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[Abstract] Objective To investigate the calcium/calmodulin-dependent protein kinase II (CaMK II)
signaling pathway and expression of brain-derived neurotrophic factor (BDNF) isoforms in mouse model of
cognitive dysfunction secondary to repetitive mild traumatic brain injury (rmTBI). Methods A total of 63
male C57BL/6J mice (5 weeksd old, werghing 16~17 g) were divided into model group (n=50) and control
group (n=13). The mice of the model group received modified weight drop and repeated head impacts to
establish a model of rmTBI, and the mice from the control group were only given anesthetic treatment. From
the 30th day after the end of modeling, Morris water maze test was applied to evaluate the spatial learning and
memory abilities, and the relative data was evaluate for correlation analysis. According to the taxonomy of
cognitive levels, the model group was further stratified into high-, medium- and low-performance groups. After
the mice with medium-performance group were eliminated, and the indicators of water maze test were
compared among the high-performance, low-performance, and control groups. After the behavioral experiment,
Western blotting was conducted to detect the expression of CaMKII, a-amino-3-hydroxy-5-methyl-4-isoxazole-
propionicacid receptor (AMPAR) subunits (GluR1, p-GluR1, GluR2), and different isoforms of BDNF
(mBDNF, proBDNF) in the prefrontal cortex and hippocampus. The expression levels were compared among
the groups. Results (D There were significant correlations among the water maze-related indicators
(P<0. 05). The mice in the model group were divided into 3 groups of high- (n=31), medium- (n=11) and low-
performance (n=8) levels through hierarchical clustering, and there were differences in cognitive levels in the
high-performance, low-performance and control groups. @ The phosphorylation level of GluR1 in the
hippocampus was significantly decreased in the high-performance group than the control group and the low-
performance group (P<0. 05). When compared with the control group, the expression of GluR1 and GluR2 in
the prefrontal cortex of the low-performance group was increased (P<0. 05), and the expression of GluR2 and
CaMK II in the prefrontal cortex of the high-performance group was increased (P<0. 05). The low-performance
group obtained obviously lower GluR1/GluR2 ratio than the high-performance group (P<0.05). 3) When
compared with the control group, the low-performance group exhibited notably elevated expression of
proBDNF and mBDNF (P<0. 05) and mBDNF/proBDNF (P<0. 05) in the prefrontal cortex and hippocampus,
while the high-performance group had enhanced expression of mBDNF in the prefrontal cortex (P<0.05).
Conclusion 1In the chronic phase of tTmTBI, prognosis of good cognitive function is accompanied by up-
regulation of CaMK Il signaling pathway, and the difference in cognitive function is accompanied by the
change in proportions of different AMPAR subunits on the postsynaptic membrane. In the cognitive
impairment group, there is an overexpression of 2 types of BDNF isoforms and an increase in the conversion
rate of mBDNF.

[Key words| mild traumatic brain injury; cognitive dysfunction; CaMK Il ; AMPAR; brain-derived

neurotrophic factor
Supported by the General Project of Natural Science Foundation of Guangxi (2023GXNSFAA026175) , the Youth Science Foundation Project of Natural

Science Foundation of Guangxi (2022GXNSFBA035519) , and the Project of Postgraduate Education Innovation Plan of Guangxi (YCSW2024410).
Corresponding author: LIU Xixia, E-mail: liuxixia2008@126. com



http://aammt. tmmu. edu. cn Bl 722 155 R mi 4R, 2025,47(12) 1293

vo 82K gl BN A B SR S B2 AR A 4
i 53 45 (repetitive mild traumatic brain injury, rmTBI)
R e XU A, 25 B2 A2 405 M i 452 0 (mild traumatic
brain injury , mTBI) f2 5 5 UL (%) i 463 03 28 20, AR I R
A2 B B0 Pk IR 05 S99 1) v o R 3L 9091 B
UCHY) mTBUE # 75 JLA ML RESE A, (1 rm TBI 2 ¢
L R E  mAATR o B E S LR BRI Ui
Jigi % (chronic traumatic encephalopathy, CTE) , 3¢ ¥ A
AR BE B2 5 T2 Bt Mok 38 e R
EUTAER AR R _E X rm TBI 5 |2 4 D BE P S5 350 0E 1Y G T
H 25840, (5 F RG4S e = Btk IR P R BT
W TR AN TR0 A R 45 3250 DA R0 B A 14 B8R 17 AL
i, A X A 5 1 s AT R A RN T RE Y A
R TIIT LA R IR G0 0 1 i 1 3 6 2 Dy RR S 35 AE
A R T 7

8 55 8 B P AROR 1 2 90 T (Ca™/calmodulin-
dependent protein kinase II , CaMK II ) j& — Ff 45 5 P4
MG, g R I A EE R A H 25
UGS SRS o-F -3 -5 4.5
A TR TR 37 1R (-amino-3-hydroxy-5-methyl-4-isoxazole-
propionicacid receptor, AMPAR ) J& & - T 23 2 ik 3% &
(1 —l, iy 4 X (GluR1.GluR2 ., GluR3. GluR4) 41
I, ARG fu J JE 3 i A 1 1 0 S gl 28 A
7 e 5 o o B Y E SR bR o AR R IR 5 (Tong-term
potentiation, LTP) i B2+, CaMK II #7% J& 1T DA 3 i 3%
1] {5 5 R ol 2 i T 58 448 58 o 22 3 JB A R L, B TR A
GluR 1 37 LI fih & AMPAR £ BRI A S il 5 5 3 1
WK i M 5 5 i PO A 3 0R . A, 43 SR i 2 fk
Yyl 5 AR 2 T IE ALY RE RS T 2 R S
TE 259 180 B R BT R 2R
PR SF P A4 g BRDIR 2R AR R 3 1 UBR 2 ik g 48 o
AT i 5 2 il 5 B AMPAR (1) N v SR I, i 32 L
I 2 ik ) TR 2 Ak ) 2 Ak

i U+ 28 %5 57 - (brain-derived neurotrophic
factor, BDNF) ZE AR #l28 RGN 12 ik, B4 TT
A G fil I B A Ao AR v Y R N R R, 2
5 9% fil TT SR LA KR 22 T i AR B T AR
U5 M #2878 5% I (pro-brain-derived neurotrophic
factor, proBDNF ) 25 2H 21 21 4 85 [ 35 T I U6 W14 1%
Tt i 20 IR S5 7 T 2B DAy o TR i A e 22 R I T

