can be seen comparing these 

values with those of weeks 1 and 2 above. 
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5 ######## 1800 0 9 8 1796.91 9 3.09 8 0 1 1 0 0 0 0 0 0

6 ######## 1800 47.04 333 262 1688.08 141 111.92 140 17.8 40 71 0 0 0 0 0 0

7 ######## 1800 301.98 637 502 1650.3 156 149.64 156 29.33 54 135 0 0 0 7 0 7

8 ######## 1800 15953.04 19084 18336 308.57 104 1491.4 105 47.78 359 748 8 22 0.65 310 2 312

9 ######## 1800 19250.03 22856 21748 236.49 97 1563.48 98 98.53 441 1108 16 30 1 337 3 340

10 ######## 1800 22013.34 19308 18444 423.42 126 1376.55 127 78.44 363 864 118 181 6.92 264 49 313

11 ######## 1800 22315.73 21853 20854 312.2 106 1487.52 107 82.75 415 999 220 467 18.49 295 19 314

12 ######## 1800 20659.52 22407 21391 314.79 124 1485.19 124 82.87 420 1016 223 476 22.82 330 12 342

13 ######## 1800 19911.47 21129 20014 355.95 129 1443.09 130 83.61 469 1115 197 542 32.06 269 33 302

14 ######## 1800 17178.93 20724 19781 315.65 133 1483.78 134 85.34 392 943 242 966 77.71 288 4 292

15 ######## 1800 13089.91 12720 12124 839.76 157 959.44 157 54.35 250 596 167 787 60.13 156 38 194

16 ######## 1800 440.59 917 796 1624.56 163 175.05 164 23.31 53 121 0 0 0 7 1 8

17 ######## 1800 29.33 464 318 1675.1 146 124.66 146 33.97 51 146 0 0 0 0 0 0

18 ######## 1800 4710.41 6455 5916 1105.6 215 694.08 215 89.81 196 539 42 92 8.85 75 0 75

19 ######## 1800 16081.16 19839 19045 342.9 132 1457.05 133 63.16 362 794 178 698 56.07 246 10 256

20 ######## 1800 18152.9 19686 18699 365.87 146 1433.78 147 81.08 400 987 224 911 60.22 217 27 244

21 ######## 1800 20233.12 19299 18272 328.48 134 1471.48 134 92.32 392 1027 302 1559 111.62 220 58 278

22 ######## 1800 24397.89 19879 18902 326.2 142 1473.63 142 70.4 348 977 368 1842 129.85 248 55 303

23 ######## 1800 23653.53 22486 21468 210.9 88 1587.84 89 68.21 413 1018 405 2026 151.91 229 63 292

24 ######## 1800 20665.97 21421 20382 247.79 99 1552.16 99 83.15 434 1039 381 1945 226.72 244 57 301

25 ######## 1800 16744.42 19601 18829 385.14 148 1414.33 149 69.63 352 772 315 1568 148.58 242 17 259

26 ######## 1800 14509.51 15154 14254 542.52 194 1256.84 195 93.32 339 900 187 1024 76.33 163 22 185

27 ######## 1800 13878.08 16266 15347 530.09 188 1269.18 189 86.05 378 919 197 1029 59.96 196 4 200

28 ######## 1800 19401.74 21080 20020 267.45 112 1532.49 113 101.78 454 1060 338 1705 145.18 253 27 280

29 ######## 1800 10785.09 14095 13334 585.8 220 1213.64 221 66.14 310 761 157 764 57.67 138 17 155

30 ######## 1800 11317.22 15883 15103 443.07 193 1356.85 194 73.66 341 780 116 504 30.44 167 1 168

144.5

4 ######## 1800 19.05 166 124 1745.21 75 54.79 74 13.45 15 42 0 0 0 0 0 0

5 ######## 1800 34.33 592 240 1627.13 137 172.87 136 85.71 72 352 0 0 0 0 0 0

6 ######## 1800 1271.33 2512 2144 1351.05 251 448.95 250 77.74 129 368 2 2 0.02 17 0 17

7 ######## 1800 11393.41 13120 12407 558.9 204 1240.6 204 78.42 300 713 154 308 19.68 184 4 188

8 ######## 1800 18553.73 20484 19559 287.57 123 1511.48 124 74.18 387 925 264 451 22.99 313 9 322

9 ######## 1800 17041.8 15232 14506 627.5 199 1172.36 200 72.49 317 726 230 327 16.35 205 17 222

10 ######## 1800 11837.86 12052 11310 859.28 196 940.71 196 96.84 252 742 130 228 13.4 174 8 182

11 ######## 1800 3958.38 4609 4303 1370.01 160 429.29 160 42.35 111 306 49 77 4.4 62 3 65

12 ######## 1800 25989.42 19966 19205 326.61 125 1473.24 126 53.42 319 761 301 662 49.7 264 63 327

13 ######## 1800 25139.77 22222 21194 245.77 112 1553.92 113 68.43 384 1028 380 1397 143.32 248 75 323

14 ######## 1800 22720.13 20000 18886 405.79 160 1393.85 161 80.18 387 1114 300 930 79.31 263 30 293

15 ######## 1800 28828.44 23364 22362 232.94 85 1566.97 85 64.01 370 1002 381 1451 149.42 292 68 360

16 ######## 1800 22952.84 19771 18765 431.98 139 1368 139 73.01 395 1006 260 1113 125.24 199 67 266

17 ######## 1800 23652.45 21713 20824 268.59 103 1530.82 104 64.22 357 889 319 1527 175.36 255 62 317

18 ######## 1800 28662.06 20895 20119 339.27 121 1459.75 122 57.55 303 776 318 1383 142.78 245 106 351

19 ######## 1800 19382.33 15337 14691 619.07 167 1180.87 167 76.24 239 646 225 1204 148.49 181 76 257

20 ######## 1800 2665.31 4237 3964 1271.08 203 528.92 202 38.83 130 273 24 62 4.01 27 1 28

21 ######## 1800 1435.02 2426 2217 1484.26 175 315.74 174 41.97 80 209 2 2 0.03 23 1 24

22 ######## 1800 27028.2 21862 21126 268.06 113 1531.93 113 51.34 295 736 297 1097 109.15 324 53 377

23 ######## 1800 32987.16 25496 24578 187.86 76 1612.1 77 49.31 347 918 411 2013 243.73 370 86 456

24 ######## 1800 23828.05 20864 20053 365.49 152 1434.43 153 68.49 293 811 371 1719 198.97 277 65 342

25 ######## 1800 28152.15 24270 23409 218.45 92 1580.63 93 55.14 345 861 377 1997 266.42 339 78 417

26 ######## 1800 20036.39 17110 16391 530.88 174 1268.43 174 66.58 285 719 230 1131 138.64 223 48 271

27 ######## 1800 14660.61 15148 14507 563.97 207 1236.02 207 73.48 270 641 167 656 78.19 204 24 228

28 ######## 1800 15024.37 15966 15275 479.24 195 1320.39 196 74.56 294 691 173 549 46.62 224 9 233

29 ######## 1800 7419.18 8576 8211 968.37 252 831.59 252 49.87 161 365 120 637 67.91 118 5 123

158

ANIMAL 2 – HSB Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 5 AND 6 
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5 ######## 1800 7.71 41 35 1784.04 25 15.96 24 1.92 3 6 0 0 0 0 0 0

6 ######## 1800 18.74 260 182 1698.38 123 101.62 122 21.67 35 78 0 0 0 0 0 0

7 ######## 1800 2123.45 4142 3611 1143.59 199 656.3 199 118.42 164 531 27 39 1.11 26 1 27

8 ######## 1800 14928.4 18368 17471 312.92 138 1487.05 139 77.53 386 897 160 257 6.7 256 3 259

9 ######## 1800 17526.66 17584 16622 474.85 193 1325.08 194 85.96 402 962 224 302 9.81 311 4 315

10 ######## 1800 11706.19 14493 13668 617.74 201 1182.11 202 85.41 350 825 148 212 4.24 199 3 202

11 ######## 1800 16039.14 16524 15611 538.05 195 1261.95 195 82.83 372 913 171 220 4.42 241 9 250

12 ######## 1800 18321.63 17317 16481 553.88 130 1246.12 130 70.47 348 836 228 371 20 259 19 278

13 ######## 1800 589.17 790 660 1679.07 145 120.93 144 35.91 39 130 0 0 0 4 2 6

14 ######## 1800 20340.93 20479 19532 336.95 133 1462.92 133 78.36 415 947 263 582 45.98 274 25 299

15 ######## 1800 28499.14 22853 21963 194.15 83 1605.59 84 56.77 366 890 438 1327 123.12 285 71 356

16 ######## 1800 21357.05 18599 17716 360.75 129 1439.02 130 69.14 360 883 381 1408 146.87 186 92 278

17 ######## 1800 24297.11 20216 19336 248.45 110 1551.43 110 59.97 344 880 389 1456 179.82 239 81 320

18 ######## 1800 25203.13 20856 20045 365.54 118 1433.27 119 65.1 343 811 334 1094 135.5 254 73 327

19 ######## 1800 29399.95 21529 20649 268.37 86 1531.1 87 54.32 386 880 394 1586 242.11 212 149 361

20 ######## 1800 25772.98 19243 18505 326.17 147 1473.77 148 58.91 317 738 386 1606 222.7 189 131 320

21 ######## 1800 17705.26 15549 14632 530.27 130 1269.72 130 66.38 360 917 348 1120 148.66 123 85 208

22 ######## 1800 4173.71 4187 3832 1412.1 120 387.41 120 29.84 130 355 77 163 12.01 51 16 67

23 ######## 1800 24344.26 20186 18929 177.52 91 1622.2 92 88.19 510 1257 467 1730 241.57 210 114 324

24 ######## 1800 22675.71 19272 18311 333.95 128 1465.69 129 79.26 398 961 388 1825 305.21 171 118 289

25 ######## 1800 25878.52 19877 19041 340.78 146 1459.16 147 74.46 360 836 409 1945 312.81 226 99 325

26 ######## 1800 25337.92 19924 19122 328.38 137 1471.62 137 54.6 359 802 386 1755 273.43 187 105 292

27 ######## 1800 20426.55 17044 16353 464.37 185 1335.62 185 54.46 306 691 302 1069 384.82 187 76 263

28 ######## 1800 15839.73 12737 12209 725.37 236 1074.63 235 53.81 223 528 252 594 62.81 123 47 170

29 ######## 1800 15534.05 12854 12271 659.93 225 1140.06 225 72.55 259 583 202 469 64.97 144 48 192

30 ######## 1800 9121.1 10555 10019 931.03 138 868.76 138 48.78 221 536 143 353 46.98 131 13 144

148

3 ######## 1800 0.9 89 75 1764.34 66 35.66 65 3.1 10 14 0 0 0 0 0 0

4 ######## 1800 22.62 490 241 1636.4 162 163.6 161 67.05 58 249 0 0 0 0 0 0

5 ######## 1800 6382.42 8859 8316 768.89 212 1030.43 212 72.54 229 543 49 56 0.84 98 1 99

6 ######## 1800 15430.12 18233 17325 354.48 144 1444.82 145 86.24 367 908 117 144 3.07 249 1 250

