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It is well known that estrogens influence cognitive activities, such as memory, and
emotional states. The objective of the present study was to investigate the role of
estrogens in the short-term memory processing of basic emotional face expressions,
by means of event-related potentials (ERPs) and a recognition memory (RM) behavioral
task. Healthy young women were divided into a periovulatory (PO) group, characterized
by high levels of estrogens and low levels of progesterone, and an early follicular
(EF) group, characterized by low levels of both estrogens and progesterone. During
the RM task, all subjects viewed images of faces expressing six basic emotions
(happiness, anger, disgust, sadness, surprise, fear) and one neutral expression while
their electrophysiological activity was recorded. We considered P300 components,
amplitude, and latency in response to each stimulus. Soon after the presentation of
each stimulus face, a target image was presented, consisting of two faces, one of which
was the same, while the other was a chimerical face, obtained by mixing the upper or
lower halves of the faces of the stimulus image with a different emotion. The subjects
had to choose between the two alternatives, and the reaction time (RT) and accuracy
of response (RM errors) were measured. The main findings of this study showed that
P300 amplitudes are significantly higher in response to the expressions of happiness, but
significantly lower for sadness, in PO compared to EF. The P300 data are consistent with
performance in the RM task and with the measures of RT. The interest in the emotion of
happiness, unlike sadness, during the PO phase may reflect the evolutionary significance
of female sex hormones linked to mating behavior.

Keywords: estrogens, memory, event-related potentials, emotional face expressions, menstrual cycle

INTRODUCTION

The influence of estrogens, the principal female sex hormones, on learning and memory is of
particular interest due to increasing average life expectancies. It is well documented in animal
(Pompili et al., 2010; Frick et al., 2018) and human studies in both physiological and pathological
conditions (Pompili et al., 2012; Bean et al., 2014; Kwakowsky et al., 2016; Hampson, 2018).

The effect of estrogens on the brain is well known, with the widespread presence of receptors
(ERs), ERα, ERβ, and G-protein coupled ER in regions crucial for learning, memory, and emotion,
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including the cerebral cortex, the hippocampal formation (HF),
and amygdala (Osterlund et al., 2000a,b; Gasbarri et al., 2012;
Lymer et al., 2018). Through their ERs, estrogens act rapidly
on neurotransmitter systems (Paletta et al., 2018), such as
acetylcholine (Norbury et al., 2007; Newhouse and Dumas,
2015), considered a basic neurotransmitter in the regulation of
learning and memory, but also on serotonin (Amin et al., 2005),
catecholamine (Leranth et al., 2000), and GABA (Mukherjee
et al., 2017). Moreover, estrogens have a profound effect on
dendritic and synaptic morphology (Protopopescu et al., 2008;
Spencer et al., 2008; Kato et al., 2013; Frankfurt and Luine,
2015; Luine et al., 2018) and on long-term potentiation
(Smejkalova and Woolley, 2010), mechanisms closely
related with encoding, and the subsequent consolidation of
new memories.

Memory processing of emotional stimuli consisting of faces is
a basic need. In fact, one of the most important social skills is the
ability to interpret the moods and feelings of other people, and
facial emotional expressions provide numerous different socially
important signals, and so likely represent the most important
visual stimuli in the human environment, both from a biological
and a social point of view (Ekman, 1999; Adolphs, 2003; Keltner
et al., 2003; Adams et al., 2017).

Therefore, it is not surprising that the recognition of facial
expressions is altered in many affective, neurological, and
psychiatric disorders (Kohler et al., 2010; Argaud et al., 2018;
Borgsted et al., 2018; Sfärlea et al., 2018).

Experimental evidences show sex differences in the processing
of facial expressions from adolescence onwards (Lee et al.,
2013). Numerous studies suggest that women have superior
performance in facial expression processing and recognition
(Lewin and Herlitz, 2002; Güntekin and Bas,ar, 2007; Rehnman
and Herlitz, 2007; McBain et al., 2009; Wang, 2013), a skill
called ‘‘the female advantage’’ (Hampson et al., 2006). It has been
hypothesized that women have a greater empathic ability and a
greater interest in social characteristics, which allows them to pay
more attention to facial stimuli (Proverbio, 2017).

It is reasonable that these differences could also be explained
from a hormonal point of view, taking into account the fact that
estrogens seem to play a role in social learning and memory
(Choleris et al., 2012; Karlsson et al., 2016; Galea et al., 2017;
Lymer et al., 2017).

Various cognitive functions may fluctuate during the various
phases of the menstrual/estrous cycle, and many studies have
examined and highlighted the role of sexual hormones in
memory, both in women and female animals (Gasbarri et al.,
2008; Konishi et al., 2008; Pompili et al., 2010; Joseph et al., 2012;
Hampson and Morley, 2013; Bayer et al., 2014).

On this basis, the principal aim of this study was to
analyze the influence that estrogens may have on early
memory processing of primary emotional faces. To this
purpose, the performance on a recognition memory (RM)
task and the reaction time (RT) obtained were compared
within subjects for stimulus type (emotional facial expressions)
and between subjects for menstrual cycle phase (low and
high estrogen levels). P300 responses to emotional faces
used as stimuli were analyzed, and electrophysiological and

behavioral indices were used to determine group differences in
memory processing.

In previous studies in our laboratories, we have analyzed
working memory for emotional stimuli consisting of facial
expressions using the delayedmatching-to-sample task (Gasbarri
et al., 2008). We considered a rather large follicular time window
in the menstrual cycle, and comprising the lutein phase, in
which the effects of progesterone are also present. In this work,
in order to analyze the effect of estrogens alone, we restricted
the study windows to very limited periods, in particular by
including the periovulatory (PO) period, during which the level
of estrogens is at its highest, but the level of progesterone is low.
Moreover, we used the event-related potential (ERP) method. To
our knowledge, there are few studies examining the processing
of emotional facial expressions during the menstrual cycle in
physiological conditions (Pearson and Lewis, 2005; Derntl et al.,
2008a,b; Gasbarri et al., 2008), in particular considering memory
processing, and all have differing results.

Here, we intend to better analyze the role of estrogens in
physiological conditions on the interplay between cognition and
emotion, that is on the interaction between short-term memory
and socially relevant stimuli.

The influence of emotion on memory has been abundantly
demonstrated using various types of materials, including
emotional stories (Gasbarri et al., 2005; Nielsen et al., 2013),
pictures (Pompili et al., 2016), and words (Arnone et al.,
2011). However, images of emotional faces differ from other
arousing pictures or words because of their affective value (Calvo
and Nummenmaa, 2016). In fact, primary emotional faces are
recognized as having an adaptive role, so they influence the
attentive, perceptive, and mnemonic processes because they
provide social feedback to themselves; a face can help us to
get important information needed during social interactions
(Crivelli and Fridlund, 2018), such as race, sex, identity, and
the ability to distinguish friends from foes. Consequently, all
faces, even those defined as ‘‘inexpressive’’ or ‘‘neutral,’’ can
have emotional salience (Palermo and Rhodes, 2007). The
perception of a facial emotion involves both visual processing
and the recognition of its emotional meaning (Brenner et al.,
2014). Understanding a facial expression, therefore, involves the
combination of the cognitive processing of the visual stimulus
with a memory related to a specific emotion, and it is a skill
present from the earliest stages of life; that is, it is hereditary
(Grossmann and Johnson, 2007).

