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of patients was significantly lower than that of controls
(37.1+20.4 and 52.2+25.3 ng/ml in patients and controls,
respectively; P=0.00003; Fig. 1A). The mean serum
EGF level was also significantly lower in patients than
in controls (395.5+231.7 vs. 560.7+£357.1 pg/ml;
P=0.002; Fig. 1B).

The relation between serum NF levels and age was
examined. The age of both patient and control groups
ranged from 21 to 59 years. As shown in Fig. 1C
(BDNF), Fig. 1D (EGF) and Table 4, there were no
significant correlations between serum NF levels and
age in either group.

Because both BDNF and EGF were measured
simultaneously within the same individuals, the correla-
tion between serum BDNF and EGF was examined in
each group. In the controls, a negative correlation be-
tween BDNF and EGF levels was found (r=-0.387,
P=0.0002; Fig. 2A). In contrast, there was no signifi-
cant correlation between the serum BDNF and EGF
levels in the patients (P=0.161, Fig. 2B).
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Fig. 1. Serum levels of (A) BDNF and (B) EGF measured by two-site
enzyme immunoassay in normmal controls (N=87) and patients with
chronic schizophrenia (N=74). Compared with controls, patients
exhibited lower serum levels of both neurotrophic factors (BDNF,
***p<0.001; EGF, **P<0.01). Horizontal lines indicate the mean
levels. Distributions of serum (C) BDNF and (D) EGF levels in controls
(open circles) and patients (filled circles) with age. No significant
correlation was observed between NF levels and age (2159 years) in the
two groups. BDNF, brain-derived neurotrophic factor; EGF, epidermal
growth factor.

Table 4
Correlations between levels of neurotrophic factors and clinical
parameters in patients with schizophrenia

Clinical parameters N BDNF EGF

r P r P
Age 74 -0.031 0795 -0.227 0.053
Age at onset 74 0.303  0.009 0052 0.644

Duration of illness 74  —-0.196  0.098 —0.281  0.016
CPZ-EQ (mg/day) 74 0051 0520 0079 0327

BMI (kg/m?) 44 0171 0267 —-0.088  0.569
GAF 33 0024 0843 -0.076 0.727
BPRS  Total 33 -0.099 0.588 0349  0.046

Positive 33 -0.189 0.303 0347  0.047
Negative 33 0.102  0.558 0.127  0.468

CPZ-EQ, Chlorpromazine Equivalents; BMI, Body Mass Index; GAF,
Global Assessment of Functioning; BPRS, Brief Psychiatric Rating
Scale.

Since the distribution of BDNF in the control group
appeared bimodal as shown in Fig. 2A, we examined
whether the low-BDNF group (40 ng/ml of BDNF as a
tentative threshold for the dichotomy; N=26) and high-
BDNF group (N=61) differed in their biological
parameters. Statistical analyses revealed that there were
no significant differences in their BMI (P=0.627), age
(P=0.959), sex ratio (P=0.654), and smoking habit
(P=0.464).

3.2. Correlation of serum BDNF and EGF levels with
clinical parameters

Overall, clinical parameters did not exhibit robust
correlations with the BDNF and EGF levels (P>0.05/
10 [=0.005], corrected for multiple comparisons in Table 4
and Fig. 2B), although age at onset was marginally
correlated with the BDNF level (»=0.303, P=0.009). We
also analyzed the effects of BMI and smoking habit on NF
levels. There were no significant correlations between

-serum NF levels and BMI in patients (P=0.267 for BDNF,

P=0.569 for EGF, N=44) or in controls (P=0.687 for
BDNF, P=0.697 for EGF, N=34). In addition, NF levels
were not significantly different between the presence
(N=11 for patients, N=16 for controls) and absence
(N=12 for patients, N=18 for controls) of smoking habit
in patients (P=0.735 for BDNF, P=0.132 for EGF) and in
controls (P=0.569 for BDNF, P=0.593 for EGF).

3.3. Dype of antipsychotic drugs and neurotrophic factor
levels

Thirteen patients had been taking one or more typical
antipsychotic drugs, while thirty-one other patients had
been taking only atypical antipsychotic drugs. We found
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Fig. 2. Relation between the serum levels of BDNF and EGF measured simultaneously in (A) normal controls and (B) chronic schizophrenia patients.
For controls, serum levels of the two neurotrophic factors were negatively correlated as shown by the line (r=—0.387, P=0.0002). The histograms
above and on the right of the main plots show the fractions of subjects that fall into particular intervals of serum BDNF (in steps of 5 ng/ml) and EGF
(in steps of 50 pg/ml) levels, respectively. In both histograms, dotted lines represent the mean levels of BDNF (52.2 ng/ml) and EGF (560.7 pg/ml) of
normal controls, respectively. BDNF, brain-derived neurotrophic factor; EGF, epidermal growth factor.

that the levels of both BDNF and EGF did not differ
between the patients taking typical and atypical
antipsychotic drugs (P>0.05, Fig. 3A and B). In
addition, there was no significant correlation between

120 1600
€ 90 = 1200
E S
: 60 2 3800
z w
3 30 2 400
Typical  Atypical Typical Atypical
E £
g 2
o =
= u
a &
o
0 o]
0 1000 2000 3000 0 1000 2000 3000
CP equivalents CP equivalents
(mg/day) (mg/day)

Fig. 3. Effects of antipsychotic drugs on serum (A) BDNF and (B) EGF
levels. For both neurotrophic factors, no significant differences were
seen between patients taking typical (N=13) and atypical (N=31)
antipsychotic drugs. Horizontal lines indicate the mean levels.
Antipsychotic dosages in chlorpromazine equivalents were correlated
neither (C) with serum BDNF nor (D) with EGF levels (N=74). BDNF,
brain-derived neurotrophic factor; EGF, epidermal growth factor; CP,
chlorpromazine.

the chlorpromazine equivalents of medication and
serum NF levels (Fig. 3C and D; Table 4).

We also analyzed the effects of anticholinergic drugs
on the NF levels. Thirty-five patients had been taking
anticholinergic drugs including biperiden and trihexyphe-
nidyl in combination with antipsychotic drugs. NF levels
were not significantly different between the patients with
(BDNF, 37.9+20.1 ng/ml; EGF, 395.8+225.0 pg/mi;
N=35) and without (BDNF, 36.3£20.9 ng/ml; EGF,
395.3+£240.5 pg/ml; N=39) anticholinergic drugs
(P=0.626 for BDNF, P=0.475 for EGF).

4. Discussion
4.1. Lower serum BDNF and EGF levels in schizophrenia

As summarized in Tables 1 and 2, previous studies
have mostly reported low serum BDNF levels (Grillo
etal., 2007; Pirildar et al., 2004; Tan et al., 2005; Toyooka
et al., 2002; Zhang et al., 2007), while changes in the
serum EGF level have remained a matter of controversy
(Futamura et al., 2002; Hashimoto et al., 2005). In the
present study, at least, it was clearly shown that most of the
chronic schizophrenia patients had lower serum levels of
EGF as well as BDNF. Mean serum BDNF values were
37.1 and 52.2 ng/ml in patients and controls, respectively,
in the present study. These values were higher than those
in several other reports, but, as can be seen in Table 1,
BDNF levels varied considerably among the studies
reported. Such differences may be due to the antibodies
used against neurotrophic factors, the methods of
measurement, and the sampling conditions. Actually, the

Please cite this article as; Ikeda, Y., et al., Low serum Ievels of brain-derived neurotrophic factor and epidermal growth factor m patxents with
chronic schizophrenia, Schxzophr Res. (2008), doi:10, 1016/_; sclires.2008.01.017 £ T




ARTICLE IN PRIESS

Y. Ikeda et al. / Schizophrenia Research xx (2008) xxx—xxx 7

values in the present study fell into a range similar of
values to those in the reports adopting similar methods
(Toyooka et al., 2002). In addition, this decrease in NFs
was observed in patients regardless of age, ranging from
the early 20s to the late 50s. This observation was con-
sistent with previous reports showing no correlation
between age and serum BDNF levels (Grillo et al.,
2007, Huang and Lee, 2006; Toyooka et al, 2002),
lending credence to the hypothesis that schizophrenia is
the behavioral outcome of aberration in the neurodevelop-
mental processes.