(mature brain-derived neurotrophic factor, mBDNF)DO] °

mBDNF B8 % 5 v 35 F1 g 32 (A WUBR 8 F1 32 R
fif B (neurotrophic tyrosine kinase receptor type 2, TrKB)
g5 &, JF 0O 22 24T AL B IO (mitogen-

activated protein kinases, MAPK) FI 1 g Bk L B5 354 i
(phosphatidylinositol 3-kinases, PI-3K) , £ #E 28 fih 25 1
A IR 5 fil 5 I AMPAR FOA8 A, 2 17 42 2F LTP Y
JE B, BDNF 5 75 0] Lk p AR /IS BRUIKOT R B89 LTP 3
Bz #1770 B Ah , mBDNF-TrKB 3 i # i% B I i
(phospholipase C gamma, PLCy) 15 5 i) Ca>* {55 5 1 it
L CaMK I 15 Ak 4 B fih % P % 2 — . proBDNF
B c-Jun 2 3L K i 3% /i (c-Jun N-terminal kinase,
INKO A 3 5 2 ik & b 28 0 T L 28 il 25 40 LA K o Ak
Ty XK s AR (long-term depression, LTD)[B] s 1M
P4 2 K F- kB (nuclear factor kappa B, NF-kB) | A] L)
P i K B A AR v R 2 T A I DL S R R
FE A2, P3[R mBDNF X igi 461 4 J5 # 28 90 19 18 52 e fR
0 ATBRIE R I A R AR R 4 mBDNE/
proBDNF AR IR K-t o Ko A 2572 4

CaMK T1 {55538 # F BDNF & {EMZ RGELF
5 2 TE B v A R LS8 | A K ) RE B A 1Y
P R S v M SR o SR, X L6 5 B
rmTBI 3 BOA M B A5 A A AR R A PR . R, A
WS F AEARTT CaMK T A5 5380 i S A 7] BDNF 37 A 5%
IKTE rm TBIAH XA D RE R A5 Hh Y S A2 4k

1 #MRERH*E

1.1 ##

L1 SEssh® 63 HfErE C57BL/6) /N FL(5 JE
W& AT 16~17 ) WA F 357 DR (b)) AE AR A [
I8 SLE S AR FE Y THIE S SCXK (5T) 2024-0001
FE % i 20~24 °C FH XTI E 40%~60% .12 h Y6 #E/12 h
PR ) A PR R I L KR AR, A 3 R — IR
BB KK . BEALEC T F 3 13 H/)N
FRAE A X RRAT, 50 HAEHERIZE . BT A (0 Bl W) S 3 ik
THAF G T 78 v I8 28 K27 S50 sl 40 R 22 51 45 ) 0K
I HAFHEAE(DW20241119-266) .

11,2 SEEeaspt BREEHL R B iR 8 4 e Bt
H AR H) 5 Morris 7K 2K B 9050 43 #7 & 4t (92 [
Stoelting A7 PR 57 1128 w] ) 3 = 4E %% Vi bt B A JXCL-3K
(it 500l & R A BRI ) 5 R AR A 0o Bl IR
T B O L 4 I K B AR A (32 [E Thermo Fisher
Scientific 23 & ) 3 18 L 1H W3R B0 A4S (MRS 22 L% &
ARRAFD ; G AE RS EE (Ll —fE R 2= B
N ] TU-10) 5 /1N T L F KR | PR k430 Pl 05 R e Al
18 58 (32 [ Bio-Rad A A ) s 7K HE IR (Jb st FEEE AR A=
YWRHEARA ) ; T2 —im Tt KL gL
PR A A R A R A



1294 Bl A5 22 R R 27241, 2025, 47 (12)

http ://aammt. tmmu. edu. cn

L3 SEmlm 5 oele QORI T B iR A8 A e B
FABRA A 5 B2 RIPA Z4# 3 (Solarbio, ROO10) ; i
% il 4 41 7 (MCE, HY-K0021) ; & 1 il 3 i )
(Solarbio, R0010) ; B F 7! BCA 2 {1 5 35 & CHEFit
7J102) ;SDS-PAGE £ 11 I HEZ2 vl (32 =K, POO15L) 5
2 o B 2 1 B GR35I, P1203-50) 5 Tris/ H 2
fi/SDS H ik 22 wh i (HER , PS105S) 5 R HE S ECL Ak 2
KGR F & (& K, PO0ISAS ) ; p-GluR1 Pt &
(HUABIO,HA721865) .GluR1#/{{& (HUABIO, ET1612-
10) . GluR2 Hii /& (HUABIO, ET1706-06) . CaMK I Hii {4
(HUABIO, ET1703-54) . BDNF #i {& (HUABIO,
ET1606-42) . ATPase $T {& (HUABIO, ET1609-76)
GAPDH #T & ( #% 4k /K , GB15002) . 111 = 471 . — 9t
(HUABIO,HA1001 )%,

