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Hemispheric  specialization  in  affective  response  seems  to  be related  to language  processing  and  motor  preference.
Lateralization  in allocortical  limbic  areas  shows  specificity  for emotion  valence.
Left  amygdala  activation  is preeminent  depending  on  emotional  salience.
Lateralization  in  mood  regulation  is defined  better  in  right-handed  than  in  non  right-handed  persons.
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a  b  s  t  r  a  c  t

Hemispheric  specialization  in affective  responses  has received  little  attention  in the  literature.  This  is
a  fundamental  variable  to understand  circuit  dynamics  of networks  subserving  emotion.  In this study
we  put  to  test  a modified  “valence”  hypothesis  of  emotion  processing,  considering  that  sadness  and
happiness  are  processed  by  each  hemisphere  in relation  to  dominance  for  language  and  handedness.
Mood  induction  and  language  activation  during  functional  magnetic  resonance  imaging  (fMRI)  were
used  in  20  right-handed  and  20 nonright-handed  subjects,  focusing  on  interconnected  regions  known
to  play  critical  roles  in  affective  responses:  subgenual  cingulate  cortex,  amygdala,  and  anterior  insu-
lar cortex.  We  observed  a consistent  relationship  between  lateralization  of  affective  processing,  motor
dexterity,  and language  in individuals  with  clear  right-handedness.  Sadness  induces  a greater  activa-
tion  of right-hemisphere  cortical  structures  in  right-handed,  left-dominant  individuals,  which  is  not
evident  in  nonright-handed  subjects  who  show  no consistent  hemispheric  dominance  for  language.  In
anterior  insula,  right-handed  individuals  displayed  reciprocal  activation  of  either  hemisphere  depend-

ing  upon  mood  valence,  whereas  amygdala  activation  was  predominantly  left-sided  regardless  of mood
valence.  Nonright-handed  indi
regardless  of language  and  mo
processing  lateralization,  hemi
specific  to  the  brain  structure  
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viduals  exhibited  less  consistent  brain  lateralization  of affective  processing

tor  dexterity  lateralization.  In contrast  with  traditional  views  on  emotion
spheric  specialization  in  affective  responses  is not  a  unitary  process  but  is

being  activated.
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. Introduction

Lateralization of brain functions is ubiquitous in vertebrates
1,2] contradicting the long-held belief that only Homo sapiens
isplay significant hemispheric asymmetry [3]. This view was
robably based on the fact that structural and functional asym-
etry in the brain was initially defined for language-related areas

3–5]. With the discovery that brain functions other than language
isplay lateralization in different species, e.g. singing [6] and visual
pecialization [7] in different avian species, a series of theories
ventually emerged in relation to hemispheric specialization
f different functions, including emotion processing. Two  main
heories evolved in relation to lateralization of emotion processing
n the human brain. The “right hemisphere” hypothesis postu-
ates that the right hemisphere is the main responsible for the
rocessing of emotion, regardless of its positive or negative nature
8]. The “valence” theory [9] proposes that lateralization depends
n the type of emotion; in this view, happiness and other affiliative
motions are processed predominantly by the left hemisphere
nd sadness is processed by the right hemisphere. In the present
tudy we put to test a modified “valence” hypothesis of emotion
rocessing lateralization, considering dominance for language and
andedness rather than the actual side of the brain, in subjects
ith evidence for varying degrees of brain lateralization (i.e.,

ight- and nonright-handed); such hypothesis considers motor
reference, language, and emotion processing part of a general
emispheric specialization phenomenon.

