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Abstract

Several studies suggest that emotional arousal can promote memory Stgagport two studies evaluating théeefs of

emotional content on declarative memamynducted with healthy subjects and cephalgic patifesitilized an adaptation of

two versions of the same stpwith different arousing properties (neutral or emotional), which have been already employed in
experiments involving the enhancindeets of emotions on memory retention. In the first stadgducted on healthy students,

we used event related potentials (ERP) to evaluate whether there is a sex-related hemispheric lateralization of electrical potentials
elicited by the emotional content of a stdife compared left and right hemisphere P300 waves, recorded in P3 and P4 electrode
sites, in response to emotional or neutral stimuli in men and women. In the left hemisphere, emotional stimuli elicited a stronger
P300 in women, compared to men, as indexed by both amplitude and latency measures; moreover, the emotional content of the
story elicited a stronger P300 in the right hemisphere in men than in women. The better memory for the arousal material may be
related to the differential P300 at encoding. These data indicate that both sex and cerebral hemisphere constitute important,
interacting influences on neural correlates of emotion, and of emotionally influenced memory

In the second study we evaluated the influence of the same emotional stimuli, utilized in the firshstiedjarative memory

on cephalalgic patients, suffering from migraine headache, divided in 2 groups: migraineurs without any treatment and migraineurs
treated with the antidepressant amitriptyline. No ERP analysis was performed in this part of research. The findings of the
present experiments suggest that chronic migraine is associated with memory impaakieginto account that migraine is
associated with major depression, in the present research the effect of the antidepressant amitriptyline was also evaluated. Our
results showed that amitriptyline has an impairmeeteébn memoryin fact, in our study the untreated migraineurs recalled the

most emotional phase of the arousal story significantly better compared to migraineurs treated with amitriptyline. Then, our data
suggest that amitriptyline prevents the enhancing effects of emotional content on memory processes.

Key words: emotional memoryevent related potentials, P300 wave, migraine, amitriptyline.
Resumen

Varios estudios sugieren que el despertar emocional puede promover el almacenamiento de informacién en la memoria. Nosotros

reportamos dos estudios evaluando los efectos del contenido emocional sobre la memoria declarativa, efectuados con sujetos
sanos y pacientes cefalalgicos. Utilizamos una adaptacion de dos versiones del mismo relato, con diferentes propiedades (neutral
o emocional), la cual ha sido previamente empleada en experimentos que abordan los efectos de mejoria sobre la retencién de la
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memoria causados por las emociones. En el primer estudio, efectuado en estudiantes sanos, empleamos potenciales relacionados
a eventos (PRE) para evaluar si existe una lateralizacion hemisférica relacionada al sexo, de los potenciales eléctricos producidos
por el contenido emocional de un relato. Comparamos las ondas P300 de los hemisferios izquierdo y derecho, registrados en los
sitios correspondientes a los electrodos P3 y P4, en respuesta a estimulos neutrales o emocionales en hombres y mujeres. Los
estimulos emocionales produjeron un P300 mayor, medido tanto por la amplitud como por la latencia del potencial, en el
hemisferio izquierdo de mujeres comparado con el de los hombres, sin embargo, produjeron un P300 mayor en el hemisferio
derecho en los hombres comparado con el de las mujeres. La mejoria en la memoria, originada por el contenido emocional de la
informacion, puede estar relacionada con el diferencial del componente P300 durante la codificacion. Estos datos indican que tanto
el sexo como la lateralizacion hemisférica constituyen importantes factores que interactiian para influenciar tanto a los correlatos
neurales de las emociones como a la memoria influenciada emocionalmente.

En el segundo estudio evaluamos la influencia del mismo estimulo emocional, utilizado en el primer estudio, sobre la memoria
declarativa de pacientes cefalalgicos, que padecen migrafia, divididos en dos grupos: migrafiosos sin ningun tratamiento y
migrafiosos tratados con el antidepresivo amitriptilina. No se efectio analisis de los PRE en esta parte de la investigacién. Los
hallazgos del presente experimento sugieren que la migrafia cronica es asociada con deterioros en la memoria. Considerando que
la migrafia se asocia con depresidn mayor, la presente investigacion evalu6é también el efecto del antidepresivo amitriptilina.
Nuestros resultados mostraron que la amitriptilina tiene un efecto dafiino sobre la memoria. De hecho, en nuestro estudio los
migrafiosos sin tratamiento recordaron la parte mas emotiva del relato, de manera significativamente mejor comparados con los
migrafiosos tratados con amitriptilina. Por lo tanto, nuestros datos sugieren que la amitriptilina bloquea los efectos de mejoria
sobre el procesamiento de la memoria causados por el contenido emocional de la informacion.

Palabras clave:Memoria emocional, potenciales relacionados a eventos, componente P300, migrafia, amitriptilina.

GENERAL INTRODUCTION evidence from studies conducted on animals and human
) subjects implicates endogenous stress hormones and
It has long been known that emotional events are mojigs amygdala as keinteracting components of a neural

likely to be later recollected than non emotional eventgaechanism by which emotional arousal influences
In the last decade, the field of cognitive neuroscience gfemory storage (1, 2, 3).

emotion has grown dramaticalliflost studies have
focused on emotional processing (perception anthe aim of this research was to evaluate the effects of
evaluation of emotional stimuli) and on emotionakmotional content on declarative memory; in particular
memory (the décts of emotion on memory formatioA). we evaluated whether retention is enhanced by an
critical distinction in this literature is the one betweeremotionally arousing story as compared to a neutral one.
two affective dimensions: emotionalousal and We utilized an adaptation to an Italian sample of two
emotionalvalence. Arousal refers to a continuum thatstories with different arousing properties (neutral and
varies from calm to excitement, whereas valence refersamotional), both presented with the same set of slides,
a continuum that varies from pleasant to unpleasarxplained through a narrative. These stories have been
with neutral as an intermediate value. already employed in experiments with brain damaged and
healthy adult subjects, involving the enhancing effects
An extreme example of this enhancement of memory by emotions on memory retention (2, 4, 5, 6, 7). The use of
emotion is the so-called flashbulb memory: a highly vivighe same set of slides for both versions represented a
memory far an intensely emotionally engaging evenisefyl instrument in demonstrating the emotional effect
such as hearing the news of the death of a relative g4 |ong-term declarative memory in studies with Urbach-
cherished celebrityrrom an evolutionary perspective,\yjethe patients, steéring from a degenerative disease
emotional arousal, whether of an appetitive or aVGrSi\{ﬁvoIving the amygdala (8), in research on amnesic
nature, signals an event or stimulus that is likely to ha\f%tients (6, 7, 9, 10), and in studies on noradrenergic
both immediate and future relevance to survival angrousing effects on memory (11). The emotional and
reproductive succes#ccordingly, it is adaptive t0 peytral versions of the story were as similar as possible
enhance memory for stimuli that elicit emotional arousajy, complexity and comprehensibility (2, 5, 6) in order to
thus ensuring that important information is available OBgfer a better control for the evaluation of the principal
future occasions. effect (i.e. the emotional content). This also avoided that

