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ABSTRACT 

 

[123I]FP-CIT SPECT measurement of 

synaptic dopamine changes in rat 

brain following acute administration 

of antipsychotic drugs 
 

 

Sohyeon Park 

Program in Biomedical Radiation Sciences 

Graduate School of Convergence Science and Technology 

Seoul National University 

 

Synaptic dopamine (DA) is mainly regulated by the presynaptic DA transporter 

(DAT). Single-photon emission computerized tomography (SPECT) with the 

DAT radiotracer [123I]FP-CIT is a technique that could allow the assessment of 

changes in synaptic DA concentration when endogenous DA displaces [123I]FP-

CIT or competes for DAT. Here, we investigated the effects of haloperidol 

(HAL) and clozapine (CLZ) on [123I]FP-CIT binding in the midbrain and 
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striatum of rats to assess the utility of [123I]FP-CIT SPECT for quantitating 

changes in synaptic DA concentrations. Rats were examined by [123I]FP-CIT 

SPECT after administration of conventional dose of HAL (1 mg/kg) and CLZ 

(10 mg/kg). Drugs were intraperitoneally injected 30 min before radiotracer 

injection. Regional brain changes (%) in [123I]FP-CIT non-displaceable binding 

potential (BPND) between drug treatment conditions were calculated by an 

equilibrium ratio method. In another experiment, changes in endogenous DA 

concentration in the striatum were monitored by in vivo microdialysis under the 

same conditions as in the SPECT study. Compared to normal saline, HAL 

treatment decreased [123I]FP-CIT BPND in the midbrain (−58.74% for 1 mg/kg) 

and striatum (−25.29% for 1 mg/kg), whereas in the CLZ-treated group, 

[123I]FP-CIT BPND was decreased in the midbrain (−38.60% for 10 mg/kg) but 

was 18.85% increased in the striatum. Changes in extracellular DA 

concentration induced by the different treatments varied according to the drug 

and across brain regions. [123I]FP-CIT SPECT is a useful preclinical technique 

for detecting apparent increases in DA concentration induced by acute HAL 

administration in both midbrain and striatum, with results comparable to those 

obtained by in vivo microdialysis. 

 

Keywords: [123I]FP-CIT SPECT, dopamine, haloperidol, clozapine 
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1. INTRODUCTION 

 

1-1. Regulation of dopamine neurotransmission by 

dopamine transporter and dopamine D2/D3 autoreceptors 

Dopamine (DA) in the brain is mainly regulated by DA transporter (DAT) (1), 

a plasma membrane protein that actively translocates released DA from the 

extracellular space of the synaptic cleft into the presynaptic neuron. DA 

autoreceptors D2/3 (DAD2/3) expressed on the cell membrane also play a key 

role in regulating the activity of dopaminergic neurons and controlling DA 

synthesis, release, and reuptake. An increase in extracellular DA concentration 

can lead to stimulation of DA autoreceptors, which inhibits DA release. DA is 

implicated in the pathology of various neurological and psychiatric diseases 

including Parkinson’s disease (2) and schizophrenia (3, 4), among others. 

 

1-2. Effect of acute administration of antipsychotic drugs 

(such as haloperidol and clozapine) on synaptic DA. 

Antipsychotic drugs, or neuroleptics, act by blocking dopamine receptors in 

the nervous systems (5). Generally antipsychotic drugs are divided into two 

groups, typical and atypical drugs. Typical antipsychotic drugs are thought to 

act primarily by inhibiting central dopaminergic neurotransmission, and are 

known to induce severe extrapyramidal symptom (EPS). The antipsychotic 

drug haloperidol (HAL) is known to increase DA synthesis and release in the 
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striatum and related mesolimbic structures (6-9). The proposed mechanism of 

action consists of presynaptic terminal blockade by DA autoreceptors (8), 

which abolishes feedback inhibition, leading to enhanced DA synthesis or 

release. 