To test this hypothesis, we used paradigms of affective response
nd language activation during functional magnetic resonance
maging (fMRI) in right- and nonright-handed persons. Although

e set out to explore whole-brain effects of induced sadness and
appiness, we also focused on interconnected regions previously
hown to play critical roles in emotion regulation, namely, sub-
enual cingulate cortex, amygdala, and anterior insular cortex. The
ircuit connecting subgenual cingulum and amygdala is involved
n emotional processing and social abilities in healthy conditions
10–12] and in major depression [13] leading to the hypothesis that
ariation in amygdala-subgenual cingulate circuitry is the origin of
motional and social deficits characteristic of it [13,14]. The amyg-
ala is also pivotal in circuits modulating anxiety and fear [15,16].

n turn, insular cortex has been posited to be critical in the regula-
ion of visceral activity, which is linked to emotional behavior, and
n psychosis [17]. Thus, we used those areas as hypothesis-driven
egions of interest (ROIs) in the present study.

. Materials and methods

.1. Participants

All participants were assessed at the Cognitive Neurology Sec-
ion and the Psychiatry Department at FLENI Hospital, Buenos Aires.

 total of 20 right-handed subjects (11 females, age 25.9 ± 5.6 years)
nd 20 non-right handed subjects (12 females, age 29.2 ± 9.7 years)
articipated in this study. Subjects were volunteers who did not
eceive financial compensation. Participants had no lifetime DSM-
V-TR diagnoses, and no first-degree relatives with schizophrenia,
ipolar disorder, or depression as per their report. Participants were
ree from medications and chronic medical disorders including dia-
etes, major neurological and cardiovascular disorders per their
elf-report. They provided written informed consent as approved
y the local bioethics committee, and in accordance with the ethical
tandards set by the 1964 Declaration of Helsinki.
.2. Affective response measures

Subjects were also assessed for depression symptom severity
ith the Hamilton Depression Rating Scale [18] and for anxiety
in Research 288 (2015) 11–19

symptom severity with the Hamilton Anxiety Rating Scale [19]
prior to fMRI scanning.

2.3. fMRI stimuli

FACES: subjects participated in a standardized affective
response procedure, described in greater detail elsewhere [20].
fMRI data were acquired for two different affective conditions
(happiness and sadness). Briefly, preceding the experimental con-
ditions, subjects were shown a single slide with instruction on the
task. Participants were told in Spanish: “During this task, I would
like you to try to become happy [or sad] helping yourself with the
faces showing such emotion”. Subjects viewed the stimuli at their
own  pace and moved on to the next face with the aid of a response
device by pressing two  buttons simultaneously with the 2nd and
3rd fingers of the right hand. The mean time the subject spent look-
ing at each picture in each condition was  registered as “time to
induce emotion”.

In a debriefing session immediately after scanning, they were
asked to complete self-assessment manikins (SAM) [21] on both
arousal and valence associated with sad and happy faces. The SAM
is a non-verbal pictorial assessment technique which can directly
measure valence and arousal associated with a person’s affective
reaction to a wide variety of stimuli. It is later scored in a 9 point
scale. Higher values for valence (picture of a smiling manikin) indi-
cate happy affective reactions for a specific set of stimulus, whereas
lower scores indicate sad reactions to them. Paired samples t test
was used to compare valence of emotion induction for sad and
happy stimulus in each group.

2.3.1. Block design of the affective response paradigm
Experimental design consisted of 2 sessions, one for sad

responses and one for happy responses. Each session consisted of 3
blocks of task condition (sad [happy] faces) alternated with 3 blocks
of baseline (fixation cross) of 60 s each block.

LANGUAGE: we used a category fluency paradigm to ascertain
activation of language areas in individual participants. Subjects
were shown a certain category in the screen (e.g., countries, colors,
body parts) and asked to mention as many items in the category as
possible. The paradigm consisted of 7 blocks of 30 s category flu-
ency task alternating with 7 blocks of 20 s rest, for a total duration
of approximately 6 min.

2.4. fMRI data acquisition

MRI  data were acquired on a 3 T GE HDx scanner with an 8
channel head coil. Change in blood-oxygenation–level-dependent
(BOLD) T2* signal was  measured using a gradient echo-planar imag-
ing (EPI) sequence. Thirty contiguous slices were obtained in the
AC-PC plane (TR: 2 s, TE: 30 ms,  flip angle: 90◦, FOV: 24 cm, 64 × 64
pixels per inch matrix, voxel size = 3.75 × 3.75 × 4). A structural MRI
was acquired with the T1-weighted 3D fast SPGR-IR sequence (120
slices, 1.2-mm thick slices, TR = 6.604 ms,  TE = 2.796 ms, flip angle
15◦, FOV 24 cm,  256 × 256 matrix). FACES and LANGUAGE sessions
each consisted of 175 volumes.