1.2 %7k

1.2.1 mTBUERE RO EHETER, Bk
ERAE AR VLB 1o ron TBIAS A 119 32 S 20 Bl AL S AR A
nE 2 R .l A BREEAL , FH 4% e B 1) S S be 75
SN BURRE 8248 /N BRUR B B IR 9 /N RS S F
SR I B TE AR PR S TR 71 em
FH 2 PVC R4S T R e B AR R 54 ¢
G BEA N Tt 1 PR A o DN BRI
rh K i A a8 30 /0N BRSO, A2 B 6E A v 4
J5  /NEE T R AR e A ] 32 T A, /R 2 TR A
B E P A b e R PR R S A R
180 “ (Wi , S BOH K AT Bu b 18 T i om k , %of
T R M G . AL/ IN R 7 WK A B IS AR
.00 Wid, ZESE 7 ds 6 B 2H /N BRURE R AN AT I A JRR
W, A2 B R Vs AT

/ BT AR L,

HLMETHET

HHNR T IR \

i A= RPN

FHBEBA

54 ghETG 71 emkb H
5 R AT /N RUTGUE

/

1 C57BL/6J/INER rmTBI 458 i) 32 3T iR 72

1.2.2 KEEFT NP ke sr ] %7 di
PR 5 ORI 1) 55 30 R , 18 FH Morris 7K 28 B X 2 2H 7N B
(145 (8] % 2] B 1 FNCIZ R T #E AT VPAl 7858 iU — K
E LA T S DA K S IR R S J5 , #K 7 6 i

B2 rmTBLE#IE SIS EARGERE (A)MHEE R
K& (B)

BT XS BR o, A — YO AT S DL s
R (B13) . OENMATIER (9 d) - B K Pkik
[ 2 s 1] BE R AR B Kk B K AR 4 NG RR L K
BT H A IAZ R g /N R A R S
B Pt B v i b T [l e BE R OK RN RIREER K 1R,
IEAE 1R, e s /N BN T /K B4R 20 5 19 iR
6 SR VER RV, 5 K3k ik VAR T 5L A 90 s, AR/ R
90 s WANREFRENK FF- &, Wi 9230 A Do /N RS T
& LIKE 15 s, i/ RGIEA2 T & R B3R 85 DL CF- 6 Bt
FEAS A B, B R/INEUT K B 4 BRIBUF BEALAE AL , /1N
BB K 4 RVINZR I F XV AR IR S 1422 2] e A2 384
AT oM. @z MR H (2 d) HdK T 15 K
JINEROMT- 65 X6 A0 G R gt e o5 A T 1 e B 7K a8 i
/NEAE 180 s N 2 5T 3 0 B B, @G 4
2 EEL 6 AR bR, A HE 2025 2 AR I8 b (2 Y& A
T2 B4R ENF- 5 B I B SR AR R 4 A
ICICHER (O B B — RS MR R LT &
FRTE G BRI 5 He 55 ks R R L5 & e 4
BELASF [ o5 B L R 5 B B [ 5 b ) 5 6 iR F8 s i0F
AT AH &3 A A LA 4387, 38 BB v e ELAR SR M Ay 24
Fa b , BP0 R A 28 807 & OB, Sl a4 2R R
J5 B XA 20 /N BRI K SR A5 X 0, B AR 4 /N
SO A R AR SR AR K rh R AL A
Bk, X e R BA AR 2 BUAE LA BT HE A A 7K ok 45 0
FEARIEA TS L, AR AL ) A I T R 22 57

1.2.3  Western blot #5l  5& A7 Ry 27 L5, %F
/1N BRCR BB A JRR e Js S Ot A 7 52 it 22 SR AE , PR 1
B B A OGN ZH 2L, TS PBS R v i . ¢
Xof B IC SR IA LA K R I h R B AL 3
INERC, FH 200 B R P 4 BB ) 0 i A I B ot LA % T



fili

http : //aammt. tmmu. edu. cn

FETEE R4, 2025,47(12)

1295

REFE, HPEETHMER
RS G s A ARAT VI

SERLAUAT SERLAAT

P

ITAZRNRE

Lh 2 2 AR 1 DA S A0 B 5 2 1 4 T4 B, BCA B
B HATREAER R N | PR AR AS R 1 R B R 2
2 pg/pl, N A SDS-PAGE 5 1 L FESZ M, 20 i i 25
FIEAT 4 JE I 0 2 (AR I, IR 1 B AT i vk
o BAL EAES wL#EATHLIK IS IO AR PR )
P13 34 P 10 min. 435I BC & p-GluR 1. GluR1.GluR2,
CaMK Il .BDNF N2 GAPDH L) & ATPase ) —4i ,
—HU4 CHFH 4 PVDF B 8, Uk H F TBST PE A
3 K, K10 min, J5 FH =40 QLEPLR) EIRBEE 1 h,
PR TBST PR 3 UK, AR N A ECL i 52 W TEBE L
AR R G AT 5 . ] Image J AP & H 19 &
EPIEIE

Goit F ot
J¥; ] GraphPad Prism 6. O 85 /4% B4l 64740 2%
OYMT o BHE LA xes R, ALIRINT E SR O 25 95 W DA K
Ak SO I6 25 23 7 5 ¥, P<0. 05 b 22 53 B Si it

1.3

2 H#R
2.1 BABADKKETHEAITHFEZNFLEE S
9 48 %

2 2] H8 i UL KA A IE A2 48 BR A5 it P S e 2R O
(r=—0. 945 6, P<0. 000 1, & 4A;r=-0. 795 7, P<0. 000 1,
E14D) . FEM A8 bR Z RIHAFEAE 3 35 AR O 1 - °F
YU AR ] 5 2 8O B B (r=—0. 703 2, P<0. 000 1,
K1 4B) 55—k 28 MR R L5075 e R BRI ] 5 L
(r=—0. 347 0,P<0. 013 6, [ 4C) .5 R =S AR R L5
-6 FHEL BRI TE] 5 1 (1=-0. 507 2, P<0. 000 2, K 4E)
DL R 55 Uk A ) R 2R S 1 5 R 2 B B[R] 5 L
(1=—0. 565 6, P<0.000 1, & 4F) .