7 ######## 1800 15784.1 16518 15688 491.56 170 1307.86 171 82.37 358 830 159 232 4.48 272 7 279

8 ######## 1800 10097.35 13736 12848 696.18 231 1102.65 232 108.08 326 888 109 164 3.75 177 1 178

9 ######## 1800 12328.84 16285 15420 503.89 188 1295.25 189 88.37 362 865 149 195 3.12 186 9 195

10 ######## 1800 17784.21 17786 17061 464.19 187 1335.79 188 73.3 292 725 174 259 7.14 239 23 262

11 ######## 1800 10447.23 9353 8903 989.18 188 810.78 189 47.44 168 450 82 112 2.89 126 24 150

12 ######## 1800 18504.15 16798 16062 469.92 175 1329.69 176 63.18 280 736 122 178 4.96 253 28 281

13 ######## 1800 49.94 606 492 1694.34 134 105.43 134 23.79 37 114 0 0 0 0 0 0

14 ######## 1800 21737.76 18913 17890 428.75 139 1371.09 139 68.69 361 1023 190 250 11.67 224 69 293

15 ######## 1800 18154.47 21336 19782 351.69 105 1448.09 106 89.54 451 1554 281 371 27.01 91 111 202

16 ######## 1800 16853.46 21257 19036 265.92 87 1534.02 88 121.99 625 2221 460 775 96.12 122 82 204

17 ######## 1800 19407.32 18345 17098 357.66 174 1442.29 175 88.56 392 1247 351 692 83.53 148 74 222

18 ######## 1800 20468 17508 16326 411.22 194 1388.72 195 81.23 392 1182 393 718 61.65 156 62 218

19 ######## 1800 21044.01 18733 17535 384.05 168 1415.76 169 84.49 373 1198 395 660 51.39 153 85 238

20 ######## 1800 8900.8 15083 12871 484.41 119 1315.49 120 155.56 588 2212 552 1344 181.22 53 46 99

21 ######## 1800 19336.56 19564 17731 232.15 96 1567.18 97 118.34 551 1833 639 1661 237.05 128 79 207

22 ######## 1800 18276.5 17088 15470 342.64 124 1457.29 125 136.14 512 1618 557 1250 138.87 149 71 220

23 ######## 1800 16109.26 18448 16799 406.1 130 1393.62 131 104.01 488 1649 532 1188 125.73 85 65 150

24 ######## 1800 18605.78 16901 15894 593.97 183 1205.95 184 82.36 339 1007 386 661 32.05 125 89 214

25 ######## 1800 20011.75 17629 16661 543.54 174 1256.37 174 77.39 392 968 264 421 33.25 162 84 246

26 ######## 1800 23475 19353 18448 427.43 150 1372.51 150 66.9 345 905 216 312 31.07 220 80 300

27 ######## 1800 9919.22 9717 8898 737.27 264 1062.67 265 119.12 300 819 28 32 0.83 77 24 101

28 ######## 1800 4152.89 5897 5630 1285.32 117 514.68 117 21.97 122 267 40 58 4.04 67 5 72

29 ######## 1800 0 37 13 1786.65 16 13.35 15 7.13 6 24 0 0 0 0 0 0

155.44

ANIMAL 2 – HSB Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 7 AND 8 
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9 ######## 1800 27.11 321 273 1678.99 143 121.01 142 12.7 26 48 0 0 0 0 0 0

10 ######## 1800 6.92 283 93 1705.78 68 94.22 67 48.46 40 190 0 0 0 0 0 0

11 ######## 1800 5814.08 9897 9086 667.96 251 1132 251 109.01 291 811 150 477 39.48 23 45 68

12 ######## 1800 19520.71 18097 17258 293.37 157 1506.61 158 71.26 306 839 310 1152 124.57 62 147 209

13 ######## 1800 28990.58 21839 20772 192.49 71 1607.42 72 71.55 386 1067 213 676 37.08 82 297 379

14 ######## 1800 20453.44 22909 21632 207.91 67 1592.06 68 94.78 497 1277 243 875 40.08 43 194 237

15 ######## 1800 27056.22 23455 22440 177.4 68 1622.15 69 67.31 423 1015 233 893 42.71 129 255 384

16 ######## 1800 21160.49 21544 20615 259.77 79 1540.01 80 66.61 403 929 281 1077 53.95 70 184 254

17 ######## 1800 8076.06 16259 14717 232.8 88 1567.14 89 121.19 540 1542 342 1478 75.83 32 54 86

18 ######## 1800 15502.86 16991 15938 403.39 102 1396.6 102 82.46 430 1053 230 842 37.75 61 144 205

19 ######## 1800 13428.1 14570 13553 563.9 106 1236.47 106 89.63 384 1017 152 548 26.32 58 116 174

20 ######## 1800 24666.84 20207 19364 321.49 106 1478.46 107 53.03 342 843 278 1246 75.64 94 183 277

21 ######## 1800 20626.23 18623 17749 325.38 137 1474.61 138 65.87 344 874 308 1316 84.91 87 173 260

22 ######## 1800 22079.86 17603 16797 551.23 116 1248.77 116 57.86 294 806 208 820 43.76 107 162 269

23 ######## 1800 12032.96 9504 9000 946.36 128 853.5 128 46.83 201 504 55 144 7.11 51 118 169

24 ######## 1800 16314.72 12020 11571 900.9 108 899.07 109 36.82 168 449 101 305 15.54 75 142 217

25 ######## 1800 29319.22 23384 22368 232.25 86 1567.28 87 65.28 385 1016 301 1179 68.22 122 224 346

26 ######## 1800 29357.45 23920 22688 188.79 83 1611.17 84 78.7 408 1232 405 1727 103.92 90 253 343

27 ######## 1800 27974.6 23311 22453 269.18 99 1530.79 100 55.4 329 858 433 2151 153.38 116 223 339

28 ######## 1800 27221.42 23256 22388 255.25 89 1544.69 90 57.66 301 868 392 1933 150.28 108 181 289

29 ######## 1800 27421.56 21191 20565 435.79 100 1364.2 101 35.81 254 626 342 1876 152.93 120 204 324

30 ######## 1800 23933.89 21618 20513 301.36 113 1498.63 114 80.69 360 1105 371 1827 140.81 91 211 302

31 ######## 1800 19732.43 20871 19834 289.43 116 1510.33 117 76.36 393 1037 349 2166 207.8 66 149 215

32 ######## 1800 23806.47 20534 19560 334.77 134 1465.05 135 75.46 368 974 327 2037 192.35 93 188 281

33 ######## 1800 14167.79 13242 12418 620.86 200 1178.95 201 73.41 330 824 114 401 22.51 50 97 147

34 ######## 1800 25580.8 24312 23306 152.75 80 1647.22 81 86.32 396 1006 226 811 54.26 79 223 302

35 ######## 1800 12668.12 11201 10691 907.39 244 892.56 244 57.32 216 510 116 596 66.32 63 82 145

36 ######## 1800 8.19 147 114 1742.33 110 57.67 109 6.93 20 33 0 0 0 0 0 0

117.5385

11 ######## 1800 19.71 762 310 1553.73 235 246.26 235 120.76 113 452 0 0 0 0 0 0

12 ######## 1800 18647.16 21913 21009 201.12 76 1598.84 77 68.45 398 904 159 400 20.13 32 230 262

13 ######## 1800 21903.09 23931 22901 116.2 58 1683.58 59 65.47 460 1030 207 673 42.97 32 272 304

14 ######## 1800 22888.67 23238 22107 182.77 67 1617.2 68 69.98 466 1131 216 719 44.17 34 221 255

15 ######## 1800 27156.41 23117 22028 180.96 79 1618.84 80 74.18 450 1089 218 714 40.37 93 213 306

16 ######## 1800 25841.34 20300 19168 267.63 111 1532.05 112 70.68 386 1132 235 939 66.28 55 267 322

17 ######## 1800 23945.5 19426 18342 302.35 134 1497.39 135 81.32 387 1084 194 690 42.59 61 246 307

18 ######## 1800 33263.4 22704 21665 238.04 102 1561.87 103 65.07 383 1039 313 1453 122.25 130 237 367

19 ######## 1800 33955.82 24402 23272 198.86 95 1601.07 96 66.97 393 1130 354 1848 161.28 136 237 373

20 ######## 1800 24383.58 25386 24628 194.8 71 1604.95 72 48.7 342 758 366 2131 186.7 57 237 294

21 ######## 1800 25525.54 26050 25286 144.65 63 1655.06 64 45.11 322 764 386 2042 188.31 61 212 273

22 ######## 1800 23789.18 23870 23215 217.91 91 1581.95 92 42.2 284 655 358 2050 184.57 66 200 266

23 ######## 1800 29498.25 24148 23242 184.86 83 1615.04 84 60.41 368 906 370 2176 194.72 118 189 307

24 ######## 1800 28728.11 24032 23229 241.82 98 1558.11 99 47.87 345 803 364 2044 180.25 97 216 313

25 ######## 1800 24274.56 26500 25819 135.89 61 1663.19 62 50.3 311 681 394 2075 175.93 47 223 270

26 ######## 1800 20059.51 23826 23067 246.74 99 1553.25 100 61.03 323 759 336 1784 144.8 38 217 255

27 ######## 1800 14570.27 17753 17152 528.67 158 1271.3 159 64.07 265 601 225 1332 114.81 30 145 175

28 ######## 1800 23928.18 26142 25516 108.5 70 1691.4 71 39.97 297 626 370 2378 228.33 46 221 267

29 ######## 1800 33945.64 24761 24081 195.9 87 1604.04 87 46.86 281 680 389 2523 240.14 150 173 323

30 ######## 1800 27773.18 26389 25734 170.24 80 1628.96 81 38.72 304 655 384 2143 174.67 74 251 325

31 ######## 1800 30800.03 25244 24536 170.12 81 1629.76 82 39.46 288 708 395 2261 193.05 116 221 337

32 ######## 1800 23391.04 23407 22769 225.69 97 1573.99 98 46.55 267 638 363 2201 194.47 50 222 272

33 ######## 1800 26156.02 23017 22350 230.97 106 1568.94 107 48.92 276 667 374 2351 226.85 96 186 282

34 ######## 1800 11170.31 14915 14440 527.97 212 1271.95 213 49.32 235 475 174 860 75.33 16 118 134

35 ######## 1800 12620.4 16590 16043 450.03 145 1349.85 146 56.95 254 547 181 995 81.7 19 145 164

36 ######## 1800 376.46 1143 1063 1552.26 174 247.7 174 18.91 46 80 1 4 0.11 1 2 3

101.8333

ANIMAL 3 – HSB Vertical Jumper and Pattern Runner 

(The 3 highest weekly vertical activity AND pattern running scores of animal 3 are highlighted on the following 

eight sheets using two black ovals.) 

