Reviews and Monographs ERud=kars

E

.|
i

0) D)Lt S i
Progress in Biochemistry and Biophysics
' 'j 2025,52(4) :882~898

www.pibb.ac.cn

R FRAEBN MK YA T E TR

_7%,_1;@@1) ); ‘El:%jn \gy ﬁﬁZ) F«iﬁ 1@3) ,}-'j; 4/% 1 ]1'75]—_‘,}(/(52)** F,iﬁ %-1,4)**
(" AR KRR R S TR B, A0 230009; 2 LA S — NREBFZAER, AAE 2300415
D MRS AR S, RS 2320385 Y AIE Tl KA Be s AR BE, A 230051)

T RS ISR R AP R S R R A AV 2 D R S AP MR R, I R WL LRI L DRl
EEERIURE, BAFRBII A, WRIIANNARS . e, ARALE BRI, SRR S 2 B2 s
PRIz — . HATRUR B9y B2 28T, W MEIA M R R TR DTBR N S W ) DX, (R WiR T e R )
B AT B 2P SO B R RIME R, GARIERE . TR DIREBL DI AR REREASAS . TR T S 5t AR 20 2 [l Y
AR R N HIIRE . TEid BRAMEMZ TG HORBSER b, REEUDE EYES (PBM) X RARR AR ZEEIRTT
SRR TS BRI B A S 1] . PBMUH I VR 1Y LRL AT RE . 3SR LA 5 R NS BR T K IR, M &
GE, RS AT, BeE R TR 28 5 3l w] DU R0 IR A AR . ML TESERYT, PBM AATER
AME L JCRIVE ] BLRER R 2 i 23 S i) W5 U0, Gy R A TR A T R RLHTRT S . A SCERR T PBMIRY T

il BT E R

AR, R, YIRS, R, SCRT A

fE 4SS R454.2, R741

SR S pR R A 28 T S TR A TR S B0 5 |
LAY B SRS R R, ki
WL E S A RS BIR . —, IR B R
295000 75 Ao H SR B RO R 4%0~T%0, 4
A 100077 85, JUHAEZL LA 60 2 LA E AR
BAERCR S K. B AT KRR R 2
AR INEE , BT B R R L Y
IR 3 B 1 AR T KU AR PR 2,
oy iR AT HAf s, PTREE 2 . IAATRL B
R, BEEDFITRIIRA, AMTTROR O R
RANET I R ERMLE] , 50 17607 sz A 15 51
KIE, EEANYIRIT . TR M. &
AR EAE, AR X2y 2 ST I 5 4 22 ME LA figt DY)
[EF I

Y5 (photobiomodulation, PBM) 7]
LTI CAETG A 5 | R — R DAk Ry, il
FISOCE R =M% (LED) KRR K iy 4r
A RNITLT AR IR Y A Y Th e ulis S96T7
RO 0 BBt (EHKE R 600~1 300 nm)

DOI: 10.16476/j.pibb.2024.0399

CSTR: 32369.14.pibb.20240399

REfNE 258 I IR ANZHZY, SRR (gt
R CHALLREG) MHEAER, MR 40 A % 8T
#h o, 2% Hamblin 7 B T-HE5) PBM 7E ik
BlR R BT, EAEIAI 0T . MR
DL B RUE el 28 2 55 05 ) o R BEE T
PBM 7E Il R N FH A R 22 3l HE3)) T — G
(TS AR K, A BAR S A ey 7 ik (A
., FERRERN 2 RGBIRIT RN, $2ft T
ISR NS RN D it S & 3 EAIE S RS
Y PN A, R HEDE PBM AT k5 9% A T
SRS B BTk . A SCAER TR /025 . R e
i R DA AE bR, S T HATC A IR RIS Y
T, B4 T PBMAEIRYT WU 77 I A R 5

