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[18F]-FDG PET neuroimaging in rats with quinpirole-induced checking behavior 1 

as a model for Obsessive Compulsive Disorder 2 

Stijn Servaes, Dorien Glorie, Jeroen Verhaeghe, Leonie wyffels, Sigrid Stroobants, Steven 3 

Staelens 4 

ABSTRACT: 5 

We applied molecular brain imaging in the quinpirole rat model for compulsive checking 6 
in OCD thereby visualizing neuronal activity with FDG microPET/CT. 7 
Animals (n = 30) received either saline (CTRL; 1 mL/kg) or quinpirole (QP; dopamine D2-8 
agonist, 0.5 mg/kg) in a single injection (acute group) or twice-weekly during 5 weeks 9 
(chronic group). Animals underwent PET/CT before exposure and again after the 1st 10 
injection (acute) or following the 10th injection in week 5 (chronic). Each injection was 11 
paired with an open field test and video tracking. 12 
The QP animals displayed a strong increase in visiting frequency (checking) in both the 13 
acute (+307.49%) and the chronic group (+693.22%) compared to the control animals. 14 
Acute treatment caused rather widespread significant (p < 0.01) increases in neuronal 15 
activity, but not in the caudate putamen. In contrast, for the chronic group, significant 16 
(p < 0.01) reductions were found in the caudate putamen (-19.82% ± 8.58%), as a likely 17 
consequence of D2 desensitization, but also in the hippocampus (-19.57% ± 8.20%). 18 
OCD hence involves a dysregulation of a neural feedback loop that not only includes the 19 
cortico-striato-thalamico-cortical circuit, but also the (para)limbic regions. 20 
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1. INTRODUCTION: 25 

Obsessive–compulsive disorder (OCD) is a chronic, disabling psychiatric disease 26 

characterized by a lifetime prevalence of 1.1-1.8% (American Psychiatric Association 27 

2013). OCD-patients generally suffer from intrusive, unwanted and recurrent thoughts 28 

or images (obsessions) and display repetitive ritualistic behaviors (compulsions) to 29 

reduce their anxiety. The most common symptoms include excessive hand washing 30 

(relating to a fear of contamination), repeated checking of objects or situations, and an 31 

excessive need for a certain order (referred to as ‘checking’ or ‘counting’ behavior). In 32 

OCD patients these thoughts and behaviors have become excessive, are distressing and 33 

significantly interfere with their everyday functioning (Cicek et al. 2013). The impact this 34 

disease has on patient and close relatives caused the World Health Organization (WHO) 35 

to rank it in the top 10 leading causes of disability (Veale and Roberts 2014). 36 

Functional neuroimaging studies in OCD patients have already shown striatal 37 

dysfunction, mainly localized in the caudate nucleus (Baxter et al. 1987). This 38 

presumably leads to inefficient thalamic gating, thereby disrupting feedback to the 39 

orbitofrontal cortex and the anterior cingulate cortex (Casale et al. 2011). The majority 40 

of studies investigating the glucose metabolism have reported increases in a number of 41 

regions such as the orbitofrontal cortex, the caudate nucleus and the cingulate cortex, 42 

most notable in the anterior part (Baxter et al. 1987; Perani et al. 1995; Casale et al. 43 

2011), further supporting this theory. Although involvement of these regions in the 44 

manifestation of OCD is beyond doubt, reports of hyperactivity have not been 45 



consistent throughout studies (Agarwal et al. 2013; Suetens et al. 2014), making 46 

interpretation and treatment evaluation difficult. These between-study differences are 47 

likely to be explained by heterogeneities within OCD and a number of methodological 48 

differences such as group size, analysis-technique, scanning modality and whether the 49 

scan is done in rest or paired with a task. Hence, molecular imaging techniques in 50 

appropriate and well controlled animal models of OCD could help to shed light on the 51 

basal pathological mechanisms. The current available animal models are based either on 52 

pharmacological manipulation (Szechtman et al. 2001), behavioral manipulation of 53 

naturally occurring ritualistic behavior (Joel et al. 2001) and genetic modifications 54 

