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Fig.1 Neuronal networks and synaptic plasticity
Bl &ML KRR 8%
(a) MZTCMLE LI KA IEE5H; (b) STDPHIZME, N-FIIE-D-KL & (N-methyl-D-aspartic acid, NMDA) Z{k, a-%(FE-3-FE3E-5-H
He-4-FEMENTZ  (a-amino-3-hydroxy-5-methyl-4-isoxazole-propionicacid, AMPA) Z{&; (c) KHHFEIETE (LTP) FAHLHTEEIH] (LTD) =

=& (ffi fIBioRender.comZ: )



+1002- EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (3

{5 . LTP 48 By X 5 fik mis o 28 0 i o v A5 01
P A 175 T 2 i J5 A e T e AR R I Al
fEIE(EA L (530 mV), H R MlRiah oo & )5
PRI K24 20 ms i Y ERGE 200 LTD $8 A2 L
Tt AT S R 7% 5 2 s 7 A A N A A
EAEAL,  H 285 5 28 il iy 30 3l 1 f 07 ) 30
3030 TP LK LTD L% 2 Bl 2 A ag s &0
W2~ 2] S0 R FERTE 12T R TR A X
ZICM L IR R — RO R R R, SR
i 7 Je ) B R R R, RS | R A T 4 T
RERIZEAL, DHICAR LT M7 TE— R R REfa 2
[R5 fb nT SRPEJE L], RIRRAS T IaM:, Fadsnl g
PEAL PP 22 T4 AT B R4 DA R 5 fh it BE TR A
AT AR 28 70 I 25 () RS Sk, JRgERppp s
JCIZE T RERRAE (LRl 27

R T FAERNZ T L AT SRR R A B O, T
T EE Y AR 8, B RTHZ T
KAPIMERIE A S5 IR, HE5H
WL RN REM 4% . A e ool A7 e R R R
WY SO RGER:, TR ToReEEIE Az —
AR SCLFR T FRAF RSN 280 2% Dy E 3% 32 A AR ST
5%, XIEMFLME B MEA RS RERINE SR 20
BTSSR AT REM LS, FIHEE (OHr 454t
AR EE T HL) A28 2 T AL N R AE ph 28T )
SRR S R Y, R 2T Mg T YA
K.

2 MEZITTKE XM LKA I AR
Fid

M TCM L K B e oot K R p
SEAMARTZ ST AN ELE R 5 45, TER T Y
SOt LR I U U2 W) SN (== 5= Wy (| L (EZ BT
(1 BLA% 336 b BE T e 2 T A (| 2) . R,
PR FE A0 280 22 0T 9 2% m S8 (45 i LA T
SC, AT RAHS B A B N K & 7 A R P 4% 2
RSk, SHEFEIZ R G & AP S T &
RS SE
2.1 2DHEZTMEL B TEHMNERIEHTHL
FUkES

2D M4 TC I 4% S 45 78 2D 17 | 5 MEA #i4
b P ERSTR e S Y U N 1 S 2T I E2 O/ = B U
PR L5 AR AL A R T L. A 4A8E T )2
PZITIML [EA FEYE, PRIMIE 24 b 5 filn] A=
K 25100 pm ¥, HAER B LR WL E] i) 4G 9K

