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SPECT IMAGING IN YOUNG PATIENTS WITH SCHZiOPHRENIA 

Abstract 

Several neuropsychiatrie disorders are linked to disturbances of 

monoaminergic transmission and exhibit gender differences. However, 

little is known about the basis of gender differences in monoaminergic 

transmission in humans. 

In 15 young, healthy human volunteers (8 females and 7 males) 

midbrain serotonin transporter (5-HTT) and striatal dopamine transporter 

(DAT) densities were examined with [123l]ß-CIT SPET. Data for a 

functional polymorphism of the 5-HTT gene were also assessed. 5-HTT 

and DAT densities were significantly higher in females than males (p=0.01 

and p=0.03, respectively). A strong positive correlation was observed 

between 5-HTT and DAT densities (p = 0.65, p = < 0.01). 5-HTT density 

was not significantly associated with 5-HTT genotype. Distinct liability for 

females and males to suffer from neuropsychiatrie disorders responding to 

monoaminergic agents may be related to differences in brain 5-HTT and 

DAT densities. This study supports the view that there is a need to 

examine gender-based treatment and prevention approaches. 

Introduction 

Evidence is accumulating that several neuropsychiatrie disorders, such as 

schizophrenia and drug abuse, are linked to disturbances of mono

aminergic transmission and exhibit gender differences. For instance, it has 

been hypothesized that gender differences in monoaminergic neuro

transmission play a role in lower vulnerability to alcohol dependence in 

females than males. However, little is known about the basis of gender 

differences in monoaminergic transmission in humans. 

Therefore, we assessed the effect of gender on serotonin transporter 

(5-HTT) and dopamine transporter (DAT) densities in healthy volunteers 
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imaged with [123l]ß-CIT SPET, and analyzed the data controlling for the 

potential confounding effects of age and 5-HTT genotype. In addition, 

previous studies have repeatedly demonstrated correlations between 

cerebrospinal fluid (CSF) measures of the 5-HT and DA metabolites 5-

hydroxyindoleacetic acid (5-HIAA) and homovanillic acid (HVA) (Geracioti, 

Jr. et al., 1998). These data suggest that 5-HT and DA systems are 

coupled in the CNS. Therefore, we hypothesized that 5-HTT and DAT 

densities would be associated with each other. 

Materials and Methods 

Subjects and genetic analysis 

Fifteen healthy, drug-free volunteers, were enrolled (eight females aged 

23.3 ± 1.3 years, range 22-26 years and 7 males aged 29.3 ± 6.9, range 

23-42 years). Subjects were free from any neuropsychiatrie diagnosis, and 

underwent urine drug screening. Women were scanned randomly relative 

to their menstrual cycle. Since a genetic contribution to the expression of 

5-HTT was recently described, in which the activity of the long allele of the 

5-HTT promoter region has been shown to be twice that of the short allele, 

polymerase chain reaction based genotype analysis of the 5-HTT gene 

regulatory region was performed, as described elsewhere (Lesch et al., 

1996). Exclusion criteria were: a positive urine test for psychoactive drugs, 

pregnancy, severe medical or neuropsychiatrie illness. Written informed 

consent was obtained from all participants. The institutional Medical Ethics 

Committee approved the study. 

Imaging 

Subjects underwent SPET imaging with the Strichmann Medical 

Equipment 81 OX tomographic system. This 12-detector single-slice 

scanner has a full-width at half-maximum resolution of approximately 
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7.5 mm. Each acquisition consisted of at least 15 slices (acquired in a 64 x 

64 matrix), 3 min per slice (interslice distance 5 mm). The energy window 

was set at 135-190 keV. Subjects lay supine with the head parallel to the 

orbitomeatal line. Acquisition was started 4 and 20 h after intravenous 

injection of approximately 140 MBq [123l]ß-CIT (specific activity > 

185 MBq/nmol; radiochemical purity > 98%), a time when specific binding 

to 5-HTT and DAT in the midbrain and striatum, respectively, is stable. 

Attenuation and reconstruction correction were performed as described 

elsewhere (Lavalaye et al., 2000). 