2.5. Statistical analysis

2.5.1. Analysis of demographic and behavioral data
Continuous variables in Table 1 were compared by means of
independent samples t-test. For comparison of discrete variables,
the Chi Square test was  used. In all cases, tests applied were two
tailed and significance was assumed at  ̨ < 0.05. All statistical anal-
ysis was  performed with the SPSS version 13.0 software (SPSS Inc.).
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Table  1
Demographic characteristics.

Right- handed (n = 20) Nonright-handed (n = 18) P

Edinburgh Handedness Scale 14.7 ± 4.0 40.1 ± 5.9 0.001
Women, n (%) 11 (55) 12 (66.7) 0.463
Age  (years) 25.9 ± 5.5 29.2 ± 9.7 0.212
Education (years) 17.3 ± 3.0 15.8 ± 3.5 0.159
Smoker, n (%) 4 (20) 3 (16.7) 0.791
EQ5D  83.5 ± 5.8 78.1 ± 10.0 0.063
HAM-D 2.0 ± 2.3 4.1 ± 4.2 0.054
HAM-A 2.8 (3.3) 5.0 (5.9) 0.182
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.6. fMRI analysis

.6.1. Image processing
Image processing was carried out using SPM 5 (Wellcome

epartment of Cognitive Neurology, London, UK) implemented in
ATLAB (Mathworks Inc., Sherborn, MA,  USA). Slice-timing cor-

ection was applied to each volume. The imaging time series was
ealigned to the first volume and spatially normalized to the stereo-
actic space of Talairach and Tournoux (1988) using Montreal
eurological Institute reference brain [22]. The normalized vol-
mes of 2 × 2 × 2 mm3 were spatially smoothed by an isotropic
aussian kernel of 8 mm at full width half-maximum [23].

.6.2. Image statistical analysis
Individual analysis was computed using the general linear

odel including the experimental conditions (happiness and sad-
ess induction) and the baseline condition. The design matrix
lso included correction for head movements as regressors of
o interest. The effects were modeled using a canonical hemo-
ynamic response function convolved with a boxcar to create
egressors of interest. Linear contrasts: HAPPINESS > REST and SAD-
ESS > REST were evaluated for each subject. The same analysis
as performed for the language task evaluating the linear contrast:

ANGUAGE > REST.
The individual contrast images of affective induction task were

ubjected to a random effect analysis to see the effect of each
ondition (happiness and sadness) for both groups (right and
onright-handed). For this operation we used a statistical threshold

 < 0.05 FWE  corrected.

.6.3. ROI selection
Based on previous works [24,25] we selected three pairs of areas

eft/right amygdala, left/right subgenual cingulate, and left/right
nterior insula. The ROIs of amygdala and insula were defined
sing the Automated Anatomical Labeling (AAL) normalized atlas
26] data base. For the subgenual cingulate’s ROIs (BA25) we built
pheres of 7 mm  of radius centered at (−7, 30, −4) and (7, 30, −4)
sing the MarsBar toolbox.

.7. Laterality index

.7.1. Language laterality index
A hemispherical language laterality index (LLI) was  calculated

or each subject, following hemispherical language lateraliza-
ion fMRI criteria [27–29]. The number of suprathreshold active
oxels in a specific region were weighted with the normalized
ean intensity. The number of activated voxels above threshold

 = 0.001 and their normalized mean intensity in each hemisphere

as calculated. Laterality index was calculated by the formula

VR × IR−VL × IL)/(VR × IR + VL × IL), where VL and VR stand for the
umber of voxels activated above the selected threshold in the

eft and right hemisphere, respectively, and IR and IL stand for the
test (numeric variables) or chi-square test (categoric variables). HAM-D: Hamilton

normalized mean intensity of the voxels above threshold in the
left and right hemisphere, respectively. A positive value of the LLI
refers to right hemispheric dominance and a negative value refers
to left hemispheric dominance. LLI = 1 indicated exclusively right
and LLI = −1 exclusively left hemispheric activation. One sample t
test against the null hypothesis of no lateralization (LLI = 0) was
used in order to evaluate language lateralization in each group.

