Reviews and Monographs ERud=kars

0) D)Lt S i
Progress in Biochemistry and Biophysics
' '12024,51(8) :1860~1872

www.pibb.ac.cn

T [5) R HU R 2 ST AR B 1 = B AR 77 0%

I

F X FHHA F & K m”
(YRR 2 B B AR ot P92 710127)

WE R th RN R 2T R A0 S R TS R B — o DR M 2 RGP . A B S A 2 T R R
B, PR 0SB RO S AR A AR IR, T 2 TRl A U S S DR A 2 LA M R e K AR AR, 2E TR
METCR IR, SEOR AN LR AR RN o T, ASCE e MR oMM BRI A R R (8
UL . RERACH PR BORAIAR IR i, SRS ) s R A s R A LR A IR W T T RS R S T
IR XA TR R BT [ AT R EE, LIS A I 1 i U & S AS MBI ST e, Sy itk — AP IR SE 0 5 i
R Bl 12 AR ST LA S 2078 ) Al 2L B R G A B Sl

KR BhEIC, WOREIEJIY, HRECRR, MR, Bl

FESES  Q426, R338

Wi (epilepsy) & F RN 28 70 [R] 20 5 8%
TCHL BT 51 8 B — B DL B R R R g
I IRFRI R SR . . AR AR, E e
biEzs . BAE . BN NSRRI RE
B o F I I AR A R A AN R B AR A2
o, M HSTE— @R E Lo R s iR RS T ARE
SN P AT ROR D BoR, Hh ERUR
BRI R 7.0%0, b B AL 1000 JT A2
i, BRI B 2940 07 . (BB R
) OIS, 24 25% R IR 151 T A A AL
T5 it S BRI TR, 70% P840 S8 2 T 38 0 I A
A BEARN YL IR AR . Rk, 85
FAGR 0 PR 28 R B EAIL , T4l 1 S I 11 B
AT AR AR, R S AR B AT e A
e EEE IR L

KBS R, PR T w25 |
IO A& B H A= BRI ST P28 0 R A R 28
RGBS I Re s, HEFRE 1. fgs
RGP . B BT, LA S S5 R
22 TCHE AR B 0 R Jmy 8 A A AT e SR
ZICITAEE (7, M ITIOAEE R ot N
POREER . AHMIANZS ], A28 e o 4 e 4 A A
K HBETRA RS, HARA #h 2800 S AR gy A8 fk

DOI: 10.16476/j.pibb.2024.0052

WE TR WAl FBIr5 B 20 B AR 2
TEHBLA AN 28 Al AT AAS (S0 5 il J5 ) |
2 fh 1] 2 R 5 ke J] P o 240 45 S A A DG P =, 4
U THEE, BT sl BT RZRSE
A PREEF A RIS T RE AN . P
EY s S EAERE (BD. M3AE “m” 5
“HET R SR I DI RERTE SR EAROG, 4
TR o B 2 A B A PR AL S 78 A Bk
Lo A BRSBTSl R g™ A4 5
R, SRR A AR A B Mg R T
PG B B SIS TR A A R o 2
JCIHASE ) 0 A FRES A I AR R L, R
VISR IRGIT 45 T MG LS . flan, 5
ik A E A AR 2T A R B 2 3 B AR Ak
&L MtrtE S RIER B PR . e R AR
Uy, YRR K DL KA 2 fie o A D e S A AR
# E K HRFHE RS (12071369) , Bk 7G 45034 3 il B 24 BT 5%
(22J8Z008) , Bkyi4s @ s & 114 (2019ZDLSF02-09-02), HilE
ML EREEIES: (2022M722580) FIBEPGA FARFHEIE4: (2023-
JC-QN-0028) #EHhIiH .

o 3 IR R

Tel: 029-88309091, E-mail: rzhang@nwu.edu.cn
Wk F 301 : 2024-02-05, 32U H 4] 2024-03-11




2024; 51 (&)