BEHAVIOURAL SCREENS:  WEEKS 1 AND 2 

 

 

 

 

 

 

  

HSB animals expressing pattern running AND vertical 

jumping generate high amounts of cage revolutions 

AND vertical activity compared to animals from the 

NSB cohort.  Again the three highest 30-minute values 

during a 12-hour dark cycle period, are indicated by 

the grey colouring.  These values are indicated on each 

of the following eight tables by black ovals. 
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6 ######## 1800 14.94 423 214 1687.73 98 112.27 97 48.45 47 209 0 0 0 0 0 0

7 ######## 1800 5.33 427 167 1659.53 114 139.76 114 70.31 67 260 0 0 0 0 0 0

8 ######## 1800 9553.92 13032 12217 368.43 183 1431.35 184 109.89 327 815 258 1024 93.11 26 89 115

9 ######## 1800 18265.09 20145 19210 187.1 80 1612.5 81 62.81 429 935 186 555 32.89 46 211 257

10 ######## 1800 20678.3 19899 18917 225.75 92 1574.21 92 68.02 446 982 308 1145 88.91 53 192 245

11 ######## 1800 24257.99 22068 20900 177.41 81 1622.28 82 74.39 417 1168 351 1414 119.9 27 218 245

12 ######## 1800 27771.08 21568 19953 210.63 106 1588.75 107 85.94 482 1615 345 1281 92.66 47 241 288

13 ######## 1800 24898.81 19112 17809 365.59 126 1434.35 126 76.79 383 1303 271 886 53.99 62 241 303

14 ######## 1800 22970.26 18737 17745 341.04 105 1458.72 106 64.74 333 992 222 627 37.27 48 234 282

15 ######## 1800 26461.29 21112 20076 241.93 97 1558.06 98 63.11 365 1036 356 1252 94.37 53 292 345

16 ######## 1800 25185.61 19872 18993 318.92 92 1480.99 93 56.37 342 879 331 1315 109.4 53 264 317

17 ######## 1800 20242.07 17258 16367 375.87 130 1424.12 130 68.64 385 891 270 946 65.3 36 215 251

18 ######## 1800 11803.25 11874 11211 804.97 194 995.02 194 95.61 255 663 194 629 35.7 22 110 132

19 ######## 1800 25057.95 23322 22422 161.41 73 1638.5 74 58.3 397 900 408 1714 143.92 54 235 289

20 ######## 1800 23290.7 20723 19786 284.15 102 1515.82 103 60.61 398 937 398 1886 183.6 43 230 273

21 ######## 1800 20943.7 20347 19466 267.68 105 1532.18 106 72.95 380 881 377 1798 167.54 36 226 262

22 ######## 1800 23664.9 20905 20073 205.7 102 1593.79 103 55.34 352 832 377 1745 152.46 69 246 315

23 ######## 1800 21087.13 18894 17870 278.17 112 1520.74 113 75.23 346 1024 401 2108 206.61 33 197 230

24 ######## 1800 19454.59 18993 18114 275.41 156 1524.48 157 66.25 319 879 444 2461 239.45 27 189 216

25 ######## 1800 22771.68 17994 17109 417.91 114 1381.17 115 68.23 316 885 349 1776 163.96 72 183 255

26 ######## 1800 26254.44 21125 20246 270.13 124 1529.85 125 66.01 367 879 381 1879 172.56 95 193 288

27 ######## 1800 15918.64 17961 17325 456.34 157 1343.66 157 45.66 289 636 337 1899 171.27 48 134 182

28 ######## 1800 15317.45 17283 16507 404.27 160 1395.68 160 69.82 313 776 325 1666 140.17 40 132 172

29 ######## 1800 10997.06 12710 12116 583.25 162 1216.75 162 59.55 282 594 224 1014 67.07 17 146 163

30 ######## 1800 10185.24 12026 11339 636.71 207 1162.8 208 67.19 293 687 183 795 57.14 28 113 141

31 ######## 1800 4745.21 6634 6170 962.34 256 837.38 257 52.55 200 464 55 234 29.61 14 48 62

130.5417

9 ######## 1800 1.9 51 38 1785.63 50 14.37 49 2.97 6 13 0 0 0 0 0 0

10 ######## 1800 45.78 508 290 1630.13 209 169.88 208 59.05 61 218 0 0 0 0 0 0

11 ######## 1800 986.64 2956 2459 1287.43 247 512.37 247 106.28 160 497 53 168 23.45 3 2 5

12 ######## 1800 13417.08 16742 15908 222.09 102 1577.82 103 67.4 361 834 82 154 14.49 10 175 185

13 ######## 1800 18253.5 20218 19210 162.92 69 1636.79 70 69 409 1008 26 38 1.16 19 287 306

14 ######## 1800 19604.98 21706 20806 130.99 57 1668.77 58 57.5 396 900 34 68 2.05 11 260 271

15 ######## 1800 20288.89 23328 22253 103.9 48 1695.94 49 63.95 476 1075 57 115 4.09 29 239 268

16 ######## 1800 18336.99 23443 22291 148.28 66 1651.65 67 68.79 531 1152 102 246 7.87 23 214 237

17 ######## 1800 19893.58 25906 24830 123.76 55 1676.21 56 62.19 494 1076 151 368 12.08 15 233 248

18 ######## 1800 23724.74 24769 23703 170.19 54 1629.76 55 60.72 463 1066 132 352 12 33 250 283

19 ######## 1800 30610.02 27151 25961 106.7 48 1693.05 49 63.45 518 1190 80 154 7.55 62 278 340

20 ######## 1800 20161.4 25686 24697 173.77 74 1626.22 75 59.26 461 989 122 278 16.64 18 219 237

21 ######## 1800 28347.28 25649 24487 132.79 55 1666.9 56 71.38 437 1162 294 833 63.1 73 266 339

22 ######## 1800 24629.24 20160 19160 371.81 72 1428.17 73 66.74 361 1000 201 557 38.55 74 237 311

23 ######## 1800 31042.61 24330 23189 155.58 71 1644.31 72 81.1 456 1141 231 579 34.39 65 292 357

24 ######## 1800 25714.82 24621 23511 170.25 68 1629.69 69 73.81 447 1110 283 768 48.47 45 287 332

25 ######## 1800 21588.94 22265 21127 287.41 71 1512.5 72 72.52 463 1138 182 549 30.4 18 244 262

26 ######## 1800 29657.71 25690 24646 130.07 57 1669 58 57.68 432 1044 249 810 61.52 78 272 350

27 ######## 1800 27507.39 23290 22000 178.95 79 1620.84 80 81.51 459 1290 216 627 39.41 87 245 332

28 ######## 1800 29792.18 22415 21351 286.79 117 1513.11 117 66.13 372 1064 238 564 41.33 117 207 324

29 ######## 1800 28048.71 24051 23092 182.2 68 1617.66 68 59.46 386 959 281 819 53.11 66 243 309

30 ######## 1800 21062.64 22455 21550 238.34 102 1561.46 103 60.88 405 905 245 852 68.41 54 188 242

31 ######## 1800 16918.66 21295 20370 213.53 104 1586.02 105 68.67 421 925 226 947 68.77 49 142 191

32 ######## 1800 11052.84 14953 14136 502.53 203 1297.41 203 71.04 380 817 109 428 35.23 32 103 135

33 ######## 1800 3016.23 5585 5225 872.89 307 926.79 308 59.16 175 360 3 10 0.33 6 47 53

34 ######## 1800 8111.48 11729 11130 483.67 193 1316.19 194 63.49 266 599 42 79 3.82 10 84 94

35 ######## 1800 1686.88 2719 2610 1521.03 111 278.87 111 21.48 50 109 3 9 0.28 5 19 24

36 ######## 1800 0 27 25 1789.54 23 9.97 23 0.17 2 2 0 0 0 0 0 0

97.73077

ANIMAL 3 – HSB Vertical Jumper and Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 3 AND 4 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

Note the sudden decrease in the weekly amount of ver-

tical stereotypy executed by animal 3.  It is due to these 

fluctuations in the expression of stereotypy, that a four 

week pre-treatment assessment is necessary to establish 

a baseline stereotypy score for each animal. 
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5 ######## 1800 4.02 130 67 1761.45 72 38.55 71 8.24 21 63 0 0 0 0 0 0

6 ######## 1800 26.31 320 244 1708.62 107 91.38 106 13.84 25 76 0 0 0 0 0 0

7 ######## 1800 255.4 1314 970 1512.28 185 287.67 185 77.48 102 344 2 3 0.97 0 1 1

8 ######## 1800 11355.75 18646 17874 219.54 102 1580.2 103 61.14 333 772 61 110 8.74 11 129 140

9 ######## 1800 11085.17 17985 17231 310.4 102 1489.59 103 59.75 318 754 48 102 4.71 21 88 109

10 ######## 1800 14322.88 22070 21037 131.49 63 1668.43 64 72.9 414 1033 41 65 3.4 32 102 134

11 ######## 1800 16095.33 20511 19654 204.21 70 1595.76 71 75.86 366 857 37 73 2.17 20 159 179

12 ######## 1800 18241.77 21579 20915 129.66 62 1670.25 63 44.06 284 664 46 82 1.73 11 205 216

13 ######## 1800 17866.11 19736 18946 197.92 94 1602.07 94 68.01 320 790 128 382 12.38 30 225 255

14 ######## 1800 19261.3 17968 17261 292.99 123 1507.01 122 58.21 298 707 323 1173 58.96 26 184 210

15 ######## 1800 19252.39 16665 16020 304.89 136 1494.86 137 59.97 262 645 343 1251 64.67 58 148 206

16 ######## 1800 16010.16 14409 13852 506.31 116 1293.63 117 48.53 246 557 290 1156 57.75 21 200 221

17 ######## 1800 18963.13 18616 17914 246.66 107 1553.28 108 54.29 259 702 381 1524 91.47 48 220 268

18 ######## 1800 20844.54 18616 17794 320.47 128 1479.26 129 53.99 299 822 372 1666 123.81 47 251 298

19 ######## 1800 24580.52 21802 20637 272.95 104 1527 105 74 418 1165 316 1349 77.72 53 301 354

20 ######## 1800 22277.45 20901 19565 170.21 83 1629.71 84 94.53 483 1336 337 1460 68.52 44 281 325

21 ######## 1800 21841.2 19731 18713 349.51 113 1450.48 113 75.03 405 1018 325 1579 101.58 44 245 289

22 ######## 1800 22535.71 21830 20871 224.06 104 1575.94 104 62.32 349 959 410 1939 143.64 50 261 311

23 ######## 1800 20893.15 20401 19253 257 101 1542.96 102 84.89 429 1148 342 1674 96.63 42 264 306

24 ######## 1800 23751.86 22950 21753 221.94 88 1577.95 88 74.12 463 1197 354 1646 99.04 55 251 306

25 ######## 1800 16796.04 18455 17556 444.79 135 1355.15 135 73.11 366 899 282 1228 55.81 31 183 214

26 ######## 1800 21820.37 21666 20676 261.8 124 1538.13 125 71.5 401 990 353 1540 84.69 68 210 278

27 ######## 1800 21485.98 22624 21480 220.3 102 1579.7 102 75.82 442 1144 301 1282 69.71 38 247 285

28 ######## 1800 16900.2 16227 15346 492.88 183 1306.58 183 71 332 881 214 950 57.21 40 178 218

