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Background: Several recent neuroimaging studies haveParadiso et al 1997; Pardo et al 1993; Reiman et al 1997;
examined the neuroanatomical correlates of normal emoSchneider et al 1995, 1997). These studies, which have
tional states, such as happiness, sadness, fear, angeihcluded conditions of happiness, sadness, fear, anger,
anxiety, and disgust; however, no previous study hagxiety, and disgust, typically report increased activation
examined the emotional state of guilt. in limbic and paralimbic regions of the brain, especially
Methods: In the current study, we used positron emissionduring negative emotional states. These findings are con-
tomography and the script-driven imagery paradigm tOgjstent with the notion that limbic and paralimbic regions
study regional cerebral blood flow (rCBF) during the .t ihe prain mediate emotional states and the processing of
transient emotional experience of guilt in eight healthy, ¢, avion with affective significance (e.g., LeDoux
male participants. In the Guilt condition, participants 1992: Mesulam 1985). For example, George et al (1996)

recalled and imagined participating in a personal event . L
involving the most guilt they had ever experienced. In the/Sed positron emission tomography (PET) to study re-

Neutral condition, participants recalled and imagined gional cerebral blood flow (rCBF) during transient sadness
participating in an emotionally neutral personal event. and happiness in healthy males and females. In separate
Results: In the Guilt versus Neutral comparison, rCBF scanning conditions, participants recalled neutral, sad, and
increases occurred in anterior paralimbic regions of the happy events while they viewed affect-appropriate faces
brain: bilateral anterior temporal poles, anterior cingu- and attempted to experience the emotion corresponding to
late gyrus, and left anterior insular cortex/inferior frontal each facial expression. In the Sad versus Neutral compar-
gyrus. ison, participants exhibited blood flow increases in left
Conclusions: These results, along with those of previousinsular cortex, and female participants showed additional
studies, are consistent with the notion that anterior para-blood flow increases in anterior cingulate gyrus.
limbic regions of the brain mediate negative emotional Lane et al (1997b) used PET to examine rCBF during
states in healthy individuals.Biol Psychiatry 2000;48: happiness, sadness, and disgust versus neutral states in
43-50 ©2000 Society of Biological Psychiatry healthy females. In separate scans, each of these states was
induced via a film clip (Film Condition) and script-driven
Key Words: PET, emotion, anterior cingulate, insula, recall (Recall Condition). Within the Recall Condition
paralimbic, guilt only, rCBF increases during sadness occurred in insular
cortex. Within the Film Condition only, rCBF increases
. during sadness occurred in bilateral amygdala. In both
Introduction conditions combined, all three emotional states were

Sveral recent studies have examined the regions of thassociated with rCBF increases in anterior temporal poles.
rain that are activated during the induction of positive ~Gulilt is a negative emotion that has not been studied
and negative emotional states in healthy participants (e.gWith neuroimaging techniques. Usually associated with the
Chua et al 1999; Fischer et al 1996; George et al 1995pel|ef that one has harmed another person (Frijda 1994),

1996: Kimbrell et al 1999: Lane et al 1997a, 1997h:9uilt is a complex emotion, and situations that provoke
guilt may also provoke other negative emations. Further-

more, whether guilt is associated with a particular pattern
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In the current study, we used PET and the script-drivermeasured via a Coulbourn Instruments (Allentown, PA) Modular
imagery paradigm (Lang 1985; Lang et al 1983; Pitman et_nstrument System in the PET Iabqratory according to estab-
al 1987; Rauch et al 1996; Shin et al 1999) to study thdished procedures (Orr et al 1998; Pitman et al 1987, 1990).

neural correlates of transient emotional experiences of Psychophysiologic measurements were recorded for 30 sec
guilt in eight healthy male volunteers. In the script-driven before each PET scan (baseline), and for 60 sec during each PET

imagery paradigm, participants are presented with audio>can (imagery). Within the baseline and imagery periods (for