. . . . memory differences between the neutral and emotional
In recent years, brain mechanisms subserving emotion, . »
ups could result from “story effects” (12), such as

and the influence of emotion on memory have received . - A
increasing attention. For example, strongly converginnovelty or inherent memorability of the stimuli used,
' ’ |%ther than “emotional effects”. The setting and “actors”
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were taken from an Italian sample and the text was adaptechporal resolution, including in the domain of emotional
to the local culture. information processing.

The study was divided in 2 parts. In the first partin general, human response to emotional stimuli is
conducted on healthy subjects (students), we used ERfPonger for emotionally arousing (pleasant and
to evaluate if there is a sex-related hemispherunpleasant) stimuli as compared to neutral. In skin
lateralization of electrical potentials elicited by theconductance studies, changes were significantly larger
emotional content of a storin the second part of our for emotionally arousing pictures compared to neutral
research we evaluated the influence of emotional stimydictures (19). ERPs can be used to differentiate affective
on declarative memory on cephalalgic patients, dividedimensions of emotional qualities of visual stimuli (20).
in 2 groups: migraineurs without any treatment and

migraineurs treated with the antidepressant amitriptylinERPS to emotional stimuli often generate the P300
component, which is robust around 300ms post-stimulus

Event related potentials are ideally suited to study ¢21). The P300 event-related brain potential is thought to
cerebral processes requiring high temporal resolution esflect neuroelectric activity related to cognitive
it is for investigation of emotional information processingrocesses, such as attention allocation and activation
(Lucchese and Mecacci, 1999). of immediate memoryGreater magnitude of the P300 as
well as a strong positive waveform characterizes this
STUDY 1 : ) -
waveform to emotionally salient stimuli (22). Indeed,

Sex-related lateralized effect of emotional content oflé@sant and unpleasant pictures elicit larger P300
declarative memory on healthy subjects: an event relatg@mponents than neutral stimuli (28Je focused on the
potential studyBeveral studies show that emotions caf300 wave since it has been revealed sensitive to effects
be considered response dimensions defining affectiféemotional arousal (24). More specificaby the basis
states along two orthogonal axes of arousal and valerffefindings with the amygdala, and given evidence
(Osgood et al., 1957; Russel, 198@itson &Tellegen correlating P300 amplitude in response to visual stimuli
1985) Arousal refers to the intensity of an emotion, relate®ith amygdala size (25), we hypothesized that emotionally
to the property of the stimuli (from neutral to excitingj@ousing stimuli might elicit a stronger P300 response in
whereas valence indicates the degree to which that emotiBf 1ight hemisphere in men compared to women, but a

is pleasant or unpleasant (Lang et al, 1990; 1992; 1993). Stronger P300 wave in the left hemisphere in women than
in men.We also anticipated that thifeft may be most

INTRODUCTION likely detected over parietal recording sites (Pz).

Recent evidence from research conducted on animaisthelnvestigations of EEG to emotional visual stimuli
and humans began to reveal seemingly large, bstiowed showedhigher cortical positivity in response to
previously unsuspected, sex-related influences on braifhotional material compared to neutral than to neutral
mechanisms subserving the relation between emotigfe, suggesting indicating a deeper processing of the
and memory (2, 13). For example, the role of amygdala émotional information (26). ERPs in response to emotional
memory for emotional material exhibits a differenictures showed that unpleasant visual stimuli, compared
hemispheric lateralization depending on the sex of thg neutral, produced more robust P300 components (27,
subjects tested: activity of the right, but not left2g, 29). Similarlysignificantly lager evoked potentials to
hemisphere amygdala relates significantly to memory fejrousing versus neutral stimuli were reported (30, 31, 32).
emotional material in men; conversegictivity of the

left, but not right, hemisphere amygdala relate§ome studies involving EEG have focused more
significantly to memory for emotional material in womerspecifically on the role the two hemispheres play in
(14, 15, 16)Taking into account that each amygdala likelyfemotional information processing; however the data from
modulates information processing in other brain regiorigese studies appear somewhat conflicting. For example,
(17, 18), and amygdalo-cortical projections are almogt differential left hemisphere P300 response to line
exclusively ipsilateral, we hypothesized the possibilitgirawings of emotional compared with neutral faces was
that a sex-related hemispheric lateralization of processifgported (33). In contrast, a differential P300 component

for emotional material may also exist to some degree ffom the right hemisphere centro-pariatel region in
cortical regions. response to emotional versus neutral faces was later

_ . o reported (34). One possible explanation for some of the
Event related potentials (ERP) are ideally suited in maniconsistencies in the literature is that, as far as we know
ways to study cortical processing, affording very higio study has controlled simultaneously for the influences
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of both the sex of the subjects and the hemisphere ovey the narrative of two versions of a simple story — one
which recording electrodes were located when assessimgutral and one arousal. Slides 1, 2,34, 5,6, 9, 10, 11 were
evoked potentials to emotional stimuli. Regarding sexiew pictures taken locallfhe general appearance of
studies frequently either pool men and women withodhe “actors”, in terms of age, physical characteristics,
reporting separate analyses of each (31), or restrict thgipe of clothing, and the quality of the scenes were as
population to only men (35) or women (32). Thereforesimilar as possible to the ones previously utilized (2, 4, 5,
understanding brain responses to emotional material m@y The slides previously used and included in this paper
require careful attention simultaneously to the effects efere 7 and 8. The subjects viewed one of two versions
both sex and hemisphere. of a simple story (either a neutral or an arousing one)
MATERIALS AND METHODS igch consisting of 11 slid_es presented for approximatgly
s each and accompanied by one sentence of narration.
Subjects The slides were projected utilizing a multi-medial system
consisting in a portable IBM Pthink PadA31, with a

