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Kannen K. Yoder 

Dopamine Transporter Signal in Patients with Schizophrenia: 
Relevance to Clinical Symptoms and Pathophysiology 

To investigate the role of dopamine innervation in schizophrenia and tardive dyskinesia, 

this study examined the amount of dopamine transporter (DAT) signal in normal controls, 

schizophrenic subjects without tardive dyskinesia (NTD), and schizophrenic subjects with tardive 

dyskinesia (TD), using positron emission tomography and the selective DAT radioligand [11C]-f3-

CFT. The results indicate that in the caudate and putamen, NTD subjects have a higher amount 

of DAT signal compared to controls and TD subjects, and that TD subjects appear to have a 

decrease in DAT signal compared to controls and NTD subjects. Signficant negative correlations 

were found with the amount of DAT signal in schizophrenic subjects and the severity of the 

patients' negative symptom scores as measured by P ANSS. In addition, a novel method to 

objectively analyze [1 1C]-f3-CFT scan data was developed. This technique, Frequency Histogram 

Analysis (FHA), appears to be a promising new way to examine data from PET scans that utilize 

radioligands for receptors and transporters. The FHA also yielded data supportive of the above 

results, indicating that the populations of DAT in control, TD, and NTD subjects are indeed 

different. These findings indicate that the dopamine system is possibly related to components of 

the pathology of schizophrenia as well as the generation of tardive dyskinesia. 

Dr. Anantha Shekhar, M.D., Ph.D. Chairperson 

uj) 
Dr. Jo~eph T. Lurito, M.D., Ph.D. 

4~~£ JI:,___-~ 2120 
d'r. Harlan E. Shannon, Ph.D. 

vi 



Dopamine Transporter Signal in Patients with Schizophrenia: 
Relevance to Clinical Symptoms and Pathophysiology 

TABLE OF CONTENTS 

Background and Significance 

Pharmacological History of Schizophrenia ........................................................ 1 

The Life and Times of a Dopamine Molecule .................................................... 2 

Dopaminergic Systems in the Central Nervous System ......................................... 5 

The Dopamine Hypothesis of Schizophrenia ..................................................... 6 

Refinement of the Dopamine Hypothesis ......................................................... 8 

Post-Synaptic Evidence ............................................................................ 15 

Evidence for a Pre-Synaptic Dopamine Pathology ............................................. 16 

Dopamine and Tardive Dyskinesia ............................................................... 20 

Quantification of Dopaminergic Innervation .................................................... 27 

Conventional and Novel Methodology: Hypotheses I and II. ................................ 28 

Methods 

Subjects ............................................................................................... 31 

Magnetic Resonance Imaging (MRI) Scan Acquisition ....................................... .32 

Positron Emission Tomography (PET) Scan Acquisition ...................................... 32 

PET Scan Reconstruction and Co-Registration ................................................ .34 

Region of Interest Analysis ......................................................................... 36 

Frequency Histogram Analysis .................................................................... 38 

Subject Psychiatric History ........................................................................ 40 

Statistical Analyses .................................................................................. 40 

Results 

Subject Demographics .............................................................................. 42 

Table 1: Demographics ................................................................... 43 
Table 2: Age, Duration oflllness, Antipsychotic Medications .................... .43 

Hypothesis I 

ROI Analyses ........................................................................................ 43 

Table 3: Total Pixels and Slices per Structure ........................................ .45 
Table 4: Total Pixels and Slices per Structure ........................................ .46 
Figure 1: Weighted Volume ofDistribution, ControlAreas ....................... .47 
Figure 2: Volume ofDistribution: Caudate and Putamen ........................... .48 

vu 



Figure 3: Volume of Distribution: Nucleus Accumbens and Amygdala ........ .49 
Figure 4: Volume ofDistribution: Anterior and Subgenual Cingulate ............. 50 
Figure 5: Volume of Distribution: Insula and Orbitofrontal Cortex ................ 51 
Figure 6: Maximum Volume ofDistribution ........................................... 52 

PANSS Scores BetweenNTD and TD Subjects ................................................ 52 

Correlations with P ANSS Scores .................................................................. 53 

Figure 7: Positive PANSS, Caudate and Putamen .................................... 55 
Figure 8: Positive P ANSS, Nucleus Accumbens and Amygdala ................... 56 
Figure 9: Positive P ANSS, Anterior and Subgenual Cingulate ...................... 57 
Figure 10: Positive P ANSS, Insula and Orbitofrontal Cortex ....................... 58 
Figure 11: Negative PANSS, Caudate and Putamen ................................. 59 
Figure 12: Negative PANSS, Nucleus Accumbens and Amygdala ................. 60 
Figure 13: Negative PANSS, Anterior and Subgenual Cingulate ................... 61 
Figure 14: Negative PANSS, Insula and Orbitofrontal Cortex ...................... 62 
Figure 15: Gen. Psychopath. PANSS, Caudate and Putamen ........................ 63 
Figure 16: Gen. Psychopath. PANSS, Nucleus Accumbens and Amygdala ...... 64 
Figure 17: Gen. Psychopath. P ANSS, Anterior and Subgenual Cingulate ......... 65 
Figure 18: Gen. Psychopath. PANSS, Insula and Orbitofrontal Cortex ............ 66 
Figure 19: PANSS and Maximum Volume ofDistribution .......................... 67 

Correlations with Age and Duration oflllness .................................................. 67 

Table 5: Age and Binding Ratios, Maximum Volume ofDistribution ............. 68 
Table 6: Duration of Illness and Binding Ratios, Max. Vol. ofDistribution ...... 69 

Correlations Between Regions oflnterest ........................................................ 67 

Table 7: Pearson's Correlation Coefficients ............................................ 71 
Table 8: p-values ........................................................................... 72 

Hypothesis II 

Frequency Histogram Analysis .................................................................... 73 

Figure 20: Whole Brain FHA ............................................................ 74 
Figure 21: Whole Brain FHA, Log Scale .............................................. 74 
Figure 22: Bar Graph FHA, 4-10 ml/g .................................................. 76 
Figure 23: BarGraphFHA, 10-20ml/g ................................................. 76 
Figure 24: Bar Graph FHA, 20-30 ml/g ................................................. 77 
Figure 25: Bar Graph FHA, 30-40 ml/g ................................................. 77 
Figure 26: Cumulative Frequency Distribution, Whole Brain FHA ................. 78 
Figure 27: Cerebellar and Frontal Cortical FHA ...................................... 81 
Figure 28: Striatal FHA ................................................................... 82 
Figure 29: Cumulative Frequency Distribution, Striatal FHA ....................... 83 

Correlations With P ANSS Scores ................................................................. 83 

Correlations With Age and Duration oflllness .................................................. 83 

Vlll 