" each scan), readings were averaged. For each scan, the mean
taped desprlptlpns of personal events .and are askeq (%Iue of the baseline period was subtracted from the mean value
reca!l f’:md 'mag'ne_those e\{ents and th?'r rel_ated emotions; the imagery period, yielding “response” (i.e., change) scores.
as vividly as possible. During script-driven imagery, we
measured participants’ peripheral psychophysiologic re- sygjective rRaTINGS.  After each scan, participants rated
sponses (heart rate, skin conductance, and lateral frontalife intensity of several emotions using separate visual analog
electromyogram [EMG]), as well as rCBF. We sought toscales (Pitman et al 1987, 1990; Rauch et al 1996; Shin et al
examine rCBF changes in the Guilt condition, relative t01999; 0= absent; 10= maximal). The rated emotions included
the Neutral condition. Given the results of previous studieguilt, shame, sadness, disgust, anger, fear, surprise, happiness,
of negative emotional states in both healthy individualsgeneral arousal, competitive arousal, and sexual arousal. Partic-
and patients with psychiatric disorders (e.g., George et dpants also rated the overall valence-§ to +5) of their
1996; Lane et al 1997a, 1997b; Rauch et al 1994, 1995¥Mmotional state during each scan.

1996; Shin et al 1999), we predicted that rCBF increases

in the Guilt versus Neutral comparison would occur in State Induction/Imagery Procedure

anterior paralimbic regions of the brain (i.e., orbitofrontal poicipants underwent PET scanning in two conditions: Guilt

cortex, anterior cingulate gyrus, anterior insular cortex,one scan) and Neutral (two scans, with two different scripts).

anterior temporal poles) and amygdala. We had no specifigrarticipants also underwent scanning in three other conditions

predictions about rCBF decreases in the Guilt condition.[anger, competitive arousal, and sexual arousal] as part of a
larger study; however, those other conditions are not relevant to
the current results and are presented elsewhere; see Dougherty et

Methods and Materials al 1999; Rauch et al 1999.) During each scan, participants
o recalled and imagined the contents of a single script. The neutral
Participants scans always occurred first and last; the order of the remaining

Participants were eight healthy, right-handed (Oldfield 1971)Scans (one Guilt and three other scans not reported here) were
men with a mean age of 25.0 years (SD 4.4) and mean completely counterbalanced in a Latin Square design.
education of 15.9 years (SB 3.6). Participants had no history Immediately before each scan, participants were instructed to
of psychiatric disorders (as determined by the Structured Clinicaflose their eyes, listen carefully to the audiotaped script, and
Interview for DSM-IIIR; Spitzer et al 1990), neurological disor- imagine the described event as vividly as possible, as if they were
ders, head injury, or other major medical conditions. In addition,actually participating in the event again. The script started
no participant was taking psychotropic or cardiovascular mediflaying and the PET camera was turned on when there were 30
cation. The study was approved by the Subcommittee on Humafec left in the script. At the end of the script?O-CG,
Studies of the Massachusetts General Hospital, Boston, MA, an@dministration began. During the next 60 sec, participants con-
the Veterans Affairs Medical Center, Manchester, NH. Writtentinued to recall and imagine the event while PET and peripheral

informed consent was obtained from each participant. psychophysiologic data were acquired. THe0-CQ, adminis
tration and PET data acquisition were terminated, and partici-

. pants were instructed to stop imagining the event and to relax.
Scripts Thirty sec later, participants gave ratings of their emotional
Prior to the PET scanning session, participants provided writterexperiences during the preceding scan. PET scans were separated
descriptions of personal events: one involving the most guilt theby at least 10 min in order to allow for radiation decay and a
participant had ever experienced, and two additional eventseturn to a baseline emotional state.
involving no prominent emotion. These descriptions were then
modified according to established procedures (Lang et al 1983|;3E-|-

Pitman et al 1987, 1990; Rauch et al 1996; Shin et al 1999) and
were written in the second person, present tense. Scripts were PROCEDURES. The PET equipment and procedures have
read and tape-recorded in a neutral male voice for playback in theeen described previously (Rauch et al 1996; Shin et al 1997,

PET scanner. All scripts were between 30 and 40 sec in duratiort999). Briefly, PET data were gathered by a 15-slice, whole-
body tomograph (Scanditronix PC 4096, General Electric, Mil-

waukee). The camera produced contiguous slices 6.5 mm apatrt,

Measures with axial resolution at 6.0 mm full-width half maximum
PSYCHOPHYSIOLOGY. Participants’ heart rate, skin con- (FWHM; axial field, 97.5 mm). Images were reconstructed using

ductance, and left lateral frontalis electromyograms (EMG) werea measured attenuation correction and a Hanning-weighted
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reconstruction filter set to allow for 8-mm in-plane spatial Table 1. Subjective Ratings of Emotional State during the
resolution (FWHM). Guilt and Neutral Conditions