(Welch et al. 2007). Although none of these models are without limitations, they do play 55 

a critical role in furthering our understanding of neuroanatomical and neurochemical 56 

underpinnings of the OC-spectrum. Furthermore they help to account for the brain 57 

mechanisms by which existing treatments such as psychotherapy, pharmacotherapy and 58 

deep brain stimulation, exert their effects on patients. Finally they are a valuable 59 

addition for the search for novel treatments (Camilla d’Angelo et al. 2014). Several 60 

studies have thoroughly investigated the validity of these models (Szechtman et al. 61 

1998; Winter et al. 2007; Mundt et al. 2009; Camilla d’Angelo et al. 2014), focusing on 62 

behavioral evaluation of different treatments that have proven effective in clinical 63 

studies (Aouizerate et al. 2004; Mallet et al. 2008; Denys et al. 2010). In one of these 64 

models, the quinpirole (QP) model, rats chronically receive injections with the dopamine 65 

D2/D3 receptor agonist QP, thereby developing compulsive-like behavior resembling the 66 

compulsive checking spectrum of OCD patients (Camilla d’Angelo 2014). Compared to 67 



control rats, QP rats return to a specific location excessively, often extremely rapidly, 68 

and visit fewer places before returning to this location (Szechtman et al. 1998a; Winter 69 

et al. 2007; Mundt et al. 2009). 70 

Despite the extensive amount of behavioral studies done with this model (Winter et al. 71 

2007; Zadicario et al. 2007; De Carolis et al. 2011; Haas et al. 2011; Eagle et al. 2014), no 72 

in vivo imaging data is currently available. Preclinical molecular imaging is a sensitive in 73 

vivo imaging tool that is currently used in preclinical research to get a deeper 74 

understanding of the underlying neurobiology in a variety of neurological disorders by 75 

measuring neuroreceptor kinetics with picomolar sensitivity. The use of molecular 76 

imaging in an animal model for OCD enables the assessment of multiple regions 77 

contributing to this specific behavior, which will assist us in unraveling the underlying 78 

basic pathological networks. 79 

2. MATERIALS AND METHODS 80 

2.1. Animals 81 

The present study was carried out in accordance with the European Communities 82 

Council Directive of November 24th, 1986 (86/609/EEC) for care of laboratory animals 83 

and was approved by the local ethical committee (University of Antwerp under number 84 

2014-18). All efforts were made to minimize suffering and to reduce the number of 85 

animals. Thirty (n=30) naïve male Sprague Dawley rats (Janvier, France, 285-550 g during 86 

the experiment) were housed in a temperature- and humidity-controlled vivarium in 87 



IVC-cages with a 12-hour light-dark cycle (lights on: 8am – 8pm). All experiments were 88 

performed during daytime. Food and water were available ad libitum. 89 

2.2. Experimental design 90 

Prior to induction of the model, animals were handled for 2 minutes during 5 91 

consecutive days as a habituation period. After this period animals were divided into 2 92 

groups with each group subdivided in 2 different conditions: a control condition (CTRL), 93 

receiving saline, and a treatment condition, receiving QP. Both conditions in the first 94 

group (n = 8 x 2) would only receive an acute injection of either saline or drug, while the 95 

two conditions in the other group (n = 7 x 2) would be exposed to chronic injections of 96 

either saline or drug.  97 

Before exposure to either the CTRL or QP condition, animals from both the acute and 98 

chronic group received a baseline [18F]-FDG PET scan. Then, as shown in Figure 1, 99 

animals were introduced to the model, receiving a first subcutaneous injection of either 100 

QP (0.5 mg/kg, dissolved in saline at a concentration of 0.5 mg/mL) or saline (1 mL/kg). 101 

Fifteen minutes after this injection, individual animals were placed on an open field (OF) 102 

for 30 minutes whereby their behavior was continuously recorded using a Basler Ace 103 