2.2 REEHERENSMLER BN N Sn £ F 3Tk

P Ho b FAC MR B 2 N8 bR, SRR A A
TERCOT B R i 43 )= RIS Ty XA ZH /N BRI
HINREHEATIX 43 BB ZH /INERL o3 R e R (n=31) |

407 . r=—0.945 6 151 r=—0.703 2 100 r=—0.3470
S 9 s P<0.000 1 g0 P<0.013 6
< Sl :% 10 <z s N
< M E s R | C
& 50 s = Yota = 0 SR
X AL i PN #a et
.“R\ S H_ 54 WA L ﬂ 40 7 . ‘AFA “;:.AA‘“~-
£ 10+ : 2 g L s ol Lt Ty
& S 20
A K:\A
0 T T T I 1 0 T T T T 1 T T 1
20 40 60 80 100 20 40 60 80 100 0 02 0.4 0.6
SR R A SRR B P WA MR R LT 5 B e
SRR L C
§§ 0.5 r=-0.7957 100 r=—0.5072 1009 r=0.565 5
B 04d” P<0.0001 g4 + ! P<0.000 2 « 80 P<0.0001 N .
Eﬁ Y B et 2 ) Ao
K 0.3 VW U R K 60 N e
(ﬁ “ft}‘\. :‘A‘ j\é \"~~ ‘ g * N 1_» -
QG-\—%J'E[ 1 C ‘A\:~~ * = T ‘ f‘\“““ A 3| 1 Aa ac iy a
mE 02 R AN Loy 40 fasat ;“\\‘ g 40 s ;—“;""y‘ 4t
YE 0.1 ~. B 20 4 i ' 04 a®
T'ﬂ? T T 1 T T 1
‘H T 1 1 T 1
L 0.2 0.4 0.6 0 0.2 04 0.6 0 01 02 03 04 05
R HIRR TR IFER p BOWRERIRREEFEME B B WA IR RER A XM
PR ] 5 L SRR IE] o L SBRA ] 5 L

A FH BRI R RBAELERFMEEB: FAERP TP & RBAERFALE;C. FHBRAFE—RE
ML EB TS LR L ALERFMER; D2 RERIRE LTS LR &L A LR F48E N,
E: PSR PEAE RENIRE LT SR 5L G AR FmEAN P FHBERAPE AT NIRE ZEF

& x4 KRB ] & A B AR

B4 KEEGIHERZBHEXATSEEFSH (n=50,x+s)



1296

Wi 525 KRR, 2025,47(12)

http ://aammt. tmmu. edu. cn

R (n=11) KK (n=8,E5) . HET X
R F I AE 2 WOE N ATAT SE 5 P A6 2~5 K (5 T~
10 2K 1924 H - 20 AR 0 A7 1 W 2 22 55 (P<0. 05, &
6A) , i R I 5L R IALLE 2 ROE A TAT 5L 56 v 24
HF- B R WA 7E 35 22 = (P<0. 05, K1 6A) . AHER
T i T I AL AT B2, AR B0 4 /)N LAY - 4 P AR S0 o
£ (P<0. 05, E 6B) , 215 ECE 2 (P<0. 05, B 6C) .
TESE RS AR R SL I, A TR R BLAL, R
ZHAE - B RN R R 45 2R 1) 8] B 4, 78 - 65 BT AE 42 PR
PRI ] 35K (P<0. 05, 8l 6D) o 16 & (i A7 52 5
W IR T A0 2 41 ARR AL/ B 3R B R R
BN (P<0. 05, F 6E) . AHE TARE YL, =R
21 /N BRAE 2 R A5 TRI 26 S 00 b A % 3 I 5 4t 25 04
fn(P<0. 05, & 6F) .
2.3 CaMK I 125 i@ %48 % & & & & £ rmTBI A
S [E RGP R T AL

AH A T X6 R 2, e 6 IR A /D B 4 i R I e
CaMK I Fl GluR2 ()33 . 3 7+ & (P<0. 05, K 7C . F) ,
IR B /N B Hi & i B2 BT b GluR 1, GluR2 1y 3R ik
Y0 T (P<0. 05, B TE F) s Mg T 2 B dl, {I%
LI /N R TR B R A9 GluR2/GluR 1 HU(E 3
F%(P<0.05, K1 7G) s Ml THE 241, " R M4/ U

RIENH

R
wﬁééi*ééé"nmwwasw S8 ORNCARERSINLERIATR TS
FE R
swieravx [ I I [ |

Bs5 BREANRMNEARFERESHEER

H 20 20 GluR1 Y % 1R b 78 B B 35 B AIX (P<0. 05,
K 71) .
2.4 BDNF % & % iA /£ rmTBI 8 A 4o [ 5F + & 4
T

AHBET X R, KR B4 /N B proBDNF (P<0. 05,
¥l 8C .F) Fl mBDNF (P<0. 05, &1 8D . G ) 7 Hij 4 - jz Jiit
FNfE B AU rh i IR 8 T = R I/ N BRANAE
HI A Bz 5 mBDNF 9 3% 15 8 3% 7 5 (P<0. 05,
KI8D) . FHEL TXF MR, IR I /N BRAE T B ot
F19E T 25 41 () mBDNF/proBDNF LA ) 58 2 T &
(P<0.05, [l 8E. H) , 1M f& & 3 41 /N B ) mBDNF/
proBDNF [l 22 A HAT G228 X

