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Diagnosis and epidemiology

Obsessive-compulsive disorder (OCD) is a psychiatric disorder characterized by the 

presence of obsessions and/or compulsions. Obsessions are defined as intrusive 

thoughts, images or impulses causing considerable anxiety or distress. At some point 

during the course of the disorder the thoughts, images or impulses are considered 

as unrealistic or excessive and subjects attempt to suppress or neutralize them. 

Compulsions are defined as intentional overt behavioural or mental acts, often 

rigid and repetitive in nature and executed with attention, in response to 

obsessions or following rigid rules. Subjects feel compelled to perform them in 

order to prevent or reduce anxiety or distress caused by obsessions or feelings of 

restlessness or ‘incompleteness’, or to prevent a dreaded situation. However, there 

is no realistic association between the compulsive acts and the situation that has 

to be prevented or neutralized. According to the Diagnostic and Statistic Manual 

of Mental Disorders (DSM-IV; American Psychiatric Association, 1994) the obsessions 

and compulsions has to be time-consuming (arbitrarily set at more than 1 hour a 

day), interfering with one’s psychosocial functioning and causing marked distress 

in order to be classified as a disorder. Examples of obsessions are: the idea of being 

contaminated via all kinds of things (doorknobs, chairs etc.), the idea of harming 

others (especially children and feeble subjects), and odd thoughts with a sexual or 

aggressive content. Compulsions may consist of excessive cleaning and washing 

(taking hours to take a shower and washing hands many times a day), checking 

linked with the locking of doors, switches etc. and symmetric ordering of objects 

in the house.   

 Because differences in the clinical presentation of OCD are evident, it has been 

attempted to identify subtypes or symptom dimensions. The following dimensions are 

mostly established: contamination/cleaning; hoarding and/or symmetry/ordering; 

aggressive/sexual obsessions (“forbidden thoughts”) and/or checking (Mataix-Cols 

et al., 2005; Leckman et al., 2010; Katerberg et al., 2010). The precise arrangement 

in dimensions is not clear, but there is evidence for specific associations between 

symptom dimensions and neurobiological parameters (Mataix-Cols et al., 2004; 

Harrison et al., 2013) and treatment effects (Starcevic and Brakoulias, 2008).

 The lifetime prevalence of OCD is estimated to be 0.7 – 2.5% (review: Fontenelle 

et al., 2006). Prevalence percentages differ, partly depending on the instruments 

that were used. No great differences have been found between countries. OCD 

affects slightly more women than men (Angst et al., 2004). Onset of OCD mostly is 

in the late adolescent – early adult years, but it appears that a subgroup of patients 

has an earlier onset in the childhood years (Taylor, 2011). This subgroup has some 

specific characteristics: more male patients, more tic-related and more genetic 

loading. The natural course of OCD is mostly chronic, with waxing and waning of 
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symptoms and substantial improvement only in a minority of patients (Skoog and 

Skoog, 1999; Eisen et al., 2010). The social and occupational functioning in patients 

with OCD is poor, according to very low scores on questionnaires measuring 

quality of life (Subramaniam et al., 2012; Bobes et al., 2001). There is a great gap 

between the onset of the disease and first admission for treatment. This delay may 

amount to more than 15 years (Subramaniam et al., 2012; Denys et al., 2002).

History 

The first descriptions of patients with obsessive-compulsive symptoms in a 

psychiatric frame are from the first half of the nineteenth century. Esquirol (1838; 

1989) described a patient with symptoms of OCD. He called it a folie raisonante or 

délire partiel, referring to the maintenance of insight in combination with bizarre 

ideas. In this period it was seen as a weakness of the will. Later Morel (1866) 

emphasized the central place of emotions, especially anxiety, in the aetiology of 

the disorder (delire emotif ). In Germany, in the second half of the nineteenth 

century, von Kraft-Ebing (1879) and Westphal (1877; 2006) further elaborated the 

phenomenology and description of OCD.  It was mainly considered as an intellectual 

disorder, with disturbances in cognitions and impressions. Compulsions were 

described apart and seen as consequences of the obsessions. In essence this 

 phenomenological description of OCD is very similar to the current ideas on OCD. 

 Around 1900 OCD became more and more embedded in personality concepts 

and regarded as part of a broader construct, like psychasthenia, introduced and 

elaborated by Janet (1903; Pittman, 1987). In the nineteenth century the cause of 

OCD (and other psychiatric disorders) was attributed to biological and hereditary 

aspects. In the beginning of the twentieth century the psychoanalytic paradigm 

became dominant for an important part of the psychiatric domain and Freud 

introduced the term “Zwangneurose”. Initially, OCD symptoms were seen as 

‘reaction formation’ against (forbidden) erotic and sadistic impulses which could 

not be dealt with in a more healthy and mature manner (Freud, 1907). Later OCD 

was seen more in direct relationship with obsessive-compulsive personality 

(anankastic character) and was considered as a result of a very strict conscience. 

Psychoanalytic treatments for OCD however, yielded disappointing results. 

 This situation lasted several decades until in the seventies of the last century 

two new developments took place. The first positive results of treatment with a 

pharmaceutical agent, namely clomipramine, were published (Fernandez-Cordoba 

and Lopez-Ibor, 1967; Yariyura-Tobias and Neziroglu, 1975). In the same period 

studies showing promising results with behavioural techniques (flooding, and 

exposure and response prevention) were published (Rachman et al., 1971; Marks et 
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al., 1975). These findings (together with re-interpretation of earlier data) gave rise 

to (or were part of) the further development of new ideas concerning the aetiology 

and pathogenesis of OCD. Emphasis was laid again on obsessive-compulsive 

symptoms and not, or less, on the underlying (unconscious) psychopathological 

structure. During the last decades two fields of research have been important in 

generating concepts and theories concerning the aetiology and pathogenesis of 

OCD: 1. learning theory and experimental psychology, and 2. neurobiology. 

Interaction and integration between these domains have proved to be possible and 

fruitful.  

Short overview biological and psychological research in OCD

For the recent past and current research on aetiological and pathogenetic aspects 

of OCD some different fields and methods can be distinguished. These fields of 

research in OCD will be reviewed here shortly. It is not an exhaustive survey, but 

includes the most important fields.

Neurochemistry
Ensuing from the first positive findings with clomipramine, which is a strong 

reuptake inhibitor of serotonin, much attention has been drawn to this neuro-

transmitter. Further, it was established that in particular reuptake blockers of 

serotonin, but not of noradrenalin, could improve OCD symptoms (Goodman et 

al., 1990; Leonard et al., 1991). More indications for an association of OCD and 

serotonin came from biochemical measurements (Thoren et al., 1980), challenge 

studies (Khanna et al., 2001; Gross-Isseroff et al., 2004), animal studies (Korff and 

Harvey, 2006), receptor-binding studies (PET and SPECT; Nikolaus et al., 2010; 

Adams et al., 2005; Reimold et al., 2007) and more recent pharmacogenetic studies 

(Bloch et al., 2008). However, results are not unequivocal and a unique causal role 

in OCD for the serotonin system is very unlikely. Other neurotransmitter systems 

that have proved to be important in OCD are the dopamine system (Denys et al., 

2004; van der Wee et al., 2004) and glutamate (Pittenger et al., 2011) and in addition 

some neuropeptides. For noradrenalin, an important neurotransmitter in the 

brain, no relation with OCD has been established. Because OCD is complex and 

heterogenic, and the neurotransmission system is very dynamic and interrelated 

it is not plausible that a single neurotransmitter is crucial. It is likely that several 

neuro-active substances have a particular role in OCD.   
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Neuroimaging
Both structural (CT, MRI) and functional imaging (PET, SPECT, functional MRI; in 

resting state, before and after treatment and with symptom provocation) have 

been used abundantly in OCD research (Friedlander et al., 2006). All together, the 

results of these studies (although not confirmed in all reports) strongly suggest 

abnormalities in the cortico-striato-thalamo-cortical circuitry. This is a system of 

parallel, partly overlapping, circuits balanced by direct stimulating (positive 

feedback) and indirect inhibiting (negative feedback) loops, which seem to be 

disturbed in OCD (Graybiel and Rauch, 2000; Aouizerate et al., 2004). Baseline 

metabolic activity in OCD (compared to healthy controls) is higher in the 

orbitofrontal cortex (ventral frontostriatal circuit) and the caudate nuclei (Baxter 

et al., 1987; Whiteside et al., 2004). Both cognitive behavioural therapy and drug 

treatment normalizes these abnormalities (Baxter et al., 1992; Saxena et al., 1999, 

2009). Symptom provocation enhances activity in some regions of the orbitofrontal 

and anterior cingulate circuits (Rauch et al., 1994; Simon et al., 2010). 

 These findings, next to results of other (mainly neuropsychological) studies, 

have led to different pathogenetic models of OCD. To mention the most prominent 

ones: 1. a primary disturbance in the basal ganglia/striatum, resulting in a decreased 

modulating influence of these structures and an aberrant positive-feedback loop 

between the orbitofrontal cortex and the thalamus, expressed in obsessions and 

repetitive behaviour (Modell et al., 1989), 2. a disequilibrium between direct and 

indirect pathways leading to overactive orbitofrontal and cingulate circuits and 

inadequate functioning of the dorsolateral prefrontal loop (Baxter, 1999; Baxter 

1992), 3. a disturbed balance between the ventral and dorsal frontostriatal circuits, 

with a predominance of the first, together with disturbances in the ‘error detection 

system’ associated with the orbitofrontal and anterior cingulate cortex (Schwartz, 

1998; Aouizerate et al., 2004). Next to and intertwined with the abovementioned 

regions/circuits it appears that limbic structures such as the amygdalae and 

temporal and parietal regions are involved in OCD (Menzies et al., 2008; Milad and 

Rauch, 2012).  For all models it has to be kept in mind that direct links between 

structural or functional abnormalities (as have been found in neuro-imaging 

studies) and clinical symptoms are always hypothetical. Even the determination if 

an established disturbance is causal, compensatory or a consequence often is 

difficult.

Neurophysiologic research
Neurophysiologic paradigms are used to examine brain activity by measuring 

electric signals with electrodes placed on the head. Usually the response (amplitude 

and response latency) on a specific stimulus or task is measured. A great advantage 

of this method is the great temporal resolution. Tracing the source of the signals is 
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more difficult. Event-related potential studies in OCD showed overall enhanced 

amplitudes and longer latency times. This probably points to increased cortical 

arousal and excessive focussed attention (Melloni et al., 2012). More specific, 

increased error-related negativity (a negative brainwave occurring when an error was 

made) has been found (compared with controls) and is related to disturbed 

monitoring behaviour. Further, enhanced N200, related to inhibitory impairments, 

and enhanced P600, related to deficits in working memory, has been established 

in OCD patients (Melloni et al., 2012). 

 Other neurophysiologic methods that have been applied in OCD are P50 

suppression (measuring a diminished event-related response when the stimulus is 

repeated) and prepulse inhibition (measuring a diminished startle reaction when 

a startle-evoking stimulus is preceded by a minimal stimulus). Both methods are 

considered as operational models for (automatic) inhibition functions (Geyer et al., 

2001; Adler et al., 1982). Impairments have been reported in OCD, but procedures 

have been rather different.

 Recordings of saccadic and/or smooth pursuit eye movements have been done 

in OCD also, but results are very inconsistent (Jaafari et al., 2011).

Genetics
From family and twin studies it has become evident that OCD contains a clear 

heritable component (Grabe et al., 2006). The genetic influence in children is 

45-65%, in adults it is 27-47% (van Grootheest et al., 2005). Inheritance patterns 

seem to be different for the specific symptom dimensions. Results of linkage 

studies yielded suggestions for some locations of associated genes on certain 

chromosomes (Shugart et al., 2006). In association studies genes coding for the 

serotonin transporter and certain serotonin receptors have been examined. 

Associations of OCD with serotonin transporter and 5-HT1D-receptor polymorphisms 

were found and replicated (Bengel et al., 1999; Mundo et al., 2002). Other associations 

have been found between certain patients groups and specific genes. Results are 

rather heterogenic and it has to be kept in mind that effects of single gene 

mutations mostly are small.

 Recently, association studies have become more focussed on (more homogeneous) 

subtypes, endophenotypes and functions related to OCD. OCD with a date of onset 

before 18 years and ‘hoarding’ are examples of subgroups with a higher genetic 

component and a greater chance to find relevant genes. In fact, the pathophysiol-

ogy of OCD has to be elucidated more clearly in order to enable a more focussed 

search for candidate genes (Nestadt et al., 2010). All together, OCD has a complex 

genetic background, with a probable involvement of multiple polymorphisms and 

several environmental and epigenetic factors leading to a heterogeneous phenotype.
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Neuropsychology – experimental psychology
Many studies have been published reporting the outcome of neuropsychological 

tests in OCD patients (Greisberg and McKay, 2003). These tests mainly concern 

attention, memory functions and executive functions. Few replicated cognitive 

disturbances have been determined. The most specific impairments have been 

found in the processing of visuo-spatial information, in complicated memory 

tasks and, albeit less convincing, in planning and cognitive flexibility (Kuelz et al., 

2004). Other findings, like biased attention (towards threatening stimuli) are not 

specific for OCD. In general OCD patients are slower in performing executive 

function tasks. Depressive symptoms and usage of medication could have interfered 

with the performances on the tasks (Kuelz et al., 2004). Because imaging studies 

have shown that, among others, the orbitofrontal cortex is involved in OCD, neuropsy-

chological tests have been used that reflect the functions of this region -recognition 

of (emotional) faces and decision making in an emotional/reward context – in 

order to detect disturbances. Results to date are conflicting and no clear conclusions 

can be drawn (Nielen et al., 2002). 

 Another important subject of research in this field is inhibition. This concept refers 

to various processes concerning the inhibition of specific behaviours, urges and 

responses to certain stimuli. OCD is often related to impaired inhibition functions, 

e.g. because of the phenomenology of repetitive thoughts and behaviours. This has 

been examined by means of a variety of tasks, including response inhibition tasks 

and negative priming tasks covering volitional and more automatic processes. In 

most, but not all, studies impairments have been found (Chamberlain et al., 2005). 

Still, the translation from impaired task performance to the neurological basis on 

the one hand and OCD symptoms on the other hand is often problematic. 

Furthermore, like in the other research fields, the heterogeneity and co-morbidity 

in OCD complicates a right interpretation of cognitive disturbances.  

Behavioural studies - learning theory. 
Learning theory and concepts like conditioning and extinction of conditioned fear 

are of great relevance for anxiety disorders and thus also for OCD, although there 

is some discussion about OCD being an anxiety disorder with anxiety and fear as 

core elements (Stein et al., 2010). In this framework classical and operant 

conditioning are important concepts concerning the aetiology of OCD. In the last 

decades more cognitive oriented models have been added (Rachman, 1997). From 

animal studies and via translational research the neurobiological underpinnings 

of conditioning and extinction processes are becoming more clear (McNally, 2007). 

This concerns anxiety disorders in general, but OCD also. The medial prefrontal 

cortex, hippocampus and amygdalae are important regions in fear conditioning, 

inhibition, extinction and consolidation (Sah and Westbrook, 2008). In some imaging 
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studies involvement of the fear circuit, especially of the amygdalae, in OCD has 

been found (Breiter et al., 1996; Milad and Rauch, 2012).  

 Current research is focussing on methods of enhancing extinction and preventing 

consolidation of conditioned fear. Receptors like the NMDA-receptor play a key role 

in these processes (Davis, 2011).  





2
Introduction to and outline 
of the studies 
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Neurochemistry: serotonin receptors 

As described earlier, serotonin (5-hydroxytryptamine; 5-HT) certainly is very 

important in OCD. However, the 5-HT system is extensive, with a diversity of 

receptors: e.g. 5-HT1A/1B/1D pre- and postsynaptic and 5-HT2A/2C/3 postsynaptic 

subtypes, and an important role of the 5-HT transporter protein. The working 

mechanism of (selective) serotonin re-uptake inhibitors (SSRIs) implicates a net 

facilitatory effect on 5-HT neurotransmission (via desensitization of 5-HT1 

autoreceptors) and post-synaptic receptor effects, probably on 5-HT2 receptors 

(Goddard et al, 2008). This means that the sensitivity of some receptor subtypes in 

OCD might be disturbed. An up- or downregulation (hypersensitivity or hyposen-

sitivity) in OCD is hypothesized also because for SSRIs usually it takes a period of 

up to two months before improvement can be observed (El Mansari and Blier, 

2006). This might be related with the pathogenesis of OCD, but might also be part 

of some compensatory mechanism. Besides this it might be possible that SSRIs 

influence an intact 5-HT system, improving OCD symptomatology in a completely 

other way (e.g. by influencing another transmitter system).

 Possible indications for altered sensitivity of certain subtypes of 5-HT receptors 

come from pharmacologic challenge studies. In such studies a specific 5-HT 

agonist and/or antagonist is administrated in an acute manner and the behavioural 

and/or neuroendocrine response is measured (Barr et al., 1992). When studying 

OCD patients these responses are commonly compared with responses of healthy 

controls. Responses may be comparable, blunted or increased, referring to differing 

sensitivities of certain receptors. In OCD research non-selective agonists and 

antagonists like meta-chlorophenylpiperazine (mCPP), fenfluramine, tryptophan 

and metergoline and more selective agents like sumatriptan and zolmitriptan 

(5-HT1D) have been used. The results of these kinds of studies in OCD have not been 

unequivocal. In some studies an exacerbation of OC symptoms was seen, in others 

not (Zohar et al., 2000; Khanna et al., 2001). Cortisol and prolactin responses were 

mostly blunted, but the results varied substantially in the different studies. Some 

aspects make interpretations of the outcome difficult. The hypothalamic 

regulation of cortisol and prolactin is complex and 5-HT is just one of the modifying 

components. Behavioural responses are dependant of the context and it is difficult 

to control for all triggers in the environment.

 In order to further examine the functional status of 5-HT receptors, and more 

specifically 5-HT2 receptors, we conducted a study with meta-chlorophenylpiperazine 

(mCPP), a partial 5- HT2 receptor agonist. A better knowledge of the functional 

state of HT2 receptors could give more insight in the pathogenesis of OCD (albeit with 

the before mentioned precautions) and possibly generate better pharmacological 

treatment options. We tried to overcome some caveats by controlling the environment 
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carefully, using different doses and combining mCPP with ritanserin, a 5-HT2 

antagonist. In this way we hoped to prevent floor or ceiling effects and to be able 

to evaluate the specific role of 5-HT2 receptors in OCD. This study is described in 

chapter 3.  

Neurochemistry: Cholecystokinin (CCK)

The specific role of anxiety in OCD and in line with this the classification of OCD 

as an anxiety disorder is subject of controversy (Bartz et al., 2006; Stein et al., 

2010). In some clinical types of OCD, anxiety is more prominent, e.g. experiencing 

threatening intrusions and after contact with an assumed contaminated object. In 

other manifestations of OCD, e.g. rituals and symmetry compulsions, anxiety is 

less evident. Whether anxiety is a sequence or a causative factor in OCD is another 

questionable issue (Nutt and Malizia, 2006). In the research field of panic disorder 

(the most prototypic anxiety disorder) an important method in examining anxiety 

and panic is to administer panic provoking agents to patients and healthy controls 

and to assess subsequently the psychological and somatic responses (Bourin et al., 

1995; Kellner, 2011). In this way the susceptibility for panic attacks elicited by a 

specific compound can be determined and insight in the neuronal system related 

to that agent can be obtained.

 The neuropeptide cholecystokinin-tetrapeptide (CCK-4) is a compound with an 

established panic inducing property (Bradwejn et al., 1991; van Megen et al., 1996). 

CCK acts in the brain as a modulator of other neuroactive compounds and as a 

neurotransmitter itself, at CCK2 (or CCKB) receptors.

 We conducted a study using pentagastrin, a synthetic analogue of CCK-4, which 

has been proved to be a panicogenic agent (van Megen et al., 1994). We wanted to 

investigate the sensitivity of OCD patients for the panic inducing property of 

pentagastrin in comparison with healthy controls. This might give indications for 

the specificity of the panicogenic capacities of pentagastrin and the potential of 

this compound to serve as a model for panic disorder. Furthermore, it might shed 

some light on the susceptibility of the ‘anxiety system’ in OCD. The outcome might 

help in answering the question if OCD is best seen as an anxiety disorder. Moreover,  

we wanted to explore a potential role of CCK in OCD symptomatology itself and 

therefore we measured the effect of pentagastrin on OC symptoms. The results are 

described in chapter 4. 
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Neurophysiology: Prepulse inhibition of the startle 
reflex and P50 suppression

Disturbances in inhibition functions are suggested to be an important aspect in 

the aetiopathogenesis of OCD (McNally, 2000; Chamberlain et al., 2005). Two neu-

rophysiologic paradigms have been developed to measure central neural inhibition 

functions: sensorimotor gating and sensory gating. These paradigms refer to the 

process of ‘filtering’ or ‘gating’ internal or external extraneous information, 

preventing it from coming into higher order, more conscious, processing (Braff et 

al., 2001; Adler et al., 1982). One could hypothesize that in OCD impaired gating of 

internal information could lead to an intrusion of irrelevant and/or nasty thoughts 

into consciousness. These paradigms therefore seem to be very interesting and 

possibly fruitful to use in OCD. 

 An often utilized method to measure sensorimotor gating is the prepulse 

inhibition (PPI) of the acoustic startle reflex (Geyer et al., 2001). This method 

implies that an elicited startle reaction (as measured with an EMG) is diminished 

when the stimulus (a very loud acoustic signal) is preceded by a very soft, short, 

tone. The percentage of reduction then is a measure of central sensorimotor gating. 

Sensory gating can be measured by means of the P50 suppression test. In this test 

two identical acoustic stimuli are presented (with an interstimulus interval of 

about 500 ms) and the evoked response potentials (positive signal approximately 

50 ms after the stimulus: P50) are recorded. The response to the second stimulus is 

smaller than the response to the first one. The degree of response reduction is a 

measure of central sensory gating. Interestingly, cortico-striato-pallido circuitry 

has been found as a neural substrate for PPI, which is also relevant in OCD 

(Swerdlow et al., 2001; Geyer and Dulawa, 2003). P50 suppression has been shown 

to be fundamentally different from PPI (Oranje et al., 2006) and is mainly located 

in hippocampal and frontal regions (Grunwald et al., 2003).  

 PPI and P50 suppression mostly have been used in schizophrenia research, but 

also a few studies in OCD patients have been reported (Swerdlow et al., 1993; 

Hoenig et al., 2005; Hashimoto et al., 2008). Impairments were established in OCD 

patients, but results are difficult to interpret because they were not controlled for 

usage of medication and menstrual cycle effects (which are known to influence 

PPI substantially). We performed a study in 25 medication-free OCD patients and 

matched healthy controls and measured PPI and P50 suppression in all subjects, 

controlling for menstrual cycle effects. The procedure and outcome is described in 

chapter 5.
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Neuropsychology: visuospatial priming task

Next to the neurophysiologic inhibition paradigms described in the former section 

which are closely connected to neural functioning, other tests have been developed 

testing inhibition in the domains of cognition, executive functioning and motor 

responses. It would be very interesting to examine if inhibition deficits in the 

cognitive domain are present in OCD patients. The establishment of such impairments 

might give support to the hypothesis that inadequate (cognitive) inhibition may 

induce and/or maintain intrusive thoughts (Chamberlain et al., 2005; Muller and 

Roberts, 2005).  

 An often used method in cognitive inhibition research is the negative priming 

paradigm (Tipper, 1985). In this paradigm a series of successive presentations are 

administered with in each presentation two stimuli: a target and a distractor, 

differing in appearance or location, dependent on what kind of task is used. 

Subjects have to respond to the target as rapidly as possible and the reaction time 

is measured. When the target has the same feature or location as the distractor in 

the previous presentation subjects respond slower: the negative priming effect. 

This reaction time slowing is usually attributed to active inhibition of the 

distractor in the previous trial (Tipper, 2001; Christie and Klein, 2001). In this way 

it is a kind of a ‘hang-over’ effect. Several negative priming studies have been done 

in OCD and the results are not consistent. In some studies impairments were 

found (Enright and Beech, 1995; Hoenig et al., 2002), in others not (MacDonald et 

al., 1999; Hartston and Swerdlow., 1999; Moritz et al., 2010). Several confounding 

factors (medication usage, task characteristics, severity and type of symptoms) 

may account for these differences across studies. In order to achieve more clear 

conclusions on this issue we planned a study in medication-free OCD patients 

using a visuospatial priming task with simple stimuli, preventing perceptual or 

semantic confounding. This task was applied and validated in an earlier study 

(Vink et al., 2005). In visuospatial tasks also a specific repetition priming effect is 

established: a reaction time slowing when the target is presented successively in 

the same location (Milliken et al., 2000). This is an inhibition effect too, and 

therefore it was included in our assessments as well. We included 24 OCD patients 

and matched controls. The results of this study are depicted in chapter 6.
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Learning theory: treatment study with D-cycloserine 
added to exposure sessions

Although more cognitive oriented and other psychological concepts have become 

more prominent in explaining the aetiopathogenesis of OCD and in developing 

treatments, the conditioning model (classic and operant) still is leading. Behavioural 

treatment in the form of exposure and response prevention (ERP) is the cornerstone 

in the (psychological) treatment of OCD.  The classical “Pavlonian” conditioning 

model is an important element but conditioning (or broader: associative) learning 

processes are much more complex. For example, cognitive processes are always 

involved (Hofmann, 2008) and next to certain stimuli the context is very important. 

The field of learning theory is very suitable for investigating (associative) learning 

processes in animals as well as in humans (translational research). Exposure and 

response prevention treatment in patients with OCD is derived from and parallels 

extinction training procedures in animals. 

 Examining the neurobiological basis of fear conditioning and extinction of 

conditioned fear is important in order to better understand processes that 

maintain OCD symptoms and of course may lead to methods and possibly drugs 

that can improve extinction procedures (Myers and Davis, 2007). Extinction 

training in animals leads to an attenuation or disappearance of a conditioned fear 

response. Nevertheless this is generally not permanent (renewal and reinstatement 

can occur) and often cue-specific. The process of extinction is commonly seen as a 

learning process, ‘overwriting’ the original fear conditioning learning. Recent 

data however, have shown that ‘unlearning’ (presumably a reversal of the ‘long 

term potentiation’) can occur depending on the time between conditioning and 

extinction (Myers et al., 2006).  Brain structures that are involved in fear acquisition 

and extinction are the amygdala and hippocampus, including directly connected 

regions (Knight et al., 2004; Schienle et al., 2007). The (medial) prefrontal cortex, 

with many projections to the amygdala, is also important in extinction, probably 

in relation with extinction memory consolidation (Davis, 2011). 

 For the fear conditioning process as well as for the fear extinction learning 

process NMDA receptors in the basolateral part of the amygdale are essential. 

When these receptors are blocked with antagonists, administered locally as well 

as systemically, no extinction can take place (Falls et al., 1992). Because blockade of 

the NMDA receptor impairs extinction, it has been examined if enhancement of 

the function of the NMDA receptor would strengthen extinction. For this purpose 

the compound D-cycloserine (DCS) is investigated extensively (Walker et al., 2002). 

DCS acts as a partial agonist of the NMDA receptor by activating the glycine 

regulatory site of the NMDA receptor. This improves calcium influx and subsequently 

several intracellular events, leading to ‘long term potentiation’ and consolidation. 
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Indeed it has been demonstrated that DCS facilitates extinction, administered 

before or shortly after extinction training (Ledgerwood et al., 2005; Bouton et al., 

2008). There are indications that DCS in particular reverses impaired extinction 

(McCallum et al., 2010). 

