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Sumnary.-To assess the relationship between hemispheric differences in informa-
tion processing and interhemispheric asymmetries in terms of brain bioelectrical
activity, we correlated scores on the MMPI Depression scale with interhemispheric
asymmetry, measured as peak amplitude and latency of the P3 component of somato-
sensory evoked potentials (SEPs) at the frontocortical region of 14 healthy unselected
volunteers (8 men and 6 women) who were about to start a course in autogenic train-
ing. The sample was subdivided into two groups on the basis of the median score on
the MMPI Depression scale. Subiects scoring above the median showed a right
latenhzation at the frontocentral region and a significantly shorter P3 latency at. the
right hemisphere compared to the left.

Since the late L9th century, mood disorders were supposed to be related
to hemispheric cerebral asymmenies. C. B. kwis (1395) introduced this
view by reporting the case of a patient with manic depressive illness wherein
cerebral hemisphere dominance changed according to the phase of the illness.
During the depressive phase, the patient was almost immobile, spoke inco-
herently and in \íelsh ody, and used his left arm almost exclusively. During
the manic phase he became agitated, aggressive, spoke both in English and
lfelsh, and used mainly his right arm.

The importance of frontal areas in the control of mood is supported by
more recent data, although in L923, Feuchtwanger, observing more than 400
cases of brain gunshot injury, noted that the group of patients with frontal
lesions presented with either euphoric or depressive mood changes and
showed apathy or exuberant thought, but had only slight intellectual impair-
ment (Feuchtwanger, L923).

Today there is a great deal of evidence on the involvement of the right
hemisphere in depression; this evidence derives from studies of psychiaric
patients and patients with brain lesions (Hecaen, t962; Hommes, L965;
Martin, Ford, McDonald, & lbwler, L965; Gainotti, L972; Cronin, Bodley,
Potts, Mather, Gardneq & lbbin, L970; Sackeim, Greenberg, \Weiman, Ruben,
Hungerbuhler, & Geschwind, L982; Fromm & Schopflocher, L984).

Quantitative studies, based on spontaneous cerebral bioelectrical activity
recording, indicate that depressive patients show greater EEG variability, es-
pecially at the right hemsiphere (Perris, t975; von Knorring, L983). More-
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over, a greater activation of right frontal areas was often observed compared
to the left (Pemis, Monakhov, von Knorring, Botskarev, & Nikiforov, 1978;
Tucker, I98L; TuckeE Stenslie, Roth, & Shearer, 1981; Schaffer, Davidson,
& Saron, 1983). This was shown not only in clinically depressed subjects
(Perris, et al., L978; Schaffer, et al., L983) but as well in healthy volunteers
subjected to imagery of. a negative emotional state comparable to dysphoric
mood (Tucker, 1981; Tuckeq et al., 1981; Banich, Stolar, Heller, & Goldman,
1992). These studies stressed the importance of right-hemisphere function,
particularly in the frontal area, during depressive experiences.

The evaluation of brain bioelectrical activity evoked by sensory stimuli
permits obtaining "dynamic" data on central processing of environmental
stimuli. Therefore, brain evoked-potential (EP) recording gives the opportu-
nity to assess information processing and its possible alterations through the
adoption of adequate experimental paradigms. In this context, the Pl com-
ponent, which appears at about 250 to 450 msec. after stimulation, depend-
ing on the modality of stimulation, corresponds to the processes of memory
updating by means of the incorporation of new information (Picton & Hill-
yard, 1988). Moreover, by using experimental paradigms based on the detec-
tion of tffget stimuli interspersed in a series of more frequent nontarget stim-
uli ("oddball" paradigm), the P3 component permits the evaluation of the
subjective reaction to novelty; the more unexpected the stimulus, the grearer
the Pl peak amplitude (Donchin, Ritter, & McCallum, L978; Hillyard & Ku-
tas, 1983).

The few studies that used EPs to assess hemisphere function in depres-
sion point to the existence of right-hemisphere dysfunction (Perris, 1974;
Buchsbaum, Carpenter, & Fedio, 1979).On this ground we speculate that
there may be. a comespondence between hemispheric asymmetries, probed
through the EEG, and hemispheric differences in information processing to
be tested by means of EPs. The aim of this study was to investigate whether
the presence of marked depressive personality traits identifies subjects with
P3 component asymmetry. To do this, we focused specifically on the fron-
tocentral cerebral region.

Mprrroo
Experimental Design

Somatosensory stimuli were administered to L4 volunteers by means of
electrodes applied on the skin surface of the right wrist. Brain bioelectrical
activity was recorded during such stimulation. The personality characteristics
of these subjects and the possible presence of psychopathological traits were
investigated by means of the MMPI, R-form (Dahlstrom, \ùfelsh, & Dahl-
strom, 1,972).