SRR IT I N B AT LS, BT
R MFIE S 22 i A it FE . R TR R E
RO RE N 4% 5 22 LA T, Kamioka 5F 7 i
HILT MEA RS TIRSM )20 2250 M 45 Kk 5 B ]
SR, RIS B B B 0T
BT TR S I 2 [ AR A, RAE A2 T M 4%
KB WA Downes 3§ ' R TIRIMEZIC K B HI
SR A A& AR AR 1 D) RE 14 38 T B e A T
oA, SRR, RN R SRY (RS
14d, DIV14) BZgpyy fimid i ¥, Sk
BIL 42 0 # i W 48 B 28, B R & & I Al K
(DIV35), Mgy fisfiZ, aimdEismsaE, ™
L5 AR FINREE FR BEAIL 45 ) MR 2% (ARG
(SRS R BB )T BB AR K R 2% ) K g
Van Pelt 55 7 R, (RIME IR LTI 4 Kk B Al
BRI FE Y, 5 il F i B N 45 R F N A A
MR, XSRS I B 1 A B IR OG . B
THERATBN B4 ZEAR S 371 E b 22 50 0 245 v i, & 2R
TR AT, KEAFER BRI s
550 28 50 X 25 118 o 380 5 R 3 432 OC R B DA OC .
Wagenaar 55 % R IL, (RINGEFR G EMAETHELRT
WILRRY B, RILER AL (spike), FEE ML
JCR B M, A B F AL spike 7% A8 N 4 K
(burst) X, DLAAE ML )20 H L 24 #h 2t R
Bf it FL TG B A [R) 20 I s ke R B4 ), HAZi LA
AR EIRE M 2. e rT 0L, s oo 4% 1 3
WA S 23 A 30 ) 2 AR A A A B A
HAEHEMER ' Teller 8 " AEAF G IRSMNG SR b 22
JUR B o TR AR R AR NS R s e,
PMIZETE A K burst P EE DI RE M 25 S Fh 254, A ph
2T AT B A Y [ A U I 43 8
FEREAHMRARE S, RIS 52 30 s B AL e
ik, 2R Ih 2 Jay s B 1k AR it i P 48 T
R AR )R %32 . Schroeter 55 M2 ERH , i 4 fE4A
AMEFEMZTT M DI RE M L8R A . B
EHEIN, AR M2 BABISE A N R EYE ()
T 5 2 HAG () 28 S5 R RRAE ) SRR . TR
Antonello 55 “*JUEBH, {RSMEFE LTINS KB
R S T S e B S, TR, 2
[ Y=Y i Ty

2D M TT M RIS LT M4 kB i R
NSRS A P 2 T L, DRSNS
2D P2 IG M ZE MR XT SRR OG5 R W, B
2D M TN B W R B L, H RS R U



2024; 51 (5

2B, & FIMEFRAIMEITME AL 1003 -

i I JC 38 i Ji oy Z2 R DM 1 v R 2 2R ) i
R, XL e A PR AR RS M 2T M2 R
Uy L PN U
22 IDWMEREAEIRPRNERIENTH
M2
FETARSME 57 2D M JT I 28 ST N 28 4R F b4
R B AEAE A 55 5, BB = 25 )53 B (Bidh
k) F3DHFIGGH . T 3D MK ZE AR R AR RS
R AT VR N I 20 2 Re M 1) 3D A 28 T I 28 S5 /4 1Y
KEH, XA EIE3D X M NM A F ol frh
W2 W Z8 NS84, R T IS 4% B AN ]
JE B I E] T ORI AS B 2 Sy T AE ARSI
BN Y 3D BEHARZH LY, B2 LA BRI B
3D T BB X 4 R R O WO Rk A M
(polydimethylsiloxane, PDMS) i %4 ¥4 # 3D 1 28
TTIZE e BT REFRASUA I 2L Y2
arE IR D BEE TR KR, RIMETR
3D WA H RS UE AL, JFEET MEA RS T
ARSI R BRI A5, PRI, BEE
MEARE R B A, MR Zit, MEITics
SR R R 2 R bg SRR TT
HLTE 3l 5 W 28 254 B UIAR 5C .- Giandomenico 45
il AR A I Y Jr i g2 R & e, it 404

(2)

2D A T 45

®

iV B B ThReE

e |l

I
Fot | |“|U H

°._p o8

K BRI DI RE R LTINS, A BAE IS R
EHRA M RGR R ph 22 oTis B, R ZIT
AT 252 R0 3D ik S i B W 43 4 DAl Ay i B 22 [
R, /NEIERE R, 1R X ] AR AR AT
REE T Z R AR AR B0 Iehbh, S fbnl 28
PR GE M ZHh 2 B E N R Z —
Sharf 45 B ARYEA 20V M R T AR &
WY B R A% B IIREM 4%, BESEERET, RIS 6
AN H A B PRz M D, HAsM s
Z RIS S AR AN, FEE AR H K B L
2, 7. 8 ARTIIREM A B 2, E R
WK, MR R . RSN IR 3D I ds
BOAE GRS R, B TRl n]
AR, T SZ R T A 22 oo M 28 ] ¥k . {fi ] 2D
MEA iC5% 3D KiZS & B A B i A s h Al A
ERIRH AT SE R, 3D IRiRas B 7E R B i iy
MU AR 1Y T R I 25 5 R A A A
2D WA ZETT 2% BAT AR E . TTBE XS 3D 25 (6] /Y
3D il &% Y I 45 T B (SO0 M 22 e i AR S A T
THIBERTT, RAMEAGERR A . ROPR LB A
3D = (AL T ASMKE A B A BE =  , Xf
THE IR N AR E 3D IREM 28 70 K 7 i A2 Y
AR AL B RTBEA RITE