Based on our previous study (Pompili et al., 2016), we
predicted that healthy young women in the menstrual phase
with higher estrogen levels would exhibit a better memory
performance, compared to women with low estrogen levels.
Moreover, we also hypothesized that hormonal fluctuations
could modulate both the electrophysiological and the behavioral
response to the different emotional faces.

MATERIALS AND METHODS

Subjects
Women aged 19–25 (mean age 22.7 ± 2.2), all University of
L’Aquila students, were recruited to participate in this study.
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They were initially submitted to a screening interview to check
for any health problems, and ensure the regularity of their
menstrual cycle. After the screening, 78 subjects were selected,
with a menstrual cycle length from 26 to 30 days. Exclusion
criteria included the use of any form of hormonal contraceptives
in the 4 months before the test, psychiatric illnesses (including
premenstrual syndrome), neurological disorders, and chronic
illnesses treated with hormonal therapy. Women who were
pregnant or lactating in the 12 months before the test were
excluded from the experiments. All subjects were right-handed
and had normal or corrected-to-normal vision. During the
screening interview, data regarding participants’ last menstrual
period were collected, and the women were divided into two
groups. The early follicular (EF) group included all subjects who
were involved in the test between the 1st and the 3rd day of their
menstrual cycle, while the PO group included all subjects who
participated in the test between the 12th and the 16th day of their
menstrual cycle. The ovarian function and the menstrual cycle
phase were verified with salivary measures. A salivary sample
was collected from every subject 5 min before the test, and later
analyzed to evaluate its estradiol and progesterone levels. All the
subjects who showed low levels of both estradiol (<2 pg/ml) and
progesterone (<75 pg/ml) were included in the EF group, while
subjects with high levels of estradiol (>6 pg/ml) but low levels
of progesterone (<100 pg/ml) were included in the PO group.
Eight subjects were excluded because their tests showed that they
were out of the expected hormonal range at the time of testing
(three in the EF group and five in the PO group). Four subjects
were excluded due to problems found in the EEG acquisition.
Therefore, the final analysis included 33 subjects in the EF group
and 33 subjects in the PO group. This study was conducted in
accordance with the Declaration of Helsinki, and was approved
by the ethical Committee of the University of L’Aquila. All the
procedures were carried out with the adequate understanding
of the subjects, who read and signed an informed consent form
before participating in this research project.

All the data were grouped and analyzed anonymously.

Hormone Salivary Levels
To confirm the phase of the menstrual cycle, participants’
hormonal levels were measured using a competitive enzymatic
immunoassay kit (Salimetrics, State College, PA, USA). Salivary
levels of estradiol and progesterone are believed to accurately
represent the biologically active fraction in general circulation,
and this represents a suitable non-invasive method. See Gasbarri
et al. (2008) for the test principle, saliva sample assays, and
data analysis.

Stimuli
We utilized stimulus materials selected from the Picture of
Facial Affect (POFA) in Ekman and Friesen (1976), a set of
human facial expressions widely used in neuropsychological
research. Every model in POFA displayed one of the six universal
emotions (happiness, anger, disgust, sadness, surprise, fear) or
one neutral expression.

We selected 89 stimulus images from the POFA and then
used a photo editing software to obtain other 89 chimerical

FIGURE 1 | Chimerical image. (A) Original stimulus: one of the selected
Picture of Facial Affect (POFA) faces showing happiness. (B) One of the
chimerical images obtained by mixing the upper half of (A) with the lower half
of the same female model showing a different emotion, in this example case
sadness.

images. Each chimerical image was prepared by mixing the
lower or upper part of the stimulus image (e.g., happiness),
with the upper or lower part of another stimulus of the
same female or male model (e.g., sadness), as shown in
Figure 1. The chimerical images were used in the target
image, containing both the stimulus just seen and the relative
chimerical picture.

The figures used in the experiment procedure were 84, while
the remaining five images, not considered in the statistical
analysis, were used as training at the beginning of the procedure
recording. The 84 experimental pictures were 12 examples for
each emotion, six represented by six different male models and
six represented by six different female models.

Procedure
Participants viewed the selected faces while seated in a
comfortable chair in a sound-attenuated, dimly lit room. After
electrode attachment and laboratory adaptation, they were told
that a series of slides representing human faces would be
presented and that they should observe each picture the entire
time it appeared on the screen, without moving their eyes. All
experiments were conducted at 10:00 AM. Every subject was
submitted to a RM behavioral task. Participants observed a
total of 178 images, the first 10 of which for training purposes,
89 stimuli, and 89 targets, presented with the use of the
Presentation software (ver. 0.51).

Every stimulus image, represented by one of the faces selected
from POFA, was followed by a target image consisting of the
same image and its relative chimerical image.

All the 178 pictures were presented in random order on a
Philips 200P4SS 20.1′′, 0.25 mm (Dot pitch), with a horizontal
rate of 94 Khz and a vertical rate of 85 Hz, and a resolution
of 1,280 × 1,024 pixels, positioned 1 m in front of the
subject. In the RM behavioral task, the stimulus image was
shown on the monitor for 2 s, followed by a black screen
of a random variable duration between 2 and 3 s to avoid a
habituation effect and then followed by a target image for 1 s
(Figure 2). During the projection of the target stimulus, the
subject was instructed to give the correct answer by pushing
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FIGURE 2 | Timeline showing the course of the experiment. The stimulus
image was presented for 2 s, followed by a black screen for 2 or 3 s, and
finally by a target image. 1: stimulus image; 2: chimerical image. The correct
answer in the recognition memory (RM) behavioral task required to choose
the original stimulus (1) of the target image.

one of the buttons (number 1 or number 2) located on
the chair armrests to avoid muscular movements that could
generate artifacts in the EEG recording. As mentioned above,
the target stimulus contained the emotional face just seen and
a chimerical image: the correct answer required to recognize
the stimulus just seen (button 1), while pressing the button 2
(chimerical image) was considered an error (Figure 2). Each
experimental session had a duration of 20 min, including the
training session.

During the EEG recording, the exact moment of presentation
of an image, the difference between the stimulus image and
target image, the emotion shown, and the answer given by
the subject were selected by means of specific triggers in the
Presentation software. Values between 11 and 24 were utilized to
define emotion and gender differences on the stimulus images;
values between 25 and 38 defined the same variables on the
target images. Triggers 1 and 2 were utilized to indicate the
answers given by the subjects; these triggers allowed the correct
segmentation of the EEG recording and its subsequent analysis.
The PC utilized for the image presentation (Intel Pentium
IV—1.80 Ghz—1 GB RAM) was connected to the PC utilized
for the EEG recording (using the same specifications) with a
Centronics I/O parallel port.

EEG Recording
EEG signals were recorded at 30 scalp sites (Fp1, Fp2, F7,
F3, Fz, F4, F8, Fc5, Fc1, Fc2, Fc6, T7, C3, Cz, C4, T8, TP9,
CP5, CP1, CP2, CP6, TP10, P7, P3, Pz, P4, P8, O1, O2,
and Oz) according to the international 10/20 system, and
employing ActiCap Control Software (Brain Products GmbH).
Channels 31 and 32 were used to assess eye movements,
and horizontal and vertical electrooculogram (EOG),
respectively. The EOG activity was used to reduce artifacts.
The EEG equipment (BRAINAMP—Brain Products GmbH)
included the Vision Recorder software, which measures with
high-precision GND (ground) and REF (reference) electrode
impedance. The impedance of each electrode was checked
at ≤1 kΩ. The EEG from each electrode site was digitalized
at 250 Hz.