 Because DCS has been already used for years in humans as a tuberculostatic 

drug, clinical utilisation was possible. In several studies in anxiety disorders 

(social phobia, panic disorder) it has been proved to have a beneficial effect when 

added in single doses to exposure therapy (Norberg et al., 2008). However, effects 

are relatively small and much parameters like optimal dose, frequency of exposure 

sessions and timing of medication intake, are not determined yet. Also some 

preliminary studies with DCS have been done in OCD patients (Storch et al., 2007; 

Kushner et al., 2007; Wilhelm et al., 2008; Storch et al., 2010). Results were mixed, 

although some outcome parameters suggested a potential augmenting effect (in 

addition to exposure therapy), especially in the beginning (first weeks) of the 

therapy. Up to now, all studies had different procedures and methods, so a definite 

conclusion on the place of DCS in clinical practice has to be established. Still, the 

usage of single doses of a drug in direct interaction with learning processes is 

unique and might offer a novel path to effective treatment of OCD.

 We designed a randomized, placebo controlled trial examining the effect of 

the addition of DCS to a series of exposure sessions, close to our clinical practice. 

We planned to include a larger group than earlier studies and to assess several 

patient characteristics in order to determine if some subgroups (e.g. more therapy 

resistant) might profit more from DCS. This study is described in chapter 7. 
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Abstract

Introduction. Several studies in obsessive-compulsive disorder (OCD) have provided 

circumstantial evidence that the 5-HT-system is involved in the pathophysiology 

of OCD. To further examine the role of 5-HT receptors we studied the behavioural 

and neuroendocrine effects of different doses of metachlorophenylpiperazine 

(mCPP) in OCD patients and healthy controls, after pre-treatment with ritanserin, 

a 5-HT2 receptor antagonist, and placebo. 

Design. Twenty patients and twenty healthy controls received 0.1, 0.3 or 0.5 mg/kg 

mCPP or placebo orally. Each subject was tested two times, receiving both times 

the same dosage of mCPP or placebo with ritanserin or placebo pre-treatment. All 

was done under double-blind conditions. OC-symptoms and hormone levels were 

measured. 

Results. The increase in prolactin level after mCPP administration was more robust 

in patients than in controls. The prolactin response following 0.5 mg/kg of mCPP 

was partially blocked by ritanserin in patients, but totally blocked in healthy 

controls. The cortisol responses in both groups did not differ statistically 

significant from each other and were entirely blocked by ritanserin. None of the 

subjects experienced an exacerbation of obsessive-compulsive symptoms.

Conclusion. The neuroendocrine results show an enhanced susceptibility of OCD 

patients for the mCPP-induced prolactin response, which effect seems to be due to 

an increased sensitivity of 5-HT2 receptors.
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Introduction

Obsessive-compulsive disorder (OCD) is a disabling psychiatric disorder with a 

lifetime prevalence of about 2 percent. Treatment studies in OCD have provided 

circumstantial evidence that serotonin (5-hydroxytryptamine; 5-HT) might play 

an important role in the pathophysiology of OCD. Challenge studies using phar-

macological probes may provide more information by testing receptor function 

more directly.

 Meta-chlorophenylpiperazine (mCPP) has been the most widely used agent to 

probe 5-HT function in OCD. MCPP can be consi dered as a partial 5-HT receptor 

agonist. It binds with high affinity to  5-HT2C receptors, but has also affinity for 

5-HT3 ,5-HT2A , 5-HT2B, 5-HT1A and 5-HT1B receptors and in addition may elicit 

5-HT release from nerve terminals (Hamik and Peroutka, 1989; Kahn and Wetzler, 

1991; Porter et al., 1999; Baumann et al., 1995; Eriksson et al., 1999). Preclini cal 

evidence shows that mCPP acts as an agonist at 5-HT2C , 5-HT2A and 5-HT1A receptor 

sites and suggests an antagonistic effect at the 5-HT3 receptor site (Rothman et al., 

2002; Gatch, 2003). 

 Behavioural and physiological effects reported after acute admi nistrati on of 

mCPP in healthy volunteers include: anxiety, somatic complaints such as nausea, 

dizziness and light-headedness and elevation of body tempe rature (Mueller et al., 

1985; Charney et al., 1987; Murphy et al., 1989). Animal studies have shown that 

most of these effects are 5-HT-media ted (for review: Gatch, 2003). In several studies 

with acute administration of mCPP in animals and human volunteers, increased 

plasma levels of prolactin, ACTH and cortisol have been reported (Fuller, 1981; 

Bagdy et al., 1989; Murphy et al., 1989, Kahn et al., 1988). Prolactin and cortisol 

res ponse could be bloc ked by metergoline (Mueller et al., 1986; Kahn et al., 1990), 

a non-selecti ve 5-HT receptor antagonist. 

 Seibyl et al. (1991), studying mCPP in healthy volunteers reported ritanserin, a 

5-HT2 receptor antagonist, to attenuate mCPP-induced increase in anxiety. The 

prolactin response was also attenuated but the cortisol response was comple tely 

blocked.  Abi-Saab et al. (2002) reported reduced behavioral and endocrine effects 

of mCPP after ritanserin pre-treatment in patients with schizophrenia. These 

findings suggest a role of 5-HT2 receptors in the behavioural and neuroendocrine 

effects of mCPP. 

 To date, mCPP studies in OCD patients have yielded equivocal results.  Some 

studies report an exacerbation of obsessive-compulsive symptoms after oral or 

intravenous administration of mCPP (Zohar et al., 1987; Pi gott et al., 1993; 

Hollander et al., 1992), while others observed no increa se (Charney et al., 1988; 

Goodman et al., 1995; Ho Pian et al., 1998; Khanna et al., 2001). It has been 

sugge sted that differences in dose and route of administra tion (0.5 mg/kg oral,  
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0.1 mg/kg intravenous, bolus or infusion), methodology and/or heterogeneity of 

the patient sam ples, may account for these discrepancies. 

 Concerning the neuroendocrine responses studies reported mixed results. In 

one study the cortisol response was blunted (Zohar et al., 1987), in two other 

studies a blunted prolactin response was reported (Charney et al., 1988; Hollander 

et al., 1992), and in yet another study both hormones were blunted (Khanna et al., 

2001) in OCD pa tients compa red to healthy controls. 

 The primary aim of the present study was to further elaborate the role of 5-HT 

receptors, and in particular the 5-HT2 receptor, in the mechanisms underlying the 

neuroendocrine effects of mCPP in OCD patients. Secondary aims were to evaluate 

the behavioural effects of mCPP and to study a possible dose-response relationship. 

It was hypothesized that cortisol and prolactin responses to mCPP are blunted in 

OCD patients and that 5-HT2 receptors are implicated in these effects. To this end 

several doses of mCPP were combined with the 5-HT2 receptor antagonist 

ritanserin.

Subjects and methods

Subjects
Twenty patients with a primary diagnosis of OCD according to DSM-IV criteria 

(APA., 1994) and twenty healthy volunteers participa ted in the study. Patients were 

recruited from the psychiatric outpa tients clinic of the University Medical Centre 

(UMC) in Utrecht. Heal thy volunteers were recruited by advertisement. 

 Included were patients aged between 18 and 65 years. Female subjects who 

were pregnant or lactating were excluded. Pa tients with other current psychiatric 

diagnosis, including anxiety disorders, depression or persona lity disorders, were 

excluded. Like wise were excluded healthy volunteers with current or previous 

psychiat ric diagnosis. Subjects with clinically relevant medical problems, established 

on the basis of a complete medical evaluation including laboratory tests of blood 

and urine, were also excluded. Subjects with alcohol or drug abuse were also 

excluded from the study. Sub jects had to be free of psychotropic medication for at 

least 2 weeks before the first test (1 month for fluoxetine).

 The study was approved by the Ethical Review Committee of the UMC Utrecht. 

All subjects gave informed consent after full explanation of the study procedures.

Procedure
Patients and healthy controls were randomly allocated to four groups. Each subject 

underwent two challenge tests on two different occasions, at least one week apart. 

Subjects received at these occasions one of the following dosages: 0.1, 0.3 or 0.5 mg/
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kg of mCPP or placebo. Each subject received the same dose on both occasions. 

Before the mCPP or placebo admi nistration 10 mg of ritanserin or placebo was 

given in a randomi zed order. All tests were done under double-blind conditions. 

Tests were performed in a special test room under standardized conditions. During 

the test patients remained recum bent and awake. Communication to the subjects 

during the tests was if possible limited to the psychometric assessments. Except for 

a light breakfast after taking ritanse rin or placebo, subjects remained fasting. 

Tests started at 8.45 a.m. with the insertion of a catheter in one arm for blood 

sampling. At 9.00 a.m. subjects took a tablet containing 10 mg ritanserin or 

placebo. At 10.00 a.m. one of the three dosages mCPP or placebo was adminis tered 

orally in three capsules. Blood was drawn every 30 min, until 4 h after the 

administration of mCPP or placebo. Assessment of heart rate and blood pressure 

was done at the same time points. Heart rate and blood pressure were recorded 

automatically. 

 Each 30 min, starting at baseline, the Profile of Moods State (short version) 

(POMS; McNair et al., 1971) was completed, in order to evaluate anxiety and mood 

changes during the tests. Six subscales (anxiety, depression, vigour, somatic 

symptoms, hostility and fatigue) can be extracted from this scale. For measuring 

changes in obsessive-compulsive symptoms the Yale-Brown Obsessive Compulsive 

Challenge Scale (Y-BOCCS) was used. The Y-BOCCS is derived from the Yale-Brown 

Obsessive Compulsive Scale by Goodman et al. (1989) in order to measure changes 

in obsessive-compulsive symptoms over brief periods during challenge procedures. 

Drugs
MCPP was obtained from Aldrich Chemical Company, Milwaukee (Wisconsin). 

Ritanserin was obtained from Janssen-Cilag BV, Beerse, Belgium. 

Biochemical determinations
Blood samples were collected in ice-chilled siliconized glass tubes containing 

EDTA. The tubes were centrifuged immediately, and plasma was separated and 

divided over polypropylene tubes. Samples were stored at -20°C until analysis.

Cortisol was assayed by RIA as described by Thijssen et al. (1980). Cross-reactivity 

with 21-deoxycortisol was 62% and with corticosterone 11%. Sensitivity of the 

assay is 0.11 µmol/l.

 Prolactin was assayed by means of an Elisa Sandwich Assay. Calibration was 

performed according to the WHO standard 75-504. The reproducibility of the 

method is 2.3% at a concentration of 0.47 U/l. The sensitivity of the method is 0.05 

U/l.

 Plasma concentrations of mCPP were determined by means of high performance 

liquid chromatography
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Statistical analysis
Data were analyzed by analysis of variance (ANOVA) with repea ted measures on 

time (0, 30, 60, 90, 120, 150, 180, 210, 240 min) and pre-treatment (placebo, 

ritanserin). The endocrine data were evaluated by using group (patients, controls), 

and dose (placebo, 0.1, 0.3 and 0.5 mg/kg mCPP) as grouping factors, and with the 

baseline value as covariate. 

 In the analysis of the prolactin data, sex was added as grou ping factor. 

Behavioural data were analyzed by ANOVA with a repeated measures design and 

dose as grouping factor in patients and controls separately because of the large 

between subject differences in behavioural scores at baseline.

Significant multivariate interactions were examined post hoc by subsequent ANOVAs 

for group, dose or pre-treatment separately.

 Also, because analysis that include all time points may obscure possible differences 

in maximal response, comparisons of maximum changes from baseline were 

evaluated for some measures using one-way ANOVA. Change scores were calculated 

by subtracting the baseline value from the value at the time point with the 

maximum value. Asses sments at time 0 were taken as baseline values for the 

neuroendocrine and behavioural measurements.    

 All results are reported as significant when p < 0.05. P-values shown for 

ANOVAs reflect the Huyn-Feldt adjustment. Data are reported throughout the text 

as mean ± SEM. 

Results

Subjects
Twelve female and eight male patients, and fourteen female and six male healthy 

controls participated in the study. The mean age of the patients was 35.0 ± 9.8 years 

(mean ± SD). The mean age of the healthy controls was 23.3 ± 3.8 years.

 In patients the mean Y-BOCS score was 25.9 ± 3.4, the mean baseline score on 

the Hamilton Depression Scale was 9.3 ± 2.8.

      

Endocrine results
There were no significant baseline differences in mean plasma prolactin or cortisol 

levels among the two groups and various tests. 

Prolactin
Analysis of the plasma prolactin data of all subjects without ritanserin pre- 

treatment, showed significant inter action effects for time by dose [F(11,112) = 2.6;  

p < 0.01] and time by group [F(4,112) = 3.0;  p < 0.05].  A main effect for dose [F(3,30) 

= 4.2; p < 0.05] and a trend for a group main effect [F(1,30) = 3.8; p = 0.06] was found. 
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In patients, when the different doses of mCPP were compared with placebo, 

significant time by dose interaction effects were found for 0.3 mg/kg [F(3,21) = 3.8; 

p < 0.05] and for 0.5 mg/kg [F(3,23) = 5.5; p < 0.01].  This means that both these doses 

of mCPP in OCD patients elicited a statistically significant increase of plasma 

prolactin levels. In controls the prolactin response to these doses was not 

statistically significant (Fig. 1). No significant sex effects were seen, neither for 

patients nor for controls.

Figure 1   Prolactin responses to 0.3 mg/kg mCPP (A) and 0.5 mg/kg mCPP (B) with 
placebo pre-treatment in OCD patients and healthy controls. 

 HC = healthy controls; OCD = OCD patients.
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 After pre-treatment with ritanserin no statistically significant increases of 

plasma prolactin levels were induced by the different doses of mCPP (Fig. 2). Time 

by pre-treatment interaction for the highest dose in patients was significant [F(3,11) 

= 4.2; p < 0.05].  Ritanserin completely antagonized the response to mCPP in OCD 

patients.  

Figure 2   Prolactin responses to 0.5 mg/kg mCPP after pre-treatment with ritanserin 
(10 mg) and placebo in healthy controls (A) and OCD patients (B). 

 plac = placebo; rit = ritanserin; HC = healthy controls; OCD = OCD patients.
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Cortisol
When data of all subjects were analyzed with placebo pre-treatment, a time by 

group interaction effect [F(3,104) = 3.4; p < 0.05] was found, but no time by dose 

interaction effect. Only a main effect for time emerged [F(3,104) = 7.7; p < 0.001], no 

other main effects. In neither patients nor healthy controls a time by dose 

interaction effect was found and, except for time, no main effects. When the 

different doses of mCPP separately and placebo entered the analysis only for the 

highest dose a significant time by dose interaction effect [F(5,76) = 2.8; p < 0.05] was 

found, but no time by dose by group interaction effect. This means that only 0.5 

mg/kg mCPP induced a cortisol response in both OCD patients and healthy controls 

and no differences were found between the two groups.

 When data were analyzed with ritanserin as pre-treatment, no statistically 

significant cortisol responses were found for the dose 0.5 mg/kg mCPP, neither in 

patients nor in healthy controls. Apparently ritanserin blocked the cortisol response  

to the highest dose of mCPP in patients as well as in controls.  

Plasma levels
Plasma mCPP levels rose dose-dependently in both groups. Pre-treatment with 

ritanserin did not affect plasma mCPP concentrations in either group. Patients 

had higher plasma mCPP levels than controls, but this difference reached no 

statistical significance. Mean maximal plasma levels following 0.5 mg/kg of mCPP 

were 37.8 ± 16.3 ng/ml for patients and 22.0 ± 7.8 ng/ml for controls. Similar values 

were obtained when subjects were pre-treated with ritanserin. Maximum levels 

were attained between 90 and 120 min after oral administration of the substance. 

There were no differences in plasma mCPP levels between males and females.    

Behavioural results
None of the subjects reported a worsening of obsessive-compul sive symptoms 

during the tests as measured with the Y-BOCCS. Baseline Y-BOCS ratings did not 

differ among the different tests. Statistical analyses did not reveal any significant 

effect on Y-BOCCS ratings in patients or controls. When only placebo and the 

highest dose of mCPP entered the statistical procedure, no significant time, time 

by dose, or time by treatment interaction was observed. Peak changes from baseline did 

not reveal significant differences for any of the mCPP doses. Pre-treatment with 

ritanserin also did not influence mCPP response. 

 Analyzing the subscales of the Profile of Moods Scale no significant changes 

were observed on any of the subscales. No differences in peak changes from 

baseline in the POMS subscores were seen in the various conditions in patients.
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Discussion

The major findings of this study are that (a) the mCPP induced increase in prolactin 

levels was more robust in patients than in controls;  (b) the increase in prolactin 

secretion induced by 0.3 and 0.5 kg/mg mCPP in patients was blocked by ritanserin; 

(c) 0.5 mg/kg mCPP stimu lated cortisol secretion in patients and controls, while 

lower doses did not; (d) ritanserin blocked the increase in cortisol secretion in 

patients and controls; (e) oral administra tion of 0.1, 0.3, or 0.5 mg/kg mCPP did not 

increase obsessive compulsive symptoms in OCD patients.

 This study shows that, contrary to the a priori hypothesis, OCD patients are 

more susceptible for the stimulation of prolactin secretion by mCPP than healthy 

controls. The prolactin response was blocked by ritanserin. Seibyl et al. (1991) 

found attenuation, but not a total blockade, of the prolactin response to ritanserin 

in healthy humans. Howe ver, in the latter study mCPP was administered 

intrave nously (0.1 mg/kg). An enhanced prolactin response in patients to mCPP 

was not reported in previous studies. Hollander et al. (1993) found no statistically 

significant effect. Khanna et al (2001) reported a blunted prolactin response. 

 In other challenge studies with serotonergic probes like fenflu ramine and 

MK-212 a similar prolactin response (McBride et al., 1992; Hollander et al., 1992) or 

a blunted response (Lucey et al., 1992; Hewlett et al., 1992; Bastani et al., 1990) was 

found in OCD patients compared to healthy controls. There are no clear 

explanations for these differences. Dis crepancies in the neuroendocrine results 

may be due to small numbers of subjects, large interindividual pharmacological 

variability (Gijsman et al, 1998; Feuchtl et al., 2004), different subtypes of OCD 

included, gender influen ces (not found in this study) and differences in dose, for 

instance a dosage too high to detect subtle response differen ces. In the present 

study the different doses of mCPP that were used made it possible to reveal an 

enhanced prolactin response in OCD patients compared to healthy con trols, 

avoiding a possible ceiling effect.

 MCPP in a dosage of 0.5 mg/kg p.o. stimulates cortisol secre tion in OCD 

patients and controls, lower doses did not. No differences between the two groups 

were found. Ritanserin blocked the cortisol response to 0.5 mg/kg mCPP in both 

OCD patients and controls. This is in agreement with the study of Seibyl et al. 

(1991).

 Because mCPP has the highest affinity for the 5-HT2C receptor, it can be 

concluded that the ability of ritanserin to block or attenuate mCPP-induced 

hormone secreti on is most probably due to blockade of 5-HT2C receptors (Hoyer, 

1988).  However, recent data from studies in rats with selective 5-HT2A and 5-HT2C 

antagonists (MDL 100,907 and SB 242084, respectively) points out that 5-HT2A 

receptors play a more prominent role in serotonergic endocrine stimulation 
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(Zhang et al, 2002; Hemrick-Luecke and Evans, 2002; Yamauchi et al., 2006). The 

enhanced sus ceptibility of OCD patients for the mCPP-induced prolactin respon se 

and the blockade of that effect by ritanserin indicates an up-regulation of 5-HT2 

receptors. The up-regulation of 5-HT2 receptors reported here is corroborated by a 

recent PET study reporting an increase in 5-HT2A receptor binding in caudate 

nuclei in OCD patients (Adams et al, 2005). The finding that this up-regulation is 

not reflected in the cortisol data cannot be fully understood. Explanations may 

include interactions with other receptors (e.g. 5-HT1A, 5-HT3, dopamine or 

noradrenergic receptors) or the involvement of other neurotransmitter systems 

(dopamine). Another explanation is the possibility of a type II error, due to the 

small number of subjects.  In humans pre-treatment with 5-HT3 antagonists did 

not attenuate mCPP induced neuroendocrine effects (Silverstone and Cowen, 

1994), except for one study  in which cortisol, but not ACTH response, was blunted 

(Broocks et al., 1997), suggesting no specific role for this receptor. 

 The finding that oral administration of mCPP failed to increa se or provoke 

obsessive-compulsive symptoms in any of the subjects is in accordance with the 

reports from Goodman et al. (1995), Pigott et al. (1993), Khanna et al. (2001),  

Erzegovesi et al. (2001) and Ho Pian  et al. (1998.). Zohar et al. (1987) and Hollander 

et al. (1992) on the other hand, have reported a transient worsening of obsessive-

compul sive symp toms after oral administration of a single dose of mCPP. Studies 

with intravenous administration of mCPP have yielded comparable mixed results. 

As mentioned in the introduction, it is suggested that contrasting results may be 

explained by heterogeneity in the patient groups. As far as data are available no 

substantial differences in mean age, duration of illness and severity of illness were 

found as compared to previous studies. Depressive symptoms were more prominent 

in one ‘positive’ (Zohar et al., 1987) and one ‘negative’ (Goodman et al., 1995) study. 

In the other reports and in the present study depressive symptoms were minimal. 

Therefore, a relationship between behavioural response and depressive symptoms 

seems unlikely. 

 Data from previous reports and the present study do not point out that 

different responses are related to different subtypes of OCD, but also cannot rule 

out such a relationship, in view of the small sample sizes. 

 Different procedures of assessment could account for some differences in 

responses. In the present study a similar in strument (Y-BOCCS) was used as in the 

studies from Hollander et al. (1992) and Goodman et al. (1995). There may be some 

inter ra ter differences, but it seems very unlikely that these could be responsible 

for the different outcomes.  In some studies other instruments were used 

(CPRS-OCS; visual analogue scale) with differences in sensitivity and selectivity.

The mean peak blood level following 0.5 mg/kg mCPP in patients in the present 

study was not different from other stu dies, ranging from 18.5 to 39.6 ng/ml, with 
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a large interindividual variability. So it is unlikely that the achie ved mean peak 

blood level of mCPP after administra tion of 0.5 and 0.3 mg/kg in this study was too 

low to induce a behavioural response. 

 Other important aspects that could influence outcome in these kinds of 

challenge studies are the environmental setting and treatment of the subjects. If 

trig gers or stimuli are intro duced in the experimental setting, responses may be 

influenced. In the present study no such triggers were deliberately intro duced, 

albeit that some questions and actions as part of the challenge procedure may 

have worked out that way.

 In general this study has the following limitations: (a) (relatively) small 

number of subjects and therefore limited power to detect differences in some 

comparisons; (b) heterogeneous OCD population; (c) differences in mCPP plasma 

levels between patients and controls.

 Future studies with larger numbers of subjects, more homoge neous patient 

groups, different doses, more selective probes and receptor antagonists are needed 

in order to elucidate the functional status of the different types of 5-HT receptors 

in OCD.  
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Abstract

The effects of the CCKB receptor agonist pentagastrin, a synthetic analogue of the 

cholecystokinin tetrapeptide (CCK-4), were studied in seven patients suffering 

from obsessive-compulsive disorder (OCD) and seven healthy controls. All subjects 

were challenged with an IV dose of 0.6 µg/kg pentagastrin or placebo under double 

blind placebo controlled conditions, on two separate occasions, with a minimum 

interval of 1 week. Six (86%) out of seven OCD patients experienced a panic-like 

reaction after pentagastrin administration, against only two (29%) in the control 

group. These differences failed to reach statistical significance, probably due to 

the small sample size. No increases were observed in obsessions or compulsive 

behaviours as assessed with the Yale-Brown Obsessive Compulsive Challenge Scale, 

neither in the pentagastrin, nor in the placebo condition. These findings suggest 

that pentagastrin has panic-inducing properties in OCD patients, without affecting 

the core symptoms. The panic-inducing properties of pentagastrin are not specific 

for panic disorder patients, which might be indicative of a common neurobiological 

dysfunction in panic disorder and OCD at the level of the CCKB receptors. 
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Introduction

Pharmacological challenge paradigms have proved to be a useful approach to 

study the biological underpinnings of psychi atric disorders. Selective activation of 

a specific neuronal system or biological substrate and measurements of behavioural, 

neuroendocrine and physiological responses may contribute to the elucidation of 

the pathophysiology of the disorder. 

 In obsessive-compulsive disorder (OCD according to DSM-IV criteria; APA, 

1994) a variety of challenge paradigms have been used with several more or less 

selective pharmacological probes. Meta-chlorophenylpiperazine (mCPP, a 5-hy-

droxytryptamin, 5-HT, partial ago nist) has been most widely used in this condition.  

In some studies an exacerbation of obsessive-compulsive symptoms was reported, 

but the literature is not unequivocal in this respect (Zohar et al, 1987; Charney et 

al, 1988; Hol lander et al, 1992; Pigott et al, 1993; Goodman et al, 1995). The results 

of neuroendo crine studies with mCPP are even more controversial. In contrast, most 

studies reported an increase of anxiety symptoms following mCPP administration 

to OCD patients.

 Other compounds that have been used in challenge studies in OCD are sodium 

lactate, ipsapirone, clonidine and fenflu ramine (Gorman et al, 1985; Bastani et al, 

1990; Lesch et al, 1991; Hollander et al, 1991; McBride et al, 1992). None of these 

probes showed the ability to exacerbate obsessive-com pulsive symptoms, although 

an increase in anxiety was frequently reported.  

 A new and intriguing substance for challenge tests is the tetrapeptide chole-

cystokinin (CCK). Studies with the CCK4 and its synthetic analogue pentagastrin 

have shown that a rapid IV injection of these compounds can induce a panic attack 

in patients with panic disorder (Bradwejn et al, 1990, 1991; Abelson and Nesse, 

1994; Van Megen et al, 1994). Panic disor der pa tients showed an enhanced 

sensitivity for these CCKB receptor agonists in comparison with healthy controls.  

 In order to investigate the specificity of the panic-inducing capacities of 

pentagastrin for panic disorder we evaluated its responses in OCD. The behavioural 

and neuroendocrine response to pentagastrin in OCD patients were compared 

with those in healthy controls. 

Subjects and methods

Subjects
Seven patients with a diagnosis of OCD according to DSM-IV criteria and seven 

healthy controls participated in the study. Patients were recruited from the 

outpatients clinic of the department of Biological Psychiatry of the Academic 
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Hospital in Utrecht. Control subjects, with no psychiatric history, were recruited 

by advertisement. Included were patients aged be tween 18 and 65 years. Female 

subjects who were preg nant or lacta ting were excluded. Pa tients with a current 

psychi atric diagnosis, including persona lity disorders, other than OCD, and 

subjects with clinically relevant medical problems, established on the basis of a 

complete medi cal evaluation inclu ding laborato ry tests of blood and urine, were 

also not eligible. Subjects had to be free of psy chot ropic medication for at least 4 

weeks and had to re frain from excessive amounts of caffeine containing drinks 

(e.g. more than six cups of coffee a day) or tobac co (e.g. more than 20 cigarettes a 

day). Subjects with alcohol or drug abuse were excluded from the study.

 Patients were all women, controls were five women and two men. The mean 

age of the patients was 34.9 years, SD 5.9 (range 29-42 years). The mean duration of 

illness was 8.1 years, SD 4.3 (range 2-15 years). The mean age of the controls was 

25.7 years, SD 7.7.

 The study was approved by the Ethical Review Committee of the University 

Hospi tal Utrecht. All patients gave infor med con sent after full explanation of the 

study procedures.