In the present work, the simuitaneous measurement of
NFs revealed a significant negative correlation between
serum BDNF and EGF levels in controls (Fig. 2A),
whereas there was no correlation between the two NF
levels in patients (Fig. 2B), possibly reflecting their low
levels of both BDNF and EGF. The fact that no control
subjects showed high serum levels of both BDNF and
EGF is of particular interest. Neurite outgrowth from
EGF-responsive stem cell-derived neurons can be

enhanced by treatment with BDNF (Shetty and Tumer,

1999), while BDNF reportedly induced the down-
regulation of EGF receptors (Huang et al., 1988). In
addition, the co-application of transforming growth
factor-alpha, a member of the EGF family, with BDNF
blocked the BDNF-triggered up-regulation of AMPA
receptor expression and currents (Namba et al., 2006).
Thus, complementary roles of both factors may underlie
the normal development of the nervous system. In other
words, chronic schizophrenia may represent a state
deficient in NF-regulated neural functions, leading
eventually to various mental malfunctions.

The origins of serum BDNF and EGF are not yet
completely understood. EGF reportedly enters the brain
through the blood-brain barrier (BBB) in mouse (Pan and
Kastin, 1999). BDNF is reported to be transported across
the BBB in normal mouse (Pan et al., 1998) and rats with
cerebral ischemia (Schibitz et al., 2000), while another
report has argued that the transport of BDNF is negligible
(Sakane and Pardridge, 1997). EGF and BDNF are
produced in various peripheral tissues (Plata-Salaman,
1991; Radka et al., 1996), in addition to the central nervous
system as described above. Nevertheless, the serum levels
of NFs can be used as clinical markers, since they show
different distributions between patients and controls, as
shown in previous studies as well as in the present study.

4.2. Clinical parameters and neurotrophic factors
We failed to find any clinical parameters that demon-

strated robust correlation with the two NF levels. As
shown in Tables 1 and 2, previous reports also examined

the correlation between clinical parameters and NF levels:
the BDNF level was correlated with the negative
symptom subscore of the Positive and Negative Syn-
drome Scale (Tan et al., 2005); the serum EGF level was
significantly correlated with the BPRS score (Hashimoto
et al., 2005). Although the reasons for the discrepancy
between the previous and present results are unclear,
differences in demographic characteristics of the patients
(such as age at onset, illness duration, sample size, dis-
tribution of BPRS score, and dosage of antipsychotic
drugs) might provide at least a partial explanation.

Other factors than psychiatric parameters have been
reported to affect serum BDNF levels. BMI (Suwa et al,,
2006) and age (Ziegenhom et al., 2007) showed positive
and negative correlation with BDNF levels, respectively.
Patients with atopic dermatitis have higher levels of serum
BDNF in association with the severity of symptoms (Raap
et al., 2005; Namura et al., 2007), while smokers have
lower values as compared with non-smokers (Kim et al.,
2007). We could not completely rule out the possibility that
these factors affected the values in the present study, since
data could not be obtained from all participants. However,
the limited data suggested that neither BMI nor smoking
habit affected neurotrophic levels in patients or controls.

4.3. Dypes of antipsychotic drugs and serum neurotrophic
Jactor levels

In the present study, the NF levels were not correlated
with any types or dosages of medications. Although Grillo
et al. (2007) found a significant correlation between the
BDNF level and clozapine dosage, other investigators
found no significant correlation between BDNF (Hori
et al., 2007; Shimizu et al., 2003; Tan et al., 2005;
Toyooka et al., 2002; Zhang et al., 2007) or EGF level
(Futamura et al., 2002) and antipsychotic dosages. In
addition, treatment with olanzapine for 8 weeks (Hori
et al., 2007) or antipsychotic drugs (risperidone for most
patients) for 6 weeks (Pirildar et al., 2004) did not alter
BDNF levels in blood. It was recently suggested that the
effects of atypical and typical antipsychotic drugs on the
BDNF level were different. In animal experiments,
haloperidol, a typical antipsychotic drug, decreased the
BDNF expression in the hippocampus, whereas atypical
antipsychotics did not affect or even up-regulated this
expression (Bai et al., 2003; Chlan-Fourney et al., 2002;
Parikh et al., 2004). In addition, atypical antipsychotics,
but not haloperidol, stimulated neurogenesis in the sub-
ventricular zone of the rat brain (Wakade et al., 2002).
Clinically, chronic treatment with haloperidol, but not
olanzapine, was associated with a significant reduction in
gray matter volume in schizophrenia patients with first-
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episode psychosis (Lieberman et al., 2005). However, the
present study failed to show that the type of drug affects
either the BDNF or the EGF serum level. This observation
might indicate a limitation concemning the measurement
of serum NFs for predicting their function in the brain.
Nevertheless, the serum levels of NFs could be used as
clinical markers from the viewpoint that they are
independent of the type of medication used.

In conclusion, we showed herein that patients with
chronic schizophrenia have lower serum levels of both
BDNF and EGF across all ages, possibly reflecting
pervasive abnormal signaling of NFs underlying the
pathophysiology of schizophrenia. A future study
should investigate NFs of patients with schizophrenia
before pharmacological intervention or those under-
going the first-episode of the disease, thereby addressing
whether this overall reduction in NFs is a common
characteristic in the symptomatology of schizophrenia.
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Neural Correlates of Human Virtue
Judgment

Neuroimaging studies have demonstrated that the brain regions
implicated in moral cognition. However, those studies have focused
exclusively on violation of social norms and negative moral
emotions, and very litle effort has been expended on the
investigation of positive reactions to moral excellence. It remains
unclear whether the brain regions implicated in moral cognition
have specific roles in processing moral violation or, more generally,
process human morality per se. Using functional magnetic
resonance imaging, brain activations during evaluation of moral
beauty and depravity were investigated. Praiseworthiness for moral
beauty was associated with activation in the orbitofrontal cortex,
whereas blameworthiness for moral depravity was related to the
posterior superior temporal sulcus. Humans might have developed
different neurocognitive systems for evaluating blameworthiness
and praiseworthiness. The central process of moral beauty
evaluation might be related to that of aesthetic evaluation. Our
finding might contribute to a better understanding of human
morality.

Keywords: blameworthiness, moral, orbitofrontal cortex, praiseworthiness,
superior temporal sulcus, virtue

Introduction

The emerging field of cognitive neuroscience is providing new
insights into the neural basis of moral cognition and behaviors.
As David Hume (1978) and Adam Smith (1976) already noted in
the 18th century, some contemporary philosophers have
emphasized the importance of emotion and intuition in moral
judgment, although moral reasoning could contribute to moral
judgment (Haidt 2001; Greene and Haidt 2002). Supporting
this view, recent neuroimaging studies and brain lesion studies
have demonstrated that emotion-related brain regions such as
the posterior superior temporal sulcus (pSTS), medial pre-
frontal cortex (MPFC), orbitofrontal cortex (OFC), and
amygdala play important roles in moral judgment (Damasio
2000; Greene and Haidt 2002; Takahashi et al. 2004; Moll et al.
2005). Previous psychological as well as neuroimaging studies
mainly focused on violation of social norms and negative moral
emotions such as guilt or embarrassment (Greene and Haidt
2002; Haidt 2003a, 2003b; Takahashi et al. 2004; Moll et al.
2005; Mobbs et al. 2007). Morals are standards or principles of
right or wrong behaviors and the goodness or badness of
human character. It remains unclear whether the brain regions
implicated in moral cognition are specialized in processing
immorality, that is, negative deviance from social norms or,
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more generally, processing deviance from social standards
regardless of whether the stimuli positively or negatively
deviate from them. There has been very little study on positive
moral emotions or psychological responses to moral beauty,
but with the advent of the positive psychology movement
(Seligman and Csikszentmihalyi 2000), researchers have started
to focus on positive moral emotions. Many people experience
spontaneous pleasure when they can help others without any
expectation of reward. Neuroimaging studies suggest that
cooperative behaviors might be psychologically rewarding
(Rilling et al. 2002; de Quervain et al. 2004; Moll et al. 20006).
It is also human nature that we are easily and strongly moved by
people who are cooperating with others. Haidt (2003a, 2003b)
started to call an emotion elicited by others’ act of virtue or
moral beauty as “elevation.” When people observe others’
virtuous, commendable acts, they feel warm, pleasant, and
“tingling” feelings and are motivated to help others and to
become better people themselves. Hume (1978) wrote that “a
generous and noble character never fails to charm and delight
us” and Smith (1976) noted that “man desires, not only praise,
but praiseworthiness.” We also could have an aesthetic feeling
in human virtuous acts and be often attracted by the beauty
itself (Haidt 2003a). However, there are very few studies to
have concentrated on this aspect of moral beauty. According to
Haidt (2003a), we cannot have a full understanding of human
morality until we can explain why and how people are so
powerfully affected by the sight of a stranger helping another
stranger.