Sample

Fourteen right-handed, physically healthy volunteers (8 men and 6 wom-
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en of ages 20 to 65 years, M=38.8 and SD =LL.7) participated as a pan of
preliminary psychophysiological assessment before running a course in auto-
genic training. No subject was under any drug treatment; all subjects were
required to abstain from alcohol, coffee, and drug consumption for the three
hours preceding the rial. The participants were informed of the experimen-
tal procedure but were not given details on the specific aims of the study.

Data Collection

Personality characteristics and psychopathological maits were investi-
gated through the MMPL The function of the information-processing system
in the two hemispheres was assessed through brain SEPs using the "odd-
ball" paradigm (Donchin, et al., L978).

AgCl electrodes were placed according to the L0120 international sys-
tem. The bipolar derivations F3lC3, F4lC4, C3lP3, C4lP4, P3|OL, and
P4lO2 (ground at the ear lobes) were used. The electrical signal with a band
pass of L to 30 Hz was stored on a frequency-modulation tape for off-line
analysis.

The evoked response was elicited by means of electrical stimuli of 40
and 30 milliAmpère intensity, lasting 0.1- msec. The interstimulus interval
was 2 + 1 sec. Every subject received a random sequence of ten 40-mA and
thirty 30-mA stimuli ("oddball" paradigm) at the right wrist. To ensure that
subjects maintained sufficient alertness, they were told to count target stimuli
(the higher intensity ones) silently and with eyes closed.

Procedure

The subjects were asked to abstain from alcohol, coffee, and drug intake
for at least three hours prior to the start of the trial. Recording took place
between 09.30 hr. and L2.00 hr. The psychophysiological assessment was car-
ried out in a soundproof, dimly lit room, with the subject comfortably lying
in an armchair. The 40-min. session consisted of (a) 30-min. adaptation to
the setting; during this period, electrodes were placed and test stimuli were
administered to the subject to avoid the effect of surprise. (b) An 8-min.
EEG recording was made as the subject's baseline EEG activity. (c) The
stimulus administration phase lasted L.5 to 2 minutes during which the re-
cording of SEPs was caried out.

The subjects completed the R-form of the MMPI shortly before or
shortly after the experimental session.

Data Processing and Statistical Analysis

A Neuroaverager 1229 apparatus (Ote Biomedica) was used for aver-
aging. A visual control of the electrooculogram (EOG) was performed to
average only artefact-free potentials. The subsequent processing was carried
out through the BAS 161 (Basis, Verona, Italy). Average potentials for every
lead on every subject were stored on flexible diskettes. The averaging was
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carried out for a 1000-msec. period. A 100-msec. prestimulus period was
considered as baseline. The P3 component was identified as the most posi-
tive deflection in the 250- to 450-msec. interval separately by two of the
authors (P.V. and L.R.) who were unaware of other results. For each subject
the following data were analyzed, (1) peak amplitude and latenq of P3
elicited by 40- and 30-mA stimuli at the left and right frontocentral leads
and (2) the index of cerebral hemisphere lateralization evaluated on the basis
of the P3 wave peak amplitude evoked by target stimuli in the right and left
frontocortical regions. The formula used (Hiramatsu, Kameyama, Saitoh, Ni-
wa, Rymar, & Itoh, L984) was

Laterality Index (LI) = t(P3 left - P3 right)/(Pl left + P3 right)l 100.

In this study, we report only on data recorded from the F3lC3 and
F4lC4 leads, since such leads reflect much of the activity of the frontal cor-
tex, an arca appeafing to be primarily involved in mood control.

Concerning personality characteristics, scores on all MMPI scales were
separately analyzed. To investigate the relationships between the Laterality
Index and individual MMPI scale scores, we first used Pearson's product-mo-
ment correlation. Since right-hemisphere latenhzation was hypothesized to
be present only in subjects with marked depressive traits (Flor-Henry, 1979),
we dichotomized the sample on the basis of the median scores on the De-
pression scale (T score Mdn :68) into a higher depression (H-D) and a lower
depression (L-D) group of seven subjects each. The H-D profile shown in
Fig. 1 with peaks at the MMPI D, Pt, Sc, and Si scales, is characteristic of
subjects with marked depressive raits (Butcheq Pancheri, & Stracca, 1976);
however, none of these subjects received a psychiatric diagnosis.

Since oui dichotomized sample consisted of small groups, we used non-
parametric statistics. For intergroup comparisons we used the Mann-\il/hitney
U test, whereas for intragroup comparisons we used the l7ilcoxon matched-
pairs signed-ranks test. The y' test was used to assess sex differences be-
tween the two subgroups (Siegel, 1956). The significance level was set at
p < . 0 5 .