# [H R HRFL ¥ 4 (21875058) , WA AR RS
(2208085113) F120224F B2 v Ll 17 R L 30 s L7 24 Ml 4
AU (2022A1007) FEHHTE

w AT R A

%7 Tel: 13505611093, E-mail: shanggan2009@qq.com

MiK% Tel: 0551-64270337, E-mail: changchun0424@163.com
Wik H 391 : 2024-09-10, 4532 H = 2024-12-17




2025; 52 (4

FRE, %: RAEEANEEWETIET R -883-

FTREML, BT PBMIAYT IO B SEAFHT 5, &
TEIFRIR NG TS

1 & V]

1.1 ERMSERREE

S A — A DL ELAG K RSO ] SRR E 4 ki
W, JFAEER— BB SR, TR —F A 5 AN
o PRI SRRt (H A s B2 90 2 A Ry [ R e A 8
PR . WU I A H AR R M —
oM. ARMARESY, HRRIEXZHAL,
WS | izsh, AEMS . M. EIE VALY
oA

FE PR PR S (ILAE) T 2017 4E42H 17—
A IHELE (F1), SB—goe LT 8 & 1E
MR, KRR 53 390, R kb A
G SPPERGN AN B LR AN & . B
PR R A IS W, ALFE RO . 4 BRI
Jeay kb R 4 B PR EC B MR LA SR R 4 K
Ko B EGURIIRLSE AR E, ST Do R
EMZEGIEIZW . SRR IR 42, X TRLE 2R
B4 N R PR AR 284 . SERIEO) TR0
MRIT A & T EZ MR o ILAE U5 R 4
REEFPE B B AR SRR
HIPE6 AN, I — N X 6 R AL

~

[ MR (AT

| #E

ORMMERAE AEMRME | REREEE
N J Gttt
AL
R — | bt

any y pany ) AN

%ﬁﬁm%%éﬁ%ﬁ??ﬁ&ﬁnkﬁ S e
/ \ Gt
B A E = e

[ BUERES }

Fig. 1 ILAE classification of epilepsy and epileptic

syndrome [ 1!
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Fig.3 The benefits of photobiological modulation on neurons in neurodegenerative diseases
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Fig.4 Schematic diagram of PBM through its effect on mitochondrial cytochrome C oxidase and activation of several

signaling pathways
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YERTELERLT M ARTEAE , (EAT R R A4 ) Zobr
TRIRERSRT, B0 e TR M= P b R 58
PTG HEAE B T 23 G INZORLAAR T RE Rt R A A
() 2 HE AR 1T G ok AR AR R SE RN A B B i
() BE PR 28 25 S BUmR & AE Y BRI T R
2k M LR 1) R R 2 T BOBUHHO 1 & A
A, TR, YRR T BB AR IE B 20
RAERA ST B W00 10 & A 2202 th kB R 1L
AT R ATP S = KR, ATP 73 F4EREph 2t
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FEEA TE AR AR B R, T FRLA 32 P R B bl 22
TSy, NI B & /E 7. PBM AT LLiE
it 1 CCO SRIBIT IR T SR AR DR e fs,
TN F= A 2 0 ATP, B35 32 52 1 1)\ 2p
NI REREAG
5.2 BuitkEiERRINEE

KAbE— A B E, B2 X 4l
HPERIE A UM 2200 . AN . BRI T4
RN LA, S ST AE R X R G fa
SHEAHEZEEM T i, B A
kL et 1 N 1% 5 s VAR 3 K P (R = 1 87 8
%4 (meningeal lymphatic vessels, MLVs) [FJFEHr
RIGFRME, AMTZEHERE Tk E SR RS S
PRSI Z A IEFR , DA R 1 Rk T A8 7 5
FE BRI BE T e TR Pl 28 R Ge 5 A A R A0R
JPHE s AHOCWFGERIT, PBM Al LA i 5l 3 bk
ESIAER, {23 AD /)N BUBL AL B 3E ¥ FF 85
(AB) WIEBRTER, JUHOE TR RRAR A E], X bk
ECL 30 T PR AR BB 5, 7[RI, BRI U )
AE k25 38 0 PBM el bk L 5 AR T, A 80
Jisg J5 B 40 g J8i (glioblastoma multiforme, GBM)
PAER 7 RS R . tau B LM GSK3B R
P P RRUER S A 3 AT A 5 e, 552 i I 3 Y80 R 1] JB 4 174
ARG RR, IR A A, R e
[ IE & DR T AMGE IR i TG 707, A TR
Sl FTMLV's BURCBTFEAR D, PBM AT YRR L 5 |
TN BRALEIATY AT BB IR A GRS
5.3 EMHERE