EEG Analysis
BrainAmp Vision Analyser Software—ver. 1.05.0001—Brain
Products GmbH was employed in the EEG analyses. The

averaged epochs were 100 ms before and 1,000 ms after the
original stimulus onset. Artifacts (deviation in eye position,
blinks or amplifier blocking) were removed prior to signal
averaging; we used a difference criterion with a minimal-
maximal allowed absolute difference of two values in the segment
of 200.00 µV. P300 latency was defined as the maximum
positivity between 250ms and 400ms.We applied a pre-stimulus
baseline correction selecting a pre-stimulus windows from
−200 to 0 ms relative to stimulus onset. Base-to-peak amplitude
(2,000 ms pre-stimulus baseline) and peak latency value of
P300 components of the averaged ERPs were subjected to
statistical evaluation. To reduce high-frequency noise, the
averaged visual evoked potentials were filtered at 0.01 Hz
(48 dB/octave) and 35 Hz (48 dB/octave). An Ocular Correction
was applied to remove eye blinks, and EOGH and EOGV activity
were employed as a sample to filter residual eye-movement
artifacts. A segmentation was applied to the EEG recordings
based on the specific triggers configured using the Presentation
software, obtaining 14 sets of segments, each of which referred
to a distinct emotional face. The analysis of P300 components
for the stimulus images was determined for parietal electrodes,
P3/4, P7/8, and Pz sites, where amplitude and latency were largely
evident (Katayama and Polich, 1999).

Statistical Analysis
Data were analyzed using SPSS, version n. 20. We verified the
distribution of both hormonal levels and parameters of the P300,
amplitude and latency, before choosing the statistical tests to
be applied: all data were normally distributed. Hormonal levels
in the different phases were compared using Student’s t-test.
P300 parameter values amplitude and latency were examined
using repeated measures of ANOVA with two electrode
site (fronto-parietal and parietal), seven stimuli (happiness,
anger, disgust, sadness, surprise, fear and neutral) and two
lateralizations (left and right) as within-subjects factors, and cycle
phase (PO and EF) as the between-subjects factor. We used
one-way ANOVAs to analyze the data related to a specific phase.
The post hoc planned comparison was performed using Tukey’s
Honestly Significant Difference (HSD) test. We also investigated
the relationship between hormone levels and RM errors, by
means of correlation analyses.

Results are presented as means ± standard error of the mean
(SEM), or as means ± standard deviation (SD). The level of
significance was set at 0.05.

RESULTS

Hormonal Levels
The EF phase showed low levels of both progesterone
(70.19 ± 4.82 pg/ml) and estrogens (1.67 ± 0.3 pg/ml).
During the PO phase, progesterone levels remained low
(90.75 ± 8.59 pg/ml), while estrogen levels rose at a value
of 7.18 pg/ml (SEM = 0.85). A statistical comparison between
the hormonal levels characterizing the two groups showed
a significant difference related to estrogens (t(64) = −5.427;
p < 0.001), while there was no significant difference in
progesterone levels (t(64) =−1.546; p = 0.127, n.s.; Figure 3).
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FIGURE 3 | Hormonal salivary levels. (A) Estrogen levels were significantly higher in the PO than in the EF group, ∗∗∗p < 0.001. (B) Progesterone levels did not
show any significant difference between the two groups.

Analysis of Event-Related Potentials:
P300 Parameters
For both the EF and PO phases, the grand-average ERPs of all
subjects at the Pz site in response to the seven emotional facial
expressions are shown in Figure 4.

P300 Amplitude
The statistical analysis of the P300 amplitude showed a cycle
phase effect: women in the PO phase displayed a larger amplitude
compared with those in the EF phase (F(1,68) = 5.521; p < 0.02).

The main effect of the emotional stimuli was also identified.
In fact, in the interaction between the cycle phase and emotional
facial expressions, women in PO had a higher amplitude,
compared to EF, for the stimuli of happiness (F(1,8) = 33.087;
p < 0.001) and a lower response for sadness (F(1,8) = 5.662;
p < 0.044). There were no significant differences for the other
emotional facial expressions. The amplitude values for each
emotion and group are shown in Figure 5.

P300 Latency
A cycle phase effect was also found for P300 latency. In fact,
women in the PO phase displayed shorter latencies compared
with the EF subjects (F(1,68) = 4.230; p < 0.04). The main
effect of the emotional stimuli was demonstrated: latency was
significantly lower during PO for happiness (F(1,8) = 8.419
p < 0.02), but significantly higher for sadness (F(1,8) = 11.107,
p < 0.01; Figure 5). No significant differences in latency were
found for the other emotional facial expressions.

Recognition Memory Task
The main effect of the cycle phase was shown for the total
number of errors. An overall ANOVA performed on the total
number of RM errors, revealed a memory by phase interaction:
subjects in the PO phase made a significantly lower number of
RM errors (1.05 ± 0.72) compared to the EF phase (1.31 ± 0.86;
F(1,460) = 6.228, p < 0.01). RM errors were significantly lower for
happiness (F(1,64) = 16.191; p < 0.001) and significantly higher
for sadness (F(1,64) = 4.824; p< 0.03) in PO phase compared with
the EF phase. No significant differences were found for the other
emotional facial expressions (Figure 6).

We performed linear correlations between hormonal levels
as measured in saliva and RM errors, to further test these
results. We found that estrogen levels were positively correlated
with RM errors for sadness, r(33) = 0.510, p < 0.002, while
they were inversely correlated with RM errors for happiness,
r(33) = −0.619, p < 0.000. No significant relationship was found
between estrogen levels and the other five emotions, nor between
progesterone levels and the other seven emotions.

Reaction Time
No main effect of the cycle phase on RT was revealed
(F(1,460) = 1.910; p = 0.168, n.s.); however, RTs were significantly
lower in PO than in the EF phase for the emotion of happiness
(F(1,64) = 5.140; p < 0.02), while they were significantly higher
for sadness (F(1,64) = 5.031; p < 0.03). There were no significant
differences for the other emotions (Figure 7).

DISCUSSION

In the present study, we investigated the effect of estrogens
on the short-term memory processing for emotional facial
expressions in healthy young women during different times
of their menstrual cycle: the EF and PO phases. To meet
this aim, we employed an RM task, during which ERPs
in response to emotional facial expressions were recorded
and P300 components, amplitudes, and latencies were
considered. Data from ERPs, memory performance, and
RT were used to draw conclusions about the role of estrogens
in processing emotional facial expressions and subsequent
memory encoding.

The enzyme immunoassays performed on saliva samples
provide evidence of a significantly higher estradiol concentration
in the PO phase (12th–16th day) compared to the EF phase
(1st–4th day). An increase in estradiol levels was therefore
highlighted, as expected, right at the ovulation peak, while
progesterone levels remained low in both phases. Therefore, the
hormonal analyses allow us to hypothesize that the modulations
observed during our experiments, related both to ERPs and
to behavioral performances, could be linked to fluctuations in
hormonal estrogen levels, rather than progesterone ones.
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FIGURE 4 | Grand-average event-related potential (ERP) waveforms of all subjects at the Pz site in response to the seven facial expressions. The P300 amplitudes
and latencies were determined for both EF and PO groups.