For the evolution and persistence of cooperation, it is
necessary for humans to detect cheaters and cooperators.
Otherwise, selfish strategies will eliminate cooperative strate-
gies (Axelrod and Hamilton 1981; Cosmides and Tooby 1992).
Cosmides and Tooby (1992) argued that humans have evolved
neurocognitive systems that specialize in detecting “cheating,”
violation of social contracts, and that produce a feeling that
those who violate social norms should be blamed and punished.
In fact, functional magnetic resonance imaging (fMRI) studies
reported activation in brain regions such as pSTS and MPFC
during detection of violation of social contracts (Canessa et al.
2005; Fiddick et al. 2005). On the other hand, it is also argued
that humans have evolved a neurocognitive system that
skillfully assesses the cooperativeness of others (Price 20006),
and empirical evidence suggests that people will cooperate
with those whom they have observed cooperating with others
(Wedekind and Milinski 2000; Milinski et al. 2002). However,
there is as yet no documented study regarding the investigation



of the neural correlates during the observance of praiseworthy,
virtuous acts of others. .

In this study, we investigated the brain activation associated
with the judgment of moral beauty, virtue, comparing it with
that of moral depravity, vice. We hypothesized that the
judgment of moral beauty and depravity would show different
brain activation patterns. Specifically, moral depravity would be
linked to brain regions, such as pSTS and MPFC, and moral
beauty would recruit the brain regions implicated in positive
emotions, such as OFC.

Materials and Methods

Participants

Fifteen healthy volunteers (mean age 20.1 years, standard deviation
[SD] = 0.8) participated in this study. All subjects were Japanese and
right-handed. The participants were free of any criteria for neuropsy-
chiatric disorders based on unstructured psychiatric screening inter-
views. None of the participants were taking alcohol at the time nor did
they have a history of psychiatric disorder, significant physical illness,
head injury, neurological disorder, or alcohol or drug dependence.
All participants underwent an MRI to rule out cerebral anatomic ab-
normalities. After complete explanation of the study, written informed
consent was obtained from all participants and the study was approved
by the Institutional Ethics Committee.

Materials

Three types of short sentences were provided (neutral, moral beauty,
and moral depravity). Each sentence was written in Japanese and in the
3rd person. Sentences of moral depravity were expressing moral
violation, and those of moral beauty were expressing acts like charity,
self-sacrifice, altruism, humanitarianism, and so on. Neutral sentences
were expected to express no prominent emotional content. In order to
validate our expected results, we conducted an initial survey. We
prepared 30-35 sentences for each of 3 conditions (neutral, moral
beauty, and moral depravity). Forty-two other healthy volunteers (21
males and 21 females, mean age 22.5 years, SD = 3.3) than the subjects
participating in this fMRI study were screened. Using 7-point Likert
scales, they read and rated each sentence in terms of morality/
immorality (-3 = extremely immoral, 0 = neither moral nor immoral, and
3 = extremely moral) and praiseworthiness/blameworthiness (-3 =
extremely blameworthy, 0 = neither praiseworthy nor blameworthy,
and 3 = extremely praiseworthy). Based on the initial survey, we
selected 18 sentences for each of the 3 conditions. These sentences are
shown in Supplementary Table S1. The sentences were projected via
a computer and a telephoto lens onto a screen mounted on a head coil.
The subjects were instructed to read the sentences silently and were
told to imagine the events described in the sentences. They were also
told that they should rate the sentences according to how moral/
immoral or praiseworthy/blameworthy the events were. After reading
each sentence, the subjects were instructed to press a selection button
with the right index finger, indicating that they had read and
understood it. The experimental design consisted of 6 blocks for each
of the 3 conditions (neutral, moral beauty, and moral depravity)
interleaved with 20-s rest periods. We used a block design rather than
an event-related design as it is difficult to obtain sufficient understand-
able stimuli, that is, depictions of moral beauty and depravity are
difficult to parse rapidly (Luo et al. 2006). The order of presentation for
the 3 conditions was randomized. During the rest condition,
participants viewed a crosshair pattern projected to the center of the
screen. In each 24-s block, 3 different sentences of the same condition
were presented for 8 s each. Using 7-point Likert scales, the
participants rated each sentence in terms of morality/immorality and
praiseworthiness/blameworthiness after the scans.

Image Acquisition
Images were acquired with a 1.5 Tesla Signa system (General Electric,
Milwaukee, WI). Functional images of 203 volumes were acquired with
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T2*-weighted gradient echo planar imaging sequences sensitive to
blood oxygenation level-dependent contrast. Each volume consisted of
40 transaxial contiguous slices with a slice thickness of 3 mm to cover
almost the whole brain (flip angle, 90° time echo [TE], 50 ms; time
repetition [TR], 4 s; matrix, 64 x 64; and field of view, 24 x 24 cm).
High-resolution, T1-weighted anatomic images were acquired for
anatomic comparison (124 contiguous axial slices, 3-dimensional
Spoiled-Grass sequence, slice thickness 1.5 mm; TE, 9 ms; TR, 22 ms;
flip angle, 30° matrix, 256 x 192; and field of view, 25 x 25 c¢m).

Analysis of Functional Imaging Data

Data analysis was performed with statistical parametric mapping
software package (SPM02) (Wellcome Department of Cognitive
Neurology, London, UK) running with MATLAB (Mathworks, Natick,
MA). All volumes were realigned to the 1st volume of each session to
correct for subject motion and were spatially normalized to the
standard space defined by the Montreal Neurological Institute template.
After normalization, all scans had a resolution of 2 x 2 x 2 mm>,
Functional images were spatially smoothed with a 3-dimensional
isotropic Gaussian kernel (full width at half maximum of 8 mm). Low
frequency noise was removed by applying a high-pass filter (cutoff
period = 192 s) to the fMRI time series at each voxel. A temporal
smoothing function was applied to the fMRI time series to enhance the
temporal signal-to-noise ratio. Significant hemodynamic changes for
each condition were examined using the general linear model with
boxcar functions convolved with a hemodynamic response function.
Statistical parametric maps for each contrast of the tstatistic were
calculated on a voxel-by-voxel basis.

To assess the specific condition effect, we used the contrasts of the
moral beauty minus neutral (MB - N) and moral depravity minus neutral
(MD - N). A random effects model, which estimates the error variance
for each condition across the subjects, was implemented for group
analysis. This procedure provides a better generalization for the
population from which data are obtained. The contrast images were
obtained from single-subject analysis and entered into the group
analysis. A 1-sample #test was applied to determine group activation for
each effect. We used SPM’s small volume correction to correct for
multiple testing in regions about which we had a priori hypothesis.
These a priori volumes of interest (VOIs) included the pSTS, MPFC, and
OFC. VOIs for pSTS (angular gyrus), MPFC (superior and medial frontal
gyrus), and OFC (inferior frontal gyrus) were defined by standardized
VOI templates implemented in brain atlas software (Maldjian et al
2003). Significant activations surviving this correction at P < 0.05 are
reported. We describe activations outside regions of interest surviving
a threshold of P < 0.001, uncorrected, with an extent threshold of 10
contiguous voxels. To assess common activation in MB - N and MD
conditions, we conducted a conjunction analysis of MB - N and MD - N
contrasts at the 2nd level.

We conducted regression analysis to demonstrate a more direct link
between regional brain activities with the subjective judgments of
praiseworthiness and blameworthiness. Using the mean of the ratings
of praiseworthiness and blameworthiness for each subject as the
covariate, regression analysis with the contrasts (MB - N and MD - N)
and the covariate was performed at the 2nd level. The masks of MB - N
and MD - N contrasts from the 1-sample #test (P < 0.001) were applied
to confine the regions where significant activations were observed.
Using the effect sizes, representing the percent signal change, of the
contrasts (MB - N and MD - N) at the peak coordinates uncovered by
regression analysis, we plotted the fMRI signal changes and ratings of
praiseworthiness and blameworthiness.

Results

Initial Survey

As we predicted, neutral sentences were judged neither moral/
praiseworthy nor immoral/blameworthy. The averages of the
ratings of morality/immorality and praiseworthiness/blame-
worthiness for neutral sentences were 0.0 (SD = 0.1) and 0.0
(SD = 0.1), respectively. The average of ratings of morality and



praiscworthiness for 18 sentences of moral beauty were 2.3
(SD = 0.8) and 1.8 (5D = 0.9). respectively. The average of
ratings of immorality and blameworthiness for 18 sentences of
-24 (SD = 0.7) and -2.1 (SD = 0.8).

moral depravity were
respectively

SelfRating

The self-rating results of the subjects participating in the tMRI
study were comparable to the results obtained in the initial
survey. The averages of the ratings of morality/immorality and
praiseworthiness, blameworthiness for neutral sentences were
0.1 (SD = 0.2) and 0.0 (SD = 0.1), those of morality and
praiseworthiness for sentences of moral beauty were 2.5 (SD =
0.3) and 2.1 (SD = 05). and those of immorality and
blameworthiness for sentences of moral depravity were -2.4
(SD = 0.3) and -2.1 (SD = 0.4). respectively. Self-ratings of
immorality were correlated with blameworthiness (r=0.58, P=
0.025). and those of morality were correlated with praisewor-
thiness (1= 0.68, P = 0.005)

JMRI Result

The MB-N condition produced activations in the left OFC, left
dorsal lateral prefrontal cortex (DLPFC), left supplementary
motor arca (SMA), left temporal pole, and visual cortex, (Table |
and Fig. 14). The MD - N condition produced activations in the
left pSTS and MPFC (Table 1 and Fig. 1B). The activations in
a priori regions (pSTS, MPFC. and OFC) survived a threshold of
P <0.05 corrected for multiple comparisons across a small VOL
A conjunction analysis of MB - N and MD - N contrast revealed
no significant activations.