100 15—
120 - kR S
B WERLAT R %a_zkiﬁfﬁn@;s& (EEIA a
?Z . a 2 a a a o ﬁ:iﬁéﬂ 3 80 X b
£ g0 -+ S = =10
% I £ o0- 2
- o4 T S 40 X
m 40 o ° '\n\.,\" \ - ﬁ % 5 .
i I I = 20 L
ab b - 1 1
b b p
S B A o o
. A oF §F F & o P
1%k 3
R Hd S & B S ,@% C
= o = X
= R A me = R
= BRIE 83 BoRTRTANERR 15- = ERNA
2 100 - E 40 -
= 7 b R 104 g 30 b
L) ® 2
60 - b & 3
3 i b £ 20 -
% £ 5] i
’l "E M
o = Bk 10 -
EE 20 - {"g I
o &
0 - T T T 0- 0 - T
1 2 3 AR 4 F—R b/
2831 /_{{\& ﬁ' %ﬁ‘s\ﬂ
D & E F

a:P<0.05, 5 s B2t 42 ;b P<0. 05, 5 A I b Ax
ABMDNR2REALMAT RIS B FHBHRPLELER;B.C. ESADRATH BRI F FHT SRR LER ;D &
AN R AR R St B R TR AT R A R & R EF &40 ROKE T SIS IE B e iR 4 R

El6 /NREBUAMIEIRAVAEBEZERMESI (v+s)



http : //aammt. tmmu. edu. cn Rl 424 2 KA 4R

,2025,47(12) 1297

AR ZH (S R
p-GluRl(llONISOXlOK)HI - l l - l l mrm
GIURI(11010)— [T — — - — — ]

CaMKII(55~70x10°)—

p-GluR1(110~130x10%)—

CaMKII(55~70%10%)—

RGN iR e

EL 1 I =
a0~

GIluR2(110%10%)— |- g ‘ g - -— -— - E

ATPase(120x10°)— — S S w—— —

LR A et B
a
L5 1 2.1~ 1.5 7 2.1 7 3 - b
[} — a a
£ 1.0 il %14 2 g : ~
2 . § - &: 1.0 & 14 E 2
= % < 3 S
¥ 05 - 207 - 2 05 - 0.7 4 21
2 c E : z
@] Q, O ] G
0 - 0 0 - 0 - 0 -
e C " D ¢ % E & F & G
1.5 157 21 7 2.1 7 15 q
[ = . S < —
sz 5 101 %m- . %m— Em-
= = ab = 3 Q
2 £ ] I~ 2 o7 4 S s
S 05 5 05 207 3 07 % 0.5
< i O @) 15
@} (=Y )
0 - 0- 0 - 0 0
B B B R B B B B B R B B B B &
6 H T T T K e L
a:P<0. 05,5 st 4L LAL ;b P<O. 05, 5% L8 3R
A B :CaMK Il 15 5 il A % & & £ W] 40 vt R A Bl B P oy Rk kF E F p-GluR1 5 CaMK IT #g A 843
C~G AT 80T BB 8 R F 2 T 5 ; HoL ik LR E O KA X 2 F o4
E7 Western blot #ill] CaMK Il {5 51 48 5 | B £ rm TBI BUA AN FERS Y RIZ AL (=3, 75)
3 e R/ B 7K 2K B S50 - B ORI B , 2
TIie

rm TBI 7E 42 AN 25 LA B AR 5 3 3y o L ki £, Bl
NI AR T i R A H T T, X rm TBI 5[ 2
) Dy ek T B 1Y OCVE H 5 3G 0, 7E R E pF o b &
R N DO B ORI N s1] R S AW N P2
SE RNV | W | I o A R i 5 A2 6 I B
T2 TR ARG
3.1 K F ik rmTBl Gk Zn T LT 50 R,

AL I KR SR T £ XS rmTB1 i
LS5 A7 AE DN B A AR R AT A DG B 1 e AR A 3
Fh 7 v 2 1 B 20 A8 SE U R 17, 5 A S 06 A
Fb , S VR i 156 78 AH S PR B0 IE LR ) BE S8 A5 5 K 30
WCAZAEFR3E B3 AT 73 BT AEST R TR B 2 K46 4R
NG R T2 TR) 22 5 43 B vhox L i 48 b e
%, LRSI T AT LA R R 0 4 A Y AT R

5 B D $E R HO N T BE AR 5255 , BB 77 78
NN B A 5 117 R R IAL/ D R SR IR EAT T B B i1
AT AETE At 4 18 P 00 A oA R0 26 B 5 % R 2 /N BRI
A 25 KRB LI vh B R P AR R AN
e B 2T 15 OB, L R B 0 BR A /N RO AT 22
S, R WHAE ) R AR WO AC RE T B NSRBI
HAFTE N ARG
3.2  rmTBUR I BAF6IISndh i FUS £ 4 CaMK 1T
15 5 id sk u kA EiR

TEME RS KRB M ieiCE it #, CaMK T
RAE T HBEMER  H# A5 LTP, T AR N5 fl f5
JEEZRTH AMPAR A6 M B, £ (53 28 il 9 T W A B
0 SBR 2 fiph 1) DIy 13 2 ikt (14 Ak, 18 T 4 1 1 22 50 1) 2 fh
e . MR T IR L, IR B/ BT i T
[ GluR 15 GluR2 W3 () 35 T, {H CaMK 11 (1 35