Color GigE Camera acA1300-60gc (Edmund Optics Inc., Barrington, USA). The open field 104 

was a black table (160 x 160 cm and 60 cm high), which was subdivided into 25 squares 105 

or locales. It was equipped with 4 different Plexiglas boxes (8x8x8 cm) at predefined 106 

locations (Szechtman et al. 1998b). A computer that was linked to the video camera was 107 

used to automatically monitor and score the behavior (Ethovision XT, Noldus, The 108 



Netherlands). The total distance that was traveled as well as the frequency of visits at 109 

each open field locale was analyzed. The locale that displayed the highest frequency of 110 

visits was defined as the animal’s home base (HB). In addition, since an increased 111 

frequency of visits is correlated with an increased locomotion, an arithmetic was applied 112 

to assess checking behavior separate from locomotion following the method earlier 113 

described by Winter and colleagues (Winter et al. 2007). Specifically, the expected rate 114 

of return (ROR) to a certain locale was defined as the ratio of the total number of stops 115 

(checking) in one session to the total number of locales visited. Next, the number of 116 

stops at the HB was divided by this expected ROR to obtain the ratio of observed to 117 

expected ROR, which was then compared in both groups.  118 

For the acute group, a follow-up scan was performed after the first and, for this group, 119 

only injection and associated OF-test (Figure 1). Animals from the chronic group were 120 

not scanned at that time point but continued to receive subcutaneous QP or saline 121 

injections on a twice-weekly basis, for a total of 15 injections. For these animals, a 122 

follow-up [18F]-FDG PET scan was acquired after the OF-test paired with the 10th 123 

injection of either condition (in week 5, Figure 1).  124 

For the PET scans, animals were fasted each time for a minimum of 10 hours as per the 125 

guidelines described earlier (Deleye et al. 2014). First, whole blood glucose values were 126 

measured from a drop of blood from the tail vein using a glucose meter (One Touch 127 

Ultra 2, Lifescan, France) before intravenous injection of the radiotracer. These glucose 128 

measurements were performed in duplicate, resulting in an average value. After a 1 mCi 129 

injection of [18F]-FDG-fluorodeoxyglucose ([18F]-FDG) followed by a 20-minute awake 130 



uptake period of the tracer, the rats were anesthetized (isoflurane: 5% induction, 2% 131 

maintenance) and positioned on the μPET/CT scanner. The 20 minutes static μPET 132 

acquisition was started 30 minutes after tracer injection and was followed by a 10 133 

minute CT-scan. 134 

2.3. Image acquisition and processing 135 

MicroPET/CT imaging was performed on two Siemens Inveon PET-CT scanners (Siemens 136 

Preclinical Solution, Knoxville, TN). The energy and coincidence timing window was set 137 

to 350 – 650 keV and 3.432 nsec, respectively, with a spatial resolution of 1.4 mm at the 138 

center of the field of view (FOV) (Kemp et al. 2009). The axial and transaxial FOVs are 139 

10.0 and 12.7 cm, respectively.  140 

The μPET images were reconstructed using 4 iterations with 16 subsets of the 2D 141 

ordered subset expectation maximization (OSEM) algorithm following Fourier rebinning. 142 

Normalization, dead time, CT-based attenuation and single-scatter stimulation scatter 143 

correction were applied. The resulted image was spatially normalized into the space of 144 

an [18F]-FDG brain template using brain normalization in PMOD v3.3 (PMOD 145 

Technologies, Switzerland) and was subsequently masked to remove any extracerebral 146 

activity. Images were then scaled for the injected dose, measured glucose values and 147 

weight, proportionally corrected for fat with the non-linear measure rSUV (rodent 148 

Standardized Uptake Value; rSUV) (Deleye et al., 2016, in revision) for each animal. 149 

A Volume-Of-Interest-(VOI)-based analysis, using the pre-defined rat brain VOIs 150 

available from PMOD v3.3, was performed on the final images to evaluate the cross-151 



sectional changes in [18F]-FDG uptake between the QP group and the CTRL group both 152 

at baseline and in follow-up. Average changes in overall VOI-values are presented in 153 

table 1 with their standard deviation.  154 

Further, as a more sensitive metric, an SPM voxel-based analysis was performed using 155 