Twenty four subjects (12 female and 12 male), mean 886lor screen XGA TFT color 14, 17 (1024x768) and Pro-

26 (+4.7) years, all University of Aqu_lla psychology compatible Sound Blaster audio card and integrated loud
studentgparticipated as a course requirement. Their maif

age was 25 yeamll the subjects were initially submitted speakers._ The Images were sequence_d using M|_crosoft
T : Power Point 2000 (Office 2000), integrating video signals
to a screening interview for any health problems, dru

. . . ith audio signals previously recorded in digital format.
use, or signs of mental retardatiél subjects were o n : LY
right-handed, had normal vision and were not sufferinThe synchronization of the image projections was

9 ’ X . X L gbtained through a digital fototriggeronsisting in an
from any neurological disordeExclusionary criteria o :
: - ; oL amplified phototransistor and a Schniitigger. Both
included any major medical or psychiatric illness

substance abuse, or history of head injaifier arrival Stories depicted a mother taking her young son to visit

- . his fathets workplaceThe slides were the same, even
at the laboratoryparticipants read and signed thean : . ; .
) C T though there was a difference in the arousing properties
informed consent form before participating in the study

: . . . .of the story content @b ). The stories are about a
in accordance with the regulations of the Universit : s ,

o ) other and her young son going to visit the fatherdoy
Institutional Review Board.

) at the nearby hospital where he works. In the neutral
Material version, on their waythey see a car accident that caught
The stimulus materials, utilized in this studgnsist in the attention of the child. In the arousal version, the boy

an adaptation of instruments previously used (2, 5, is the victim of a serious car accident in which he is

36), which were kept as close to the original as possib@’.itica”?! Lnjur:ed ‘T’m? thus operated on the emergency
The materials consisted of a set of 11 slides, accompanf&?m ofthe hospital.

Table | - Narrative accompanying slide presentation

Slide Neutral version Arousal version

1) A mother and her son are leaving home in the morningA mother and her son are leaving home in the morning

2) She is taking him to visit his fatHerworkplace She is taking him to visit his fatiisrworkplace

3) The father is the chief laboratory technician at a neaffthe father is the chief laboratory technician at a nearby
hospital hospital

4)  They check before crossing a busy road They check before crossing a busy road

5) While walking alone, they pass the scene of a miWhile crossing the road, the boy is struck by a runway car,
accident, which the boy finds interesting which critically injures him

6) Atthe hospital, the staff are preparing for a practice disagtethe hospital, the staff prepare the emergency room, to
drill, which the boy will watch which the boy is rushed

7)  Allmorning long, surgeons practiced the standard disagtitmorning long, sugeons struggled to save the txoljfe
still procedures
8) Special make-up artist were able to create realistic injugecialized surgeons were able to successfully re-attach

on actors for the drill the boys severed feet

9)  After the drill, while the father stayed with the bdlye After the sugery, while the father stayed with the halye
mother left to phone her other chiddreschool mother left to phone her other chdddreschool

10) Running late, she phones the preschool to tell them Bheling distraught, she phones the preschool to tell them
will soon pick up her child she will soon pick up her child

11) Heading to pick up her child, she hails a taxi at the numbleading to pick up her child, she hails a taxi at the number
nine bus stop nine bus stop
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Slide Italian version

1) Una madre e suo figlio/ stanno uscendo di casa/ &lna madre e suo figlio/ stanno uscendo di casa/ al mattino
mattino

2) Lamadre sta portando il figlio/ a visitare/ il posto doveLa madre sta portando il figlio/ a visitare/ il posto dove lavora
lavora il padre il padre

3) Il padre/ é tecnico di laboratorio/ all'ospedale Il padre/ e tecnico di laboratorio/ all’ospedale

4) Prestano attenzione prima di attraversare/ una straBaestano attenzione prima di attraversare/ una strada abbastanza
abbastanza trafficata trafficata

5) Lungo il cammino,/ si imbattono inun piccolo Nell'attraversare la strada,/ il ragazzo/ viene investito da una
incidente,/ che il ragazzo/ siferma a guardare incuriositmacchina in corsa,/ che lo ferisce gravemente

6) Nellospedale/ i medici/ si stanno preparando peAll'ospedale,/i medici/ stanno preparando la sala perle urgenze/
un’esercitazione relativa alle procedure da adottare ove stanno portando velocemente il ragazzo
un caso di urgenza il ragazzo viene invitato a guardare

7) Per tutta la mattinata,/ i medici/ si esercitano nell@er tutta la mattinata,/ i medici lottano per salvare la vita del

procedure da usare in caso di urgenza ragazzo
8) Truccatori specializzati/ realizzano finte ferite moltoChirurghi specializzati/ ricostruiscono e riattaccano/ i piedi del
realistiche/ per I'esercitazione ragazzo

9) Dopo l'esercitazione,/ mentre il padre rimane con iDopo l'intervento,/ mentre il padre rimane con il ragazzo,/ la
ragazzo,/ la madre si allontana per andare a telefonareAdre si allontana per andare a telefonare/ all’asilo dell’altro
all'asilo dell'altro figlio figlio

10) Poiché era in ritardo,/ telefona all'asilo/ per avvisaresconvolta dal dolore,/ telefona all'asilo/ per avvisare che presto
che presto andra a riprendere il figlio andra a riprendere il figlio

11) Per andare a riprendere il figlio/ chiama un taxi/ alldPer andare a riprendere il figlio/ chiama un taxi/ alla fermata
fermata dell'autobus n. 9 dellautobus n. 9

According to previous findings (2, 4, 5, 6), the story cato express the same meaning and the same idea. The
be divided into 3 phases: phase 1 (the first 4 slides)arration was segmented in agreement with criteria
consisting of relatively non emotional material (the motheeferring to its structure and content, such as main idea
and her son are on their way to the hospital), phaseofthe slide, action (what happened), complement to the
(the middle 4 slides) containing emotionally arousingnain idea or to the action (what, haawwhom) and time
elements (chil& hospitalization, including a picture of complement (when, aftebefore).We scored also the
the boys badly hurt legs and the gery ward), and recall of any additional details, not stated by the narrator
phase 3 (the last 3 slides) consisting again of materiaf the stories (such as color of clothing, etc.), because
that is normally judged as not being very emotional (thimey reflected increased visual memory of the slides.
hmoor:]rsr leaves the hospital to make a phone call and 998%cedure