Procedure
All subjects were challenged with a single intravenous dose of pentagastrin (0.6 

µg/kg) or placebo under double-blind condi tions on two separate occasions with an 

interval of minimal 1 week. The order of the tests was randomly assigned. Tests 

were performed under standardized conditions in a special test room. Patients 

were not allowed to take alcoholic beverages or caffeine containing drinks from 12 

h prior to the start of the test. During the procedure patients remained awake, 

recum bent and fasting. At 9.00 a.m. an intravenous catheter was inserted in one 

arm. 

 The Panic Symptom Scale (PSS; Bradwejn et al, 1991), the Profile of Mood States 

(short version) (POMS; McNair, 1971) and the Yale-Brown Obsessive-Compulsive 

Challenge Scale (Y -BOCCS, derived from the YBOCS; Goodman et al, 1989) were 

com pleted at baseli ne. Thirty minu tes after inser tion of the canula, pent agastrin 

or saline was injected as a bolus (during a maximum of 10 s) via the intravenous 

canula. Immedia tely after the injection subjects were asked to descri be the 

symp toms they were experiencing and their respon se was obser ved. The PSS, 

POMS and Y-BOCCS were administra ted at 5 and 30 min after the injecti on. The 

POMS and Y- BOCCS were also completed 1 h after the injec tion. Vital signs (blood 

pressure and heart rate) were recor ded automati cally at base line, just before, and 

at 5, 20, 30 and 60 minu tes after the injection (by means of a Dynamap monitor). 

Blood samples were obtained through the canula at 5 minutes before, and at 5 and 

20 minu tes after the injection for the determina tion of 3-methoxy-4-hydroxy-phe-
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nyl-glycol (MHPG), the major metabolite of noradre nalin and the hormones cortisol 

and prolactin.

Assessments
The Y-BOCCS was used for repeated measures of obsessive-compulsive symp toms 

during the challenge. The Y-BOCCS is derived from the Yale-Brown Obsessive 

Compulsive Scale by Goodman et al (1989) in order to measure changes in obses-

sive-compulsive symptoms over brief periods during challenge procedures. It is a 

semi-analogue five-point scale consisting of ten items concerning duration and 

distress of obsessions and compulsions, ability to control, indecisiveness and 

feeling of guilt. 

 The PSS was administered in order to evaluate the occurrence of a possible 

panic attack. The PSS is a checklist, consistent with DSM-III-R criteria, containing 

24 symptoms which might occur during a panic attack and which can be scored 

on a 5-points scale. The total score on the PSS was formed by summing the ratings 

of symptoms for each patient. 

 In addition, the mean number of symptoms as derived from the PSS was 

calculated. A panic reaction or panic attack was defined according to the DSM-III-R 

criteria. Subjects had to have an increase of at least four of the 13 symptoms 

DSM-III-R symptoms of a panic attack and an increase of two or more points on the 

item ‘Apprehension’ of the PSS. Symptom-clusters, as described by DSM-III-R, are 

extracted from the PSS symptoms and presented as a symptom profile.

 The POMS was used to evaluate anxiety and mood changes during the tests. 

Six subscales (anxiety, depression, vigour, somatic symptoms, hostility and fatigue) 

can be extracted from this scale.

Drug preparation
Pentagastrin, N-t-butyloxycarbonyl-ß-alanyl-l-tryptophyl-methionyl-aspartyl-l-phe-

nylalanyl amide (Peptavlon), a synthe tic pentapeptide containing the C-terminal 

tetrapeptide moiety of CCK, was obtained from ICI-Farma, the Netherlands.

 The solution for injection was dispensed within 2 h before the test by the 

pharmacy department of the Academic Hospital Utrecht. For each subject, a 2.5 ml 

sterile syringe, containing the appropriate amount of pentagastrin or saline (0.9% 

sodium chloride solution) was supplied. This solution was kept at 5°C until 30 min 

before the injection, at which point it was left at room temperature.

Biochemical determinations 
Blood samples were collected in ice-chilled siliconized glass tubes containing 

EDTA. The tubes were centrifuged immediately, plasma was separated and divided 

over polypropylene tubes. Samples were stored at -20° C until analysis.
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Cortisol was assayed by RIA as described by Thijssen et al (1980). Cross-reactivity 

with 21-deoxycortisol was 62% and with corticosterone 11%. Sensitivity of the 

assay is 0.11 µmol/l.

 3-methoxy-4-hydroxyphenylglycol (MHPG) was measured by a liquid chroma-

tographic procedure. Briefly, after extraction with ethyl acetate using iso-MHPG as 

an internal standard, the components were separated on a reverse-phase column 

and detec ted with an amperometric detector at 850 mV. The sensitivity of the 

method is about 0.1 ng/ml.

 Prolactin was assayed by means of an Elisa Sandwich Assay. Calibration was 

performed according to the WHO standard 75-504. The reproducibility of the 

method is 2.3% at a concentra tion of 0.47 U/l. The sensitivity of the method is 0.05 U/l.

Data analysis
All statistical analyses were performed by using a commercial statistical package 

(SPSS Inc). Repeated measures multivariate analysis of variance (MANOVA) was 

performed on all symptom scales. The model included between-subject terms for 

group (patient or volunteer) and order (pentagastrin on first or second trial) and 

within-subject terms for treatment (pent agastrin or saline) and time. The between-

subject term of order was included only when significant (p < .05). In case of a 

significant interaction, contrast analysis using a student t-test was performed. 

Contrasts are reported as significant when the associated p value was less than 5 %.

 The panic frequency was analysed with Fisher’s Exact test (two-tail) or the 

McNemar test, if appropriate.

Results

General
All subjects completed both tests. No serious adverse reacti ons were experienced 

during the tests. There was no signifi cant order effect in any of the statistical 

analyses.

Frequency of panic attacks
None of the patients or healthy controls had a panic attack on saline. On 

pentagastrin there were eight subjects expe riencing a panic attack as defined in 

the section on assessments. This difference with saline was statistically significant 

(McNemar test: p = 0.008). Six out of seven patients (86%) experienced a panic 

attack, whereas two out of seven healthy controls (29%) had one. This difference 

failed to reach signi ficance (Fis her’s exact test: p = 0.103).
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Panic Symptom Scale
The PSS was completed at three time points: 30 min before the injection (t-30, 

baseline) and 5 and 30 minutes after that (t+5 and t+30, respectively). 

 The total score on the PSS in OCD patients after pentagastrin injection 

increased from 7.0 ± 6.9 (SD) to 33.0 ± 15.8. In healthy controls the score increased 

from 0.7 ± 1.0 to 19.6 ± 9.9. After saline in both groups no increase was observed. 

Statistical analysis of the PSS total score revealed a signi ficant group effect (F = 

4.80; df = 1,12; P = 0.049). Patients scored higher than controls. There was also a 

statistically significant treatment effect (F = 50.94; df = 1,12; p < 0.001) and  time 

effect (F = 31.41; df = 2, 11; p < 0.001). There was no group by time interaction, nor  a 

significant group by treat ment effect. 

 The increase of the PSS total score after pentagastrin was much greater than 

after saline: time by treatment interaction was highly significant (F = 29.25; df = 

2, 11; p < 0.001). Contrast analysis revealed that the difference between the 

treatments was evident at t+5.

 The symptom profile of the PSS is depicted in Fig. 1.

According to the PSS, healthy controls experienced (at t+5) a mean number of 

symptoms (±SD) of 1.00 ± 0.82 after saline and 10.43 ± 4.50 after pentagastrin. 

Patients reported 4.57 ± 4.79 symptoms on saline and 13.86 ± 4.34 symptoms in 

response to pentagastrin. The treatment effect was highly significant (F = 69.64; df 

= 1,12; p < 0.001), but group by treatment and group by time interactions were not 

significant.

Profile of Mood States (short version)
The POMS was completed at three time points: t-30, t+5 and t+60. The POMS 

consists of the following six subscales: anxie ty, depression, physical symptoms, 

fatigue, hostility and vigour. Patients scored significantly higher than controls on 

the anxiety subscore (F = 15.54; df = 1,12; p = 0.002) and on the depression subscore 

(F = 12.05; df = 1,12; p = 0.005). The anxie ty subscore showed a nonsignificant group 

by time interaction and group by treatment interac tion. 

 The time by treatment interaction on the depression subscore was significant 

(F = 5.92; df = 2,11; p = 0.0018). Contrast analysis revealed a significant difference 

between the treatments at baseline in the patient group only. 

 Administration of pentagastrin caused physical symptoms in patients and 

controls. The time by treatment interaction was significant (F = 9.05; df = 2,11; p = 

0.005). Contrast analysis revealed a significant difference between the treatments 

at t+5 in the healthy controls only. 

 The vigour, hostility and fatigue subscores showed no relevant statistically 

significant effects. 
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Yale-Brown Obsessive-Compulsive Challenge Scale
Pentagastrin did not provoke an increase in obsessive-compul sive symptoms. The 

score on the Y-BOCCS, as rated by p atients, declined from 11.8 ± 11.3 at baseline to 

7.5 ± 7.8 after pentagastrin and from 10.6 ± 10.8 to 7.1 ± 8.9 after saline.

Physiological measurements
Heart rate, systolic and diastolic blood pressure did not show significant changes after 

administration of pentagastrin or saline at the points investigated in this study.

Biochemical data
The plasma MHPG of patients was higher on all time points as compared to healthy 

controls (F = 10.9; df = 1,12; p = 0.006). There was no time or treatment effect and 

there were no significant interactions. 

 Mean prolactin levels after pentagastrin injection were somew hat higher 

than after saline, but there was no statistically significant treatment effect or time 

by treatment interaction.

Figure 1   DSM-III-R panic symptoms as measured with the panic symptom scale 
(PSS), induced by pentagastrin in OCD patients and controls. 

  Legend: 1. feeling of short of breath, smothering sensations; 2. dizziness; 
3. unsteady feeling; 4. faintness; 5. palpitations, accelerated heart; 6. 
trembling, shaking; 7. sweating; 8. choking feelings; 9. nausea; 10. 
abdominal distress; 11. feeling detached from body, unreal feelings or 
disorientation; 12. numbness or tingling in parts of body; 13. hot flushes, 
cold chills; 14. chest pains, chest discomfort; 15. fear of dying; 16. fear of 
going crazy; 17. fear of doing something uncontrolled; 18. apprehension.
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 Cortisol levels increased after pentagastrin administration from 0.49 ± 0.34 at 

baseline to 0.58 ± 0.35 at t+20. After saline the cortisol level decreased from 0.49 ± 

0.25 to 0.43 ± 0.22. Statistical analysis revealed no treatment effect or treatment by 

time interaction. When the maximum change (base line  t+5, 20 or 60) was analyzed 

the treatment effect was statistically significant ( F = 16.67; df = 1,6; p = 0.006).

Discussion 

The major finding of this study is that pentagastrin in a dosage of 0.6 µg/kg can 

induce panic attacks in patients with obsessive-compulsive disorder and in healthy 

controls. OCD patients seem to be more likely to experience a panic attack after 

pentagastrin administration than healthy con trols, but this difference was not 

statistically significant. This could be due to a type II error, because the sample 

size was relati vely small.

 Six out of seven OCD patients (86%) and two out of seven healthy controls (29%) 

reported a crescendo increase of DSM-III-R symptoms of a panic attack, as rated 

with the PSS, and a substantial increase in apprehension. None of the sub jects had 

such an experience on saline.

 The panic attacks reached their peak within a few minutes and subsided 

within 10 min. Scores on the PSS and the POMS returned to baseline level 30 min 

after the injection. Unlike compa rable studies with panic disorder patients 

(Brad wejn et al, 1990; Abelson and Nesse, 1994; Van Megen et al, 1994), subjects in 

this study were not familiar with naturally occurring attacks, so these could not 

be used as a reference. Two pa tients recog nized some of the symptoms from 

situa tions where they suffer from anxiety provo king obsessions. However, in those 

situations symptoms were less in number and more mild. 

 Patients scored higher on the PSS than healthy controls. The increase after 

pentagastrin administration in patients was more robust (26 versus 19 points), but 

the difference was statistically not significant. 

 Scores of patients on the anxiety and depression subscales of the POMS were 

higher than controls. This difference, however, was mainly due to higher baseline 

scores. The increase after pentagastrin on these items as well as on the physical 

symptoms subscale was similar in patients and healthy controls. This lack of 

difference could possibly be due to the fact that the POMS, which measures the 

actual symptoms, was assessed when symptoms were already subsiding. Anxiety 

at baseline, as measured with the PSS and POMS, was much greater in patients 

than in healthy controls. Both patients and controls were given the same 

information before the tests; they were told that an anxiety attack might occur but 

its duration would be brief. 
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 Patients did not report an exacerbation of obsessive-compulsi ve symptoms 

after the pentagastrin challenge. It cannot be excluded, however, that the design 

of the study was not appropriate to detect changes in OC symptoms if any. 

The panicogenic properties of pentagastrin in panic disorder patients have been 

investigated in two recently published studies. Abelson and Nesse (1994) reported 

that, in an open two phase study, seven out of ten patients with panic disorder and 

none of ten controls expe rienced a panic attack after infusion of 0.6 µg/kg 

pentagas trin. In a recent controlled study by our own group, in which pentagas trin 

was administered in three different doses (0.1, 0.3 and 0.6 µg/kg) to panic disorder 

patients and heal thy controls (Van Megen et al, 1994) the mean panic rate for 

patients was 55% (12 out of 22), irrespec tive of the dosage, and 5% (1 out of 22) for 

controls. There was a statistically significant dose-response relationship 

concerning the intensi ty and number of symptoms, as measured with the PSS. 

 It is tempting to speculate that the higher baseline anxiety level observed in 

PD and OCD patients (present study) might increase the likelihood for the 

induction of panic. A recent study, however, in which anticipatory anxiety prior to 

CCK4 challenge was measured revealed that pre-existing anxiety did not influence 

the panic rate after CCK4 challenge (Koszicki et al, 1993). 

 These studies and the present study suggest that patients with anxiety 

disorders (panic disorder and OCD) are more susceptible to the panic-inducing 

properties of the CCKB-agonist pentagas trin than healthy controls. 

 To the best of our knowledge this is the first study in which the effects of CCK4 

administration  were investigated in OCD.

 In other challenge studies, in which the behavioural responses of OCD patients 

were investigated after challenges with compounds with known anxio genic 

properties in panic disorder, like lactate and mCPP, panic-like attacks have not 

been repor ted (Gorman et al. 1985; Zohar et al, 1987; Charney et al. 1988; Hol lander 

et al, 1992; Pigott et al, 1993). 

 Yohimbine, an α-2 receptor antagonist, induced a panic attack in over 50% of 

panic disorder patients, compared to 5% of controls, but in none of the OCD 

patients (Charney et al. 1984; Rasmussen et al. 1987).

 It has been reported in some studies that patients experien cing a panic attack 

after a pharmacological challenge had an elevated autonomic arousal at baseline 

(Liebowitz et al. 1985; Cowley et al, 1987). Den Boer et al. (1989) reported 

signifi cantly higher baseline plasma levels of MHPG in panic disorder patients 

who had panic attacks during lactate infusion. In the present study OCD patients 

had a higher plasma MHPG level on all time points. In patients and healthy 

controls plasma MHPG level did not change after injection with pentagastrin or 

placebo. This is in agreement with data reported by Van Megen et al. (1994). In 

contrast to this study  in panic disorder patients, we found higher plasma MHPG 
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levels at baseline in OCD. Higher baseline plasma levels of MHPG could reflect 

elevated arousal, which may be interpreted as a higher degree of anticipatory 

anxiety. In other challenge studies in OCD patients baseline MHPG level was also 

measured. No differences were  found be tween OCD pa tients and healthy controls 

(Lee et al, 1990; Hollander et al, 1991; Ras mussen et al, 1987). 

 Pentagastrin had no effect on prolactin levels in OCD pa tients. Some studies 

have reported an increased plasma prolactin level after administration of CCK4 in 

healthy volunteers (Nair et al, 1984; de Montigny, 1989). 

 Cortisol plasma level increased after pentagastrin administra tion in patients, 

with a peak at t+20. After placebo injection the cortisol level declined, probably 

due to the normal diur nal decline. These re sults are in accordance with the study 

from Abelson et al (1994), but not with data from Van Megen et al (1994), where 

cortisol levels did not increase after pent agastrin challenge. Whether these 

neuroen docrine respon ses in OCD patients are different from respon ses in heal thy 

con trols and panic disorder pa tients can not be determined in this study, because 

a direct comparison is lacking.

 In conclusion, pentagastrin, a CCKB receptor agonist, induced panic-like 

reactions in patients with OCD and in healthy con trols. OCD patients appear to be 

more sensitive for the panic inducing properties of pentagastrin than healthy 

controls. The model of panic induction by means of pentagastrin infusion is 

therefore not confined to patients with panic disorder.  
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Abstract

Background. Obsessive-compulsive disorder (OCD) is associated with deficits in 

inhibition mechanisms. This is reflected in reports showing impaired sensorimotor 

and sensory gating in OCD patients, as measured with prepulse inhibition of the 

startle reflex (PPI) and P50 suppression paradigms. However, most patients in 

these studies used medication and results were not controlled for menstrual cycle 

phase in women. 

Methods. In the present study PPI and P50 suppression were tested in 25 medication 

free OCD patients and 25 healthy controls, using auditory stimuli and controlling 

for menstrual cycle effects. Subgroups were established, based on clinical variables 

(e.g. ‘washers’ and ‘checkers’). 

Results. No impairments in PPI or P50 suppression were found in the OCD group 

when compared to healthy controls. However, a subgroup of OCD patients 

(‘checkers’, n=12) showed increased P50 suppression. It was concluded that 

sensorimotor and sensory gating is not impaired in drug-free OCD patients, taking 

into account the menstrual cycle effects in women. 

Conclusion. These results do not support hypotheses linking deficits in these 

inhibition paradigms and the pathogenesis of OCD.  The finding of an increased 

P50 suppression in the subgroup of ‘checkers’ deserves further investigation and 

underlines the value of studying subgroups of OCD.
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Introduction

Obsessive-compulsive disorder (OCD) is a disabling psychiatric disorder with a 

lifetime prevalence of about 2% (Weissman et al., 1994). Key symptoms of OCD are 

obsessions, that is, recurrent, intrusive and undesired thoughts that are egodystonic, 

and compulsions, that is, repetitive, mostly purposeful behaviors aimed at 

reducing distress or preventing dreaded situations. It has been theorized that in 

OCD attention biases and recurrent obsessions may be related to dysfunctional 

pre-attentive inhibition mechanisms of sensory and cognitive information (McNally, 

2000; Enright et al., 1995). When pre-attentive inhibition or gating of information 

fails, active suppression may be executed with counterproductive effects, resulting 

in an increase of intrusive thoughts (Wegner and Zanakios, 1994). 

 Two paradigms have been used extensively to measure sensory or sensorimotor 

gating processes: the prepulse inhibition of the startle reflex (PPI) and the P50 

suppression paradigm. 

 In the PPI paradigm the motor startle reflex elicited by an intense sensory 

stimulus is measured. When the intense stimulus is preceded by a weak stimulus, 

usually an attenuation of the reaction occurs (Graham, 1975). This is called 

prepulse inhibition, because the weak prepulse induces a reduction of the startle 

response to the second stimulus. In human studies, mostly acoustic stimuli are 

used and electromyography (EMG) of the orbicularis oculi muscle is used to 

measure the eye blink reflex.  The percentage of PPI is a measure of central sen 

sorimotor gating. The control of the acoustic startle reflex itself involves brain 

structures at, or below, the level of the mesencephalon, but modulation of the 

startle reflex (like PPI) represents several forms of plasticity that appear to be 

mediated by ‘higher’ brain regions (Swerdlow et al., 1992; Swerdlow et al., 2001; 

Koch et al., 1999).  The P50 suppression paradigm involves the measurement of 

evoked response potentials (ERP) after acoustic stimuli. Two identical auditory 

stimuli are presented with interstimulus intervals typically about 500 ms and the 

amplitudes of the P50 (the positive peak appearing 50 milliseconds after the 

signal) are measured. The response to the second (testing) stimulus is normally 

smaller than to the first (conditioning) one (Adler et al., 1982). The degree of 

reduction of the evoked response potential is a measure of sensory gating. The 

neural substrate of P50 suppression is not fully established, but there are 

indications for involvement of hippocampal and frontal regions (Oranje et al., 

2006; Adler et al., 1998; Grunwald et al., 2003). 

 Although both the PPI and P50 suppression paradigms are measurements of 

central gating mechanisms and resemble each other to some degree in stimulus 

characteristics and parameters of interest, they are not correlated and represent 

fundamentally different processes (Oranje et al., 2006; Schwarzkopf et al., 1993; 
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Cadenhead et al., 2002). Interestingly, cortico-striato-pallido-thalamic circuits are 

important in regulating PPI (Swerdlow et al., 1992; Swerdlow et al., 2001; Braff et 

al., 2001), and dysfunctions in these circuits are also related with the pathogenesis 

and/or manifestation of OCD (Baxter et al., 1996; Saxena and Rauch, 2000; 

Aouizerate et al., 2004). 

 The PPI and P50 suppression paradigms have been used primarily in the 

schizophrenia spectrum. Deficits are reported in schizophrenia patients (PPI: 

Braff et al., 1992; Braff et al., 2001; Perry et al., 2001; Ludewig et al., 2003; Swerdlow 

et al., 2006; P50: Adler et al., 1998; Freedman et al., 1983; Light and Braff, 1999; 

Kisley et al., 2003), and patients with schizotypal personality disorder (Cadenhead 

et al., 1993; Hazlett et al., 2003). OCD and schizophrenia spectrum disorders do 

have several interrelationships. There is a high comorbidity rate and neuropsycho-

logical and neurobiological overlaps have been reported (Cavallaro et al., 2003; 

Poyurovsky et al., 2005; Bottas et al., 2005). PPI and P50 suppression are mentioned 

as endophenotypic markers that may elucidate underlying mechanisms (Braff et 

al., 2001; Braff and Freedman, 2002; Poyurovsky and Koran, 2005). These underlying 

mechanisms have mostly been related to the schizophrenia spectrum, but may be 

involved in OCD, too. 

 Two studies have been published using the PPI paradigm as described earlier 

in OCD patients. Swerdlow et al. (1993) reported in a preliminary paper a decreased 

PPI in OCD patients (n=11) compared to normal controls (n=13). Hoenig et al. (2005) 

found deficient PPI in OCD patients (n = 30) compared to matched controls.  This 

deficit was most pronounced with the highest prepulse intensities (16 dB above 

background). Recently, a study was published which reported impairments in P50 

inhibition in OCD patients (n = 26) compared to matched healthy controls 

(Hashimoto et al., 2008). Taken together, the results of these studies suggest that in 

OCD sensory gating mechanisms are impaired, but the conclusions may be limited 

for some reasons: (1) a substantial part of the patients used medication, which may 

have an influence on PPI and P50 inhibition (Braff et al., 2001; Oranje et al., 2002; 

Hammer et al., 2007); (2) the measurements were not controlled for menstrual 

cycle phase in female subjects, which is known to influence PPI measurements 

(decreased PPI in the luteal phase) (Swerdlow et al., 1997; Jovanovic et al., 2004); (3) 

no results for different subtypes of OCD were reported, which may be important 

since OCD is considered to be a heterogeneous syndrome. This study was designed 

to assess PPI and P50 suppression in a group of drug-free OCD patients and age and 

sex-matched healthy controls, while controlling for menstrual cycle effects. In 

addition, correlations between early gating mechanisms and self-report measurements 

on ways of coping with intrusive thoughts were investigated.   
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Methods

Subjects
Twenty-five patients (outpatients and inpatients) with a diagnosis of OCD according 

to DSM-IV criteria (American Psychiatric Association, 1994) and 25 healthy control 

subjects participated in the study. Male and female subjects could enter the study, 

but females were tested in the first week (early follicular phase) of the menstrual 

cycle or in the pill-free week, when using oral anticonceptives. In these 

circumstances hormonal levels are low and PPI is not different from PPI in men 

(Swerdlow et al., 1997; Jovanovic et al., 2004). Healthy controls were matched to the 

OCD patients by age and gender. At screening, the diagnosis of OCD was established 

using the Mini-International Neuropsychiatric Interview-PLUS (Sheehan et al., 

1998; Dutch translation: van Vliet and de Beurs, 2007). The written informed 

consent was obtained from all participants. Patients with any comorbid psychiatric 

disorder according to the DSM-IV criteria were excluded. Healthy control 

individuals had to be free of psychiatric symptoms and any lifetime history of 

psychiatric disease. Other exclusion criteria for patients and healthy controls 

were: any significant medical or neurological illness within the last year, a history 

of substance abuse or dependency, a positive family history for psychotic disorders 

in a first-degree relative, a hearing impairment of more than 20 dB, and excessive 

smoking (more than 20 cigarettes a day). The usage of any psychotropic drugs 

during the study was not allowed. Patients had to be free of psychotropic 

medication for at least 2 weeks before the study (4 weeks for fluoxetine). 

 The study protocol was approved by the Ethics Review Committee of the University 

Medical Center Utrecht, according to statements for human research from Helsinki 

(amendment of South Edinburgh from 2001).

 At baseline, several psychometric assessments were performed in order to 

obtain information on psychopathological aspects that may be associated with 

outcome results. To define subgroups of OCD on the basis of symptom clusters the 

Padua Inventory Revised (PI-R) (Sanavio, 1988; Dutch version: van Oppen et al., 

1995) was used. The severity of the obsessive-compulsive symptoms was assessed by 

means of the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS; semi-structured 

interview; total score, and obsessions and compulsions subscores) (Goodman et al., 

1989) and the PI-R (self report). The depressive symptoms were assessed with the 

Hamilton Depression Rating Scale (HDRS) (Hamilton, 1984). Two questionnaires 

were used (for OCD patients only) to investigate the way in which patients cope 

with unwanted thoughts: the White Bear Suppression Inventory (WBSI) (Wegner 

and Zanakios, 1994; Muris et al., 1996) and the Thought Control Questionnaire 

(TCQ) (Wells and Davies, 1994). 
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Procedure
All subjects were tested between 9 a.m. and 1 p.m. to control for possible time 

effects. On the test day subjects had to refrain from smoking and drinking coffee 

1 h before testing. The subjects were seated in a dentist chair in a dimly lit, 

acoustically isolated room adjacent to the control room. The procedure consisted 

of one session with a fixed test-design: first, the PPI test, then the P50 suppression 

test; earlier studies in our laboratory indicated an order effect between these two 

tests (Oranje et al., 1999). To prevent unnecessary movements of the head or neck 

muscles, a vacuum cushion was attached to the top of the chair, serving as a head 

rest. The subjects were instructed to have their eyes gently closed during the PPI 

and P50 experiments. Before the test, subjects were informed about the white 

noise and loud bursts of noise. 

 Before the experiment started a hearing test was performed with tones of 500, 

1000, and 6000Hz at 20 and 40dB. All subjects passed this screening test.

Signal recording
For reasons not related to this study the recording equipment was changed when 

this study was underway. For the first 18 subjects (nine patients and nine controls) 

a Tönnies amplifier and Neuroscan software (Compumedics Neuroscan, Charlotte, 

North Carolina, USA) were used. The remaining subjects were tested using Biosemi 

actiview equipment (Biosemi actiview: BioSemi B.V., Amsterdam, The Netherlands). 

