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Chapter 8

Imaging the neurochemistry of

obsessive compulsive disorder

Martijn Figee, Jan Booij and Damiaan Denys
 

Chapter in:
Neuroimaging Psychiatric Disorders,

Cambridge University Press, 2010.

Abnormalities of neurotransmission in frontostriatal circuits may play a pivotal 

role in the pathophysiology of OCD. Involvement of serotonin, dopamine and 

glutamate is likely, because these are important regulators of neuronal activity 

within the frontostriatal network and drugs that modulate their activity can be 

effective in OCD treatment. However, their exact function in OCD is unclear. 

Here, we systematically reviewed all imaging studies on neurotransmission in 

OCD that have used single photon emission computed tomography (SPECT), 

positron emission tomography (PET) and magnetic resonance spectroscopy 

(MRS). Results from SPECT and PET studies suggest that OCD is related 

to diminished serotonergic input into the frontostriatal circuits, along with 

dopaminergic hyperactivity in striatum. MRS studies demonstrate an associa-

tion between OCD and elevated striatal glutamate levels. Improvement of 

obsessions and compulsions in response to serotonin reuptake blockade is 

related to normalization of dopaminergic and glutaminergic hyperactivity. 

Together, these results indicate that OCD is related to frontostriatal seroton-

ergic deficits, however dopaminergic and glutaminergic abnormalities in the 

striatum appear to be the most important treatment targets.
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Introduction
Obsessive Compulsive Disorder (OCD) is a chronic psychiatric disorder that 

is characterized by the presence of recurrent and anxiety provoking thoughts, 

images or impulses (obsessions), typically followed by repetitive ritualistic 

behaviors (compulsions) to relieve anxiety. The prevalence of OCD is estimated 

to be between one and three percent (Ruscio et al., 2010; Fullana et al., 2009). 

Without adequate treatment, obsessions and compulsions can become 

extremely time-consuming, causing significant impairments in social and 

occupational functioning. Effective treatment options for OCD are cognitive 

behavioral therapy, pharmacotherapy or psychosurgical interventions. 

 Approximately 40%-60% of OCD patients respond to pharmaco-

therapy with drugs that increase intrasynaptic serotonin (Denys 2006; Soomro 

et al., 2008). Hence, it is often suggested that OCD is related to a dysfunc-

tion of brain serotonin systems. Central dopaminergic systems are likely to be 

involved as well, since patients that don’t respond to treatment with serotonin 

reuptake inhibitors (SRIs) can be successfully augmented with dopamine 

receptor antagonists (Fineberg et al., 2006; Bloch et al., 2006). Finally, the poten-

tial efficacy of glutamate modulating drugs in OCD (Denys, 2006) suggests 

glutaminergic abnormalities in OCD. 

 Functional imaging studies indicate involvement of the cortico-striatal–

thalamic–cortical circuit in OCD pathophysiology (Saxena and Rauch 2000; 

Menzies et al. 2007) and within this circuitry, the neurotransmitters serotonin, 

dopamine and glutamate are important regulators of neuronal activity. The 

exact function of these neurotransmitters in OCD, however, is still unclear. 

They may be directly implicated in the pathophysiology of OCD, or only related 

to treatment effects. Dysfunctional neurotransmission may be primary, e.g. 

the result of structural (genetic) defects, or secondary to the illness. Seroton-

ergic, dopaminergic and glutaminergic neurotransmission in OCD has been 

examined using pharmacological challenge experiments, investigations into 

metabolites, genetic association studies and animal models. However, these 

are all indirect measures of neurotransmission, and taken together, they did not 

reveal consistent results. Neurochemical imaging techniques allow for a more 

direct examination of neurotransmission systems in OCD patients. Aspects of 

dopaminergic, serotonergic and glutamatergic systems can be visualized with 
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single photon emission computed tomography (SPECT) and positron emission 

tomography (PET). In addition, glutaminergic neurotransmission can be 

measured using ¹H magnetic resonance spectroscopy (¹H MRS). 

 SPECT and PET studies may visualize neuroreceptors, but what is 

exactly being measured with these imaging techniques? SPECT and PET 

techniques measure binding of radiopharmaceuticals to neurotransmit-

ter transporters or receptors in brain regions of interest, e.g. the serotonin 

transporter (SERT), the dopamine transporter (DAT), the serotonergic 5HT2a 

receptor or the dopaminergic D1  and D2/3  receptor. Binding of a specific radiop-

harmaceutical will occur only if receptors or transporters are available on the 

surfaces of synaptic membranes. Thus, altered binding reflects altered avail-

ability of transporters or receptors. Receptor availability may alter due to up- or 

downregulation, as a compensatory mechanism in response to neurotrans-

mission. For example, receptors become temporarily unavailable for further 

stimulation when they are internalized back into the neuronal cell shortly after 

receptor activation, and prolonged activation may decrease the actual number 

of receptors by lysosomal degradation (Gray and Roth, 2001). SERT and DAT 

are transporter proteins that are located on membranes of the presynaptic 

terminals of serotonin and dopamine producing neurons, respectively. Because 

of this localization, decreased availability of SERT may reflect degeneration 

of serotonergic neurons originating from the raphe nuclei and decreased 

availability of DAT may have been caused by degeneration of dopaminergic 

neurons. More specific, degeneration of nigrostriatal or mesocortical neurons 

is reflected by loss of striatal and cortical DATs, respectively. Finally, availability 

of receptors and transporters can change in response to short-term alterations 

in synaptic concentrations of serotonin and dopamine, because of competi-

tion with the tracer for binding. For example, lower synaptic serotonin levels 

means less competition and thus, more available binding sites for serotonergic 

radiotracers. 