 

Figure 1. The structure of haloperidol 

 

Clozapine (CLZ), one of the atypical antipsychotic drugs, displays 

strong affinity for the DAD4 receptor subtype, but only weak antagonism at 

the DAD2 receptor, commonly thought to modulate antipsychotic activity 

(10-14). CLZ, among the most effective antipsychotic drugs, also stimulates 

DA release in the ventral striatum (i.e., nucleus accumbens) of rats (12) and in 

the hippocampus of patients with schizophrenia. (11). 

 

Figure 2. The structure of clozapine 
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1-3. Quantitative DAT imaging using [123I]FP-CIT SPECT 

and its application to detect changes in synaptic DA. 

N-ω-fluoro-propyl-2ß-carbomethoxy-3ß-(4-iodophenyl)nortropane ([123I]FP-

CIT), a cocaine-like radioligand, binds with high affinity to dopamine and 

serotonin transporters in vitro (15). Animal studies demonstrated that in vivo 

striatal activity of [123I]FP-CIT is largely associated with dopamine 

transporters. [123I]FP-CIT, which is widely used in the clinic for various mental 

diseases, reaches equilibrium state 2 h after intravenous injection and remains 

stable until 4 h after injection (16). Therefore, in this study, data acquisition was 

started 2 h after tail vein injection. 

 

Figure 3. The structure of [123I]FP-CIT 

 

Receptor imaging using imaging modality such SPECT is a prevailing 

tool for measuring receptor occupancy in vivo with minimized treatment (17).  

[123I]FP-CIT single-photon emission computerized tomography (SPECT) is one 

of the most valuable tools for diagnosis and investigations of abnormal DAT 

activity implicated in various central nervous system (CNS) diseases. Despite 

strong merit, SPECT imaging data does not provide direct information of 

receptor concentration. Therefore, mathematical modeling is an essential 
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procedure for data analysis. The non-displaceable binding potential (BPND) is 

an ultimate measuring method to calculate the receptor occupancy in vivo (18). 

BPND is a powerful parameter that indicates the density of receptors in the target 

regions and the affinity of radiotracers to the individual receptors. However, 

there has been an important debate between researchers on whether changes in 

DAT activity induced by acute administration of antipsychotic drugs, such as 

HAL, could be quantitatively assessed with [123I]FP-CIT SPECT. Briefly, 

although the common background on the DAT and DAD2/3 autoreceptors’ role 

in modulating DA in the brain was shared between researchers, Nikolaus et al. 

suggested that DAT imaging with [123I]FP-CIT SPECT was able to assess acute 

changes in DAT activity with a 25% baseline reduction of specific-to-

nonspecific binding ratio at equilibrium (V3”) of [123I]FP-CIT after HAL 

administration (1 mg/kg intraperitoneal [i.p.]) with the explanation that 

elevated endogenous dopamine displaces [123I]FP-CIT or competes for 

presynaptic binding sites (13). However, Booij et al., based on results that were 

reproduced from the experiments conducted by Nikolaus et al., argued that 

synaptic DA changes from acute HAL administration were not detectable with 

[123I]FP-CIT in rats (19). Meanwhile, both studies were limited not only to the 

fixed dosing regimen of the antipsychotic drug HAL (1 mg/kg, i.p. injection), 

but also by the lack of direct measurement of DA concentration in the striatum. 

Therefore, we suggest that changes in DAT in the midbrain region should be 

assessed as well, in order to understand the activity of the nigrostriatal DA 

projections by the administration of antipsychotic drugs, such as HAL and CLZ. 

Microdialysis is an important in vivo sampling technique, useful in the 
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assay of extracellular tissue fluid with minimized surgical procedures. The 

principle of microdialysis is primarily described by Fick’s law of diffusion, 

which results in the passive passage of molecules across a concentration 

gradient. The in vivo microdialysis technique has been a backbone of 

neuropharmacology research and has played an especially important role in the 

elucidation of the neurochemical effects of drugs on the synaptic release of 

monoamine, amino acid neurotransmitters in distinct brain regions of 

laboratory animals such as rodents. The in vivo microdialysis technique allows 

direct measurement of neurotransmitters such as acetylcholine (ACh), 

dopamine (DA), norepinephrine (NE) and serotonin (5-HT) as well as the 

metabolites of the aforesaid neurotransmitters in discrete brain regions of 

laboratory animals such as rodents and non-human primates (20-22). One of 

the most exclusive features of the in vivo microdialysis is that it allows a 

continuous collection of extracellular fluid in awakened laboratory animals 

(22). Here, we used in vivo microdialysis technique to measure the 

concentration of intracellular dopamine in rat striatum directly. 