Rpsurrs e.No DrscussroN
The mean MMPI profiles of higher- and lower-scoring groups on De-

pression are shown in Fig. 1. On the Depression scale, means and standard
deviations were for the gîoup scoring lower on Depression 57.L and L0.2,
respectively, and for the group scoring higher on Depression 84.4 and IL.2,
respectively. The male to female ratios in the two groups did not differ sig-
nificantly (x': P = .08). No correlation was found between the Laterality In-
dex and the MMPI Depression scale scores.

The mean Laterulity Indexes were - 26.4 (SD: 36.3) for the group
scoring higher on Depression and + L6 (SD = L9.6) for the group scoring
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Frc. L. Mean MMPI profiles of the groups scoring high (H-D) [-] and low (LD) [- - I
on Depression. Men and women were grouped together since there were no signi{icant sex-re-
lated differences.

lower on Depression. The Laterality Index showed a significant lateralizatLon
to the right in the group scoring higher on Depression when compared with
the lower scorers (U : 8, p < .02). Further, the left-to-right comparison of Pl
peak latenry relative to target stimuli yielded a significantly shorter P3 la-
tency at right for the group scoring higher on Depression (T=0, p<.01) but
not in the lower scorers (T = 11, nonsignificant). This difference could not
be atributed to age, since age did not differ statistically between the two
groups (U =L2.5, nonsignificant). A SEP of a typical higher scorer on De-
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Frc.2. SEP in left [-]-and right ! - -l frontocentral leads in a subject of the group scor-
ing higher on Depression (marker indlcates Pl00 wave.)
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Frc. I SEP in left [-] and right [- - -] frontocentral leads in a subject of the group scor-
ing lower on Depression (marker indicates Pl00 wave.)

pression is shown in Fig. 2, whereas that of a typical low scorer on Depres-
sion is shown in Fig. 3.

In this study we found a lateralization of the P3 peak amplitude evoked
by target stimuli at the right cerebral hemisphere of subjects scoring higher
than the median on the Depression scale of the MMPI. The lack of correla-
tion between the estimates oÍ LateruJtty Index and MMPI D-scale scores
supports the view that right-hemisphere lateralization would be characteristic
of subjects with marked depressive traits. This points to the presence of a
Depression scale score threshold above which P3 lateruItzation would appear.

Flor-Henry (L979) speculated that the left hemisphere normally controls
neuronal structures of the right hemisphere, thereby modulating the expres-
sion of emotions laden with a negative meaning. On this ground he hy-
pothesized that a lack of such conrol would result in greater laterulization
towards the right; this would be associated with a depressive condition (Flor-
Henry, 1979). The above model constitutes an impoîtant reference for the
interpretation of our results. The generator of the P3 component is probably
of thalamic (Yingling & Hosobuchi, 1984) or hippocampal, origin (Halgren,

Squires, \7ilson, Rohrbaugh, Babb, & Crandall, 1980; \Wood, Allison, Goff,
\X/illiamsotr, & Spencer, 1980). Its activity m^y be recorded as a positive
electrical deflection at the level of the scalp. A greater P3 peak amplitude at
a right frontocentral site could be the result of reduced inhibitory control of
the left hemisphere on brain processes that contribute to the expression of
the P3 wave. It is as if the normally exerted attenuation on these brain pro-
cesses were no longer effective. This view is confirmed by the smaller P3
latenry after tatget stimuli at the right leads than at the left as was observed
in the group scoring higher on Depression.

Further, P3 represents an index of cognitive processes, such as the ac-
quisition of new information; in particular, P3 would reflect a process of at-
tentional investment in novel stimuli (Hillyard & Kutas, L983; Nààtànen,
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1988). Kinsbourne (1970) hypothesized that the two hemispheres have dif-
ferent ability to use attention and that the kind of material processed differ-
entially activates the two hemispheres. Moscovitch (1979) went further to
propose that hemispheres focus attention differentially as a result of the ex-
pectations engendered by various stimuli. If we refer to the model that con-
siders the right hemisphere to be basic in the processing of experiences laden
with a negative aff.ect (Galin, 1974; Ahern & Schwartz, 1979; Sackeim, et
al., t982), our results would suggest that a dynamically recorded interhemi-
spheric asymmetry would constitute the functional neurobiological basis on
which depressive subjects build their own view of the world.

In conclusion, a method of "dynamic" recording of brain bioelectrical
activity permits the evaluation of "phasic" responses of the two hemispheres
to the same sensory input. The use of this method in our study yielded re-
sults similar to those obtained in studies using nonspecific, "steady-state"
data, such as resting EEG. Moreover, the integration of psychophysiological
data with personality traits offers support for the hypothesis of the presence
of a right-hemisphere dysfunction during the expression of depressive traits.

It should also be recalled that our findings regard a population of clini-
cally depression-free subjects. This allows us to rule out that our results were
influenced by drug intake. Flowever, since our sample is small and no patient
u/as assessed, our results should be considered preliminary and wanant repli-
cation and confirmation among patient populations before conclusions are
drawn.
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