 ¹H MRS is a complementary technique to structural magnetic 

resonance imaging (MRI), which can graphically visualize a spectrum of 

magnetic resonances that corresponds to different metabolic compounds in a 

brain region of choice. It can be used to measure human brain levels of gluta-

mate and its precursor and metabolite glutamine (together: Glx). Glx was found 
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to have a direct relation to glucose metabolism in a combined 18F-fluoroglucose 

PET and ¹H MRS study (Pfund et al., 2000), which suggests it is a marker of 

brain activity.

 To explore the role of these neurotransmitters in OCD, we will review 

all PET and SPECT binding studies on serotonin and dopamine, and all avai-

lable ¹H MRS research into glutamate levels in OCD. We will try and combine 

these findings into a pathophysiological model for dysfunctional neurotrans-

mission in OCD. Eight studies have investigated serotonergic neurotransmis-

sion in OCD, by comparing the availability of SERT or 5-HT2a receptors between 

patients and healthy controls. In another eight studies, dopaminergic function 

was examined measuring density of DAT or dopamine D1, D2/3 receptors. We 

will report on combined SERT and DAT studies for each transporter separately. 

Six studies performed binding scans before and after treatment with SRIs, to 

study how this affects serotonergic and dopaminergic neurotransmission. Five 

studies used ¹H MRS to estimate brain levels of glutamate in OCD patients 

and healthy controls, including one study that performed measures before and 

after SRI treatment. To the best of our knowledge, no SPECT or PET studies 

have been performed on imaging of the central glutamatergic system in OCD 

patients. For a summary of the different studies discussed in this review see 

table 1. 

Imaging studies on the serotonergic system
Using radiotracers that predominantly bind to SERT in brain areas where this 

transporter is highly prevalent, e.g. midbrain-pons and thalamic regions, most 

SERT studies demonstrated decreased SERT availability in OCD, although 

increased availability was reported in early-onset patients (Pogarell et al., 2003). 

SERT decreases in thalamic regions were related to OCD severity and duration. 

Two studies investigated postsynaptic serotonergic 5-HT2a receptors in OCD, 

showing either increased or decreased availability of the 5-HT2a receptors. 

Simpson et al. (2003) were the first to study SERT availability in OCD, using 

PET and ¹¹C-(+)-6ß-(4-Methylthiophenyl)-1,2,3,5,6 ,10ß-hexahydropyrrolo

[2,1-a]isoquinoline ([¹¹C]McN 5652), which is a potent and selective PET 

tracer for SERT. Comparing 11 OCD patients and 11 age-matched healthy 

control subjects, they failed to show statistical significant differences in SERT 
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binding within striatal, limbic or cortical areas. This might be partially due to 

low OCD severity scores in this study (mean Y-BOCS scores of 20±4 points). 

Subsequent studies used SPECT imaging to measure uptake of iodine-123-

labeled 2ß-carbomethoxy-3ß-(4-iodophenyl)tropane ([¹²³I]ß-CIT). Uptake of 

this radiotracer reflects predominantly binding to SERT in extra-striatal brain 

regions. On the other hand, in the striatum, where density of DAT is much 

higher than that of SERT, it mainly indicates binding to DAT (Laruelle et al., 1993 

and 1994). The first study using ß-CIT found an increase of SERT availability 

in midbrain-pons, but this was only statistically significant for the early onset 

patients (< 17 years) and it was not correlated with clinical severity measures 

(Pogarell et al., 2003). The lack of differences in the late-onset OCD group 

might be explained by older age and more co-morbid depression within this 

group, since these factors are associated with decreased SERT binding (Pirker 

et al. 2000; Malison et al., 1998). SERT is crucial for maintaining a constant 

level of intrasynaptic serotonin and thus, increased SERT may suggest higher 

levels of intrasynaptic serotonin in the early-onset OCD group. Alternatively, 

higher SERT might be indicative of an inability to compensate for serotonergic 

deficits in early-onset patients, which is compatible with research suggesting 

early-onset OCD is a more severe and SRI-resistant subtype (Rosario-Campos 

et al. 2001). Three other ß-CIT SPECT studies demonstrated decreased SERT 

availability within midbrain-pons regions. Stengler-Wenzke et al. (2004) found 

reduced SERT availability in 10 patients compared to 7 controls, Hasselbalch 

et al. (2007) in 9 patients and 9 controls, and Hesse et al. (2005) comparing 

15 patients with 10 controls. In the latter study, SERT reductions were also 

reported in the thalamus/hypothalamus in correlation with OCD severity and 

duration, suggesting SERT alterations in thalamic regions are stronger related 

to OCD and occur in the process of illness. Consistent with these results, two 

studies found reduced SERT in thalamic regions to be strongly correlated with 

OCD severity. Zitterl et al. (2007) demonstrated reduced SERT in thalamus and 

hypothalamus, comparing 24 obsessive-compulsive checkers with 24 controls. 

Decreased thalamic SERT was not only correlated with more severe checking 

symptoms, but also with shorter illness duration, suggesting that transporter 

dysfunctions develop early in the course of OCD. Reimold et al. (2007) showed 

reduced thalamic SERT availability in 9 OCD patients when compared with 19 
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age-matched controls, using the PET tracer 3-amino-4-(2-dimethylaminome

thylphenylsulfanyl)-benzonitrile ([¹¹C]DASB). In contrast, van der Wee et al. 