All adjustments were set equally and checked. Statistical analyses of the data 

obtained with the Biosemi and the Tönnies and Neuroscan equipment separately 

revealed no statistically significant differences. On the Tönnies amplifier electro-

encephalography (EEG) recordings were made from location Cz only, while on the 

Biosemi equipment an electrocap was used with 32 scalp locations (10-20 system). 

The electrode Cz was used because the P50 amplitude reaches its maximum peak 

on that electrode (Clementz et al., 1998). Six additional electrodes were attached to 

the subject’s head using adhesive rings. One electrode was placed on the left 

mastoid, which was used as a reference (EEG recording). The activity of the m. 

orbicularis inferior of the right eye was used for bipolar electromyography (EMG) 

measurement. One electrode was placed on the medial part of this muscle, the 

other was placed 0.5 cm in the direction of the outer canthus of the eye. For 

measuring vertical electro-ocular activity (EOG) one electrode was placed above 

the pupil of the right eye, the medial EMG electrode was used as the lower electrode 

for measuring vertical EOG. Horizontal electro-ocular activity was measured by 

placing two electrodes next to the outer canthus of both eyes. Where the Tönnies 

equipment was used all electrode impedances were kept below 5kΩ and all EEG, 

EOG and EMG signals were recorded with an online filter (low pass) set at 1000 Hz. 

For the EEG and EOG recordings time constant was set at 5 s and for EMG at 50 ms. 
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In case of the Biosemi equipment Active Two electrodes were used, for the Tönnies 

equipment Ag/AgCl electrodes were used.

PPI assessment
All auditory stimuli were gated almost instantaneously (rise/fall time < 0.1 ms) and 

were presented binaurally through stereo insert earphones (Eartone ABR).  All 

stimuli were presented by a computer running Presentation (Biosemi equipment) 

or Neuroscan software (Tönnies equipment). The soft- and hardware settings were 

calibrated by means of an artificial ear (Brüel and Kjær, type 4152, Naerum, 

Denmark) to ensure that the stimulus intensities at the subject’s ears were the 

intended intensities. During the startle measurement, a continuous 70 dB white 

noise acted as a background noise. The startle pulse and prepulse stimuli were 

bursts of white noise with a duration of 30 ms. The startle pulse consisted of a 113 

dB white noise burst and prepulses consisted of 74, 78, or 86 dB white noise bursts, 

that is 4, 8, and 16 dB respectively above the background noise. Inter-trial periods 

were randomized between 10 and 25 s, the interval between prepulse and pulse 

was fixed at 120 ms. Before beginning the startle experiment, eight noise bursts of 

increasing intensity (75-105, 5 dB increment) were applied to accustom the subject 

to loud sounds. After this the subjects were presented 48 trials consisting of a 

startle eliciting pulse (pulse-alone) or a combination of a pulse and one of the three 

different prepulses. Each of four different trials was presented 12 times. The trials 

were presented in two subblocks of six trials of each prepulse-pulse combination 

in a semi-randomized order (i.e. not the same combination two times after each 

other).  Processing of startle data began with epoching the recorded signal from 

100 ms pre-stimulus to 400 ms post-stimulus, after which data were filtered at 300 

Hz (low pass) and baseline corrected. In a window of 20 – 90 ms after stimulus 

onset, maximum absolute amplitudes were assessed using a computerized 

algorithm for peak detection.

 Prepulse inhibition of the startle reflex was calculated using the formula 100.

(1-Aprepulse-pulse/Apulse alone), representing the percentage reduction of the 

amplitude over pulse-alone trials.

P50 assessment
The actual experiment was preceded by presenting 5 click pairs to ascertain that 

a click would not elicit a startle response in the subject. The P50 was assessed by 

presenting two clicks of 1,5 ms (79 dB) through the earphones. The interstimulus 

interval was 500 ms. Subjects were presented two identical blocks of 36 pairs of 

stimuli, with an inter-trial-interval of 10 seconds. They were instructed to count 

the click pairs, to prevent drowsiness or falling asleep. Furthermore, between the 

two blocks subjects were asked whether they still felt fit and how many clicks they 
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had counted. After recording, the EEG and EOG signals were processed using BESA® 

(MEGIS Software GmbH, Germany), a software package especially designed for 

EEG and event-related potential data. 

 First, the signals were epoched at an interval between 100 ms pre-stimulus 

and 400 ms post-stimulus and baseline corrected. After this, all epochs containing 

artifacts (saturation of the analogue-to-digital converter or absolute amplitudes 

larger than 100 µV) were removed from the database. Finally, the two experimental 

blocks were put together and averaged. The P50 waves were identified and scored 

as described by Nagamoto et al. (1989): P50 amplitudes elicited by the first 

(conditioning) stimulus were identified as the greatest positivity in a window from 

40 to 90 ms, after stimulus presentation. If more than one peak is identified, the 

later one was selected. The amplitude was assessed as being the difference between 

this peak and the preceding trough, the latency was assessed as being the time 

from the onset of the conditioning stimulus to the maximum amplitude of this 

peak. The P50 amplitude elicited by the second (testing) stimulus was assessed 

accordingly, with a further constraint that its peak latency had to lie in a window 

of that of the conditioning stimulus ±10 ms. To express P50 suppression the formula 

T/C was used, where T represents the P50 amplitude elicited by the testing stimulus 

and C represents the P50 amplitude elicited by the conditioning stimulus.

Statistical analysis
First, raw amplitude data of the PPI and P50 suppression paradigms were examined 

by a mixed between-within subjects ANOVA with group (OCD vs. healthy controls) 

as a between subject factor, and stimulus type (pulse alone, prepulses 4, 8, and 16 

dB above background in the PPI paradigm; conditioning and testing stimulus in 

the P50 paradigm) as a within factor. For analysis of the percentage PPI an ANOVA 

was used with the factor group as a between-subject factor and prepulse intensity 

(4, 8 and 16 dB above background) as a within-subject factor. 

 Gender was added as a covariate in order to eliminate possible sex effects. An 

analysis was done with equipment type as between-subject factor in order to rule 

out this as a confounding factor. Post-hoc analyses were done using Student’s 

t-tests whenever the ANOVA revealed significant effects.  

 The same analyses were performed in the subgroups, which were formed on 

the basis of scores on the symptom clusters as defined by van Oppen et al. (1995), 

when the sample sizes were not too small (arbitrary minimum of 7 subjects per 

subgroup).

 Correlations were examined between the PPI and P50 scores, baseline 

measurements, and the scores on the WBSI and TCI using Pearson’s product-moment 

correlation coefficient. 
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Results

Baseline values
Demographic and psychometric data are shown in Table 1. OCD patients and 

healthy controls did not differ significantly in either gender or in age. The mean 

Y-BOCS score indicates that a group with severe complaints was investigated. 

Depressive symptoms were at a subclinical level. OCD patients were assigned to 5 

symptom clusters, according to van Oppen et al. (1995). Subjects were allocated to 

a specific subgroup when scores on the concerning subscale were more than half 

of the maximum score, or the highest score of all subscales. Patients could be 

assigned to more than one symptom cluster and therefore subgroups can be 

overlapping. This resulted in the subgroups “washing” (n=7), “checking” (n=13) and 

“rumination” (n=16). Two subgroups (“impulses” and “precision”) contained 

insufficient numbers and were not included in the analyses.  

Prepulse inhibition
The PPI results are summarized in Table 2. Analysis of the PPI data revealed a 

statistically significant main effect for stimulus type [F(3,46) = 25.05, p < 0.001], 

indicating that a significant reduction of the eye-blink reflex occurred when 

pulses were preceded by prepulses.

 Analysis of percentage PPI revealed a main effect for prepulse intensity [F(2,47) 

= 63.85, p < 0.001], but neither a main effect for group [F(1,48) = 0.04, p = 0.84] nor a 

group x prepulse type  interaction effect [F(2,47) = 0.54, p = 0.58] was found, 

Table 1   Baseline characteristics of patients and healthy controls 

OCD Patients Healthy Controls

N 25 25

Sex (F/M) 7/18 7/18

Age 32.9 ±10.7 31.9 ±8.7

Y-BOCS 24.3 ± 6.2

PI-R 61.5 ± 29.5

HDRS 9.5 ± 3.2

Data are shown as mean ± standard deviation. 

HDRS, Hamilton Depression Rating Scale; OCD, Obsessive-Compulsive Disorder; PI-R, Padua Inventory 

Revised; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale;
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indicating more PPI following more intense prepulses, but no significant difference 

between the total group of subjects suffering from OCD compared with healthy 

controls (Figure 1). Covariating on gender did not alter these results. No significant 

group x equipment interaction was found [F(1,46) = 0.039, p = 0.84]. When the 3 

subgroups of OCD patients based on the abovementioned clusters of symptoms 

were analyzed, no statistical significant results were found. 

Table 2   Data summary of PPI 

Pulse alone Prepulse 4 dB Prepulse 8 dB Prepulse 16 dB

Group N Amplitude Amplitude PPI Amplitude PPI Amplitude PPI

OCD patients
Healthy controls

25
25

259.2 ± 36.0
298.8 ± 36.5

202.0 ± 31.2 
229.8 ± 29.5

21.3 ± 6.8
22.3 ± 5.0

183.2 ± 30.4
206.1 ± 28.7

30.2 ± 6.6
30.0 ± 5.8

129.4 ± 23.2
131.5 ± 18.7

49.4 ± 5.4
53.2 ± 5.1

Mean amplitudes (µV ± SEM) and mean PPI (percentage ± SEM) on the different trials.

OCD, obsessive-compulsive disorder; PPI, prepulse inhibition

Figure 1   Mean (± SEM) percent prepulse inhibition (PPI) in obsessive-compulsive 
disorder (OCD) patients and healthy controls for the three prepulse 
intensities (dB above background noise)
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P50 suppression
Results of the P50 suppression tests are shown in Figure 2. The P50 data of 1 OCD 

patient and 2 healthy controls could not be included in the analyses because no 

P50 amplitude to the conditioning stimulus was elicited.

 ANOVA analysis showed a significant main effect for stimulus type only 

[F(1,43) = 53.32, p < 0.001], indicating that the testing stimulus elicited a reduced 

response compared to the response after the conditioning stimulus. Neither a 

Table 2   Data summary of PPI 

Pulse alone Prepulse 4 dB Prepulse 8 dB Prepulse 16 dB

Group N Amplitude Amplitude PPI Amplitude PPI Amplitude PPI

OCD patients
Healthy controls

25
25

259.2 ± 36.0
298.8 ± 36.5

202.0 ± 31.2 
229.8 ± 29.5

21.3 ± 6.8
22.3 ± 5.0

183.2 ± 30.4
206.1 ± 28.7

30.2 ± 6.6
30.0 ± 5.8

129.4 ± 23.2
131.5 ± 18.7

49.4 ± 5.4
53.2 ± 5.1

Mean amplitudes (µV ± SEM) and mean PPI (percentage ± SEM) on the different trials.

OCD, obsessive-compulsive disorder; PPI, prepulse inhibition

Figure 2   Mean (±SEM) P50 suppression as expressed by the T/C ratio in obsessive-
compulsive disorder (OCD) patients and healthy controls. T = P50 amplitude 
to auditory testing stimulus, C = P50 amplitude to auditory conditioning 
stimulus



| Chapter 568

group effect [F(1,45) = 0.177, p = 0.68] nor a group x stimulus type interaction effect 

[F(1,45) = 1.96, p = 0.17] was found.

 Gender had no significant effect on the results. No equipment x group 

interaction effect could be established [F(1,43) = 1.31, p = 0.26]. When subgroups of 

OCD patients were analyzed separately, a statistically significant increased P50 

suppression was found for the subgroup characterized by high scores on the “checking” 

subscale of the PI-R (n = 12) [t(22) = -2.52, p < 0.05], compared with matched healthy 

controls. NB: Other subgroups showed no statistically significant effects. 

Correlations
No significant correlations were found between the PPI and P50 suppression scores 

and clinical baseline values (Y-BOCS, PI-R, WBSI, and TCI scores) when all OCD 

patients were included. Analyzing subgroups, a statistically significant correlation 

was found in the ‘checkers’ subgroup between P50 suppression and the score on 

the WBSI (r =0.60, p < 0.05), however, when an outlying value was excluded 

significant effects disappeared. No significant correlations were found between 

PPI and P50 suppression, neither in patients nor in healthy controls.  

Discussion

To our knowledge this is the first study of sensorimotor and sensory gating in a 

rather large group of drug-free OCD patients, employing both PPI of the acoustic 

startle reflex and P50 suppression for acoustic click pairs in each subject. Moreover, 

data in the current study were controlled for menstrual cycle effects in women. 

The following results were found: (1)  PPI of the acoustic startle reflex did not differ 

between OCD patients and matched healthy controls; (2) P50 suppression in OCD 

patients was not impaired when compared to matched healthy controls; (3) a 

subgroup with a high score on the “checking” dimension of OCD symptoms 

showed enhanced P50 suppression; (4) no correlations were found except for a 

positive correlation in the subgroup of ‘checkers’ between P50 ratio and the score 

on the WBSI.  

 The negative findings of this study are in contrast with the reports of Swerdlow 

et al. (1993), Hoenig et al. (2005) and Hashimoto et al. (2008) who found  PPI and P50 

suppression deficits in OCD patients. It should be noted that Schall et al. (1996) 

reported a study, using a mixture of PPI and ERP’s (among other things P50), where 

they found no statistically significant differences between the OCD patients 

(drug-free patients, n=11) and healthy controls. But it is difficult to compare that 

study with our and the above-mentioned studies because of the very differing 

procedure and design of the study of Schall et al. (1996).
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 This discrepancy may be due to differences in subjects or in testing procedures. 

OCD patients in the studies of Swerdlow et al. (1993), Hoenig et al. (2005) and 

Hashimoto et al. (2008) were for the most part not drug-free, the majority of their 

patients was taking serotonin reuptake inhibitors (SSRIs) and some also 

antipsychotics. Acute dosages of SSRIs  in healthy subjects have not shown to affect 

PPI or P50 suppression (Phillips et al., 2000; Liechti et al., 2001; Jensen et al., 2007; 

Jensen et al., 2008). However, acute effects of SSRIs may differ from effects after 

chronic use, which is often the case in OCD patients. The only study on the effect 

of chronic SSRIs treatment on PPI is a study in depressed patients, showing that 

sertraline treatment for 2 weeks did not impair PPI (Quednow et al., 2004). 

Limitations of the latter study, however, were the low dose of sertraline (50 mg) 

and the extreme small sample size (n=8). Taken together, these findings suggest at 

best a marginal influence of acute dosages of SSRIs on sensory or sensorimotor 

gating, but the effect of chronic treatment with these drugs on PPI and P50 has not 

been studied systematically.  

 Another possible explanation for the conflicting results of the current study 

with previously published studies in OCD patients is the influence of gender. For 

PPI it is established that female subjects in the early follicular phase are comparable 

with men, but in the luteal phase women show reduced PPI compared to men 

(Swerdlow et al., 1997; Ludewig et al., 2003; Jovanovic et al., 2004). One study 

reported less P50 suppression in women compared to men, but did not investigate 

the effect of the menstrual cycle (Hetrick et al., 1996). Since Swerdlow et al. (1993), 

Hoenig et al. (2005) and Hashimoto et al. (2008) did not control for possible biases 

on the basis of menstrual cycle effects this could have contributed to the conflicting 

results between their study and the present one.   

 Nicotine (smoking) has been found to increase both PPI and P50 suppression 

(Kumari et al., 1996; Della Casa et al., 1998; Crawford et al., 2002). Smoking shortly 

before testing may enhance PPI and P50 suppression (Kumari et al., 1997; Kumari 

et al., 2001). In our study only 2 patients and none of the healthy control subjects 

were smokers and even these 2 smokers were requested not to smoke for one hour 

before testing.  Therefore, it is highly unlikely that nicotine was a confounder in 

the present study. The same applies to the study of Hashimoto et al. (2008). In the 

study of Hoenig et al. (2005), however, there was no control for nicotine effects; the 

control group contained a greater, although statistically nonsignificant, 

percentage of smokers. This might have increased the mean percentage PPI in the 

control group, resulting in larger differences between controls and OCD patients. 

Severity of illness in the current study was comparable with the studies of 

Swerdlow et al. (1993) and  Hashimoto et al. (2008) (YBOCS 24, 23 and 23 

respectively), but higher than in the study of Hoenig et al. (2005) (YBOCS 17). 

However, in none of the studies a correlation was found between YBOCS score and 
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PPI or P50 suppression, so it is unlikely that this could have contributed to the 

conflicting results. 

 OCD is a heterogeneous disorder encompassing different subtypes with 

possible different neurobiological substrates. It is conceivable that studies have 

included  OCD patients form several subgroups in varying numbers. Hoenig et al. 

(2005) did not provide any information on OCD subgroups. Studies of  Swerdlow et 

al. (1993) and Hashimoto et al. (2008) contained less checkers than in our study.  

The ‘checking’ cluster in our study showed a significant enhancement of P50 

suppression and may have masked possible impairments in the other subgroups. 

However, Hashimoto et al. (2008) found no differences between the subgroups and 

in our study no differences were found on P50 suppression between the other 

subgroups (‘non-checkers’) and healthy controls, which makes it an unlikely 

explanation for the conflicting results on sensory gating. The same line of thought 

applies to the PPI results. In the present study no effects on sensorimotor gating 

were found for any subgroup of OCD patients. 

 The procedures of the tests in the studies of Swerdlow et al. (1993), Hoenig et 

al. (2005) and Hashimoto et al. (2008) and in our study differed in some ways, for 

example subjects eyes open or closed. Because these conditions did not differ 

between healthy controls and OCD patients and good reliable responses were 

elicited we do not see these procedural differences as clear explanations for the 

conflicting results.

 Taking into account all possible confounders, the most likely factors explaining 

the discrepancies between the studies are the effects of gender and medication.

The finding that the subgroup with a high “checking”-score on the PI-R showed an 

increased P50 suppression is interesting. To our knowledge, the current study is 

the first to report on increased P50 suppression in psychiatrically ill patients. So far, 

increased sensory gating has only been found in relation with tobacco smoking 

(nicotine) (Crawford et al., 2002; Adler et al., 1993), which  suggests an involvement 

of specific cholinergic receptors in sensory gating (Stevens et al., 1998; Olincy et 

al., 2006; Martin and Freedman, 2007). In general, it is not fully clear which neu-

rotransmitter systems are involved in regulating P50 suppression. Some reports 

suggest a role for the dopaminergic (Oranje et al., 2002; Crawford et al., 2002; 

Csomor et al., 2008) system, others point towards the serotonergic (Mann et al., 

2008; Swerdlow et al., 2006), or cholinergic (Adler et al., 1998; Koike et al., 2005) 

systems. Several clinical studies showed normalization of impaired P50 suppression 

following administration of nicotine (Adler et al., 1993; Freedman et al., 1994) or 

atypical antipsychotics, particularly clozapine (Nagamoto et al., 1999; Light et al., 

2000; Adler et al., 2004). However, normalization is not the same as increased P50 

suppression, so the meaning of these findings for the increase found in this study 

is unclear.
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 Since OCD is heterogeneous with regard to symptom patterns and possible 

underlying pathophysiological mechanisms, investigating subgroups with 

clustered symptoms or a multidimensional approach, rather than the whole group 

of OCD patients seems appropriate (Lochner and Stein, 2006; McKay et al., 2004; 

Mataix-Cols et al., 2005). It should be noted, however, that the number of subjects 

in some other subgroups in the current study was rather small. In a number of 

publications differences between checkers subgroups and other OCD subgroups 

were reported in priming tasks (Hartston and Swerdlow, 1999; Hoenig et al., 2002) 

and in neural correlates to symptom provocation (Phillips et al., 2000; Mataix-Cols 

et al., 2004). Finally it can be concluded that the results of the present study do not 

support hypotheses linking impairments in sensorimotor and sensory gating, 

deficits in inhibition functions and the pathogenesis of OCD.  

 There are some limitations to our study. The number of subjects in the 

subgroups might have been too small to detect significant differences (type II 

error).  Subgroups were formed by scores on the subscales of the PI-R (self-report) 

only. A combined assessment with the clinician rated Y-BOCS checklist might be 

preferable in order to represent the total spectrum of symptoms (Denys et al., 

2004).  

 In conclusion, the present study revealed no differences in prepulse inhibition 

of the acoustic startle reflex and auditory P50 suppression between medication 

free OCD patients and age and gender matched healthy controls. However, 

increased P50 suppression was found in a subgroup of patients with a high score 

on checking symptoms, although they did not show differences in PPI. The current 

results do not confirm those of earlier studies, in which both sensory and 

sensorimotor gating deficits were found in OCD patients. The conflicting results 

are probably due to gender effects (i.e. not controlling for menstrual cycle effects 

in the other studies) and/or the effects of medication, since the patients in the 

other studies were medicated, while in the current study they were not. Future 

research should focus on subgroups or symptom-dimensions of OCD in relation to 

sensory or sensorimotor gating. 
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Abstract

Background. It has been hypothesized that disturbed cognitive inhibition in obses-

sive-compulsive disorder (OCD) is an important factor in its pathogenesis. Studies 

examining inhibition function in OCD using the negative priming paradigm thus 

far yielded mixed results. This study aimed to perform a visuospatial priming task 

in medication-free OCD patients, avoiding confounds by perceptual and medication 

effects. In visuospatial priming tasks both negative priming and repetition 

priming reflect cognitive inhibition. 

Methods. Medication-free OCD patients (n = 24) and age and gender matched healthy 

controls (n = 24) were tested using a visuospatial priming task. Negative priming 

(target in the location previously occupied by the distractor) effects and repetition 

priming (target in the same location as in the previous trial) effects were obtained 

by subtracting reaction times in the control condition from reaction times in the 

negative priming and the repetition priming  condition.  

Results. OCD patients showed less reaction time slowing in the negative priming as 

well as the repetition priming condition, indicating an impaired cognitive 

inhibition. No correlation was found between these impairments and severity of 

symptoms.

Conclusions. These results are in line with the hypothesis that in OCD disturbances 

in (cognitive) inhibition are at the basis of the disorder. Inadequate (unconscious) 

inhibition of unwanted thoughts or behaviors might result in counterproductive 

conscious efforts of suppression and maintenance of OCD symptoms.   
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Introduction

Most people are familiar, to some extent, with intrusive thoughts and ritualistic 

behaviours (Rachman and de Silva, 1978; Salkovskis, 1984; Rachman, 1997; Muris 

et al., 1997).  In people with obsessive-compulsive disorder (OCD) these symptoms 

are more frequent, enduring and intense and deeply impact everyday life 

(Hauschildt et al., 2010). It has been suggested that inadequate (cognitive) inhibition 

is at the basis of the disorder (Chamberlain et al., 2005; Muller and Roberts, 2005).

 Cognitive inhibition is typically measured using the negative priming paradigm 

(Tipper, 1985; Tipper and Cranston, 1985). In a visuospatial variant of this paradigm, 

subjects have to respond to the location of a target stimulus which is presented 

simultaneously with a distractor stimulus. Subjects respond slower to the target 

stimulus if it is presented in the location previously occupied by the distractor. 

This reaction time slowing is referred to as the negative priming effect, and is 

commonly attributed to the active inhibition of the distractor during the previous 

trial (Tipper, 2001, but cf. Christie and Klein, 2001). 

 In addition, in the visuospatial priming paradigm there is also a repetition 

priming effect: response speed slows down when the target stimulus remains in the 

same location over trials (Milliken et al., 2000; Christie and Klein, 2001). 

 Results on the negative priming effect in OCD are not consistent across studies. 

The first studies reported decreased negative priming in OCD patients compared 

with other anxiety disorder patients (Enright and Beech, 1990, 1993, Enright et al., 

1995). However, later studies failed to find reduced negative priming in OCD 

patients (MacDonald et al., 1999; Hartston and Swerdlow, 1999; Moritz et al., 2010), 

or did so only in some subgroups (Hoenig et al., 2002). There are several likely 

reasons for these inconsistencies, among which medication confounds, severity of 

illness, and task characteristics seem to be the most important. Repetition priming 

has been less examined in OCD and results are also inconsistent, showing 

enhanced (Hartston and Swerdlow, 1999; Bannon et al., 2008) or equal (Moritz et 

al., 2010) repetition priming compared with healthy controls. Given these incon-

sistencies in the literature, it is unclear whether or not OCD is characterized by 

impaired negative and repetition priming.

 Here we investigate negative and repetition priming in the largest cohort to 

date of medication-free OCD patients. We included 24 moderate to severely ill 

(mean YBOCS 24) patients without comorbidity and compared their data to that of 

age and gender matched healthy controls. We used a spatial negative priming task 

(Vink et al., 2005a; 2005b), which is a modification of the original task by Tipper et 

al. (1995). Using this task, we were able to correct for perceptual confounds that 

may affect the interpretation of the results. In a previous study, we have shown 

that impaired negative priming in schizophrenia patients is independent of such 
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confounds. This is important because some studies have suggested poorer 

visuospatial performance independent of negative priming in OCD (Kuelz et al., 

2004; Moritz et al., 2005). 

Methods

Subjects
Twenty-four patients (outpatients and inpatients) with a diagnosis of obsessive-

compulsive disorder (OCD) according to DSM-IV criteria (American Psychiatric 

Association, 1994) and twenty-four matched healthy control subjects participated 

in the study (for details see Table 1). Written informed consent was obtained from 

all participants. The study protocol was approved by the Ethics Review Committee 

of the University Medical Center Utrecht, according to statements for human 

research from Helsinki (amendment of South Edinburgh from 2001). 

 At screening, diagnosis of OCD was established using the MINI-PLUS (Sheehan 

et al., 1998; Dutch translation: van Vliet and de Beurs, 2007). Patients with any 

co-morbid psychiatric disorder according to DSM-IV criteria were excluded. 

Patients were free of psychotropic medication for at least 2 weeks prior to the study 

(4 weeks for fluoxetine). None of the control subjects or their first-degree family 

members had psychiatric symptoms or any lifetime history of psychiatric disease. 

The severity of the obsessive-compulsive symptoms was assessed by means of the 

Yale-Brown Obsessive-Compulsive Scale (YBOCS; Goodman et al., 1989) and the 

Table 1   Baseline characteristics of patients and healthy controls 

OCD patients
(n = 24)

Healthy controls
(n = 24)

Gender, n
Male
Female 

Age, yrs
Y-BOCS
HDRS
PI-R

6
18
33.9 (10.4)
24.2 (5.8)

9.0 (3.4)
61.8 (23.4)

6
18
30.4 (9.5)

Data are given as mean (standard deviation) or as number of subjects

OCD, Obsessive-compulsive disorder; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; HDS, Hamilton 

Depression Rating Scale; PI-R, Padua Inventory-Revised.
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Padua Inventory Revised (PI-R; Sanavio, 1988; Dutch version: van Oppen et al., 1995) 

(self-report). Depressive symptoms were assessed with the Hamilton Depression 

Rating Scale (HDRS; Hamilton, 1984). Two questionnaires were used to investigate 

the way in which patients cope with unwanted thoughts: the White Bear Suppression 

Inventory (WBSI; Wegner and Zanakos, 1994; Muris et al., 1996) and the Thought 

Control Questionnaire (TCQ; Wells and Davies, 1994). 

Figure 1   Overview of all priming conditions

Priming condition Prime to Probe

 Control

 
Distractor-to-Target 
(negative priming)

 Switch

 
Target-to-Target
(repetition priming)

 Repeat

 Target-to-Distractor

 
Distractor-to-
Distractor
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Procedure
The spatial negative priming task (Vink et al., 2005a, 2005b) was based on the task 

used by Tipper et al. (1995; experiment 1).  Each trial consisted of the presentation 

of two filled white dots, one small (i.e. the distractor) and one large (i.e. the target), 

within the marker circles for 1000 ms (Fig. 1). During this time, subjects had to 

press a button corresponding to the target dot, i.e. the largest dot. The stimuli then 

remained on the screen for another 1500 ms, after which the display was cleared. 