2.7.2. Emotion laterality index
Emotion laterality index (ELI) was  calculated within the above

defined ROIs. In this case we obtained the percentage signal change
of the beta values within each ROI. The laterality index was calcu-
lated by the formula (MBR-MBL), where MB  stands for the mean
beta value and R and L stand for right and left of each pairs of ROIs.
A positive value of the ELI refers to more right side activity and a
negative value refers to more left side activity.

2.8. Statistical analysis of fMRI results

Correlations of continuous variables were performed by means
of Pearson’s correlation test. For comparison of right handed and
non-right handed individuals’ activation of selected bilateral ROIs
in each emotional condition, two tailed independent samples t-test
was applied.

3. Results

Table 1 shows the characteristics of the sample of right- and
nonright-handed subjects. Two nonright-handed individuals were
excluded due to excessive head motion in the scanner. All par-
ticipants were Spanish-speaking native Argentines of Caucasian
ethnicity. Measures of anxiety and depression, as well as qual-
ity of life, were similar in both groups, although nonright-handed
subjects displayed a nonsignificant tendency to greater anxiety
symptoms and worse quality of life (Table 1). As expected, the two
samples differed strongly in their Edinburgh Handedness Inventory
score (Table 1).

LLI was  below zero in right-handed individuals (mean −0.24,
SD: 0.30, p < 0.005), confirming left hemisphere dominance for lan-
guage in this group. In nonright-handed subjects there was a non
significant trend in the same direction (mean −0.16, SD: 0.32,
p = 0.052), suggesting variable language lateralization in this group.

Table 2 shows valence and arousal ratings assigned by partici-
pants to emotional status evoked by sad and happy faces. Values
of valence and arousal did not differ among groups in either
condition (Table 2). As expected, valence ratings differed signifi-
cantly between happy and sad faces in both groups (p < 0.005 for
right-handed, and p < 0.001 for nonright-handed), suggesting an

adequate level of affective responses to both sad and happy faces.
Both subject groups were similar in regards to how much time they
spent looking at each face in each set of emotional stimulus while
attempting to develop the picture’s affect (Table 2).
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Table 2
Emotion induction parameters in the fMRI session.

Right- handed (n = 20) Nonright-handed (n = 18) p

Time to induce emotion
Sad faces 8.0 ± 5.8 7.4 ± 5.7 0.192
Happy faces 4.8 ± 3.4 5.4 ± 4.1 0.489
SAM (valence)
Sadness 4.6 ± 1.8 3.9 ± 1.0 0.169
Happiness 6.5 ± 1.1 6.8 ± 1.2 0.434
SAM (arousal)
Sadness 3.4 ± 2.1 3.4 ± 1.6 0.883
Happiness 3.3 ± 2.5 3.6 ± 2.6 0.767

S
M

r
s
o
i
r
c
n
g

o
t
(
n
a
i
a
o
(
n
n
A
a
b
t
p
r
m
m

F
i
s
s

hown are mean ± SD, p value for independent samples t test. SAM: Self-assessment
anikin (debriefing after fMRI session).

Fig. 1 depicts areas of brain activation during induced sadness in
ight- (A) and nonright-handed (B) individuals. Right-handed per-
ons display specific activation in right anterior insula and frontal
perculum, as well as midline diencephalic activation which locates
n the hypothalamus (Fig. 1A). Nonright-handed persons as a group
evealed bilateral activation in the same allocortical regions, espe-
ially anterior insula (Fig. 1B). Changes associated to happiness did
ot evoke consistent activation in circumscribed areas in either
roup at the p < 0.05 corrected threshold (not shown).

