A transcranical direct current
stimulation study on working memory
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In the present study we investigated the effects of transcranial Direat Current
Stimulation (tI2CS) applied over parictal lobe on worcking memory (WM.
tXCS is a non-invasive method for modulating cortical excirability by weak
clectrical current applicd constantly over time to enhance {anodal stimula-
tion) or reduce {cﬂiﬁodat stimulation) the excitation of neuronal populations,
with maximal effect on the stimulated area beneath the elecerodes (Prion et
al., 2003; Miesche ct al., 2008; Utz ct al, 2010}, In recent years, to investi-
pate the neural basis of WM processes, varianes of the “n-back™ procedure
{Gevins & Cutillo, 1993) have been employed in many human studies. In
the most rypic:d variant of this task, the volunteer is n:quirnd to monitor a
serics of stimuli prﬂcﬂtnd mltra]!f}' and to I-SFD\]‘Id whenever a stimulus is
presented that is the same as the one presented o trials previously, where o
is a prespecified inteper, usually 1, 2, or 3. The task requires the simuloane-
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ous engagement of several retention — and control related operations and
is ﬂlcrcgfnrl: assumed to place preat demands on a number ufpkc:, processes
within working memory. Transcranial netic Stimulation (Mottaghy,
2006} and neuroimaging (Owen et al., 2005) data show a hilateral parietal
invalvernent during verbal WM. Moreover, functional Magnetic Resonance
Imaging studies report an increase (Kishen ct al., 2005) or a decrease (Gara-
van et al., 2000) in activations with task practice in this brain region.

The aim of this study was to darity the role of the rw:ﬁjfmisph:rcs
m:c\c-rding to the type ui-pmccmcs involved (maintenance vs. manipulation)
by up-modulating posterior parictal cortex (PPC) of one hemisphere and
simultancously down-medulating the corresponding region in the contralat-
eral hemisphese by means of bilateral tDCS. Ta do so we tested verbal W
{1-back and 2-back) before tDXCS bepan and after it ended.

A proup of healthy voluntcers participated in the study. Participants
were randomly assigned into one of three groups to receive either (1} active
stimulation with the anodal electrode over the righe PI'C and the cathodal
clecerode over the left PPC (referred to as LHC-RHA ruup:l (2} active
stimulation with the anodal clectrode over the lefe PPC 1n§
the right PI'C (referred to as LHA-RHC group); or {(3) e.hn.m mmﬂanun
{referred to as SHAM group). The direct current was delivered by a bartery
driven, constant current stimularor (neuro-Conn GmbH, Imenau, Ger-
many) through a pair of saline-soaked sponge clectrodes (35 cm?, intensity
1.3 mA, duradon 13 min). The electrodes were placed on the left and right
PPC, centred respectively over P3-P4 {10-20 EEG elecrrode scalp position-
ing system).

In each group, sham stimulation was a!wn:rs the first type of stimulation
followed by verbal WM tasks (referred 1o as “pre”™ stimulation). After ten
minites uﬂcst there was a second period of stimulation {active or sham) and
then WM tasks apain (referred to as “post™ stimulation).

There were not differences between the three proups in the “pre” stimu-
lation phase for both tasks. However, when we compared the difference in
reaction time {(RTs) between “post™ and “pre” stimulation (delta RTs) we
found a double dissociation. In the 1-back eask, there was a significant differ-
ence between SHAM and LHA-RHC group. On the contrary in the 2-back
task, there was a significant differcnce beoween SHAM and LHC-RHA
group. Regarding the direction of the effect, tDCS abolished the practice-
dependent proficiency increase in WM in both tasks,

At the cognitive level. this double dissociation could be :xp].:l.[n.nd B_'r a
different demand on processcs involved in these tasks. ﬁlﬂmugh in 2-back
the load is higher than in 1-back, this more demanding rask also requires

wide manipulation of information rather than simple sclection and mainie-

Meumprychological Trends — 812000
hetpeffwrww ledonlize it fnemo

105



Wirnkshop - New praspeces of saemsorantal elecortonl nmulaston (¢E5)

nance of information. Specifically, when the WM load increases, there is a
greater demand on some catepories of cognitive processes, such as updaring
of intormation, temporal ordering and inhibition.

At the neuroanatomical level, our results can be explained by a change
in the balance of activity berween the two hemispheres according 1o the
verbal WM load. In conclusion we were able to show, by means of parictal
IS, a double dissociation of verbal WM load effects induced |:r_y differen-
tial bilateral hemispheric modulations.
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