Our main findings, showing an interaction between estrogen
levels and electrophysiological and behavioral performances,
were that subjects in the PO phase, compared to those in the
EF phase, displayed: (i) a significantly greater amplitude of
P300, and a significantly shorter latency for the emotional faces
expressing happiness, but the opposite for sadness. No significant

differences were exhibited for the other facial expressions; (ii)
in the RM task, there was a better performance, with fewer
statistically significant errors in the processing of happiness,
but the opposite for sadness; and (iii) finally, according to
the previous results, the RT phase was significantly faster for
happiness, and the opposite for sadness.
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FIGURE 5 | P300 parameters: EF phase vs. PO phase. Means (±SEM) of P300 amplitude and latencies in response to the seven emotional facial expressions
during the EF and PO phases. Participants in the PO phase, compared to those in the EF phase, showed a significantly higher amplitude and a significantly shorter
latency for the emotion of happiness, and the opposite for sadness. There were no significant differences for the other emotional facial expressions. ∗p < 0.044;
∗∗p < 0.02; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001.

FIGURE 6 | RM task. Subjects in the PO phase made a significantly lower
number of RM errors for happiness but a significantly higher number for
sadness. There were no significant differences for the other emotions.
∗p < 0.03; ∗∗p < 0.001.

FIGURE 7 | Reaction times (RTs). RTs were significantly lower in the PO
phase than those recorded in the EF phase for the emotion of happiness,
while they were significantly higher for sadness. There were no significant
differences for the other emotions. ∗p < 0.03; ∗∗p < 0.02.

Overall, these findings indicated that subjects had a better
performance in the PO phase, compared to the EF phase, while

viewing facial expressions of happiness, showing a significant
lower reactivity to sadness. After indicating that a higher
P300 amplitude and a lower P300 latency in response to the
original stimulus were associated with the better recognition
of the target images, the results showed that participants paid
greater attention to the specific stimuli of happiness. The choice
to evaluate the P300 component was based on its well-known
role as an index of the cognitive abilities that a subject invests
in the execution of a task. From a theoretical point of view,
the increase in amplitude, usually inversely linked to latency,
shows a greater investment of attentive resources in a task
(Polich and Kok, 1995). The P300 was thought, essentially,
to reflect memory ability, in particular, greater allocation of
cognitive resources to more demanding memory operations
(Polich, 2007). When a stimulus was presented to a subject,
during electroencephalographic procedure, a positive potential
was elicited that increases in amplitude from the frontal to the
parietal electrodes (Johnson, 1993). For this reason, we analyzed
the parietal electrode sites, where the activity is more pronounced
(Katayama and Polich, 1999).

The existing literature has evidenced a relationship between
the P300 component of the ERPs and emotional arousal (for a
comprehensive review see Olofsson et al., 2008; Güntekin and
Bas,ar, 2014), and research conducted in both our laboratory
and those of others reported that emotionally arousing stimuli
elicited greater P300 responses than neutral stimuli at encoding
(Dolcos and Cabeza, 2002; Keil et al., 2002; Gasbarri et al., 2006,
2007; Pompili et al., 2016; Osugi and Ohira, 2018). Emotional
stimuli might automatically be processed as relevant because of
their intrinsic motivational significance; since in our task six of
the seven stimuli were of the emotional type, it is possible to
believe that joy is considered a more relevant emotional stimulus
from a motivational point of view. In support of this, the fact
that sadness, which we could consider to be the opposite of joy,
obtained the lowest responses is evidenced.

Some studies investigated, without the use of ERPs, the
perception and recognition of specific emotional expressions
during different phases of the menstrual cycle (Conway
et al., 2007; Guapo et al., 2009; Kamboj et al., 2015).
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In their works focused on emotional recognition, Derntl
et al. (2008a,b) found greater accuracy in the follicular
phase than in the luteinic phase, with a negative correlation
between progesterone levels and the accuracy of emotional
recognition. There is experimental evidence on the role
of estrogens in the recognition of emotions. Pearson and
Lewis (2005), in their study, in which the accuracy of
the recognition of emotional expressions was examined,
found a specific association between the phases of the
menstrual cycle and the recognition of fear. Women were
more accurate in recognition during the preovulatory phase
(i.e., around ovulation) when estrogen levels are high, rather than
during menstruation.

Zhang et al. (2013), in their study on the time course of
facial expression recognition during the menstrual cycle, found
that hormonal fluctuations during menstrual cycle modulated
only the late positive potential (LPP2, from 750 to 1,000 ms
after the stimulus presentation) in response to emotional
faces, with a larger amplitude during the periovulation phase,
compared to the premenstrual phase. They also found a
positive correlation between the LPP2 amplitude and facial
expression recognition accuracy during the periovulation phase,
but the effect was independent of any specific facial expression.
However, the authors did not obtain direct measures of
hormone levels.

The principal findings of our study was that, in young
women, the physiological fluctuations of estrogens during the
menstrual cycle modulate the sensitivity to specific social
stimuli of happiness during PO, affecting the processing of
memory recognition.

In conclusion, the evaluation of our results, in light of
the emotional value of the stimuli, suggests that physiological
fluctuations of estrogens during the menstrual cycle should
influence one’s preference for the facial expressions of happiness
during PO, while sadness was not considered to be a salient
stimulus. Considering that in PO the risk of conception is
high, estrogens could increase the sensitivity of women to
relevant stimuli, from an evolutionary point of view, to help
mating behavior; happiness could, therefore, be considered
to be a self-relevant stimulus during the ovulatory phase,
as opposed to sadness valence, as human facial expressions
can regulate approaching and avoiding behaviors with others
(Seidel et al., 2010).

The aim of this study was to clarify the role of female
sex hormones in cognitive activities, in order to develop new
therapeutic strategies to promote successful ageing. Our results,
however, should be considered within the limits of the research

design, in which we have considered only healthy young women.
In fact, since there is an interaction between serotonin, which
has an important role in modulating mood, and estrogens,
we cannot completely exclude that the preference for faces
expressing happiness, unlike sadness, may be due to a greater
propensity in the PO phase towards positive stimuli rather
than negative, beyond the evolutionary aspect. Estrogens act
positively on serotonin transmission in many ways, including
the modulation of synthesis and degradation (Smith et al., 2004;
Hiroi et al., 2006), the inhibition of reuptake from synapses,
the regulation of the density of post-synaptic 5-HT2A ERs
(Moses-Kolko et al., 2004), and the sensitivity of the presynaptic
5-HT1A auto receptor (Henderson and Bethea, 2008). The role
of estrogens in mood and emotional states in women is strongly
suggested by their potentiation of serotoninergic activities in the
limbic area (Wharton et al., 2012).

We are now planning studies involving subjects
with emotional disorders linked to the menstrual cycle.
These kinds of studies can help us to better differentiate
between the psychological and physiological aspects of
estrogen influence.

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available because all necessary data are included in the work.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Internal Review Board of University of L’Aquila.
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

AG and AP conceptualized and designed the study. MD’A wrote
a section of the manuscript and acquired the data. BA, CI,
FP and PI acquired data and contributed to data analysis. SC
organized the database and contributed to technical support. AP
wrote the first draft of the manuscript. All authors contributed to
manuscript revision, read and approved the submitted version.