1-4. Purpose 

In the present study, we investigated the effects of typicality with a conventional 

dose of HAL (1 mg/kg i.p.) and CLZ (10 mg/kg i.p.) on [123I]FP-CIT binding 

in the midbrain and striatum of rats in order to assess whether [123I]FP-CIT 

SPECT can be used to detect changes in synaptic DA based on [123I]FP-CIT 

binding. In addition, an in vivo microdialysis study was performed to directly 

measure changes in striatal DA concentration. 
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As DAT imaging is increasingly used for diagnostics and drug 

development for neurological and psychiatric diseases as well as for precision 

medicine in cases of complicated medication status—for instance, a patients 

with Parkinson’s disease receiving antipsychotic drugs—there is a need for 

more experimental evidence supporting the utility of [123I]FP-CIT SPECT for 

quantitation of acute changes in DA. 
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2. MATERIALS AND METHODS 

2-1. Animal Preparation 

Male Sprague-Dawley rats (Orient Bio, Seongnam, Korea) weighing 260–300 

g were group-housed in light-, temperature- (21°C–24°C), and humidity-

controlled (45%–60%) animal quarters with free access to food (Purinafeed; 

Cargill Agril Purina, Gyeonggi, Korea) and water. A total of 34 and 20 rats 

were used for [123I]FP-CIT SPECT and in vivo microdialysis studies, 

respectively. This study was approved by the Institutional Animal Care and Use 

Committee of the Seoul National University at Bundang Hospital. In the 

[123IFP-CIT SPECT study, five rats were assigned to the normal saline (NS) 

treatment group. The antipsychotic drugs HAL and CLZ were used at a 

conventional dose (1 mg/kg of HAL and 10 mg/kg of CLZ) in six rats each. 

Rats treated with the DAT blocker bupropion (BUP) were also divided into 

conventional and high dose groups (20 mg/kg, n = 4 and 100 mg/kg, n = 3, 

respectively). In the in vivo microdialysis study, five rats were assigned to each 

condition and the same drug conditions were used to directly measure changes 

in endogenous DA concentration in response to antipsychotic drugs. 

 

2-2. Preparation of drugs 

CLZ, HAL, and BUP hydrochloride were purchased from Sigma-Aldrich Korea 

(Yongin, Korea). HAL and CLZ were dissolved in 1% tartaric acid and 1 N 

HCl. BUP, which was used as a positive control in the present study, was 

dissolved in NS. We used different types of the antipsychotic drugs, typical 
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antipsychotic HAL and atypical antipsychotic CLZ to determine whether 

changes in DA concentration following treatment are depended on typicality. 

The conventional HAL and CLZ doses of 1 and 10 mg/kg, respectively, were 

selected based on previous studies (13, 19). 

 

2-3. [123I]FP-CIT SPECT data acquisition 

Animal SPECT imaging was performed using a low-energy, high-resolution 

pyramid collimator (4 × 9, 1.4-mm pinhole) in a SPECT/CT scanner system 

(NanoSPECT/CT; Mediso, Budapest, Hungary). Animals were divided into 

NS, HAL, CLZ, and BUP treatment groups. SPECT images from the NS-

treated group were acquired 2 h after intravenous injection of [123I]FP-CIT 

followed by NS injection. The other animals were injected with HAL (1 mg/kg), 

CLZ (10 mg/kg), or BUP (20 and 100 mg/kg). The [123I]FP-CIT radiotracer was 

injected 30 min after drug administration, and 2 h later, SPECT images were 

acquired for 30 min under 2% isoflurane anesthesia. 

 

2-4. [123I]FP-CIT SPECT data analysis 

SPECT data were reconstructed using iterative three-dimensional ordered 

subset expectation maximization with the single-slice re-binning method. The 

reconstructed images were 176 × 176 × 136 pixels with a voxel size of 0.2 × 

0.2 × 0.2 mm (x, y, z), and were spatially normalized to standard stereotaxic 

space via co-registration to the predefined magnetic resonance imaging rat 

brain template using the automated anatomical labeling method embedded in 
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PMOD image processing software (PMOD Group, Geneva, Switzerland). 