Statistical Parametric Mapping (SPM; Welcome Department of Cognitive Neurology, 156 

London, UK) on the acquired images smoothed with a Gaussian filter of 1.5 mm in all 157 

three directions. The QP and CTRL group were compared cross-sectionally at baseline 158 

and at the follow-up time point by means of an unpaired T-test. The resulting T-maps 159 

therefore displayed hypo- or hyperactivity. For each region, the percentage significantly 160 

(p < 0.01) changed voxels per total VOI voxels was determined within a cluster threshold 161 

of 125 voxels (1 mm3). 162 

3. RESULTS 163 

No unexpected abnormal animal behavior was recorded over the course of the 164 

experiments. Animals tolerated the dosage of QP well and no unexpected adverse 165 

effects were seen.  166 

Average weight at baseline for the acute group was 307.57 ± 17.38 g for the CTRL 167 

condition and 326 ± 14.27 g for the QP condition. Although this difference was initially 168 

significant (p < 0.05), this difference disappeared at the follow up scan where animals 169 

had an average weight of 358.5 ± 11.60 g for the CTRL condition and 359 ± 7.46 g for the 170 

QP condition. Average glucose levels for the acute group at baseline were not 171 



significantly different with 82.94 ± 12.32 mg/dL for CTRL condition and 69.25 ± 17.94 172 

mg/dL for the QP condition. At follow up these values amounted to a significant 173 

difference (p < 0.05) with 75.93 ± 8.67 mg/dL for the CTRL condition and 125 ± 20.43 174 

mg/dL for the QP condition. 175 

Average weight at the start of the experiment was 441 ± 4.91 g for the chronic CTRL 176 

group and with 437 ± 4.35 g not significantly different for the chronic QP group. Both 177 

steadily increased until the end of the experiment with 568 ± 12.8 g for the chronic CTRL 178 

group and 557 ± 10.9 g for the chronic QP group, not significantly different. Average 179 

glucose values between the chronic groups did not significantly differ at baseline (CTRL: 180 

95.3 ± 5.12 mg/dl; QP: 83.3 ± 5.96 mg/dL) or at the follow-up time point (CTRL: 91.4 ± 181 

7.32 mg/dL and QP: 94.8 ± 10.2 mg/dL). For both groups and both conditions, individual 182 

weight and the animal specific glucose values are appropriately corrected for by rSUVglc 183 

(cfr section 2.3). 184 

3.1. Open Field experiment 185 

After acute QP injection, when compared to the CTRL condition, animals traveled a 186 

significantly (p < 0.01) larger distance (102.76 ± 27.39 m vs 41.84 ± 12.44 m) and visited 187 

the HB significantly (p < 0.01) more frequent (47.88 ± 11.08 vs 11.75 ± 4.17). Also in the 188 

chronic group, after the second injection during set up of the model, a significant 189 

difference (p < 0.01) was found between the chronic QP and the CTRL condition in the 190 

total distance traveled (130.61 ± 37.30 m vs 47.04 ± 20.37 m respectively) and in the 191 

visiting frequency of the HB (75.7 ± 15.3 vs 12.4 ± 3.01) as shown in Figure 2. These 192 



differences increased with higher injection number, while stabilizing after the 10th 193 

injection (280.80 ± 47.51 m vs 35.40 ± 16.66 m and 166 ± 31 vs 7.43 ± 5) in week 5. 194 

When evaluating the ratio of observed to expected ROR, both in the acute and the 195 

chronic group, the QP condition showed a significantly (p < 0.01) higher value compared 196 

to their respective CTRL condition at the follow-up time point (Acute: 13.70 ± 2.33 vs 197 