FUNDING

This work was partially funded by the Italian Ministry of
Research (MURST) conferred to AP.

REFERENCES

Adams, R. B. Jr., Albohn, D. N., and Kveraga, K. (2017). Social vision: applying
a social-functional approach to face and expression perception. Curr. Dir.
Psychol. Sci. 26, 243–248. doi: 10.1177/0963721417706392

Adolphs, R. (2003). Cognitive neuroscience of human social behaviour. Nat. Rev.
Neurosci. 4, 165–178. doi: 10.1038/nrn1056

Amin, Z., Canli, T., and Epperson, C. N. (2005). Effect of estrogen-serotonin
interactions on mood and cognition. Behav. Cogn. Neurosci. 4, 43–58.
doi: 10.1177/1534582305277152

Argaud, S., Vérin, M., Sauleau, P., and Grandjean, D. (2018). Facial emotion
recognition in Parkinson’s disease: a review and new hypotheses.Mov. Disord.
33, 554–567. doi: 10.1002/mds.27305

Arnone, B., Pompili, A., Tavares, M. C., and Gasbarri, A. (2011). Sex-related
memory recall and talkativeness for emotional stimuli. Front. Behav. Neurosci.
5:52. doi: 10.3389/fnbeh.2011.00052

Bayer, J., Schultz, H., Gamer, M., and Sommer, T. (2014). Menstrual-
cycle dependent fluctuations in ovarian hormones affect emotional
memory. Neurobiol. Learn. Mem. 110, 55–63. doi: 10.1016/j.nlm.2014.
01.017

Frontiers in Behavioral Neuroscience | www.frontiersin.org 8 October 2019 | Volume 13 | Article 234

https://doi.org/10.1177/0963721417706392
https://doi.org/10.1038/nrn1056
https://doi.org/10.1177/1534582305277152
https://doi.org/10.1002/mds.27305
https://doi.org/10.3389/fnbeh.2011.00052
https://doi.org/10.1016/j.nlm.2014.01.017
https://doi.org/10.1016/j.nlm.2014.01.017
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Gasbarri et al. Estrogen Role on Memory Processes

Bean, L. A., Ianov, L., and Foster, T. C. (2014). Estrogen receptors,
the hippocampus, and memory. Neuroscientist 20, 534–545.
doi: 10.1177/1073858413519865

Borgsted, C., Ozenne, B.,McMahon, B.,Madsen,M. K., Hjordt, L. V., Hageman, I.,
et al. (2018). Amygdala response to emotional faces in seasonal affective
disorder. J. Affect. Disord. 229, 288–295. doi: 10.1016/j.jad.2017.12.097

Brenner, C. A., Rumak, S. P., Burns, A. M., and Kieffaber, P. D. (2014). The role of
encoding and attention in facial emotion memory: an EEG investigation. Int.
J. Psychophysiol. 93, 398–410. doi: 10.1016/j.ijpsycho.2014.06.006

Calvo,M. G., andNummenmaa, L. (2016). Perceptual and affectivemechanisms in
facial expression recognition: an integrative review.Cogn. Emot. 30, 1081–1106.
doi: 10.1080/02699931.2015.1049124

Choleris, E., Clipperton-Allen, A. E., Phan, A., Valsecchi, P., and Kavaliers, M.
(2012). Estrogenic involvement in social learning, social recognition and
pathogen avoidance. Front. Neuroendocrinol. 33, 140–159. doi: 10.1016/j.yfrne.
2012.02.001

Conway, C. A., Jones, B. C., DeBruine, L. M., Welling, L. L. M., Law Smith, M. J.,
Perrett, D. I., et al. (2007). Salience of emotional displays of danger and
contagion in faces is enhanced when progesterone levels are raised. Horm.
Behav. 51, 202–206. doi: 10.1016/j.yhbeh.2006.10.002

Crivelli, C., and Fridlund, A. J. (2018). Facial displays are tools for social influence.
Trends Cogn. Sci. 22, 388–399. doi: 10.1016/j.tics.2018.02.006

Derntl, B., Kryspin-Exner, I., Fernbach, E., Moser, E., and Habel, U. (2008a).
Emotion recognition accuracy in healthy young females is associated with cycle
phase. Horm. Behav. 53, 90–95. doi: 10.1016/j.yhbeh.2007.09.006

Derntl, B., Windischberger, C., Robinson, S., Lamplmayr, E., Kryspin-Exner, I.,
Gur, R. C., et al. (2008b). Facial emotion and amygdala activation
are associated with menstrual cycle phase. Psychoneuroendocrinology 33,
1031–1040. doi: 10.1016/j.psyneuen.2008.04.014

Dolcos, F., and Cabeza, R. (2002). Event-related potentials of emotional memory:
encoding pleasant, unpleasant, and neutral pictures. Cogn. Affect. Behav.
Neurosci. 2, 252–263. doi: 10.3758/cabn.2.3.252

Ekman, P. (1999). ‘‘Facial expressions,’’ in The Handbook of Cognition and
Emotion, eds T. Dalgleish and M. J. Power (New York, NY: John Wiley and
Sons Ltd), 301–320.

Ekman, P., and Friesen, W. V. (1976). Picture of Facial Affect. Palo Alto, CA:
Consulting Psychologist Press.

Frankfurt, M., and Luine, V. (2015). The evolving role of dendritic spines and
memory: interaction(s) with estradiol. Horm. Behav. 74, 28–36. doi: 10.1016/j.
yhbeh.2015.05.004

Frick, K. M., Kim, J., and Koss, W. A. (2018). Estradiol and hippocampal memory
in female and male rodents. Curr. Opin. Behav. Sci. 23, 65–74. doi: 10.1016/j.
cobeha.2018.03.011

Galea, L. A. M., Frick, K. M., Hampson, E., Sohrabji, F., and Choleris, E. (2017).
Why estrogens matter for behavior and brain health. Neurosci. Biobehav. Rev.
76, 363–379. doi: 10.1016/j.neubiorev.2016.03.024

Gasbarri, A., Arnone, B., Pompili, A., Marchetti, A., Pacitti, F., Calil, S. S.,
et al. (2006). Sex-related lateralized effect of emotional content on declarative
memory: an event related potential study. Behav. Brain Res. 168, 177–184.
doi: 10.1016/j.bbr.2005.07.034

Gasbarri, A., Arnone, B., Pompili, A., Pacitti, F., Pacitti, C., and Cahill, L.
(2007). Sex-related hemispheric lateralization of electrical potentials evoked
by arousing negative stimuli. Brain Res. 1138, 178–186. doi: 10.1016/j.brainres.
2006.12.073

Gasbarri, A., Pompili, A., Arnone, B., d’Onofrio, A., Marchetti, A., Tavares, M. C.,
et al. (2005). Declarative memory retention and emotional stimuli A study of
an Italian sample. Funct. Neurol. 20, 157–162.