Regional brain [123I]FP-CIT binding was quantified as the non-displaceable 

binding potential (BPND), which is proportional to the density of available 

receptors and was calculated from the radioactivity contained in the regions of 

interest—i.e., the striatum, midbrain, and cerebellum. The latter (which is 

known as a DA receptor-poor region or non-displaceable binding site of 

[123I]FP-CIT) was set as the reference region for estimating BPND according to 

the following equation: BPND =  (CT - CND) / CND = CT / CND – 1, where CT and 

CND are the radioactivity of [123I]FP-CIT in the midbrain/striatum and in the 

cerebellum, respectively. The percent difference in regional brain BPND was 

calculated as follows: %BPND change = (BPND, “Drug administered” – BPND, “non-treated 

group”) / (BPND, “non-treated group”) × 100%. 

 

2-5. in vivo microdialysis study 

Extracellular DA concentrations in the striatum of freely moving rats were 

directly measured following HAL (1 mg/kg, i.p.) and CLZ (10 mg/ kg i.p.) 

administration by in vivo microdialysis. Rats were anesthetized with a mixture 

of alfaxan (0.3 ml/g, i.p.) and rompun (0.05 ml/g, i.p.). A guide cannula 

(CMA/12; CMA Microdialysis, Solna, Sweden) was stereotaxically implanted 

such that it terminated in the center of the striatum (AP: 1.0, L: 3.2 from 

bregma, and H: 3.0 from dura) (23) and attached to the skull using skull screws 

and dental cement. The cannula was then closed with a tight-fitting stainless-

steel obturator. Following 3–4 days of recovery, a 4-mm microdialysis probe 
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(CMA/12; CMA Microdialysis) connected via a dual liquid swivel to a syringe 

pump was inserted into the guide cannula and perfused with artificial 

cerebrospinal fluid (Harvard Apparatus, Cambridge, UK) at a constant rate of 

1.5 ml/min. Dialysate samples were collected at 20-min intervals via an outlet 

tube connected to a microfraction collector (CMA Microdialysis). The dialysate 

(injection volume of 15 μl) was assayed for DA by high-performance liquid 

chromatography (HPLC) with an API 4000QTRAP detection system 

(ABSCIEX, Foster City, CA, USA). The mobile phase consisted of 0.1% 

formic acid in distilled water and HPLC-grade acetonitrile. A Luna HILIC 

column (3-μm particle size, 2.0 × 50 mm) was used and the flow rate of the 

system was 0.25 ml/min. DA level in dialysates is expressed as a percentage of 

three baseline samples collected immediately before drug treatment. For the 

analysis, only results derived from healthy rats with correctly positioned 

dialysis probes were included in the data analysis. Mean baseline levels (time: 

−40, −20, and 0) were designated as 100%. 

 

2-6. Statistical analysis 

Data were analyzed using PRISM v.7 software (GraphPad Inc., La Jolla, CA, 

USA). The statistical significance of differences in mean BPND between 

treatment conditions was tested by two-way analysis of variance (ANOVA). 

Group differences in in vivo microdialysis data were evaluated by two-way 

repeated measures ANOVA. A value of p < 0.05 was considered statistically 

significant. Values are represented as mean ± standard error of the mean (SEM). 
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3. RESULTS 

In the NS-treated group, the mean BPND of [123I]FP-CIT was 1.69 ± 0.32 and 

1.64 ± 0.13 in the striatum and midbrain, respectively, which was consistent 

with the results of previous studies (13, 24). BUP showed effective and dose-

dependent occupancy of DAT, as evidenced by decreases in [123I]FP-CIT BPND 

of −16.5% (20 mg/kg) and −56.3% (100 mg/kg) in the striatum and −31.5% (20 

mg/kg) and −53.1% (100 mg/kg) in the midbrain (Fig. 4 and 5), implying that 

[123I]FP-CIT SPECT is a reliable and sensitive technique for measuring changes 

in DAT activity and can allow the assessment of changes in synaptic DA 

concentration when endogenous DA displaces [123I]FP-CIT or competes for 

DAT. 