14K

Fig.2 Changes in the topology of functional networks during the development of neuronal networks
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Fig. 3 Open-loop and closed—-loop stimulation paradigms modulate neuronal networks

E3 FIRGAFRIFEX IR IEHE T %

4 REERE

HT MEA RSN IR 09 R i B 42 1 A=
M2 ITI L8 ST ST REM 2T M 2% Y AR R,

FENGULBLT K m il R rh & R R 2 n M 4 2 Ryt
AR UL KA [ H T U U o 22 T R 45 T R
AREER RGP T AR EEESE, RS 15
T MEA RSN IR (22 T M 2K AR R B A b LA



+1006- EMUEEEYIEER

Prog. Biochem. Biophys.

2024; 51 (5

S R RO P A 2 T U R DS A S A A A
FEHERE . TEBDAR T IIREM 2% nl PR BS T 5T,
ST 2D RSN SR 20 2% HHT % 3D I
o B YA B A2 TGS 1 [ 5 N 1] A 0 288 1
ARAERYREAE, U, BEE T AFERREGET A ER
TFER RO D eI 22T 4 nTIEPERYE R . 455
MU AR IR 2T M 4530 4 DA 22 40 BE HR /s
P IC R R I RESS A R A U JR I 3R, K
AESN A F TSN A IR ASZ I AR

a. B E  MIRS Atk . FilE e sl B K
Ji&, ASRMIFFE AT AW A A RO 4 AL B AR S
LU AR, AU4E 3D M TN 2 FILAS [R1 2 LAY
2T AR, S SEARE R ] LG G AU L S
LM RIEEMIIRE, IR A M 22T M 2% il 28
PRI K-

b. MR A IE . H AT R AR
P2 R GBIRI R Tk, FRERNE S
TN RERI LG 7 0B A AR AR ES o (ARG R
HREM 2 R ARG, JOik A TS S ORI 5
P A, AMRZERIEBOR, JCEA M HIARTE] YA
WA TR Y . T i A MEA D A 2B AT
PRG-I AR XA T IR AT B )
AT RIBE, PR TERSIRIGT T it 2%
I

c. NTHEBERIT A . i R R IRSM 2T ke
W26 AT EBPEAE A B LA BORIBEOA T B ik, S
ZIufE BACH VLS 2 R SR, RS Bk
XA HLBEAF TR, 8 R N T AT B
W FTEILAETHESL R RN T Re R AR
Bl B AN TS0 220 R 26 B S A RN EIRE , AT LSE 4
Hb R AR 20T M 2 T IEPE RO HLR AR, R T
BRI R

d. Z2 RS K CA BRIt 28]
AEI AR AR TE , (NG SR PR 2 =R
Prolfe M b sl 72, FFBATRA
AT BN LT I R A O A BT, B LA
LT IBIEII T E 2 B A A, A2
FEF L AW PR TR AU, A —
AESN AR B Z S SUR A, e i 22T 2%
YRR SR K AR o

&z % x W

[1]  ChenZ, Liang Q, Wei Z, et al. An overview of in vitro biological

neural networks for robot intelligence. Cyborg Bionic Syst, 2023,

(2]

(3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

4:0001

McFarlan AR, Chou C Y C, Watanabe A, et al. The plasticitome of
cortical interneurons. Nat Rev Neurosci, 2023, 24(2): 80-97
Appelbaum L G, Shenasa M A, Stolz L, et al. Synaptic plasticity
and mental health: methods, challenges and opportunities.
Neuropsychopharmacology, 2023,48(1): 113-120

Ullo S, Nieus T R, Sona D, et al. Functional connectivity
estimation over large networks at cellular resolution based on
electrophysiological recordings and structural prior. Front
Neuroanat, 2014, 8: 137

QR TR, BOK . A DEIE - IR 2544 T 245 R I D RE 1)
2% Bl ik, 2010,55(16): 1565-1583

Liang X, Wang J H, He Y. Chin Sci Bull, 2010, 55(16): 1565-1583
ARG R8I 2 K Bl 25 (D). s AR PR
2£,2014

LiY P. Study on Brain Functional Network and Its Dynamics [D].
Wuhan: Huazhong University of Science and Technology, 2014
FH5E . BT EIE 0 A M TS P D RE K I 28 BIF5E (D). L 5
[N R A A R 2 BB, 2018

Han Y. Study on Bioactive Functional Brain Network Based on
Graph Theory Analysis [D]. Beijing: Academy of Military
Medical Sciences, PLA,2018