Gasbarri, A., Pompili, A., d’Onofrio, A., Cifariello, A., Tavares, M. C., and
Tomaz, C. (2008). Working memory for emotional facial expressions: role
of the estrogen in young women. Psychoneuroendocrinology 33, 964–972.
doi: 10.1016/j.psyneuen.2008.04.007

Gasbarri, A., Tavares, M. C., Rodrigues, R. C., Tomaz, C., and Pompili, A.
(2012). Estrogen, cognitive functions and emotion: an overview on humans,
non-human primates and rodents in reproductive years. Rev. Neurosci. 23,
587–606. doi: 10.1515/revneuro-2012-0051

Grossmann, T., and Johnson, M. H. (2007). The development of the social brain
in human infancy. Eur. J. Neurosci. 25, 909–919. doi: 10.1111/j.1460-9568.2007.
05379.x

Guapo, V. G., Graeff, F. G., Zani, A. C., Labate, C. M., dos Reis, R. M., and
Del-Ben, C. M. (2009). Effects of sex hormonal levels and phases of the
menstrual cycle in the processing of emotional faces. Psychoneuroendocrinology
34, 1087–1094. doi: 10.1016/j.psyneuen.2009.02.007

Güntekin, B., and Bas,ar, E. (2007). Gender differences influence brain’s β

oscillatory responses in recognition of facial expressions. Neurosci. Lett. 424,
94–99. doi: 10.1016/j.neulet.2007.07.052

Güntekin, B., and Bas,ar, E. (2014). A review of brain oscillations in perception
of faces and emotional pictures. Neuropsychologia 58C, 33–51. doi: 10.1016/j.
neuropsychologia.2014.03.014

Hampson, E. (2018). Estrogens, aging, and workingmemory.Curr. Psychiatry Rep.
20:109. doi: 10.1007/s11920-018-0972-1

Hampson, E., and Morley, E. E. (2013). Estradiol concentrations and
working memory performance in women of reproductive age.
Psychoneuroendocrinology 38, 2897–2904. doi: 10.1016/j.psyneuen.2013.
07.020

Hampson, E., Van Anders, S., and Mullin, L. (2006). A female advantage in the
recognition of emotional facial expressions: test of an evolutionary hypothesis.
Evol. Hum. Behav. 27, 401–416. doi: 10.1016/j.evolhumbehav.2006.05.002

Henderson, J. A., and Bethea, C. L. (2008). Differential effects of ovarian
steroids and raloxifene on serotonin 1A and 2C receptor protein expression
in macaques. Endocrine 33, 285–293. doi: 10.1007/s12020-008-9087-5

Hiroi, R., McDevitt, R. A., and Neumaier, J. F. (2006). Estrogen selectively
increases tryptophan hydroxylase-2 mRNA expression in distinct subregions
of rat midbrain raphe nucleus: association between gene expression and anxiety
behavior in the open field. Biol. Psychiatry 60, 288–295. doi: 10.1016/j.biopsych.
2005.10.019

Johnson, R. Jr. (1993). On the neural generators of the P300 component of the
event related potential. Psychophysiology 30, 90–97. doi: 10.1111/j.1469-8986.
1993.tb03208.x

Joseph, J. E., Swearingen, J. E., Corbly, C. R., Curry, T. E. Jr., and Kelly, T. H.
(2012). Influence of estradiol on functional brain organization for working
memory. Neuroimage 59, 2923–2931. doi: 10.1016/j.neuroimage.2011.09.067

Kamboj, S. K., Krol, K. M., and Curran, H. V. (2015). A specific association
between facial disgust recognition and estradiol levels in naturally cycling
women. PLoS One 10:e0122311. doi: 10.1371/journal.pone.0122311

Karlsson, S., Henningsson, S., Hovey, D., Zettergren, A., Jonsson, L., Cortes, D. S.,
et al. (2016). Social memory associated with estrogen receptor polymorphisms
in women. Soc. Cogn. Affect. Neurosci. 11, 877–883. doi: 10.1093/scan/nsw010

Katayama, J., and Polich, J. (1999). Auditory and visual P300 topography from
a 3 stimulus paradigm. Clin. Neurophysiol. 110, 463–468. doi: 10.1016/s1388-
2457(98)00035-2

Kato, A., Hojo, Y., Higo, S., Komatsuzaki, Y., Murakami, G., Yoshino, H.,
et al. (2013). Female hippocampal estrogens have a significant correlation
with cyclic fluctuation of hippocampal spines. Front. Neural Circuits 7:149.
doi: 10.3389/fncir.2013.00149

Keil, A., Bradley, M. M., Hauk, O., Rockstroh, B., Elbert, T., and Lang, P. J. (2002).
Large-scale neural correlates of affective picture processing. Psychophysiology
39, 641–649. doi: 10.1017/s0048577202394162

Keltner, D., Ekman, P., Gonzaga, G. C., and Beer, J. (2003). ‘‘Facial expression
of emotion,’’ in Handbook of Affective Sciences. Series in Affective Science, eds
D. J. Richard, K. R. Klaus and H. H. Goldsmith (New York, NY: Oxford
University Press), 415–432.

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., and Moberg, P. J. (2010).
Facial emotion perception in schizophrenia: a meta-analytic investigation
of controlled research. Schizophr. Bull. 36, 1009–1019. doi: 10.1093/schbul/
sbn192

Konishi, K., Kumashiro, M., Izumi, H., and Higuchi, Y. (2008). Effects of
the menstrual cycle on working memory: comparison of postmenstrual and
premenstrual phases. Ind. Health 46, 253–260. doi: 10.2486/indhealth.46.253

Kwakowsky, A., Milne, M. R., Waldvogel, H. J., and Faull, R. L. (2016).
Effect of estradiol on neurotrophin receptors in basal forebrain cholinergic
neurons: relevance for Alzheimer’s disease. Int. J. Mol. Sci. 17:E2122.
doi: 10.3390/ijms17122122

Lee, N. C., Krabbendam, L., White, T. P., Meeter, M., Banaschewski, T.,
Barker, G. J., et al. (2013). Do you see what I see? Sex differences in the
discrimination of facial emotions during adolescence. Emotion 13, 1030–1040.
doi: 10.1037/a0033560

Frontiers in Behavioral Neuroscience | www.frontiersin.org 9 October 2019 | Volume 13 | Article 234