Fig. 2 shows the individual relationships between lateralization
f brain activity induced by a category fluency task and lateraliza-
ion of response in the amygdalae (top panels), subgenual cinguli
middle panels), or insulae (bottom panels) induced by either sad-
ess (left panels) or happiness (right panels), in right- (dark circles)
nd nonright-handed (blank circles) participants. We  observed an
nverse relationship between language lateralization and later-
lization of the brain response induced by sadness at the level
f the amygdalae (Fig. 2, top left panel) and subgenual cinguli
Fig. 2, middle left panel), which attained significance in right- and
onright-handed participants respectively. This relationship was
ot observed in insula in either group (Fig. 2, bottom left panel).
s shown in Fig. 2, middle right panel, induction of happiness is
ssociated, in right-handed individuals, with a positive correlation
etween lateralization of language and lateralization of activity at
he subgenual cinguli, not observed in nonright-handed partici-

ants, nor in the amygdala (Fig. 2, top right panel). The opposite
elationship is seen in the anterior insula in the same group (i.e.
ore intense right activation during happiness when language is
ore left lateralized; Fig. 2, bottom panel).

ig. 1. Brain activation associated to the induction of sadness in right-handed (A panels
nsula,  frontal operculum, and hypothalamus. In right-handed persons, cortical activation
ubjects, cortical activation tends to be bilateral. Coordinates displayed are x = 50, y = 20, 

ee  the text for details.
in Research 288 (2015) 11–19

Fig. 3 describes the relationship between lateralization of
emotions of opposite valence at the amygdalae (top panel), sub-
genual cinguli (middle panel), and anterior insulae (bottom panel).
In right-handed, left-dominant individuals, amygdala activation
occurs with a similar lateralization pattern regardless of affective
valence (top panel). At the insula in right-handed individuals, sad-
ness and happiness evoke opposite lateralization responses, such
that greater right lateralization of insula response during sadness
correlates with greater left lateralization of insula response dur-
ing happiness (bottom panel). We  did not observe this relationship
in nonright-handed persons, or in either group at the subgenual
cinguli (Fig. 3, middle panel).

4. Discussion

To our knowledge the present study is the first report on the
relationship between hemisphere specialization in the processing
of emotion of opposite valence and hemispheric specialization in
language processing, (i.e. a brain function long known to be lateral-
ized in most individuals) in healthy persons with variable motor
preference. Our results indicate that lateralization of emotion
depends on the cerebral structure being studied, not confirming
the “valence” and “right-hemisphere” hypotheses of emotion lat-
eralization. Specifically, in persons with clear right limb preference
(and left dominance for language), amygdala responses tend to
show left lateralization regardless of emotion valence, whereas in
anterior insula, a phylogenetically archaic allocortical structure,
there is a right hemispheric activation dominance during sad-
ness, with a contralateral dominance related to happiness. Among
nonright-handed healthy individuals, this well-known relative lack
of lateralization in motor function and language, is associated to
a lack of lateralization in processing of affective responses. We
found, however, evidence for an inverse relationship of cerebral
dominance for language and subgenual cingulate activation dur-
ing sadness in this group, which is similar to the finding relating
language and activation of anterior insula during sadness in right
handers, pointing to the presence of emotion lateralization in the
former as well, although less clear than that of right-handed per-
sons.
The present results indicate, therefore, that neither of the preva-
lent hypotheses on lateralization of emotion processing, namely the
“right hemisphere” and the “valence” theories, can account for the
complex brain regulation of affective responses. Instead, we  found

) and nonright-handed (B panels) individuals. Activation occurs mainly at anterior
 predominates in the right hemisphere, whereas in the sample of nonright-handed
z = 8, in the MNI system. Sagital planes correspond to the right hemisphere. Please
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ig. 2. Relationship of lateralization of language and lateralization of emotion at 

nterior insula. Please see the text for details.

vidence that handedness reflects qualitatively diverse modes of
ateralization of the adult brain. To our knowledge, this is the first
bservation on a relationship between cerebral dominance and lat-
ralization of emotion processing in a sample that includes right-
nd nonright-handed individuals, who exhibit varying patterns of

rain lateralization.