Regression analysis revealed positive linear correlations
between self-rating of praiseworthiness and the degree of
activation in the left OFC (x=-38, y=28,and z=-20) in MB-N
contrast (Figs 24 and 3A4). There were correlations between
self-rating of blameworthiness and the degree of activation in
the left pSTS (v =-54, y=-060, and z = 28) in MD - N contrast
(Figs 2B and 38). Theses correlations in a priori regions (pSTSC
and OFC) survived a threshold of P < 0.05 corrected for
multiple comparisons across a small VOI.

Discussion

This study has demonstrated that the brain activations during
evaluation of positive deviance from the moral standard, moral
beauty. showed different patterns from those of negative
deviance, moral depravity. In line with previous reports, moral
depravity conditions relative to neutral condition produced
greater activity in the left pSTS and MPFC, the components of
neural substrates that have been suggested to be involved in
human moral cognition (Takahashi et al. 2004; Moll et al. 2005).
A novel finding in this study was that moral beauty conditions
relative to neutral condition produced greater activity in the
left frontal regions, such as OFC, DLPFC, and SMA. This means
that the regions suggested to play important roles in moral
cognition are more specialized in processing moral violation
and do not cover human morality per se.

Although self-ratings of immorality were correlated with
blameworthiness and those of morality were correlated with
praiseworthiness, empirical evidence suggests that blamewor-
thiness for immoral acts and praiseworthiness for commend-
able or cooperative acts were not symmetrical. In other words,
blameworthiness for impulsive immoral acts without deliberate

Table 1

Figure 1. Images showing brain activations in response to (4) MB — N condition
and (B) MD — N condition. (4) Significant activation in OFC is shown. () Significant
activations in MPFC and pSTS are shown.

z=-20

z=28

Figure 2. Correlations between self-ratings of (A) praisewarthiness (8] blamewor
thiness and brain activations. (4) Correlation between self-rating of praiseworthiness
and degree of activation in left OFC in MB — N contrast. (5) Correlations between
self-rating of blameworthiness and degree of activation in pSTS in MD — N contrast
Within the images, R indicates night. Numbers at bottom indicate coordinates of
Montreal Neurological Institute brain.

intention was discounted compared with deliberate immoral
acts, whereas praiseworthiness for commendable acts was not
discounted regardless of whether the positive acts were
impulsive or deliberate (Pizarro et al. 2003). This is also
common in legal culpability. This means that people tend to
link blameworthiness to intention and the process of wrong-
doing. whereas they tend to link praiseworthiness to outcomes
of positive acts regardless of deliberate intention or not.

Cerebral Cortex Page 3 of 6
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0.001) between self-rating of blameworthiness and degree of activation in pSTS.

Moral depravity produced activation in the pSTS and MPFC,
and the degree of pSTS activation was correlated with
blameworthiness. Originally, STS was knewn to be activated
by biological motions such as movement of eyes, mouth, hands,
and body (Allison et al. 2000), and it has been suggested to have
a more general function in social cognition such as detecting
behavioral information that signals the intention of others
(Gallagher and Frith 2003) and behavior of agents (Frith U and
Frith CD 2003). MPFC appears to be responsible for inferring
the cause of others’ behavior, attribution. Previous studies have
shown activation in the MPFC during judgments made on the
basis of attributional information (Amodio and Frith 2006). It is
suggested that, for the evolution and persistence of coopera-
tion, humans have evolved neurocognitive systems that
specialize in the detection of cheating and that motivate
people to blame and punish those who violate social norms
(Cosmides and Tooby 1992). Supporting this view, recent fMRI
studies reported activation in brain regions such as the pSTS
and MPFC during detection of the violation of social contracts
(Canessa et al. 2005; Fiddick et al. 2005). Considering the
functions of pSTS and MPFC, these regions might process
intention of wrongdoings and, consequently, blameworthiness
might be associated with the activation in pSTS.

The lack of activation in the pSTS and MPFC in response
to moral beauty supports psychological studies in which
people do not put a premium on the deliberate intention of
commendable acts. Instead, correlation between the subjective
ratings of praiseworthiness and the degrees of activation in the
left OFC suggests that they regard positive outcome itself
rather than intention of the act to be a main factor for
praiseworthiness because the OFC is known to be involved in
processing reward (Rolls 2006) and positive stimuli such as
pictures (Northoff et al. 2000), taste (Small et al. 2003), and
music (Blood and Zatorre 2001). It is also reported that the
OFC was associated with maternal love (Bartels and Zeki 2004;
Nitschke et al. 2004). The association between OFC activation
and self-rating of praiseworthiness could be regarded as
corresponding to Smith’s phrase “The love of praiseworthiness”
(Smith 1976).

Previous functional imaging studies have investigated the
neural correlates processing facial beauty (Aharon et al. 2001;
O’Doherty et al. 2003) or aesthetic beauty such as shapes ‘or
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arts (Kawabata and Zeki 2004; Vartanian and Goel 2004;
Jacobsen et al. 2006), and activation of reward-related sub-
cortical and limbic areas including the OFC was reported. The
connection between aesthetic judgment and moral feeling has
long been emphasized in aesthetic theory (Kant 1952). Our
finding could be interpreted in the context of aesthetic theory,
that is, the neurocognitive system processing moral beauty
might be related to that of aesthetic beauty.

We observed activation in other prefrontal areas in the left
hemisphere, such as DLPFC and SMA, although activation in
these unpredicted areas needs to be interpreted with caution.
It is still unclear whether there is 2 hemispheric specialization
in the processing of moral cognition, but it is suggested that
frontal regions in the left hemisphere are associated with
approach behavior, whereas frontal areas in the right hemi-
sphere are associated with avoidance (Davidson 1992). Pre-
vious studies reported activation in the motor area in response
to positive stimuli such as paintings, music¢, money, humor, and
concepts (Blood and Zatorre 2001; Elliott et al. 2003; Mobbs
et al. 2003; Kawabata and Zeki 2004; Cunningham et al. 2005).
Although the exact role of the motor area in such tasks is not
well known, it is suggested that the positive stimuli might
mobilize the motor system to take some action toward them.

Although domain-specific emotional response is suggested
to play a central role in moral judgments, domain-neutral rea-
soning could play certain roles as well (Haidt 2001; Greene and
Haidt 2002). In a predictable situation, context-independent
knowledge of event is processed automatically and routinely.
This domain-specific process is suggested to be mediated in the
medial and ventral prefrontal cortex. On the other hand, in
a less predictable situation, context-dependent knowledge
of event is processed with the operation of domain-neutral
reasoning, which is suggested to be mediated in the DLPFC
(Greene and Haidt 2002; Moll et al. 2005). It is also widely
argued that emotions evolved to promote quick and automatic
reaction in life-threatening situations (Fredrickson 1998).
Although these models have been well fitted for negative
emotions, quick and decisive actions are not typically required
in a situation that gives rise to positive emotions. Instead,
a wider range of thoughts or actions is required in situations
where positive emotions occur (Fredrickson 1998). The DLPFC
was reported to be recruited during evaluation of natural or



artistic aesthetic stimuli (Cela-Conde et al. 2004). Although the
exact role of the DLPFC in aesthetic evaluation remains
unclear, our results suggested that context-dependent knowl!-
edge contributes to the evaluation of moral beauty.

In conclusion, evaluation of moral excellence and moral
violation might be processed differently in the human brain.
However, any generalization of our findings needs to be
approached with caution as the social background of the
participants, such as culture, generation, religion, and educa-
tion, could affect the results. Still, our results suggest that
humans might have developed different neurocognitive sys-
tems for evaluating blameworthiness (cheaters) and praise-
worthiness (cooperators). Our finding might contribute to
a better understanding of the neural basis of human morality.

Supplementary Matrial

Supplementary table S1 can be found at: hitp://www.cercor.
oxfordjournals.org/.

