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tACS was delivered at an intensity of 1 peak-to-peak milliampere. TMS was
applied over the sponge elecerode used for tACS overlying the left M1 and
10 MEPs/condition were recorded from the right First Dorsal Interosscus
{FD), during online neuronavigation,

In order to exclude that the ohserved effects might be due to biophysi-
cal interactions of the elecrric fields produced by tACS and TMS, rather Lz:.n
by interactions with cortical neurons, the experiment was then repeated by
applying tACS (5 Hz and 20 Hz) and TMS on the ulnar nerve at the dbow.

A repeated measures ANOVA FDL[W\:JHE}' Bonferroni corrected post-
hoc comparisons showed that the corticospinal outpue resulted in a better
reactivity when tACS was applied on the lefe M1 ar 20 Hz. This was reflected
by a significant cnhancement of the MEPs sizc obtained during cACS at
20 Hz with respect to all the other conditions (i.e., Basal, 3 Hz, 10 Hz,
40 Hz and 20 Hxz on the parietal site). Peripheral tACS was uneffective.

Results originally provides causal evidence that 20 Hz rthythm of the

maotor cortex plays a specific role in corticospinal facilitation.
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Transcranial direct current stimulation (tDCS) is-a non invasive tccilniqur
wsed to manipulate cortical orcitabiliy through weak dectric currents
phl::[ tn the hcad (usually equal ar less than 2 mA). Although the effects
E? dectrical currents on tissue have been known for centuries, only
tDCS has been revalued after thar its efficacy has been dcﬁnltlv:!y

prmr {'NJtst'u: & Paulus, 2000). These authors tested the functional effects
of tDCS by studying chanpes in motor evoked potentials (MEPs) elicited in
a hand musde by trnscranial magnetic simuolacion (TMS). Results, subse-
quently confirmed by further investigations, showed thar the effecs induced
by t[}CS over the motor cortex are dependent on the current polarity: anodal
stimulation increases cxcitability, while cathodal polarization decreases it
Since tDCS has been proved to induce long lasting modulations of cortical
excitabilicy (Mitsche & Paulus, 2001), there is 2 growing interest in using it
as tool for improving cognitive and behavioural funcrions in patients with
neurclopical discases. However, there are still many unresolved questions
concerning its mechanisms of action, incduding how cuments spread to the
cortex. Although tIHCS involves the direct induction of intracerebral cureent
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flow, few studies explored the impace of tDCS on eleciroencephalographic
{EEG) activity {c.p.. Andolino et zjj 2007; Polania et al, in press).

Aim of the current study was to investipate the shore and long lasting
effects induced by tD}CS on spontaneous n.rﬁ evoled cortical EEG activity
during the application of a standard protoml] proved to be effective in modular-
ing corticospinal excitability. Since EEG is assumed to reflect excitabiliy of neu-
ronal populations, it was expected o provide a central measure of tDCS effecs.

A proup of young healthy right-handed subjects participated in this
study. Ancdal and cachodal tDCS were delivered ta every subject above
the motor cortical representational fidd of the right fist dorsal interos-
seous, identified by the use of TMS. The order of tDCS application was
randomized across subjects. The EEG activity was recorded gﬂm 10 scalp
clectrodes positionsd according to funcrional criteria and o che 10-20 Inter-
national system. MEPs {i.e., peripheral indexes of excitability) were evalu-
ated before and after eDMCS application, in order to confirm the cfficacy of
the stimulation protocal in the present cxperiment. Concurrently 1o MEPs,
we measured TMS evoked potentials (TEPs), which may be considered as
a central index of excitability (Casali ot al., 2010; Casarotto ot al, 2010).
To clicie MEPs and TEPs, 100 TMS pulses were deliversd with 2 random
inter stimulis interval of 2-4 5. In addition to MEDs and TEPs, we acquired
also EEG activity at rest and collected reaction times during 2 simple detec-
tion task. In order to ascess the durarion of the effeces, all LE: measurnes (i.c.,
MEDs, TEPs, EEG at rest, behavioural performance) were cvaluated before
tDCS as baseline, immediarely after and 30 minutes after tDCS.

The tDCS-induced changes on peripheral and corrical responses o
TMS were evaluated rcspccnvt?:smaljﬂng the peak ro peak amplitude of
MEPs and the corrical local field power of TEPs for the right and left hemi-
sphere. The EEG activity at rest was investigated by calculating the power of
all the uencies in the range between 2 and 45 He. Reaction times of the
right and left hand, respectively contralateral and ipsilateral to the stimula-
tion side, were compared considering the polarity of stimulation. Statistical
analyses were performed for each index to reveal chanpes berween pre- and
post- anodal and cathodal (DCS.

Currsisn:nti_v with the cxXpectations, results showed that motor corticos-
pinal excitability increased after anodal tDCS and decreased afver cathodal
t[HCS, as revealed by MEPs modulations. Interestingly, also TEPs components
were modulated according 1o tDCS polarity and consistently with MEPs
modulations: TEPs amplitude increased after anodal «DCS and decreased after
cathodal tDHCS, This effece was localised to the left stimulaced hemisphere,
while no difference in TEPs amplinude was observed over the right hemisphere.
Also hehavioural results revealed that tDCS effects were focalised o the stimu-
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tated area, since reaction times were modulated by the tDCS polarity onl
when subjects responded with the right hand contmalareral to the stim
side and not with the left hand ipsilateral to the simulated side. The most of
the results were maincained 30 minutes after tDCS. No relevant modulations
were observed in EEG activity at rest. In both anodal and cathodal (DCS,
indeed, an increase of power was present in low frequency bands (ie, theta and
alpha), sugpesting a peneral effect not specifically related to the stmulation,
These data provide for the first time direce cvidence that (DCS induces
modulations of the motor cortical mcirahitil:}r. A :m‘Lp].cu.- picture cmerges, in
which peripheral and central indexes of excitability (i.c., MEPs and TEPs) a5
well as behavioural measures are all consistently modulated by electrical stimue-
lation. These data show also thar EEG responses to TMS are reliable indexes for
m ing cortical excicabilicy. Thus, they may be emy o detect =3
inmlg: of cortical cirouies also in 'Iﬂm?; a.r\c:s wid'mil:]:rpd:riphﬂal mrrddluﬁ:.
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