P2 RIEZION RAER NS R E N R, 1%
PRI R, AR ZRSRE AR 5 0 R A S AR
AR . AN Tl RE Y A3 FNFE TR 25 DI AE O 7,

P28 I RN SO PRI B A (TR I o 4 L
NI ) FRIE AR e AR OC . X R
F A M2 B A B K - . Btk 7. ROS %5 R AE
KRB R RAE KA . 3 Z BAEE S ]l
/N JBE BT 4B (microglia) 75 5 BB i BT 41 g
(astrocytes) VTG If o Hoohfg, AR 40
AT fik Az /NS A G IR R I RE, Rl
HBEA R RABTRPIFPRIL, LA, SME e dn i
PRI 23 5 | R IESE RIEGIR N ™, B,
UL 245 M VR PRI ) LR AR B R 2 ez b &
RIELYNGIT, BB W F I A, BHreh 2
PAEFE LRI B SR . PBM TEZ Fjopf
28 2 GBI R IT AR AR 5 R A B 2 R RE A
5 0 RUE H AT E T PBMYAYTIGUIR B9 AH SEBF 52 AR
b ABATA TEHE 2 B PBM fE 2 38 i 3 il 4 48 98 e
TRV S5 44t L 34 A R i A 1 1

6 PBMiGTrEMBIMRHERE

6.1 RS IEEIFR
6.1.1 ZhYERIHE Ny

H T ERAWFIETR R EALE] . A B ALAY T
J7 A S0 LR e HAB P AL, s Gk iy 3l
YRR R DA /D) . B AT s B2 K
FUFIZINER, B EATTHE 5 ISR i ) 254
FEDI AR . BT A B M A K R Al S 86
e 2 WA B B . BRI, B
£ RN AR L Sz Y S TIRAWESE
TR (PR ERAILA . PEARHTANA YT I A Bk DL
o HARITHLE], d S S i SR 2 A A b
1) (F2). BT HYSPBRE R RAVN,
FEF R EA S AR 254 . SER AR

Table 2 Establishment of epilepsy model
®2 ERREIMEI AR

B WIRTS TEAYHA eI L B 225 3Lk

WEEAYE S M (PTZ)  EEE FES BAER R F P AR 2Rt MEZE SRR [85]

AR (KA IR 5 LEPONES TR e N o S FIEBUR. WRES R [86]

BREFW BRI S 5NFSIH RSN ROR EAEEUL, MEZERK [87]

HHER JI AT S bR 8 L R AL AR R R [88]

LR i RURIBOCIE RN, R IN X AORE R S AR N R AR AL L AT TEAR BARERE [89]
BEAT EL HE

B R EOE RE BB TR RAR B R E AR TR BRI iR, BoRE 2y [90]

HEERR I ik JCRIB JCIALEHOR, WPREE RGBT H R AR AR AL, IR R B, PORZORE [91]
i DCEAT B A YN

BRI T PR P R B REALE RIFRE AR AR K [92]
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PR BHE AN EEREME DA S R A A S R A A2
O HEA WL BRiZ A, B R A
BRI )2 A
6.1.2 ZHYIEIHTS

Hong 5§ ' XU AL RL/N R T PBMIRYT )
7 W PBM REAS I /I Lo 20 S il AB M | %
ik LA SRR ZETCI R T, JF 48 Nign3 BRIk, 4
IS fb A4, PR IA RN T RE I RN & VE . Tsai
45 w5 R 808 nm My Ok RS My o pdomg
(pentylenetetrazol, PTZ) 5 S H0W KL, A
21564 W7 (transcranial photobiomodulation,
tPBM) ] LU i 47V B /N 28 1 PR o B b 22
JG (parvalbumin-positive interneurons, PV-INs) g
T T AERAR pv FF 1 290 A ) 6 49 1 o0 45 614 5 B 1
RV R BRI R 2R, JF BRI R A N R
(valproic acid, VPN) FfHINYF LR T 2 P &