https://doi.org/10.1177/1073858413519865
https://doi.org/10.1016/j.jad.2017.12.097
https://doi.org/10.1016/j.ijpsycho.2014.06.006
https://doi.org/10.1080/02699931.2015.1049124
https://doi.org/10.1016/j.yfrne.2012.02.001
https://doi.org/10.1016/j.yfrne.2012.02.001
https://doi.org/10.1016/j.yhbeh.2006.10.002
https://doi.org/10.1016/j.tics.2018.02.006
https://doi.org/10.1016/j.yhbeh.2007.09.006
https://doi.org/10.1016/j.psyneuen.2008.04.014
https://doi.org/10.3758/cabn.2.3.252
https://doi.org/10.1016/j.yhbeh.2015.05.004
https://doi.org/10.1016/j.yhbeh.2015.05.004
https://doi.org/10.1016/j.cobeha.2018.03.011
https://doi.org/10.1016/j.cobeha.2018.03.011
https://doi.org/10.1016/j.neubiorev.2016.03.024
https://doi.org/10.1016/j.bbr.2005.07.034
https://doi.org/10.1016/j.brainres.2006.12.073
https://doi.org/10.1016/j.brainres.2006.12.073
https://doi.org/10.1016/j.psyneuen.2008.04.007
https://doi.org/10.1515/revneuro-2012-0051
https://doi.org/10.1111/j.1460-9568.2007.05379.x
https://doi.org/10.1111/j.1460-9568.2007.05379.x
https://doi.org/10.1016/j.psyneuen.2009.02.007
https://doi.org/10.1016/j.neulet.2007.07.052
https://doi.org/10.1016/j.neuropsychologia.2014.03.014
https://doi.org/10.1016/j.neuropsychologia.2014.03.014
https://doi.org/10.1007/s11920-018-0972-1
https://doi.org/10.1016/j.psyneuen.2013.07.020
https://doi.org/10.1016/j.psyneuen.2013.07.020
https://doi.org/10.1016/j.evolhumbehav.2006.05.002
https://doi.org/10.1007/s12020-008-9087-5
https://doi.org/10.1016/j.biopsych.2005.10.019
https://doi.org/10.1016/j.biopsych.2005.10.019
https://doi.org/10.1111/j.1469-8986.1993.tb03208.x
https://doi.org/10.1111/j.1469-8986.1993.tb03208.x
https://doi.org/10.1016/j.neuroimage.2011.09.067
https://doi.org/10.1371/journal.pone.0122311
https://doi.org/10.1093/scan/nsw010
https://doi.org/10.1016/s1388-2457(98)00035-2
https://doi.org/10.1016/s1388-2457(98)00035-2
https://doi.org/10.3389/fncir.2013.00149
https://doi.org/10.1017/s0048577202394162
https://doi.org/10.1093/schbul/sbn192
https://doi.org/10.1093/schbul/sbn192
https://doi.org/10.2486/indhealth.46.253
https://doi.org/10.3390/ijms17122122
https://doi.org/10.1037/a0033560
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Gasbarri et al. Estrogen Role on Memory Processes

Leranth, C., Roth, R. H., Elsworth, J. D., Naftolin, F., Horvath, T. L., and
Redmond, D. E. Jr. (2000). Estrogen is essential for maintaining nigrostriatal
dopamine neurons in primates: implications for Parkinson’s disease and
memory. J. Neurosci. 20, 8604–8609. doi: 10.1523/JNEUROSCI.20-23-08
604.2000

Lewin, C., and Herlitz, A. (2002). Sex differences in face recognition—women’s
faces make the difference. Brain Cogn. 50, 121–128. doi: 10.1016/s0278-
2626(02)00016-7

Luine, V., Serrano, P., and Frankfurt, M. (2018). Rapid effects on memory
consolidation and spine morphology by estradiol in female and male rodents.
Horm. Behav. 104, 111–118. doi: 10.1016/j.yhbeh.2018.04.007

Lymer, J., Robinson, A., Winters, B. D., and Choleris, E. (2017). Rapid effects
of dorsal hippocampal G-protein coupled estrogen receptor on learning in
female mice. Psychoneuroendocrinology 77, 131–140. doi: 10.1016/j.psyneuen.
2016.11.019

Lymer, J. M., Sheppard, P. A. S., Kuun, T., Blackman, A., Jani, N., Mahbub, S.,
et al. (2018). Estrogens and their receptors in the medial amygdala rapidly
facilitate social recognition in female mice. Psychoneuroendocrinology 89,
30–38. doi: 10.1016/j.psyneuen.2017.12.021

McBain, R., Norton, D., and Chen, Y. (2009). Females excel at basic
face perception. Acta Psychol. 130, 168–173. doi: 10.1016/j.actpsy.2008.
12.005

Moses-Kolko, E. L., Berga, S. L., Greer, P. J., Smith, G., Cidis Meltzer, C.,
and Drevets, W. C. (2004). Widespread increases of cortical serotonin type
2A receptor availability after hormone therapy in euthymic postmenopausal
women. Fertil. Steril. 80, 554–559. doi: 10.1016/s0015-0282(03)00973-7

Mukherjee, J., Cardarelli, R. A., Cantaut-Belarif, Y., Deeb, T. Z., Srivastava, D. P.,
Tyagarajan, S. K., et al. (2017). Estradiol modulates the efficacy of synaptic
inhibition by decreasing the dwell time of GABAA receptors at inhibitory
synapses. Proc. Natl. Acad. Sci. U S A 31, 11763–11768. doi: 10.1073/pnas.
1705075114

Newhouse, P., and Dumas, J. (2015). Estrogen-cholinergic interactions:
implications for cognitive aging. Horm. Behav. 74, 173–185. doi: 10.1016/j.
yhbeh.2015.06.022

Nielsen, S. E., Ahmed, I., and Cahill, L. (2013). Sex and menstrual cycle phase at
encoding influence emotional memory for gist and detail. Neurobiol. Learn.
Mem. 106, 56–65. doi: 10.1016/j.nlm.2013.07.015

Norbury, R., Travis, M. J., Erlandsson, K., Waddington, W., Ell, P. J., and
Murphy, D. G. (2007). Estrogen therapy and brain muscarinic receptor density
in healthy females: a SPET study. Horm. Behav. 51, 249–257. doi: 10.1016/j.
yhbeh.2006.10.007

Olofsson, J. K., Nordin, S., Sequeira, H., and Polich, J. (2008). Affective picture
processing: an integrative review of ERP findings. Biol. Psychol. 77, 247–265.
doi: 10.1016/j.biopsycho.2007.11.006

Osterlund, M. K., Grandien, K., Keller, E., and Hurd, Y. L. (2000a). The human
brain has distinct regional expression patterns of estrogen receptor α mRNA
isoforms derived from alternative promoters. J. Neurochem. 75, 1390–1397.
doi: 10.1046/j.1471-4159.2000.0751390.x

Osterlund, M. K., Gustafsson, J. A., Keller, E., and Hurd, Y. L. (2000b). Estrogen
receptor β (ERβ) messenger ribonucleic acid (mRNA) expression within
the human forebrain: distinct distribution pattern to ERα mRNA. J. Clin.
Endocrinol. Metab. 85, 3840–3846. doi: 10.1210/jc.85.10.3840

Osugi, A., and Ohira, H. (2018). Emotional arousal at memory encoding
enhanced P300 in the concealed information test. Front. Psychol. 8:2334.
doi: 10.3389/fpsyg.2017.02334

Palermo, R., and Rhodes, G. (2007). Are you always on my mind? A review
of how face perception and attention interact. Neuropsychologia 45, 75–92.
doi: 10.1016/j.neuropsychologia.2006.04.025

Paletta, P., Sheppard, P. A. S., Matta, R., Ervin, K. S. J., and Choleris, E. (2018).
Rapid effects of estrogens on short-termmemory: possible mechanisms.Horm.
Behav. 104, 88–99. doi: 10.1016/j.yhbeh.2018.05.019

Pearson, R., and Lewis, M. B. (2005). Fear recognition across the menstrual cycle.
Horm. Behav. 47, 267–271. doi: 10.1016/j.yhbeh.2004.11.003

Polich, J. (2007). Updating P300: an integrative theory of P3a and P3b. Clin.
Neurophysiol. 118, 2128–2148. doi: 10.1016/j.clinph.2007.04.019

Polich, J., and Kok, A. (1995). Cognitive and biological determinants of
P300: an integrative review. Biol. Psychol. 41, 103–146. doi: 10.1016/0301-
0511(95)05130-9

