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Abstract

The auditory gamma-band transient oscillatory response has been considered to reflect early cognitive processing and attention triggerin
as has been suggested of the mismatch negativity (MMN). We examined whether the auditory gamma-band response was related to senst
memory as reflected by MMN. During the electroencephalogram (EEG) recordings, approximately 2000 click sounds were presented to nine
healthy adult subjects with constant SOA of 120 or 170 ms in an ignored condition. At a probability of 10%, a click sound was randomly
omitted from the stimulus sequence. EEG epochs responding to omitted clicks and to click sounds were averaged for analysis, respectivel
and then those were convoluted by Gabor wavelet for the gamma-band response calculation. The MMN to a deviant omission in a sequence
click sounds was elicited with SOA of 120 ms which was shorter than the duration of temporal window of integration, whereas no MMN was
elicited with SOA of 170 ms. In contrast with the MMN, the transient gamma-band response clearly commenced after the stimuli but not after
the omissions, regardless whether SOA was short or long. The findings indicate that the brain process underlying the transient gamma-bat
response should be dissociated from the sensory memory function.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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The auditory gamma-band transient oscillatory response gamma-band response is enhanced by selective attention
is elicited in the supratemporal auditory cortex by the on- [14].
set of stimuli[4,11], is triggered by any auditory stimu- The mismatch negativity (MMN) component of the event-
lus and lasts 100-200n{8]. The response is suggested related potentials (ERPS) is also related to early cognition
to reflect the synchronization of oscillatory responses of and attention switchinfl,8,9] Tiitinen et al. examined the
feature-specific neurons for the perceptual integration of vi- sensitivity of the auditory gamma-band response to occa-
sual stimuli[3] and/or the temporal binding required for sional changes in stimulus features, in comparison with that
the unity of cognitive experienc,7]. These findings in-  of MMN [13]. MMN is generally considered to reflect change
dicate that the mechanism underlying the transient gamma-detection when a memory trace representing the homoge-
band response might be related to early cognitive process-neous repetitive sound is different from the neural code of
ing [6]. Furthermore, Matanen proposed that an attention- the incoming deviant sourjd3]. Tiitinen et al. suggested that
trigger mechanism might underlie the transient gamma-bandthe gamma-band response might be dissociated from mem-
responsg9]. Tiitinen et al. demonstrated that the auditory ory mechanisms because changes in qualitative stimulus as-
pects do not activate the generator mechanisms underlying
Tcerpts of data from a chapter of our previously published book are the gamma-band responis] .
employed in the present study for the new analj/E:. . The best way to prove t[he e>$|s_ter_|ce of memory proc_ess
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the information of omitted stimulus in spite of the absence MM 120-ms SOA — Ofissin
of exogenous input, the mechanism underlying the response o of \_ } ) |
should require the storage of preceding stimuli, that is, a kind J\ "

of memory process, because no afferent neuron could be ac- A D RN, D Ao
tivated by the physically absent stimul[§. Although no o °r _\7 \ T » /L‘;v‘_
MMN can be elicited by a deviant omission in a sequence of 4 4 4 a4 4 a4 4 ReversedMMN
repetitive tone pips or clicks in the ordinary oddball paradigm, Ty e i i
MMN could be elicited only when the stimulus onset asyn- dabor. / \ / ,_256ms
chrony (SOA) was as short as 150-170[h5-17] The fitered 4| { \ " ’J\/J\" \ y
brain mechanism underlying the omission-MMN elicitation Fower R.NJ U Y V\j u'\,\! \;’\/J
is termed the temporal window of integration (TWI) which pl2tat = f s gt ¢

integrates the compound sounds with temporal gap into a Fz Gz B T4 LM RM

unitary evenf1]. Fig. 1. Grand-average ERPs (top) vs. grand-average Gabor-filtered power
The aim of the present study is to examine whether or waveforms (bottom) with 120 ms SOA in response to click sounds (gray) and

not the auditory gamma-band transient oscillatory responseomissions (black) at Fz, Cz, T3, T4, LM, and RM. A definite MMN at Fz and

is related to memory function as reflected by MMN. Czta;)nd ?rivet!'secli_ IKMI;I e;thLl\/:and _RIVIt are eIicitEd bc)j/ the omitte_d clicks bLtJt .