YERDEAR I, (HrhEsfliE VPN B T 4~7 & A
SFEERTH . AT 53 A —T b 5T 1 3R B 808
nm 1Y) PBM A LU Eh P22 50 0E . AL o 4 i
B A TN B T A R A, A RO O R AE
Cardoso %5 ) & ¥, PBM Wi%s T &AL i 52 i i 15
AR B R R BRI CCO TR PEAHIE , 1Y 5%
THAYBER G RERERME, IR INER
PBM J7 22 i 2% FE AT AH OC AR 4 S o ik 2B it
SR W], PBM il Il /D H 2 50E . PRIP AL I0 ]
N i, REMSICEIBIN AR . ARV
H AU E S Ktk A, PBM Y
G IRITOTE A N, R SR U
YIS, ATREA B TR TROME 25 RIE
Mo RRFFIRAMFIEIRIT BIRCRFPLE], LA
FE A RBNIRIT 5. T2 PBM TR A5 AL v 1Y
I3,

Table 3 Application of photobiological regulation in animal models of epilepsy

R3 YA RS YIAREL )

PuE Pkmm DR /(mW-cm™?) 1EH CEPUN
C57/BLOHEME/NER. 830 50 FEIFEFMEEA, BiIESER S M gt E KR [97]
FAEHEME AL RR 830 2.87 WG B R SIS T 1 SRR 2008 TR AL AR [98]

ZHIR 830 17.5 T2 55 T R KA B Bl Bl [99]
FRAEHEME Wistar KR 780 0.083 P e R | R R DR R PR A TS [100]
WEPESD KRR 808 20 BEEINENTIRE, (EUEE S UK Rl X k4820 0 3G FE AR 22 o0 A 101]
B HEPESD KR, 808, 940 1366 FEMIRIEDATFRs R A3 . WU R AEAT AN e ERE AN A, DLMKA% 2 [102]

TR L IT R R AT

SE: i FF22 k4 (status epilepticus) ; IED: & 1F 6] 8] 5% Ji§ ¥ il B (interictal epileptiform discharges) ; FRs: Jaj ¥R & 1E (fast

ripples); KA: ZI#%MR (kainic acid),

6.2 HpIERIRR

H HIESCF AU AR ) SR SR BIAR L, (HAdL#R
AT PBM WA 2552 . Hong 55 ) FER A1 HE ST
P/ BUB S ph 2o i, & 81 PBM Al A5 30 in
M 4, HERFRI LTI RE . Huang 55 U i ]
810 nm A IESFHA S 55 5% 1) K2 J2 i 2 oo 2 e, ik
B T IR0 GIRY T BB 105 th 21 e 2R 5 | S 11 ol
ZICNAT R FEIEZ AN RIG R, IHI50H &
o IXEEZERARERA 35 YR AR X 4
PR RME . PBM il ad el Lok (A D) RE AR Y
ROS /K-, A o4 Mo /716 Fph o Thfg, (HE—
NSO AR 5 A A B EE A R PR . R
BRI T LS 2] PBM A 25808, HIX
SEHLHIFE AR R AR R AT REAEE 25 7. R
BTN LA Z P AR 5 Zh S as, DL
PBM 7 A [R50 25 B b A4 FE AL, o4 e fal 5