8.59 ± 1.64; Chronic: 10.0 ± 0.788 vs 4.29 ± 0.869) as shown in Figure 2C.  198 

3.2. VOI-based analysis 199 

Both for the acute and the chronic group the VOI-based analysis of the imaging data 200 

concluded that no significant differences were present at baseline between the 201 

treatment and CTRL condition. After the acute QP injection and exposure to the open 202 

field, a general increased metabolism throughout the entire brain of the animals treated 203 

with QP was detected (14.71% ± 5.91%) when compared to the CTRL animals. Increases 204 

were mostly notable in a number of cortical areas, the limbic system and part of the 205 

hindbrain as shown on Figure 3 and listed in Table 1. In contrast to this acute group, 206 

[18F]-FDG uptake was globally decreased (-15.49% ± 8.87%) in the QP condition for the 207 

chronic group at follow-up compared to CTRL as shown in Figure 3. Significant 208 

differences (p < 0.05) were found in the caudate putamen and the anterodorsal 209 

hippocampus as specified in Table 1.  210 

3.3. Voxel-based analysis 211 

Voxel-based analysis revealed that both the acute group and the chronic group showed 212 



no noticeable changes in the regions of interest when comparing cross-sectionally at 213 

baseline. After the acute QP injection, 29.83% of the total brain showed a significantly (p 214 

< 0.01) increased metabolism, compared to the control condition, particularly in several 215 

cortical areas, the amygdala, hypothalamus and the hindbrain (Figure 4), as is 216 

summarized in Table 2. In contrast, for the chronic group at follow-up the QP condition 217 

showed a significantly (p < 0.01) decreased metabolism (Figure 5) compared to the CTRL 218 

condition, specifically in the caudate putamen and hippocampus as summarized in Table 219 

2.  220 

4. DISCUSSION 221 

This study describes the first in vivo imaging experiment of the QP-sensitization model. 222 

In accordance with the originally described behavior by Szechtman et al, we found that 223 

both animals acutely and chronically treated with QP display an increase in overall 224 

locomotor behavior, increasing with each injection (Szechtman et al. 1998b). Previously 225 

it has been shown that, in addition to a general increase in activity, a certain pattern 226 

emerges whereby animals visit a location of preference (HB) excessively, in a particular 227 

order and with a faster return time (Haas et al. 2011). These findings were confirmed by 228 

this study as both the frequency of HB visits and the ROR to the HB indicate a strong 229 

increase when compared to the CTRL animals, increasing with the number of injections. 230 

CTRL animals treated with saline did not show this remarkable difference for either 231 

parameter. Although this in itself does not indicate the establishment of the OCD 232 

pathology, the basic characteristics of non-goal directed compulsive behavior appear to 233 



be intrinsic to this model. Nonetheless it should be kept in mind that compulsive 234 

checking is not representative for the entire spectrum of OCD as it has previously been 235 

shown that different symptoms in the pathology are likely to be linked to distinct neural 236 

substrates (Alonso et al. 2013; Alonso et al. 2015).  237 

Regarding the imaging data, a clear and significant metabolic increase was detected 238 

after an acute injection of QP. These results point towards an initial activation of the D2-239 

receptor by QP, resulting in inhibition of the indirect pathway and associated activation 240 

of the associated areas. Similarly, two studies revealed that acute administration of 241 

bromocriptine, another D2-receptor agonist, increased the signal intensity, describing 242 

changes in the thalamus, hypothalamus, parietal cortex, somatosensory cortex, 243 

brainstem nuclei and the cerebellum (Hagino et al., 1998; Pizzolato et al., 1985). As was 244 

the case with acute QP injection, both these studies also reported no significant changes 245 

in the caudate-putamen after acute injection of bromocriptine, suggesting that acute 246 

administration increased the local cerebral glucose uptake in regions with poor direct 247 

connection to the dopaminergic system (Hagino et al., 1998). Also in line with our 248 

findings, an acute injection of a D2 antagonist haloperidol caused a widespread 249 

decreased metabolism (Hagino et al., 1998; Pizzolato et al., 1987) and therefore, as 250 

expected, produced an opposite effect to that of the acute administration of the D2 251 

agonist, QP, that is used in this study. An acute injection of sulipride, another D2 252 

antagonist, caused an initial decrease in LCGU at 1h after drug administration but 253 

subsequently also an increase at 3h after administration (Pizzolato et al., 1987). 254 