After entering the scanner, each participant was fitted with aﬁzating scale
thermoplastic custom-molded face mask, an overlying face mas

Guilt condition  Neutral condition p value

attached to a vacuum, and nasal cannulae which delivered th@uilt 8.8 0.0 .0001
150-CQ,. The concentration of th&0-CQ, was 2960 MBg/L; (1.4) (0.0)
the flow rate was 2 L/min. Each participant’s head was aligned’aence -39 0.8 :0001
in the scanner relative to the canthomeatal line, and transmissio'&lrousal (12'71) (10'%) 37
measurements were made using an orbiting pin source. (3_'0) (1.'2) ’

A _to_tgl of 15 mea_lsurements were made within ea_ch dat_aShame 7.4 0.0 0002
acquisition run: the first three (10 sec each) occurred immedi- (2.8) (0.0)
ately prior to*®0-CQ, administration, and the final 12 (5 sec sadness 6.6 0.0 001
each) occurred durinO-CQ, administration. After reconstrec (3.5) (0.0)
tion, measurements 4—-15 were summed to form images obisgust 6.5 0.0 .0001
cerebral blood flow. Terminal count rates were between 100,000 1.7 (0.0)
and 200,000 events/sec. Anger 4.5 0.0 .005

The PET images were corrected for interscan head movement (3-2) (0.0)
and were transformed to the standard coordinate system df¢& 26 0.0 02
Talairach and Tournoux (1988). The images were smoothed angur . (2:5) (0.0)

. . . . - . prise 2.3 0.06 .14
scaled using a two-dimensional Gaussian filter of 20-mm width (3.6) 0.2)
(FWHM). Happiness 0.0 2.3 .01
(0.0) (1.9)

DATA ANALYSIS. Statistical analysis of the PET data was Competitive arousal 0.0 0.4 .35
conducted using the SPM95 software package (Wellcome De- (0.0) 1.1
partment of Cognitive Neurology, London) which follows the Sexual arousal 0.0 0.0 —
theory of statistical parametric mapping (Friston et al 1991, (0.0) (0.0)

1995). At each voxel the PET data were normalized by the global weans of subjective ratings are reported. The rating scale-v&ago +5 for
mean and fit to a linear statistical model by the method of leastalence and 0 to+10 for all other measures. Standard deviations are given in
squares. The analysis of variance considered Scan Condition #&¢"teses-
the main effect and Participants as a block effect. Planned
contrasts at each voxel were conducted; this method fits a linear
statistical model, vox_el-by-\_/oxe_l, to the data. Hypotheses were onditions were—0.17 (SD= 3.15) and—1.57 (SD =
tested as contrasts in which linear compounds of the mode, . .
parameters were evaluated usihgtatistics. Data from both 28), respectivelyH(1,7) = 1.42,p = .27]. Mean skin
conditions (Guilt and Neutral) were used to compute the contrasfonductance response scores for the Guilt and Neutral
error term. conditions were—0.19 (SD= 0.43) and—0.11 (SD=
Regions containing foci of activation witd scores greater 0.25), respectivelyH(1,7) = .44,p = .53]. Mean EMG
than 3.09 are reported. For our a priori regions of intered, a response scores for the Guilt and Neutral conditions were
score threshold of 3.09(< .001, one-tailed, uncorrected for 0.41 (SD = 0.89) and 0.09 (SD= 0.60), respectively
multiple comparisons) was selected, because we had strong angt(1 7) = .72, p = .43].
directional a priori predictions about rCBF increases in limbic Subjective ratings of emotional state during the Guilt

and par.a"mb'c regions Of. th.e brain in the Guilt versus NeUtrala}nd Neutral conditions are presented in Table 1. Ratings of
comparison. These predictions were based on the results 0

previous neuroimaging studies of other normal emotional sta\teguIIt were S'gn'f'ca“F'}’ higher in the Guilt condition than

(e.g., George et al 1995, 1996; Lane et al 1997a, 1997b: Pardo & the Neutral conditionf(1,7) = 317.59,p = .0001].