SIEAL, Rl 2P BF5E PBM A 25 58 fi i 42
FHM B2 R AE A AL, JCHRARIER R
AR, AHESHG R H]
6.3 ImKfAR

Bifi 45 IS B AN TER A, PBM ZE I IRAF 52 i
B ZRBEGRI FI T), AdERT TR R
PRG0S 7R ok T R 45 1 TR AN A S
BRI A5 B & W T PBM XU 16T HY A
fas e, ANIR/DRREICIR T . IR AR . i
SRAE NS, R PBM I AN FH B Ak 1 152y 3
WAL . A HRTAHSC IR RAFFE AL TR 20 BB
{H PBM ZEVRYT I , 7 5012 25 W) XV PR S
hE M T RYE R ). Hedaya 55 ' i3l 1
{5 ] ik 1 5 | S ) 8 PO GV 7
iR AV BN R R g 2 1 rh i 1 R ARG
I AU TH 25 I o (HAS =M &, Vezyroglou
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2 100 3 o 9 W UL 40 4 6 % (broadband near-
infrared spectroscopy, bNIRS) FREIHH| T —4
AR R R B R LR AL, WEEH) B3
KM e X rh AL CCO By i 3 T %, X R
ZLAMGIA AT DL T2 i GRS, X T
ASEAGTR e R E A 1 A PR e B AR T B DL
H #if PBM 67 50 19 B2 S AT i A G, A HESh
PBM TERGR 1697 H A, AR I Jré K Y 3l
YISEgs R xS E AL, 456 B 258
SR, JUHIE 22 Fh 240 AN Sl AR B B S

[F] I £ 2% PBM 5 14 Ge 0 25 1 sl HA IR o7 Bt
MVERAYT IS, LU KR 32 1B T RCR I AR R
YER . ORI IRAEAGIRYT , RSB e A [ B
AR IR J7 SRR S B SRy, M
TSR 22 R G AR TR B .

¥ A1 U
laser therapy” + “Epilepsy” fE b CHEI, 7F Web
of Science il Google Scholar [T 3CHkKGZ, XTAT
ARRE BN A SR T an 4.

“Photobiomodulation” / “low-level

Table 4 Comparative analysis of literature retrieval between photobiological regulation and low—dose laser therapy

for epilepsy
R4 REWRAT ST EHLTATT B X e R L 57
SCHk fEE B BUE RN NS TR E A 2%
B gt HERIA SCHR
%7R  Torres- University of Grenoble Alpes, FDD and CEA-LETI, / DA TR APBM T DIE T 2okifh, Jfaidy  [3]

& Martinez Clinatec, Grenoble, France

s
HongZ  Department of Pre-medical Science, College of
Medicine, Dankook University, Cheonan, 31116,
Republic of Korea
Cardoso Department of Pharmacology, Ribeirdo Preto
e Medical School of the University of Sdo Paulo,
Ribeirao Preto, Brazil
Abijo%% Taiwan International Graduate Program in
Interdisciplinary Neuroscience, National Cheng
Kung University and Academia Sinica, Taipei
11529, China
MaZ% Department of Neurology, Beijing Friendship

Hospital, Capital Medical University, Beijing, China

Moos%5 Department of Pharmaceutical Chemistry, School of
Pharmacy, University of California San Francisco,

San Francisco, CA, USA

Hamblin Laser Research Centre, Faculty of Health Science,

& University of Johannesburg-Doornfontein Campus,
Doornfontein 2028, South Africa
Pracucci  Departamento de Farmacologia, Faculdade de

&  Medicina de Ribeirdo da Universidade de Sdo Paulo
(FMRP-USP), Ribeirdo Preto, SP, Brazil