Funding

Molecular Imaging Program on “Research Base for PET
Diagnosis” from the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), Japanese Government,
a Grant-in-Aid for Scientific Research from the MEXT
(15390438); a Health and Labor Sciences Research Grant for
Research on Psychiatric and Neurological Diseases and Mental
Health from the Japanese Ministry of Health, Labor and Welfare
(H19-KOKORO-004).

Notes

Conflict of Interest None declared.

Address correspondence to Hidehiko Takahashi, MD, PhD, De-
partment of Molecular Neuroimaging, National Institute of Radiological
Sciences 9-1, 4-chome, Anagawa, Inage-ku, Chiba, Japan 263-8555.
Email: hidehiko@nirs.go.jp.

References

Aharon I, Etcoff N, Ariely D, Chabris CF, O’Connor E, Breiter HC. 2001.
Beautiful faces have variable reward value: fMRI and behavioral
evidence. Neuron. 32:537-551.

Allison T, Puce A, McCarthy G. 2000. Social perception from visual cues:
role of the STS region. Trends Cogn Sci. 4:267-278.

Amodio DM, Frith CD. 2006. Meeting of minds: the medial frontal
cortex and social cognition. Nat Rev Neurosci. 7:268-277.

Axelrod R, Hamilton WD. 1981. The evolution of cooperation. Science.
211:1390-1396.

Bartels A, Zeki S. 2004. The neural correlates of maternal and romantic
love. Neuroimage. 21:1155-1166.

Blood A}, Zatorre RJ. 2001. Intensely pleasurable responses to music
correlate with activity in brain regions implicated in reward and
emotion. Proc Natl Acad Sci U § A. 98:11818-11823.

Canessa N, Gorini A, Cappa SF, Piattelli-Palmarini M, Danna M, Fazio F,
Perani D. 2005. The effect of social content on deductive reasoning:
an fMRI study. Hum Brain Mapp. 26:30-43.

Cela-Conde CJ, Marty G, Maestu F, Ortiz T, Munar E, Fernandez A,
Roca M, Rossello J, Quesney F. 2004. Activation of the prefrontal
cortex in the human visual aesthetic perception. Proc Natl Acad Sci
U S A. 101:6321-6325.

" Cosmides L, Tooby ]J. 1992. Cognitive adaptations for social exchange.
In: Barkow ], Cosmides L, Tooby ], editors. The adapted mind:

evolutionary psychology and the generation of culture. New York: -

Oxford University Press. p. 163-228.

Cunningham WA, Raye CL, Johnson MK. 2005. Neural correlates of
evaluation associated with promotion and prevention regulatory
focus. Cogn Affect Behav Neurosci. 5:202-211.

Damasio A. 2000. The feelings of what happens. New York: Basic Books.

Davidson R]. 1992. Emotion and affective style: hemispheric Substrates.
Psychol Sci. 3:39-43.

de Quervain DJ, Fischbacher U, Treyer V, Schellhammer M, Schnyder U,
Buck A, Fehr E. 2004. The neural basis of altruistic punishment.
Science. 305:1254-1258.

Elliott R, Newman JL, Longe OA, Deakin JF. 2003. Differential response
patterns in the striatum and orbitofrontal cortex to financial reward
in humans: a parametric functional magnetic resonance imaging
study. J Neurosci. 23:303-307.

Fiddick L, Spampinato MV, Grafman J. 2005. Social contracts and
precautions activate different neurological systems: an fMRI in-
vestigation of deontic reasoning. Neuroimage. 28:778-786.

Fredrickson BL. 1998. What good are positive emotions? Rev Gen
Psychol. 2:300-319.

Frith U, Frith CD. 2003. Development and neurophysiology of
mentalizing. Philos Trans R Soc Lond B Biol Sci. 358:459-473.

Gallagher HL, Frith CD. 2003. Functional imaging of ‘theory of mind’.
Trends Cogn Sci. 7:77-83.

Greene J, Haidt J. 2002. How (and where) does moral judgment work?
Trends Cogn Sci. 6:517-523.

Haidt J. 2001. The emotional dog and its rational tail: a social intuitionist
approach to moral judgment. Psycho! Rev. 108:814-834.

Haidt J. 2003a. Elevation and the positive psychology of morality. In:
Keyes CLM, Haidt J, editors. Flourishing: positive psychology and the
life well-lived. Washington DC: American Psychological Association.
p. 275-289.

Haidt J. 2003b. The moral emotions. In: Davidson R}, Scherer KR,
Goldsmith HH, editors. Handbook of affective sciences. New York:
Oxford University Press. p. 852-870.

Hume D. 1978/1739-40. A treatise of human nature. Oxford: Oxford
University Press. . .

Jacobsen T, Schubotz RI, Hofel L, Cramon DY. 2006. Brain correlates of
aesthetic judgment of beauty. Neuroimage. 29:276-285.

Kant 1.  1952/1790. The critique of judgement. Oxford: Oxford
University Press.

Kawabata H, Zeki S. 2004. Neural correlates of beauty. ] Neurophysiol.
91:1699-1705.

Luo Q, Nakic M, Wheatley T, Richell R, Martin A, Blair R]. 2006. The
neural basis of implicit moral attitude—an IAT study using event-
related fMRI. Neuroimage. 30:1449-1457.

Maldjian JA, Laurienti PJ, Kraft RA, Burdette JH. 2003. An automated
method for neuroanatomic and cytoarchitectonic atlas-based in-
terrogation of fmri data sets. Neuroimage. 19:1233-1239.

Milinski M, Semmann D, Krambeck HJ. 2002. Reputation helps solve the
‘tragedy of the commons’. Nature. 415:424-426.

Mobbs D, Greicius MD, Abdel-Azim E, Menon V, Reiss AL. 2003. Humor
modulates the mesolimbic reward centers. Neuron. 40:1041-1048.

Mobbs D, Lau HC, Jones OD, Frith CD. 2007. Law, responsibility, and the
brain. PLoS Biol. 5:¢103.

Moll J, Krueger F, Zahn R, Pardini M, de Oliveira-Souza R, Grafman J.
2006. Human fronto-mesolimbic networks guide decisions about
charitable donation. Proc Natl Acad Sci U S A. 103:15623-15628.

Moll ], Zahn R, de Oliveira-Souza R, Krueger F, Grafman J. 2005. Opinion: the
neural basis of human moral cognition. Nat Rev Neurosci. 6:799-809.

Nitschke JB, Nelson EE, Rusch BD, Fox AS, Oakes TR, Davidson R]J. 2004.
Orbitofrontal cortex tracks positive mood in mothers viewing
pictures of their newborn infants. Neuroimage. 21:583-592.

Northoff G, Richter A, Gessner M, Schlagenhauf F, Fell J, Baumgart F,
Kaulisch T, Kotter R, Stephan KE, Leschinger A, et al. 2000.
Functional dissociation between medial and lateral prefrontal
cortical spatiotemporal activation in negative and positive emotions:
a combined fMRI/MEG study. Cereb Cortex. 10:93-107.

O’Doherty J, Winston J, Critchley H, Perrett D, Burt DM, Dolan RJ. 2003.
Beauty in a smile: the role of medial orbitofrontal cortex in facial
attractiveness. Neuropsychologia. 41:147-155.

Pizarro D, Uhlmann E, Salovey P. 2003. Asymmetry in judgments of
moral blame and praise: the role of perceived metadesires. Psychol
Sci. 14:267-272.

Price ME. 2006. Monitoring, reputation and “greenbeard” reciprocity in
a Shuar work team. J Organ Behav. 27:201-219.

Cerebral Cortex Page 5 of 6



Rilling J, Gutman D, Zeh T, Pagnoni G, Berns G, Kilts C. 2002. A neural
basis for social cooperation. Neuron. 35:395-405.

Rolls ET. 2006. Brain mechanisms underlying flavour and appetite.
Philos Trans R Soc Lond B Biol Sci. 361:1123-1136.

Seligman M, Csikszentmihalyi M. 2000. Positive Psychology: an in-
troduction. Am Psychol. 55:5-14. :

Small DM, Gregory MD, Mak YE, Gitelman D, Mesulam MM, Parrish T.
2003. Dissociation of neural representation of intensity and affective
valuation in human gustation. Neuron. 39:701-711.

Page 6 of 6 Neural Correlates of Virtue Judgment - Takahashi et al.

Smith A. 1976/1759. The theory of moral sentiments. Oxford: Oxford
University Press.

Takahashi H, Yahata N, Koeda M, Matsuda T, Asai K, Okubo Y. 2004.
Brain activation associated with evaluative processes of guilt and
embarrassment: an fMRI study. Neuroimage. 23:967-974.