29 ######## 1800 6400.01 9751 9084 708.01 293 1091.7 294 87.11 289 667 86 284 14.31 8 69 77

30 ######## 1800 1216.08 3168 2818 1113.95 336 685.06 336 71.55 168 350 2 2 0.14 4 12 16

127.7917

10 ######## 1800 3.91 309 169 1692.85 157 106.99 157 37.96 42 140 0 0 0 0 0 0

11 ######## 1800 5299.56 9413 8786 766.11 187 1033.66 188 82.93 260 627 63 116 8.35 27 33 60

12 ######## 1800 10543.04 17834 16897 327.12 104 1472.68 104 66.55 405 937 23 38 1.98 30 49 79

13 ######## 1800 13248.86 19088 18190 230.13 97 1568.9 98 76.97 373 898 17 30 1.09 23 116 139

14 ######## 1800 11255.34 16557 15822 306.12 115 1493.18 116 56.3 314 735 11 13 0.64 16 104 120

15 ######## 1800 12985.53 17569 16848 314.85 121 1485.05 122 59.07 324 721 11 21 1.34 19 123 142

16 ######## 1800 16792.06 19430 18553 180.94 96 1618.72 97 63.18 376 877 64 163 5.41 18 225 243

17 ######## 1800 16268.62 16601 15691 312.03 129 1487.94 130 64.55 383 910 109 400 13.17 22 245 267

18 ######## 1800 16054.65 15098 14287 336.52 124 1463.39 125 72.32 330 811 164 748 25 17 204 221

19 ######## 1800 14919.11 16961 15922 290.1 136 1509.8 137 87.29 462 1039 185 799 37.17 23 167 190

20 ######## 1800 20936.61 17610 16683 283.86 157 1515.99 157 74.1 376 927 257 1096 50.64 83 122 205

21 ######## 1800 14351.38 15745 14848 380.24 156 1419.76 156 89.76 383 897 216 947 39.67 24 134 158

22 ######## 1800 13955.41 12955 12385 651.54 144 1147.98 144 40.13 234 570 210 894 44.07 32 149 181

23 ######## 1800 16604.88 16236 15282 327.55 158 1472.45 158 77.38 382 954 247 1122 53.55 20 237 257

24 ######## 1800 8037.87 8037 7476 965.05 176 834.9 176 64.15 240 561 110 445 19.32 13 105 118

25 ######## 1800 1013.57 1945 1694 1477.08 129 322.89 129 39.85 95 251 1 4 0.17 1 10 11

26 ######## 1800 14204.18 17286 16381 259.09 125 1540.78 126 70.57 409 905 194 787 38.75 9 208 217

27 ######## 1800 21997.13 18979 18192 276.68 119 1523.31 120 57.77 332 787 357 1474 100.25 58 235 293

28 ######## 1800 19797.89 17318 16326 284.97 109 1514.98 110 79.7 408 992 315 1486 85.62 34 254 288

29 ######## 1800 17889.28 17632 16654 338.74 140 1461.25 141 79.28 409 978 281 1374 83.2 43 222 265

30 ######## 1800 17996.57 15003 13976 526.86 184 1273.05 184 83.24 355 1027 273 1576 130.85 65 168 233

31 ######## 1800 3625.72 3610 3359 1255.38 264 544.62 263 40.11 100 251 42 175 9 12 33 45

32 ######## 1800 848.86 1902 1676 1406.26 311 393.55 311 51.57 94 226 0 0 0 2 11 13

33 ######## 1800 943.39 1975 1696 1432.39 223 367.51 223 53.97 100 279 2 3 1.17 1 15 16

34 ######## 1800 16.59 207 137 1767.18 59 31.84 59 16.27 16 70 0 0 0 0 1 1

35 ######## 1800 0 15 15 1795.38 14 4.62 13 0 0 0 0 0 0 0 0 0

36 ######## 1800 0 24 23 1792.36 16 7.65 15 0 1 1 0 0 0 0 0 0

136.56

ANIMAL 3 – HSB Vertical Jumper and Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 5 AND 6 
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3 ######## 1800 2.27 198 128 1718.04 90 81.96 89 20.33 30 70 0 0 0 0 0 0

4 ######## 1800 55.67 593 431 1618.72 256 181.28 255 31.7 75 162 0 0 0 0 0 0

5 ######## 1800 5097.86 8674 7933 719.88 233 1080.06 233 115.49 268 741 66 195 11.38 2 54 56

6 ######## 1800 4723.04 9205 8574 719.23 236 1080.01 236 92.5 244 631 30 77 4.38 11 25 36

7 ######## 1800 9474.61 17873 16967 284.26 101 1515.26 102 72.03 372 906 10 28 1.2 11 50 61

8 ######## 1800 9440.22 17699 16837 327.99 102 1471.93 103 63.6 372 862 4 12 0.3 19 58 77

9 ######## 1800 9430.72 15398 14495 368.62 118 1431.24 119 96.34 356 903 5 8 0.33 11 89 100

10 ######## 1800 10460.33 15548 14689 325.48 114 1474.51 115 63.68 351 859 7 12 0.44 8 116 124

11 ######## 1800 14342.1 17204 16208 297.56 92 1502.38 93 67.92 437 996 16 26 0.48 18 227 245

12 ######## 1800 15753.74 19024 18103 279.63 101 1520.12 102 71.52 405 921 77 171 11.73 13 270 283

13 ######## 1800 13260 13822 13150 585.72 153 1213.58 154 61.82 286 672 94 272 16.99 9 176 185

14 ######## 1800 18895.52 18895 18142 247.22 87 1552.77 87 47.06 311 753 215 751 48.25 17 259 276

15 ######## 1800 16927.8 15949 15419 437.23 125 1362.77 125 36.45 231 530 223 904 72.69 14 227 241

16 ######## 1800 19292.19 19250 18476 273.84 85 1526.14 86 62.91 321 774 302 1419 138.01 24 236 260

17 ######## 1800 18161.37 17669 16963 266.75 138 1533.08 138 62.93 297 706 271 1205 92.97 30 219 249

18 ######## 1800 11325.8 10941 10425 804.51 149 995.29 150 44.26 209 516 170 754 59.88 11 152 163

19 ######## 1800 15662.11 13244 12625 634.93 135 1164.93 135 68.24 252 619 256 1148 72.38 20 191 211

20 ######## 1800 16623.61 15970 15222 390.62 151 1409.31 151 57.91 288 748 284 1357 88.86 37 203 240

21 ######## 1800 18130.16 17233 16229 348.58 178 1450.82 179 79.58 355 1004 366 1639 120.72 46 209 255

22 ######## 1800 7191 7552 6995 961.33 227 838.57 227 82.71 200 557 111 424 30.53 28 60 88

23 ######## 1800 2154.41 3531 3131 1204.1 225 595.87 225 64 165 400 7 19 0.67 4 32 36

24 ######## 1800 8916.17 12417 11659 512.9 172 1287.08 173 70.43 310 758 72 234 10.36 15 132 147

25 ######## 1800 6209.12 8721 8223 693.95 251 1106.03 251 60.11 222 498 79 307 12.83 10 64 74

26 ######## 1800 586.54 1577 1215 1382.29 291 417.71 290 90.78 128 362 0 0 0 1 6 7

27 ######## 1800 550.37 1185 1054 1569.79 149 230.21 148 22.56 64 131 1 1 0.08 0 5 5

157.4783

8 ######## 1800 2.69 83 54 1767.69 51 32.31 50 10.52 13 29 0 0 0 0 0 0

9 ######## 1800 52.62 627 383 1600.07 212 199.93 211 59.74 77 244 0 0 0 0 0 0

10 ######## 1800 7837.35 11904 11105 491.6 193 1307.6 194 89.5 330 799 81 255 16.9 14 60 74

11 ######## 1800 9417.87 17103 16254 277.78 129 1522.17 130 72.78 353 849 24 52 3.12 27 72 99

12 ######## 1800 7401.33 15221 14415 295.92 130 1504.04 131 76.9 337 806 7 10 0.45 21 43 64

13 ######## 1800 9565.33 16107 15365 315.15 133 1484.81 133 75.1 306 742 7 12 0.44 17 90 107

14 ######## 1800 9203.33 11620 10793 547.43 190 1252.16 190 97.42 319 827 3 5 0.16 15 72 87

15 ######## 1800 30268.23 19948 19061 193.93 71 1606.06 71 53.67 346 887 19 31 0.83 91 245 336

16 ######## 1800 32561.12 21696 20909 215.62 70 1584.29 71 41.38 322 787 29 62 1.73 131 157 288

17 ######## 1800 31637.09 20658 19890 174.79 68 1625.14 69 51.73 332 768 130 406 11.99 178 113 291

18 ######## 1800 22880.97 19580 18613 200.27 84 1599.7 85 63 423 967 138 441 14.26 99 131 230

19 ######## 1800 11975.55 16440 15616 356.52 122 1443.34 123 80.32 352 824 128 457 19.16 17 108 125

20 ######## 1800 20800.37 18803 18010 195.15 97 1604.42 98 61.36 351 793 242 827 48.37 68 147 215

21 ######## 1800 20721.58 18715 17779 206.45 88 1593.49 89 69.75 398 936 304 1329 108.06 48 191 239

22 ######## 1800 18728.64 17206 16362 352.08 102 1447.74 103 64.98 340 844 265 1265 121.21 34 201 235

23 ######## 1800 18668.66 17536 16584 292.02 148 1507.93 149 73.87 361 952 265 1242 112.85 34 210 244

24 ######## 1800 18759.98 17559 16729 427.66 156 1372.29 157 53.27 304 830 275 1239 96.87 51 231 282

25 ######## 1800 15283.38 16139 15333 469.93 172 1329.31 173 72.92 327 806 184 734 45.17 42 148 190

26 ######## 1800 17399.52 16239 15487 439.12 133 1360.88 132 62.76 295 752 200 817 61.6 24 199 223

27 ######## 1800 22623.18 20657 19779 230.35 114 1569.6 114 58.54 334 878 300 1386 113.34 42 258 300

28 ######## 1800 19498.26 18016 17409 421.17 141 1378.46 142 53.49 214 607 277 1235 95.48 50 228 278

29 ######## 1800 17356.79 16961 16246 380.25 154 1419.35 155 70.46 286 715 217 883 51.48 38 192 230

30 ######## 1800 8765.1 12264 11599 614.4 221 1185.26 222 72.36 303 665 95 394 25.14 15 82 97

31 ######## 1800 4751.96 7281 6693 818.13 240 981.83 241 74.96 231 588 17 74 4.63 6 40 46

32 ######## 1800 203.88 897 656 1555.88 185 243.95 185 56.75 73 241 0 0 0 0 3 3

137.2609

ANIMAL 3 – HSB Vertical Jumper and Pattern Runner 

 

BEHAVIOURAL SCREENS:  WEEKS 7 AND 8 
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7 ######## 1800 1.9 107 80 1759.53 64 40.47 63 8.63 13 27 0 0 0 0 0 0

8 ######## 1800 89.94 960 598 1486.1 234 313.56 234 101.08 115 362 0 0 0 0 1 1

9 ######## 1800 1626.7 5460 4498 899.41 351 900.34 352 180.05 344 962 10 10 0.38 8 17 25