For binding analysis, a standard template with regions of interest 

(ROIs) was constructed manually from MR images. For positioning we 

used these images as a guide. Analysis was performed blinded for 

gender. The template for the striatum (representing binding to DAT) was 

placed on three consecutive SPECT slices demonstrating best visual

ization of the striatum. An additional template was constructed with an ROI 

for the midbrain (representing binding to 5-HTT) and cerebellum. The 

cerebellar binding was used as a reference for background activity (non

specific binding + free radioligand). The ratios of specific to non-specific 

binding were calculated by dividing specific binding by cerebellar binding. 

Statistics 

Differences in regional [123l]ß-CIT binding ratios between females and 

males were assessed by ANCOVA with age as confounding variable. 

Using the same statistical analysis, we explored the potentially con

founding influence of the 5-HTT genotype on midbrain [123l]ß-CIT binding. 

Correlations were assessed with Spearman's correlation coefficient. The 

chance of a type I error (V) was set at 0.05 using two-tailed tests of 

significance. All data are presented as mean ± SD. Results were con

sidered significant at p < .05. Data were analyzed using SPSS version 9.0. 
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Results 

[123l]ß-CIT binding ratios in the midbrain and striatum were significantly 

higher in females than males (p = 0.01 and 0.03, respectively; Figure 1). 

The covariance effect of age was not significant (p = 0.92 and 0.19 for the 

midbrain and striatum, respectively). 
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Figure 1 Specific to non-specific [ l]ß-CIT binding ratios in the midbrain and striatum of 15 

healthy volunteers. In females (n=8; mean = 1.43, SD = 0.12) the binding ratios were 

significantly higher in the midbrain than in males (n=7; mean = 1.25 ; SD = 0.13). This was also 

true for binding ratios in the striatum (ratios in females; mean = 7.27; SD = 1.10 versus mean = 

5.81 ;SD = 1.21 in males). 
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Six females and 5 males were heterozygote carriers of the long and short 

alleles of the 5-HTT, while 2 females and 1 male were homozygote for the 

long allele. One male was homozygote for the short allele. The genotype 

did not predict midbrain [123l]ß-CIT binding ratios (p = 0.60). A strong 

positive correlation was observed between midbrain and striatal [123l]ß-CIT 

binding ratios (p = 0.65, p = < 0.01 ; Figure 2). 

Binding ratio striatum 

Figure 2 Correlation between specific to non-specific [,23l]ß-CIT binding ratios in the midbrain 

(vertical axis) and striatum (horizontal axis) for individual subjects. 
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Discussion 

In the present study, we observed higher 5-HTT and DAT densities in 

healthy females compared to males. Furthermore, we showed a significant 

correlation between 5-HTT and DAT densities. 

While the higher specific binding of [123l]ß-CIT in the midbrain and 

striatum of women is most likely explained by a higher density of 5-HTT 

and DAT, respectively, this assertion rests on several assumptions, 

including the comparability of nondisplaceable binding and transporter 

affinities. However, there are no reasons to assume gender differences in 

nondisplaceable [123l]ß-CIT binding or transporter affinities. Drugs with 

affinity for the 5-HTT and DAT (e.g. methylphenidate, amphetamines and 

cocaine) could compete for [123l]ß-CIT binding, thereby diminishing the 

apparent transporter binding. For this reason we only included drug-free 

volunteers with a negative drug screening. 

A recent study has shown a lower post-synaptic 5-HT2 receptor 

density in females than males, suggestive of increased synaptic 5-HT 

concentration (Biver et al., 1996). Our present observation of a higher 5-

HTT density in females is also consistent with an increased synaptic 5-HT 

concentration in females. 

The effect of age and gender on 5-HTT densities have been studied 

in a previous [123l]ß-CIT SPET study (van Dyck et al., 2000). They reported 

that gender did not statistically improve the prediction of 5-HTT density 

after controlling for ageing effects. Although the sample size was large in 

their study, the divergence between their and our study likely accrues from 

several important methodological differences: 1 ) They used the occipital 

cortex, instead of the cerebellum, as a reference region. The occipital 

cortex, however, contains a higher 5-HTT density than the cerebellum. 

Consequently, smaller differences in 5-HTT densities may be detected 

easier when using the cerebellum instead of the occipital cortex. 2) Their 

age range of controls was larger (from 18 to 88 years; present study 22 to 
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42 years). However, we recently have shown that the variation in DAT 

density is higher in young than old adults (Lavalaye et al., 2000). 