The subjects were randomly assigned to the arousing or

A professional actor narrated both versions, in a flat angbutral conditioning. The two groups were equivalent in
unemotional voice. The structure of the sentences Wg§ms of gender

similar in both emotional and neutral versions of the story

The slides were adapted to the Italian environment. Participants were seated in a comfortable chair in a sound-
attenuated, dimly lit roomAfter electrode attachment

A similar version of the questionnaire for the 11-slideynd |aboratory adaptation, in both conditions they were

sequence previously used (2, 5, 6) was translated iQd that the aim of our study was to evaluate how people

Italian. The questionnaire had 5-10 questions about qugy attention to stories. They were told that they were

Slide, with a total of 74 mUItiple-ChOice questions. going to watch a slide presentation accompanied by a

. . sport sentence narrating the stdtyey were instructed
The scoring system for story recall was in agreeme : . .
‘10 concentrate on each slide for the duration of its

with the criteria used to score most memory test for stories

(37).As shown in table |, each slide narration was divideresentatlon and to view the slide-show as if they were

into segments and the subjects received a point for twéa\tchlng a movie, paying attentpn to eve.rythmg seen
an&i heard. Immediately after viewing the slide stbe/
recall of each segment. The recall of each segment earne

them 1 point: for example, for slide 1 the subject COuIarnmpants were asked to rate the emotionality of the

. . ) . Story using a scale from 0 to score of 0 indicated
earn up to 3 points, plus additional points for precisg ; N o .
T ) ; .~ ~"hot emotional”, and a score of 10 indicated “highly
description of details, such as “the boy was carrying a___: » i . -
by ? emotional”.At the end of the first session, the subjects
ball” in slide 1. In the recall the subjects could USE re told that the second part of the study would be
sentences that differed from the originals, but they had P y
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carried out 10 days later and more details would be givé®0 msec after stimulus onset. The latency was defined
after that session. They had no indication that the@s the peak value observed in the 250 to 400 ms range
memory would be tested. The subjects were also askaftier stimulus onset.

not to _discuss_ the experiment Wi_th other people, as t@atistical analysis

could jeopardize results. On their return, ten days, later

the subjects were informed that their memory of the stofyata were analyzed using the analysis of variance,
viewed would be tested. Prior to starting memory testinfpllowed by theTukey’s Honestly Significant Diérent

the subjects were asked whether they were expectingHSD) test. Statistical significance was set at p<0.05.
memory test despite ourfefts to avoid itAll reported

that a memory test was unexpected to them. The meméw
was tested by means of free recall and recognition test. RESULTS
First, they were asked to perform a free recall of the,sto
which was recorded on a portable tape recoiiden,
they were asked to answer the multiple-choic&he ratings of emotionality of the arousal and neutral
questionnaire about it. The 74 questions were presenig@ups differed significantly in their main ratings of the
orally by the experimenter and, for each question, dmotionality of the stories [F (1,22) = 37.91; p<0.0001)]
correct and 3 incorrect but plausible choices wergig.1). The mean emotional rating for the arousal group
presentedTesting was individual in both sessions.  was 6.62 (+ 0.25) versus 4.12 (+ 0.35) for the neutral group.

Psychophysiological recording procedures

he figures the results are presented as mean + S.E.M.

I?@(atings of emotionality

O Meutral

Electroencephalogram (EEG) signals were recorded fra
0O Arousal

1 second before slide onset until 8 seconds after the € 10 4
of the post-picture period, using Biopac Mod. MP15(
system and 6 standard system amplifiers (Mod. EEG 10C
Biopac System, Inc, Santa Barbara, U.S).

The auditory stimulus (narration) is presented 1 s aft
the visual stimulus.

-

Ratings of
emotionality

L= B =]

The EEG was measured throu8ib/AgCl electrodes
placed at P3, P4, according to the International 10/ Groups

System (Jaspet958) and usingl andA2 as reference. Figure 1. Mean (+ SEM) ratings of emotional reaction to the
Electrode sites were cleaned with alcohol and abradedutral and emotionally arousing narratives. * p< 0.0001
to reduce electrode impedance. Impedance of eactmpared to the neutral group.

electrode was checked to insure it was below 5KOhm.

Vertical and horizontal electrooculogram (EOG) wagvoked Potentials

recorded from electrodes placed above and below the ) )
left eye, in order to control for eye movement artifactd "€ P300 amplitude and latency were determined for P3

using miniatureAg/AgCl electrodes and the same@nd P4 electrode sites in both men and women.
frequency range as for the EEG P300Amplitude

Data reduction and analysis

At site P3, the arousal story produced a significantly
Data were collected for the entire time of the slidegarger P300 in women than neutral story did [F
projection, including the intertrial interval with a sampling(1,22)=75.84; p<0.0001plIso, the P300 amplitude in
rate of 1000 Hz. Subjects presenting trials containingsponse to arousal story was significantly higher in
electrooculographic shifts exceeding 100 UV wergomen than in men [F (1,22)=53.34; p<0.001] (FigAR).
automatically rejected from further analy#iseraging site P4, a significant difference between men and women
was performed, and both amplitudes and latencies §fp300 amplitude was detected in response to the arousal
P300 peak were considered. The amplitude of the P308rsjon of the story [F (1,22)=8.59; p<0.008] (Fig A2).
component to each slide and at each recording locatiginificant difference in amplitude between P3 and P4
was determined by subtracting the baseline (defined @as found both in men [F (1,22)=12.28; p<0.002] and

the mean amplitude for the 100 msec period immediatefyomen [F (1,22)=30.78; p<0.0001], in response to the
before stimulus onset) from the peak value obtained 258rousal story (Fig. 3).
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P300 Latency

The P300 latency was determined for P3 and P4 electrode
sites in both men and women (Fig.Af)site P3, the P300
latency in men after the presentation of arousal story
was significantly longer than it was in response to neutral
[F (1,22)=24,89; p<0.0001]. Furthermore, latency at site
P3 was significantly longer in men than in women [F
(1,22)=17,59; p<0.0005] in response to the arousal version
of the storyAt site P4, no significant diérence between
men and women was found in response to arousal
version of the storycompared to neutral. Indeed, the
latency in response to arousal story was significantly
longer at P3 than at P4 electrode site in men [F
(1,22)=90,91; p<0.0001], but not in women.