&, % AEERNHBE TR NFEES X

<1861

b, RS B 28 o0 5 B R R R R R R
(RLARFR AR . BB . o ek Al .
FHFRFEOIRASAE) U ATLASE, ORI IR
SEVE RN A 20 W R R D R —
MU AR R IE TAE Y FER R, T
B Z TGS, I RE R R Z Fh AL i S R AL £
ARG AR B — By, il T 4B s i
A 39 1] ot 28 0 5 W R e A R B T B Bl g SR A
r el R, SRR AR R TR A 2T ROAR
8 1 SRR A R TC R A T O Z TR SR A2 2]

TEBENIR 2R, AHRIPT  E B S NFE A&
A2 TUIUR TCHE B 5 B0 2 B ) S B TR K
I BEFUREE . RERLACHT . P 22id BRI 40 AR
BT, ASCHERET LR SCHNE, 25l
LB )~ A R 2 L A5k P T
FTRGHE S0, AR5 AR TR BIHTFETT 16]
PEATIEEE, DU RGERAM T i 2o sl
TR JEBNAS , B HARR RO M 205 e
= L Bl 2 e i P T TS

K+ 0,+ Glu
| i -
2 A1 A% 1) |
| K
| K+ 0,+ Glu KO |
| VGC {jm — |
| ATP ADP ATP  ADP e Woer |
| Nat CF 2K e \ 7, ok N |
H,0 F R i
| ’ e NKA NKA o |
M0 TR o 4 |
| «——— kb K —|
: —g > eRRR FAURTRR/ o ° . Rl Narti iy «——— |
- S CIE®R SR il i i o qlu/(,lés/\ . CFMJ\ At e |
| o B . GAT3 5 e
KC@2 " ®° .. |
| + K* ® 0o, f% ° o - GABA
K Na* Na* Qe ® e . S |
I e 201 er ® o cq, o
| NKeel N cr NMDAR/ ®e©® oK 3Na* |
AMPAR e o 7EaamaSl |
| X ‘ NCX
| “ H,0 |
Ca* GABA,R N Cat
| : PN a :

Fig.1 Schematic diagram of detailed changes in neuron and its microenvironment
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Abstract  Epilepsy is a common chronic neurological disorder caused by hypersynchronous abnormal
discharges of neurons in the brain. Extensive physiological experiments and neural computational modeling
studies have found that abnormal neuronal discharges are the electrophysiological basis of epileptic seizures. In
addition, alterations in neuronal microenvironment dynamics are potential causes of neuronal structural and
functional changes that stimulate abnormal neuronal discharges, which in turn lead to the generation and
development of epileptic seizures. Based on this point, this review paper first systematically elaborates and
analyzes the four main factors influencing the alteration of neuronal microenvironment, including ion

concentration, energy metabolism, neurotransmitters and cell volume, in terms of the neural mechanisms and
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modeling methods of their dynamics modeling. The main methods and processes of microenvironmental
dynamics modeling for epilepsy are employing mathematical and biophysical expressions to model the dynamics
of neuronal microenvironment alterations associated with epileptic seizures found in physiological experiments,
and then analyzing and exploring the dynamic nature of neuronal epileptic discharges generation and transition
through numerical simulations and bifurcation analysis. Among the epileptic discharge patterns mainly include
epileptic seizure/bursting (SZ), spreading depolarizations (SD), hypoxic spreading depolarization (HSD), tonic
firing (TF), and depolarization block (DB), etc. Existing works have revealed and verified that disruption of
neuronal microenvironment homeostasis caused by loss of ionic homeostasis (e. g., excessive accumulation of
intracellular Na" and C1™ as well as extracellular K*), imbalance of excitatory and inhibitory neurotransmitters
(e.g., excessively high concentration of Glu and low concentration of GABA in the extracellular space or synaptic
clefts), depletion of energy metabolism substances (e.g., insufficient supply of O, and ATP or excessive energy
consumption due to abnormal neuronal discharges), cytotoxic swelling, efc., which can induce the generation and
development of seizures. In combination with related works on the neuronal microenvironment dynamics
modeling methods, we finally discuss and summarize the future research directions. It is expected to give a
comprehensive perspective on the development trends and research progress in this field, and provide the
favorable theoretical foundation for further research on the dynamic nature of epileptic discharge patterns and the
neural mechanisms of epilepsy.

Key words neuron, microenvironment dynamics, epileptic discharge patterns, neural computational model,
dynamics modeling
DOI: 10.16476/j.pibb.2024.0052