However, existing literature is not always consistent, as an acute injection of QP has also 255 



been reported to result in a decreased local cerebral glucose uptake in the striatum, 256 

lateral habenula and motor cortex (Carpenter et al., 2003). Differences in dose, route of 257 

administration, rat strains, type of anesthesia, recovery time and the use of freely 258 

moving versus restrained rats could possibly account for the differences.  259 

In contrast to the metabolic increases seen after one injection, the chronic exposure 260 

revealed strong significant metabolic reductions most notably in the core of the cortico-261 

striato-thalamico-cortical circuit, the caudate putamen, presumably in an attempt to 262 

regulate the initial cortical hyperactivity after acute injection. The continuous exposure 263 

to QP could lead to a desensitization of the D2-receptors targeted by the drug (Sanders 264 

et al., 2016; Haas et al., 2011). The interference coming from these regions that are 265 

preoccupied with the OCD-related processing could therefore result in the typical 266 

pattern-behavior displayed in the open field experiments (Henseler et al. 2007). Our in 267 

vivo results for the chronic condition are strikingly similar in both effect size and 268 

affected regions to the ex vivo autoradiography data reported previously (Carpenter et 269 

al. 2003) for a similar sensitized setup. Finally, QP has an effect on the overall energy 270 

metabolism, affecting glucose uptake in the neuronal cells (Coscina et al. 1998), which 271 

may therefore also influence the results.  272 

Although clinical studies generally report hyperactivity in the associated brain regions of 273 

OCD patients (Casale et al. 2011; Agarwal et al. 2013; Via et al. 2014), this seems not to 274 

be a consistent finding throughout the clinical literature (Agarwal et al. 2013; Suetens et 275 

al. 2014). In clinical studies, the wide variety of patients, regarding differences in age, 276 



previous treatments and medical history can significantly influence the results.  277 

Besides the clear indication of involvement of the cortico-striato-thalamico-cortical-278 

circuit within the pathophysiology of OCD, other regions displayed remarkable changes 279 

as well. For instance, the hippocampus, a region that has previously been suggested to 280 

play a role in OCD (Kwon et al., 2003), in particular regarding its cognitive deficit 281 

dimension, was decreased in metabolic activity after chronic exposure to QP. More 282 

recently, preclinical results have revealed that lesions in the hippocampal regions can 283 

cause a perseveration of certain behaviors (Kosaki and Watanabe, 2012; Chudasama et 284 

al 2012). Also in another model for compulsive behavior, characterized by the 285 

contrafreeloading of water that is induced by pramipexole (D3-agonist), a significant 286 

decrease in hippocampal long-term potentiation (LTP) was found (Schepisi et al. 2015) 287 

Additionally, lower ratios of N-acetyl-l-aspartate/choline (NAA/CHO) were found in OCD 288 

patients when compared to healthy controls (Atmaca et al. 2009) in the hippocampus. 289 

The involvement of the hippocampus in tasks such as spatial memory and navigation, 290 

together with its direct projections to the OFC provide further explanation for the 291 

particular behavior these animals display. 292 

Another region in the limbic system, the amygdala, which is a key structure in fear 293 

processing, has been implied to be of importance in the pathophysiology of OCD (Milad 294 

and Rauch 2011) as amygdala-centric processes could have a substantial role in the 295 

symptom dimensions of OCD related to abnormal fear processing (Via et al. 2014). Our 296 

results showed that this region was characterized by a decreased metabolic activity 297 



after chronic exposure to QP. Several clinical reports have previously suggested that the 298 

amygdala’s responsivity is attenuated in OCD patients regarding facial recognition and 299 

non-disorder-specific stimuli (Cannistraro et al. 2004; Britton et al. 2010), further 300 

implying involvement of the amygdala in the disease’s pathophysiology. Together with 301 

the decreases in hippocampus and the closely associated entorhinal cortex, this points 302 

towards a decreased connectivity of limbic regions, which may be related to several 303 

neurocognitive deficits observed in OCD patients involving implicit learning, emotion 304 

processing and expectation, and processing of reward and punishment (Göttlich et al. 305 