al 1993; Reiman et al 1997). For the sake of completeness and iRatings of valence were significantly more negative in the

order to obviate bias, we also report other (nonpredicted) region&uilt condition than in the Neutral conditior-(1,7) =

that exhibited rCBF increases with scores greater than 3.09, 61.83,p = .0001], but ratings of arousal did not signifi-

although we advise the reader to use caution in interpreting thergantly differ between the two condition&(fL,7) = 0.93,

given their post-hoc nature. p = .37]. Ratings of shame, sadness, disgust, anger, and
fear were also higher in the Guilt condition than in the

Results Neutral condition; however, within the Guilt condition,
_ _ ratings of guilt were the highest of all ratings, and they
Psychophysiology and Ratings were significantly higher than ratings of all other emo-

Psychophysiologic responses were not significantly differtions, except for sadness and shame (guilt vs. sadness
ent in the Guilt condition than in the Neutral condition. [F(1,7) = 3.21,p = .12]; guilt vs. shameH(1,7) = 3.32,
Mean heart rate response scores for the Guilt and Neutrgd = .11]).
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Table 2. Regions with Blood Flow Changes in the Guilt vs.  ral poles has been reported in other studies of normal
Neutral Condition emotion (e.g., Lane et al 1997a, 1997b; Kimbrell et al

Region Z score Coordinates ~ 1999; Reiman et al 1997), as well as in studies of patients
with anxiety disorders (Rauch et al 1995, 1996; Shin et al
1999). In two previous studies of anxiety, rCBF increases

rCBF Increases
Paralimbic regions of interest

Temporal poles 4.82 +44,+4,—24 in temporal poles were attributed to extracranial artifacts
4,59 +46,+12,-28  of jaw muscle contraction (Drevets et al 1992; Benkelfat et
o e 4.40 —44,+20,-20 3| 1995); however, the temporopolar activations reported
Anterior cingulate gyrus (32) 357 #12,434424 iy the current study were clearly within brain. Although
Anterior insular cortex/ 3.69 —44,+16,-4 L . ;
inferior frontal gyrus activation in anterior temporal poles has largely been
Other regions associated with negative emotional states, at least one
Mid-cingulate 3.29 —14,-10,+44  study has reported these types of activations during film-
Cerebellum 3.25 +20,-50,=24  gn( recall-generated happiness (Lane et al 1997b). Thus,
Precentral gyrus 3.19 —32,—-14,+44 . . _—

[CBF decreases the anterior temporal poles may be involved in informa-
Posterior insular cortex 3.49 —38,-12,+12  tion processing of emotional material, possibly regardless
Visual association cortex (19) 4.42 —6, —80, +40 of valence.

Precuneus 3.63 +10,-72,+48 The cingulate gyrus is a large structure that appears to
Fusiform gyrus 3.72 —38,—-44,-12

have different functional subdivisions (Devinsky et al
1995; Vogt et al 1992, 1995). The activation reported in
For each focus of activatioiz, scores and coordinates are given. Coordinates the present study is located in a region of the anterior
are expressed in millimeters=>x 0 is right of the midsagittal plane, 0 is anterior . .
to the anterior commissure, and>z O is superior to the anterior commissure— Cingulate gyrus (approximately Brodmann area 32) that
posterior commissure plane. Numbers in parentheses immediately following regiofjag jUSt superior to the genu of the corpus callosum
names refer to approximate Brodmann areas. rCBF, regional cerebral blood flow. R R R !
approximately 24 mm above the anterior commissure—
posterior commissure (AC-PC) plane. This region may

PET Results correspond to superior portions of the affective division of

In the Guilt versus Neutral comparison, rCBF increasedhe anterior cingulate gyrus (ACad), which lies inferior to

occurred in three of our paralimbic regions of interest:the dorsal region of the anterior cingulate that is thought to
bilateral anterior temporal poles, anterior cingulate gyrusprincipally mediate cognitive processes (e.g., Bush et al
and left anterior insular cortex/inferior frontal cortex (see 1998; Pardo et al 1990; see Vogt et al 1992, 1995), and
Table 2 and Figure 1). No rCBF increases (or decrease$uperior to the portion of the anterior cingulate that is
were observed in amygdala. rCBF increases occurred ifhought to mediate visceral functions (Vogt et al 1992,
the following other areas: mid-cingulate gyrus, cerebel-1995). Activations in this vicinity (roughly 10-24 mm

lum, and left precentral gyrus. rCBF decreases occurred iabove the AC-PC plane) have also been reported in
left posterior insular cortex, visual association cortex, rightstudies involving procaine-induced fear (Ketter et al 1996;

precuneus, left fusiform gyrus, and right precentral gyrusServan-Schreiber et al 1998), the recollection of traumatic
events in trauma-exposed healthy individuals (Shin et al