Rubin D B, Hosman T, Kelemen J N, et al. Learned motor patterns
are replayed in human motor cortex during sleep. J Neurosci, 2022,
42(25):5007-5020

Abel T, Havekes R, Saletin ] M, et al. Sleep, plasticity and memory
from molecules to whole-brain networks. Curr Biol, 2013, 23(17):
R774-R788

Rohan J G, Carhuatanta K A, McInturf S M, et al. Modulating
hippocampal plasticity with in vivo brain stimulation. J Neurosci,
2015,35(37): 12824-12832

BT AR AR B T B 35 b 22 T 285 (0 e 43 BT [D]. A -
W RA2,2019

Lou L Z. Characteristics Analysis of Cultured Neural Networks on
Microelectrode Arrays [D]. Hangzhou: Zhejiang University, 2019
Mohr P N, Nagel I E. Variability in brain activity as an individual
difference measure in neuroscience?. J Neurosci, 2010, 30(23):
7755-7757

FEHa A BR R 2 O 2% T S MR R (D] DL AR h R L
KE,2012

Xue Y H. Preliminary Study on The Cultivation of Neural Network
Plasticity Model [D]. Wuhan: Huazhong University of Science
and Technology, 2012

Passaro A P, Stice S L. Electrophysiological analysis of brain
organoids: current approaches and advancements. Front Neurosci,
2021,14:622137

Trujillo C A, Gao R, Negraes PD, et al. Complex oscillatory waves
emerging from cortical organoids model early human brain
network development. Cell stem cell, 2019, 25: 558-569.e7
Smirnova L, Caffo B S, Gracias D H, et al. “Organoid intelligence
(OI): the new frontier in biocomputing and intelligence-in-a-
dish.”. Front Sci, 2023,1: 1017235



2024; 51 (5

2B, & FIMEFRAIMEITME AL

+1007-

[17]

[18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

Poli D, Pastore V P, Massobrio P. Functional connectivity in
in vitroneuronal assemblies. Front Neural Circuits, 2015,9: 57
Brofiga M, Pisano M, Tedesco M, et al. Functional inhibitory
connections modulate the electrophysiological activity patterns of
cortical-hippocampal ensembles. Cereb Cortex, 2022, 32(9):
1866-1881

Charlesworth P, Cotterill E, Morton A, et al. Quantitative
differences in developmental profiles of spontaneous activity in
cortical and hippocampal cultures. Neural Dev, 2015,10(1): 1
Callegari F, Brofiga M, Poggio F, et al. Stimulus-evoked activity
modulation of in vitro engineered cortical and hippocampal
networks. Micromachines (Basel),2022,13(8): 1212

Xu S, Deng Y, Luo J, et al. High-throughput PEDOT: PSS/PtNPs-
modified microelectrode array for simultaneous recording and
stimulation of hippocampal neuronal networks in gradual learning
process. ACS Appl Mater Interfaces, 2022, 14(13): 15736-15746
Schroter M, Wang C, Terrigno M, et al. Functional imaging of
brain organoids using high-density microelectrode arrays. MRS
Bull, 2022, 47(6): 530-544

Magee J C, Grienberger C. Synaptic plasticity forms and functions.
AnnuRev Neurosci, 2020, 43:95-117

Bi G, Poo M. Distributed synaptic modification in neural networks
induced by patterned stimulation. Nature, 1999, 401(6755):
792-796

Caporale N, Dan Y. Spike timing-dependent plasticity: a hebbian
learning rule. Annu Rev Neurosci, 2008, 31: 25-46

Anisimova M, van Bommel B, Wang R, et al. Spike-timing-
dependent plasticity rewards synchrony rather than causality.
Cereb Cortex,2022,33(1):23-34

X2 KRR R 5 T B TR 2200 M 2% S A AT SR [D]. R
DUARTPRHE R, 2007

Liu M. Steady-state Plasticity of Cultured Neural Networks
Induced by Tetrodotoxin [D]. Wuhan: Huazhong University of
Science and Technology, 2007

Jin I, Kassabov S, Kandel ER, et al. Possible novel features of
synaptic regulation during long-term facilitation in Aplysia. Learn
Mem,2021,28(7):218-227

Debanne D, Inglebert Y. Spike timing-dependent plasticity and
memory. Curr Opin Neurobiol, 2023,80: 102707

Dringenberg H C. The history of long-term potentiation as a
memory mechanism: controversies, confirmation, and some
lessons to remember. Hippocampus, 2020, 30(9): 987-1012