Between two trials, a fixation cross was presented for 500 ms. The task consisted of 

15 blocks of 50 trials each, the first trial being used as the initial prime.  The first 

block was used for training. Between the blocks there was a pause of 4.5 seconds. 

All possible seven trial types were used (for details see Fig. 1). This ensured that all 

possible sequences of target and distracter could occur, thereby preventing 

predictability (see also Vink et al., 2005b; Christie and Klein, 2008). 

Statistical analysis
First, reaction times and accuracy for all conditions for the two groups were 

analyzed using repeated measures ANOVA. Next, reaction times in the negative 

priming (Distractor-to-Target) and repetition priming (Target-to-Target) condition 

were subtracted from the reaction times in the control condition to obtain the 

priming effects. These effects were compared between the groups using indepen-

dent-samples t-tests. Correlations were examined between the priming effects, 

baseline measurements of severity, and the scores on the WBSI and TCI using 

Pearson’s product-moment correlation coefficient. All analyses were two-tailed 

and the significance level was set at α < 0.05.

Results

Subjects
The demographic and psychometric values of the subjects are presented in Table 1. 

OCD patients and healthy controls did not differ significantly in either gender or 

in age. The mean Y-BOCS score indicates that a group with severe complaints was 

investigated. Two subgroups could be established: ‘washers’ (n=6) and ‘checkers’ 

(n=13). Depressive symptoms were at a subclinical level. 

Overall performance
In Table 2 the reaction times in all conditions are presented. For reaction times, 

the main effect of group was not significant [F(1,46) = 2.29, p = 0.14] indicating that 

the overall reaction times did not differ between patients and controls. Similarly, 

for accuracy, the main effect of group was not significant [F91,46) = 0.47, p = 0.50], 

indicating that overall accuracy was equal for both groups. 
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Priming effects
The results for the negative priming (Distractor-to-Target vs. Control) effect and 

repetition priming (Target-to-Target vs. Control) effect are depicted in Fig. 2. 

Table 2   Mean reaction times for all priming conditions in OCD patients and 
healthy controls 

OCD patients Healthy Controls

Priming condition RT, ms RT, ms

Control 585.4 (19.2) 544.1 (13.0)

Distractor-to-target 601.7 (18.1) 569.7 (13.7)

Switch 600.9 (19.5) 560.3 (13.2)

Target-to-target 582.2 (14.3) 568.3 (13.1)

Repetition 557.4 (15.0) 535.8 (12.9)

Target-to-Distractor 575.2 (19.7) 533.0 (13.9)

Distractor-to-Distractor 573.5 (19.5) 532.6 (14.2)

Data are given as mean (standard error of the mean).

OCD, Obsessive-compulsive disorder.

Figure 2   Mean negative and repetition priming effects (reaction time priming 
condition minus reaction time control condition) in OCD patients and 
healthy controls
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The size of the negative priming effect differed between the groups, [t(46) = -2.29,  

p = 0.026; partial η2 = 0.102], with the OCD patients showing a reduced effect. The 

repetition priming effect also differed between the groups [t(46) = -2.78, p = 0.009; 

partial η2 = 0.144], with OCD patients showing a small facilitatory  effect.

  

Correlations
In patients, correlations between mean reaction times in the different conditions 

and the scores on the YBOCS and the PI-R were statistically significant or a showed 

a trend (Pearson’s r ranging from 0.37 to 0.51 and p ranging from 0.08 to 0.02) with 

patients scoring high on the YBOCS and PI-R having the longest reaction times. 

However, no correlations were found between scores on the YBOCS, the PI-R, TCI, 

HDS or WBSI and the negative and repetition priming effects. 

Discussion

In this study we investigated negative priming and repetition priming in 24 med-

ication-free OCD patients and 24 matched healthy controls. Whereas healthy 

controls showed a significant reaction time slowing in both negative and repetition 

priming compared to a non-priming control condition, patients did not show such 

a slowing. No correlation with severity of symptoms was found, so the established 

shortcomings might be more trait-related than state-related. This is the first time 

that a visuospatial priming deficit is reported in medication-free OCD patients. As 

such, these data add support to the hypothesis that OCD patients are impaired in 

cognitive inhibition (Chamberlain et al., 2005).  

 Our finding of reduced negative priming is consistent with the original 

studies of Beech et al. (1990, 1993, 1995). They were the first to report negative 

priming impairments in (predominantly medication-free) OCD patients compared 

to anxiety disorder patients using semantic tasks and tasks with Stroop-stimuli. 

However, these impairments were found only when stimulus presentation times 

were very short (100 ms), suggesting that this finding may reflect reduced ‘speed of 

processing’ rather than impaired negative priming (MacDonald et al., 1999). Our 

data replicate and extend these results by showing impaired negative as well as 

repetition priming in medication free OCD patients while using longer presentation 

times (1000 ms).  

 Our results are not consistent with some other studies using identity-based 

priming tasks. MacDonald et al. (1999), McNally et al. (2001) and Moritz et al. (2010) 

found no differences in negative priming between OCD patients and healthy 

controls, whereas Hoenig et al. (2002) reported reduced identity-based priming for 

specific subgroups of patients. However, in these studies patients were using 
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psychotropic medication (Hoenig et al., 2002; Moritz et al., 2010), which severely 

limits the inferences one can make regarding priming deficits in OCD. In two 

other studies, no information was provided regarding medication use (MacDonald 

et al., 1999; McNally et al., 2001). In our study, all patients were medication-free to 

prevent this confound. Moreover, patients in the study of Hoenig et al. (2002) were 

very mildly ill (mean YBOCS 11.7 vs. 24.8 in our study). Mean YBOCS scores in the 

other abovementioned studies were comparable with the mean score in our study.

Besides medication use and illness severity, the exact type of task used may account 

for the inconsistencies between our findings and results of other studies. We used 

a visuospatial task in which locations are primed (location-based), while others 

have used identity-based tasks in which a stimulus characteristic is primed. There 

are several indications that location-based priming depends on a different 

underlying mechanism than identity-based priming. For example, in older 

subjects negative priming for location is preserved, but identity-based negative 

priming is impaired (Conelly and Hasher, 1993; McLaughlin et al., 2010). Gibbons 

(2006), using event-related potentials (ERP) found that location-based negative 

priming was associated with enhanced N200 amplitudes, whereas identity-based 

negative priming was not. In a recent fMRI study different activation patterns 

were found between the two paradigms (Bauer et al., 2012). In the location-based 

paradigm an enhanced activation of the nucleus caudate was found in the negative 

priming condition compared with the control condition (see also Vink et al., 

2005b). In the identity-based task an increased activation was found only in the 

hippocampal region. Importantly, the caudate nucleus is one of the major regions 

implicated in OCD (Del Casale et al., 2011; Menzies et al., 2008; Figee et al., 2011), 

endorsing the importance of using a location-based priming task in OCD. In sum, 

these differences between location- and identity-based priming may account for 

the inconsistencies in results across studies. 

 The study of Hartston and Swerdlow (1999) is the only one in which visuospatial 

repetition priming is investigated in OCD patients in a priming paradigm with 

distracters. Since the interstimulus time in their study was short (350 ms), they 

observed facilitation instead of inhibition in both healthy controls and OCD 

patients. In some subgroups an increased facilitation was found, which could be 

interpreted as being in line with impaired inhibition. Our observation of impaired 

repetition priming is not consistent with reports of enhanced (Bannon et al., 2008) 

or equal (Moritz et al., 2010) repetition priming in OCD. The main reason for this 

inconsistency is likely the lack of distracter stimuli (Bannon et al., 2008) and the 

usage of identity-based priming tests (both studies), which favours facilitation, in 

contrast with location-based priming (Campana and Casco, 2009). 

 Despite the fact that we have investigated negative priming in the largest 

group to date of medication-free patients (n=24), we were unable to form adequate 
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sub-groups based on symptom-characteristics. Indeed, OCD is a heterogeneous 

disorder and specific subgroups are characterized by specific impairments 

(Mataix-Cols et al., 2004). 

 In sum, our results of impaired negative and repetition priming in medication- 

free OCD patients are in line with the hypothesis that OCD is characterized by a 

reduced capability of (unconscious) inhibition or filtering of unwanted intrusive 

thoughts (Chamberlain et al., 2005; Muller and Roberts, 2005). When this inhibition  

of unwanted thoughts fails, more conscious attempts to suppress these thoughts will 

be used. Importantly, such conscious attempts have a paradoxical effect: they 

increase the frequency of these thoughts, thus giving rise to OCD (Wegner et al., 

1987; Muris et al., 1996; Tolin et al., 2002).  More research is warranted to elucidate 

the neural mechanisms of reduced negative and repetition priming in OCD.  
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Abstract

Background. Exposure and response prevention is an effective method in the 

treatment of patients with obsessive-compulsive disorder. However, improvement 

is often limited. Preliminary studies in anxiety disorders have shown that the 

addition of the partial NMDA-agonist D-cylcoserine (DCS) is promising in 

enhancing the results of exposure therapy. 

Method. A randomized, double-blind, placebo controlled trial was conducted in 37 

patients with OCD. Patients received 6 guided exposure sessions, once a week. One 

hour before each session 125 mg DCS or placebo was administered. The Yale-Brown 

Obsessive-Compulsive Scale (Y-BOCS) was used as primary outcome measure. 

Results. The Y-BOCS score had declined more in the DCS group than in the placebo 

group, but the difference did not reach statistical significance (p = 0.068). The 

response percentage at posttreatment (defined as a reduction of at least 25% on the 

Y-BOCS) was significantly larger in the DCS group. No adverse effects were reported. 

Conclusions. The results of this study did not confirm an augmenting effect of DCS 

to exposure therapy in OCD. However, some secondary outcome data (significant 

effects in ‘washers’ subgroup, response percentages) suggested that DCS does have 

a potential to enhance exposure therapy and this study might has been 

underpowered. Future studies with larger groups are needed. 
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Introduction
 

Evidence-based treatment options for obsessive-compulsive disorder (OCD) are 

pharmacotherapeutic interventions, particularly with serotonin reuptake inhibitors 

(Blier et al., 2006; Dell’Osso et al., 2006) and cognitive behavioural therapy (CBT; 

Abramowitz, 2006; Nezeroglu et al., 2006). Despite the efficacy of these treatment 

options, the percentage of non-response is 20 to 40% (Fisher and Wells, 2005;  

Eddy et al., 2004). The mean decrease in symptoms, as assessed by the Yale-Brown 

Obsessive- Compulsive Scale (YBOCS), in treatment studies is moderate, mostly 

between 20 – 35%.  Another problem is the relatively high percentage of drop outs, 

about 20% in controlled clinical trials for both CBT and pharmacotherapy (Otto  

et al., 2004). This percentage suggests moderate tolerability and acceptability of these 

treatments. 

 In clinical practice pharmacotherapy and CBT are often combined. Yet, the 

evidence that the addition of pharmacotherapy to CBT yields more effect than CBT 

alone is not very convincing (Franklin and Foa, 2011; Foa et al, 2005).  

 This means there is a need for better and new approaches in the treatment of 

OCD in order to achieve a greater response percentage and more remissions. 

During the last years much research has been done on D-cycloserine and its use as 

an adjunctive psychopharmacological tool added to CBT treatment in anxiety 

disorders. D-cycloserine (DCS) acts as a partial N-methyl-D-aspartate (NMDA) 

receptor agonist (Rothbaum et al., 2008). By stimulating the receptor at the glycine 

site it enhances extinction of conditioned fear. This has been established in animal 

models and in studies with anxiety disorder patients (Norberg et al., 2008). 

Exposure and response prevention (ERP), the key element of CBT in OCD (Rachman 

and Hodgson, 1980), is the analogue of the procedure of extinction of conditioned 

fear in animals. 

 In line with these findings the possible augmenting effect of DCS for CBT 

treatment in OCD has been studied in three studies with adult patients and one 

study with adolescent patients. In two double-blind randomized placebo controlled 

studies (Storch et al., 2007; Kushner et al., 2007) no statistically significant 

additional effect (as measured with the YBOCS) of DCS to the ERP treatment of 

OCD patients was found at the end of the treatment period ( 12, and up to 5 weeks 

respectively). However, in both studies measurements after the first sessions 

showed tendencies to a faster improvement when DCS was added. In a third 

publication concerning a randomized placebo controlled trial in OCD patients 

DCS augmented the effect of ERP, but statistically significant only at mid-treatment 

(Wilhelm et al., 2008). So there are indications that the addition of DCS to ERP 

treatment in OCD enhances improvement, but this is most apparent during the 

first sessions of the treatment. However, all studies have limitations, such as 
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limited numbers of participants (about 25 subjects), heterogenic patient groups 

and varying doses of DCS (100, 125 and 250 mg used), time of administration (1, 2 

and 4 hours before treatment session) and ERP schedule (weekly or twice weekly). 

In a preliminary study on the effect of DCS addition to CBT in paediatric OCD 

similar results were found (Storch et al., 2010).

 In order to extend the knowledge of the effect of the addition of DCS to ERP in 

OCD patients and to further establish the precise position of DCS in the therapeutic 

possibilities, we designed the present study. We included OCD patients and used a 

limited series of ERP sessions delivered weekly, as is usual in ambulatory CBT 

treatment. We chose to use a dose of 125 mg DCS, administered 1 hour before ERP 

sessions.

 We hypothesized that administration of DCS as an adjunctive to ERP treatment 

in OCD would enhance improvement after six sessions of ERP when compared to 

placebo addition. 

Method

Participants
A total of 51 patients were referred for the screening phase. Twelve of them were 

excluded from continuing in the study, six because of exclusion criteria and six 

because they withdrew themselves before randomization. Two patients dropped 

out in a very early phase, one before the first actual ERP session and the other 

before the second ERP session. They were not included in the analyses. No drop 

outs occurred later in the study, so 37 patients completed the study and data of 

them were analyzed. Eighteen patients received DCS, nineteen placebo.

 Patients were mainly recruited at the Marina de Wolf centre, GGz Centraal, 

Ermelo, and an additional few at Overwaal, Lent, both anxiety disorders clinics in 

the Netherlands. The enrolment was from March 2009 till December 2011. The 

study was conducted according to the principles of Good Clinical Practice. The 

study protocol was approved by the medical ethics review committee of the mental 

health institutes in the Netherlands (METiGG). All participants signed an informed 

consent form. The trial was registered at trialregister.nl (NTR1189). 

 Included were patients with a primary DSM-IV diagnosis of OCD with an age 

of 18 years and older. Concurrent medication was permitted, except for benzodiaz-

epines, but doses had to be stable for the last two months and during the trial 

period. 

 Exclusion criteria were 1) substance addiction or abuse, 2) primary diagnosis 

of a personality disorder, 3) psychotic disorder (current or in the past), 4) severe 

somatic disorders and disorders that may interfere with the behaviour therapy, 5) 
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suicidal intentions, 6) pregnancy or breastfeeding, 7) usage of medication possibly 

interfering with DCS (isoniazide, protonionamide), 8) currently undergoing 

psychotherapy, 9) mental retardation and/or not understanding the rationale of 

exposure therapy. Female patients were required to use a reliable contraceptive. 

Procedure
Patients were referred to the clinic for the screening. They already had received 

global information about the study and were willing to participate. The screening 

procedure consisted of a psychiatric and medical investigation and confirmation 

of the diagnoses using the Structural Clinical Interview for axis I DSM-IV Disorders 

(SCID I; First et al., 1996). When patients were eligible they were randomized in a 

double-blind manner to the two treatment conditions: exposure and response 

prevention (ERP) plus D-cycloserine (DCS) or ERP and placebo.

 The randomization code was preserved at the clinical trials department of the 

pharmacy of the University Medical Centre Utrecht, where the D-cycloserine and 

placebo capsules were manufactured and dispensed. 

 Patients then received 7 weekly treatment sessions. The first session consisted 

of psychoeducation, explaining the rationale of ERP and establishing the hierarchy 

and sequence of the situations in which exposure had to be planned. This first 

session was delivered by a cognitive behavioural therapist and an experienced 

cognitive behavioural worker. Preceding the first session baseline measurements 

were done and the types of obsessions and/or compulsions and situations were 

determined at which the exposure should be aimed (target symptoms). 

 The second session up to and inclusive the seventh session the actual ERP was 

performed with guidance of the cognitive behavioural worker. The duration of these 

guided ERP sessions was 60-90 minutes and they were carried out in or outside the 

office, depending on the content of the obsessive-compulsive complaints. The cognitive 

behavioural therapists and cognitive behavioural workers followed a standardized 

ERP program which was written down in a manual. 

 Patients took the capsules with D-cycloserine or placebo one hour before the 

start of the six ERP sessions (session 2-7). 

Measurements
The clinician-administered Yale-Brown Obsessive-Compulsive Scale (Y-BOCS; 

Goodman et al., 1989a, 1989b; Dutch version: Arrindell and Vlaming, 1999) was 

used as primary outcome measure. Secondary outcome measures were the self- 

reported Padua Inventory-Revised (PI-R; Sanavio, 1988; Dutch version: van Oppen 

et al., 1995) and the clinician-rated Clinical Global Impression Scale (CGI; Guy, 

1976). This last questionnaire includes 2 items: global severity and global change. 

The degree of anxiety and avoidance related to the target symptoms or situations 
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was measured by scores on 7 points Likert scales (situation anxiety: 0 = no anxiety at 

exposure, 6 = extreme anxiety at exposure; situation avoidance: 0 = no avoidance at 

all, 6 = avoiding always the situation). 

 In order to characterize the investigated group and to establish potential 

predictive factors at baseline the Beck Depression Inventory ( BDI-II; Beck and Steer, 

1987; Dutch version: van der Does, 2002) and the Schizotypal Personality 

 Questionnaire-revised (SPQ-r; Vollema, 1996), both self-report questionnaires, were 

administered. Further the Y-BOCS symptom checklist (Goodman et al., 1989a) was 

administered in order to establish subgroups based on symptom dimensions. Four 

symptom dimensions have been proved to be consistent: contamination/cleaning, 

hoarding, symmetry/ordering, obsessions/checking (Mataix-Cols et al., 2005).  

 Assessments were done before the first session (baseline), before the fifth 

session (mid-treatment) and one week after the last session (post-treatment). After 

every session patients were inquired about adverse events. All assessments were 

done by blinded, experienced raters, who were not involved in the ERP therapies.  

Medication
D-cycloserine (DCS; D-4-amino-3-isoxazolidinone; C3H6N2O2) is a drug that is 

approved by the Food and Drug Administration in the United States as an antibiotic 

used in the treatment of tuberculosis in doses from 500 to 2000 mgs. In the 

Netherlands it can be used (after magistral preparation) as a second line treatment 

of tuberculosis.  

 After oral administration the peak blood levels are reached between 4 and 8 

hours; the plasma half time is between 8 and 12 hours. About 65 % of the dose is 

excreted unchanged in the urine in 72 hours (van Berckel et al., 1998). In several 

studies it has been shown that in healthy subjects DCS, in dosages from 50 to 500 

mgs, is very well tolerated (van Berckel et al., 1997 and 1998; Ressler et al., 2004).  

No reliable data were available on which is the optimal dose of DCS. In a study of 

Ressler et al. (2004) on patients with social phobia dosages of 50 and 500 mg were 

equally effective. In our study a dosage of 125 mg was chosen in order to match 

with the dosages used in the studies of Kushner et al. (2007) and Wilhelm et al. 

(2008), 125 and 100 mg respectively. In their studies some additive effects were 

found for DCS, so any possible diverging result in our study could not be attributed 

to dosing differences. 

 Identical capsules with 125 mg DCS or placebo were manufactured and 

dispensed in containers, numbered in accordance with the randomization list, 

containing 6 capsules each.

 The capsules were administered 1 hour before the ERP sessions, so that peak 

plasma levels would be reached in the learning and memory consolidation phase 

after the ERP session.  



D-cycloserine addition to exposure sessions | 91

Data analysis
All analyses were performed with PASW version 18. Statistic software package 

(SPSS, Chicago, Illinois). Data were analyzed using mixed repeated measures ANOVA, 

with medication (placebo vs. DCS) as between group factor and time points 

(baseline, mid-treatment and post-treatment) as within factor. The outcome scores 

served as dependent variables with the Y-BOCS as the primary outcome measure 

and the PI-R, the CGI and the assessments of the target symptoms as secondary 

outcome measures. Significant findings were followed by post hoc two tailed t tests. 

Effect sizes were computed as partial eta-squared (η2
p).

 In addition, the percentages of responders in the two groups were compared. 

A responder was (arbitrarily) defined as having more than 25% improvement on 

the Y-BOCS. This percentage was determined rather confined because of the short 

series of treatment sessions. For comparing the response rates in the two groups 

Fisher’s exact test was used. 

 Subgroups according to symptom dimensions, in this study particularly 

‘contamination/cleaning’ and ‘obsessions/checking’, were analyzed in the same 

manner, as well as subgroups with high scores on the SPQ-subscales (scores above 

the median).   

 The (two-tailed) level of significance was set at p < 0.05.

Results

Patient characteristics
Group characteristics are presented in Table 1. No statistically significant differences 

were seen between the two groups.  

Primary outcome measure
The Y-BOCS scores for baseline, mid-treatment and posttreatment are depicted in 

Fig. 1. Baseline scores on the Y-BOCS did not differ between the DCS and placebo 

group (21.8 ± 5.0 and 22.3 ± 4.0 respectively). The mixed repeated measures ANOVA 

with the three time points as within factors and group (DCS and placebo) as 

between factor showed a main effect for time [F=30.15, df=2, 34, p < 0.001, partial 

η2=0.64], but the time x group interaction was not statistically significant [F=2.92, 

df=2, 34, p = 0.068, partial η2=0.15] nor was the main effect for group. This means 

that the ERP treatment leads to a significant improvement but that the addition of 

DCS does not lead to a statistically significant enhanced improvement. 

 In the DCS group 10 out of 18 patients (56%) were responders at posttreatment; in 

the placebo group this was 4 out of 19 patients (21%) (See Figure 2). When analyzed 

with Fisher’s Exact test this difference was statistically significant (p =  0.045).  
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Table 1   Patient characteristics at baseline 

D-cycloserine (n=18) Placebo (n=19)

Mean SD Mean SD

Age (yrs) 37.7 14.2 32.6 8.9

Duration of 
complaints (yrs)

14.7 12.6 11.0 7.7

BDI-II 17.6 11.8 17.4 9.7

SPQ-pos 7.7 4.2 8.2 5.6

SPQ-neg 10.3 8.1 13.2 9.4

SPQ-des 6.6 3.4 5.6 5.2

SPQ-total 18.6 9.7 19.8 12.8

SRI use 8/18 (44%) 11/19 (58%)

History of CBT 9/18 (50%) 10/19 (53%)

BDI-II: Beck Depression Inventory-II; SPQ-pos: Schizotypal Personality Questionnaire - positive 

symptoms dimension; SPQ-neg: Schizotypal Personality Questionnaire - negative symptoms 

dimension; SPQ-des: Schizotypal Personality Questionnaire - desorganisation dimension; SSRI use: 

ongoing usage of Serotonin Reuptake Inhibitors; CBT: Cognitive Behavioural Therapy.

Figure 1   Mean Y-BOCS scores over the course of treatment
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It implies that the number needed to treat (NNT) to achieve a 25% decline of 

complaints is three. 

Secondary outcome measures
The results of all outcome measures are presented in Table 2. Analyzing the scores 

on the Padua Inventory with ANOVA, again a main effect for time was found 

[F=8.90, df=2, 34, p = 0.001, partial η2=0.34], but the time x group interaction was 

not significant [F= 2.48, df=1, 35, p = 0.124, partial η2=0.07 ]. 

 Also no interaction effects or main effect for group were found for the scores 

on the CGI.

 For the situation anxiety data a significant time x group interaction effect was 

found [F=3.79, df=2, 34, p = 0.033, partial η2=0.18]. Post hoc t tests for midtreatment 

and posttreatment revealed no statistical significant differences between the DCS 

and the placebo group. 

 The situation avoidance scores showed also a significant time x group 

interaction effect [F=7.48, df=2, 34, p = 0.002, partial η2=0.31] and main effects for 

time [F=13.0, df=2, 34, p < 0.001, partial η2=0.43] and group [F=5.40, df=1, 35, p = 

0.26, partial η2=0.13]. Post hoc t tests did not show significant differences at 

midtreatment and posttreatment. 

Subgroups
In the subgroups defined by high scores on the subscales of the SPQ (positive 

symptoms, negative symptoms and disorganization) no statistically significant 

differences were found between DCS and placebo. 

Figure 2   Percentages responders and non-responders at posttreatment as measured 
with the Y- BOCS. Responder defined as improvement on YBOCS > 25%.
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 In the contamination/cleaning subgroup (n = 21) patients with DCS addition 

improved significantly better than patients using placebo: time x group interaction 

effect was significant with a large effect size [F=4.79, df=2, 11, p = 0.032, partial 

η2=0.47]. In the checking subgroup (n = 15) no differences were found between DCS 

and placebo.

Adverse effects
One patient in the DCS group complained of headache and dizziness after one dose 

of DCS. Otherwise no adverse effects were reported. 

Discussion

In this double-blind, randomized, placebo-controlled study we examined the 

effect of the partial NMDA-agonist D-cycloserine as an adjunctive to a limited 

series of guided exposure and response prevention (ERP) sessions in OCD patients. 

After 6 ERP sessions the mean Y-BOCS score had declined more in the DCS group 

than in the placebo group, but the difference was not statistically significant.   The 

response percentage (set at 25% reduction on the Y-BOCS) at posttreatment in the 

DCS group was higher than in the placebo group, 56% and 21% respectively, a 

Table 2   Outcome measurements 

D-cycloserine Placebo

Measure
B

as
el

in
e

M
id

tr
ea

tm
en

t

Po
st

tr
ea

tm
en

t

B
as

el
in

e

M
id

tr
ea

tm
en

t

Po
st

tr
ea

tm
en

t

Y-BOCS 22.3 (4.0) 18.7 (3.6) 16.4 (4.3) 21.8 (5.0) 20.4 (4.5) 17.9 (5.3)

Padua 61.1 (22.0) 54.5 (20.7) 49.1 (22.4) 66.4 (23.2) 62.5 (28.0) 60.8 (25.5)

CGI 4.7 (0.6) 4.4 (0.8) 4.1 (1.0) 4.7 (0.8) 4.4 (0.9) 3.8 (0.8)

Situation anxiey 4.4 (0.6) 3.6 (0.8) 3.2 (0.9 4.0 (0.9) 3.5 (0.8) 2.6 (0.9)

Situation avoidance 3.8 (1.5) 3.6 (1.3) 2.3 (1.1) 3.1 (1.5) 2.3 (0.7) 2.0 (1.2)

Means and standard deviations are given.

YBOCS = Yale-Brown Obsessive-Compulsive Scale; Padua = Padua Inventory Revised; CGI = Clinical 

Global Scale.
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statistically significant difference.  No differences between the two groups were 

found on the secondary outcome measures. No adverse events were reported.