Acute i.p. administration of 1 mg/kg HAL and 10 mg/kg CLZ 

markedly altered DAT activity, as evidenced by differences in [123I]FP-CIT 

BPND both in the striatum and midbrain. Intriguingly, the treatment effect varied 

according to the drug and across brain regions (Fig. 6 and 7 and Table 1). 

Compared to the NS-treated group, HAL administration resulted a -25.29% 

decrease of [123I]FP-CIT BPND in the striatum and a -58.74% decrease in the 

midbrain whereas the CLZ-treated group showed an 18.85% increase of 

[123I]FP-CIT BPND in the striatum but a decrease in the midbrain (−38.60%). 
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Figure 4. [123I]FP-CIT SPECT images and [123I]FP-CIT BPND of NS and 

BUP (20 and 100 mg/kg) treated condition in rat striatum. NS, normal 

saline; BUP, bupropion. (*p < 0.05) 
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Figure 5. [123I]FP-CIT SPECT images and [123I]FP-CIT BPND of NS and 

BUP (20 and 100 mg/kg) treated condition  in rat midbrain. NS, normal 

saline; BUP, bupropion. (*p < 0.05) 
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Figure 6. [123I]FP-CIT SPECT images and [123I]FP-CIT BPND of NS, HAL 

1 mg/kg and CLZ 10 mg/kg treated condition in rat striatum. NS, normal 

saline; HAL, haloperidol; CLZ, clozapine. 
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Figure 7. [123I]FP-CIT SPECT images and [123I]FP-CIT BPND of NS, HAL 

1 mg/kg and CLZ 10 mg/kg treated condition in rat midbrain. NS, normal 

saline; HAL, haloperidol; CLZ, clozapine. (*p < 0.05; ***p < 0.001) 
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Table 1 The changes of [123I]FP-CIT BPND in the midbrain and striatum after 

drug administration. 

Group Dose 
(mg/kg) 

Brain region 
Striatum Midbrain 

NS - 1.64 ± 0.13 1.69 ± 0.32 
HAL 1 1.22 ± 0.09 0.70 ± 0.12 
CLZ 10 1.95 ± 0.20 1.04 ± 0.11 

BUP 20 1.37 ± 0.22 1.16 ± 0.16 
100 0.72 ± 0.08 0.79 ± 0.79 

Values are mean ± SEM. NS, normal saline; BUP, bupropion; HAL, haloperidol; CLZ, 
clozapine. 
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The time course of changes in extracellular striatal DA concentrations 

after acute HAL and CLZ administration was evaluated by in vivo microdialysis 

(Fig. 8). Despite of the lack of statistical significance in the entire dataset by 

two-way repeated-measures ANOVA, immediately after administration, the 1 

mg/kg of HAL induced a 117.96% ± 24.9% increase in baseline DA 

concentration, which was restored to the baseline level during the study; 

Longitudinal (from the time of drug administration to the end of the study) 

average percentage in baseline changes for HAL was 107.48% ± 16.60%, 

corresponding to changes in the DAT activity of [123I]FP-CIT SPECT study. 

Although overall changes in the time course of DA concentration after acute 

CLZ administration were hard to find regularity, the initial increase in DA 

concentrations relative to the baseline was 122.82% ± 10.70%, and longitudinal 

average baseline change for each dose of CLZ was 108.97% ± 15.53%. 
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Figure 8. Altered synaptic dopamine concentration in rat striatum after 

HAL (A) and CLZ (B) administration using in vivo microdialysis 

technique. HAL, haloperidol; CLZ, clozapine.  
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4. DISCUSSION 

In this study we investigated changes in DAT activity after acute administration 

of HAL and CLZ by [123I]FP-CIT SPECT to resolve the previously reported 

controversy (13, 19) using the same experimental paradigm and to determine 

whether [123I]FP-CIT SPECT can be used to assess changes in endogenous DA 

concentration based on alterations in [123I]FP-CIT binding to DAT as it is 

displaced by endogenous DA. Importantly, we partly overcame the 

experimental limitations of the earlier studies by performing in vivo 

microdialysis (although we did not perform in the midbrain because of  

technical problems), to eliminate technical (imaging vs. direct measurement) 

and conceptual (changes in DAT radiotracer binding vs. DA concentration) 

differences in our measurements, and also by including additional experimental 

variables such as another drug that has a common mode of action in terms of 

increasing synaptic DA concentrations, a larger range of doses of the drug, and 

multiple brain regions implicated in DAergic neurotransmission. 