1298

Wi 525 KRR, 2025,47(12)

http ://aammt. tmmu. edu. cn

X B2 R ERI

MBDNF (28 10%)— [ S s S S S S e —

Xof HEZH IR R

GES D ) G WD S G W ——
G— —— S——
mBDNF(28x107)— [T S R e |

GAPDH(37%10%)— -—— - - — GAPDH(37x10°)— [ s — — —— S—— 2 -:- S—
A s A YT B
1.5 - 15 7 1.5 -
jan) a as) a - a
2104 2 1.0 a Z 10 -
S < 2
= @ e
o
Z =
8 0.5 - %05— Z 05 4
2 g o
g g %
0 - 0 - 0 -
& F F & o o o o
7 ST KK D S e
& R C &R &R E
1.5 a 1.5 - a 1.5 -
=L | a
T ] o
2 1.0+ o 1.0 % 1.0 -
< Z @
]
Q O &
Z
2 05- % 05 - % 0.5
4 A @
& & £
0- T T 0 - T T 0-
AN N o B B g&f@’ NN
S A S N
& & ¥ ¢ a ¢ & w

a:P<0. 05,5 3 B4 & ;b P<0. 05, 54k R IL4 e 4
A B: Rl # BDNF SR £2 37 4 vt 2R oA Bl By 4 2R P g Rk K-F 2 P proBDNF 4 & s C~E A7 8t B R & & kA

FRFHM; F-H AL ARKR G REFETEHH

8 Western blot # il /<[] BDNF i 24 7 rmTBI BIA SN PERS I RIET, (n=3,x+s)

ANFEAE B 22 5, i R AL/ UL GluR2 WF 3
)23k B E THE , CaMK T (9365t 8 25 BT, Xk
FAE von B P4, T B i /)N A% w681 P 2 Jo v
FETE CaMK 1 (305 DL R 58 i 5 3% T AMPPAR i A
Bt A3 22 | {75 HL Aol 28 0 5 fih 119 £ 38 RN 3
5, A BB AT B i I A
3.3 rmTBIR MRS h fk 2 F 4L % % ks it b
R} AMPAR T3k 69 &b R 4L
AMPAR 2 i 4 /7~ 3 (GluR 1~4) 21 A% i 1Y 57+ 3R
PA, AN 8 205 I3 200 A 1) A0 38 A 47 kg R AR 0 B
bk, i Db %5 GluR1/GluR2, B GluR2/GluR3 L
T RIS RAFAE, VA GluR1/GIluR2 — 3R R0 £ .
AR T R AL (R R BAL/ N B GluR2/GluR 1 ) HL (.
i ZERRAR, XTI BB 5 — BRI 1 48 SR A2 R B 55
il % P AMPAR (Calcium-permeable AMPA receptor,
CP-AMPAR) () & AR LA 56 , 38 % , AMPAR [ Ca™ 8

2 PR T GluR2 WP A A A A T H U R AR A1k
o, = GluR2 WAL f CP-AMPAR 2 1] 18 1% Ca™" (19, X
TR R 3R B2 /]S BRI 40 i i 5T A 28 0 28 fipk i CP-
AMPAR B9 (5 FL AT RE EL s R B4 7 . CP-AMPAR i
IR IE Ca® PO AR B T A T 10 %A M R e 2 Fh
rFORX i ] i 45 2R 0 5 0 v A0 A 2K 1 2 AL =2
—BY AN, CP-AMPAR 32 5 figi 5k 115 5 B % 15 Zn™
THE A CALFRZTTAE T A S2I IR E T A S MUK
51405 J5 CP-AMPAR [ BELIKT X6 0 28 00 T 8 3 1 £
FHER . Wi CP-AMPAR A S 1 24 A VE B Mt 2 7
1A [ 28 e R A SR A2 AR B, FLUE AR A
TE 22 T ARG 05 B o A 20 v 8 28 il ", 33 AT R 1K
FEIAL /N BN B A 14 S A
3.4 rmTBI 1% M #1ik 4o [ 73 /s R 5 /2 BDNF #4933 &

ik A% mBDNF #4140 & 49 H+ 5

FE R AT R 5 R S S A AT BR AL IR



http://aammt. tmmu. edu. cn Bl 722 155 R mi 4R, 2025,47(12) 1299

2 P41 /) B AP BDNF IF Y A9 3 35 5 mBDNF/
proBDNF ) tL{E 34 0 2 7+ 55 , mBDNF 5 b1 47 J5 # 28
TG FEAAE S K ARY A 5%, mBDNF-TrKB 2 #00 41 it
N 3 4545530 B - 4391 5 MAPK . PI-3K 1 PLCy, iX 3 4%
5 R R R R 2 A A A A TS R R
FEEAEH . proBDNF 7776 1E L R R, —Ffi
proBDNF i 5 X NF-kB 38 [ [ 38 1% & P [5] mBDNF-
TeKB X (#5447 5 /1> B 2T 1B B AR5 o — o
proBDNF 5 P75NTR %5538 i JNK AH O 38 % K firh & i
LTI T R ZE AR A S L LTD . AR S50 IR
H/NUIEF S 2HAH GluR 1 GluR2 LUK CaMK 11 i34 5
Xt B A EL S AN A AE 25 5%, N RE VLA A7 AE LTD, fir LA
A SZ 5 proBDNF [ 15 B2 1T G 5 P[] #f 248 T 1 &
8RR K. X ERE TE rmTBI2 P, DA A
NPT BEAEE A U AR B R