Our results are in agreement with previous observations ascrib-
ng a preeminence of the right hemisphere in the processing of
egative affective responses in right handed individuals [9], but
hypothesis-driven regions of interest: amygdala, subgenual cingulate cortex, and

restricted to certain structures only. The results also suggest that
emotion processing in the brain displays asymmetries which are
in part related to cerebral dominance and handedness. Specifically,
healthy persons with varying handedness and cerebral dominance
display peculiarities in the relationship between language lateral-

ization and asymmetry of emotion processing, especially in relation
to cortical vs. subcortical structures such as cingular cortex and
amygdala. Thus the traditional “valence” hypothesis seems applica-
ble mainly to right-handed persons and certain cortical structures,
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Fig. 3. Relationship of lateralization of emotions of opposite 

specially anterior insula, which has been repeatedly associated
ith right > left activation during sadness [30]. As reviewed below,

his might be related to the role of insula as a “map” of visceral

ensory phenomena, considered the bodily correlate of emotional
tates. In contrast, activation is greater in the left amygdala in
ither sadness or happiness, probably reflecting a role of this struc-
ure in the processing of emotional arousal and salience [31]. We
e at the same ROIs as in Fig. 2. Please see the text for details.

replicated the observation of Knecht and colleagues (2000) [32]
on a direct relationship between handedness and hemispheric
dominance, especially in nonright-handed persons, which suggests

these are related rather than co-occurring phenomena.

Available previous evidence for a lateralization of function rel-
evant to social behavior in non human primates suggests that the
present findings on a relationship in the lateralization of diverse
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unctions are probably not species-specific. We  are aware of at least
wo communications in marmoset subspecies which suggest hemi-
pheric specialization of emotional and social parameters [33,34].
ook-Costigan and Rogers observed a right hemispheric preference

or negative emotional vocalization, and a contralateral specializa-
ion for affiliative interaction [33]. de Souza-Silva et al. reported a
ateralization of monoamine content in different limbic structures,
elated to a series of social behavior of either positive or nega-
ive connotation [34]. On the other hand, Leroy et al. [35] have
ecently reported a single structural lateralized characteristic of
he human brain which is not present in chimpanzees, namely the
symmetric (right greater than left) depth of the superior temporal
ulcus. Interestingly, this asymmetric pattern is maintained in most
ested subjects regardless their lateralization of brain function, in
oth normal (i.e., variable handedness, dominance for language,
evelopmental stage) and pathological conditions (i.e., autism and
neuploidies). Only sex affects the degree of superior temporal sul-
us depth asymmetry, and the authors propose this might simply
epresent a different brain size in males and females [35]. Alterna-
ively, a sexual chromosome-linked gene may  explain this finding,
s discussed below [48].

.1. Lateralization of affective responses related to lateralization
f autonomic nervous system

A possible explanation for our findings is that emotion lat-
ralization is simply an aspect of lateralization of motor output
including its sensory control), in this case motor autonomic out-
ut/interoception instead of motor somatic output/proprioception.