Dan Y, Poo MM. Spike timing-dependent plasticity of neural
circuits. Neuron, 2004, 44(1): 23-30

Rubinov M, Sporns O. Complex network measures of brain
connectivity: uses and interpretations. Neuroimage, 2010, 52(3):
1059-1069

Bonifazi P, Massobrio P. Reconstruction of functional connectivity
from multielectrode recordings and calcium imaging. Adv
Neurobiol, 2019,22:207-231

WRSCHR, 2210 77, S5 5, 45 RSN G SR R0 M 45 TR A A 1Y
KRFH] K F 7R AL B4 4, 2010, 55: 2531-2538

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Chen WJ, Li X N, Luo Q M, et al. Chin Sci Bull, 2010, 55: 2531-
2538

Kamioka H, Maeda E, Jimbo Y, et al. Spontaneous periodic
synchronized bursting during formation of mature patterns of
connections in cortical cultures. Neurosci Lett, 1996, 206(2-3):
109-112

Downes J H, Hammond M W, Xydas D, et al. Emergence of a
small-world functional network in cultured neurons. PLoS
ComputBiol, 2012, 8(5): 1002522

Van Pelt J, Vajda I, Wolters P S, et al. Dynamics and plasticity in
developing neuronal networks in vitro. Prog Brain Res, 2005,
147:173-188

Wagenaar D A, Pine J, Potter S M. An extremely rich repertoire of
bursting patterns during the development of cortical cultures.
BMC Neurosci, 2006, 7: 11

Chiappalone M, Vato A, Berdondini L, et al. Network dynamics
and synchronous activity in cultured cortical neurons. Int J Neural
Syst, 2007,17(2): 87-103

Poli D, Massobrio P. High-frequency electrical stimulation
promotes reshaping of the functional connections and synaptic
plasticity in in vitro cortical networks. Phys Biol, 2018, 15(6):
06LTO1

Teller S, Granell C, Domenico M D, et al. Emergence of assortative
mixing between clusters of cultured neurons. PLoS Comput Biol,
2014,10(9): 1003796

Schroeter M S, Charlesworth P, Kitzbichler M G, et al. Emergence
of rich-club topology and coordinated dynamics in development of
hippocampal functional networks in vitro. J Neurosci, 2015,
35(14): 5459-5470

Antonello P C, Varley T F, Beggs J, et al. Self-organization of
in vitro neuronal assemblies drives to complex network topology.
Elife, 2022, 11: €74921

Muzzi L, Di Lisa D, Arnaldi P, et a/. Rapid generation of functional
engineered 3D human neuronal assemblies: network dynamics
evaluated by micro-electrodes arrays. J Neural Eng, 2021, 18(6):
066030

LeFloch P,LiQ, Lin Z, et al. Stretchable mesh nanoelectronics for
3D single-cell chronic electrophysiology from developing brain
organoids. Adv Mater, 2022,34(11): 2106829

Frega M, Tedesco M, Massobrio P, ef al. Network dynamics of 3D
engineered neuronal cultures: a new experimental model for
in-vitro electrophysiology. SciRep, 2014, 4: 5489

Tedesco M T, Di Lisa D, Massobrio P, et al. Soft chitosan
microbeads scaffold for 3D functional neuronal networks.
Biomaterials, 2018, 156: 159-171

Brofiga M, Pisano M, Tedesco M, et al. Three-dimensionality
shapes the dynamics of cortical interconnected to hippocampal
networks. ] Neural Eng, 2020, 17(5): 056044

Fair S R, Julian D, Hartlaub A M, et al. Electrophysiological
maturation of cerebral organoids correlates with dynamic
morphological and cellular development. Stem Cell Rep, 2020,
15(4): 855-868



<1008

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (5

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Giandomenico S L, Mierau S B, Gibbons G M, et al. Cerebral
organoids at the air-liquid interface generate diverse nerve tracts
with functional output. Nat Neurosci, 2019, 22(4): 669-679
Rapisardi G, Kryven I, Arenas A. Percolation in networks with
local homeostatic plasticity. Nat Commun, 2022, 13(1): 122

Sharf T, van der Molen T, Glasauer S M K, et al. Functional
neuronal circuitry and oscillatory dynamics in human brain
organoids. Nat Commun, 2022, 13(1): 4403

Ruaro M E, Bonifazi P, Torre V. Toward the neurocomputer: image
processing and pattern recognition with neuronal cultures. IEEE
Trans Biomed Eng, 2005,52(3):371-383