Vartanian O, Goel V. 2004. Neuroanatomical correlates of aesthetic
preference for paintings. Neuroreport. 15:893-897.

Wedekind C, Milinski M. 2000. Cooperation through image scoring in
humans. Science. 288:850-852.



Cerebral Cortex April 2008;18:898-903
doi:10.1093/cercor/bhm120
Advance Access publication July 17, 2007

Brain Activations during Judgments of
Positive Self-conscious Emotion and
Positive Basic Emotion: Pride and Joy

We aimed to investigate the neural correlates associated with
judgments of a positive self-conscious emotion, pride, and elucidate
the difference between pride and a basic positive emotion, joy, at
the neural basis level using functional magnetic resonance imaging.
Study of the neural basis associated with pride might contribute to
a better understanding of the pride-related behaviors observed in
neuropsychiatric disorders. Sixteen healthy volunteers were studied.
The participants read sentences expressing joy or pride contents
during the scans. Pride conditions activated the right posterior
superior temporal sulcus and left temporal pole, the regions
implicated in the neural substrate of social cognition or theory of
mind. However, against our prediction, we did not find brain
activation in the medial prefrontal cortex, a region responsible for
inferring others’ intention or self-reflection. Joy condition produced
activations in the ventral striatum and insula/operculum, the key
nodes of processing of hedonic or appetitive stimuli. Our results
support the idea that pride is a self-conscious emotion, requiring the
ability to detect the intention of others. At the same time, judgment
of pride might require less self-reflection compared with those of
negative self-conscious emotions such as guilt or embarrassment.

Keywords: medial prefrontal cortex, positive emotions, pride, superior
temporal sulcus, theory of mind, ventral striatum

Introduction

Although there have been numerous neuroimaging studies on
basic emotions (fear, disgust, happiness, and sadness) that have
led to a better understanding of the neuroanatomical correlates
of emotions (Lane et al. 1997; Phan et al. 2002), only a few
studies on complex social emotions such as guilt, embarrass-
ment, and jealousy have been reported (Shin et al. 2000; Berthoz
et al. 2002; Takahashi et al. 2004, 20006).

We previously examined brain activation associated with
negative self-conscious emotions, guilt, and embarrassment
(Takahashi et al. 2004). Self-conscious emotions are founded
in social relationship and arise from concerns about others’
evaluations of self (Eisenberg 2000; Tangney and Dearing 2002;
Haidt 2003; Kalat and Shiota 2006). In other words, one needs
the ability to represent the mental states of others, that is,
theory of mind (ToM), to recognize self-conscious emotions.
Negative evaluation of self or the behavior of self is fundamental
to guilt and embarrassment, whereas positive evaluation of self
leads to the emotion of pride. Negative self-conscious emotions
promote moral behavior and interpersonal etiquette (Eisenberg
2000; Haidt 2003). Impairment of processing these emotions
could lead to amoral, socially inappropriate behaviors observed
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in neuropsychiatric disorders (Beer et al. 2003; Miller et al
2003; Sturm et al. 2006).

Supporting the notion that self-conscious emotions involve
inferences about others’ evaluation of self (Leary 2007),
judgment of guilt and embarrassment produced activations in
the medial prefrontal cortex (MPFC), posterior superior tem-
poral sulcus (pSTS), and temporal poles (Takahashi et al. 2004;
Kalat and Shiota 2006), the regions implicated in ToM, social
cognition (Adolphs 2001; Calarge et al. 2003; Frith U and Frith
CD 2003; Gallagher and Frith 2003), and moral judgment
(Greene and Haidt 2002; Moll et al. 2005). _

In contrast, a positive self-conscious emotion, pride has been
largely unstudied by researchers. Pride refers to self-esteem, joy,
or pleasure derived from achievements. It arises when people
believe that they are responsible for desired outcomes (Leary
2007). As a self-conscious emotion, pride also drives people to
behave in moral, socially appropriate ways (Tracy and Robins
2004a). Specifically, the “achievement-oriented” form of pride
promotes prosocial behaviors, such as caregiving and achieve-
ment (Tracy and Robins 2004b). However, the hubristic form of
pride could be maladaptive, and impairment of processing pride
could be related to some psychiatric disorders. Narcissistic
personality disorder is characterized by a grandiose sense of
self-importance and lack of empathy (American Psychiatric
Association 1994). It was reported that empathy and ToM rely
on common networks, the MPFC, pSTS, and temporal poles
(Vollm et al. 2006). Therefore, the hubristic form of pride could
be regarded as a dysfunction of ToM. Affective disorder could
also be linked to impairment of the processing of pride.
Manic state is a condition with inflated self-esteem, whereas
depressive episode could be a condition with low self-esteem
(American Psychiatric Association 1994). Studying the neural
substrates associated with pride should add to the understand-
ing of the neural basis of these neuropsychiatric disorders.

We aimed to measure brain activations associated with the
judgment of pride by showing scenarios, comparing them with
brain activations associated with the primary positive emotion,
joy, using functional magnetic resonance imaging (fMRI). We
hypothesized that joy and pride conditions would show different
brain activation patterns, and specifically, that joy condition
would activate brain regions involved in hedonic processing, for
example, the ventral striatum (Mobbs et al. 2003, 2005; Britton
et al. 2006), whereas pride condition would activate the brain
regions involved in social cognition (Adolphs 2001) or ToM
(Calarge et al. 2003; Frith U and Frith CD 2003; Gallagher and
Frith 2003), for example, MPFC, pSTS, and temporal poles.



Materials and Methods

Participants

Sixteen healthy right-handed Japanese university students (8 men, mean
age 21.5 years, standard deviation [SD] = 2.2; 8 women, mean age 21.3
years, SD = 1.3) were studied. Their mean educational achievement level
was 14.4 years (SD = 1.3). They did not meet any criteria for psychiatric
disorders. None of the controls were taking alcohol or medication at the
time nor did they have a history of psychiatric disorder, significant
physical illness, head injury, neurological disorder, or alcohol or drug
dependence. All subjects underwent an MRI to rule out cerebral
anatomic abnormalities. After complete explanation of the study,
written informed consent was obtained from all subjects, and the study
was approved by the Ethics Committee.

Materials

Three types of short sentences were provided (neutral, joy, and pride).
Each sentence was written in Japanese and in the first person, past tense.
Each sentence was expected to express joy, pride, or no prominent
emotional content. We used joyful scenarios depicting hedonic,
appetitive, and survival events like eating, reproduction, and economic
behaviors because these stimuli are thought to be directly related to
“basic” positive emotional processing. For most of the pride sentences,
we used scenarios in which the protagonist was a winner of a prize or
competition as a result of achievement. In order to validate our
expected results, we conducted an initial survey. Other university
students (20 men and 20 women, mean age 22.5 years, SD = 3.3) than the
subjects participating in this fMRI study were screened. We prepared
28-32 sentences for each of 3 conditions (neutral, joy, and pride). The
described situations were rated according to how joyful or proud they
were using a 7-point analog scale (0 = none, 6 = extremely intense).

Based on the initial survey, we selected 18 sentences for each of the 3

conditions. The selected joy sentences were judged to express joy. The
mean rating of joy was 4.3 (SD = 0.5). The selected pride sentences were
judged to express pride. The mean rating of pride was 4.5 (SD = 0.3). The
neutral sentences were judged to express virtually no joy or pride. The
mean ratings of joy and pride for neutral sentences were 0.7 (SD = 0.3)
and 0.4 (SD = 0.2), respectively. Examples of the sentences are shown in
Table 1. The sentences were projected via a computer and a telephoto
lens onto a screen mounted on a head coil. The subjects were instructed
to read the sentences silently and were told to imagine that the scenario
protagonist was himself/herself. They were also told that they should
rate the sentences according to how joyful or pride instilling the

Table 1
Examples of sentences

| took a class
at the college.
| had breakfast.
| watched the Olympics on TV.
| recorded a baseball game on video tape.
| prepared for an examination.
| went to schoo! yesterday.
| watched sports news on TV.
I bought a medicine for cold.
Joy | won a lottery.
I won at gambling at a casino.
| ate my favorite cake.
| had a date with my girl/boy friend.
| had a delicious dinner.
I received a Christmas present.
| went to Hawaii with my friends.
| was gifted with a bouquet on my birthday.
Pride | was awarded a
prize for my novel.
| won the championship in a golf tournament.
| got a perfect score in mathematics.
| graduated at the head of my class.
| won the first prize in a piano contest.
| graduated from the most prestigious university.
| obtained a scholarship.
| won a prize at a scientific meeting.

