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Gamma Oscillations and Memory

Gamma oscillations and episodic memory

Benjamin J. Griffiths'* and Ole Jensen’
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Figure 2. Depiction of the contribution of theta—gamma coupling to episodic memaory. (A) Individual elements ofan
svent are represented on individual gamma cycles, which are nested within an ongoing theta oscillation. Given the inhibitory
nature of theta, individual elements of an event occur at the frough of the theta cycle. Given that early elements always
precede later elements, unidirectional synaptic inks can form between elements via asymmetric liong-term potentiation
(LTP). (B} Sequential lzarning establishes synaptic links between elements, such that early elements can induce firing in

later elements, but not vice versa. Adapted from [58].
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Increased EEG gamma band activity in Alzheimer’s disease
and mild cognitive impairment
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Theta-Gamma Coupling and Working

Memory in Alzheimer’s Dementia a
Mild Cognitive Impairment

Michelle S. Goodman 2, Sanjeev Kumar™*2, Reza Zomorrodi’=, Zaid Ghazala =34,
Amay S. M. Cheam "=, Mera S. Barr ™24, Zafiris J. Daskalakis 124,

Daniel M. Biumberger ">%*, Corinne Fischer®5, Alastair Flint*%, Linda Mah%*7,
Nathan Herrmann?®, Christopher R. Bowie 3, Benoit H. Mulsant 7234

and Tarek K. Rajji >*** on behalf of PACt-MD Study Group
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Alterations of resting-state Gamma frequency characteristics in aging

and Alzheimer’s disease

Bahar Giintekin'*( - Furkan Erdal®*® - Burcu Béliikbas™ - Liitfii Hanoglu®* - Gorsev Yener™®” - Riimeysa Duygun®
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Review article

Gamma Entrainment

Theta and gamma oscillatory dynamics in mouse models of Alzheimer’s
disease: A path to prospective therapeutic intervention

Sonam Fathima Mehak, Apoorva Bettagere Shivakumar, Sparsha Kumari, Bhadra Muralidharan,

Gireesh Gangadharan

Department of Cell and Molecular Biology, Manipal School of Life Sciences, Manipal Academy of Higher Education, Manipal, Karnataka 576104, India
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POTENTIAL
THERAPEUTIC
INTERVENTION?

Fig. 1. An overview of the altered theta and gamma oscillatory activity in rodent models of AD. Several rodent models of AD that recapitulate the disease show
aberrant theta and gamma oscillations, even before the detection of any amyloid load. These observations posit the use of disrupted oscillatory activities as an early
biomarker of AD. It could prove to be more useful than CSF markers that use invasive techniques and is less discriminatory between AD and non-AD dementia. The
entrainment of these oscillations using sensory stimuli, optogenetics, and deep brain stimulations (DBS) have been shown to reduce amyloid load and rescue memory

impairments, suggesting their potential use in AD therapy.

Gamma frequency entrainment attenuates
amyloid load and modifies microglia
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STIMULATION INTENSITY
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Gamma-tACS and Memory

Review

The effects of transcranial alternating current
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Gamma-tACS in AD

Cognitive and Neuropathophysiological Outcomes of Gamma-tACS in
Dementia: A Systematic Review

Valerio Manippa' (' - Annalisa Palmisano’ - Michael A. Nitsche?? - Marco Filardi** - Davide Vilella® - Single-session (N=4)
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Cholinergic trasmission (N=2)

~—_ Cognition: General (N=1)

1's-EEG gamma power (N=3) , ‘Cognition: Memory (N=3)

Site of stimulation

1's-EEG beta power (N=2) « G— Cognition: Attention (N=3)

rs-EEG alpha power (N=2) k™ -/ Cognition: Executive Functions

Intensity/Frequency of stimulation SN

1s-EEG theta power (N=2) | "'Cognition: Verbal Fluency (N=2)

‘Cognition: Visuo-spatial abilities

“?  Multi-session (N=6)

Session numbers
Depression (N=1) T - v_\Cognition: General (N=3)

Temporal lobes blood flow (N=1)

I'Ss-EEG delta power (N=1)’

Cognition: Memory (N=4)

Cognition: Spatial orientation (N=1)

S a m p | e S e | e Cti O n Microglia activation (N=1) ‘ ‘

p-Tau burden (N=1) -

: u tCO I I I e S Intracerebral Ap (N=1) | \ LY

Blood sample AB 40:42 ratio (N=1)

B —— rs-EEG delta power (N=2)

/ ' rs-EEG theta power (N=2)

_—"ts-EEG alpha power (N=2)

rs-EEG gamma power (N=2) 'i;s—EEG beta power (N=2)



for entraining gamma waves
In the human brain

Kanghee Lee" Yeseung Park™", Seung Wan Suh®, Sang-5u Kim®*, Do-Won Kim®,
Jaeho Lee®, Jaehyeok Park®, Seunghyup Yoo® & Ki Woong Kim~>%—