Chiappalone M, Massobrio P, Martinoia S. Network plasticity in
cortical assemblies. Eur J Neurosci, 2008, 28(1): 221-237

Maeda E, Kuroda Y, Robinson H P C. Modification of parallel
activity elicited by propagating bursts in developing networks of
rat cortical neurones. Eur J Neurosci, 1998, 10(2): 488-496
Gladkov A A, Kolpakov V N, Pigareva Y I, et al. Functional
connectivity of neural network in dissociated hippocampal culture
grown on microelectrode array. Modern Technologies in
Medicine, 2017, 9(2): 61-66

Madhavan R, Chao Z C, Potter S M. Plasticity of recurring
spatiotemporal activity patterns in cortical networks. Phys Biol,
2007,4(3): 181-193

Jimbo Y, Kasai N, Torimitsu K, ef al. A system for MEA-based
multisite stimulation. IEEE Trans Biomed Eng, 2003, 50(2):
241-248

Le Feber J, Stegenga J, Rutten W L. The effect of slow electrical
stimuli to achieve learning in cultured networks of rat cortical
neurons. PLoS One, 2010,5(1): e8871

le Feber J, Witteveen T, van Veenendaal T M, et al. Repeated
stimulation of cultured networks of rat cortical neurons induces
parallel memory traces. Learn Mem, 2015, 22(12): 594-603

Gao F, Gao K, He C, et al. Multi-site dynamic recording for AB

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

oligomers-induced Alzheimer’s disease in vitro based on neuronal
network chip. Biosens Bioelectron, 2019, 133: 183-191

Shahaf G, Marom S. Learning in networks of cortical neurons. J
Neurosci, 2001, 21(22): 8782-8788

Wagenaar D A, Madhavan R, Pine J, et al. Controlling bursting in
cortical cultures with closed-loop multi-electrode stimulation. J
Neurosci, 2005, 25(3): 680-688

Wiilfing J M, Kumar S S, Boedecker J, ef al. Adaptive long-term
control of biological neural networks with deep reinforcement
learning. Neurocomputing, 2019, 342: 66-74

KimE, Jeon S, An H K, ef al. A magnetically actuated microrobot
for targeted neural cell delivery and selective connection of neural
networks. SciAdv, 2020, 6(39): eabb5696

Kagan B J, Kitchen A C, Tran N T, et al. In vitro neurons learn and
exhibit sentience when embodied in a simulated game-world.
Neuron, 2022, 110(23): 3952-3969.¢e8

Chen Z, Liang Q, Wei Z, et al. An overview of in vitro biological
neural networks for robot intelligence. Cyborg Bionic Syst, 2023,
4:0001

Buccelli S, Bornat Y, Colombi I, et al. A neuromorphic prosthesis
to restore communication in neuronal networks. IScience, 2019,
19:402-414

Hu D K, Mower A, Shrey D W, e al. Effect of interictal
epileptiform discharges on EEG-based functional connectivity
networks. Clin Neurophysiol, 2020, 131(5): 1087-1098

Bryson A, Mendis D, Morrisroe E, et al. Classification of
antiseizure drugs in cultured neuronal networks using
multielectrode arrays and unsupervised learning. Epilepsia, 2022,
63(7):1693-1703

Agboola O S, Hu X, Shan Z, et al. Brain organoid: a 3D technology
for investigating cellular composition and interactions in human

neurological development and disease models in vitro. Stem Cell

Res Ther,2021,12(1): 430



2024; 51 (5) A, . FIMESFHMETME R BN +1009-

Plasticity of Cultured Neural Networks In Vitro®
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Abstract Neuronal network is the structural basis for the execution of higher cognitive functions in the brain.
Research has shown that learning, memory, and neurodegenerative diseases are closely related to neuronal
network plasticity. Therefore, uncovering the mechanisms that regulate and modify neuronal network plasticity is
of great significance for understanding information processing in the nervous system and for the treatment of
diseases. Currently, neuronal networks cultured on microelectrode array (MEA) provide an ideal model for
investigating learning and memory mechanisms in vitro. Additionally, studying such models offers a unique
perspective for the prevention and treatment of neurodegenerative diseases. In this review, we summarize relevant
research on functional network construction based on recording the electrical signals of neuronal networks
cultivated on MEA. We focus on two aspects: 2D neuronal networks and 3D brain organoid development, as well
as the effects of open-loop and closed-loop electrical stimulation on neuronal network plasticity. Lastly, we
provide an outlook on the future applications of studying neuronal network plasticity using in vitro cultured
networks.
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