Neutrat

situations were. After reading each sentence, the subjects were
instructed to press a selection button with the right index finger,
indicating that they had read and understood it. The experimental
design consisted of 6 blocks for each of the 3 conditions (neutral, joy,
and pride) interleaved with 20-s rest periods. The order of presentation
for the 3 conditions was randomized. During the rest condition,
participants viewed a crosshair pattern projected to the center of the
screen. In each 24-s block, 3 different sentences of the same emotional
class were presented for 8 s each. After the scan, the subjects read the
sentences presented during the scan, and they were asked to rate the
sentences according to how they would feel if the scenario protagonist
were himself/herself. The participants rated the intensity of joy, pride,
and other emotions (anger, sadness, fear, disgust, and shame) for each
sentence using a 7-point analog scale. '

Images Acquisition

Images were acquired with a 1.5-Tesla Signa system (General Electric,
Milwaukee, WI). Functional images of 203 volumes were acquired with
7, -weighted gradient echo planar imaging sequences sensitive to blood
oxygenation level-dependent contrast. Each volume consisted of 40
transaxial contiguous slices with a slice thickness of 3 mm to cover
almost the whole brain (flip angle, 90°; time echo [TE], 50 ms; time
repetition [TR], 4 s; matrix, 64 x 64; field of view, 24 x 24 c¢m). High-
resolution, 7;-weighted anatomic images were acquired for anatomic
comparison (124 contiguous axial slices, 3-dimensional [3D] spoiled
Grass sequence, slice thickness 1.5 mm, TE, 9 ms; TR, 22 ms; flip angle,
30°; matrix, 256 x 192; field of view, 25 x 25 cm).

Analysis of Functional Imaging Data

Data analysis was performed with statistical parametric mapping
software package (SPMO02) (Wellcome Department of Cognitive
Neurology, London, UK) running with MATLAB (Mathworks, Natick,
MA). All volumes were realigned to the first volume of each session to
correct for subject motion and were spatially normalized to the standard
space defined by the Montreal Neurological Institute template. After
normalization, all scans had a resolution of 2 x 2 x 2 mm?. Functional
images were spatially smoothed with a 3D isotropic Gaussian kernel
(full width at half maximum of 8 mm). Low-frequency noise was
removed by applying a high-pass filter (cutoff period = 192 s) to the fMRI
time series at each voxel. A temporal smoothing function was applied to
the fMRI time series to enhance the temporal signal-to-noise ratio.
Significant hemodynamic changes for each condition were examined
using the general linear model with boxcar functions convoluted with
a hemodynamic response function. Statistical parametric maps for each
contrast of the t-statistic were calculated on a voxel-by-voxel basis.

To assess the specific condition effect, we used the contrasts of joy
minus neutral (J-N), pride minus neutral (P-N), and pride minus joy
(P-)). A random effects model, which estimates the error variance for
each condition across the subjects, was implemented for group analysis.
This procedure provides a better generalization for the population from
which data are obtained. The contrast images were obtained from
single-subject analysis and entered into the group analysis. A one-sample
ttest was applied to determine group activation for each effect. To
assess common activation in P-N and J-N conditions, we conducted
a conjunction analysis of P-N and J-N contrasts at the second level. A
statistical threshold of P < 0.05 corrected for multiple comparisons
across the whole-brain was used, except for a priori hypothesized
regions, which were thresholded at P < 0.0005 uncorrected (only
clusters involving 10 or more contiguous voxels are reported). These
a priori regions of interest included the ToM-related regions (MPFC,
pSTS, and temporal poles), reward/food-related regions (striatum,
insula, and orbitofrontal cortex), and emotion-related limbic regions
(amygdalohippocampal regions and anterior cingulate cortex). We
conducted regression analyses to demonstrate a more direct link
between regional brain activities with the subjective judgments of joy
and pride. Using the mean of the ratings of joy and pride for each subject
as the covariate, regression analyses with the contrasts (J-N and P-N)
and the covariate were done at the second level (height threshold at P <
0.001, uncorrected, and extent threshold of 5 voxels). The masks of J-N
and P-N contrasts from one-sample ttest (P < 0.001) were applied to
confine the regions where significant activations were observed. Using
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the effect sizes. representing the percent signal changes, of the
contrasts (J-N and P-N) at the peak coordinates uncovered in the
regression analvses. we plotted the fMRI signal changes and ratings of

jov and pride

Results

Selfrating

The neutral sentences were judged as carrving no prominent
emotions. The mean ratings of joy and pride for necutral
sentences were, respectively, 0.7 (SD = 0.7) and 0.4 (SD = 0.4),
for joy sentences 4.9 (SD =0.7) and 1.1 (SD = 1.1). and for pride
t.1 (SD = 0.9) and 4.9 (SD = 0.0). Ratings of other emotions
(anger. sadness, fear. disgust, and shame) were virtually zero.
Although pride sentences were judged as containing joy, their
mean ratings of pride were significantly greater than those of joy
(t= 29, degrees of freedom [df] = 30, P = 0.007). The mean
ratings of joy were significantly greater for joy sentences than
for pride sentences (t=29. df = 30. P=0.007).

JMRI Result

Pride condition relative to neutral condition (P-N) produced
greater activations in the right pSTS, left temporal pole (Table 2
and Fig. 14). We did not find significant activation in the MPFC.
Joy condition relative to neutral condition (J-N) produced
greater activations in the ventral striatum including the nucleus
accumbens, anterior cingulate cortex, hippocampal regions,
and insula/operculum (Table 2 and Fig. 18). P-J condition
produced greater activations in the right pSTS (x = 42, y = -00,
z=22;1=7.39; 92 voxels). A conjunction analysis of P-N and J-N
contrasts revealed no significant activations.

Regression analyses revealed positive linear correlations
between the self-rating of pride and the degree of activation
in the pSTS (middle temporal gyrus, x = 44, ¥ = 006, z = 20
1=5.25; 14 voxels) (Figs 24 and 3A4). There were positive linear
correlations between the self-rating of joy and the degree of
activation in the ventral striatum (nucleus accumbens, x=-12,
y=2,z=-6; t= 6.26; 6 voxels) (Figs 2B and 3B).

Discussion

This study demonstrated that the brain activations during
judgments of the positive self-conscious emotion, pride,
showed different patterns from those of the basic positive
emotion, joy. Pride conditions relative to neutral condition
produced greater activity in the right pSTS and left temporal
pole, the components of neural substrates of social cognition or
ToM (Allison et al. 2000; Adolphs 2001; Frith U and Frith CD

Table 2
Brain activations m pride condition and joy condition relative to neutral condition

Brain regions /R Coordinates t-score
X [ z

Pride-neutral
pSTS R 42 66 20 430
Temporal poles L 50 20 -24 462

Joy-neutral
Ventral striatum R 4 4 6 45
Anterior cingulate cortex L -6 38 12 46
Hippocampal regions /R 32 —16 —18 4.94
Insula/operculum L/R 40 28 18 539

Note: L, left; R, right. Coordinates and t-score refer to the peak of each brain region

900 Brain Activations Associated with Pride and Joy TI'akahashi et al

2003: Gallagher and Frith 2003; Moll et al. 2005). In contrast. joy
conditions relative to neutral condition produced greater
activity in the key nodes of processing hedonic and appetitive
stimuli, the ventral striatum including the nucleus accumbens
(Breiter and Rosen 1999; Salamone et al. 2003; Cardinal and
Everitt 2004) and insula/operculum (Britton et al. 20006:
Porubska et al. 2006; Rolls 2006). In addition, regression
analyses showed that the subjective ratings of pride and joy
correlated with the degrees of activation in the pSTS and ventral
striatum, respectively.

Pride, by definition, is subsumed by basic emotion. joy (Tracy
and Robins 2004a). In fact, our behavioral rating results showed
that ratings of jov for pride sentences were high. although they
were lower for pride sentences than for joy sentences.
Therefore, it was expected that activations in the regions
related to basic emotions, for example, the ventral striatum,
might be observed. However, significant activation in such
regions was not found, and the conjunction analysis of P-N and
J-N did not find common activation in these regions, suggesting
that joy derived from pride scenarios was not high enough to
activate these regions. We used joyful scenarios containing
hedonic and appetitive events that usually motivate biological
behaviors like cating, reproduction, and economic behaviors.
The mesolimbic dopamine system from the ventral tegmental
area to the nucleus accumbens mediates the motivation to
obtain reward. In other words, dopamine systems are more
necessary for “wanting” incentives than for “liking” them
(Berridge and Robinson 1998). Motivational processes arc
important for positive emotions such as happiness and joy
(Lyubomirsky 2001). In an tMRI environment, it is difficult to
induce liking, but participants might have felt “wanting” for
reward such as money or food, leading to activation in the
ventral striatum (Breiter and Rosen 1999; Salamone et al. 2003;
Cardinal and Everitt 2004). In contrast, although pride senten-
ces were articulated as joyful, their lack of hedonic contents
might account for the lack of activation in such regions.