1999), the performance of the emotional Stroop task
(Whalen et al 1998a), the prediction of treatment response
Relative to the Neutral condition, the Guilt condition was in depression (Mayberg et al 1997), and symptom provo-
associated with rCBF increases in three of our paralimbigation in patients with obsessive-compulsive disorder
regions of interest: bilateral anterior temporal poles, ante{Rauch et al 1994).
rior cingulate gyrus, and left anterior insular cortex/ Inthe current study, the Guilt condition was associated
inferior frontal cortex. rCBF decreases occurred in morewith rCBF increases in anterior insular cortex/inferior
posterior portions of left insular cortex. These findings arefrontal gyrus and rCBF decreases in more posterior re-
generally consistent with those of previous studies ofgions of insular cortex. Anterior and posterior portions of
normal emotional states. insular cortex appear to differ considerably in terms of
Studies of nonhuman primates have revealed directellular organization, connections with other brain re-
connections from anterior temporal poles to the amygdalagions, and function (Mesulam and Mufson 1982a, 1982b;
(Aggleton et al 1980). In addition, electrical stimulation of Mufson and Mesulam 1982). Anterior insular cortex
anterior temporal poles can elicit autonomic responses igontains agranular and dysgranular cells, shares extensive
monkeys and cats (Anand and Dua 1956; Kaada et atonnections with other anterior paralimbic regions and the
1949) and reports of fear and nervousness in humanamygdala (Aggleton et al 1980), and is involved in
(Mullan and Penfield 1959). Activation in anterior tempo- olfactory, gustatory, and autonomic function (Mesulam

Precentral gyrus 3.17 +52,-8, +12

Discussion



PET Study of Guilt BIOL PSYCHIATRY 47
2000;48:43-50

Figure 1. Regional cerebral blood flow increases in the Guilt versus Neutral comparison were obséhyexhterior temporal poles
(horizontal view),(B) anterior cingulate gyrus (sagittal view), a(@@) left anterior insular cortex/inferior frontal gyrus (sagittal view).

and Mufson 1982b; Small et al 1999). Electrical stimula-blood flow toward more anterior regions of insular cortex
tion of anterior insular cortex is associated with reports ofduring a negative emotional state.

fear in humans (Mullan and Penfield 1959), and activation No activation occurred in the amygdala or orbitofrontal
of anterior insular cortex has occurred during symptomcortex during the Guilt condition in this study. Indeed, the
provocation in patients with phobias (Rauch et al 1995)amygdala may be more involved in fear and the processing
the recollection of negative events in healthy individualsof fear-related stimuli (e.g., LaBar et al 1998; Morris et al
(George et al 1996; Shin et al 1999), procaine-induced feat996; Rauch et al 1996; Whalen et al 1998b). In addition,
(Ketter et al 1996; Servan-Schreiber et al 1998), thean healthy individuals, the amygdala may be more respon-
perception of facial expressions of disgust (Phillips et alsive during conditions involving the perception of emo-
1997), imagery of aversive stimuli (Kosslyn et al 1996), tional stimuli than the recollection and imagery of those
and aversive gustatory stimulation (Zald et al 1998). Instimuli (Reiman et al 1997; Whalen 1998). Furthermore,
contrast, posterior insular cortex contains granular cellsthe limited spatial and temporal resolution of PET may
shares connections with superior temporal, parietal, prehave hindered our ability to detect activation in the
motor, and somatosensory cortex, and is involved in thamygdala. The absence of activation in orbitofrontal
processing of auditory and somatosensory informatiorcortex in this study was somewhat surprising, given
(Coghill et al 1994; Francis et al 1999; Mesulam andprevious reports of orbitofrontal activation during negative
Mufson 1982a, 1982b; Mufson and Mesulam 1982;emotional states in healthy humans (e.g., Fischer et al
Schneider et al 1993). Activation in anterior insular cortex1996; Paradiso et al 1997; Pardo et al 1993; Zald et al
during the emotional state of guilt is consistent with theory1998).