Assuming that such a strong variation on 5-HTT density also exists in 

young adults, one may detect gender differences in 5-HTT densities when 

including young healthy volunteers only. 3) Furthermore, they investigated 

gender effects statistically. However, can one adequately investigate 

gender effects by simply "covarying" for gender ? 

The higher density of DAT in females is in line with a recent [123I]FP-

CIT SPET study (Lavalaye et al., 2000), but not with a [123l]ß-CIT SPET 

study (van Dyck et al., 1995). In contrast to the [123l]ß-CIT SPET study, 

more young healthy volunteers were included in the [123I]FP-CIT SPET 

study, as well as the present study. We propose that the presently ob

served gender differences in DAT and/or 5-HTT densities may relate to 

hormonal effects. For instance, it has been shown that DAT densities in 

female rats are higher than in male rats, which was oestrogen-dependent 

(Rivest et al., 1995). It is thus conceivable that gender differences in 

humans can be detected only in young adults. However, further studies 

including detailed endocrinological data are necessary to confirm this 

theory. 

Rodent and human studies have established the existence of 

functional interactions between 5-HT and DA. The positive correlation we 

observed between midbrain and striatal [123l]ß-CIT binding is in line with a 

previous study in which positive correlations between CSF measures of 5-

HIAA and HVA were observed (Geracioti, Jr. et al., 1998). It was shown 

that 5-HIAA to HVA ratio for an individual remains relatively stable over 

time, with little variability. It has been hypothesized that the balance 

between of 5-HT and DA function in the CNS is of physiologic importance 

in the human. The imbalance of activity of 5-HT and DA systems is already 

an important consideration in the pathophysiology of psychoses and may 

become relevant to the treatment of depression. 

It could be argued that the presently observed association between 5-

HTT and DAT may be attributable in part to the fact that midbrain [123l]ß-
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CIT binding may include some binding to DATs. Displacement studies in 

primates have shown that the uptake of [123l]ß-CIT in the brainstem is 

primarily associated with 5-HTT (i.e., displaceable by Citalopram but not by 

GBR-12909) (Lamelle et al., 1993). However, since the substantia nigra is 

part of brainstem and contains relatively high DAT densities, [123l]ß-CIT 

binding in the brainstem cannot be completely ascribed to 5-HTT alone. 

In the present study, we explored the potentially confounding 

influence of heritable effects. We did not observe an association between 

the 5-HTT genotype and density of midbrain 5-HTT, consistent with other 

reports. Even though it has been suggested by Lesch and co-workers 

(Lesch et al., 1996) that the long allele of the genotype is associated with 

an increased 5-HTT density, it does not seem to explain our present 

findings. However, because of our small sample size, this remains to be 

proven. 

The data may bear relevance to a number of fields. For instance, 

numerous studies have noted differences in the age at onset, treatment 

response, course, and outcome between females and males suffering 

from schizophrenia. Furthermore, it has been indicated that the causes 

and consequences of drug abuse may be different for females and males. 

For instance it may be hypothesized that the observed higher 5-HTT 

densities in females may play a role in lower vulnerability to alcohol 

dependence in females. Our findings may also have implications for the 

action of neurotoxic derivatives such as 3,4-methylenedioxymet-

amphetamine (MDMA). It is thought that blocking the 5-HTT prevents 

neurotoxicity of MDMA, since administration of 5-HT re-uptake inhibitors 

prevent the 5-HT neurotoxic effects of MDMA. It could be speculated that 

the presently observed higher 5-HTT densities in women renders them 

more susceptible to neurotoxic actions of MDMA. In line with this, females 

have been found to experience stronger adverse effects of MDMA than 

males and greater depletions in 5-HIAA (McCann et al., 1994; Liechti et 

al., 2001). 
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Conclusion 

Our preliminary data show gender differences in 5-HTT and DAT 

densities, and suggest a close relationship between these two systems. 

Our results indicate the importance of taking gender into account in future 

5-HTT and DAT imaging studies. Further studies including detailed endo

crinological and genotypic data obtained in large samples of healthy 

volunteers are required to delineate the basis of variation in 5-HTT and 

DAT densities between males and females. 
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