(2005) reported no differences in SERT related ß-CIT binding in either midbrain-

pons or thalamus between 15 drug-naïve OCD patients and 15 controls. This 

might have been caused by measuring ß-CIT uptake after 4 hours, since it is 

uncertain whether this is long enough to visualize SERT optimally (Laruelle et 

al. 1994, Pirker et al. 2000). 

 Two groups investigated availability of the 5-HT2a receptor with 

PET tracers that selectively bind to these receptors. Using [18F]Altanserine 

PET, Adams et al. (2005) reported increased 5-HT2a receptor availability in 

both the left and the right caudate nuclei in 15 OCD patients compared to 15 

matched controls, which was unrelated to OCD severity. No between-group 

differences were found in other subcortical or cortical regions. Increased 

5-HT2a receptor availability in this study most likely signifies lower concentra-

tions of synaptic serotonin causing more availability of 5-HT2a receptors and 

up-regulation. Since patients in this study were not drug-naïve, up-regulation 

might have occurred secondary to previous SRI treatment. Perani et al. (2008) 

showed reduced 5-HT2a receptor availability in several cortical brain regions 

of 9 drug-naïve OCD patients compared to 6 matched control subjects, using 

the radiotracer (R)-(+)-4 -(l-hydroxy-1-(2,3-dimethoxyphenyl)methyl)-N 

-2-(4-fluorophenylethyl)piperidine, ([¹¹C]MDL). Reduced 5-HT2a availability in 

orbitofrontal and dorsolateral frontal cortex was significantly related to OCD 

severity but not to disease duration. Decreased 5-HT2a receptor density within 

these cortical regions could reflect receptor down-regulation. Although 5-HT2a 

receptor up-regulation would be expected as a compensation for lower seroto-

nin in OCD, down-regulation may indicate further attenuation of serotonergic 

activity at the postsynaptic level in more severe and untreated OCD patients. 

Another possible explanation is that OCD is related to a primary dysfunction of 

cortical 5-HT2a receptors, which might be genetic. Genetic research examining 

associations between OCD and polymorphisms of the 5-HT2a-receptor-gene 

has produced conflicting results (Saiz et al., 2008).

               Together, findings from SERT and 5-HT2a imaging studies suggest lower 

synaptic serotonin in OCD patients, causing presynaptic SERT decreases to 

compensate for this, and up-regulation of postsynaptic striatal 5-HT2a receptors 



107

to increase sensitivity for the remaining serotonin. Since specifically decreased 

thalamic SERT availability was related to illness severity, and to either short or 

long duration of OCD, this might be an important marker for OCD, but it is still 

debatable whether the deficit is primary or secondary to the illness. Interest-

ingly, serotonergic deficits were not compensated by SERT decreases in early-

onset OCD patients, which might shed some light on the cause of refractoriness 

to SRIs in this clinical subgroup. In a group of untreated patients, serotonergic 

neurotransmission was diminished due to a dysfunction of postsynaptic 5-HT2a 

receptors in cortical brain regions. 

Imaging studies on the dopaminergic system
Central dopaminergic neurotransmission in OCD has been imaged with 

SPECT and PET radiotracers that predominantly bind to striatal DAT, D1 or 

D2/3 receptors. It is not possible to separately visualize D2 and D3 receptors 

because all available radiotracers bind with equal affinity to both subtypes. 

Most studies on presynaptic striatal DAT demonstrated increased availability 

in OCD, whereas one study reported decreased availability. All dopamine 

D1 and D2/3 binding studies demonstrated decreased striatal availability in 

OCD. None of these dopaminergic alterations were related to clinical OCD 

measures. Using SPECT and [¹²³I]N-(3-iodopropen-2-yl)-2χ-carbomethoxy-3χ-

(4-chlorophenyl) tropane ([¹²³I]IPT), Kim et al. (2003) demonstrated statisti-

cally significantly increased DAT availability within the right basal ganglia of 

15 OCD patients, compared to 19 age-matched healthy adults. Non-significant 

increases were shown in the left basal ganglia. Although five OCD patients 

had a co-morbid tic disorder and seven patients had depressive disorder, this 

did not influence DAT availability. Using ß-CIT SPECT, Pogarell et al. (2003) 

found non-significant increases of striatal DAT availability in 9 predominantly 

drug-naïve OCD patients compared to 10 healthy control subjects that were not 

properly matched regarding age and gender. Van der Wee et al. (2004) reported 

significant increased striatal DAT binding in 15 drug-naïve OCD patients, 

relative to 15 controls. This was statistically significant only for left basal 

ganglia. Contrasting these previous results, Hesse et al. (2005) found reduced 

striatal DAT in 15 OCD patients compared to 10 controls. DAT increases in this 

study may have been overestimated due to age differences between patients 
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and controls. 