10 ######## 1800 1643.82 4868 4110 1006.82 338 792.93 338 116.09 282 758 8 9 0.83 6 10 16

11 ######## 1800 745.93 3547 2707 1168.4 423 631.6 422 147.51 312 840 3 3 0.03 0 7 7

12 ######## 1800 998.11 3691 2870 1208.04 457 591.39 457 145.6 315 821 5 7 0.83 3 13 16

13 ######## 1800 45.19 528 353 1629.73 172 170.27 171 44.59 60 175 0 0 0 0 0 0

14 ######## 1800 415.96 1708 1395 1443.23 248 356.7 248 62.27 119 313 5 5 0.03 0 3 3

15 ######## 1800 45.41 717 392 1561.03 205 238.97 204 90.08 94 325 0 0 0 0 0 0

16 ######## 1800 5.02 111 96 1753.73 64 46.27 63 2.29 12 15 0 0 0 0 0 0

17 ######## 1800 626.05 2182 1807 1440.31 306 359.69 305 64.11 137 375 2 2 0 1 7 8

18 ######## 1800 871.64 3231 2732 1328.14 420 471.19 420 82.93 204 499 1 1 0 0 4 4

19 ######## 1800 231.51 1133 804 1517.21 216 282.42 216 77.51 101 329 1 1 0.06 2 1 3

20 ######## 1800 761.35 2548 1945 1294.52 286 505.44 286 130.63 178 603 6 6 0.23 2 9 11

21 ######## 1800 893.23 2726 2474 1410.43 286 389.48 286 41.17 117 252 1 3 1.5 1 6 7

22 ######## 1800 671.83 2095 1976 1570.71 224 229.29 223 19.42 57 119 1 1 0 0 1 1

23 ######## 1800 1575.52 3629 3268 1285.24 301 514.6 301 60.71 140 361 11 15 0.41 5 14 19

24 ######## 1800 923.28 2555 2319 1407.27 280 392.69 280 44.89 115 236 4 4 0.28 0 7 7

25 ######## 1800 1112.47 2926 2685 1422.98 236 377.02 235 32.71 111 241 1 1 0.02 0 12 12

26 ######## 1800 1088.36 2920 2638 1391.75 266 408.25 265 50.1 113 282 1 1 0 2 5 7

27 ######## 1800 1454.35 3654 3152 1221.06 347 578.94 346 106.89 169 502 8 15 1.7 3 14 17

28 ######## 1800 877.71 2383 2122 1398.66 274 401.28 274 49.12 101 261 1 1 0 1 8 9

29 ######## 1800 1349.67 3404 3140 1333.58 231 465.73 232 43.04 112 264 7 8 0.67 3 11 14

30 ######## 1800 2528.13 6696 6031 807.88 310 991.72 310 114.51 250 665 21 28 2.08 11 18 29

31 ######## 1800 2488.79 5573 4783 978.63 345 821.37 344 134.32 283 790 23 41 3.9 20 17 37

32 ######## 1800 2063.36 5231 4601 1026.18 331 773.02 331 107.1 243 630 18 19 1.06 5 13 18

287.875

3 ######## 1800 0.9 134 88 1752.48 74 46.79 74 11.36 19 46 0 0 0 0 0 0

4 ######## 1800 1630.14 4284 3764 1184.4 301 615.42 301 81.76 196 520 6 6 0.19 3 13 16

5 ######## 1800 982.14 2760 2402 1363.25 228 436.66 229 69.75 113 358 7 8 0.83 0 4 4

6 ######## 1800 1276.99 3196 2864 1395.8 198 404.2 197 56.59 117 332 2 2 0.09 1 15 16

7 ######## 1800 1499.74 3588 3361 1376.47 193 423.31 193 27.77 96 227 7 8 0.41 1 11 12

8 ######## 1800 634.39 2515 2044 1348.2 250 451.8 249 89.94 155 471 2 2 0 0 6 6

9 ######## 1800 27.35 406 241 1688.45 157 111.55 156 36.17 38 165 0 0 0 0 0 0

10 ######## 1800 853.44 2206 1963 1480.19 185 319.8 185 38.64 94 243 3 6 1.06 1 9 10

11 ######## 1800 1197.89 3167 2834 1346.81 224 453.18 224 55.04 133 333 6 6 0.23 0 12 12

12 ######## 1800 182.79 813 681 1613.07 166 186.93 165 33.83 60 132 1 1 0.05 0 1 1

13 ######## 1800 669.94 2406 1895 1346.41 283 453.26 283 107.18 180 511 6 6 0.84 1 8 9

14 ######## 1800 628.85 2356 1895 1330.58 308 469.42 307 108.52 158 461 1 1 0.31 2 6 8

15 ######## 1800 196.09 914 677 1571.04 199 228.96 198 58.49 75 237 1 1 0.05 0 0 0

16 ######## 1800 221.05 1387 1006 1516.69 224 283.31 223 73.68 114 381 0 0 0 0 3 3

17 ######## 1800 235.69 1546 1300 1527.1 224 272.9 223 59.55 96 246 1 1 0.11 0 2 2

18 ######## 1800 1410.58 4252 3775 1172.91 328 627.09 327 77.23 196 477 15 25 1.45 9 9 18

19 ######## 1800 1043.5 3344 2861 1243.53 363 556.2 363 88.19 186 483 7 7 0.34 4 9 13

20 ######## 1800 406.11 1656 1454 1558.54 215 241.32 215 44.85 72 202 3 3 0.05 0 5 5

21 ######## 1800 509.7 1804 1574 1528.14 213 271.15 213 35.74 90 230 0 0 0 0 3 3

22 ######## 1800 649.06 2234 1972 1416.21 264 383.5 264 45.88 109 262 1 1 0 0 6 6

23 ######## 1800 346.05 1874 1484 1428.47 282 371.52 282 91.37 138 390 2 5 0.26 0 0 0

24 ######## 1800 871.03 2894 2314 1227.51 308 572.24 308 120.67 194 580 2 4 0.19 1 4 5

25 ######## 1800 955.69 3466 2885 1143.31 409 656.58 410 105.84 202 581 11 14 1.01 4 7 11

26 ######## 1800 855.95 2641 2233 1308.04 288 491.96 287 87.15 142 408 10 11 1.14 3 6 9

27 ######## 1800 292.22 1561 1285 1401.73 303 398.06 303 60.34 115 276 2 2 0.56 0 3 3

28 ######## 1800 787.64 2815 2525 1359.43 265 440.57 264 64.26 105 290 4 4 0.3 4 7 11

252.8333

ANIMAL 4 – NSB 

(The 3 highest pattern running AND vertical activity scores of animal 4 are highlighted on the following eight sheets 

using two black ovals.) 

BEHAVIOURAL SCREENS:  WEEKS 1 AND 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Animals classified as NSB, express negligible amounts of 

stereotypy over both of the cohorts as compared to their HSB 

counterparts.  This is demonstrated by the black ovals on the 

following eight sheets.  Note that animals had to demonstrate 

NSB behaviour over both of the topographies to be included 

in the NSB cohort. 
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1 ######## 1800 366.66 1673 1275 1329.48 260 469.71 260 105.83 133 398 1 1 0 1 1 2

2 ######## 1800 66.56 589 439 1615.37 165 184.63 164 35.07 55 150 0 0 0 0 0 0

3 ######## 1800 1016.08 3504 2948 1200.44 292 598.72 293 103 203 556 14 16 1.79 6 5 11

4 ######## 1800 819.4 2360 2158 1426.95 255 372.18 255 21.85 92 202 3 3 0.05 0 6 6

5 ######## 1800 916.29 2983 2356 1197.46 332 601.4 333 142.52 184 627 16 17 1.65 5 2 7

6 ######## 1800 962.01 3302 2725 1098.55 368 700.94 368 119.32 210 577 11 16 1.86 1 8 9

7 ######## 1800 1.9 38 35 1783.42 29 16.58 28 0.27 3 3 0 0 0 0 0 0

8 ######## 1800 650.46 2083 1596 1339.38 285 460.62 284 103.21 142 487 4 5 0.8 0 4 4

9 ######## 1800 491.19 1725 1394 1418.76 295 381.24 294 56.79 130 331 5 7 1.66 1 5 6

10 ######## 1800 402.04 1375 1098 1522.82 201 276.76 201 64.86 105 277 8 9 0.56 0 4 4

11 ######## 1800 1191.28 3236 2911 1269.55 304 530.95 303 52.72 141 325 13 14 1.95 1 9 10

12 ######## 1800 61.69 823 482 1519.7 235 279.38 235 91.44 116 341 0 0 0 0 1 1

13 ######## 1800 737.8 2543 2116 1296.98 290 502.66 290 85.7 155 427 16 24 2.56 0 2 2

14 ######## 1800 393.88 1786 1461 1461.82 306 338.06 306 46.67 110 325 4 7 2.26 0 4 4

15 ######## 1800 351.72 1050 829 1606.15 189 193.75 189 53.52 70 221 4 7 1.05 0 4 4

16 ######## 1800 1065.78 2678 2418 1369.68 277 430.3 278 46.27 114 260 9 17 1.84 0 8 8

17 ######## 1800 1188.25 3338 2943 1217.74 313 582.23 313 80.59 164 395 9 16 2.09 2 10 12

18 ######## 1800 625.17 1844 1647 1491.28 250 308.6 250 30.48 89 197 5 5 0.14 2 2 4

19 ######## 1800 594.04 1395 1266 1579.43 209 220.37 209 26.99 58 129 2 2 0.16 0 4 4

20 ######## 1800 894.3 2038 1832 1479.41 243 319.71 243 32.64 98 206 3 3 0.05 1 8 9

21 ######## 1800 995.38 2752 2383 1348.32 293 451.56 293 70.34 148 369 13 20 1.4 2 7 9

22 ######## 1800 800.83 2345 2031 1320.11 379 479.89 378 55.75 130 314 5 8 2.06 0 10 10

23 ######## 1800 789.31 2356 1976 1339.12 285 460.55 285 77.84 145 380 9 13 1.34 1 2 3

24 ######## 1800 598 2321 1911 1220.4 446 579.53 446 90.62 171 410 3 3 0.05 2 4 6

25 ######## 1800 448.67 1580 1249 1452.18 282 347.76 283 64.58 113 331 2 3 0.03 2 3 5

26 ######## 1800 196.53 1085 907 1498.36 315 301.58 315 43.17 85 178 2 2 0.33 0 1 1

278

7 ######## 1800 0 202 86 1736.01 72 63.99 71 30.34 29 116 0 0 0 0 0 0

8 ######## 1800 117.34 771 510 1548.51 228 250.18 229 82.12 79 261 1 1 0 0 1 1

9 ######## 1800 995.94 3872 3101 1120.99 351 678.9 351 130.45 261 771 11 14 2.5 3 9 12

10 ######## 1800 688.01 2154 1866 1436.66 239 363.03 239 47.94 132 288 4 5 0.33 3 4 7

11 ######## 1800 949.22 2734 2300 1360.59 278 439.19 278 72.4 146 434 13 14 1.19 1 5 6

