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Supplemental Materials 

 

Analysis of Novelty Seeking Subcales: 

The four subscales of the Novelty Seeking Scale are heterogeneous in nature. Whereas 

NS1-Exploratory Excitability shows a strong conceptual relationship to novelty 

preferences and responses, the other subscales are not as clearly related to novelty per se. 

NS2–Impulsiveness (vs. Reflection) taps the speed of decision making, NS3-

Extravagance (vs. Reserve) taps the persons readiness to freely spend money, and NS4-

Disorderliness (vs. Regimentation) taps the extent to which the person is spontaneous and 

unconstrained by rules and regulations.   

We performed an exploratory analysis to determine whether BP in areas beyond 

the DA midbrain was correlated with the Novelty Seeking subscales.  For these analyses 

we included data from the one participant who had been excluded from the primary 

analyses due to poor midbrain coregistration. This subject’s data showed no evidence of 

misregistration in other cortical and subcortical areas.  Thus, 34 participants provided 

data for the supplemental analyses. Cluster size significance (p <.05) was set at 72 voxels 

based on AlphaSim’s (http://afni.nimh.nih.gov/afni/AFNI_Help/AlphaSim.html) 

calculation of all voxels with an average BP > .4. Note, unlike in the midbrain where BP 

is heavily weighted towards autoreceptors, in DA recipient regions [18F]Fallypride BP is 

typically interpreted as indexing postsynaptic receptors (although presynaptic receptors 

may also contribute to the signal).  
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Only one correlation reached whole brain significance for cluster size.  After 

controlling for age, a large area of inverse association emerged in the striatum bilaterally 

for the NS4-Disorderliness scale (which surpassed a whole brain threshold for cluster 

size,73 voxels left, 29 on the right, peak x = -16, y = 14.7, z = 13, partial r = -.42, p < 

.05)(See Supplemental Figure 1).  Unlike all other correlations reported in this paper, this 

association only reached statistical significance after controlling for age, which reflects 

that even in this young adult population there is a significant decline in striatal D2 BP 

(seen particularly near the edges of the striatum), as well as a modest trend for declines in 

Novelty Seeking scores, which was greatest for the NS4-Disorderliness scale (r = -.32, p 

= .07).   

  [Place Supplemental Figure 1 about here] 

Cloninger (1987) hypothesized that features of disorderliness are related to DA 

functioning in a similar manner as other aspects of novelty seeking.  However, the 

specific mechanism through which DA functioning influences the personality features of 

disorderliness was left unspecified.  The personality traits captured by the NS4-

Disorderliness scale appear conceptually related to the low end of the Conscientiousness 

factor in the Big 5 personality scheme (Stewart et al., 2004), as well as showing 

similarities to the Myers-Briggs Perceiving (P) personality typology (McCrae and Costa, 

Jr., 1989).  Unfortunately, animal models do not typically capture these types of 

characteristics.  Future research will be required to clarify this striatal finding, as it is not 

clearly integrated in existing models of the relationship between DA and personality.    
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A Priori Analysis of the Insula: 

Previous PET studies in healthy human subjects and Parkinson’s patients have reported 

that novelty seeking is inversely associated with D2 receptor availability in the insula, 

particularly the right anterior insula (Suhara et al., 2001;Kaasinen et al., 2004).  We did 

not observe a similar correlation in the present study using the Total Novelty Seeking 

Score (even with an a priori search region limited to the insula (for the insular search 

region AlphaSim calculated an extent threshold of 29 voxels for a cluster size 

significance threshold of p < 0.05).  However, analysis of subscales revealed an 

association with the Exploratory Excitability (NS1) subscale. Scores on NS1 were 

inversely correlated with BP in the right ventral anterior insula extending into the 

posterior orbitofrontal cortex (peak x = 33, y = 11, z = -4, r = -.45, p < 0.01, cluster size = 

29 pixels) (see supplemental Figure 2).  No other subscales produced significant 

correlations in this right insular region, suggesting that only some aspects of the novelty 

seeking construct may be related to D2-like BP in this region. 

[Place Supplemental Figure 2 about here] 

   

 

Discussion of Spatial Resolution: 

A limitation of our methodology is that the spatial resolution of PET makes it extremely 

difficult to discriminate between the VTA and the neighboring SN. Although, it is 

possible to delineate boundaries of the SN based on certain MRI sequences, the point 
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spread function of PET prevent a clear segregation. This is particularly problematic for 

the VTA which has lower BP than the SN, and is therefore more susceptible to 

contamination from the more highly labeled neighboring SN.  However, it is not clear 

that higher resolution would lead to conclusions specific to the VTA vs. SN.  Most fMRI 

studies of novelty have not been able to distinguish responses in the VTA vs. SN 

(Bunzeck and Duzel, 2006;Wittmann et al., 2007). While this may be due to 

methodological limitations of fMRI (see (D'Ardenne et al., 2008), it may also reflect 

similarities across the VTA and SN.  Recent anatomical findings on the distribution of 

DA projections call into question some of the classical distinctions between the VTA and 

SN (Bjorklund and Dunnett, 2007).  There are also important functional similarities 

between the SN and VTA. For instance, investigations of DA cell firing in monkeys 

indicate that a portion of SN cells fire in response to reward cues, uncertainty or 

prediction errors in a manner similar to VTA cells (Fiorillo et al., 2003;Hollerman and 

Schultz, 1998;Schultz, 1986).  More importantly, both VTA and SN cells fire in response 

to novel stimuli (Ljungberg et al., 1992). Similarly, substantial reward related 

modulations, which are presumably mediated by DA, occur in portions of the dorsal 

striatum that are targeted by the SN rather than the VTA (Kawagoe et al., 

1998;Lauwereyns et al., 2002;Takikawa et al., 2002).  We note this not to dismiss the 

wealth of differences in aspects of the VTA and SN functioning, but to call attention to 

the possibility that the VTA and SN may show parallel characteristics.  It is striking in 

this regard, that studies in rodents have almost exclusively focused on the VTA.  This is a 

logical focus of investigation given the greater ventral than dorsal striatal differences in 

DA functioning seen in high vs. low novelty responsive rodents.  However, group 

differences between high and low novelty responsive rodents also appear in the dorsal 
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striatal regions that are targeted by the SN rather than the VTA (Hooks et al., 1994).  

Similarly, while Marinneli and White (2000) described greater differences in DA cell 

firing in the VTA than the SN of high vs. low novelty responsive rodents, they 

nevertheless observed differences in a similar direction in the SN.  This suggests that 

there is at least some covariation in the firing properties of DA cells in the VTA and SN.  

Thus, while methodological limitations restrict the ability to distinguish between the SN 

and VTA, it is possible that the observed associations reflect features that effect both the 

mesolimbic and the nigrostriatal sytem.  
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Supplemental Figure Legends 
 
 
Figure 1. Inverse partial correlation between [18F]fallypride BP in the striatum and NS4 

(Disorderliness).  The peak of the correlation arises in the dorsal striatum 

covering portions of both the caudate and putamen.  The sagittal slice shows the 

correlated region in the left hemisphere, where it reached its greatest extent.  

Anteriorly (as seen in the coronal slice) the correlated region extends into the 

ventral striatum (nucleus accumbens).  In both supplemental figures the 

parametric maps were thresholded to only show voxels with correlations that 

exceed the p< .05 level (uncorrected) for magnitude, with areas in red exceeding r 

= -.50.   

 
Figure 2.  Inverse partial correlation between [18F]fallypride BP in the right ventral 

anterior insula and NS1 (Exploratory Excitability).   

 