= L By

Dhweema:

Lmimncy (ms)

Formasl e e sl SR

Figure 2.Mean amplitude (+ SEM) of P300 wave in men and
women at the P3 and P4 electrode shésite P3, the arousal

STITILIIIL

story produced in women a significantly larger P300 than did e e
the neutral stonAlso, the P300 amplitude at site P3 in response s Cl—
to arousal story was significantly higher in women than in ﬁ_
men. At site P4, the arousal story produced in men a -
significantly lager P300 amplitude than did the neutral story = 30 =
E o
B 0.
P3vs P4 Cman g o0
Arousal Story  gueamen 3 =0,
g o]
25 - =01
0
. 204 = e frousal srry Hestral stany
2 = .
3 = Figure 4. Mean latency (+tSEM) of P300 wave at P3 and P4
5: 50 electrode sites in men and women for each of the 2 versions of
E ' the storiesAt site P3, the P300 latency in men, after the
o presentation of arousal storyas significantly longer than it
51 was in response to neutral stoity men, the P300 latency in
response to arousal story was also significantly longer than in
0 women At site P4, no significant difference between men and
P3 P4 women was found in response to arousal version of the story

compared to neutral.
Figure 3. Mean amplitude (+ SEM) of P300 wave in men andndeed, the latency in response to arousal story was
women at the P3 and P4 electrode sites in response to #ignificantly longer at P3 than at P4 electrode site in men (

arousal version of the story

p<0.0001), but not in women
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Memory the subjects in the arousal condition was 15.16 (+ 0.97)
The influence of the emotional content on Vversus 11.00 (+ 1.31) for the subjects in the neutral
memory was evaluated by means of free condition (Fiq.6).

recall and recognition test.

Free reca” - Racognition ek
L3
The free recall test showed that men In men,memo _ ;:|  w.oee---- S
forstimuliwas significantly higher toand women recallec : * .
the arousal version of the story more than the neutr 5 '?7 ot

version, even though the difference is statisticall & .
significant in men [F (1,10)=5.2 ; p<0.05], but not in womel

[F (1,10)=0.13; n.s.] (Fig. 5). The meanrecallwas 15.1 #
(x0.97) and 11.00 (+1.31) units of information for
participants in the arousal and neutral conditions
respectively

L] il Mz AZ L8] L
Sory phise

Figure 6.Recognition memory for the neutral and emotionally
arousing versions of the stories. In phase 2, the arousal group

Fraa Recall O man recalled more story elements than did the neutral group.
|:| WOHTIEnN
20 1
1 I DISCUSSION
1% L I

Several key findings emerged from this investigation.
First, the emotionally arousing version of the story
evoked a differential EEG response depending both on
the sex of the subjects and the hemisphere over which
the potentials were recorded. Most interestinge
arousal story evoked a significantly larger P300
component in location P3 (left hemisphere) in women
Arousal story Neutral story than in men. The P300 amplitude significantly differ
between men and women at site P4 (right hemisphere);
Figure 5. Recall scores (mean + SEM) on arousal and neutHifact, the statistical analysis showed that it was larger
versions of the storfThe free recall test showed that men Inn men than in women, and confirmed the existence of a
men,memory forstimuliwas significantly higher toand womersignificant interaction between sex and hemisphere in
recalled more the arousal than the neutral version of the stoB300 amplitude, in response to the arousal version of the
even though the difference is statistically significant in menstory, with this interaction being carried primarily by a

Fa
H—

-

Units of information
=

but not in women. significant difference between P3 and P4 both in men
N and womenAnalysis of P300 latencies revealed a similar
Recognition test hemispheric lateralization: for the arousal version of the

The results of the recognition test indicated that thersetorM the latency at site P3 was S|gn|f|cantl_y shorter in
. women compared to men. Sex and hemisphere also
was no overall difference between the two groups

Subjects in the neutral condition answered an avera&gmﬂcantlymteracted in influencing P300 latentyese

: . . sults parallel those of recent brain imaging results
of 61 % of the questions and subjects in the arous%i ults p . ging resu
» Indicating greater left hemisphere amygdala participation
condition were correct on 67 %. Nevertheless, a phase- LT ; :
: . In_processing into memory of emotionally arousing
by-phase comparison of the results revealedadlﬁerenrcr:%terial in women, but greater right hemisphere amygdala
between the two groups for phase 2 of the stories, which » DUlg 9 P 9

. . ) . . processing into memory of the same material in men (14,
is the phase in which the emotionally arousm% 9 Y (
a

information was presented (Fig.6); in fact, the arous ,16).

group recalled more story elements than the neutral gropgoo latency is generally considered a metric of stimulus
[F (1,22)=7.18; p<0.01)]. The two groups did not diffe|assification speed, with shorter latencies thought to
for either phase 1 or phase 3. The mean recall score fgfiect superior cognitive perform (24). In addition, P300
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latency and amplitude are negatively correlated (24A rapidly increasing number of studies involving human
Thus our finding of shorter P300 latencies in the leBubjects document neurobiological differences between
hemisphere in women, in response to the arousal versimen and women. Functional sex-related differences have
of the story fits well with our findings concerning P30(been reported in brain correlates of emotional (45) and
amplitude in suggesting a greater left hemisphere parietatial processing (46, 47), auditory (48, 49, 50) and
response to arousing stimuli in women, and a greati@nguage processing (51, 52), working memory (53), and
right hemisphere parietal response to the same pictuesen in visual cortex responsiveness to specific light
in men. Of course, EEG recorded at left and right parietalavelengths (54). The present findings underscore the
scalp locations may have generators other than parietéw that the influences of both subject sex and cerebral
ones. Howeverconveging neuropsychological, hemisphere mustbe considered in future studies of neural
intracranial recording, and imaging evidence pointsorrelates of emotion, and of emotisrrelation to
towards a major P300 source in temporal-parietal cortexemory
(38). Furthermore, there exists a significant correlation STUDY 2
between amygdala volume and visual P300 responses

(25), suggestive of an amygdala-parietal cortex functiongktect of emotional content on declarative memory on
linkage which may underlie the present sex-relatelql,igrame headache patients.

differences in P300 response.