25 b AE e TBUIE P, (IR R AL /N BRU AT 450 B2 o
P22 TCZE il AN [R] AMPAR V311 (5 o5 1 R AEAE
225 ERILL/N R ETRT K BT AAAE CaMK T
5 3E PO o A, R T A e B R 2 2,
AR T X BR AL, IR R I 41 /N B proBDNF L J2 mBDNF
() 3¢ 15 38 8 2 TF L OF B BDNF B 3K (1 55 1k R
mBDNF/proBDNF 8 B 5 . A Y% S5 56 A7 78 P AU A2
— AT CaMK I 15530 8% H kAT 18 H Loy 1Rk
IR, I i T R AT F AR B T A 2R DA R S e
2 A S5 A TR) 4 3 1) S 50 o IEAT 4D 8 B E 5 L R X
BDNF N #9328 [ 2 ik BEA TR, Rt X F AN [
BDNF . A 7E rmn TBI S0\ H1 B A H LA ao O 28 i
AR R TR B — A SRR R
PR ASCIA M P AR 77 v 58

SE 3k

[1] MAASA IR, MENON D K, MANLEY G T, et al. Traumatic
brain injury: progress and challenges in prevention, clinical
care, and research[J]. Lancet Neurol, 2022, 21(11): 1004-
1060. DOI: 10.1016/S1474-4422(22)00309-X.

[2] RASIAH P K, BEN G E, JHA K A, et al. Visual deficits
after traumatic brain injury[]]. Histol Histopathol, 2021, 36
(7): 711-724. DOI:10.14670/HH-18-315.

[3] RYANT, NAGLE S, DALY E, et al. A potential role exists
for nutritional interventions in the chronic phase of mild
traumatic  brain injury, concussion and sports-related
concussion: a systematic review [J]. Nutrients, 2023, 15
(17): 3726. DOI:10.3390/nu15173726.

[4] MCKEE A C, STEIN T D, HUBER B R, et al. Chronic

(CTE)

neuropathological diagnosis and relationship to repetitive

traumatic  encephalopathy criteria  for

head impacts [J]. Acta Neuropathol, 2023, 145(4) : 371-
394. DOI:10.1007/s00401-023-02540-w.

[5] SACRAMENTO C B, SONDHI D, ROSENBERG ] B, et al.
Anti-phospho-tau  gene therapy for chronic traumatic
encephalopathy[ﬂ. Hum Gene Ther, 2020, 31(1/2): 57-69.
DOI:10.1089/hum.2019.174.

[6] HWANG P H, NELSON L D, SHARON J D, et al
Association between TBIl-related hearing impairment and
cognition: a TRACK-TBI study[]]. J Head Trauma Rehabil,
2022, 37 (5) E327-E335. DOI: 10.1097/
HTR.0000000000000735.

(7] 208, FEIC, ik, 5. Wl CCL/CXCLAE S Sy

PR 20 P 1) 3 P 40 0 ) A0 A i s [0 ). 25 42
TR E2AAN, 2024, 45(12) 2 1399-1405. DOI: 1013276/
j-188n.2097-1656.2024.12.009.
LI K L, DONG B W, PENG T, et al. Inhibition of CCL/
CXCL signaling pathway-mediated neutrophil chemotaxis
alleviates secondary brain injury after traumatic brain injury
[J]. T Air Force Med Univ, 2024, 45 (12) : 1399-1405.
DOI: 10.13276/j.issn.2097-1656.2024.12.009.

[8] YAMAUCHI T. Neuronal Ca*"/calmodulin-dependent protein
kinase Il: discovery, progress in a quarter of a century, and
perspective: implication for learning and memory [J]. Biol
Pharm Bull, 2005, 28 (8) : 1342-1354. DOL: 10.1248/
bpb.28.1342.

[9] NICOLL R A, SCHULMAN H. Synaptic memory and CaMKII
[J]. Physiol Rev, 2023, 103(4): 2877-2925. DOI:10.1152/
physrev.00034.2022.

[10] MOKIN M, ZHENG Z Q, KEIFER J. Conversion of silent
synapses into the active pool by selective GluR1-3 and
GluR4 AMPAR trafficking during in witro classical
conditioning[ﬂ. J Neurophysiol, 2007, 98(3): 1278-1286.
DOI:10.1152/jn.00212.2007.

[11] KIM S, SOHN S, CHOE E S. Cofilin linked to GluN2B
subunits of NMDA receptors is required for behavioral
sensitization by changing the dendritic spines of neurons in
the caudate and putamen after repeated nicotine exposure
[J]. Behav Brain Funct, 2024, 20(1): 27. DOI: 10.1186/
$12993-024-00253-y.

[12] REVERTE I, MARCHETTI C, PEZZA S, et al. Microglia-
mediated calcium-permeable AMPAR accumulation in the
nucleus accumbens drives hyperlocomotion during cocaine
withdrawal [ J]. Brain Behay Immun, 2024, 115: 535-542.
DOI:10.1016/j.bbi.2023.11.007.

[13] RICH M T, WOROBEY S J, MANKAME S, et al. Sex-
dependent fear memory impairment in cocaine-sired rat
offspring [J]. Sci Adv, 2023, 9 (42) : eadf6039. DOI:
10.1126/sciadv.adf6039.

[14] XING B, BARBOUR A J, VITHAYATHIL J, et al

Reversible synaptic adaptations in a subpopulation of



1300

Wi 525 KRR, 2025,47(12)

http ://aammt. tmmu. edu. cn

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

murine hippocampal neurons following early-life seizures
[J].J Clin Invest, 2024, 134(5): e175167. DOI: 10.1172/
JCI175167.

DI LUCENTE J, PERSICO G, ZHOU Z Y, et al. Ketogenic
diet and BHB rescue the fall of long-term potentiation in an
Alzheimer’ s mouse model and stimulates synaptic plasticity
pathway enzymes [J]. Commun Biol, 2024, 7 (1) : 195.
DOI: 10.1038/542003-024-05860-z.