n this regard, there is recent evidence favoring lateralization in
he control of abnormal visceral sensation in the context of mood
ysregulation. For example, Coen et al. (2009) [36] have described
he patterns of brain activation during the processing of painful
nd non-painful visceral stimuli (esophageal distention) in dif-
erent affective states. Evidence for a dominant role of the right
emisphere cortex in the bodily correlates of negative affective
esponses was obtained that specifically involves the right anterior
ingulate (Brodmann’s areas 24 and 32), right anterior insula and
nferior frontal gyrus [36]. Gut sensations evoking increased heart
ate, low-frequency/high-frequency (LF/HF) heart rate variability
atio and plasma epinephrine, an autonomic pattern character-
stically associated with depression [37–40], are associated with
ncreased activation of right insula, right orbitofrontal cortex, and
ight parahippocampal gyrus, as well as subcortical and brainstem
tructures [41]. Induction of negative affective responses has been
ssociated with hyperactivity of right insula and prefrontal cortical
tructures in healthy volunteers as well [30]. Craig has summa-
ized evidence explaining the lateralization of emotion processing
nd suggested that the right insular cortex might be the princi-
al CNS structure responsible for sentience and self-consciousness
42,43]. He proposed that prosencephalic emotional asymmetry in
urn reflects an asymmetrical representation of homeostatic activ-
ty, ultimately explained by asymmetries in the autonomic nervous
ystem hierarchy including peripheral sympathetic and parasym-
athetic structures. Vagal afferents innervate the nucleus of the
olitary tract, whereas sympathetic afferents terminate in lamina I
f the dorsal horn of the spinal cord. From there, axons innervate the
asal (parasympathetic) and posterior (sympathetic) portions of
he ventromedial nucleus of the thalamus. This topographical orga-
ization is present in primates, and is extremely well-developed
nly in humans [42,44–46]. Ultimately, the left anterior insula is
ctivated by afferent information related to parasympathetic func-

ions, whereas the right anterior insula is activated by afferent
nformation associated with sympathetic activity, e.g., pain [42].
here is, in fact, a growing body of evidence that suggests that
eft and right forebrain structures are associated with positive and
in Research 288 (2015) 11–19 17

negative emotion respectively [47]. Our results are in agreement
with these observations, especially in regards to confirming the
preeminent role of insula in the processing of emotion regardless
of handedness (Fig. 1).

4.2. Limitations

The methodology used herein cannot categorically accept or
reject the hypothesis that lateralization of emotion processing
reflects hemispheric specialization in motor and sensory auto-
nomic information. Simultaneous recording of peripheral auto-
nomic activity would be necessary to accomplish this objective and
we are currently working with such tool to discern the bodily cor-
relate of centrally observed phenomena in relation to induction of
affective responses.

The absence of lateralization of subgenual cingulate response
to sad faces in relation to dominance for language in right-handed
persons was  an unexpected finding, given the data supporting the
contribution of this structure to clinical disorders characterized by
depressed mood [13]. We  also observed an absence of reciprocal
lateralization in conditions of positive or negative emotion in this
structure, regardless of handedness. In this regard, we might have
been biased by our observation of clinical response to right, but
not left, subgenual deep-brain stimulation in treatment-resistant
depression [25]. The present results point to the care that needs
to be exerted while attempting to extrapolate findings obtained
in abnormal conditions, to the explanation of normal brain func-
tioning. That said, we cannot entirely rule out that participants in
this study were free of significant genetic predisposition to mood
disorders, given that we relied on self-report when excluding par-
ticipants with affected first-degree relatives.

Our study was  not adequately powered to discern gender dif-
ferences in emotion processing lateralization. The topic might be
important in light of data suggesting brain lateralization depends in
part of gender, including gender differences in age of onset of major
psychiatric disorders such as schizophrenia [48]. Mechanisms for
the development of laterality are probably species-specific. Emerg-
ing evidence suggests that human brain lateralization is indeed
specific in its characteristics to species of the Homo genus [49,50],
and it has been proposed that language dominance and handedness
are part of a general lateralization phenomenon of the human brain,
possibly mediated by the presence of a sexual chromosomes-linked
gene, PCDH11X/Y, which maps onto a Xq21.3/Yp11.2 human-
specific region of homology [48]. Future studies should address the
gender specificity of findings described herein.

In sum, to our knowledge this is the first study to investigate
hemispheric differences in emotion regulation comparing healthy
individuals with varying handedness. We have found evidence on
differential contributions of either hemisphere to the processing of
sadness and happiness regardless of manual dexterity and side of
dominance for language, although the phenomenon is more clearly
observed in right-handed individuals.
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