12 ######## 1800 433.5 1527 1277 1466.8 267 333.2 266 52.42 94 250 3 6 1.15 0 3 3

13 ######## 1800 309.72 2458 1414 1211.35 354 588.58 354 176.94 221 1044 5 5 0.41 0 1 1

14 ######## 1800 80.44 571 423 1690.93 110 108.71 110 27.28 46 148 1 1 0.06 0 1 1

15 ######## 1800 565.04 1734 1446 1414.45 287 385.55 286 53.57 122 288 3 3 0.17 2 3 5

16 ######## 1800 46.59 589 295 1620.02 188 179.73 188 73.59 67 294 0 0 0 1 0 1

17 ######## 1800 543.54 1895 1508 1393.63 289 406.25 289 71.58 149 387 2 3 0.08 0 3 3

18 ######## 1800 638.56 2012 1665 1376.98 320 422.52 320 55.72 128 347 2 2 0.16 0 4 4

19 ######## 1800 1046.42 3010 2544 1276.09 300 523.91 299 93.92 170 466 5 5 0.19 2 3 5

20 ######## 1800 53.52 826 430 1533 241 267 240 109.68 116 396 0 0 0 0 0 0

21 ######## 1800 530.08 2334 1719 1331.96 317 467.86 317 99.36 143 615 1 1 0.33 1 4 5

22 ######## 1800 594.51 1917 1668 1432.34 290 367.02 291 31.7 116 249 3 3 0.17 1 3 4

23 ######## 1800 1387.63 4307 3696 1003 374 796.44 375 134.31 229 611 20 32 5.8 3 6 9

24 ######## 1800 440.26 3499 2587 1165.11 400 634.74 400 175.52 248 912 5 6 0.94 1 2 3

25 ######## 1800 447.35 1708 1345 1452.26 281 347.37 281 80.09 120 363 3 3 0.39 1 5 6

26 ######## 1800 569.93 1898 1681 1442.46 260 357.54 259 46.38 100 217 6 6 0.25 1 2 3

27 ######## 1800 946.66 3034 2550 1261.5 282 538.39 282 116.14 147 484 22 27 3.76 1 8 9

28 ######## 1800 420.89 1850 1617 1466.35 283 333.65 282 43.48 105 233 2 2 0.06 0 4 4

29 ######## 1800 457.69 1886 1647 1507.61 257 292.39 256 35.48 99 239 3 3 0.13 1 4 5

30 ######## 1800 576.01 2044 1815 1436.49 261 363.54 260 38.23 102 229 9 14 1.37 1 6 7

31 ######## 1800 775.33 3072 2646 1200.55 432 599.29 432 81.03 181 426 7 14 2.05 1 7 8

289.3478
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3 ######## 1800 135.57 1024 663 1505.94 211 294.06 210 79.79 120 361 5 5 0.72 0 1 1

4 ######## 1800 209.61 1384 895 1470.46 170 329.19 170 106.51 150 489 7 10 1.59 0 1 1

5 ######## 1800 710.07 3779 2968 1242.82 225 557.04 226 94.21 251 811 9 9 0.98 0 6 6

6 ######## 1800 447.04 1878 1684 1506.28 234 293.63 234 32.12 88 194 6 8 0.91 2 2 4

7 ######## 1800 864.2 2291 2064 1471.49 205 326.95 206 34.59 86 227 3 3 0.08 1 8 9

8 ######## 1800 727.34 2246 1980 1444.81 216 355.18 216 52.06 105 266 5 5 0.59 1 8 9

9 ######## 1800 910.12 2565 2301 1411.59 274 388.41 274 41.98 120 264 8 10 1.37 1 7 8

10 ######## 1800 677.93 2388 2020 1391.79 253 408.21 252 76.01 116 368 3 3 0.19 0 4 4

11 ######## 1800 742.21 2841 2117 1245.15 320 554.79 320 167.83 188 724 9 15 2.06 1 6 7

12 ######## 1800 572.56 1570 1374 1579.46 70 220.41 70 26.36 71 196 5 7 1.92 2 4 6

13 ######## 1800 4.24 109 72 1778.53 42 20.75 42 12.75 8 37 0 0 0 0 0 0

14 ######## 1800 762.28 2382 2026 1361.75 306 438.25 305 78.76 110 356 7 7 0.44 1 5 6

15 ######## 1800 810.62 2274 2058 1449.06 277 350 277 35.02 81 216 5 8 0.58 1 4 5

16 ######## 1800 998.9 3016 2383 1301.23 291 498.77 290 136.56 159 633 13 21 2.58 1 5 6

17 ######## 1800 560.66 2262 1893 1358.94 310 440.41 310 64.26 144 369 6 8 1.08 0 5 5

18 ######## 1800 1261.09 3376 2974 1291.54 344 508.46 343 59.01 158 402 10 16 0.76 6 2 8

19 ######## 1800 1151.6 2700 2282 1330.79 322 469.19 322 84.3 151 418 12 20 4.51 6 8 14

20 ######## 1800 761.82 2178 1831 1420.5 286 379.15 286 51.95 113 347 12 16 1.65 2 4 6

21 ######## 1800 1498.48 3995 3434 1191.81 308 607.74 309 109.45 168 561 24 45 3.62 2 12 14

22 ######## 1800 1073.92 2133 1707 1402.43 311 397.57 310 84.93 149 426 7 16 1.37 9 6 15

23 ######## 1800 1804.11 2269 2066 1521.3 257 278.54 257 32.53 79 203 10 18 1.18 11 15 26

24 ######## 1800 889.67 1559 1312 1552.59 293 246.83 294 43.33 85 247 3 4 0.87 6 8 14

25 ######## 1800 1236.12 1993 1720 1495.72 327 304.06 327 46.8 112 273 3 4 0.42 4 6 10

26 ######## 1800 658.18 1950 1639 1454.47 340 345.53 339 63.62 114 311 3 3 0.2 1 7 8

27 ######## 1800 223.34 965 680 1590.01 238 209.99 237 58.51 65 285 1 1 0 1 1 2

262.8696

2 ######## 1800 32.22 446 264 1665.65 148 134.35 147 34.77 56 182 0 0 0 0 0 0

3 ######## 1800 454.17 1956 1414 1393.33 234 405.92 234 106.9 152 542 10 11 1.06 3 2 5

4 ######## 1800 970.3 4060 3198 1220.64 321 579.06 322 104.8 267 862 9 10 1.2 2 8 10

5 ######## 1800 1101.68 2679 2251 1393.94 311 405.82 311 72.33 145 428 11 13 2.57 4 12 16

6 ######## 1800 729.79 2717 2356 1339.04 311 459.5 312 69.15 141 361 8 8 0.55 2 6 8

7 ######## 1800 349.04 1363 1160 1534.34 206 264.91 206 40.03 83 203 8 13 2.84 0 2 2

8 ######## 1800 301.95 1485 977 1408.33 295 391.67 294 129.69 134 508 3 3 0 2 3 5

9 ######## 1800 99.77 532 382 1636.23 146 163.55 146 43.36 50 150 0 0 0 0 1 1

10 ######## 1800 1038.12 2943 2552 1350.29 265 449.63 265 71.2 135 391 13 18 2.31 1 7 8

11 ######## 1800 629.07 2130 1756 1420.21 263 379.79 262 69.25 150 374 7 11 2 1 3 4

12 ######## 1800 30.66 499 381 1628.09 197 171.91 196 31.06 52 118 0 0 0 0 0 0

13 ######## 1800 542.52 1733 1320 1407.47 316 392.53 315 77.51 138 413 5 5 0.39 3 2 5

14 ######## 1800 277 1366 893 1466.18 239 333.79 239 111.27 151 473 3 4 1.09 0 3 3

15 ######## 1800 287.17 1905 1243 1325.75 375 474.24 375 151.08 177 662 3 3 0.44 0 3 3

16 ######## 1800 662.81 1945 1663 1470.6 246 329.4 245 48.46 109 282 7 9 1.05 1 4 5

17 ######## 1800 0 141 100 1754.04 65 45.96 64 8.44 18 41 0 0 0 0 0 0

18 ######## 1800 638.47 3803 2672 1313.28 360 487.22 359 121.56 221 1131 10 11 0.81 0 4 4

19 ######## 1800 540.07 2110 1798 1347.53 357 452.16 357 61.12 137 312 9 12 1.67 1 4 5

20 ######## 1800 569.75 2520 1975 1293.25 379 506.03 379 94.48 153 545 9 11 1.67 3 3 6

21 ######## 1800 355.83 1346 1159 1508.05 251 291.95 250 46.69 83 187 3 3 0.11 1 3 4

22 ######## 1800 864.4 2787 2492 1345.3 350 453.87 351 46.81 135 295 18 25 1.01 4 3 7

23 ######## 1800 406.69 1796 1620 1582.57 295 216.63 295 33.92 73 176 5 6 0.65 0 4 4

24 ######## 1800 677.87 2141 1912 1469.49 318 330.51 317 46.54 86 229 3 3 0.17 2 6 8

25 ######## 1800 494.75 1917 1717 1494.5 347 305.5 346 30.05 80 200 8 10 1.64 0 5 5

26 ######## 1800 758.48 2262 1977 1386.7 354 413.07 354 58.38 115 285 5 6 0.64 1 6 7

285.2174
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7 ######## 1800 0 231 125 1726.71 119 73.29 118 26.41 27 106 0 0 0 0 0 0

8 ######## 1800 53.53 591 354 1593.77 184 206.23 183 70.63 72 237 0 0 0 0 0 0

9 ######## 1800 1058.5 2681 2303 1310.21 303 489.51 303 62.34 151 378 11 11 0.76 5 4 9

10 ######## 1800 1344.01 2957 2693 1365.15 260 434.26 260 32.14 108 264 18 30 2.48 2 10 12

11 ######## 1800 1689.77 3473 3181 1288.28 280 511.7 280 42.36 128 292 13 14 0.7 0 20 20

12 ######## 1800 1064.04 2935 2603 1351.46 276 448.54 275 65.05 122 332 23 35 1.87 0 6 6

13 ######## 1800 651.02 2191 1863 1451.15 266 348.85 265 60.92 112 328 9 11 0.85 1 8 9

14 ######## 1800 133.57 751 455 1615.45 227 184.55 226 76.38 74 296 0 0 0 0 1 1

15 ######## 1800 519.05 1921 1442 1392.39 291 406.94 291 110.01 152 479 2 3 0.61 3 4 7

16 ######## 1800 365.95 1377 1175 1505.78 224 293.48 224 40.59 80 202 8 12 0.95 1 1 2

17 ######## 1800 461.45 2241 1675 1324.61 408 474.76 408 121.74 171 566 5 5 0.45 0 2 2

18 ######## 1800 1119.42 3315 2832 1251.17 311 548.57 311 87.52 167 483 22 49 6.08 3 10 13

19 ######## 1800 113.26 521 428 1652.24 189 147.76 188 21.06 39 93 0 0 0 0 0 0

20 ######## 1800 414.96 2734 2195 1231.69 393 568.3 393 99.34 190 539 0 0 0 2 3 5

21 ######## 1800 667.18 3085 2516 1266.13 370 532.86 371 74.68 168 569 12 18 3.5 4 3 7