PRIKHODKO O, FREUND R K, SULLIVAN E, et al.
Amyloid-B causes NMDA receptor dysfunction and dendritic
spine through mGIluR1 and AKAPI150-anchored
calcineurin signaling [J]. J Neurosci, 2024, 44 (37) :
€0675242024. DOI:10.1523/JNEUROSCI.0675-24.2024.
XIAO M Y, WASLING P, HANSE E, et al. Creation of
AMPA-silent synapses in the neonatal hippocampus [J]. Nat
Neurosci, 2004, 7(3): 236-243. DOI:10.1038/nn1196.
YAN X D, LIU J F, YE Z X, et al. CaMKII-mediated
CREB phosphorylation is involved in Ca*"-induced BDNF
mRNA transcription and neurite outgrowth promoted by
electrical stimulation [J]. PLoS One, 2016, 11 (9) :
€0162784. DOI:10.1371/journal.pone.0162784.

LU B, NAGAPPAN G, LU Y. BDNF and synaptic
plasticity, cognitive function, and dysfunction [J]. Handb
Exp Pharmacol, 2014, 220: 223-250. DOI: 10.1007/978-3-
642-45106-5_9.

JIANG H, CHEN S, LI C, et al. The serum protein levels of
the tPA-BDNF pathway are implicated in depression and

loss

antidepressant treatment [J]. Transl Psychiatry, 2017, 7
(4): e1079. DO1:10.1038/tp.2017.43.

ZHOU S B, XUE M, LIU W Q, et al. Age-related
attenuation of cortical synaptic tagging in the ACC is
rescued by BDNF or a TrkB receptor agonist in both sex of
mice [J]. Mol Brain, 2023, 16 (1) : 4. DOI: 10.1186/
s13041-022-00992-x.

LEAL G, COMPRIDO D, DUARTE C B. BDNF-induced
local plasticity [J].
639-656. DOI:

synthesis and  synaptic
Neuropharmacology, 2014, 76 Pt C:
10.1016/j.neuropharm.2013.04.005.
KOWTANSKI P, LIETZAU G, CZUBA E, et al. BDNF: a
key factor with multipotent impact on brain signaling and
synaptic plasticity [J]. Cell Mol Neurobiol, 2018, 38(3) :
579-593. DOI:10.1007/s10571-017-0510-4.
REICHARDT L F. Neurotrophin-regulated
pathways [J]. Philos Trans R Soc Lond B Biol Sci, 2006,
361(1473): 1545-1564. DOI: 10.1098/rsth.2006.1894.

LI Z X, WANG H'Y, XIAO G X, et al. Recovery of post-
stroke cognitive and motor deficiencies by Shuxuening

BDNF-mediated
Neurotrophin/Trk  Signaling [J]. Biomed Pharmacother,

protein

signalling

injection wvia regulating hippocampal

[26]

(28]

[29]

[31]

[33]

[34]

[35]

2021, 141: 111828. DOI: 10.1016/j.biopha.2021.111828.
KANE M J, ANGOA-PEREZ M, BRIGGS D I, et al. A
mouse model of human repetitive mild traumatic brain injury
[J]. J Neurosci Methods, 2012, 203 (1) : 41-49. DOI:
10.1016/j.jneumeth.2011.09.003.

SABIR M, GAUDREAULT P O, FREYBURGER M, et al.
Impact of traumatic brain injury on sleep structure,
electrocorticographic activity and transcriptome in mice [J].
Brain Behav Immun, 2015, 47: 118-30. DOI: 10.1016/j.
bbi.2014.12.023

CELORRIO M, FRIESS S H. Gut-brain axis in traumatic
brain injury: impact on neuroinflammation [J].
Regen Res, 2022, 17(5): 1007-1008. DOI: 10.4103/1673-
5374.324839

JUNG S H, BROWNLOW M L, PELLEGRINI M, et al.

Divergence in

Neural

Morris ~ water maze-based  cognitive
performance under chronic stress is associated with the
hippocampal whole transcriptomic modification in mice [J].
Front Mol Neurosci, 2017, 10: 275. DOI: 10.3389/
fnmol.2017.00275.

RESHETNIKOV V V, KISARETOVA P E, ERSHOV N I,
et al. Genes associated with cognitive performance in the
Morris water maze: an RNA-seq study[J]. Sci Rep, 2020,
10(1): 22078. DOI: 10.1038/s41598-020-78997-6.

GUO C Y, MA Y Y. Calcium permeable-AMPA receptors
and excitotoxicity in neurological disorders [J]. Front Neural
Circuits, 2021, 15: 711564. DOI: 10.3389/fncir.
2021.711564.

NOH K M, YOKOTA H, MASHIKO T, et al. Blockade of
calcium-permeable AMPA receptors protects hippocampal
neurons against global ischemia-induced death [J]. Proc
Natl Acad Sci U S A, 2005, 102(34): 12230-12235. DOI:
10.1073/pnas.0505408102.

SPAETHLING J M, KLEIN D M, SINGH P, et al. Calcium-
permeable AMPA receptors appear in cortical neurons after
traumatic mechanical injury and contribute to neuronal fate
[J]. J Neurotrauma, 2008, 25 (10) : 1207-1216. DOI:
10.1089/neu.2008.0532.

LIN T W, HARWARD S C, HUANG Y Z, et al. Targeting
BDNF/TrkB pathways for preventing or suppressing epilepsy
LJ]. 2020, 167: 107734. DOI:
10.1016/j.neuropharm.2019.107734.

NUMAKAWA T, ODAKA H, ADACHI N. Actions of brain-

derived neurotrophin factor in the neurogenesis and neuronal

Neuropharmacology ,

function, and its involvement in the pathophysiology of brain
diseases [J]. Int J Mol Sci, 2018, 19 (11) : 3650. DOI:
10.3390/ijms 19113650.
(Mr :2025-01-15; & [8] : 2025-02-21)
(%% = &)