 Using iodine-123-labelled iodobenzamide ([¹²³I]IBZM) SPECT, Denys 

et al. (2003) showed statistically significantly decreased D2/3 receptor availabil-

ity in the left caudate nucleus within a group of 10 OCD patients compared to 

10 matched healthy controls. They also demonstrated differences between the 

left and the right caudate nuclei for D2/3 availability and for volume, suggesting 

laterality in the pathophysiology of OCD. D2/3 differences in this study could 

not be explained by polymorphisms in the dopamine D2 receptor gene. Schneier 

et al. (2008) found comparable striatal D2/3 decreases in 8 predominantly drug-

naïve OCD patients compared to 7 control subjects. However, these findings 

were not statistically significant, possibly owing to the lack of coregistration 

with MRI for adequate analysis of striatal subregions. The authors did report 

significantly decreased D2/3 availability for a second group of 7 patients with 

OCD and comorbid generalized social anxiety disorder (GSAD), which is in 

line with their previous research showing decreased D2/3 availability in GSAD 

patients (Schneier et al., 2000). Using PET imaging and the selective D2/3 antag-

onist [11C]raclopride, Perani et al. (2008) demonstrated statistically significantly 

decreased D2/3 binding in dorsal caudate, dorsal putamen and ventral striatum 

of 9 drug-naïve OCD patients compared to 9 controls. D2/3 alterations were more 

prominent in the ventral striatum. Olver et al. (2009) reported reduced avail-

ability of dopamine D1 receptors in caudate nucleus and putamen of 7 OCD 

patients relative to 7 healthy controls, using PET and the selective D1 receptor 

antagonist [¹¹C]-SCH23390. 

 Taken together, findings from DAT, D1 and D2/3 receptor binding 

studies suggest higher synaptic dopamine levels in the striatum of OCD 

patients, causing presynaptic DAT elevations for compensatory dopamine 

reuptake, along with down-regulation of postsynaptic D1 and D2/3 receptors 

to attenuate dopaminergic neurotransmission. Contrary to the serotonergic 

findings, alterations in dopaminergic neurotransmission were not related to 

severity, duration or onset of OCD, suggesting dopaminergic alterations are 

secondary to the illness.  

Serotonergic and dopaminergic changes in response to SRI-treatment
SRIs occupy already at low doses 80% of the SERTs, which will decrease their 
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availability for binding to a SERT-tracer. Long-term SRI treatment might cause 

SERT down-regulation to further increase serotonergic transmission, as has 

been shown in animals (Benmansour et al., 2002). Accordingly, all studies inves-

tigating SRI-induced SERT changes in OCD patients demonstrated decreases 

of SERT availability (reflecting occupancy of the SERT by the SRI together with 

a possible down-regulation) in midbrain-pons and thalamic regions. Only 

thalamic SERT occupancy was related to symptom improvement, suggesting 

this is important for the therapeutic efficacy of OCD. SERT occupancy was 

increased following 12 weeks of treatment with citalopram 40 mg in 2 OCD 

patients (Pogarell et al., 2005), following one-year treatment with citalopram 

60 mg in 5 patients (Stengler-Wenzke, et al. 2006), and following 12 weeks of 

clomipramine 150 mg treatment in 24 obsessive-compulsive checkers (Zitterl 

et al., 2008). In the latter study, lower baseline SERT was a marker for OCD 

severity and poor treatment response. The only group investigating 5-HT2a 

receptor availability after SRI treatment reported no statistically significant 

alterations following 12-38 weeks of effective treatment with various SSRIs in 

11 OCD patients (Adams et al., 2005). Measures were performed in the caudate 

nuclei where it can be difficult to detect 5-HT2a receptor alterations owing to 

low 5-HT2a density. 

 SSRIs have been demonstrated to decrease striatal dopamine in animal 

experiments using D2/3 receptor imaging and microdialysis (Dewey et al., 1995). 

Dopaminergic changes in response to SRI treatment have also been shown in 

healthy and depressive subjects (Smith et al., 1997; Fowler et al., 1999). Three 

studies suggest that OCD response to SRI treatment is related to dopamin-

ergic changes. A 12-week treatment period with 40 mg citalopram in 2 drug-

naïve OCD patients led to a 40% increase in DAT availability in striatum, as 

measured with ß-CIT SPECT (Pogarell et al., 2005). This finding is surprising, 

since it suggests that OCD treatment with SRIs increases synaptic dopamine 

levels although others mechanisms may be involved as well (Booij et al., 2007). 

Treatment response in these 2 patients was only mild and the exact decreases in 

YBOCS scores were not reported. A SPECT study with[¹²³IIPT found decreased 

DAT binding of 37% in the right basal ganglia after a 16 week treatment with 

SRIs in 10 OCD patients (Kim et al., 2007). Correlation was found between 

symptom improvement and changes of basal ganglia DAT binding. Moresco et 
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al. (2007) reported a slight but statistically significant increase in striatal [¹¹C]

raclopride binding to D2/3 receptors, varying from 6.9% to 9.7%, in 7 drug-naïve 

OCD patients who responded to 12 week treatment with 150-300 mg fluvox-

amine. D2/3 availability normalized to a level that was previously observed 

in healthy subjects. No significant correlation was found between clinical 

measures and baseline D2/3 receptor availability, or between YBOCS changes 

and post-treatment receptor availability. 