22 ######## 1800 1480.13 3312 2922 1250.44 330 549.26 330 71.03 155 390 31 72 7.22 8 11 19

23 ######## 1800 501.09 1462 1228 1488.75 279 311.14 279 55.15 105 234 2 2 0.09 1 6 7

24 ######## 1800 403.33 1661 1394 1450.7 230 349.17 230 45.07 111 267 8 8 0.25 1 3 4

25 ######## 1800 1311.36 3750 2844 1113.07 359 686.4 359 172.53 231 906 30 75 6.08 3 10 13

26 ######## 1800 1562.9 3719 3281 1186.39 337 613.47 337 80.04 161 438 20 53 4.16 7 9 16

27 ######## 1800 480.11 1978 1610 1370.48 346 428.79 346 81.5 138 368 5 8 0.28 0 1 1

28 ######## 1800 1048.95 3788 2714 1124.1 397 675.35 397 188.76 244 1074 24 51 7.22 4 8 12

29 ######## 1800 1053.27 3220 2710 1256.75 397 541.71 398 92.67 200 510 3 4 0.45 3 10 13

30 ######## 1800 919.66 3018 2553 1218.57 386 581.43 385 90.29 180 465 3 5 1.51 2 7 9

31 ######## 1800 451.91 1967 1446 1274.86 380 525.14 379 135.97 167 521 0 0 0 4 1 5

314.5652

4 ######## 1800 50.96 598 364 1607.77 204 192.23 203 54.1 80 234 2 2 0.2 0 0 0

5 ######## 1800 372.94 2316 1706 1381.55 229 417.92 229 94 155 610 3 4 0.41 0 1 1

6 ######## 1800 1383.88 4801 4042 1104.39 319 695.61 318 117.7 233 759 23 34 3.12 2 9 11

7 ######## 1800 1303.01 3561 3215 1241.97 284 558.03 283 50.64 155 346 30 55 7.52 1 6 7

8 ######## 1800 553.54 2003 1762 1485.44 220 314.56 219 50.03 92 241 4 5 0.75 0 8 8

9 ######## 1800 714.42 2386 2125 1434.91 290 365.09 289 43.32 109 261 6 8 1.76 2 7 9

10 ######## 1800 823.75 3022 2741 1307.52 295 491.62 296 38.67 129 281 10 16 4.37 2 2 4

11 ######## 1800 332.83 1856 1520 1399.9 314 399.38 314 68.02 127 336 6 8 2.89 0 1 1

12 ######## 1800 498.17 2269 1805 1338.9 346 461.05 346 81.98 158 464 6 9 0.72 2 1 3

13 ######## 1800 556.06 2281 2009 1397.81 347 401.21 348 40.68 124 272 8 12 1.86 4 2 6

14 ######## 1800 536.5 2185 1822 1363.38 305 435.95 305 71.55 132 363 6 13 0.97 1 1 2

15 ######## 1800 489.55 2257 1917 1360.19 334 439.18 334 61.95 141 340 9 19 2 2 1 3

16 ######## 1800 296.62 1872 1576 1451.67 350 347.97 350 46.22 126 296 3 4 0.78 3 2 5

17 ######## 1800 677.33 2581 2234 1382.01 292 417.85 292 54.71 139 347 12 32 5.65 2 4 6

18 ######## 1800 786.19 2956 2577 1286.3 314 513.32 314 69.37 159 379 14 29 3.6 1 2 3

19 ######## 1800 1349.37 3125 2895 1407.42 247 392.57 247 26.49 104 230 21 57 4.68 2 3 5

20 ######## 1800 507.09 1821 1549 1482.85 279 316.99 279 48.92 102 272 7 9 1.26 3 2 5

21 ######## 1800 2650.22 4411 4046 1230.75 326 569.25 325 54.24 151 365 59 216 15.19 9 25 34

22 ######## 1800 940.07 2563 2328 1479.7 291 320.3 290 34.33 103 235 17 50 5.31 3 4 7

23 ######## 1800 1992.98 4194 3667 1214.64 289 584.85 289 87.95 165 527 38 128 12.15 8 14 22

24 ######## 1800 611.48 2330 1975 1402.31 337 397.53 337 69.95 121 355 9 13 0.62 0 4 4

25 ######## 1800 574.36 1932 1739 1528.44 255 271.56 254 27.29 88 193 7 18 1.95 3 2 5

26 ######## 1800 1655.97 2983 2806 1466.43 248 333.23 248 29.45 90 177 37 136 12.01 6 18 24

27 ######## 1800 937.69 2661 2409 1416.01 306 383.87 306 40.41 118 252 4 6 0.61 7 3 10

28 ######## 1800 1087.09 3282 2978 1327.77 317 472.2 317 44.46 137 304 23 38 6.21 3 9 12

300
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A D D E N D U M  B  

ASSESSMENT OF WATER CONSUMPTION IN DEER MICE TO PREDICT THE 

CONCENTRATION OF ESCITALOPRAM OXALATE FOR A DRUG TREATMENT 

STUDY  
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INTRODUCTION 

As explained in Chapter 3, it was decided to administer the escitalopram oxalate orally in the 

drinking water.  Deer mice are small and would be subjected to injection stress twice daily for 4 

weeks during the treatment phase of the study.  As OCD is classified as an anxiety disorder 

(American Psychiatric Association, 2000) it is more desirable to limit the stress of handling to 

an absolute minimum.  In order to establish the mean concentration of escitalopram oxalate to 

be dissolved in the drinking water, it was necessary then to assess the average individual intake 

of water by deer mice.  This was done in an appropriate pilot study, the data of which are pre-

sented in this addendum. 

METHODS 

To assess the normal water intake of deer mice, 16 animals were grouped two per cage in 

three cages, with three mice per cage in two cages and four per cage in one cage.  This was done 

to assess whether any differences in the average amount of water consumption could be dem-

onstrated.  The water bottles were weighed on a daily basis for two weeks and the changes in 

weight recorded.  Subsequently, the data were analyzed and the results are presented on the 

following page. 

RESULTS 

In congruence with the data supplied by the Animal Research Centre of the North-West Uni-

versity, deer mice consume water at an average rate of 0.25 ml/g/24 hours.  These averages did 

not differ as a function of the number of animals per cage with a standard deviation between the 

different cages of only 0.03 ml/g/24 hours, as can be seen in Table B1. 

CONCLUSION 

As the average water consumption of deer mice has been established as 0.25 ml/g/24 hours, 

it was now possible to calculate the mean concentration of escitalopram oxalate to be dissolved 

in the drinking water.  It must be stressed, however, that although the individual water con-

sumption of deer mice may differ, this pilot study demonstrated that on average the animals 

consume the same amounts of water.  In an experimental group of 40 animals, certain individu-

als will differ from the larger group with respect to drinking behaviour.  Unfortunately, these 

animals must be assimilated in the larger group and it can therefore not be guaranteed that 

every animal ingested the optimal amount of escitalopram during the treatment study.  
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Cage (Amount) Average water / 24 hrs (ml) Combined animal weight (g) Water (ml) / Gram.24hr

A (2) 6.28 32.8 0.19

B (2) 9.46 36.4 0.26

C (2) 8.79 34.3 0.26

D (3) 10.96 47.8 0.23

E (3) 12.12 47.8 0.25

A (4) 13.28 60.3 0.22 Std Dev: 0.03

Table B1 – 

THE NORMAL WATER CONSUMPTION OF DEER MICE 

 

 

 

   

  

The numbers in brackets 

indicate the number of 

animals in each cage. 

These numbers indicate the average 

amount of water consumed by the 

animals in each cage per 24 hours over 

the course of two weeks 

The average individual water consumption of 

deer mice per gram of body mass as calculated 

after two weeks. 
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A D D E N D U M  C  

ORAL ADMINISTRATION OF ESCITALOPRAM OXALATE INTRODUCED INTO 

THE DRINKING WATER DOES NOT CHANGE THE AVERAGE FLUID INTAKE OF 

DEER MICE 
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INTRODUCTION 

Once it had been established that deer mice consume water at an average rate of 0.25 

ml/g/24 hours, it was necessary to assess whether the animals expressed any taste aversion to 

escitalopram as this could possibly have changed their fluid consumption behaviour, resulting 

in sub-clinical dosaging.  The pilot study described in this addendum has been initiated to ad-

dress this question. 

METHODS 

To establish whether the fluid consumption of deer mice changes following the administra-

tion of escitalopram in the drinking water, 24 animals housed two per cage were used in this 

pilot study.  Twelve animals (six cages) received only water throughout the three-week dura-

tion of the pilot, while the remaining twelve received water for one week and thereafter escita-

lopram solution for two weeks (i.e. 2 weeks treatment with escitalopram).  An escitalopram dose 

of 10 mg/kg/day (4mg / 100ml) (refer to paragraph 4.2.2) was prepared in a solution sufficient 

to supply each cage with 100ml.  Solutions were replaced every two days, and the start and end 

weight of each bottle were recorded on a daily basis.  The animals in cages 1 – 6 received water 

for one week, followed by escitalopram solution for two weeks, while the animals allocated to 

cages 7 – 12 received only water for three weeks.  The results of this study are now presented.  

In each of the presented figures, water administration is indicated by blue colouring, while the 

administration of escitalopram is indicated by green. 

RESULTS 

Figure A represents the daily amounts of water consumed by the two animals allocated to 

each cage.  Figure B represents the average amount of water consumed by both groups after one 

week and again after three weeks.  No statistical differences in the amounts of water consumed 

could be demonstrated for either of the groups over a 3-week period (p > 0.05; paired t-test). 

