Can an exogenous current modify endogenous mid-frontal theta activity and memory retrieval?
A Stimulating Endeavor
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OVERVIEW WITHIN-SUBJECTS DESIGN EEG RESULTS

« Transcranial stimulation can test causal relationships between brain Incidental Encoding (20-30 min) -> tACS-EEG Setup (60-75 min) No apparent effect of stimulation on theta mid-frontal power or GFS

networks and human behavior!?, but few studies have simultaneously Mid-Frontal Power Global Fleld Svnchronlzatlon
measured neural activity and behavior with stimulation.34> -> Retrieval/Stimulation (45-60 min) -> Takedown/Debriefing e B — ——

Prior work showed pre-stimulus mid-frontal theta (4-8 Hz) associated
with subsequent successful recollection (item + source retrieval).®

Incidental Encoding Retrieval/Stimulation
4 blocks X 50 nouns = 100 “Old” | 4 Blocks (~10 min each) X 75 Items, Old or New
" Is this word pleasant?\ 5.12 Hz tACS on Blocks 1+3, off Blocks 2+4; EEG on alll

We sought to recreate this effect with transcranial alternating current
stimulation (tACS) at 5.12 Hz, measuring both neural activity, via

_ : : " : T s [~ ] = GFS: estimated
electroencephalography (EEG), and memory, via a validated task®. SANDWICH Self-paced responses w/ fixed transition times 1N | K functional
Test Item (Old/New), Source Recognition (Alive/Pleasant), [l iR LN T v || connectivity

channels
. YES NO /" Have you seen this word? /" Which decision?

-Power spectral

OR + | densities are
BUTTERFLY estimated via

1/OldHi 2/0ldLo 3/Maybe | ISI | AliveHi AliveLo Maybe j BN sliding-window fast

R "R ourier transforms [FE.us Sp Sl :
\\ 4/NeWLO 5/NeWHI \\PleasantLo PleasantHl/ (':eZ) Time (ms) Time (ms) Time (ms) Time (ms)

. YES NGO ITEM SOURCE Power/GES: Stim-On = green, -Frequency-domain wavelet analysis at electrode Fz for
Stim-Off = orange, Theta (4-8 Hz) = successful recollections (correct item+source>item-only)

BEHAVIORAL RESULTS dotted lines. ERSP: Prestimulus -Stimulation-associated increase in Fz prestimulus theta

\ ' | | theta = black boxes in some subjects (e.g. Subl), but not others (e.g. Sub5)
| N=6 ltem Accuracy Source Accuracy

e an DISCUSSION

o We observed some stimulation-related increases in prestimulus theta

Age 22-32 yo . ERSP, though other neural or behavioral effects were absent.
0.6

Subject 4 (F) 0.5 We successfully removed the tACS-EEG artifact, demonstrating the

omitted due to gg simultaneous stimulating-and-recording apparatus may be used further.
technical errors o : : : : L
0.1 This was a useful pilot, but more subjects and experiments are indicated.

No apparent ©
effect of

4 Is this word alive? N BUTTERELY BUTTERFLY : gj| ‘Electrode Fz only : s SHL Off o, 5 SUbS Stim Subb Off

Stim1 No-Stim1 Stim2 No-Stm2 Stim1 No-Stim1 Stm2  No-Stim 2 Transcranial stimulation (tACS, anodal tDCS, otDCS) may be a promising
. . e Subject_01 == Subject_02 === Subject_03 e Subject_01 == Subject_02 === Subject_03 tOOI tO improve memOl‘y and |eal‘ning. Th|S iS an EXCiting new fleld, and
stimulation Subject_05 = Subject_06 Subject_05 = Subject_06 further research is forthcoming_
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Anodal tDCS 512Hz tACS 5.12Hz otDCS ' - . PCA+SASICA AT & sample segments . alternating current stimulation depend upon brain states. Front. Hum. Neurosci. 7:161.
tDCS: direct current '
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alternating current
otDCS: oscillating
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current plus DC offset
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