Pompili, A., Arnone, B., D’Amico, M., Federico, P., and Gasbarri, A. (2016).
Evidence of estrogen modulation on memory processes for emotional content
in healthy young women. Psychoneuroendocrinology 65, 94–101. doi: 10.1016/j.
psyneuen.2015.12.013

Pompili, A., Arnone, B., and Gasbarri, A. (2012). Estrogens and memory in
physiological and neuropathological conditions. Psychoneuroendocrinology 37,
1379–1396. doi: 10.1016/j.psyneuen.2012.01.007

Pompili, A., Tomaz, C., Arnone, B., Tavares, M. C., and Gasbarri, A. (2010).
Working and reference memory across the estrous cycle of rat: a long-term
study in gonadally intact females. Behav. Brain Res. 213, 10–18. doi: 10.1016/j.
bbr.2010.04.018

Protopopescu, X., Butler, T., Pan, H., Root, J., Altemus, M., Polanecsky, M.,
et al. (2008). Hippocampal structural changes across the menstrual cycle.
Hippocampus 18, 985–988. doi: 10.1002/hipo.20468

Proverbio, A. M. (2017). Sex differences in social cognition: the case of face
processing. J. Neurosci. Res. 95, 222–234. doi: 10.1002/jnr.23817

Rehnman, J., and Herlitz, A. (2007). Women remember more faces than men do.
Acta Psychol. 124, 344–355. doi: 10.1016/j.actpsy.2006.04.004

Seidel, E. M., Habel, U., Kirschner, M., Gur, R. C., and Derntl, B. (2010).
The impact of facial emotional expressions on behavioral tendencies in
women and men. J. Exp. Psychol. Hum. Percept. Perform. 36, 500–507.
doi: 10.1037/a0018169

Sfärlea, A., Greimel, E., Platt, B., Dieler, A. C., and Schulte-Körne, G. (2018).
Recognition of emotional facial expressions in adolescents with anorexia
nervosa and adolescents with major depression. Psychiatry Res. 262, 586–594.
doi: 10.1016/j.psychres.2017.09.048

Smejkalova, T., and Woolley, C. S. (2010). Estradiol acutely potentiates
hippocampal excitatory synaptic transmission through a presynaptic
mechanism. J. Neurosci. 30, 16137–16148. doi: 10.1523/JNEUROSCI.4161
-10.2010

Smith, L. J., Henderson, J. A., Abell, C. W., and Bethea, C. I. (2004). Effects
of ovarian steroids and raloxifene on proteins that synthesize, transport, and
degrade serotonin in the raphe region of macaques. Neuropsychopharmacology
29, 2035–2045. doi: 10.1038/sj.npp.1300510

Spencer, J. L., Waters, E. M., Romeo, R. D., Wood, G. E., Milner, T. A., and
McEwen, B. S. (2008). Uncovering the mechanisms of estrogen effects on
hippocampal function. Front. Neuroendocrinol. 29, 219–237. doi: 10.1016/j.
yfrne.2007.08.006

Wang, B. (2013). Gender difference in recognition memory for neutral and
emotional faces.Memory 21, 991–1003. doi: 10.1080/09658211.2013.771273

Wharton, W., Gleason, C. E., Olson, S. R., Carlsson, C. M., and Asthana, S.
(2012). Neurobiological underpinnings of the estrogen—mood relationship.
Curr. Psychiatry Rev. 8, 247–256. doi: 10.2174/157340012800792957

Zhang, W., Zhou, R., and Ye, M. (2013). Menstrual cycle modulation of the late
positive potential evoked by emotional faces. Percept. Mot. Skills 116, 707–723.
doi: 10.2466/22.27.pms.116.3.707-723

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Gasbarri, D’Amico, Arnone, Iorio, Pacitti, Ciotti, Iorio and
Pompili. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 10 October 2019 | Volume 13 | Article 234

https://doi.org/10.1523/JNEUROSCI.20-23-08604.2000
https://doi.org/10.1523/JNEUROSCI.20-23-08604.2000
https://doi.org/10.1016/s0278-2626(02)00016-7
https://doi.org/10.1016/s0278-2626(02)00016-7
https://doi.org/10.1016/j.yhbeh.2018.04.007
https://doi.org/10.1016/j.psyneuen.2016.11.019
https://doi.org/10.1016/j.psyneuen.2016.11.019
https://doi.org/10.1016/j.psyneuen.2017.12.021
https://doi.org/10.1016/j.actpsy.2008.12.005
https://doi.org/10.1016/j.actpsy.2008.12.005
https://doi.org/10.1016/s0015-0282(03)00973-7
https://doi.org/10.1073/pnas.1705075114
https://doi.org/10.1073/pnas.1705075114
https://doi.org/10.1016/j.yhbeh.2015.06.022
https://doi.org/10.1016/j.yhbeh.2015.06.022
https://doi.org/10.1016/j.nlm.2013.07.015
https://doi.org/10.1016/j.yhbeh.2006.10.007
https://doi.org/10.1016/j.yhbeh.2006.10.007
https://doi.org/10.1016/j.biopsycho.2007.11.006
https://doi.org/10.1046/j.1471-4159.2000.0751390.x
https://doi.org/10.1210/jc.85.10.3840
https://doi.org/10.3389/fpsyg.2017.02334
https://doi.org/10.1016/j.neuropsychologia.2006.04.025
https://doi.org/10.1016/j.yhbeh.2018.05.019
https://doi.org/10.1016/j.yhbeh.2004.11.003
https://doi.org/10.1016/j.clinph.2007.04.019
https://doi.org/10.1016/0301-0511(95)05130-9
https://doi.org/10.1016/0301-0511(95)05130-9
https://doi.org/10.1016/j.psyneuen.2015.12.013
https://doi.org/10.1016/j.psyneuen.2015.12.013
https://doi.org/10.1016/j.psyneuen.2012.01.007
https://doi.org/10.1016/j.bbr.2010.04.018
https://doi.org/10.1016/j.bbr.2010.04.018
https://doi.org/10.1002/hipo.20468
https://doi.org/10.1002/jnr.23817
https://doi.org/10.1016/j.actpsy.2006.04.004
https://doi.org/10.1037/a0018169
https://doi.org/10.1016/j.psychres.2017.09.048
https://doi.org/10.1523/JNEUROSCI.4161-10.2010
https://doi.org/10.1523/JNEUROSCI.4161-10.2010
https://doi.org/10.1038/sj.npp.1300510
https://doi.org/10.1016/j.yfrne.2007.08.006
https://doi.org/10.1016/j.yfrne.2007.08.006
https://doi.org/10.1080/09658211.2013.771273
https://doi.org/10.2174/157340012800792957
https://doi.org/10.2466/22.27.pms.116.3.707-723
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Electrophysiological and Behavioral Indices of the Role of Estrogens on Memory Processes for Emotional Faces in Healthy Young Women
	INTRODUCTION
	MATERIALS AND METHODS
	Subjects
	Hormone Salivary Levels
	Stimuli
	Procedure
	EEG Recording
	EEG Analysis
	Statistical Analysis

	RESULTS
	Hormonal Levels
	Analysis of Event-Related Potentials: P300 Parameters
	P300 Amplitude
	P300 Latency
	Recognition Memory Task
	Reaction Time

	DISCUSSION
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	AUTHOR CONTRIBUTIONS
	FUNDING
	REFERENCES