 Our findings are partly in agreement with the outcome of other studies 

concerning the addition of DCS to ERP in the treatment of OCD in adults (Kushner 

et al., 2007; Storch et al., 2007; Wilhelm et al., 2008).  Kushner et al. (2007) and 

Storch et al. (2007) found no significant effects on the Y-BOCS, albeit that Kushner 

et al. (2007) reported a faster improvement as measured with the Subjective Units 

of Distress Scale (SUDS) and less drop outs in the DCS group. Wilhelm et al. (2008) 

reported more improvement for the DCS group, but only reaching significance at 

mid-treatment, after 5 twice-weekly sessions. It is unclear why the outcome of the 

studies of Wilhelm et al. (2008) and Kushner et al. (2007) was so different, since 

they used the same study designs, except for the time of administration of DCS (2 

hours before the sessions in the study of Kushner et al. (2007) and 1 hour in the 

study of Wilhelm et al. (2008)). The study of Storch et al. (2007) had a somewhat 

different design. Twelve ERP sessions were scheduled once weekly and the DCS 

(250 mg instead of 100-125mg) was administered 4 hours before the treatment 

sessions. Most remarkable was the large decrease in the mean Y-BOCS scores in 

both groups (from 30.6 to 8.6 in the placebo group). It was unlikely for the DCS 

group to improve even more; a ceiling effect probably was reached then. In our 

study no such improvement was seen and a ceiling effect is not a plausible account 

for the lack of additional effect of DCS. However, it is important to keep in mind 

that it is always difficult to show a significant effect on top of an already effective 

intervention. A preliminary report on DCS augmentation of cognitive-behavioural 

therapy in paediatric OCD patients (n=30) was published by Storch et al. (2010). 

Therapy sessions were delivered weekly and DCS was administered 1 hour before 

treatment sessions. Symptom reduction was greater in the DCS group, but was not 

statistically significant. The authors stated that a beneficial effect of DCS was 

indicated by the results, but that the study might have been underpowered to 

detect group differences. 

 All together the results of our study, which had a somewhat larger sample size 

than earlier studies, yielded the same purport as the abovementioned studies: the 

results are mixed, with some indications for a limited augmenting potency of DCS, 

added to ERP treatment in OCD.  Some authors have suggested that DCS may 

accelerate improvement in the treatment of OCD. In a publication where the speed 

of recovery was examined in the patients from the study of Wilhelm et al. (2008), 

using the session-to-session self-report Y-BOCS scores (somewhat different from the 

interview scores) it was suggested that DCS addition makes the treatment course 

more than 2 times faster (Chasson et al., 2010). It seemed that DCS addition did not 

augment the ultimate effect of ERP, but led to an earlier achievement of 

improvement by ERP.  Chasson et al. (2010) suggested that these results could be 
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attributed to DCS becoming redundant and/or a ceiling effect of ERP and not to 

loss of effectiveness over sessions. The last possibility was considered because of 

preclinical findings that multiple repeated administrations of DCS diminished 

the effect of DCS (Parnas et al., 2005). In human DCS research this desensitizing 

effect is not clear (Bontempo et al., 2012). The assumption of an enhancement of 

improvement by DCS should be taken very cautiously, however, in the light of the 

limited augmenting effect of DCS in OCD in general. 

 The finding that the addition of DCS seems to have an additive effect in the 

washing/cleaning subgroup (in contrast with the checking subgroup) is rather 

surprising. In CBT studies no specific differences are reported between these 

symptom dimensions (Abramowitz et al., 2003; Rufer et al., 2006). In some 

pharmacologic studies washing/cleaning compulsions were associated with worse 

effect (Stein et al., 2007; Shetti et al., 2005). It could be that improvement by ERP 

treatment in the washing/cleaning subgroup usually needs more sessions and that 

DCS provides an earlier effect. Another tentative idea would be that washing/

cleaning compulsions are more related to conditioned fear than checking compulsions 

and that the mechanism of action of DCS (enhancing extinction of conditioned 

fear) in this subgroup is more suitable. The presence of disgust as a particular 

factor in the washing/cleaning subtype of OCD (Brady et al., 2010) also may be an 

element in the specific action of DCS. This needs further exploration.       

 Some limitations of the present study have to be mentioned. The right mode of 

using DCS has not been fully established yet. The optimal dose is not known, 

although doses in the range of the dose we used are commonly employed. In the 

meta-analysis of Bontempo et al. (2012) no significant effect was found for dosage 

(between 50 and 500 mg) on the efficacy of DCS. ERP sessions in our study were 

performed once weekly and were guided. Results might be different when ERP 

sessions are given less frequently and unguided. 

 Taking DCS prior to the ERP sessions may imply the chance that after a ‘bad’ 

session, for instance when anxiety (or disgust) did not decrease during the session, 

fear memory reconsolidation might occur. Although some preclinical reports 

suggest this possibility (Lee et al., 2006), in humans indications for this effect are 

scarce (Davis, 2011; Kalisch et al., 2009). Nevertheless, it can not be ruled out that 

this effect may have influenced our results and it might be better to administer 

DCS afterwards of the session, provided that the session was satisfactory. 

Indications for the effectiveness of this approach have been shown in a recent 

publication on height phobia (Smits et al., 2013). In this study predominantly OCD 

patients with washing/cleaning and checking compulsions were included, so the 

results might be different in patients with other symptoms. 

 The number of subjects, albeit larger than in other studies, was limited and 

may be too small to detect statistically significant differences. The study might 
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have been underpowered in detecting differences, taking into account the rather 

large effect sizes. Starting from our results a suitable number of subjects to detect 

a significant difference would be a minimum of 62 participants in each group. 

However, even when this could be accomplished, the clinical significance might 

be questionable. Next to the (probably limited) mean reduction of symptoms, the 

prevention of drop outs of CBT might be important and relevant for the evaluation 

of clinical significance, certainly because treatment adherence in OCD is very 

questionable (Santana et al., 2013). 

 Although in our study DCS did not show a specific additive effect in patients 

with therapy resistance (as indicated by high scores on the SPQ), other indicators 

might be more suitable in this frame and it remains important to investigate if 

DCS has an advantage in subgroups of patients who fail to profit from ERP. 

 In summary, the present study did not confirm the augmenting effect of DCS 

when added to a limited series of ERP sessions in OCD patients. However, some 

secondary results (e.g. response percentages, improvement in the cleaning/

contamination subgroup) suggested a potential augmenting effect of DCS and the 

study might be underpowered to detect differences. More studies thus are 

warranted with larger (sub-)groups in order to diminish type II error and to 

establish the clinical significance of DCS addition to ERP.
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Introduction

In this thesis several studies are presented concerning different neurobiological, 

neuropsychological and learning theoretical aspects of obsessive-compulsive disorder 

(OCD). OCD is a psychiatric disorder characterized by the presence of obsessions 

and/or compulsions. Obsessions are defined as intrusive thoughts, images or 

impulses causing considerable anxiety or distress, and compulsions are defined as 

intentional overt behavioural or mental acts, often rigid and repetitive, intended 

to prevent or reduce anxiety or distress. Patients experience (at some time point) 

their obsessions as coming from their own mind but being unrealistic, and 

compulsions as excessive and inadequate. The lifetime prevalence of OCD is 1 – 2 

% and the disorder leads to great functional and social impairments. OCD is a 

heterogeneous disorder, with different subtypes or dimensions.

 Historically, the concept of OCD in the last century has evolved from a 

primarily neurotic, psychological based disorder to a more neurobiological based 

disorder. Obviously, this does not mean that psychological factors are not 

important anymore. The shift in conceptualising OCD has led to a rapidly growing 

interest and research in two research domains: neurobiology and learning theory. 

In the general introduction (chapter 1) a short overview is given of the different 

fields of research in OCD that has been developed in the last decades. Particularly 

the fields connected with the investigations that are presented in the following 

chapters of this thesis are described. It concerns neurochemistry (pharmacologi-

cal challenge studies), neurophysiology (sensory and sensorimotor gating), neu-

ropsychology (inhibition task) and learning theory (enhancing exposure effects). 

The questions and subjects that were examined range from disturbances of the 

serotonin (5-HT) system in OCD, susceptibility for panic anxiety in OCD and gating 

and inhibition impairments, to the augmenting effect of an ‘extinction learning 

enhancer’ added to exposure. 

Neurochemistry:  5-HT receptors
A central role for the 5-HT system in OCD has been proposed from several studies 

in OCD including treatment studies (serotonergic agents are effective, 

noradrenergic agents not), pharmacological challenge studies, receptor-binding 

studies and others. The knowledge that selective serotonin re-uptake inhibitors 

(SSRIs) are effective in OCD (Soomro et al., 2008) and investigations on the 

mechanisms of action, suggest altered sensitivity of certain subtypes of 5-HT 

receptors (El Mansari and Blier, 2006). With pharmacological challenge studies we 

can examine the functional state of 5-HT receptors in psychiatric disorders such as 

OCD. In such studies, a (preferably selective) agonist or antagonist is acutely 

administered and behavioural and/or neuroendocrine responses are assessed. In 
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some but not all studies with 5-HT agonists exacerbation of OC symptoms and 

blunted hormonal responses (prolactin and cortisol) have been reported (Khanna 

et al., 2001; Gross-Isseroff et al., 2004). 

 In chapter 3, the study we performed with meta-chlorophenylpiperazine 

(mCPP), a partial 5-HT receptor agonist with highest affinity to 5-HT2C receptors, 

is presented. In order to elucidate which subtype(s) 5-HT receptors are involved in 

the behavioural and neuroendocrine responses, we combined it with a 

pre-treatment of ritanserin, a 5-HT2 antagonist. Different oral doses of mCPP (0.1, 

0.3, 0.5 mg/kg or placebo) were administered, so that hyper- or hyposensitivity 

could be detected. Twenty OCD patients and twenty healthy controls were tested, 

including male and female subjects. Each subject was tested twice, receiving the 

same dose of mCPP combined with ritanserin or placebo. No exacerbation of OC 

symptoms was established, as measured with the Yale-Brown OC Challenge Scale.  

The prolactin response was enhanced in patients (compared with controls) and 

partially blocked by ritanserin, the cortisol response was not different from the 

response in controls and in both groups completely blocked by ritanserin. No 

gender effects were found. These results did not confirm a direct relationship 

between OC symptoms and hypersensitivity of 5-HT2 receptors. The enhanced 

prolactin response in combination with a blockade by ritanserin does suggest a 

heightened responsivity of 5-HT2 receptors. It is possible that the receptors 

responsible for this effect are different (as for brain region or property) from the 

receptors mediating OC symptoms (probably mostly in the orbitofrontal region) (El 

Mansari and Blier, 2006). The finding of an up-regulation of 5-HT2 receptors is in 

line with a PET study reporting on increased binding potential of 5-HT2A receptors 

in the caudate region in OCD patients (Adams et al., 2005). By contrast, in another 

study a reduction of 5-HT2A receptor availability in frontal regions was found in 

drug-naïve OCD patients, together with a correlation between orbitofrontal 5-HT2A 

receptor availability and clinical severity (Perani et al., 2008). However, mCPP has 

greatest affinity with 5-HT2C receptors and in two studies in humans, in which a 

mCPP challenge and fMRI were performed simultaneously, an increased activation 

in regions known to be rich in 5-HT2C receptors (the caudate region, anterior 

cingulate gyrus, amygdale and the hypothalamus) was shown (Anderson et al., 

2002; McKie et al., 2011). Results of animal studies using mCPP combined with a 

selective HT2C antagonist are also suggestive for a specific involvement of 5-HT2C 

receptors in mCPP induced OCD-like responses (Yamauchi et al., 2004; Papakosta 

et al., 2013). Data on the specific roles of 5-HT2C and 5-HT2A receptors (related to 

OCD) are complex, with indications for antagonistic functions, atypical receptors 

in the orbitofrontal cortex which are not desensitisized by enhanced 5-HT neuro-

transmission, opposite effects on OCD like symptoms for 5-HT2C receptor agonists 

and 5-HT2A receptor antagonists (Marek et al., 2003; El Mansari and Blier, 2005; 
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Fineberg et al., 2010; Tucci et al., 2013). However, because the availability of a selective 

HT2C ligand is lacking, the specific role of this receptor subtype is not clear yet.  

 Alternatively, other neurotransmitter systems (in particular dopamine and 

glutamate) are supposed to be involved, either directly or by means of the many 

interconnections between the different neurotransmitter systems. Especially the 

often reciprocal and balancing interaction with dopamine in the fronto-striatal 

circuit is important (Denys et al., 2004; Perani et al., 2008; Vermeire et al., 2012; 

Groman et al., 2013) 

 A limitation of our study may have been the relatively small number of 

subjects per dose of mCPP. It is therefore possible that the study was underpowered. 

In addition, comparison with other studies may be difficult because of the 

heterogeneity of OCD and the different manners in administering mCPP (bolus-

injection, intravenous or orally). Furthermore, the plasma levels of mCPP were on 

average higher in patients than in healthy controls. Although this was not 

statistically significant, it may have introduced variability which could have 

influenced our findings.

 In future challenge studies it would be advisable to use a more homogeneous 

patient group, e.g. with contamination/cleaning or checking symptoms. Furthermore, 

it would be interesting to investigate the influence of symptom-triggers (for 

instance certain substances in the laboratory, in a controlled manner) in a phar-

macological challenge with a 5-HTergic agent. It is possible that in the studies 

where symptom exacerbation took place patients in a certain way were triggered 

and in the negative studies not. If so, it would be of interest that a 5-HT agonist 

apparently can increase the susceptibility for environmental triggers in OCD.

Neurochemistry: CCK
As mentioned in the general introduction the question whether OCD is best 

classified as an anxiety disorder (as now is in DSM-IV) or in a separate category, for 

example as an OC-spectrum disorder, is subject of debate (Stein et al., 2010). Beside 

examination of the phenomenology, genetics, comorbidity, imaging studies and 

neural circuitry and treatment effects, an investigation with a panic evoking 

challenge might be useful to obtain more neurobiological data on the role of 

anxiety in OCD. Challenge studies with panic inducing agents such as lactate, 

caffeine or CO2 inhalation are often used in neurobiological studies of anxiety 

disorders, and particularly in panic disorder. In this way one can examine if panic 

disorder patients are more sensitive in getting a panic attack in response to a 

specific compound (related with a particular neural system) than healthy controls 

or patients with an other disorder.  

 The neuropeptide cholecystokinin-tetrapeptide (CCK-4) is a compound with an 

established panic inducing property. CCK acts in the brain as a modulator of other 
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neuroactive compounds and as a neurotransmitter itself, on CCK2 (or CCKB) 

receptors (Lydiard, 1994; Bowers et al., 2012). Next to the issue of anxiety and 

susceptibility to inducing a panic attack in OCD patients, it is interesting to assess 

if a neuropeptide like CCK-4 could have an influence on OC symptoms, related 

with a changed sensitivity of CCKB receptors. It has become evident that besides 

the monoamine neurotransmitters other neurotransmitters or neuropeptides 

may be involved in OCD and CCK might be one of them (McDougle et al., 1999). 

CCK might also be interesting because its established role in fear conditioning and 

extinction, important processes in OCD (Bowers et al., 2012).

 We decided to conduct a study (described in chapter 4) using pentagastrin, a 

synthetic analogue of CCK-4, of which it has previously been shown to have 

panicogenic properties (van Megen et al., 1994). Seven patients with OCD and seven 

healthy controls were included in the study. They were challenged with pentagastrin 

(0.6 µg/kg) and saline as single intravenous doses on two separate occasions, in a 

double-blind design. The aim of the study was two-sided: to examine if pentagastrin 

could induce panic and/or OCD symptoms in OCD patients and to examine if its 

panic-inducing potential is specific for panic disorder. Six out of seven OCD 

patients experienced a panic-like attack on pentagastrin, and two out of seven 

healthy controls. However, this difference was not statistically significant (Fisher’s 

exact test), most probably due to the small sample size. On saline no anxiety 

reactions were seen. The mean scores on the Panic Symptoms Scale on pentagastrin 

for OCD patients were higher than for the healthy controls. No exacerbation of OC 

symptoms was observed, as assessed with the Yale-Brown OC Challenge Scale.

 The outcome of this study confirmed the panic-inducing properties of 

pentagastrin, in OCD patients as well as in healthy controls. OCD patients seemed 

to be more sensitive to these properties than the healthy controls, but this could 

not be proved in this study with a limited number of subjects. An enhanced 

sensitivity of CCKB receptors in eliciting panic-like attacks in OCD patients might 

be related to a certain dysregulation of the CCK-related anxiety system in OCD and 

may point to a link with other anxiety disorders. 

 The results of this study did not support an involvement of CCKB receptors in 

inducing OCD symptoms. There is one other, more recent, study in which CCK-4 is 

used as a panic inducing agent in OCD patients (Katzman et al., 2004). No behavioural 

effects were found, possibly because of the relatively low dose of CCK-4 that was 

used. Other studies with panic-inducing agents (sodium lactate, yohimbine, CO2) 

failed to detect a heightened sensitivity for induced panic attacks in OCD, similar 

to our study with mCPP. 

 Because our study had a preliminary character (small number of subjects, 

optimal dose and way of administration not clear yet) future studies with more 

subjects are needed. There was a relatively short window of time between pentagastrin 
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administration and the effects it elicited in our study. This may have been too 

short to influence OC symptoms. It may be interesting to design a more prolonged 

way of activating CCK-B receptors to increase the chance of influencing behavioural 

effects.

Neurophysiology: prepulse inhibition of the startle reflex and  
P50 suppression
Disturbances in inhibition functions are suggested to be important elements in 

the aetiopathogenesis of OCD (McNally, 2000; Chamberlain et al., 2005). Examining 

these hypotheses and determining the nature of possible disturbances in inhibition 

functions in OCD is important. One hypothesis is that in OCD patients the (automatic, 

pre-attentive) inhibition of sensitive and cognitive information is disturbed. For 

an individual relatively useless information and stimuli then may intrude more 

into consciousness then would normally be desired, making it necessary to actively 

suppress that information (possibly especially when negatively validated), with a 

counterproductive effect (Wegner and Zanakios, 1994). Currently, there are two 

neurophysiologic methods that have been suggested to assess neural inhibitory 

functions: prepulse inhibition (PPI) of the acoustic startle reflex (sensorimotor 

gating) and P50 suppression (sensory gating). PPI implies that an elicited startle 

reaction (as measured with an EMG) is diminished when the stimulus (an intensely 

loud acoustic signal) is immediately preceded by a less intense, short, tone. The 

percentage reduction is believed to be a measure of central sensorimotor gating (Li 

et al., 2009). Sensory gating can be measured by means of the P50 suppression 

paradigm. In this paradigm two identical acoustic stimuli are presented (with an 

interstimulus interval of 500 ms) and an individual’s evoked response potentials 

(positive signal approximately 50 ms after the stimulus: P50) are recorded. In 

healthy subjects, the response to the second stimulus is usually smaller than the 

response to the first one. The degree of response reduction is believed to be a 

measure of central sensory gating (Adler et al., 1982; Grunwald et al., 2003). It has 

been established that cortical and subcortical areas such as the orbitofrontal 

cortex, medial prefrontal cortex, ventral and dorsomedial striatum as well as the 

amygdala are involved in the regulation of PPI (Baldan Ramsey et al., 2011; Kohl et 

al., 2012). Interestingly, these regions are also relevant in OCD (Maia et al., 2008). 

In the regulation of P50 suppression the hippocampus, the thalamus and the 

prefrontal cortex have been suggested to be involved (Grunwald et al., 2003; 

Tregellas et al., 2007). In some reports of these methods in OCD patients 

impairments were established in OCD patients, but results are difficult to interpret 

because they were not controlled for usage of medication and menstrual cycle 

effects (which are known to influence PPI substantially) and tested heterogeneous 

OCD patient groups. 
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 Therefore, as presented in chapter 5, we performed a study in 25 medication-

free OCD patients and 25 matched healthy controls, and measured acoustic PPI 

and P50 suppression in all subjects in one session. We controlled for menstrual 

cycle effects (all women were tested in the early follicular phase or anti-concep-

tive-free week). Subgroups were established based on clinical symptoms. PPI was 

assessed using prepulses of three different intensities. We found no impaired PPI 

of the acoustic startle reflex in OCD patients, not in the whole group, nor in the 

specific subcategories. Similarly, no difference was found in P50 suppression 

between OCD patients and controls. However, in the subgroup of ‘checkers’ (n=12) 

we found a significantly enhanced P50 suppression and a correlation with the score 

on the WBSI, a questionnaire referring to the degree of suppressing unwanted 

thoughts.  

 Our results differed from the outcome of earlier studies in which impairments 

in PPI (2 studies) and P50 suppression (1 study) were established (Swerlow et al., 

1993; Hoenig et al., 2005; Hashimoto et al., 2008). In another study of the group of 

Hashimoto et al., in which P50 suppression assessment was combined with a fear 

conditioning and extinction procedure, at baseline no differences were found 

between OCD patients and healthy controls (Nanbu et al., 2010). As mentioned 

earlier, medication, menstrual cycle, patient group characteristics and different 

testing procedures might account for the discrepancies. The influence of chronic 

SSRI use on PPI is corroborated in a recent animal study, albeit in an opposite way 

(Shanahan et al., 2009). Recently, a study was published on PPI in OCD patients, 

very much resembling our study including medication-free patients and controlled 

for menstrual cycle effects (Ashmari et al., 2012). In contrast to our findings 

however, they did find impaired PPI in OCD patients. Only some (slight) differences 

in procedure (eyes open or closed) can be determined explaining the differing 

outcome. They could not establish correlations between PPI and clinical measures, 

which weakens the possibility of a direct relationship between PPI impairments 

and OC symptomatology. The finding of an enhanced P50 suppression in the 

subgroup of checkers is unexpected and difficult to interpret. No enhancement of 

P50 suppression is ever reported in a psychiatric population. Only nicotine appears 

to enhance P50 suppression in healthy volunteers (Crawford et al., 2002; Turetsky 

et al., 2012). 

Altogether, the results of this study do not support the hypothesis that disturbances 

in inhibition or ‘gating-mechanisms’ as measured with PPI and P50 suppression 

are present in OCD patients. A limitation of the study is that the numbers of 

subjects in the subgroups might have been too small to detect differences. 

Therefore, studies with larger, more homogeneous groups of patients are 

warranted. Furthermore, in view of the discrepancies between the studies it is 

necessary to standardize the procedures, so that differences cannot be accounted 
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for by (in part technically) methodology. The finding of an enhanced sensory 

gating in ‘checkers’ may warrant further examination of nicotine receptors in this 

subgroup.  

Neuropsychology: visuospatial priming task
Following on the negative findings in the neurophysiological inhibition paradigms 

described in the former section, which are closely connected to neural functioning, 

it is interesting to investigate if inhibition disturbances in the cognitive domain 

could be established in OCD patients. This question serves basically the same 

hypothesis as described above, namely that inadequate (cognitive) inhibition may 

induce and/or maintain intrusive thoughts (Muller and Roberts, 2005).  

 Cognitive inhibition is typically assessed using the so-called negative priming 

paradigm (Tipper, 1985). In this paradigm, subjects have to respond to the identity 

or location of a target stimulus which is presented simultaneously with a distractor 

stimulus. Healthy subjects usually respond slower to the target stimulus if it is 

presented in the location previously occupied by the distractor or with the same 

identity as the distractor in the previous presentation. This reaction time slowing 

is referred to as the negative priming effect, and is commonly attributed to the active 

inhibition of the distractor during the previous trial. Thus, the degree of the 

reaction time slowing (reaction time in the negative priming condition minus the 

reaction time in a control condition) is considered as a measure of cognitive 

inhibition. Several negative priming studies have been performed in OCD, however 

with inconsistent results. In some studies impairments were found, in others not. 

There are several likely reasons for these inconsistencies, among which medication 

confounds, severity of illness, and task characteristics seem to be the most 

important.

 In order to come to more conclusive results on this issue we designed a study 

in medication-free OCD patients using a visuospatial (‘location-based’) priming 

task with simple stimuli, preventing perceptual or semantic confounding. This 

study was presented in chapter 6. The task we used was applied and validated in an 

earlier study (Vink et al., 2005). In a recent fMRI study Bauer et al. (2012) investigated 

neural activating patterns in a location-based negative priming paradigm and 

found an enhanced activation of fronto-striatal regions (particularly the caudate 

nucleus), corresponding with the circuits involved in inhibition and in OCD (Casey 

et al., 2001; Del Casale et al. 2011). This confirms the idea that the usage of a 

visuospatial task in an inhibition study in OCD is appropriate. In visuospatial 

tasks also a repetition priming effect can be established: a slowing of reaction time 

when the target is presented successively in the same location (Milliken et al., 

2000). We assessed all possible distractor-target combinations. Twenty-four OCD 

patients and twenty-four matched healthy controls were included. 
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 In OCD patients a reduced negative priming effect was found and even a 

facilitation in the repetition priming condition. These results were in line with 

the first studies of negative priming in OCD (Enright and Beech, 1990, 1993, 

Enright et al. 1995), but not with most of the later reports (MacDonald et al., 1999; 

Hartston and Swerdlow., 1999; Moritz et al., 2010). Besides the earlier mentioned 

explanations for the inconsistencies, the essential differences between 

identity-based and location-based priming tasks are important. Our results do 

corroborate the idea that a disturbance in inhibition is present in OCD, and may 

be related to the aetiopathogenesis of OCD ( Chamberlain, 2005). In a recent 

experimental study in healthy volunteers an association was found between poor 

performance on a cognitive inhibition task and greater sustained thought 

frequency (of disgust related thoughts) during a thought suppression task (Ólafsson 

et al., 2013). No correlations were found in our study between the negative priming 

or repetition effect and severity of symptoms (as measured with the YBOCS). This 

makes the interpretation of the impairments in relation to OCD more difficult. It 

is possible that inhibition deficits are more related with an underlying trait. 

 Our outcome challenges the conclusions of Moritz et al. (2010) who stated that 

earlier claims of decreased negative priming were due to very short prime 

presentations and that thus far no definite fundamental inhibition disturbances 

have been established in OCD. In their opinion cognitive biases and metacognitions 

are of more importance, because of the idiosyncratic character of OC symptoms. It 

is conceivable that both aspects (impairments in implicit inhibition mechanisms 

and dysfunctional cognitive coping) are important in OCD.

 A limitation of the present study was that it was not possible to form subgroups 

that were large enough to perform solid analyses. It would be interesting for 

further research to test patients before and after treatment and to test first-degree 

family members in order to elucidate the possibility of an underlying deficit. 

Negative and repetition priming may then be endophenotypic for OCD. Recently, 

such studies with several neuropsychological tests have been published 

(Chamberlain et al., 2007; Rajender et al., 2011).

Learning theory: treatment study with D-cycloserine added to 
exposure sessions
Behavioural treatment in the form of exposure and response prevention (ERP) is 

one of the cornerstones in the (psychological) treatment of OCD.  The classical 

“Pavlonian” conditioning model is an important element in these treatments. 

Exposure and response prevention treatment in patients with OCD is derived 

from, and parallels, extinction training procedures in animals. Extinction 

training in animals leads to an attenuation or disappearance of a conditioned fear 

response. The process of extinction is commonly regarded as a learning process, 
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‘overwriting’ the original fear conditioning learning, although recent data have 

shown that ‘unlearning’ (presumably a reversal of the ‘long term potentiation’) 

can occur (Bouton, 2002; Myers and Davis, 2002; Davis, 2011). For the fear 

conditioning process as well as for the fear extinction learning process NMDA 

receptors in the basolateral part of the amygdale appear to be essential (Sah and 

Westbrook, 2008). 