. ] In the second part of our research we evaluated the
We obtained greater left hemisphere P300 responsesyifluence of emotional stimuli on declarative memory on

women, and right hemisphere responses in men, {@phalalgic patients. The cephalgic subjects

arousing stimuli, which were also better remembered iN@yrtecipating in this study were all migraine headache
long-term (10 days) incidental free recall test, raising t%tients.

hypothesis that the enhancement of P300 response could

be related to the enhancement of memory Migraine headaches have been attributed to a genetically
_ determined defect of cranial neurovascular function (55,

Sex-related influences on the EEG have been reportggh occurring in approximately 18% of females and 6%

sporadically for many years, but mostly without being males over 11 years old (57), with the onset appearing

the subject of sustained, systematic investigatiopefore age 40 in about 90% of cases (58). Migraine is

Sutton and Davidson (39) found that, only in womegypically characterized by recurrent and extended

and notin men, frontal EEG asymmetry is significantlyisodes of unilateral, pulsating, and moderate to severe
related to an index of “positivity”. Consistently WlthFh

: A e ain. For migraines with aura, visual disturbances are
earlier studies examining only women (40) greater lefhe most commonly reported aura symptom, but other

and rlg_ht frontal activation _related to e”hancegensorymotor affective, and cognitive symptoms may
defensiveness was found in women and meRccyr in the prodrome, aura, and/or headache phase of
respectively (41, 42). Similarlppposite relationships g attack (58, 59, 60, 61). Conflicting evidence exists
between frontal asymmetry and mood in men and womegyarding the effect of chronic migraine headache on
was reported (43). Finallin female a sex-specificfett  neyropsychological test performance. The performance
on N400 response using emotional stimuli was recentjy migraine headache patients has been reported to be
observed (44). significantly below the level of normal controls on a
e\{:?riety of cognitive measures, including tests assessing

of left versus right temporal lobectomies on memory foR€nsorimotor functioning, attention and information

, ; - ing, language, and memory (62, 63, 64, 65, 66).
an emotional story depending on the sex of the subje cessing X .
was reported (2, 3, 10). (Eilrﬁ)ese results lead to the hypothesis that chronic

migraine may result in persistent, subtle central nervous
These findings clearly indicate that subject sex is a crucgystem dysfunction. This hypothesis is consistent with
variable in understanding cerebral hemisphere functiofie association of migraine attacks with vascular and
in particular in relation to emotional conditions. Indeedyeuronal disturbances (67, 68), and with findings that
future studies should control for menstrual cycle activitynigraineurs may show difference from healthy controls
as well in female subjects, at least in studies such as ®ie neurophysiologic and neuroradiological measures
present concerning arousing stimuli, as an influence ttcluding cerebral blood flovauditory and visual evoked
the menstrual cycle on P300 responses to relativepptentials, and MRI (69, 70, 71, 72, 73, 74, 75, 76). However
arousing stimuli has been reported (30). other neuropsychological studies, with similar sample

sizes, have found no differences between migraine

Studies focused on amygdala reported a differential eff
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headache patients and controls (77, 78, 79). These dBtacedure

are in agreement with the hypothesis that migraine is ]
typically a neurologically benign syndrome (58, 80, 81)'_I'he procedure followed in the secqnd part of our study
was analogous to the one followed in the first part of the

The present study was designed to examine the effectreearch, except that no ERP analysis was performed.
emotional content on declarative memory in migraineurs. )
We evaluated 2 groups of migraineurs, one withowrtatistical analysis

treatment and the other one treated with thBata were analyzed usifgNOVA, followed by the
antidepressant amitriptyline, one of the first “referencei'.ukey,S Honestly Significant Dférent (HSD) test
tricyclic antidepressants (82). Statistical significance was set at p<0.05.

MATERIALS AND METHODS

) In the figures the results are presented as mean + S.E.M.
Subjects

RESULTS
The participants were volunteers divided in 3 groups:

healthy subjects, patients with migraine headacHeatings of emotionality
without any prescription, migraineurs treated with theh health biects rated th tionall :
antidepressant amitriptyline. There were 48 individualsN® hea ybsu_ Jects rated the elm(r)1 'Oni y arouslmg
in the healthy group (24 men and 24 wome8)in the nf;f?t"éz 32 eé)ngoglorep-en;oqﬁhna than the _neultra_ [

. . X L. =60.90; p<0. ).
migraineurs group without prescription (8 men and 2& ' % 62 +(,)p25 ; tg]( 9 i e”mean e“_"’t'o”a ra;gng
women), and 19 subjects (5 men and 14 women) &S ” 1(5 ” ;)SOrf ?hemo '(t)”fli yafot!ls'ng narrative
migraineurs treated with the antidepressant amitriptylin¥€rsus 4.12 (+0.35) for the neutral narrative.
The groups did not differ in race, education, of, he patients with migraine headache without any
intelligence, as measured by the Natigkilit Reading e scription and the migraineurs treated with
Test (83)Fheirmain-age-was25-yeahdl the subjects 5 jiriptyline the mean emotional rating for the
were initially submitted to a screening interview for anymqionally arousing narrative did not significantly differ
health problems, drug use, or signs of mental retardatiqym the neutral narrative [F (1,29)=0.47; n.s.)] and [F
All subjects had normal vision. Exclusion criteriaiy 15-0 0o4; n.s.)], respectively (Fig.7). In the untreated
included recent substance abuse, systemic diseasenigraineurs group, the mean emotional rating for the
history of a learning disability or special education, and,;;sal group was 7.38 (+0.42) versus 6.50 + 0.68 for
central nervous system diseaséistory of head trauma e 1ra| group. In the group of migraineurs treated with

with persistent cognitive sequel was an exclusionatymitrintyline, the mean emotional rating for the arousal
criterion for the migrainers group. The medical history

was acquired from medical records and/or patiergroup was 6.7 + 0.93 versus 6.55 + 0.60 for neutral group.
interviews. The migraine patients were recruited in part
(60%) at the Neurological Clinic of the University of
L’Aquila, and in part (40%) at the Neurological Clinic of
the Hospital of Penne (PE). Migraine was diagnosed by
clinic specialists based on the criteria of the Headache ':_ﬁffj‘jﬂ
Classification Committee of the International Headache -
Society (84).