BEFL Tsai%

79’8 Medicine, Taipei Medical University, Taipei, China

Graduate Institute of Medical Sciences, College of

Hong%% Medical Laser Research Center, Dankook

University, Cheonan, Republic of Korea

133.3 J/em?

NSNS & (R R AU E G ST e
TR S AR e e

/ PBM ] A RO Rbi R4k S, REMAIUESRE  [5]
SRR LS R T RO s BELE ML, (H BRI
VEIRTT IR T J7 S 1 m RE Tk

/ PBM ] LUl i [ CCORIGIT M B & M Zkitk  [6]
ThEERERS, AZHLHI T RS 28 TN, oot A2
LN H T RE

/ KOG o FH DA M R SRR s R b [59]
M E AR TR TR A A BT, ) LAy
R BT A IO AET

/ AR APEL S PBM 1) 2 TR 7T WA AL [61]
W PRR A RGP, KRR TR E B E S HUF
IR IR

/ PBMAE A —RAR 224 ARG AR T [65]
ARy AR IR TT T AR N AT B

/ F A7 2 F S 72 E WA PBM AT LA 360 R A, [66]
25 S T b BB R, I BRAIEHA
T2V B A R

/ PBM ] LU i P 48 i s B SR eACE 3 i 4 1 E [81]
808 nm 808 nm K K IPBM AN HIPTZ % S s D #f4 % [83]

D=V ik ) e b SN iR ) R e
221 5 T CA3 SLH ICCO Y [ b 1

825 nm PBMUf i #1448 E B2 86 13 (Vign3) JENIRIE  [93]
152 Jem?,  [R98/0 SK UL TLE 51 AR IR BN 1t Y Ay FE k. i
850 nm R RN BE TR M, PO R A

9.6 J/em?, 2/
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gk4
Sk EE B — B AL blie % (&S] FEEERE R 2%
PR YBIT T SCHR
Tsai%% Taipei Medical Univ. (Taipei, China) 808 nm 808 nm tPBM 1] LA {4 #F L PV-INs i TP T2 AR [94]
133.3 Jem?®,  FFPVEHYE FE0HI A 26 (K S BEVE, 24035 1 PTZ %
2 TR O B R R AE . SEFISET. %
Tsai%%  Graduate Institute of Medical Sciences, College of 808 nm TEARFE VPAH HEINtPBMX PTZ % S i & /E  [95]
Medicine, Taipei Medical University, Taipei, China ~ 133.3 J/em?,  #Z| PRI FIGI/ERH, W7E &2 VPAH A INtPBM
2 HRTH T 2 AE A
Hong%% Medical Laser Research Center, Dankook 830 nm PBMTE IEH B Dy 28 o A il e s R T, IR H. [97])
University, Cheonan, Republic of Korea 229 J/em®,  PBME RN IE R I K AL AT By 1L SE S 3115 Dy il
2 Zrkk
VogelZ  Disciplina de Neurociéncia, Departamento de 780 nm FeliAe PER RS, 55N omega-3 R Wi & VA T AH [100]
Neurologia e Neurocirurgia, Escola Paulista de 10 J/em?, £/ LG, PBMEZE FEAK 1 SR A5 1R 0 (¥ 0 90 6 T8 e
Medicina (EPM), Universidade Federal de Sdo 3
Paulo (UNIFESP), Sao Paulo, Brazil
You%  Department of Biomedical Engineering, University ~ 808, 940 nm ilE i 7 tPBMAIFUI 25 4L, RFXFAER A [102]
of North Texas, Denton, TX, USA 1366 mW/em® S BT7 T AT TG N9 58 3 0 1R
Hedaya The Whole Psychiatry & Brain Recovery Center, / SE i L LS R I A O G IR T PR 32 1 [105]
= Institute for Functional Medicine, Georgetown PO R M OGO A JE S D
University School of Medicine, Rockville, MD, USA TLE

SL: WJ)Z (stratum lucidum); PV-INs: /INEEEIBHE R EI#HZIC (parvalbumin-positive interneurons); PV: /NEH (parvalbumin)