2014). This limbic disconnection from the fronto-parietal regions might explain why 306 

intrusive thoughts are threatening to patients but not to healthy subjects (Göttlich et al. 307 

2014). 308 

In order to confirm our findings and to assess the stability of the model, the chronic 309 

animal model and CTRL group were maintained by QP and saline injections to perform 310 

an additional follow-up scan after the 15th injection and open field test. These additional 311 

measurements (data not shown) confirmed these findings. 312 

In summary, chronical injections with QP induce a compulsive checking behavior that 313 

resembles human compulsive behavior. Due to significant decreases in striatal and 314 

cortical regions, our results indicate the involvement of the cortico-striato-thalamico-315 

cortical circuit in the pathophysiology of this OCD-model, leading to inefficient thalamic 316 

gating (Casale et al. 2011). As initial exposure to QP results in increased metabolism, 317 

chronic administration might therefore be a consequence of the desensitization of the 318 



receptors targeted by the drug in the dopaminergic regions. Alterations in other key 319 

structures as the amygdala, hippocampus and entorhinal cortex, which are directly 320 

involved in memory and fear processing, point towards a more extensive disease 321 

mechanism. These findings thereby support the hypothesis that the pathophysiology of 322 

OCD, more specifically concerning the compulsive checking behavior, involves a 323 

dysregulation of a neural feedback circuit that not only includes the cortical and striatal 324 

structures, but also the (para)limbic regions. Future work should investigate the cause of 325 

this dysregulation and the underlying brain neurochemistry on a molecular level. A next, 326 

valuable step in this research could therefore be the evaluation of neurotransmitters 327 

involved, such as dopamine and glutamate, after acute and chronic administration of QP 328 

in the rat model by molecular imaging. 329 

330 
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FIGURES AND TABLES 499 

 
ACUTE CHRONIC 

REGION 

Cross-sectional 
% change 

Cross-sectional 
% change 

mean std 
 

mean std 
 AcbCore/Shell 10.97% 5.17%   -17.41% 8.72%   

Amygdala 15.28% 6.61% * -17.78% 8.55%   

CaudatePutamen 10.71% 5.53%   -19.82% 8.58% * 

CortexAuditory 12.62% 5.91%   -16.85% 8.61%   

CortexCingulate 11.16% 5.37% * -17.31% 9.25%   

CortexEntorhinal 16.97% 6.03%   -17.53% 8.56%   

CortexFrontal 6.67% 6.81%   -17.37% 9.35%   

CortexInsular 15.20% 6.07% * -15.66% 8.78%   

CortexMedialPrefrontal 11.93% 5.62%   -16.62% 8.80%   

CortexMotor 10.25% 5.71%   -15.28% 9.22%   

CortexOrbitofrontal 12.69% 5.80% * -15.06% 8.83%   
CortexRetrosplenial 10.96% 6.21%   -15.40% 9.19%   

CortexSomatosensory 15.39% 5.61% * -13.50% 8.97%   

CortexVisual 8.39% 5.82% * -14.59% 8.77%   

HippocampusAnteroDorsal 10.72% 5.92%   -19.57% 8.20% * 

HippocampusPosterior 12.21% 6.00%   -17.95% 8.31%   

Hypothalamus 16.87% 7.22% * -16.89% 8.56%   

InferiorColliculus 17.46% 6.22% * -10.53% 9.40%   

Midbrain 17.40% 5.84% ** -12.13% 8.70%   

Olfactory 16.55% 6.00% * -15.42% 8.95%   

Pituitary 24.61% 11.14% * -18.53% 9.14%   

Pons 20.30% 8.81% * -11.48% 8.61%   

SuperiorColliculus 14.81% 5.64% * -13.15% 9.05%   

ThalamusWhole 13.02% 5.74% * -16.97% 8.80%   

Ventral Tegmental Area 18.66% 6.24% ** -14.40% 8.79%   

WholeBrain 14.71% 5.91%   -15.49% 8.87%   

Table 1 – VOI-based analysis: 500 
A cross-sectional comparison between the quinpirole (QP) condition and the time-matched control (CTRL) condition at the follow-up timepoint is represented 501 



here for both the acute and the chronic QP group concerning their average regional uptake values. 502 
P-values were not corrected for multiple comparisons; * = p < 0.05 ; ** = p < 0.01 503 