N Mty bt

O Uinireesban] Wi onirmans

=

=11

b

After arrival at the laboratoryparticipants read and
signed thean informed consent form before participating
in the studyin accordance with the regulations of the
University Institutional Review Board. to the participation
in this research

H

Ratings of amaotionality

Material Arousal Heudtral

The stimulus material utilized in the second part of this

study is the same we utilized in the first part, consistingigure 7. Mean (+ SEM) ratings of emotional reaction to the

in 2 versions (emotional and neutral) of the same storyéutral and emotionally arousing narratives in healthy subjects,

2,5, 6, 36). untreated migraineurs and migraineurs treated with
amitriptyline.
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Memol’y . Hecagndian text - o - -Heahy subjects
The influence on memory of the emotional content w: e Tk gl
evaluated by means of free recall and recognition tesg ' * " g e T
T
11— e N e

Free recall

Hecall score

In all the 3 groups, there were no statically significa

differences between the total amount of informatic W m w e e
recalled by participants who heard the neutral narrati Story phass

and participants who heard the emotionally arousil.

narrative (Fig. 8). In the healthy subjects group, _meqf?gure 9.Recognition test. In the 3 groups, the total recognition
recall was 15.16 (+0.97) and 11.00 (£1.31) units Oby participants who heard the emotionally arousing narrative
information for participants in the arousal and neutralid not statically differ from the subjects who heard the neutral
conditions, respectivelyn the untreated migraineurs story Nevertheless, an enhanced recognition for the emotionally
group, mean recall was 16.33 (+0.79) and 12.87 (+0 0.88)using of the narrative, compared to the neutral narrative
units of information for participants in the arousal an#/as evidenced in the phase 2 of the statyich is the phase
neutral conditions, respectivelyn the group of where the emotionally arousing information was preseated.

migraineurs treated with amitriptyline, mean recall Waglgnlflcantly enhanced recognition was evidenced in the phase

. . - of the arousal narrative in the group of untreated migraineurs
11.50 (+ 1.13) and 9.44 (£0. 55) units of information fo{:ompared to the group of migraineurs treated with amitriptyline.

partICIp_ants in the arousal and neutral Condlt'onﬁ"he comparison of the 3 groups for the phase 2 of the arousal
respectively version of the story evidenced in the healthy subjects a
statistically better recognition memory compared to both
Fres Fecsl] untreated migraineurs and migraineurs treated with
amitriptyline. In all the groups, no statistically significant
difference between the participants in the neutral and arousal

DI Hemalty sobmcs

30 - Olismare Migrzine.re condition was evidenced in the recognition memory for either
o 18 _ N Snaun s phase 1 or phase 3.
O 96 <
R'E Figure 9, an enhanced recognition for the emotionally
55 | arousing of the narrative, compared to the neutral
g i £ narrative was evidenced in the phase 2 of the,stirigh
@ 69 is the phase containing emotionally arousing information.
5 0] In particular in the healthy subjects group, participants
; in the neutral condition answered an average of 61% of

the questions and participants in the arousal condition
were correct on 67%An enhanced recognition for the
emotionally arousing of the narrative was evidenced in
Figure 8. Recall scores (mean + SEM) on arousal and neutrghase 2 of the narrative. Participants in the arousal
stories in healthy subjects, untreated migraineurs argbndition recalled more story elements than did the
migraineurs treated with amytriptyline. The free recall testubjects in the neutral condition [F (1,94)= 15.87;
showed that in all the 3 groups, there were no staticaliy<0,0002)].
significant differences between the total amount of information
recalled by participants who heard the neutral narrative and the groups of the untreated migraineurs and the
participants who heard the emotionally arousing narrative. migraineurs treated with amitriptyline, participants in the
neutral condition answered an average of 51% and 42 %
Recognition memoy. of the questiqn_s, respectivelgnd participants in the
arousal condition were correct on 52 % and 48 %,
The results of the multiple choice test were analyzed respectivelyA significantly enhanced recognition was
for percent correct of total information recognition, as  evidenced in the phase 2 of the arousal narrative in the
well as for percent correct as a function of narrative group of untreated migraineurs compared to the group
phase. In all the 3 groups the total recognition for of migraineurs treated with amitriptyline [F (1,29)=4.32;
participants who heard the emotionally arousing p<0.05)]. The comparison of the 3 groups for the phase 2
narrative did not statically differ from the subjectswho  of the arousal version of the story evidenced in the
heard the neutral stoty. Nevettheless, as is shown in healthy subjects a statistically better recognition memory

Arousal story Neutral story
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compared to both untreated migraineurs [F (1,43 )= 13.92igraine patients have also been found to be at increased
; p<0.0006 )] and the migraineurs treated with amitriptylingésk for affective and anxiety disorders (92, 93). It was
[F (1,32)=25.72; p<0.001)]. also found that, even though migraine patients scored

higher in free-floating anxiefyobsessionality and

In all the groups, no statistically significant difference;omatic complaints, there was no correlation between
between the participants in the neutral and arous@lese data and cognitive results (66). Besides, even
cpndmon was evidenced in the recognition memory fotrhough scores obtained in the Hamilton Depression
either phase 1 or phase 3. Scale from both migraineurs with aura and without aura
were higher than those of the control group, the difference
DISCUSSION was not statically different (88). In disagreement with
The findings of the present experiments suggest thiie results of Burker et al. (77), Leijdekkers et al. reported
chronic migraine is associated with memory impairmenthat migraine patients, compared to controls, had higher
As mentioned in the introduction, memory dysfunction¥aits and state anxiety levels, as well as more depressed
in migraineurs have already been reported (59, 63, 66, 88pod and lower vigour scores; no correlation between
78, 85, 86)Among studies who found deficiencies in theany of these parameters and the results of cognitive tests
cognitive processing of migraineurs, it was reported thatas found. Other studies reported that patients with
migraineurs show significantly poorer performances imigraine with aura and without aura showed impaired
memory and information processing tests (@830, neuropsychological performances only on some
neuropsychological impairment and cognitive defectgognitive tests. Both groups were similarly affected on
were also reported in migraine patients (59, 63)isuo-spatial memory tasks, whereas only the migraineurs
Impairment of short and long term memory was alswithout aura showed significantly impaired verbal
showed in children suffering common migraine performances and attention defects compared to controls
compared to controls (62)erbal and visual memory was (88). Disturbances in visuomotor speed processing,
also lower in patients with common migraine, compareaftention, and memory were observed among migraineurs
to controls (87). Defects both in verbal and visual memonyith a long history of migraine and in those experiencing
were detected either in patients suffering migraine withigher frequency of attacks (94).
jill_ﬂreasgncigsittli(\e/r;tzsgefiiélynﬁory\/g:‘lgfev::g:%lgtn?il:rrr?ef8 ‘he discordances in results between the studies which