 In conclusion, the therapeutic efficacy of SRIs in OCD is related to 

occupancy of SERT, especially in thalamic regions, but not to changes in 5-HT2a 

receptors. Moreover, successful SRI treatment in OCD induces decreases 

of DAT-, and elevations of D2/3 receptor availability in striatum, indicating 

normalization of striatal dopaminergic hyperactivity. How serotonin reuptake 

blocking agents induce dopaminergic changes in OCD treatment is specula-

tive. Dopaminergic and serotonergic neurons are located closely to each other 

within the striatum. Animal studies suggest that in case of SRI-induced eleva-

tion of serotonin, striatal DAT will transport significant amounts of serotonin 

into dopaminergic terminals (Zhou et al., 2005). Consequently, the competition 

between dopamine and serotonin for DAT binding will reduce dopaminergic 

signaling. Additionally, SRIs are able to cause direct dopaminergic alterations 

independent of changes in synaptic serotonin (Koch et al., 2002). Finally, seroto-

nin has been found to have inhibitory effects on the firing rate of dopaminergic 

neurons (Dewey et al., 1995; Kapur & Remington, 1996). Of interest, there are 

some indications that dopaminergic changes are related to higher SRI doses 

(Koch et al., 2002), and SRI treatment in OCD is only efficacious when using 

high doses. 

Glutaminergic studies
Five studies have used ¹H MRS to measure human brain levels of glutamate 

and its precursor and metabolite glutamine (Glx). The results of these studies 

suggest elevated caudate Glx levels in OCD, which are normalized in response 

to SRI treatment. Decreased Glx levels in the anterior cingulate cortex (ACC) 

were also found, however this was not illness-specific. Moore et al. (1998) first 

hypothesized increased caudate Glx in OCD, after having found that paroxetine 

treatment in a 9-year-old boy with OCD led to a reduction of left caudate Glx. 
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Consistent with this hypothesis, Rosenberg et al. (2000) demonstrated higher 

Glx levels in the left caudate nucleus of 11 drug-naïve OCD children compared 

to 11 matched healthy children. Glx levels decreased after 12 weeks of treat-

ment with 10-60 mg of paroxetine to levels comparable with those of controls 

and these decreases were correlated with improvement of OCD symptoms. In 

two studies, no caudate Glx abnormalities were found in adult medicated OCD 

patients. Whiteside et al. (2006) found no differences in caudate Glx between 15 

stably SRI treated patients and 15 controls, while Starck et al. (2008) reported no 

differences between 8 predominantly medicated patients and 12 controls. These 

results seem to be in agreement with the pediatric MRS studies, where caudate 

Glx normalized after SRI treatment. In the Starck study, however, caudate 

Glx levels were positively correlated with OCD severity. Two studies reported 

statistically significantly reduced Glx levels in ACC of OCD patients. Rosenberg 

et al. (2004) showed reduced Glx ACC concentrations in 20 drug-naïve children 

with OCD, compared to 14 matched controls. However, comparable reductions 

were found in a group of 14 children with major depressive disorder, indicating 

this finding is not specific to OCD. Yücel et al. (2008) showed reduced ACC Glx 

in 10 female (mostly medicated) OCD patients compared to healthy females, 

but no differences for male OCD patients. Again, this suggests that reduced 

ACC Glx is not specific to OCD. 

 In summary, OCD may be related to glutaminergic hyperactivity in 

the caudate nucleus, which can normalize after successful SRI treatment. As a 

potential marker of brain activity, increased caudate Glx may indicate striatal 

hyperactivity in OCD. In addition, OCD may be related to reductions of ACC 

Glx levels, however, this is likely to be less specific for OCD, since it was only 

found in female OCD patients, and comparable reductions were found in 

depressed patients. 

Conclusion

Results from SPECT and PET binding studies suggest that OCD is related to 

decreased presynaptic SERT availability in thalamic and midbrain-pons regions, 

along with increased postsynaptic 5-HT2a receptor availability in cortical areas, 

indicating diminished serotonergic input into the frontosubcortical circuits. 
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In addition, elevated DAT availability and lower density of dopamine D1 and 

D2/3 receptors in striatum suggest dopaminergic hyperactivity. Whereas only 

serotonergic changes are related to OCD course and severity, dopaminergic 

changes are related to symptom improvement in response to SRI treatment. This 

suggests obsessive-compulsive symptoms are primarily caused by a serotoner-

gic deficit, leading to secondary dopaminergic alterations that can be success-

fully reversed with drugs that increase synaptic serotonin. Serotonergic deficits 

may cause increased striatal dopamine levels by disinhibiting the dopamine 

system. Serotonergic projections originating from the brain stem raphe nuclei 

inhibit the firing of the dopamine cells projecting from the substantia nigra, 

while in the striatum and cortex they inhibit synaptic release and/or synthesis 

of dopamine (Kapur & Remington 1996). Findings from a recent PET study by 

Wong et al. (2008) suggest dopaminergic hyperactivity in the striatum due to 

serotonin deficits in 3 patients with Tourette syndrome and co-morbid OCD. 

 ¹H MRS studies demonstrate striatal glutaminergic hyperactivity 

in OCD, which is normalized in response to SRI treatment. Both dopamine 

(through D1 and D2/3 receptors) and serotonin (through 5-HT2a receptors) have 

a modulatory influence on the excitatory activity of glutamate and the inhibitory 

activity of GABA in the cortico-striatal–thalamic–cortical circuit. Glutamate is 

an inhibitor of serotonin release and vice versa (Becquet et al., 1990). Decreased 

serotonergic activity in OCD may therefore lead to increased dopaminergic 

neurotransmission, through diminished inhibition of GABA interneurons on 

glutamate projection to the striatum.

 How these neurotransmitter changes might be related to the expression 

of OCD symptoms can only be speculated. Patients with obsessive thoughts are 

often excessively focused on the potential negative consequences of their own 

behavior, for example being constantly worried one might have caused a fire 

or explosions due to the possibility of not having turned off the gas properly. 