CONCLUSION 

This pilot study has demonstrated that deer mice do not express any taste aversion to escita-

lopram oxalate and that no changes in the water consumption behaviour of deer mice could be 

demonstrated following the introduction of escitalopram to the drinking water. 
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Cage 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1

1 9.6 9.9 10 11.1 10 10.8 9.5 11.4 9.4 11.3 11.7 11.6 10.3 10.3 9.5 12.4 11.9 9.7 10.6 9.4 9.9 9.9 9.2 10.4

2 6.8 5 7.6 8.4 0.4 9 8 4.8 5.1 5.4 5.3 6.4 5.6 6 5 5.8 7.7 7.9 6.9 5.9 6.7 6.1 6.5 7.1

3 9.2 9.5 8.9 10.2 8.4 9.3 8.7 9.6 8.8 9.1 8.5 11.3 9.8 9.5 9.7 10.8 10.2 16.5 11.2 9 11 9.3 9.6 9.5

4 8.8 9.6 9.5 3.4 7.3 6 7.1 11.2 10.8 9.3 9.8 12.2 9.7 10.4 8.2 10.8 10.3 10.8 11.4 9.6 10.7 10.1 9.8 9.9

5 10.1 11.4 11.3 11 10.4 10 11 LEAKED 10 10.8 9.7 12.3 10.8 10.5 10.3 10.5 9 10 10.6 9.4 10.4 9.3 9.6 9.3

6 8.8 9.4 8.5 9 7.9 8.6 8.1 6.8 7.3 6.1 7.1 7.8 7.5 7.6 6.7 7.1 8.9 7 6.6 4 8.7 7.6 7.1 6.4

7 9.9 10.3 10.1 10.8 10.1 9.6 10.3 7.8 9.3 8.4 9.3 10.5 9.6 9.6 8 9.4 10 10.4 9.2 8.4 10.3 9.3 8.9 8.6

8 11.6 10.8 11 12 11.3 10.1 10.9 9.3 10.1 9.8 9.8 10.3 9.5 10.6 8.6 9.4 11.6 10.2 9.6 9.1 9.9 9.9 9.1 9.6

9 1.2 0.8 0.7 2.8 1.3 2.5 1.8 1.4 4.2 3.4 4.6 5.1 4.1 4.7 4.1 4.9 5.5 4.7 4.7 4.4 5.3 5.4 4.3 4.7

10 8 8.1 8.3 9.4 8.8 9.2 8.7 8.1 8.4 8.5 8.8 10 8 9.5 8 9.2 9 9 9.2 7.2 8.2 8.2 7.1 9

11 9.7 10 11.5 10.4 10.4 10.5 10.4 8.8 10.2 10.9 10.2 11.2 9.3 10.3 10 10.6 11.5 9.3 9.9 9.6 8.9 9.5 8.8 9.3

12 12.5 13.3 11.9 13.6 13.6 13.6 12.5 12.1 11.8 12.6 12.2 12.8 11.5 12.5 10.6 12.7 13.7 12.3 13 11.6 12.3 11.7 11.2 11.5

Cage Aver (ml) (up to 15 March) Aver (ml) (from 16 March)

1 10.1 10.5

2 6.5 6.1

3 9.2 10.2

4 7.4 10.3

5 10.7 10.2

6 8.6 7.1

7 10.2 9.2

8 11.1 9.8

9 1.6 4.4

10 8.6 8.6

11 10.4 9.9

12 13.0 12.1

(A) – THE DAILY AMOUNT OF WATER AND ESCITALOPRAM SOLUTION (ml) (10 mg/kg/day) INGESTED BY DEER MICE 

 

 

 

 

 

(B) – THE DIFFERENCES BETWEEN THE AVERAGE AMOUNT OF WATER AND ESCITALOPRAM SOLUTION INGESTED BY DEER MICE 
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A D D E N D U M  D  

THE RESPONSE OF DEER MOUSE STEREOTYPY TO DIFFERENT DOSES OF 

ESCITALOPRAM OXALATE –   

A pilot study to establish the appropriate dose of escitalopram for applica-

tion in a drug treatment study 
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INTRODUCTION 

As explained in paragraph 4.2.2, previous studies done in our laboratory employed fluoxet-

ine at an intraperitoneal dose of 20 mg/kg/day as a drug treatment to attenuate deer mouse 

stereotypy (Güldenpfennig et al., 2011; Korff et al., 2008; Korff et al., 2009) .  Based on this work, 

and that escitalopram is a more potent SERT inhibitor than fluoxetine (Owens et al., 2001), it 

was decided that the final dose of escitalopram to be dissolved in the drinking water for oral 

administration would be between 20 and 40 mg/kg/day.  Subsequently, this pilot study was de-

signed to confirm and establish this dose. 

METHODS 

The same rationale and methodology as described in the main study (refer to Chapter 4) 

was followed.  In short, each animal was screened on a weekly basis for four weeks.  The first 

two weeks of assessment (or five assessments, 1 – 5) provided a baseline value during a placebo 

phase, while escitalopram was introduced in the last two weeks (or three assessments, 6 – 8) 

following the placebo administration.  Escitalopram was administered orally at doses between 1 

and 40mg/kg/day. 

RESULTS 

Table D1 represents the data of the 1 and 10 mg/kg/day dosages and Table D2 that of the 30 

and 40 mg/kg/day dosages.  The numbers in the left-hand column indicate the individual 

weekly screen numbers while the numbers in the top row indicate the different animals.  On 

each table, vertical activity is indicated in the top row of data, and horizontal revolutions by the 

bottom row of data.  No statistical difference between the median amounts of stereotypy before 

and after treatment could be demonstrated for any of the doses tested. 

CONCLUSION 

The data from the current pilot study could not provide evidence that either one of these 

doses was effective in the attenuation of deer mouse stereotypy.  We subsequently based our 

final dose of 50 mg/kg/day on a study by Greene-Schloesser and colleagues (2011) in which 

fluoxetine was dissolved in the drinking water of animals at a dose of 50 mg/kg/24 hours and 

which resulted in near-maximal inhibition of compulsive-like nest-building behaviour in mice. 

This pilot study also prompted us to re-visit our method of identifying and quantifying appro-

priate stereotypic behaviours in deer mouse following drug treatment.  This inherent shortcom-



 

184  

 

ing led to the development of a new set of parameters and criteria based on rest periods be-

tween bouts of stereotypy, as well as periods of heightened stereotypy between bouts of normal 

activity. This new set of criteria and their application in the study are described in Chapter 5. 
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VERTICAL ACTIVITY

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16

1 280 1545 184 2528 2792 1081 108 832 1162 2093 1243 860 1732 309 1704

2 259 1490 62 2367 2804 795 193 898 925 2817 1440 1252 1840 397 921

3 151 2663 86 3152 3408 428 67 1451 1562 2742 2042 1220 2152 814 1506

4 209 1486 142 2756 3774 695 293 873 1357 2708 2466 810 2206 1845 1250

5 149 1520 1683 3006 3392 1024 639 801 1225 2675 1866 868 2329 1452 1522

MED 209 1520 142 2756 3392 795 193 873 1225 2708 1866 868 2152 814 1506

6 191 1452 1102 2219 3610 952 84 719 1017 2811 1627 3522 2170 1879 1598

7 427 1352 875 1941 4806 1444 84 367 1192 2239 2518 2876 1963 2129 1817

8 1848 1828 1691 1177 3533 1550 96 635 1115 1919 1809 3272 2128 2567 1287

9

MED 427 1452 1102 1941 3610 1444 84 635 1115 2239 1809 3272 2128 2129 1598

REVOLUTIONS

1 23 67 35 19 23 138 9 22 35 28 42 24 37 52 34

2 6 15 24 18 45 120 17 16 13 14 17 11 47 54 49

3 4 79 52 20 27 39 8 17 74 17 50 10 46 87 111

4 5 10 26 22 21 163 10 18 11 10 7 14 21 31 130

5 4 5 19 23 35 181 20 17 14 14 8 15 14 33 90

MED 5 15 26 20 27 138 10 17 14 14 17 14 37 52 90

6 5 10 10 17 16 132 10 13 45 9 11 17 13 42 44

7 8 12 11 20 11 259 19 15 15 13 66 22 11 22 73

8 13 8 9 31 22 297 13 13 71 11 15 21 27 8 108

9

MED 8 10 10 20 16 259 13 13 45 11 15 21 13 22 73

VERTICAL ACTIVITY

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16

1 280 1545 184 2528 2792 1081 108 832 1162 2093 1243 860 1732 309 1704

2 259 1490 62 2367 2804 795 193 898 925 2817 1440 1252 1840 397 921

3 151 2663 86 3152 3408 428 67 1451 1562 2742 2042 1220 2152 814 1506

4 209 1486 142 2756 3774 695 293 873 1357 2708 2466 810 2206 1845 1250

5 149 1520 1683 3006 3392 1024 639 801 1225 2675 1866 868 2329 1452 1522

MED 209 1520 142 2756 3392 795 193 873 1225 2708 1866 868 2152 814 1506

6 191 1452 1102 2219 3610 952 84 719 1017 2811 1627 3522 2170 1879 1598

7 427 1352 875 1941 4806 1444 84 367 1192 2239 2518 2876 1963 2129 1817

8 1848 1828 1691 1177 3533 1550 96 635 1115 1919 1809 3272 2128 2567 1287

9

MED 427 1452 1102 1941 3610 1444 84 635 1115 2239 1809 3272 2128 2129 1598

REVOLUTIONS

1 23 67 35 19 23 138 9 22 35 28 42 24 37 52 34

2 6 15 24 18 45 120 17 16 13 14 17 11 47 54 49

3 4 79 52 20 27 39 8 17 74 17 50 10 46 87 111

4 5 10 26 22 21 163 10 18 11 10 7 14 21 31 130

5 4 5 19 23 35 181 20 17 14 14 8 15 14 33 90

MED 5 15 26 20 27 138 10 17 14 14 17 14 37 52 90

6 5 10 10 17 16 132 10 13 45 9 11 17 13 42 44

7 8 12 11 20 11 259 19 15 15 13 66 22 11 22 73

8 13 8 9 31 22 297 13 13 71 11 15 21 27 8 108

9

MED 8 10 10 20 16 259 13 13 45 11 15 21 13 22 73

Table D1 –  

THE VERTICAL ACTIVITY AND HORIZONTAL REVOLUTIONS OF ANIMALS TREATED WITH ESCITALOPRAM 

GREEN – 1 mg/kg/day;  BLUE – 10 mg/kg/day 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Median values of stereotypy following 5 base-

line assessments 

Median values of stereotypy following the three assessments 

done during the treatment phase of the current pilot study. 
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VERTICAL ACTIVITY

17 18 19 22 23 24 26 27 28 29 30 31 32

1 1748 420 3674 2244 2072 1602 2708 786 932 3723 522 1258 2831

2 1517 718 2388 3656 2691 1143 2655 999 763 1903 223 1375 1492

3 2393 990 1629 4143 2622 1561 5475 797 1769 2250 299 2080 3677

4 3240 916 2384 4071 5201 1748 2464 1019 562 2549 167 1206 2497

5 2906 1355 1936 3735 8172 1515 5546 1093 469 1606 350 1470 1334

MED 2393 916 2384 3735 2691 1561 2708 999 763 2250 299 1375 2497

6 3142 898 2103 3938 6856 646 4540 813 1017 1538 493 1361 1788

7 2931 1061 1940 4124 7574 1264 5184 879 407 1764 492 1403 1536

8 2295 1683 3156 3463 6756 2074 3114 1441 951 1425 552 1449 2795

9

MED 2931 1061 2103 3938 6856 1264 4540 879 951 1538 493 1403 1788

REVOLUTIONS

1 315 30 449 62 65 37 38 13 206 17 17 15 12

2 250 12 693 54 43 36 12 6 212 55 9 28 19

3 138 14 426 20 25 39 10 5 86 21 20 41 5

4 233 19 543 39 26 28 8 6 93 33 21 9 8

5 120 14 392 51 73 27 69 5 54 39 16 12 16

MED 233 14 449 51 43 36 12 6 93 33 17 15 12

6 496 23 323 23 16 25 4 4 52 130 23 13 6

7 185 22 281 11 14 53 11 4 93 47 58 14 8

8 262 24 646 41 12 39 4 6 105 37 15 8 17

9

MED 262 23 323 23 14 39 4 4 93 47 23 13 8

Table D2 – 

THE VERTICAL ACTIVITY AND HORIZONTAL REVOLUTIONS OF ANIMALS TREATED WITH ESCITALOPRAM 

PURPLE – 30 mg/kg/day;  PINK – 40 mg/kg/day 