Figure 1. Images showing brain activation in joy and pride conditions relative to
neutral condition. (4) Pride minus neutral. Activated regions were in the right posteriar
STS and left temporal pole. (B) Joy minus neutral. Activations in the ventral striatum,
insula/operculum, and anterior cingulate were shown. Significant differences were
recognized at a height threshold {t > 4.07; P < 0.0005, uncorrected) and extent
threshald (10 voxels).



Figure 2. Correlation between brain activation and the self-ratings of pride and joy,
with height threshold (P < 0.001} and extent threshold (5 voxels). (4] There was
positive linear correlations between self-rating of pride and the degree of activation in
the pSTS. (B) There was pasitive linear carrelations between self-rating of joy and the
degree of activation in the ventral striatum. The bar shows the range of the t-score
Within the image, L indicates left. Numbers in the bottom low indicate the
z-coordinates of the Mentreal Neurological Institute brain

Furthermore, as discussed below, unfamiliarity with some
events depicted in pride scenarios might attenuate wanting
for such events.

Our previous study has shown activation in the 3 key regions
of ToM, the MPFC, pSTS, and temporal poles (Frith U and Frith
CD 2003; Gallagher and Frith 2003) during the evaluative
process of negative self-conscious emotions such as guilt and
embarrassment (Takahashi et al. 2004). In addition, a recent
clinical study reported that patients with frontotemporal lobar
degeneration had  impaired processing of negative  self-
conscious emotions (Sturm et al. 2000). Therefore, we expected
that a positive sclf-conscious emotion would also recruit these
regions. Although activations in the pSTS and temporal poles by
pride scenarios were in agreement with our prediction, in
disagreement was the lack of significant activation in the MPFC.

Although the precise roles of these 3 regions remain unclear,
it was suggested that the pSTS and temporal poles are more
concerned  with the nature of socially relevant  stimuli
(Gallagher and Frith 2003; Decety and Grezes 2000). In other

words, these regions are involved mainly in the early stage of

social cognition, initial appraisal of sociallv relevant stimuli that
support ToM ability, but not in ToM reasoning per se (Frith U
and Frith CD 2003; Gallagher and Frith 2003).

Originally, the STS was known to be activated by biological
motions such as movement of eves, mouth. hands. and body
(Allison et al. 2000), and it has been suggested to have a more
general function in social cognition such as detecting explicit
behavioral information that signals the intention of others
(Gallagher and Frith 2003) and behavior of agents (Frith U
and Frith CD 2003). The higher order association cortices
including the pSTS mature in the last stage of brain development
(Gogtay et al. 2004 ), and this might be associated with the fact
that, like all self-conscious emotions, pride emerges later in the
course of development than basic emotions like fear and jov
(Tracy and Robins 2007). In addition, impairments in recogniz-
ing self-conscious emotions have been reported in children
with autism (Capps et al. 1992; Kasari et al. 1993), in which STS
abnormalities are highly implicated (Zilbovicius et al. 2006).

Bilateral temporal poles with greater effect on the left side
have also been consistently recruited during ToM task (Calarge
etal. 2003; Frith U and Frith CD 2003; Gallagher and Frith 2003).
Although the left temporal pole contributes to the composition
of sentence meaning (Vandenberghe ¢t al. 2002), the temporal
pole activation in P-N condition cannot simply be attributed to
the use of sentences because neutral stimuli also require
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Figure 3. Plots and regression lines of correlations between self-ratings and the
degree of activation in the brain regions. (4) Paesitive correlations {r = 0.81, df = 14
P < 0.001) between self-rating of pride and the degree of activation in the pSTS. (B)
Positive linear correlations (r = 0.86, df = 14, P < 0.001) between self-rating of joy
and the degree of activation in the ventral striatum.

sentence comprehension. The temporal poles are generally
engaged in retrieving episodic memories such as emotional and
autobiographical memory (Fink et al. 1996; Dolan et al. 2000
Sugiura et al. 20006). In ToM task. the retrieval of episodic
memories enables us to understand and simulate the mental
state of others (Gallagher and Frith 2003). This role of memory
process in understanding others” mental state might result in
activation in the temporal pole in the P-N condition. Addition-
ally. a recent study has suggested that this region is involved in
storage and recall of contextual information (Mobbs ¢t al. 20006).
Because the subjects might not have direct experience of all the
pride scenarios, the activation in the temporal pole may suggest
that the subjects were reminded of contextual information of
themselves or others (e.g.. famous person) associated with pride
scenarios (Mobbs et al. 20006:; Sugiura et al. 2000).

The MPFC appears to be responsible for ToM reasoning or
mentalizing, the ability to represent others’ perspective (Frith U
and Frith CD 2003; Gallagher and Frith 2003; Amodio and Frith
2006). This ability allows us to infer the cause of others’
behavior, attribution. Previous studies have shown activation
in the MPFC during judgments made on the basis of attributional
information (Amodio and Frith 20006), and it is suggested that
the MPFC is activated when cues that have been processed in an
carly stage of social cognition are used in a particular wav, that
is, to infer the intention (Gallagher and Frith 2003: Ochsner
2004 ) and emotional state (Aichhorn et al. 2006) of others. The
lack of activation in the MPFC might stem from pride scenarios
such as used in the present study. Most pride scenarios
described situations in which the protagonist was a winner of
a prize or competition as a result of achievement. Winning
a prize or competition. by definition. is a symbol that inevitably
indicates others’ positive evaluations or judgments for one's
own achievement. Therefore, in order to detect how one is
evaluated by others in these situations. one might have less
necessity to “infer” the mental state of others by using cues that
have been processed in the early stage of social cognition.
Another explanation for the lack of significant activation in the
MPFC during judgments of pride might be possible. The
argument regarding the role of the MPFC in ToM is mainly
based on classical, explicit ToM tasks that usually used false
belief stories (Frith U and Frith CD 2003; Gallagher and Frith
2003). whereas our task was an implicit ToM task in which the
subjects were not explicitly instructed to represent the mental
state of others. and the pSTS rather than MPFC plays a more
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central role (Saxe and Kanwisher 2003). A body of psychological
studies has demonstrated that people have self-positivity biases,
tendencies to have a positive attitude toward self. People tend
to accept responsibility for desired outcomes but to attribute
negative events to external causes (Greenwald and Banaji 1995;
Leary 2007). Self-positivity biases are known to operate implic-
itly and automatically without conscious reflection (Greenwald
and Banaji 1995; Leary 2007). The MPFC is a key node of a neural
system subserving explicit reflection of self (Johnson et al.
2002). Therefore, the subjects might have judged some scenar-
ios as pride ones without elaborate self-reflection.

This study has some limitations. First, as mentioned above,
a complex self-conscious emotion could be accompanied by
basic emotion. Although we understand that it is not feasible to
assess a “pure” form of emotion, the results of regression
analysis tell us that brain activations during pride condition
could not simply be accounted for by the accompanying
emotion. Second, self-conscious emotions depend on society
and culture (Haidt 2003). The social background of participants,
such as generation, religion, and education, could be confound-
ing factors. For example, there are some empirical studies to
support the traditional view that Japanese culture is collectiv-
istic, putting a premium on social harmony, whereas Northern
American culture is individualistic, highlighting personal
achievement (Kitayama et al. 2006). At the same time, in-
dividualism is increasing in contemporary Japanese society
especially among the young generation (Cusick 2007). There-
fore, examining the effect of generations on self-conscious
emotions would be an interesting future theme, and any
generalization of our findings needs to be approached with
caution. Finally, self-conscious emotions are more difficult to
elicit in an MRI environment than basic emotions (Tracy and
Robins 2004a). For this reason, we used an emotion judgment
task, not an emotion induction task. To complement fMRI
studies, lesion studies that can assess real-life human social
behavior are recommended.

In conclusion, we investigated the neural substrates of judg-
ments of a positive self-conscious emotion and demonstrated
a difference from those of a basic positive emotion at a neural
basis level. Supporting the concept that pride could be regarded
as a member of the self-conscious emotions family, judgments of
pride produced activation in the components of neural sub-
strates implicated in social cognition or ToM. At the same time,
judgment of pride might require less self-reflection compared
with those of negative self-conscious emotions such as guilt or
embarrassment. We expect our findings regarding joy and pride
to have broad implications for the neural basis of some neuro-
psychiatric disorders such as depression or schizophrenia char-
acterized by anhedonia and narcissistic personality or affective
disorder, characterized by inappropriate pride, respectively.
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