Compensatory compulsive behaviors, e.g. repetitively checking the gas, may be 

temporarily rewarding in that they are experienced as reassuring and anxiety 

relieving. Several lines of evidence suggest that mesolimbic dopamine neurons 

are important in detecting potential alerting and rewarding environmental 

stimuli that can be used for modulation of behavior by reinforcement learning 

(Schultz, 1998). It can be speculated that dopaminergic hyperactivity in the 
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ventral striatum leads to obsessive awareness of potential alerting events, 

along with inadequate rewarding of compulsive behaviors. Dopamine-induced 

reward processing may be enhanced by serotonergic deficits in the raphe nuclei 

as was reported in rats with lesioned midbrain serotonergic neurons (Fletcher 

et al., 1999). Serotonergic depletion has been demonstrated to cause behaviors 

that might explain some of the obsessive-compulsive symptoms, like disinhi-

bition of motor activity, decreased cognitive flexibility and increased focused 

attention (Olvera-Cortés et al., 2008). 

 In conclusion, studies that have visualized neurotransmission in OCD 

clearly indicate abnormalities of serotonin, dopamine and glutamate systems 

in OCD pathophysiology, but more research is needed to unravel how these 

abnormalities are related to each other and to the behavioral aspects of OCD.  
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a. Serotonin Transporter

Table 1.: Neurochemical imaging studies in OCD discussed in this chapter a. Serotonin 

Transporter 

Research  
group  
  

Imaging  method  
  

Patients  
(controls)  
        

Demographics  
patient-‐group  

Clinical  characteristics  
  

Changes  in  SERT  
availability  

Correlation  
with  OCD    
  

Simpson  et  
al,  2003  
  

[11C]McN5652  PET  
  

11  (11)  
  

5  female  6  male  
mean  age  31±12  
  

heterogeneous  
Y-‐BOCS  20±4  
age  of  onset  17±6  
duration:  not  reported  
HAM-‐D  6±4  
drug-‐free  

no  differences      
dorsal  caudate,  dorsal  
putamen,  ventral  striatum,  
midbrain,  thalamus,  
hippocampus,  amygdala  
and  anterior  cingulate  

No  

Pogarell  et  
al,  2003  
  

ß-‐CIT  SPECT   9  (10)  
  

4  female  5  male  
mean  age  34±11    
  

heterogeneous  
YBOCS  23±8  
age  of  onset  22±13  
illness  duration  12  yrs  
BDI  16±9  
2  drug-‐free  
7  drug-‐naive  

midbrain-‐pons  ↑  
  

No  
  

van  der  
Wee  et  al,  
2004  
  

ß-‐CIT  SPECT     15  (15)  
  

4  female  11  male  
mean  age  31±9    
  

heterogeneous  
YBOCS  23±4  
10  juvenile  onset  
5  adult-‐onset  
illness  duration  12±7  
yrs  
HAMD  8±4  
drug-‐naive  

no  differences  
thalamus,  midbrain,  pons  
    
  
  

No  

Stengler-‐
Wenzkle  et  
al,  2004  
  
  

ß-‐CIT  SPECT     10  (7)   6  female  4  male    
mean  age  29±9  
  

heterogeneous  
YBOCS  30±  3    
age  of  onset:  not  
reported  
illness  duration  14  yrs  
BDI  7  
drug  free    

midbrain/brainstem  ↓  
  
thalamus–  
hypothalamus  ↓  (trend)  
  

No  

Hesse,  
2005  
  

ß-‐CIT  SPECT    
  

15  (10)  
  

7  female  8  male    
mean  age  32±12  
  

heterogeneous  
Y-‐BOCS  25±9  
illness  duration  16±9  
yrs    
age  of  onset:  not  
reported  
BDI  7±4  
drug-‐free    

midbrain/brainstem  ↓  
  
thalamus–hypothalamus  ↓  
  

thalamus-‐
hypothala
mus  
  
brainstem  
(trend)    
  

Hasselbalc
h  et  al,  
2007  
  

ß-‐CIT  SPECT     9  (9)  
  

5  female,  4  male  
mean  age  32  ±  11  

Y-‐BOCS  22    
age  of  onset  18    
duration  14  yrs  
HAMD  1  
drug  free    

midbrain-‐pons  ↓  
  

No  

Zitterl  et  
al,  2007  
  

ß-‐CIT  SPECT     24  (24)  
  

11  female,    
13  male  
  

OC-‐checkers  
Y-‐BOCS  25±5    
age  onset  22±9  years  
illness  duration  16±11  
yrs  
HAMD  6±3  
drug  free    

thalamus–hypothalamus  ↓  
  

thalamus-‐
hypothala
mus  
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Research  
group  
  

Imaging  
method  
  

Patients  
(controls)  

  

Demographics  
patient-‐group  

Clinical  characteristics  
  

Changes  in  5HT2a  
availability  

Correlation  with  
OCD  severity  
  

Reimold  et  
al,  2007  
  

[11C]DASB  PET  
  

9  (19)  
  

5  male,  4  female  
age  44±9  
  
  

Y-‐BOCS  21±8    
illness  duration  22±9  
age  at  onset  22±9    
BDI  15±12    
2  drug  free    
7  drug  naive  
  

midbrain-‐thalamus  ↓  
  

thalamus  

Adams  et  al,  
2005  

[18  F]altanserin  
PET  
  

15  (15)  
  