6.4 PBM i&frEmIIkEERE

PBM TEMR VA7 R B KW Iy, (RS
BT Z W, AT G 2 A H Rk . Mosilhy
AR, 2D R R AR S PR AE T
TR E A A B EE R TR, e
o e L s AR R B FE RS, B PBM
AEAERL ) AR RN . PRI IR AR T] . K
FU5E B A5 OG5 S B A 2 I 58 P R
PBM & Z i &L A4 G EHMEE R, 11 CCo.
MLEZE . 7K, WILLHE AL E 5%, X aE
WG K T R 3 TR L0 AN, i i J
ZREE WA PDOEIFE R ROV 1 BT, £
FER R Z LN BRIEAT SO A IG5 | o8 =i
M . FEISRAE RN, AR E0 A ik 2 e
JCREE . THELIAMEEEE MR, ATIR AN I
PRZRHEY, ] RRIE T 2 IR E S5, A
PURT-EE RIS, MG fidr . W nT DARC
G, DR RE MR Z AL GIRIT R
PR AR E T AR 2 ) 25 R B R pfi 48
YRR VEFHYEE, T R e D RE R A R SR A
Wi 7, 3 1 9 e PR R AR ATP AR, A B F
I, o AT R A IR,
YR O BRI ] A R A R R AT DLP A DEYT
B ST, AR RIS A R R

BB, R[] g AR A ) T R R AL
Ho LR R LS HT AL PBM BN IR YT
FIVERIBILE, MITAETR T PR TT 241 . I R AE
RN, DA R AR sk 8 5 07 T e M AT AL, A
I, WEIRANGE PBM TEMUR G 7 H 1 2R A=)
SERLH], TFRKRHIEL, REALT IR AR, BRE W
KR IS E, i T s e . [A)
I, #F5EPBM 5 25WIR07 . flg a4 S5 HoAAliR YT
TF-BEIBA N SR, LAIF & B INEEA A R i
BT . WNARIE A I BARAE I | ZVESA
XPYETT B e A i A AL B PBMUIRYT T4, A
M EIAIT AR E R R . RIKZL SR A=
JE 25200 PBM G R 3R, AT 31454 s 5L
e e R L T I A — ORI, ] DA B AR (A4
RFGHBRDCEAR R AL BT R, LISKEUE
TIRYT S BT TR EHE . XA ISt
[ EHRAE T AR, R AR AR I B T
T &AM BEA, SedE IR, WO
FHRE AL LED JEUR, ml LABR TG AR e 1k
ZEETREE, MIMIHGTE PBM AT RCE . FFR T R
RIE . AEHEROLIT IR, IS A N TR RRAR, fif
PBM (1) 0 FH B INAE 4, BEAZIE Iy 45 Pl R A 5K i
W8, JF FLRESA W £ 3 A A BIDIRAS B g e
BTG SN AE L, IS AR ESE, Sl
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IRSHERITRY P RCR . IR RE I AR A LA AN
FTH TR, A TRIWERT, AR ok
TR AT RETE o B A BOR (9 AN W K R R
PBM 7E# b FAt A 28 22 e v 7 v A4 s
Al

7 BESRE

WO VE A —Rh o DL i e R e,
SN R AT e, A BT AR . AR
AIRITITIEIMAYNGTY . PARNMZREC Y iz
BT, ARG 22 Bk, Al A AR E AR
4. FEX—TFF =T, PBMAE R —FR B %57
FBL, i E LM er eI AR, Bosith T
TESIRIET T R ETRTE LS. WEFERMT, IL4iAthE
WG o B ERMAL, AR Clf, SEEMA RS
JihE, PBM AT B A i (1 E AN T AT
JrgE, )T IR AR B A RO iRy
Vet ARSCEZE T PBMIGY U 19 AT BEALA], A
YR | AR NG R A, RETRA M
ERIR T PBM FEIR T W60 5 77 18I 14 foc o T 5 2E
TE D BN 52 5 vh W52 B Y AR T 2%, T R e
PBM Ay i i S e B AR SR I 1A 1 S, IR
ARSI & B R LA i PR X6 BF 5 B4 T B B
fifio BETE AR R, PBM LA BOE U A TR AR
FI 2B L DRE, HAT XA R AER B B
AR L SAS IR o, A3 45 A AN AT
WS SRS N R, IR S TR
ORISR, RRA R PSR Uit
IR AE A T B a HH BEAS AR R B (. R
KN I PBMIRT IR A A D) =L, 4R
ATRERIRY PHEAT, AT DIRHE AR S IO s o R 5
BALALCSHEL, FF R PBM BG4 LA
iayy . MAh, AT A S CIREOR . IF AT 5
WA, TP S A TR RS &, SRS
. BRI RIRIT . ROk, BEEMFITRMTEA,
PBM A R AL 5 7 AR B R A S e I JE
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Abstract Epilepsy is a chronic neurological disease caused by abnormal synchronous discharge of the brain,
which is characterized by recurrent and transient neurological abnormalities, mainly manifested as loss of
consciousness and limb convulsions, and can occur in people of all ages. At present, anti-epileptic drugs (AEDs)
are still the main means of treatment, but their efficacy is limited by the problem of drug resistance, and long-term
use can cause serious side effects, such as cognitive dysfunction and vital organ damage. Although surgical
resection of epileptic lesions has achieved certain results in some patients, the high cost and potential risk of