Our results showed that [123I]FP-CIT SPECT allows the detection of 

apparent increases and decreases in synaptic DA concentration induced by 

conventional dose of HAL in both the striatum and midbrain. The [123I]FP-CIT 

SPECT results for the latter were compatible with those obtained in the in vivo 

microdialysis study. For instance, elevated extracellular DA concentration 

corresponded to decreased [123I]FP-CIT BPND in the striatum induced by 1 

mg/kg HAL. Our most compelling hypothesis is that alterations in synaptic DA 

concentration are reflected as variations in DAT radioligand binding, at least in 
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response to HAL and as detected by [123I]FP-CIT SPECT. 

We used different types of the typical antipsychotic HAL and atypical 

antipsychotic CLZ (where typicality is defined as the presence of 

extrapyramidal symptoms) in an attempt to demonstrate that changes in DA 

concentration after treatment exhibiting the typicality of HAL would be 

measurable in rat brain as [123I]FP-CIT BPND or extracellular DA concentration. 

For example, we expected that the degree of change in [123I]FP-CIT BPND in the 

brain would differ between HAL and CLZ since their binding targets and 

temporal behavior with respect to the target depends on the typicality. However, 

this was not observed in the present study, since the effects of HAL and CLZ 

were inconsistent between measuring techniques. The [123I]FP-CIT SPECT and 

in vivo microdialysis techniques detected similar changes between striatal DAT 

activity and extracellular DA concentrations induced by HAL but not by CLZ. 

Notably, CLZ reduced [123I]FP-CIT BPND in the midbrain while increasing the 

value in the striatum. Moreover, direct measurements of elevated striatal DA 

concentrations (109% increase induced by conventional CLZ dose) did not 

affect [123I]FP-CIT BPND. This may be due to differences in the 

pharmacodynamics profiles of HAL and CLZ, time course of drug action at the 

target site, and experimental protocol (time window) in the [123I]FP-CIT SPECT 

study. Results from the in vivo microdialysis study showed that the increases in 

extracellular DA concentration induced by HAL and CLZ follow distinct time 

courses. The maximum striatal DA concentration is reached between 60 and 80 

min after i.p. administration of 1 mg/kg HAL, whereas CLZ acted more rapidly 

(within 40 min of administration) (25). In the present study, HAL and CLZ were 
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administered 30 min before [123I]FP-CIT application. Thus, the radioligand was 

administered before attaining the maximum striatal DA concentration induced 

by HAL but after reaching that induced by CLZ. Thus, it is possible that the 

time window for [123I]FP-CIT detection did not cover the maximal DA 

concentration induced by CLZ administration, leading to an error in the 

measurement of [123I]FP-CIT BPND. Since [123I]FP-CIT—which requires 2 h to 

reach a state of equilibrium (16)—was injected 30 min after antipsychotic drug 

administration, the time course of drug action may have been missed. Thus, the 

elevation in [123I]FP-CIT BPND following CLZ administration could instead 

represent a decrease in DA in the recovery phase of drug action. Although our 

data did not provide evidence supporting previous explanations (i.e., the DA 

concentration during the late phase was increased rather than decreased), this 

could be due to variations between datasets acquired from different animals. 

Recently, there has been growing interest in assessing DAT binding in 

patients with schizophrenia. However, results on striatal DAT binding in 

schizophrenic subjects obtained to date have been inconsistent, with reports of 

elevated (26, 27), reduced (26, 28-30), or unaltered (31-37) DAT binding. 