and data regarding the role that this region may play in the Possible limitations of this study include the modest
processing of emotional information. Deactivation in moresample size, the lack of behavioral measures, and the
posterior regions of insular cortex during the Guilt condi- dependence on self-report data. In addition, one might
tion was unexpected, but could reflect a reallocation ofargue that the absence of significant peripheral psycho-
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physiologic changes between the Guilt and Neutral con- CCK,-induced anxiety in normal healthy volunteersm J
ditions was a limitation. To our knowledge, however, there ~ Psychiatry152:1180-1184. .
is no evidence that the emotional state of guilt is accomBerrios GE, Bulbena A, Bakshi N, Dening TR, Jenaway A,

; Markar H, et al (1992): Feelings of guilt in major depression:
panied by such changes. Fu.rt-hermore, although grefat care Conceptual and psychometric aspe@s.J Psychiatry160:
was taken to match the conditions as closely as possible on 7g;_7g7

a number of different ygriables (such as script_length,Bush G, Whalen PJ, Rosen BR, Jenike MA, Mclnemey SC,
tense, voice), the conditions may have differed in more Rauch SL (1998): The Counting Stroop: An interference task
subtle ways. For example, although the Guilt condition specialized for functional neuroimaging—validation study
was indeed marked by high subjective ratings of guilt, it  Wwith functional MRI.Hum Brain Map6:270-282.

was also accompanied by moderate ratings of relate§hua P, Krams M, Toni |, Passingham R, Dolan R (1999): A
emotions, especially shame and sadness. Anxiety, which g{ggts'og%'l anatomy of anticipatory anxietNeuroimage
has been associated with paralimbic activation (e.g., Chua "~~~ '

. L . oghill RC, Talbot JD, Evans AC, Meyer E, Gjedde A, Bushnell
etal 1999; Cottraux et al 1996; Kimbrell et al 1999; Rauch MC, et al (1994): Distributed processing of pain and vibration

et al 1994, 1995, 1996; Shin et al 1997, 1999), also may by the human brainJ Neurosci14:4095—4108.

have occurred in the Guilt condition, although the lack of cottraux J. Geard D, Cinotti L, Froment J-C, Deiber M-P, Le
peripheral psychophysiologic changes during the Guilt Bars D, et al (1996): A controlled positron emission tomog-
condition may not be consistent with this possibility. In  raphy study of obsessive and neutral auditory stimulation in
short, activations in the Guilt versus Neutral comparison ©obsessive-compulsive disorder with checking ritublsychi-
may have reflected changes in other related emotions as ?trykRegeo;\jm_ﬁll\zﬂ'J Voat BA (1995): Contribui "
yvell. Finally, PET StUdie.S in gen.eral. are limited by. errors e\zlilr?tser?/or c’inglcj)lrarfe cort’ex ?ogtbehav(iomBra)ih 122?2752?3%56.0

in precise neuroanatomical localization that can arise fronbo

. . - . herty DD, Shin LM, Alpert NM, Pitman RK, Orr SP, Lasko
constraints set by the spatial resolution of PET, unavoid- K,? ot g, (1999)': Anger i'?, healthy 'men: A PET study using

able head movement, or stereotaxic transformation. In  script-driven imageryBiol Psychiatry46:466—472.
addition, normalizing whole-brain blood flow prevented prevets WC, Videen TO, MacLeod AK, Haller JW, Raichle ME
us from detecting any absolute blood flow changes be- (1992): PET images of blood flow changes during anxiety:
tween conditions. Correction.Science256:1696.

In conclusion, the Guilt condition was associated withFischer H, Wik G, Fredrikson M (1996): Functional neuroanat-
rCBF increases in bilateral anterior temporal poles, ante- OMY Of robbery re-experience: Affective memories studied

. . . . with PET. Neuroreport7:2081-2086.
rior cingulate gyrus, and left anterior insular cortex/

. . . Francis S, Rolls ET, Bowtell R, McGlone F, O’Doherty J,
inferior frontal cortex and rCBF decreases in more poste- Browning A, et al (1999): The representation of pleasant

rior porFio_nS of Ieﬁ insular cortex. The r.esults of this and  touch in the brain and its relationship with taste and olfactory
other similar studies are consistent with the notion that areasNeuroreport10:453—459.

anterior paralimbic regions of the brain mediate negativerrijda NH (1994): Universal antecedents exist, and are interest-
emotional states in healthy individuals and are involved in ing. In: Ekman P, Davidson RJ, editor§he Nature of
the processing of information with affective significance. ~ Emotion: Fundamental Questionslew York: Oxford Uni-
versity Press, 155-162.
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