neurological damage limit its scope of application. Therefore, the development of safe, accurate and personalized
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non-invasive treatment strategies has become one of the key directions of epilepsy research. In recent years,
photobiomodulation (PBM) has gained significant attention as a promising non-invasive therapeutic approach.
PBM uses light of specific wavelengths to penetrate tissues and interact with photosensitive molecules within
cells, thereby modulating cellular metabolic processes. Research has shown that PBM can enhance mitochondrial
function, promote ATP production, improve meningeal lymphatic drainage, reduce neuroinflammation, and
stimulate the growth of neurons and synapses. These biological effects suggest that PBM not only holds the
potential to reduce the frequency of seizures but also to improve the metabolic state and network function of
neurons, providing a novel therapeutic avenue for epilepsy treatment. Compared to traditional treatment methods,
PBM is non-invasive and avoids the risks associated with surgical interventions. Its low risk of significant side
effects makes it particularly suitable for patients with drug-resistant epilepsy, offering new therapeutic options for
those who have not responded to conventional treatments. Furthermore, PBM’s multi-target mechanism enables it
to address a variety of complex etiologies of epilepsy, demonstrating its potential in precision medicine. In
contrast to therapies targeting a single pathological mechanism, PBM’s multifaceted approach makes it highly
adaptable to different types of epilepsy, positioning it as a promising supplementary or alternative treatment.
Although animal studies and preliminary clinical trials have shown positive outcomes with PBM, its clinical
application remains in the exploratory phase. Future research should aim to elucidate the precise mechanisms of
PBM, optimize light parameters, such as wavelength, dose, and frequency, and investigate potential synergistic
effects with other therapeutic modalities. These efforts will be crucial for enhancing the therapeutic efficacy of
PBM and ensuring its safety and consistency in clinical settings. This review summarizes the types of epilepsy,
diagnostic biomarkers, the advantages of PBM, and its mechanisms and potential applications in epilepsy
treatment. The unique value of PBM lies not only in its multi-target therapeutic effects but also in its adaptability
to the diverse etiologies of epilepsy. The combination of PBM with traditional treatments, such as
pharmacotherapy and neuroregulatory techniques, holds promise for developing a more comprehensive and
multidimensional treatment strategy, ultimately alleviating the treatment burden on patients. PBM has also shown
beneficial effects on neural network plasticity in various neurodegenerative diseases. The dynamic remodeling of
neural networks plays a critical role in the pathogenesis and treatment of epilepsy, and PBM’s multi-target
mechanism may promote brain function recovery by facilitating neural network remodeling. In this context,
optimizing optical parameters remains a key area of research. By adjusting parameters such as wavelength, dose,
and frequency, researchers aim to further enhance the therapeutic effects of PBM while maintaining its safety and
stability. Looking forward, interdisciplinary collaboration, particularly in the fields of neuroscience, optical
engineering, and clinical medicine, will drive the development of PBM technology and facilitate its transition
from laboratory research to clinical application. With the advancement of portable devices, PBM is expected to
provide safer and more effective treatments for epilepsy patients and make a significant contribution to

personalized medicine, positioning it as a critical component of precision therapeutic strategies.

Key words epilepsy, etiology and pathology, biomarkers, photobiomodulation, advanced therapeutic
technologies
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