Interestingly, unaltered (31), decreased (28, 29), or increased (27) DAT binding 

has also been observed in medicated patients. These results are difficult to 

interpret because factors such as illness duration and phase−which could vary 

between patients and investigations—are likely to affect the regulation of pre- 

and postsynaptic binding sites. Moreover, our findings suggest that 

antipsychotic drugs themselves may confound presynaptic binding data. 

Patients with schizophrenia who are not responding to antipsychotic drug 
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treatment can have a high percentage of occupied D2 receptors without any 

relief of symptoms (38). In light of the present findings, it is conceivable that 

presynaptic autoreceptor or transporter function may be dysregulated in this 

subgroup of patients with schizophrenia. 

  



23 

5. CONCLUSION 

Our study demonstrates that [123I]FP-CIT SPECT is a useful preclinical 

technique for detecting apparent increases in DA concentration in the target 

regions. We successfully measured the altered [123I]FP-CIT BPND following the 

changed DA concentration induced by acute HAL administration. Also, we 

successfully acquired the time-course of changes in endogenous striatal DA 

concentrations by acute HAL and CLZ administration with in vivo 

microdialysis. Therefore, this study demonstrates that [123I]FP-CIT SPECT is a 

useful preclinical quantitative imaging technique for detecting changes in DA 

concentration induced by acute HAL administration in both the midbrain and 

striatum, with results comparable to those obtained by in vivo microdialysis. 

[123I]FP-CIT SPECT can aid in the diagnosis of neurological and psychiatric 

diseases or be used to monitor therapeutic responses. 
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국문 초록 

[123I]FP-CIT SPECT를 이용한 항정신병약물에 

의한 시냅스 도파민 변화의 평가 

 

시냅스 도파민은 주로 전 시냅스에 있는 도파민운반체에 의해 조절

된다. [123I]FP-CIT는 도파민운반체에 특이적으로 결합하는 SPECT용 

방사성추적자로서, 시냅스 도파민이 [123I]FP-CIT와 경쟁적으로 도파

민운반체에 결합한다면 [123I]FP-CIT SPECT를 이용해 시냅스 내 도파

민의 변화를 정량적으로 평가할 수 있다. 할로페리돌과 클로자핀 투

여에 의해 변화된 중뇌와 선조체의 시냅스 도파민이 도파민운반체

에 [123I]FP-CIT와 경쟁적으로 결합할 것이라는 가설을 바탕으로 본 

연구를 수행하였다. 본 연구에서는 할로페리돌과 클로자핀을 투여해 

시냅스 내 도파민 농도의 변화를 유도하였다. 할로페리돌 (1 mg/kg)

과 클로자핀 (10 mg/kg)을 투여한 흰쥐를 이용해 [123I]FP-CIT 주사 후 

SPECT 영상을 획득하였고 약물 투여에 의한 [123I]FP-CIT BPND 변화

를 측정하였다. 또한 할로페리돌과 클로자핀 투여 후 시냅스 도파민 

농도 변화를 생체미세투석기법으로 직접 측정하였다. 연구결과, 1 

mg/kg 할로페리돌 투여는 중뇌에서 각각 -58.74%의 [123I]FP-CIT BPND 

감소를 보였으며, 선조체에서는 각각 -25.29%의 [123I]FP-CIT BPND 감
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소를 나타내 보였다. 반면, 10 mg/kg의 클로자핀 투여는 중뇌에서 -

38.60%의 [123I]FP-CIT BPND 감소를 유도하였으나, 선조체에서는 각각 

18.85% 증가하였다. 생체내미세투석 기법으로 측정한 시냅스 도파민 

농도는 사용한 약물의 종류에 따라 다양한 변화를 보였다. 본 연구

에서는 할로페리돌 투여 후 SPECT로 평가한 [123I]FP-CIT BPND의 감

소와 생체내미세투석 기법으로 측정한 시냅스 도파민 농도 증가가 

상응함을 입증하였다. 이는 [123I]FP-CIT SPECT가 할로페리돌 투여에 

의한 시냅스 도파민의 변화를 평가할 수 있는 유용한 생체분자영상 

기술임을 시사한다. 

 

중심단어: [123I]FP-CIT SPECT, 도파민, 할로페리돌, 클로자핀 

학번: 2016-23389 
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