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spatial retro-cues were found to increasingly 
benefit the observers when the number of 
items in the array increased.

Recordings of event-related potentials 
(ERPs) also revealed brain potentials related 
to search in VSTM. Nobre et al. (2008) found 
a brain potential and labeled it the N3

RS
, 

which showed systematic changes in ampli-
tude and duration that mirrored the behav-
ioral findings during search. Interestingly, 
the ERP covaried with the degree of search 
required during the neutral retro-cue tri-
als in which subjects did not benefit from 
retrodictive spatial cues.

Overall, the findings add support to the 
idea that voluntary attention can influence 
internal mental processing, like search 
through VSTM. Models that argue for 
immutable storage of VSTM are not com-
patible with the findings. However, the 
research suggests that William James’ intro-

spections on attention are as rich as they 
appear at first reading, and that the focus 
of the mind’s eye can be turned inward, to 
affect internal mental processes, as well as 
outward to modulate the processing of sen-
sory inputs from the world around us.
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ferences and how the differences can affect 
stress-cognitive-emotional interactions.

In a research report published in Frontiers 
in Behavioral Neuroscience, Brinks et al. 
(2007) have specifically addressed these two 
key issues. The authors took advantage of the 
known drastic differences in the responsive-
ness of stress systems in two inbred strains of 
mice, BALB/c and C57BL/6J –  respectively 
high and low stress-responsive – and stud-
ied how the differences were related to neu-
roendocrine and behavioral responses of 
the mice to emotion- and cognition-biased 
situations. The authors also studied how 
exposure to predator stress affected both 
behavioral and neuroendocrine responses. 
The study revealed intriguing relationships 
between the expression of the two corticos-
teroid receptors in brain regions typically 
involved in the emotion-cognition interplay 
(hippocampus, amygdala, and prefrontal 
cortex), animals’ glucocorticoid reactivity, 
and the performance and learning strategy 
followed when learning a spatial task.
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Emotion and cognition were not long ago 
considered as independent brain functions 
with respective underlying neural systems 
working in parallel and only occasionally 
interacting. This earlier perspective con-
sidered that the main focus of Behavioral 
Neuroscience was to understand the neu-
robiological basis of cognition, which 
was considered as a “cold” mode of brain 
functioning. “Hot” emotional systems were 
regarded as inferior and not central for the 
eventual understanding of how the human 
brain works. This view has drastically 
changed in the past two decades with an 
increasing number of studies pointing out 

not only to a close interaction between emo-
tion and cognition, but also to their true 
integration in the production of behavior 
(Pessoa, 2008).

Fearful experiences usually become part 
of our strongest memories. The uneasiness 
we feel when having difficulties to take a deci-
sion in a family-relevant conflict can greatly 
determine our ability to eventually choose 
an appropriate solution. These are just two 
examples of how the intricacy between the 
so-called emotional and cognitive functions 
really operates together. In recent years, 
much progress has been done both on the 
phenomenological characterization of such 
interplay and on the identification of the 
neural circuits and molecules that sustain 
cognitive-emotional behaviors (Phelps and 
LeDoux, 2005; Richter-Levin and Akirav, 
2003); however, there are at least two key 
issues to understand the whole picture that 
has been so far largely disregarded. One issue 
is the key standing role of stress systems. The 
other issue is the question of individual dif-
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A clear asset of the study was the appli-
cation of multivariate statistics – Principal 
Component Analysis – to assess, in an inte-
grated manner, the interrelationships between 
variables related to stress, emotion, and cog-
nition, with the aim of underscoring the sets 
of variables that form coherent subsets. The 
advantage of the approach over simpler cor-
relational analyses is clear when exploring the 
nature of interactions in functional systems, 
which as stress, emotion, and cognition, might 
not only interact but also be the phenomeno-
logical expression of common brain networks. 
Strikingly, in the study Principal Component 
Analysis indicated that higher stress-sen-
sitivity  contributes positively to cognitive 
performance in the selected spatial learning 
task – a holeboard, that can be surprising 
if contrasted with “static” models of stress- 
emotion- cognition interactions, which would 
predict high stress-responsiveness to be asso-
ciated to impaired performance in associa-
tive tasks. However, this is precisely one of 
the crucial contributions of the study by 
Brinks et al. (2007), to show that high stress-
reactive individuals (BALB/c) can have an 
advantage over low stress- reactive individu-
als (C57BL/6J) to learn about certain rela-
tional tasks. As BALB/c mice in the study were 
superior learners in the modified holeboard 
while they were previously shown to under-
perform C57BL/6J mice in the more stress-
ful spatial learning water maze task, a linear 
relationship cannot explain the association 
between stress reactivity traits and perform-

ance in relational tasks. Instead, Brinks et al. 
(2007) work – together with earlier reports – 
 supports the existence of an inverted U-shape 
to account for spatial learning under stress 
(Sandi and Pinelo-Nava, 2007). Presumably, 
the stress added by water immersion in the 
water maze task would render the “more 
stressed” BALB/c mice less cognitively effec-
tive to solve the stressful spatial challenge. 
Under such conditions, low stress-responsive 
individuals (such as C57BL/6J mice) would 
be benefited by the stress added by the phys-
ical characteristics of the task (Sandi et al., 
1997). The emerging view underscores the 
individual stress response (and glucocorti-
coids as a plausible index; de Kloet et al., 1999; 
Roozendaal et al., 2002) as a critical factor (as 
opposed to the stressful context) to relate to 
learning performance.

The importance of taking individual dif-
ferences into account to understand the neu-
robiological systems that mediate particular 
behaviors is becoming increasingly evident, 
even if such an approach is still far from 
being systematically incorporated. Brinks et 
al. (2007) study provides a clear example of 
its relevance and shows the benefit of using 
multivariate analysis approaches to under-
stand complexity related to the neurobiology 
of behavior. The immediate challenge would 
be to formulate working models that permit 
organizing and manipulating such rich com-
plexity in an effective and instructive manner 
for understanding how stress, emotion, and 
cognition intimately interact.
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Choline is an essential nutrient that is 
found in several foods (e.g. eggs and liver), 
and is synthesized in the body. Choline is 
an important constituent of phosphati-
dylcholine, a type of phospholipid found 
in membranes. As such, choline plays an 
important role in membrane structure and 

in  membrane-mediated cell signaling via 
phospholipases. As a precursor to acetylcho-
line, and a neurotransmitter involved in mus-
cle control, attention, learning and memory, 
it is important in many cognitive processes. 
Choline also plays a number of roles in brain 
 development. Maternal reserves of choline 