8  female,  7  male  
age  38    
  

YBOCS  30±7  
illness  duration16±10  yrs  
age  of  onset  8-‐48  years  
HAMD  6±3  
7  drug-‐free  
8  drug-‐naive  
  

caudate  nucleus  ↑  
  

no  

Perrani  et  al,  
2008  

[11C]MDL  PET   9  (6)   3  female,  6  male  
age  31±7    
  

Y-‐BOCS  29±4  
duration  19±9  yrs  
age  at  onset  13±7  
drug-‐naive  

dorsolateral,  frontal  
polar,  and  medial  
frontal  cortex,  anterior  
and  middle  cingulate  
cortex,  parietal  and  
temporal  associative  
cortex  ↓  

OFC,  DLFC,  
lateral  and  
medial    
temporal  cortex,  
inferior  parietal  
lobule  

b.: 5HT2a Receptor

c: DAT Receptor

 

Research  
group  

Imaging  
method  
  

Patients  
(controls)  

  

Demographics  
patient-‐group  

Clinical  characteristics   Changes  in  DAT  
availability  

Correlation  
with  OCD  
severity  

Kim  et  al,    
2003  
  

IPT  SPECT  
  

15  (9)  
  

4  female,  11  male  
age  29±11      
  
  

YBOCS  30±7  
age  of  onset  19±10  
duration  9±8  
7  MDD  
5  tics  
drug-‐free/  drug-‐naive  

striatum  ↓  
  

no  

Pogarell,  
2003  
  

ß-‐CIT  SPECT   9  (10)  
  

4  female  5  male  
mean  age  34±11    
  

YBOCS  23.0±8.2  
age  of  onset  22±13  
illness  duration  12  yrs  
BDI  16±9  
2  drug-‐free  
7  drug-‐naive  

striatum  ↑  non-‐significant    
  
  

no    

Van  der  
Wee,  2004  
  

ß-‐CIT  SPECT     15  (15)  
  

4  female  11  male  
mean  age  31±9    
  

YBOCS  23±4  
10  juvenile  onset  
5  adult-‐onset  
illness  duration  12±7  yrs  
HAMD  8±4  
drug-‐naive  

left  caudate  and  left  
putamen  ↑    
  
right  caudate  and  right  
putamen  ↑  non-‐significant      
  
  

no    
  

Hesse  et  al,  
2005  
  

ß-‐CIT  SPECT    
  

15  (10)  
  

7  female  8  male    
mean  age  32±12  
  

Y-‐BOCS  25±9  
age  of  onset:  not  reported  
illness  duration  16±9  yrs    
BDI  7±4  
drug-‐free    

striatum  ↓  
  

no    
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d: D2/3 or D1 Receptor

 
Research  
group  
  

Imaging  
method  

Patients  
(controls)  

  

Demographics  
patient-‐group  

Clinical  
characteristics  
  

Changes  in  D2  
availability  

Correlation  
with  OCD  
severity  

Denys  et  
al,  2004  

IBZM  SPECT   10  (10)   7  female,  3  male  
age  36±12  
  

Y-‐BOCS  26±7  
age  of  onset  17    
illness  duration  16  yrs    
HAMD  12±5    
8  drug-‐free  
2  drug-‐naive  

left  caudatus  ↓   no  
  

Schneier  et  
al,  2008  
  

IBZM  SPECT  
  

8+8  (7)  
  
  

OCD:  
age  33±12  
  
  
OCD+GSAD:  
1  female,  6  male  
age  36±8    
  

OCD:  
Y-‐BOCS  23±6  
age  of  onset  16±8    
HAMD  10±6    
4  drug-‐naive  
4  drug-‐free  
  
OCD+GSAD:  
YBOCS  21±6  
age  of  onset  17±14  
HAMD  15±4  
6  drug  naïve  
1  drug-‐free  

OCD:    
no  differences  
striatum  
  
  
OCD  +  GSAD:  
striatum  ↓  
  

no    
  

Perani  et  
al,  2008  
  

[11C]Raclopride  
PET  
  

9  (9)  
  

3  female,  6  male  
age  31±7        
  

Y-‐BOCS  29±4  
age  of  onset  13±7  
illness  duration  19±9  
no  co-‐morbidity  
drug-‐naive  

dorsal  caudate  &    
dorsal  putamen  ↓  
ventral  basal  
ganglia  ↓  
  

no  
  

Olver  et  al,  
2008  

[11C]-‐SCH23390  
PET  

7  (7)   3  female,  4  male  
age  40±14  
  

Y-‐BOCS  22±8    
illness  duration  19±11  
HAMD  12±5  
5  drug-‐free  
  2  drug-‐naïve  

D1    availability:  
caudate  nucleus  ↓    
&  putamen  ↓  
  

  no    
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e: Changes after SRI treatment

 
Research  
group  
  

Imaging  
method  

Patients  
  

Demographics  
  

Clinical  characteristics  
  

Changes  after  SRI  treatment   Correlation  
with  response  
  

Pogarell  et  
al,  2005  
  

ß-‐CIT  SPECT    
  

2  
  

Male  
age  21  and  24    
  

duration  of  illness  10&8  yrs  
age  of  onset  11  &  16      
drug-‐naive    
  
12  week  citalopram  40  mg  
mild  response  
no  YBOCS  scores  

SERT  midbrain  pons  ↓    
38%  &  35%,    
DAT  striatum  ↑    
34%  &  46%  
  

no  
  

Stengler-‐
Wenzke  et  
al,    
2006  
  
  