GENUS in HC

Optimal flickering light stimulation
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for entraining gamma rhythms
In older adults

Yeseung Parky®®, Kanghee Lee!®, Jachyeok Park?, Jong Bin Bael’, Sang-5uv Kim®,
Do-Won Kim®, Se Joon Woo®®, Seunghyup Yoo® & KiWoong Kim™+"
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Enhancement of the neural response during 40 Hz auditory
entrainment in closed-eye state in human prefrontal region

Chuanliang Han' @ - Xixi Zhao** * Meijia Li* - Naem Haihambo® - Jiayi Teng™® - Sixiao Li”"’ -
Jinyi Qiu® - Xiaoyang Feng” - Michel Gao’
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Results of feasibility and pilot studies ‘a{\\}e
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Gamma frequency sensory stimulation in mild
probable Alzheimer's dementia patients:
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Open questions

1. Is the effect of gamma stimulation specific to memory?
2. What happens if we stimulate healthy individuals at 40 Hz?

3. Do GENUS and Gamma-tACS have the same effects on memory processes?



Gamma-tACS and Memory

Manippa et al., in prep

T7/T8, 2mA

» Sham tACS 1 . tACS 2 . tACS 3
e 40H7 (10 min ca) Rest {10 min) (10 min ca) Rest (10 min) (10 min ca)
e 50Hz RAVLT-IR | DS-B | DR 'RAVLT-IR| DS-B DR RAVLT-IR| DS-B

Immediate Recall Intrusiotl

NO-40-60; LS Means
Current effect: F(2, 72)=4,1538, p=,01962
37 - Effective hypothesis decomposition
Vertical bars denote +/- standard errors

NO0-40-60*R2; LS Means 4

Current effect: F(10, 360)=,83060, p=,5993-
Effective hypothesis decomposition

Vertical bars denote +/- standard error: ol

14 8,8 - : .
| D D | 816 | | |
13 + ]
O L 7 L
1 Median 8’4
12 + %25_,%-75%
* Sham 40 Hz-tACS 60 Hz-tACS vin-Hax 8,2 | D)
% 11 i
o Delayed Recall Intrusior % 8,0 1
; | 3,5 -
o L 78
U —_ i ——
% 9 3,0 - § —
= st 25| _ z
> n 74t \ /
é 2,0} — _
7 i -
7,2
1,5 }
6 70t
1,0 — ] 1
o 1 == sham 6,8 |
-~ 40Hz-tACS °°| 1
4 ' ' ' | | | 7~ 60Hz-tACS 6,6 ' ' '
IR1 IR2 IR3 IR4 IR5 DR 0,0} - & Ea ; Sham 40Hz-tACS 60Hz-tACS
0O Median
0,5 : : : : [] 25%-75%
Sham 60 Hz-tACS T Min-Max

40 HZ-tACS



Recalled words (M +/- SEM)

GENUS in HC

Gamma (60 Hz) auditory stimulation improves intrusions but not recall and
working memory in healthy adults

by, C

W ELIE rio Mani a- | Marco Fllﬂ[dl ' Dawvi dE v I_I_E"I_lﬂ Glanc -r"_'ll_l'D LLoeroscino
» » » En »
D-'_l"i..-"]-_d'E". Rivo I_tﬂ ]

rAS, 40db

o AS 1 . AS 2 . AS 3
NO_AS : Rest (10 min) : Rest (10 min) ,
e 40Hz (10 min ca) (10 min ca) (10 min ca)
e B0H7 RAVLT-IR | DS-B | DR * RAVLT-IR| DS-B DR RAVLT-IR| DS-B DR
6 - ' - 6
w 5- A" 5
-
o 2
§ 4 ollo 2 wia 9,6
14 E 3 y | £ 3- -
Q £ 9,4
13 o 2- B 2 oo
h > 9,2
= £ 1- commm 2 1 @ Qo =
£ = = an —
H — 0~ D 0 <O - ’
10 A 1 i-' 8,8 r
9 . NO_AS 40 Hz 601z ” NO_AS 40 Hz 60 Hz § e
8 Table 2 g 8.4 0\\\< o
Correlation between the DS-B score and the BAVLT scores for each stimulation %
3 condition. * (p < 0.05). § 82
6 Digit Span Backward /'\
NO_AS 40 Hz / 60 HE.\ 8,0 - —
5 Pearson's correlation r r r
IR 1 IR 2 IR 3 IR 4 RS DR RAVLTIR 460 300 5359 738
RAVLT Trial RAVLT-DR 253 156 3534 NO_AS 40 Hz 60 Hz

RAVLT-N -.109 077
BAVLT-DI 245 037

Spearman’ s correlation r r \r / b)




lake home message

*Gamma stimulation holds promising potential in the field of neuroenhancement and
therapies for neurodegenerative diseases

*There Is a need to further investigate how gamma oscillations/stimulations influence
cognitive processes in both healthy and clinical samples

*The optimization of stimulation parameters is essential for the development of effective
clinical protocols