; . ot by click stimuli (top). The transient gamma-band response is generate

Nine he_alth)_/ adults (age_s 20-39 .years’ 2males, 7 females)gy thg click sounds bLFJ)t not by the omisgsions (bottom). 'IE)he filled gt’riangles

were studied in an electrically shielded, Sound'attem"amd(A) indicate the temporal points of omissions or clicks. The horizontal short

chamber. Subjects gave informed consent after the naturepars indicate the measurement window for statistics, 90-110 ms for ERPs

of the study was explained to them. During the experiment, and 20-40 ms for the gamma-band responses.

the subjects read a self-selected book in an ignore condi-

tion. Approximately 2000 click sounds of 0.1 ms in dura-

tion were presented to the subject's left ear through ear- 4.0 Hz) so that gamma band activity could be adequately en-

phones at an intensity of 70dB SPL with constant SOAs hanced. The continuous power changes were separately av-

of 120 or 170 ms in a separate block. At a probability of eraged for clicks and stimulus omissions, and quantified as a

10%, a click sound was randomly omitted from the stimulus percentage. Statistics (Studerntests) were obtained for the

sequence. MMN and for the gamma-band response at the electrodes Fz,
The EEG was recorded from Ag/AgCI electrodes in 14 Cz, T3, T4, LM, and RM. The responses were quantified by

channels with nose reference. The electrode positions wereaveraging the ERP responses at 90-110 ms after click sound

Fpl, Fp2, F3, Fz, F4, C3, Cz, C4, P3, P4, T3, T4, left mas- or its omission, and by calculating the peak amplitudes of the

toid (LM), and right mastoid (RM). The scalp distribution gamma-band responses at 20-40 ms.

of the MMN shows a fronto-central maximum, and polar- Grand-average ERPs for the click sounds (gray) and the

ity reversal in mastoid recordings. Such an inversion over omitted clicks (black) are shown in the top rowr. 1(120-

the Sylvian fissure toward the mastoids has been confirmedms SOA) andFig. 2(170-ms SOA). MMN was elicited only

for the MMN to various stimulus changé®0]. The electro-  in the case of omission with 120-ms SOA (the ERP ampli-

oculogram (EOG) was recorded from the outer canthi of tudes to the omitted clicks with 120-ms SOA versus 170-ms

both eyes. EEG and EOG were recorded with a time con- SOA at Fz:t(8) = 3.64, one-tailegh< 0.004; Cz1(8) =2.29,

stant of 1.0s and a high-frequency cut-off of 1220Hz. The

analysis period was 256 ms, including 50 ms pre-stimulus

interval. ERPs were separately averaged for omitted clicks

(moments at which clicks should have commenced) and for v 170-ms SOA —

click sounds. The averaged number of trials was around 120 e = = 2 = & =

for the omitted clicks and 200 for the clicks. EEG epochs

contaminated by extra-cerebral artifacts (amplitude change ERP o AVA‘J’AAT%JVW

exceeding 15Q.V) were automatically rejected. Finally, both P LR G W W i ow

grand-average ERPs across all subjects were calculated. The +15°  Gamma-band response 256ms
baselines of ERPs were defined as the mean amplitudes rang- a4 -’/ X - - - - -

ing from pre-stimulus 20ms to post-stimulus 20 ms. The gf’e'fgg [ J /\/ [
early parts (20ms) and late parts (20ms) of ERP wave-  power °F f"\j[ I\/"\j A J N /\I f\_
forms were lost in the figures as the resul#£#0 ms moving Ll AR, ’\/ vk L Al

average. Fz Cz T3 T4 LM RM
The EEG was digitally convoluted by Gabor wavelet, '
yieIding a continuous measure of frequency-specific power Fig. 2. Grand-average ERPs (top) vs. grand-average Gabor-filtered power

. . . . . . waveforms (bottom) with 170 ms SOA in response to click sounds (gray) and
over time (Gabor filter). The details of this Gabor filtering | . . (black) at Fz, Cz, T3, T4, LM, and RM. The transient gamma-

teChniC_lue have been re_ported ?n the previous pdp&fsThe band response is generated by the click sounds but not by the omissions
Gaussian frequency gain function was centered at 40 Hz (S.D.(bottom). No MMN is seen.
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