by other authors who did not find significant differenceg_)und cognitive affectgtion in rr_1igraine, a_nd those who
between migraineurs and controls in any of thgld not, might be explained by differences in the selection

neuropsychological tasks administered (880, other of subjects: the patients. of previous stydie; (62, 63, 66,
studies did not report cognitive impairment in sample§7' 94) and also the subjects We.e_xammed in the present
of female migraine patients (77, 78). Likewise, a stud search came from headache clinics, whereas others (77,

evaluating the cognitive and psychomotor capacity iaf'sfﬁaggz;’vere recruited among the general population

migraineurs with aura, migraineurs without aura, an
healthy controls showed similar results in every 9"0URIoreover results from headache pain and memory

(89). Previous neuropsychological studies suggesting jies suggest that pain, as it adversébcef memory

that frequent migraine headache may lead to a subflg,y gperate at a threshold level rather than on a dose-
decline in cognitive functioning as a result of the repeatqgsponse continuum (95, 96, 97, 98)

paroxysms in hemodynamic associated with migraine.
For example, it was suggested that chronic migraine lisis interesting to note that migraine has also been
not typically associated with meaningful cognitivereported in association with two important syndromes:
impairment (90). This conclusion is reinforced by thehe transient global amnesia (TGA) and the
fact that there was no significant correlation betweeantiphospholipid syndrome (APS, Hughes’ syndrome).
duration of migraine and cogpnititive performance. The TGA is a benign clinical neurological syndrome
S ) ) consisting of an acute onset and short-lasting episode
Taking into account that personal!ty traits and /ot global memory loss, repetitive queries, and
psychological factors may influence thegisarientation in time. The attack resolves within 24 h,
neuropsychological performance, some of the aboygih ng sequel except amnesia for the attack itself. Many
mentioned authors studied also some of these aspegig, ks are triggered by special circumstances as sexual

In this respect, many authors have found thgfercourses, highly emotional experiences, pain (99, 100).
neuroticism personality profile is higher among

migraineurs than in healthy subjects (91, 92), and that
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APS is a prothrombotic disease in which neurological (Callithrix penicillata) using tympanic membrane
events feature prominentigtrokes, transient ischemic  thermometryBraz J Med Biol Res, 2003 (b); 35t 3-
attacks, headaches (including migraine) and memory loss 918.
are important complications (101). 4.Adolphs R, Cabhill L, Schul R, Babinsky R. Impaired
o o ] . declarative memory for emotional material following
Taking into account that migraine with and without aura  jjateral amygdala damage in humans. Learn Mem
is associated with major depression, in the present 1997 4:291-300.
research we also evaluated the effect of the capill L& McGaugh JLA novel demonstration of
antidepressant amitriptyline, which represented the gnhanced memory associated with emotional arousal.
treatment of the subjects of one of the 2 groups of ~gnsciousness and Cognition. 1995; 4:410-421.
migraineurs we examined. The tertiary tricyclicg Frank JE &Tomaz C. Enhancement of declarative
antidepressants (TCAS), such as amitriptyline, are highly memory associated with emotional content in a
effective in the treatment of panic disordeigraine and Brazilian sample. Braz J Med Biol Res 2000; 33:1483-
major depression, which is also associated with migraine 14gg

(102). Antidepressants may ameliorate the social anfl amann S, Caill L, McGaugh JL, Squire LR. Intact
occupational life of depressed patients, but also impair cnhancement of declarative memory for emotional
these domains due to the negative impact on materialin amnesia. Learn Mem 1997; 4:301-309.
psychomotor and cognitive functions (103). The risk 0§ \auro R, Sato K, Tucker J. The role of appraisal in
impairment varies widely among antidepressant drugs, numan emotions: a cross-cultural studigurnal of
depending also on their pharmacological properties. Personality and Social Psychology 1992, 62:301-317.
TCAs block histaminergic, adrenergic and cholinergig Hamann SB, Cahill L. Emotional perception and memory
receptors which may induce sedation and performance i, amnesia. Neuropsychology 1997; 11:104-113.
impairment in a wide range of tasks (103, 104). Moreovefy Frank J &Tomaz C.Lateralized impairment of the
drugs with anticholinergic properties may interfere  gmgtional enhancement of verbal memory in patients
particularly with attention and memory processes, \ith amygdale-hippocampus lesion. Brain and
although studies reporting conclusions on the specificity Cognition, 2003, 52: 223-230.

of the cognitive effects of TCAs are rare (105). The resulty cgnill L, PrinsB, Weber M, McGaugh JL. a-Adrergic

of our research showed that expectations concerning gctivation and memory for emotional events. Nature
the effects on memory of the amitriptyline were confirmed. 1994: 307:702-704

In fact, in our study the healthy subjects and the, pyrkeA, Heuer F & Reisbey D. Remembering
untreated migraineurs recalled the most emotional phase o motional events. Mem Cogn 1992; 20:277-290.

of the arousal story significantly better compared 93 cahill L. Sex-related influences on the neurobiology
migraineurs treated with the TCA amitriptyline. Then, of emotionally influenced memarnn NY Acad Sci,
our data suggest that amitriptyline prevents the 2003, 985: 163-173.

enhancing effects of emotional content on memory, canill. L HaierR.,White, N, Fallon, J, Kilpatrick, L,
processes. Lawrence, C, Potkin, S &lkire, M. Sex-related
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