 504 

 505 

 506 



 
ACUTE (hyper) CHRONIC (hypo) 

REGION 
Cross-sectional  

p < 0.01 (Volume %) 
Cross-sectional  

p < 0.01 (Volume %) 

AcbCore/Shell 3.12% 0.00% 

Amygdala 31.12% 2.10% 

CaudatePutamen 4.28% 5.11% 

CortexAuditory 6.60% 0.87% 

CortexCingulate 4.34% 0.00% 

CortexEntorhinal 40.86% 8.39% 

CortexInsular 11.66% 0.00% 

CortexMedialPrefrontal 0.00% 0.00% 

CortexMotor 10.19% 0.00% 

CortexOrbitofrontal 16.16% 0.00% 

CortexRetrosplenial 0.25% 0.00% 

CortexSomatosensory 38.84% 0.00% 

CortexVisual 2.22% 0.00% 

HippocampusAnteroDorsal 0.08% 11.06% 

HippocampusPosterior 6.50% 3.15% 

Hypothalamus 14.28% 0.00% 

InferiorColliculus 62.26% 0.00% 

Midbrain 87.74% 0.00% 

Olfactory 48.66% 0.00% 

Pons 0.92% 0.00% 

SuperiorColliculus 38.79% 0.00% 

ThalamusWhole 8.21% 1.21% 

Ventral Tegmental Area 84.95% 0.00% 

WholeBrain 29.83% 2.22% 
 507 

Table 2 – Voxel-based Analysis: 508 

Here the investigated regions and their significantly (p < 0.01) affected metabolic activity after voxel-509 
analysis are displayed as a percentage of the total regional volume for both the acute and the chronic 510 
group. For both groups, comparisons are made cross-sectionally, at the follow up time point, comparing 511 
the treated condition (QP) to the control (CTRL). Please note that for the acute group the cells display 512 
clusters of voxels that are significantly increased in metabolic activity after QP, while for the chronic group 513 
the cells display the significantly decreased voxel clusters after QP. 514 



 515 

Figure 1:  516 
Experimental protocol: a baseline [18F]-FDG scan (green) was acquired of both the acute and chronic 517 
groups before (i) an acute QP or saline injection or (ii) twice-weekly injections of either QP or saline each 518 
time paired with an open field test (blue). Further, follow-up scans (green) to stage the pathology, after 519 
the first injection for the acute group and after the 10th injection (in week 5) for the chronic group, were 520 
acquired. Finally, the chronic model was maintained by giving extra injections (11 – 15). 521 
 522 
 523 
 524 
 525 

526 



 527 
Figure 2: 528 
During the Open Field Test, the total distance (A) and the number of homebase visits (B) were recorded. 529 
Additionally the ratio of observed-to-expected-homebase stops at the 10th injection was calculated (C). 530 
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 533 
Figure 3:  534 
18F-FDG-images, corrected for rSUV, at baseline and follow-up for both the acute and chronic group in 535 
both conditions (CTRL and QP). 536 
CTRL - Control; QP - Quinpirole 537 
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 539 
 540 
Figure 4:  541 
Coronal slices through the brain displaying significantly changed (p < 0.05) voxels for the QP condition 542 
versus the CTRL animals at follow-up of the acute group (cross-sectional).  543 

544 



 545 
Figure 5:  546 
Coronal slices through the brain displaying significantly changed (p < 0.05) voxels for the QP condition 547 
versus the CTRL animals at follow-up of the chronic group (cross-sectional).  548 
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