 D-cycloserine (DCS), a compound that acts as a partial NMDA receptor agonist 

by activating the glycine regulatory site of the NMDA receptor, has appeared to be 

capable of facilitating extinction (Walker et al., 2002). In several studies in anxiety 

disorders (social phobia, panic disorder) DCS has proven to be beneficial when 

added in single doses to exposure therapy, and some preliminary studies with DCS 

in OCD showed the same (Norberg et al., 2008 Bontempo et al., 2012). The additional 

effect of DCS was most clear in the first weeks of therapy (Wilhelm et al., 2008; 

Chasson et al., 2010). All studies thus far had different procedures and methods, so 

a clear conclusion on the place of DCS in clinical practice has yet to be established.

We designed a randomized, placebo controlled trial on the administration of DCS 

to a series of exposure sessions. We planned to include a larger group than earlier 

studies and to assess several patient characteristics in order to determine if some 

subgroups (e.g. more therapy resistant) might profit more from DCS. This study 

was described in chapter 7. Thirty-seven patients were included, of whom 19 

received placebo and 18 DCS. Oral medication was administered in a double-blind 

way, in single doses one hour before each of six sessions of guided exposure and 

response prevention. At post-treatment the Y-BOCS score had declined more in the 

DCS group than in the placebo group, but the difference did not reach statistical 

significance (p = 0.068). When response was defined as a decline of 25% on the 

Y-BOCS after 6 weeks, the response percentage in the DCS group (56%) was 

significantly higher than in the placebo group (21%).  No adverse events were 

reported. SSRI usage (half of the patients used an SSRI) appeared to have no 

influence on the effects of additional DCS. In the subgroup of ‘checkers’ no 

augmenting effect of DCS was found, in contrast to the ‘contamination/cleaning’ 

subgroup, in which a clear significant effect of DCS was seen. Furthermore, no 

difference was found between the effects of DCS in patients with high or low 

scores on the Y-BOCS and the SPQ, measuring schizotypal characteristics.  

 The results of this study on the primary outcome measure did not confirm an 

augmenting effect of DCS to exposure therapy in OCD. However, some secondary 

outcome data (significant effects in ‘washers’ subgroup, significant difference in 

response percentages) suggested that DCS does have potential to enhance exposure 

therapy although this study might have been underpowered. Moreover, it has to be 

kept in mind that it is hard to demonstrate a significant effect on top of an already 

efficacious treatment like ERP.
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 A limitation of the study was that predominantly patients with overt checking 

and washing compulsions were included (because of good feasibility of ERP).  One 

has to be cautious to generalize results to other symptom dimensions (see the 

difference between checking and washing subgroups). Furthermore, numbers in 

the subgroups were too small to draw firm conclusions. More studies are needed 

with larger numbers of patient (sub-)groups. Another suggestion would be to 

administer DCS afterwards of an ERP session, so that only after successful sessions 

(when anxiety is decreased at the end of the session) consolidation may be boosted. 

A larger study, more resembling everyday clinical practice with a more enduring 

monitoring and evaluation of drop outs is warranted, to enable answering the 

question if DCS is associated with fewer drop outs.  An interesting approach might 

be to administer DCS short after a session (before the memory consolidation phase 

starts), however, only when the session has been ‘successful’ (a decreased anxiety 

level at the end of the session). This procedure recently has been applied in a study 

in height phobia with positive results (Smits et al., 2013).

 Research is on-going on other NMDA-receptor influencing compounds than 

DCS that may enhance extinction. An example is a recent human clinical study 

with a glycine transporter inhibitor in panic disorder however, with a negative 

outcome (Nations et al., 2012). Also other neurotransmitter systems (GABA, 

dopamine, noradrenalin, and others) that potentially enhance or modulate fear 

extinction are currently investigated, although currently mostly preclinical 

(Kaplan and Moore, 2011; Saito et al., 2012; Zhang et al., 2013). Another promising 

approach is making use of the instability of fear memories when they are 

reactivated. When specific compounds (e.g. β-adrenergic receptor antagonists) are 

administered reconsolidation may be disrupted (Kindt et al., 2008; Schiller et al., 

2010). All taken together, this is an important pathway to newer methods of 

treatment of OCD patients.

Overall results and general conclusions
In the studies of this thesis several new neurobiological findings in OCD have been 

reported and discussed. To summarize: indications for a heightened responsivity 

of 5-HT2 receptors and impaired inhibition processing as measured with a 

visuospatial priming task were found. On the other hand, no impairments could 

be established in sensorimotor (PPI) and sensory gating (P50 suppression) and no 

significantly augmenting effect of D-cycloserine added to exposure therapy could 

be determined. However, a subgroup of OCD patients with primarily checking 

compulsions showed enhanced sensory gating, while in the DCS study the 

subgroup with primarily cleaning/contamination compulsions did indeed benefit 

from the addition of DCS to their exposure therapy. Finally, some preliminary 

data suggested an increased susceptibility for the panic-inducing properties of a 
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CCK analogue, possibly associated with an enhanced sensitivity of CCKB receptors.

These results concern different neurobiological aspects of OCD, coming from 

research using a diversity of tools and methods, looking from different perspectives 

to the neurobiological substrate of OCD. This diversity is a major strength of this 

PhD project, but also complicates the integration of the results. Nevertheless, some 

relations between the different results can be established and some literature 

concerning combining different research fields in OCD is available.

mCPP and CCK challenges
Both mCPP and pentagastrin failed to elicit OC symptoms. With the exception of 

some studies using mCPP before 1994, in none of the pharmacologic challenge 

studies in OCD so far OC symptoms could be provoked in the lab (Khanna et al., 

2001). It is therefore unlikely that OCD symptoms can be induced by means of the 

(pharmacologic) stimulation of a specific receptor or neurotransmitter system. It 

is possible though that a combination of stimulating 5-HT receptors (increasing 

anxiety) with exposure to specific environmental stimuli that are related to the 

patients OC symptoms, might increase a patient’s obsessions and/or compulsions. 

The same might be true for pentagastrin. The enhanced responsivity of 5-HT2 

receptors may reflect an up-regulation of these receptors, probably post-synaptic 

5-HT2C receptors, which are abundant in prefrontal (particularly orbitofrontal), 

striatal and amygdale regions, but 5-HT2A receptor upregulation is not considered 

to be impossible (Pasqualetti et al., 1999). 

5-HT and inhibition tasks
The brain areas that have been shown to be involved in the visuospatial negative 

priming task are largely the same as the abovementioned regions for the mCPP 

challenge. However, very little is known about the functional role of 5-HT in this 

priming paradigm, although dopamine agonists appear to have a normalizing 

effect (Amitai et al., 2012). There is some evidence pointing towards dysfunctional 

5-HT neurotransmission in relation to another inhibition paradigm, response 

inhibition, in which impairments have been reported in OCD (Pennanen et al., 

2012; Homberg, 2012). However, an implicit cognitive inhibition task, like the 

negative priming task, is different from an inhibition task concerning executive 

function, so these data cannot be easily compared to negative priming.

PPI, P50 and cognitive inhibition
The hypothesis that inadequate cognitive inhibition may induce and/or maintain 

intrusive thoughts is supported by the impairments in cognitive inhibition we 

have found, but not by our data on PPI and P50 suppression. According to our 

results and to a correlational study in normal healthy volunteers, PPI and 
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visuospatial negative priming are not correlated to each other and represent 

different inhibitory mechanisms (Swerdlow et al., 1995). PPI and P50 suppression 

may reflect a more diffuse neural filtering mechanism, protecting the individual 

against perceptual overload, whereas negative (and repetitive) visuospatial 

priming refers to preattentive, implicit, active cognitive inhibition. This is 

supported by the results of studies in which no correlations were found between 

scores on neuropsychological tasks and scores on P50 suppression or prepulse 

inhibition (Kishi et al., 2012; Sánchez-Morla et al., 2013).

Extinction processes, DCS and cognitive inhibition
Extinction of conditioned fear is an important element of the ERP treatment in 

OCD. Nevertheless, impairments in the extinction of conditioned fear (acquisition, 

consolidation, retention and extinction memory) may be an important element in 

the maintenance of anxiety-related obsessions and compulsions (Milad and Rauch, 

2012). If indeed true, then DCS may specifically ameliorate these impairments 

during ERP therapy. Indeed, this property of DCS has been demonstrated in several 

preclinical studies (Yu et al., 2009; Wadell et al., 2010). 

 Because inhibition (of fear memory and of compulsive acts) is also an important 

element in fear extinction, it would be interesting to examine if there are direct 

relations in OCD between disturbed cognitive inhibition and impaired fear 

extinction. These processes have overlapping neural substrates, but no literature 

on this subject in OCD is available to date (for a review on this subject in general: 

Dillon and Pizzagalli, 2007). 

5-HT and DCS
Many neurotransmitters and neuromodulators are directly related to, or can 

influence, extinction of conditioned fear, e.g. GABA, glutamate, dopamine, opioids, 

and cannabinoids; remarkably, serotonin appears to have almost no direct effect 

on this process (Myers and Davis, 2007). Therefore, alterations in 5-HT2 receptor 

activity probably have no direct relationship with extinction and consolidation 

processes. However, recently it has been reported that chronic treatment with 

SSRIs in animals disrupts amygdala-dependant extinction learning, associated 

with a downregulation of the NR2B subunit of the NMDA receptor (Burghardt et 

al., 2012). This may have implications for exposure treatments combined with SSRI 

treatment and also for the combination of treatment with SSRIs and DCS. Indeed, 

in a study in rats the prior use of imipramine prevented the facilitating effect of 

DCS on extinction of conditioned fear (Werner-Seidler and Richardson, 2007).  
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Heterogeneity of OCD
The results in some of our studies for specific subgroups confirm the importance 

of taking the heterogeneity in OCD into account, as already mentioned several 

times in this thesis. The multidimensional model, in which a limited number of 

symptom dimensions are considered as temporally stable, potentially co-existing 

in individual patients and related with specific neurobiological substrates has 

been most promising  (Mataix-Cols et al., 2004, 2005; Pujol et al., 2004; van den 

Heuvel et al., 2009). In recent research it has become more evident that a 

combination of common pathophysiological dysfunctions, together with dimen-

sion-specific neurobiological correlates co-exists in OCD (Harrison et al., 2013; 

Rasmussen et al., 2013). Particularly hyperactivity of the orbitofrontal cortex 

(which in itself already is correlated with severity of symptoms) together with 

increased ventral caudate - cortical connectivity and decreased connectivity in 

other striato-cortical regions seems to be a common feature, independently of 

symptom dimensions (Harrison et al., 2013). In addition, specific connectivity 

patterns could be determined for some symptom dimensions (Harrison et al., 

2013). Future research should take these findings into account.

 Besides the dimensions derived from factor analytic approaches on overt 

symptoms, other divisions may be conceivable, based less on specific content, but 

more on cognitive behavioural processing variables: e.g. whether compulsions are 

related to fear, are  more repetitive, tic related, or are related with magical thinking 

(McKay et al., 2004). Future studies are needed to determine if such an approach 

would be valid and fruitful.       

Future studies

In the earlier paragraphs several suggestions have been done for future research in 

relation to the outcome of the studies. We shall go through it once again in 

overview. Pharmacological challenge studies seem to be a little bit out of date, 

while other research paradigms, e.g. imaging studies, receive more attention. Still, 

dysfunctional neurotransmission and receptor sensitivities remain to be important 

in psychiatric disorders such as OCD, as part of an integrated neurobiological 

model of the disease, or directly related to potential pharmacological interventions. 

The pharmacological challenge paradigm continues to be useful, especially when 

combined with imaging techniques. Future research in this field ensuing from 

our results may encompass a combination of administration of mCPP (or a more 

selective 5-HT2 receptor agonist) and in vivo provocation of symptoms, a more 

prolonged administration of pentagastrin, and examining more homogeneous 

groups. The finding of upregulated 5-HT2 receptors in OCD suggests that it is 
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interesting to test 5-HT2 antagonists, although the specific role of these receptors 

in OCD is not clear. Very few treatment studies have been done in OCD using 

compounds with 5-HT2 agonistic or antagonistic properties as monotherapy. It 

would be worthwhile to set up explorative studies with these kinds of medications. 

The finding of an enhanced P50 suppression in the subgroup of ‘checkers’ warrants 

a further study with more subjects. When the results of our study can be replicated 

further examination of the functionality and sensitivity of nicotinic receptors 

(particularly β7 receptors) in OCD is interesting. 

 Because of the suggestion that impaired cognitive inhibition in OCD might 

reflect an underlying, trait-related dysfunction, it is important to investigate if 

impairments can be found in first degree family members and to examine patients 

before and after treatment. Combining the visuospatial priming task with a 

specific elaborated thought suppression task may elucidate more directly the 

relationship between impaired cognitive inhibition and intrusive thoughts. 

Likewise, a combination of the cognitive inhibition paradigm and a conditioned 

fear extinction task may explore the relationship between these processes, in OCD 

patients as well as in healthy controls.

 With regard to research on the application of DCS in OCD treatment, studies 

with a larger number of patients are needed, together with a longer follow-up and 

a comparison of drop out rates between patients using DCS and placebo. The 

potential effective approach of administering DCS afterwards of an ERP session, 

only if it was a good session, needs further investigation. Because some preclinical 

evidence suggests that SSRIs may impair fear extinction and also the beneficial 

effect of DCS it is important to plan trials with DCS in medication-free patients.  

 

Concluding remarks

As described in this thesis several neurobiological disturbances have been found 

in OCD. However, as mentioned before in earlier chapters, it is difficult to 

determine if an impairment is implicated in the cause, maintenance or the 

consequence of a disorder. For example: is upregulation of 5-HT2 receptors a 

primary change or a consequence of altered 5-HT neurotransmission? Or: is 

impaired cognitive inhibition a causal factor or of significance in maintaining 

obsessions?  In OCD it has been attempted to clarify this issue in some studies 

(Maia et al., 2008; Figee et al., 2013). But still, then another question remains: “are 

the disturbances that are found the consequence of structural deficits in specific 

regions, or the consequence of pathological synaptogenesis influenced by 

psychological factors?” (Aouizerate et al., 2004).
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For clinical practice some consequences can be determined. In general, the finding 

of some neurobiological disturbances in OCD can be used in counselling and psy-

choeducation for patients and their relatives. Impaired cognitive inhibition in 

OCD and the hypothesis of a counterproductive effect of consciously suppressing 

unwanted thoughts may warrant metacognitive treatments, addressing to cope 

with these thoughts in a more detached manner. 

 Currently it is too early to recommend DCS in the regular practice. First some 

larger studies have to be performed, and the precise efficacy (including possibly 

reducing drop outs) and the way of usage of DCS have to be determined. A major 

advantage is that very few or no adverse effects are to be expected and it can be 

administered in few, single doses.

Finally, it has been impressive to see how many patients, suffering from severe 

obsessive-compulsive disorder, were willing to participate in the experimental 

studies described in this thesis. They underwent pharmacologic challenges and 

neurophysiologic tests, which sometimes were really horrible and frightful for 

them. They received sticky substances on their head or compounds were injected 

with not exactly known effects. In these situations they had to refrain from their 

usual coping: keeping in control, avoiding or performing compulsions. 

 This is illustrative for their great wish that the psychological and neurobio-

logical underpinnings of OCD may be more elucidated and eventually may lead to 

more efficacious treatments. Hopefully some results described in this thesis may 

be helpful for that. 
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Inleiding

De dwangstoornis, of obsessieve-compulsieve stoornis (OCS), is een psychiatrische 

stoornis die gekenmerkt wordt door het aanwezig zijn van dwanggedachten en/of 

dwanghandelingen. Dwanggedachten zijn gedefinieerd als zich opdringende 

gedachten, beelden of impulsen, die veel angst en lijden veroorzaken. Voorbeelden 

zijn gedachten over besmet zijn geraakt of kunnen raken, over gevaar of onheil dat 

zou kunnen gebeuren, en gedachten met een seksuele of agressieve inhoud. Dwang - 

handelingen worden omschreven als handelingen (ook mentale handelingen) die 

vaak op een rigide en zich herhalende manier worden uitgevoerd en de bedoeling 

hebben angst en spanning te verminderen of obsessies te neutraliseren. Voorbeelden 

hiervan zijn het overmatig wassen van de handen, langdurig controleren of deuren  

op slot zijn, en ‘rituele’ handelingen. 

 Bij zowel dwanggedachten als dwanghandelingen is er (op enig moment in 

het beloop) een besef dat ze irreëel, overdreven en inadequaat zijn. Volgens de 

criteria van de DSM-IV is er sprake van een stoornis als de dwanghandelingen en 

–gedachten meer dan een uur per dag in beslag nemen, veel lijden veroorzaken en 

in flinke mate het functioneren beïnvloeden. Vanwege de heterogene klinische 

presentatie worden vaak een aantal symptoom dimensies of subtypes (vastgesteld 

op basis van factoranalyse) gebruikt: smetvrees/wassen, rituelen/symmetrie en/of 

verzameldwang, alleen obsessies, en gevaar/controleren. Uit onderzoek is gebleken 

dat 1 tot 2,5 % van de bevolking (op enig moment in het leven) last heeft van OCS, 

overal op de wereld. OCS komt iets meer voor bij vrouwen dan bij mannen, begint 

meestal in de vroege volwassenheid (bij een specifieke subgroep in de kinderjaren), 

en heeft meestal een chronisch, fluctuerend beloop. De stoornis heeft in het 

algemeen ernstige gevolgen voor het sociale en beroepsmatige functioneren van 

de patiënten. 

 De eerste beschrijvingen van OCS in een psychiatrisch kader dateren uit de 

eerste helft van de 19e eeuw. Aanvankelijk werd er vooral een biologische en 

erfelijke oorsprong toegeschreven aan OCS; in het begin van de 20e eeuw werden 

meer psychologische verklaringsmodellen ontwikkeld en lange tijd werd OCS 

gezien als een primair neurotische stoornis. De toegepaste psychoanalytische 

behandelingen bleken echter weinig effectief. In de 2e helft van de 20e eeuw bleken 

therapieën gebaseerd op de leertheorie en ook medicamenteuze behandelingen 

met specifieke antidepressiva wel een redelijk effect te kunnen sorteren en OCS werd 

in toenemende mate gezien als een grotendeels neurobiologisch te verklaren 

aandoening. In de afgelopen decennia heeft er een forse toename plaats gevonden 

van onderzoek bij OCS met een vooral neurobiologisch en experimenteel 

psychologisch karakter, ondermeer gebruik makend van allerlei beeldvormende 

technieken en psychologische tests. In hoofdstuk 1 is een beknopt overzicht gegeven 
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van de neuro biologisch georiënteerde onderzoeksmethoden en onderzoeksvelden bij 

OCS. De resultaten van deze onderzoeken hebben bijgedragen aan de ontwikkeling van 

een aantal neurobiologische modellen die iets kunnen zeggen over het ontstaan 

en de instandhouding van OCS. Een consistente bevinding bij OCS is verhoogde 

activiteit in een bepaald deel van de voorhoofdskwab (orbitofrontale cortex) en 

dieper gelegen hersengebieden (basale kernen). De orbitofrontale cortex is o.a. 

geassocieerd met reacties gerelateerd aan beloning en emoties, het inhouden en 

remmen van bepaald gedrag en associatief leren. De basale kernen spelen een rol 

bij de integratie van informatie afkomstig uit de hersenschors, het initiëren van 

bepaald gedrag en bepaalde cognities, en gewoontevorming (door bekrachtiging 

en beloning). Er worden verschillende functionele circuits (cortico-striato-thala-

mo-corticale circuits) verondersteld, waar deze gebieden deel van uit maken. Deze 

bevindingen hebben geleid tot de hypothese dat een verstoord samenspel tussen 

de genoemde gebieden (samen met andere gebieden) aan de orde is bij OCS. 

 In dit proefschrift zijn onderzoeken beschreven vanuit verschillende invals -

hoeken, met name de neurochemie, neurofysiologie, neuropsychologie en leer- 

theorie. Ze hebben tot doel meer zicht te krijgen op neurobiologische veranderingen 

die een rol zouden kunnen spelen bij de ontwikkeling, het blijven bestaan en de 

behandeling van dwangklachten. Na de algemene inleiding wordt in hoofdstuk 2 

een meer specifieke inleiding tot de verschillende onderzoeken van dit proefschrift 

gegeven. Hieronder worden de onderzoeken en de resultaten afzonderlijk samen- 

gevat. De eerste twee betreffen de neurochemie, de volgende twee hebben een 

neuro fysiologisch en neuropsychologisch kader en het laatste heeft betrekking op 

(de neurobiologie van) de leertheorie.

Neurochemie: serotonine receptoren
Serotonine is een belangrijke neurotransmitter (boodschapperstof) in de hersenen. 

Uit eerder onderzoek is gebleken dat serotonine een belangrijke rol speelt bij OCS. 

Deze conclusie is ondermeer afkomstig uit de vele malen bevestigde bevinding dat 

in het bijzonder antidepressiva die het serotoninesysteem beïnvloeden werkzaam 

zijn bij OCS. Het serotoninesysteem is erg complex; er zijn bijvoorbeeld vele 

verschillende serotonine receptoren (eiwitten die bij stimulatie door serotonine 

een prikkel doorgeven) met verschillende functies. Om meer inzicht te krijgen in 

de functie en de gevoeligheid van bepaalde serotonine receptoren bij OCS werd 

een zogenaamde farmacologische provocatiestudie opgezet. Bij een dergelijk 

onderzoek wordt een bepaalde stof (bij voorkeur een stof die zo selectief mogelijk 

een bepaalde receptor stimuleert) toegediend en worden de gedragsmatige en 

hormonale reacties gemeten. Stimulatie van bepaalde receptoren zorgt voor 

hormoonafgifte (bijvoorbeeld cortisol of prolactine). De mate waarin dat gebeurt 

(toename van de concentratie in het bloed), zegt iets over de gevoeligheid van de 
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betreffende receptor. In eerder onderzoek bij OCS met serotonine receptor 

stimulerende stoffen werd een toename van dwangklachten gezien, duidend op 

een verhoogde gevoeligheid van bepaalde receptoren.

 In ons onderzoek, zoals beschreven in hoofdstuk 3, werd of mCPP toegediend, 

een stof die voornamelijk serotonine receptoren stimuleert. Tegelijkertijd gebruikten 

de patiënten en proefpersonen ritanserine, een stof die serotonine-2 receptoren 

blokkeert. Op deze manier hoopten we uit te kunnen vinden welke subtype 

serotonine receptor betrokken is bij OCS. We gebruikten ook nog verschillende 

doseringen van mCPP om de mate van gevoeligheid beter te kunnen vaststellen. 

Twintig OCS patiënten en twintig gezonde proefpersonen werden onderzocht en 

alles gebeurde dubbelblind en placebo gecontroleerd. Er werd geen toename van 

dwangklachten gezien. Wel zorgde mCPP voor een sterkere toename van prolactine 

bij OCS patiënten dan bij de controlegroep. Deze toename werd bij patiënten 

gedeeltelijk en bij de controlegroep geheel geblokkeerd door ritanserine. Dit 

betekent dat serotonine-2 receptoren betrokken zijn bij de toegenomen afgifte van 

prolactine. Deze resultaten wijzen op een grotere gevoeligheid van serotonine-2 

receptoren bij OCS, maar niet op een directe relatie tussen deze grotere gevoeligheid 

en OCS symptomen. Het zou ook zo kunnen zijn dat het type serotonine-2 

receptoren gerelateerd aan de hormoonrespons anders is dan het type dat verant-

woordelijk is voor de expressie van OCS symptomen. In dit verband hebben vooral 

de serotonine-2A en de serotonine-2C receptor de aandacht. Opgemerkt moet 

worden dat naast serotonine ook andere neurotransmitters zoals dopamine en 

glutamaat een rol spelen bij OCS. Tussen het serotonine systeem en het dopamine 

systeem is er een nauwe samenhang.

Neurochemie: cholecystokinine 
In een volgende farmacologische provocatiestudie, beschreven in hoofdstuk 4, 

werd pentagastrine gebruikt, een stof die is afgeleid van het neuropeptide cholecy-

stokinine-4 (CCK-4) en die CCK-B receptoren in de hersenen stimuleert. CCK is een 

hormoonachtige stof die als neurotransmitter werkt, maar ook als modulator van 

andere neurotransmitters. In eerder onderzoek is vastgesteld dat toediening van 

pentagastrine een paniekaanval kan veroorzaken en dat patiënten met een 

paniekstoornis daar gevoeliger voor zijn dan gezonde proefpersonen. Het doel van 

dit placebogecontroleerde exploratieve onderzoek was tweeledig: onderzoeken of 

OCS patiënten een verhoogde gevoeligheid zouden hebben voor de paniekinduce-

rende eigenschappen van pentagastrine (net als patiënten met een paniekstoornis), 

en onderzoeken of er een invloed zou zijn op OCS symptomen. De eerste vraag 

heeft verband met de discussie of OCS gezien moet worden als een angststoornis 

(gerelateerd aan de andere angststoornissen) of niet. Na toediening van de 

pentagastrine werd bij 6 van de 7 OCS patiënten en 2 van de 7 gezonde controles 
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een kortdurende paniekachtige aanval geïnduceerd. Ook ervoeren de OCS patiënten 

een gemiddeld sterkere toename van angstsymptomen dan de gezonde controles. 

De verschillen waren echter niet statistisch significant, zeer waarschijnlijk 

vanwege de kleine aantallen in dit exploratieve onderzoek. Uit dit onderzoek 

komen dus enige voorzichtige aanwijzingen naar voren dat er bij OCS patiënten 

een grotere gevoeligheid is voor de paniekinducerende werking van pentagastrine, 

gerelateerd aan CCK-B receptoren. Dat zou kunnen betekenen dat er op dat gebied 

overeenkomsten zijn tussen OCS en de paniekstoornis. Dit zou opgevat kunnen 

worden als ondersteuning van de opvatting dat OCS vooral gezien moet worden als 

één van de angststoornissen. Er zijn geen aanwijzingen gevonden voor een 

betrokkenheid van CCK-B receptoren bij OCS klachten. 

Neurofysiologie: prepuls inhibitie van de startle reflex en  
P50 suppressie
Een belangrijke hypothese betreffende de ontwikkeling en het blijven bestaan van 

dwangklachten is dat er een verstoring is van de (onbewuste) onderdrukking van 

allerlei vormen van informatie. Bij alle mensen zijn er gewoonlijk mechanismen 

werkzaam in de hersenen die er voor zorgen dat veel informatie die niet direct 

nuttig of relevant is onbewust blijft en niet verder bewust verwerkt hoeft te 

worden (ook wel filtering genoemd, of in het Engels ‘gating’). Bij OCS patiënten 

werkt dat mechanisme mogelijk minder goed, waardoor meer informatie bewust 

verwekt of onderdrukt (vooral wanneer de inhoud negatief wordt beoordeeld) 

moet worden, met over het algemeen een averechts effect: men heeft juist meer 

last van dergelijke gedachten of impulsen. 

 Twee methoden om de werking van dit mechanisme te onderzoeken worden 

hierbij beschreven. De eerste is de prepuls inhibitie van de startle reflex (PPI). Het 

principe hierbij is dat de schrikreactie op een hard geluid (de startle reflex) wordt 

verminderd door vlak daarvoor (120 milliseconden) een zacht geluid (de prepuls) 

te laten horen. De mate waarin de schrikreactie wordt verminderd (reactie mét 

prepuls gedeeld door reactie zonder prepuls) is een maat voor het kunnen 

onderdrukken van de schrikreactie en daarvan uit ook voor de werking van het 

filteringmechanisme (sensorimotor gating). De schrikreactie wordt gemeten door 

de sterkte van de ‘knijpreflex’ van de oogspiertjes te bepalen door middel van electro-

myografie. 