ß-‐CIT  SPECT    
  
  

5  
  

3  female,  2  male    
age  29±6  
  
  

Y-‐BOCS  32±3  
age  of  onset  12    
illness  duration  16  yrs  
citalopram  60  mg    
all  responders  
57%  YBOCS↓  

SERT  midbrain/brainstem  ↓  
thalamus  ↓  
  

thalamus    
  

Adams  et  
al,  2005  
  

[18F]altanserin  
  

11  
  

not  reported   YBOCS  30    
12-‐38  wk  treatment  
paroxetine  (60–80  mg)  
sertraline  (50–150  mg)  
fluoxetine  (60–80  mg)  
citalopram  (60–80  mg)    
all  responders  
↓  40%  YBOCS  

no  sign.  5-‐HT2A  changes  in  
orbito-‐frontal  cortex,  
cerebellum,hippocampus,  
ventral  lateral  frontal  cortex,  
insula,  lentiform  nuclei,  
anterior  cingulate,  caudate  
nuclei,  temporal  cortex,  dorsal  
lateral  prefrontal  cortex,  
thalamus,  parietal  cortex  

no    
  
  

Moresco  et  
al,  2007  
  
  

[11C]Raclopride  
PET  
  

9  
  

2  female,  5  male  
mean  age  29±5    
  
  

YBOCS  30±5  
age  of  onset  n.r.  
duration  of  illness  n.r.  
12  wk  treatment  
fluvoxamine    
233±50  mg  
6  responders  

D2/3  dorsal  caudate  and  
putamen  ↑  6.9%  -‐  9.7%,  
  
  

no  

Kim  et  al,  
2007  
  

IPT  SPECT  
  
  

10  
  

1  female,  9  male  
age  29±11    
  

illness  duration  6±5yrs    
Y-‐BOCS  33±6    
16  wk  SRI  treatment  
6  fluoxetine  73±5mg  
3  paroxetine  53±6mg    
1  clomip  250  mg  
all  responders    
43%  YBOCS  ↓  
  

DAT    right  BG  ↓  36.7%  
left  BG  ↓  n.s.  
  

associations  
with  clinical    
improvement  

Zitterl  et  
al,  2008  
  

ß-‐CIT  SPECT     24  
  

11  female,    
13  male  
  

OC-‐checkers  
Y-‐BOCS  25±5    
age  onset  23±10  years  
illness  duration  16±11  yrs  
drug-‐free    
12  wk  treatment  
clomipramine  150  mg    
YBOCS  ↓  28%  

SERT  thalamus–hypothalamus  
↓  47.8%  
  

negative  
associations  
both  at    
baseline  and  
after  treatment  
  

ch 8
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Research  
group  
  

Imaging  
method  

Patients  
(controls)  

  

Demographics  
  

Clinical  characteristics  
  

Glx  changes     Correlation  with  OCD  severity  
  or  treatment  response  
  

Rosenberg  
et  al,  2000  

1H  MRS  
1.5  T  

11  (11)   7  female,  4  male  
mean  age  11±3    
  

CYBOCS  30±5    
age  of  onset  10±2  
illness  duration  1±1  yrs  
HAMD  8±5  
12  wks  treatment    
paroxetine  10-‐60  mg  
9  responders  

left  caudate↑  
  
↓  23.2%  after  
treatment  
  

decrease  correlated  with    
symptom  decrease    
  

Rosenberg  
et  al,  2004  

1H  MRS  
1.5T  
  
  

20  (14  C  +  
14  MDD)  

11  female,  9  male    
age  11±  3  
  

CYBOCS  26±5  
illness  duration  4±3  
HAMD  8±7  
drug-‐naive  

ACC  ↓    
OCD  (15.1%)  and  
MDD  (18.7%)    
  

not  analyzed  

Whiteside  
et  al,  2006  

1H  MRS  
1.5T  
  
  

15(15)   6  female,  9  male  
age  41±7  
     
  

Y-‐BOCS  24±3  
age  of  onset  18±8  
illness  duration  23±10  
HAMD  9±4  
stable  on  medication    

caudate  no  sign  
changes  
ROF  WM  ↑  
  

corr  with  severity  OCD  
and  anxiety  and  depression  (n.s.)  
  

Starck  et  
al,  2008  

1H  MRS  
1.5T  
  
  

8  (12)   3  female,  6  male  
age  33±8  
  

YBOCS  23±3  
age  of  onset  13±4  
illness  duration19±8  
BDI  16±9  
5  SSRI    
1  clom  +  quet  +  nitraz  +  
alimemazine  
2  hypnotics  
1  drug-‐naıve  

right  caudate  no  
diff  
ACC  no  diff  
occipital  cortex  ↓  
  

caudate  ↓    
occ  ↓    
corr  with  OCD  severity  
  
  

Yücel  et  al,  
2008  

1H  MRS  
3T  
  
  

20(26)   10  female,  10  
male  
age  34±11  
  

YBOCS  20±5  
illness  duration  13±11  
BDI-‐II  10±8  
12  med:  4  fluox,    
1  fluvox,  2  cital,    
1  venlaf,  4  clomi    
  

ACC  ↓  females     corr  OCD  severity  (females)  

f: Glutamate 