 De tweede methode is het P50 suppressie paradigma. Hierbij worden twee 

zachte geluiden kort na elkaar (interval van 500 milliseconden) aangeboden en 

wordt de reactie in de hersenen met behulp van een EEG meting bepaald. De 

geluiden geven na 50 milliseconden een meetbaar positief elektrisch signaaltje 

(vandaar P50). Normaal gesproken is de P50 respons op de 2e toon minder sterk dan 

de respons op de 1e toon (P50 suppressie). De verhouding tussen de respons op de 1e 
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en op de 2e toon is dan een maat voor de werking van centrale filtering (sensory 

gating). Interessant is dat hersengebieden die betrokken zijn bij OCS ook gerelateerd 

blijken te zijn aan deze twee methoden. In hoofdstuk 5 staat het onderzoek 

beschreven dat we hebben verricht bij OCS patiënten en gezonde proefpersonen 

gebruik makend van deze twee methoden. Het onderzoek was zodanig opgezet dat 

‘verstoringen’ door andere factoren werden voorkomen: geen medicatie, rekening 

houden met menstruatie cyclus, controle van nicotinegebruik. Zowel bij de PPI als 

de P50 suppressie werden geen verschillen gevonden tussen OCS patiënten en de 

gezonde controles. We vonden dus geen aanwijzingen voor een slechter 

functionerend filteringmechanisme bij OCS. Wel vonden we bij een subgroep, met 

primair controledwang, juist een sterkere P50 suppressie. Alleen van nicotine is 

bekend dat het P50 suppressie kan versterken, dus het kan interessant zijn de rol 

van de betreffende receptoren nader te onderzoeken. 

Neuropsychologie: visuospatiële priming taak  
De bovenbeschreven methoden om de werking van het filteringmechanisme bij 

OCS te onderzoeken zijn gerelateerd aan basale, neurologische processen. Het is 

mogelijk dat verstoringen in het onderdrukken van irrelevante informatie bij OCS 

beter onderzocht kunnen worden met taken die meer de cognitieve onderdrukking 

(cognitieve inhibitie) meten. In hoofdstuk 6 worden de uitkomsten gerapporteerd 

van een onderzoek waarbij we gebruik maakten van een cognitieve inhibitietaak: 

een visuospatiële priming taak. Bij deze taak worden op een computerscherm 

tegelijkertijd twee stippen getoond, een grotere en een kleinere. De stippen 

kunnen op vier verschillende posities verschijnen (links-rechts-onder-boven). De 

opdracht is zo snel mogelijk op een toets te drukken die correspondeert met de 

positie van de grootste stip. Als er gedrukt is wordt snel een volgend scherm 

getoond met weer nieuwe posities van de stippen, zodat men snel achter elkaar 

moet reageren op de plaats van de grootste stip. De kleinste stip is telkens een 

soort ‘afleider’ (wel een stip, maar men moet er niet op reageren) en uit onderzoek 

is gebleken dat de gemeten reactiesnelheid trager is als de grootste stip verschijnt 

op de plek waar bij de vorige aanbieding de kleinste was (negative priming). Om de 

mate van vertraging te bepalen wordt de gemeten reactietijd vergeleken met de 

reactietijd in een controle conditie, waarbij geen overeenkomsten zijn in de 

posities van de stippen in opeenvolgende aanbiedingen. De vertraging wordt 

veroorzaakt doordat in de eerdere aanbieding een reactie op de kleinste stip 

onderdrukt moest worden (inhibitie) en dat vervolgens juist wel gereageerd moet 

worden op diezelfde plek. Het kost dan extra tijd om het onderdrukken om te 

zetten in actief reageren en een sterker onderdrukken van de ‘afleider’ in de eerste 

aanbieding geeft grotere vertraging in reactietijd. De mate van vertraging is dan 

een maat voor cognitieve inhibitie. Bij een visuospatiële (ruimtelijke, locatiegebon-
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den) taak treedt er ook een vertraging op als juist twee keer op dezelfde positie 

moet worden gereageerd (repetition priming). Wij vonden een duidelijk verminderde 

vertraging bij OCS patiënten in zowel de negative priming als repetition priming 

conditie, wijzend op een verstoorde cognitieve inhibitie. Dit resultaat ondersteunt 

de hypothese dat bij OCS een verstoord (cognitief) inhibitiemechanisme aanwezig 

is en een rol zou kunnen spelen bij de ontwikkeling van een dwangstoornis. Er 

werd geen verband gevonden tussen de negative priming en repetition priming effecten 

en de ernst van de dwangsymptomen. Het zou kunnen zijn dat de verstoorde 

inhibitie meer een onderliggend kenmerk is, d.w.z. een bepaalde kwetsbaarheid die 

soms kan leiden tot een dwangstoornis. Het zou interessant zijn dat te onderzoeken 

bij 1e-graads familieleden of in een periode dat de klachten zijn verminderd.

Leertheorie: het effect van de toevoeging van D-cycloserine aan 
exposure behandeling
Exposure en responspreventie (ERP) is een effectieve behandelvorm bij OCS. Toch 

is deze behandeling bij een deel van OCS patiënten niet of weinig effectief, of 

haakt een deel van de patiënten vroegtijdig af omdat de therapie als erg belastend 

wordt ervaren. ERP is grotendeels gebaseerd op klassieke conditioneringprincipes 

en heeft veel overeenkomsten met procedures van extinctie (uitdoving) van 

 geconditioneerde angst bij dieren. Bij extinctieprocessen gaat het overigens ook 

grotendeels om een leerproces: het aanleren van nieuwe associaties. Een bepaald 

type receptoren in de hersengebieden die met extinctie van geconditioneerde 

angst te maken hebben (voorste deel van de voorhoofdskwabben en amandelkernen; 

prefrontale cortex en amygdalae) speelt een centrale rol, namelijk de NMDA 

receptoren. In eerder onderzoek is gebleken dat de stof D-cycloserine (DCS), die de 

NMDA receptor stimuleert, de extinctie van geconditioneerde angst kan versterken 

en/of versnellen. Dat was het geval bij proefdieren en patiënten met angststoornis-

sen. DCS heeft waarschijnlijk vooral invloed op de consolidatie (vastleggen) van 

wat geleerd is. Dat blijkt uit het feit dat DCS ook effect heeft als het na een extinctie 

procedure wordt gegeven. Een aantal onderzoeken bij OCS met een beperkt aantal 

patiënten hebben enigszins tegenstrijdige resultaten laten zien. Wij verrichtten 

een onderzoek bij een wat grotere groep OCS patiënten dan in de eerdere 

onderzoeken. De onderzoeksvraag was of de toevoeging van DCS aan een serie 

begeleide exposure sessies een groter effect zou geven. Dit onderzoek is beschreven 

in hoofdstuk 7. De behandeling bestond uit 6 wekelijkse begeleide exposure 

sessies, waarbij telkens een uur voorafgaand aan de sessies eenmalig DCS werd 

gegeven. Het betrof een gerandomiseerd, dubbelblind onderzoek. De groep 

patiënten die DCS kreeg verbeterde gemiddeld meer, maar dat was net niet 

statistisch significant. Het percentage patiënten dat een flinke verbetering liet 

zien (>25% verbetering) was wel significant verschillend. Ook bleek dat de subgroep 



Samenvatting | 125

met smetvrees een significante verbetering toonde, in tegenstelling tot de 

subgroep met controledwang. Alles bij elkaar konden we niet een onbetwijfelbaar 

effect aantonen, maar waren er wel aanwijzingen die een toegevoegd effect van 

DCS suggereerden. Het zou kunnen dat de groepen te klein waren om een 

statistisch significant effect aan te tonen en dat bij een grotere groep wel een 

significant verschil aangetoond zou kunnen worden. Het is dan wel de vraag hoe 

klinisch relevant dat effect dan is. Bij dit alles moet bedacht worden dat effect 

aangetoond moet worden bovenop een al vrij effectieve behandeling als ERP. DCS 

gaf geen bijwerkingen. 

Samenhang tussen de resultaten  
en enige algemene conclusies

In hoofdstuk 8 wordt, naast een samenvatting van de resultaten, weergegeven  

wat er (wel of niet) te zeggen is over het verband tussen de resultaten van de 

verschillende onderzoeken. 

 Gelet op de uitkomsten van de farmacologische provocatietests is het zeer on-

waarschijnlijk dat er een directe relatie is tussen stimulatie van een bepaald type 

receptor en het ontwikkelen van OCS klachten. Het is nog wel mogelijk dat er 

toename van OCS symptomen optreedt wanneer tegelijkertijd een stimulatie van 

bepaalde receptoren en een blootstelling aan OCS klachten inducerende stimuli 

plaats vindt. 

 De meest duidelijke bevindingen bij OCD in dit proefschrift zijn: een verhoogde 

gevoeligheid van serotonine-2 receptoren en een verstoorde cognitieve inhibitie. 

Over de rol van serotonine bij de (stoornissen van de) visuospatiële priming taak is 

echter niet veel bekend, dus over een direct verband is niet veel te zeggen. 

 De hypothese dat verstoorde (cognitieve) inhibitie ten grondslag ligt aan het 

ontstaan en blijven bestaan van obsessies wordt door de uitkomsten van de visuo -

spatiële priming taak ondersteund, maar niet door de uitkomsten van de PPI en 

P50 onderzoeken. Dat bevestigt dat de laatste genoemde een ander inhibitieproces 

weergeven, waarschijnlijk meer de ‘diffuse’ filtering, die er voor zorgt dat mensen 

niet overspoeld worden door prikkels. 

 Omdat bij extinctie van geconditioneerde angst ook inhibitieprocessen 

(bijvoorbeeld van angstwekkende cognities en het uitvoeren van dwanghandelin-

gen) spelen zou het interessant zijn te onderzoeken of de extinctie van geconditio-

neerde angst bij OCS verstoord is en of deze dan geassocieerd is met de gevonden 

stoornis in cognitieve inhibitie. DCS lijkt vooral verstoorde extinctie te ‘herstellen’ 

en als uit vervolgonderzoek blijkt dat DCS additie aan exposure bij OCS inderdaad 

effectief is, geeft dat een aanwijzing dat er bij OCS sprake kan zijn van verstoorde 

extinctie van geconditioneerde angst.
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Er zijn nauwelijks aanwijzingen dat serotonine betrokken is bij extinctie van ge-

conditioneerde angst, hoewel recent is gevonden dat SSRIs daar mogelijk wel een 

negatieve invloed op hebben. Dat zou dus consequenties kunnen hebben voor de 

combinatie van DCS en een SSRI. 

OCS is erg heterogeen en sommige neurobiologische bevindingen zullen betrekking 

hebben op gemeenschappelijke factoren in OCS en andere zijn specifiek voor 

bepaalde subtypen of dimensies. Ook in een aantal van onze resultaten komt dit 

terug en het is van belang daar in toekomstige onderzoeken rekening mee te 

houden. 

Voor de meeste van de beschreven onderzoeken geldt dat er niet direct consequenties 

en aanbevelingen uit volgen voor de klinische praktijk. Wel kunnen de neuro-

biologische bevindingen een rol spelen in voorlichting en begeleiding van patiënten  

en hun naasten. De bevinding van een verstoorde cognitieve inhibitie (op onbewust 

niveau) en de daarmee samenhangende hypothese dat bewust onderdrukken van 

intrusieve gedachten een averechts effect heeft is een ondersteuning voor het verder 

ontwikkelen en toepassen van metacognitieve behandeltechnieken bij OCS. 

 Voor de toepassing van DCS geldt dat het nog te voorbarig is dit in de reguliere 

klinische praktijk te gebruiken. Er is nog te veel onzekerheid over de precieze 

effectiviteit en de beste toepassingswijze. Mogelijk dat het gebruik van DCS zinvol 

blijkt voor een bepaalde subgroep (bijvoorbeeld smetvrees) en in een bepaalde fase 

van de behandeling. Een groot voordeel van DCS is dat het niet of nauwelijks 

bijwerkingen geeft.

Tenslotte  

Het was indrukwekkend te zien hoe veel OCS patiënten, lijdend aan ernstige 

dwangklachten, bereid waren om deel te nemen aan de experimentele onderzoeken 

die zijn beschreven in dit proefschrift. Ze ondergingen farmacologische provoca-

tieonderzoeken en neurofysiologische tests die soms erg angstwekkend voor hen 

waren. Een stof met een voor hen onbekende werking werd ingespoten, of een 

kleverige substantie werd op het hoofd aangebracht, zonder dat gebruik kon 

worden gemaakt van aan hen bekende reactiepatronen als vermijden, controle 

houden en het uitvoeren van dwanghandelingen. Dit is tekenend voor de wens  

bij veel OCS patiënten dat de psychologische en neurobiologische achtergrond  

van OCS meer opgehelderd wordt en uiteindelijk zal leiden tot effectievere 

behandelingen. Hopelijk hebben de bevindingen beschreven in dit proefschrift 

daar ook een bijdrage aan kunnen leveren. 
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Dankwoord

Een promotietraject dat een (zeer) lange periode beslaat betekent ook dat er vele 

mensen zijn die daar een belangrijke bijdrage aan hebben geleverd. Zonder de 

ondersteuning, hulp, interesse en feedback van vele mensen had ik niet alsnog 

kunnen doorgaan en was het project zeker eerder gesneuveld.

Allereerst wil ik hierbij noemen Herman Westenberg, die in mei 2011 plotseling 

overleed. Hij was mijn promotor en bij hem (samen met Hans den Boer), zette ik in 

de beginperiode van dit traject mijn eerste stappen in het wetenschappelijke 

onderzoek. Ik ben hem veel dank verschuldigd voor het mij bijbrengen van de 

toepassing van de belangrijkste principes van onderzoek en analyse. Zijn kennis 

van de psychofarmacologie en neurobiologie van psychiatrische ziektebeelden 

was indrukwekkend en een grote stimulans en uitdaging om daar ook in thuis te 

willen raken. Ik ben hem ook dankbaar dat hij bereid was bij de ‘doorstart’ van het 

onderzoek promotor te willen zijn. Het is dan ook zeer triest dat hij het eindresultaat 

niet heeft mogen meemaken. 

Vervolgens wil ik mijn waardering uitspreken voor mijn promotor René Kahn. 

Beste René, ik ben je zeer dankbaar dat je na het wegvallen van Herman Westenberg 

zijn promotorschap hebt willen overnemen. In die relatief korte tijd maakte ik (weer) 

kennis met de snelle en onomwonden manier waarop je handelt en commentaar 

geeft. Erg prettig om snel te weten waar je aan toe bent en ook hoe je dan verder kunt. 

Mijn copromotor Harold van Megen, beste Harold, waar moet ik beginnen? Al in de 

eerste onderzoeksjaren in het toenmalige AZU maakte ik kennis met je. Jij woonde 

ook in Amsterdam en al ‘carpoolend’ bespraken we heel wat wetenswaardigheden. 

Later deden we dat nog eens over vanuit Utrecht naar Ermelo. Jij hebt een zeer brede 

kijk op ons vak, reikend van het psychoanalytische gedachtegoed tot biologisch 

georiënteerd onderzoek, en dat maakt je tot een bij uitstek geschikte opleider.  

Ook mij heeft dit brede blikveld van jou altijd erg aangesproken. Naast de vak-

inhoudelijke kant liet je ook blijken andere dingen belangrijk te vinden, zoals 

‘Bourgondisch leven’, kleurige oliebollen, een gezond narcisme, maar ook: targets 

halen en werken naar een deadline. Met jouw komst naar het toenmalige Veldwijk 

is het in Ermelo duidelijk minder saai geworden. Hopelijk kunnen we het angst- en 

dwangonderzoek binnen GGz Centraal een stevige plek en continuïteit geven. 

Ook mijn andere copromotor Bob Oranje wil ik heel erg bedanken. Beste Bob,  

ik heb grote bewondering voor je kennis en kunde als het gaat om psychofysiologisch 

onderzoek. Van uitermate technische zaken (we waren soms lang bezig de weerstand 
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te verlagen, maar op een heel andere manier dan ik ken in de psychiatrische 

praktijk) tot de functies van verschillende hersengebieden. Jij hebt een gezonde 

dosis eigenwijzigheid die past bij een goed onderzoeker. Het was aangenaam om in 

Kopenhagen, je toenmalige verblijfplaats, met je de data te analyseren en uiteindelijk 

met één druk op de knop de resultaten naar boven te halen. 

Eigenlijk had ik mijn dankwoord echter moeten beginnen met de naam van 

Marina de Wolf, ‘mevrouw de Wolf’ zoals ik haar noemde, die in 1997 overleed. Zij 

heeft mij in contact gebracht met Hans den Boer en Herman Westenberg, die in 

het AZU bezig waren met erg interessant onderzoek naar de neurobiologische 

achtergronden van angststoornissen. Marina de Wolf was de oprichtster en directeur 

van de Fobieclub, nu ‘Angst dwang en fobie stichting’. Ze was groot en groots met 

een indrukwekkende stem, en haar hond deed niet voor haar onder. Voor beiden 

gold echter dat er binnenin een meer vriendelijke en kwetsbare ziel huisde. Het is 

bijzonder dat ik momenteel in het Marina de Wolfcentrum werk en nog elke dag 

haar beeltenis zie aan de wand in de gang van het gebouw. 

 De patiëntenvereniging (nu ADF stichting, onder leiding van Josine van 

Hamersveld) heeft onderzoek altijd erg gesteund en ook hun leden gestimuleerd 

aan onderzoek mee te doen. Ook in deze ben ik ze veel dank verschuldigd.

Een aantal mensen die betrokken waren bij de eerste jaren van onderzoek in het 

AZU wil ik bedanken. Allereerst de eerdergenoemde Hans den Boer, die mij 

begeleidde bij de eerste studies en liet zien hoe je een wervende lezing geeft, wat 

nog altijd iets is om jaloers op te zijn. Verder natuurlijk Irene van Vliet, die mij in 

die periode wegwijs maakte in het AZU en een grote betrouwbaarheid koppelde 

aan oprechte zorg voor patiënten, ook als ze niet van zins waren aan een onderzoek 

deel te nemen. Irene, bedankt voor de steun in die periode. Ook wil ik bedanken 

André Klompmakers en anderen die in het laboratorium werkten en Bernhard Slaap, 

die statistische analyse en SPSS onontkoombaar maakte. Ook belangrijk voor de 

uitvoering van het onderzoek waren de stagiaires, apotheek (Fred Schobben) en 

natuurlijk de mensen van de receptie en secretariaat die toch vaak het eerste 

contact waren en zijn voor de veelal erg angstige patiënten.

Ik kon een vervolg aan het onderzoek geven doordat ik van het toenmalige Meerkanten 

en het latere GGz Centraal de gelegenheid kreeg tijd te besteden aan onderzoek. 

Daar was met name een ‘goed gesprek’ met wijlen Peter de Groot, de toenmalige 

voorzitter van de raad van bestuur, voor nodig, daar kon je niet om heen. En 

natuurlijk ook de toestemming van Henk ter Avest, medebestuurslid. Later werd dit 

verder ondersteund door Bas Schreuder, de opvolger van Peter de Groot. Ik ben GGz 

Centraal dankbaar dat ik deze mogelijkheid heb gekregen, momenteel dan vooral 
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Innova, de onderzoeks- en opleidingsafdeling van GGz Centraal, met als directeur 

Peter van Harten. Aan het verkrijgen van ‘onderzoekstijd’ was deelname (ook hieraan 

voorafgaand) aan het Veldwijk Research Instituut verbonden. Dit was een platform 

waar onderzoeksvoorstellen en -resultaten werden bediscussieerd, ook bedoeld om 

het doen van onderzoek te stimuleren. Die rol heeft het voor mij zeker gehad. Voor 

hun aandeel in dat kader wil ik dan ook bedanken: Mariëlle Gorissen, Meinte 

Vollema, Rutger Jan van der Gaag, Tom Kuipers, Jan van der Weide, Hans Wilschut, 

Bianca Mooi, Henny Visser en Jochem Gregoor. Ook Marga van Weelden, toen 

apotheker bij Meerkanten, ben ik dank verschuldigd omdat zij heeft meegeholpen 

het kafkaëske traject te doorlopen om de onderzoeksmedicatie vanuit de apotheek 

van het UMC geleverd te krijgen. Dat is uiteindelijk (zij het na veel vertraging) gelukt. 

Tijdens mijn tweede periode van onderzoek, grotendeels uitgevoerd in het UMC 

Utrecht, heb ik met veel plezier samengewerkt met Nienke Vulink, Sjoerd Fluitman 

en Damiaan Denys. Ik wil jullie bedanken dat ik, in zekere zin een buitenstaander 

afkomstig van de Veluwe, me niet een vreemdeling voelde en mijn eigen dingen 

kon doen, ook met jullie ondersteuning. 

 Ik ben blij dat ik gebruik kon maken van het lab van Chantal Kemner, waarbij 

ook technische ondersteuning was van Gert Camfferman. Matthijs Vink heeft mij 

geholpen bij de opzet van de priming studie en ook bij het opschrijven daarvan. 

Dank daarvoor. 

Het onderzoek van de laatste jaren is nauw verbonden met mijn werk in het Marina 

de Wolfcentrum. Natuurlijk alleen al vanwege de patiëntengroep, aangezien in het 

Marina de Wolfcentrum ook de dwangstoornis de meest voorkomende diagnose is. 

Maar ook omdat de vele vragen, raadsels en onbegrepen aspecten die we bij de 

diagnostiek en behandeling van de dwangstoornis in het Marina de Wolfcentrum 

tegen komen zo veel inspiratie geven voor verder onderzoek. Ik vind de combinatie 

van klinisch werk en verdiepend onderzoek nog altijd geweldig, waarbij het één 

het ander kan stimuleren. Dat kan alleen maar lukken in samenspraak en 

samenwerking met directe collega’s. Daarom zijn de contacten met hen zo 

belangrijk. Een aantal is inmiddels vertrokken: Maria Wesseling (collega van het 

eerste uur), Dink van Ginkel, Theo Verhoeven, Pieter Schoneveld (kwam met 

nieuwe, soms onconventionele methoden, die naar ik vrees toch ook weer zijn 

verdwenen), Marionne Bartels (was erg belangrijk voor de ontwikkeling van het 

MdWc; ze diende Salkovskis van repliek, dan moet je van goede huize komen) en 

ook Aysun, Helena, Emmy, Bertie, Ank en Annemiek. En Marijke (sinds heel kort). 

Hennie van Ittersum wil ik bedanken voor het werk dat ze bij het DCS onderzoek 

heeft gedaan. We ontvingen vorig jaar helaas het bericht dat Geke (verpleegkundige  

bij het begin van het MdWc) is overleden. 



| Dankwoord152

 Nu zijn het de collega’s: Nynke Spijksma (inmiddels het meest ervaren en toch 

ook telkens vernieuwend), Harry Klumper (natuurlijk écht het meest ervaren, en 

heeft deze ervaring laten uitkristalliseren in een mooi boek), Anneke Vos (op onze 

‘eenzame buitenpost’), Tineke Hollenbeek Brouwer en Marjorie Nap; Erik, Paul, 

Martha, Folkje, Marjan, Anouska, Benthe en Maaike. Ik wil jullie allemaal heel erg 

bedanken voor de gedachtewisselingen en gedeelde ervaringen als het gaat om 

patiënten met een dwangstoornis (en ook daarbuiten). Laten we ervoor zorgen dat 

het Marina de Wolfcentrum een goed behandelcentrum blijft.

 Henny Visser (inmiddels ook werkzaam in onze deeltijd/kliniek) wil ik speciaal 

noemen omdat we deels samen op zijn gegaan in het promotietraject. Bedankt 

voor de herkenning en je methodologische input. Met jouw drive en organisatieta-

lent ga je jouw mijlpaal ook bereiken.

 Dat brengt me op onze onderzoeksgroep, waar verder ook Mieke Klein Hofmeijer, 

Harold van Megen, Hanneke du Mortier en Nynke Spijksma deel van uit maken. 

Hopelijk lukt het daar een blijvend inhoudelijk stimulerende club van te maken, 

met als eerstvolgende evenement het symposium in de herfst.

 Mijn collega-psychiaters (met name Mieke, Roy, Zegert, Jop en Yolanda) wil ik 

bedanken voor alle waarnemingen, waardoor ik o.a. een paar keer op de hei kon 

werken.

Al het onderzoek was patiënt-gebonden onderzoek en dat was niet mogelijk geweest 

zonder de deelname van zo veel patiënten en vrijwilligers. Ik wil hen dan ook op 

deze plek nogmaals van harte bedanken.

Naast al het werk en het onderzoek was ontspanning belangrijk voor het nodige 

evenwicht. Die vond ik bij familie en vrienden, veel kilometers fietsen en veel 

Pinksterweekenden in Terziet. 

Wim en Pierre, jullie zijn mijn paranimfen (waarvoor dank) en ik hoop dat jullie 

mij voldoende ruggesteun kunnen geven om deze dag goed voor te bereiden en 

door te komen. Met de rust van Wim en de nauwgezetheid van Pierre zal dat wel 

goed komen.

Mijn ouders ben ik heel dankbaar voor de mogelijkheden die ik heb gekregen en 

datgene wat ik heb meegekregen. 

Dan, de basis thuis. Lieve Wouter en Mirjam, het voordeel van een vader die op 

oudere leeftijd promoveert is dat jullie alles bewust mee kunnen beleven. Ook 

voor mij geeft dat een extra dimensie aan het geheel. Ik geniet ervan jullie elke 

dag weer in figuurlijke zin en vooralsnog ook in letterlijke zin te zien groeien.
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Tenslotte, lieve Bertine, als we samen een forse verbouwing, een promotie en een 

jaar gekenmerkt door ziekte doorstaan zit het wel goed. Ik ben er enorm trots op 

hoe jij in de afgelopen anderhalf jaar met de situatie bent omgegaan, waarbij er 

voor mij ook nog ruimte was om dit project af te ronden. Dank!  
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Curriculum Vitae

Aart de Leeuw werd geboren op 16 maart 1960 te Nieuwland. In 1978 behaalde hij 

het VWO diploma aan de Christelijke Scholengemeenschap Comenius te Capelle 

aan den IJssel. Na een jaar aan de Landbouwhogeschool te Wageningen (N-propedeuse) 

begon hij in 1979 aan de studie geneeskunde aan de Vrije Universiteit te Amsterdam. 

Na het artsexamen in 1988 werkte hij als AGNIO in het psychiatrisch ziekenhuis 

Sancta Maria te Noordwijk. Na enkele jaren gewerkt te hebben als arts-onderzoeker  

in het Academisch Ziekenhuis Utrecht (deels als keuzestage van de opleiding tot 

psychiater) begon hij in 1993 aan de basisopleiding tot psychiater. In 1996 werkte 

hij een jaar bij de Riagg Amersfoort e.o. in het kader van de stage sociale psychiatrie.  

Na de registratie tot psychiater is hij in dienst getreden van psychiatrisch ziekenhuis 

Veldwijk te Ermelo, later gefuseerd tot Meerkanten GGz en weer later tot het huidige 

GGz Centraal. De werkzaamheden als psychiater en supervisor vinden plaats in 

het Marina de Wolfcentrum (gespecialiseerde afdeling voor de behandeling van 

angst- en dwangstoornissen) en daarnaast op een algemene opnameafdeling (klinisch 

en deeltijd). Naast de primair klinische werkzaamheden is er ruimte geweest om 

 wetenschappelijk onderzoek te verrichten binnen het verband van eerst het Veldwijk 

Research Instituut en momenteel Innova, het opleidings- en onderzoeksinstituut 

van GGz Centraal. Hij maakt daarbij deel uit van de onderzoeksgroep ‘angst- en 

dwangstoornissen’. 




