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BWE Be R SMELZAaREGTMS) A £ 50 ARG A Fe 2 i 25 (POCD ) 89 % v@ , FF 447 A
ARG, Fik #3524 218 A # CSTBL/6) MM F 0 R, KA ALK F & ko5 A 3T R4 F K r TMS
2,48 A, rTMS 2L K AT % 4 10 d#E 475 Hz rTMS A ki, MG $EAT 233 I F K, KRG 4 42 4 d ' TMS
R, R /A, RERSESR E 0.84 T, 3R & 5 Hz, AN A5 100 Bk b, 18] BREF 1R 30 s, & Z 10 AN A5, & 1 000 A~
Bk, xb BB 2 Fo 5 K40 K AT i 42 10 d SEAT YR, 3P R R F- K, F R4L 847 S e 3 L F K, K sh e
FoF REBEZ4dBRE, REFEIXELAT B LB E D RMEDR D (PO RBIEG T 5 EF
BB F TR EREE) REH 4R KA Y E TR XD Rk oh 58 (AT R 3T 50k A
Bt A T 5 e Ao d A A B BB B ) 5 5K A Western blot i 4l /s R s 2 28 42 i R b AR 2 8 7 B F (BDNF) |
R E G AL 4B B(TkB) A4t 242 KE-F(NGF) &G LA RF, 4R QiEFHAkR.IATH PR
BAZ G G W B F) B IR B A T3 iE Fh ik AR, 2 AL FEL(P>0.05), @ kdmFie 3400 K
WERITH KRB W EF LG FEL(P>0.05); 54 BA L, F RAHFAIZG ot E B o #74
#Hh BB R, £ F WY AR %I FEEL(P<0.05);5F Kbk rTMS A4 7442 G ot 8 & 4 1
HABHHEEEHAEAG, ZFHEALTFEL(P<0.05), Q@ HFLAREG LK SRR
B, F KA L 2 2% BDNFE . TrkB #o NGF & & & A K300 BIEAK, £ F3 LA %5 &L (P<0.05);5
FARMIE F TMS 5 L4140 BDNF. TrkBFe NGF & @ 2 X K FH A B &, ZFHEALITFEL
(P<0.05), &# S ITMS LB EEF D R POCD, EZA4EAHLH T A5 rTMS i 7% BDNF/TrkB 12 5 18 %
Fodf i NGF £k H %
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A S5 N HI T BE R 15 (postoperative cognitive dys- KRR A BRI, & P EFARERE
function, POCD) 2FR 7E IR/ T ARG B AYICIZTr . POCD RAEFJy30%~36%" , 1 &4E T R EHE K E
TR R RE ) At 3 RE ) 25 D7 T Y D) REFR A RIEIL51% . POCD By AL 2%, HATA N 5
ETAREE WX RGO LA, POCDY BRI/ T AR 55 R R B AR P i 2278 9% 1 F (brain
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derived neurotrophic factor, BDNF) A1 Ji5 JJLER 2 (1 41
KM B (tropomyosin related kinase B, TrkB) & FH 3
ik, T B S5 G N Borh 28 D Be 2 Ay 6
POCD AN 38 i B 57 B B) FSGARS |, 8 ARG B 2 A T o
i, P EURSE R & . POCD & RREE 5 [l T A
W SR ARl T A R 2 A 2 o B4
B SCR SR M MR, 2 AT B = B A S50 B iR
it

2% fij i i) 384 (transcranial magnetic stimulation,
TMS) & —Fh o AR R A BIG P HOR 1
2% 1 10 J) % (repetitive transcranial magnetic stimula-
tion, rTMS) /& H Bl )™ 32 i FH 0% 4 R0 ik oy , 48 76K
I e J5T B4R TR AN 45 T E AT L S I RERI, LA
B 24 A s A A ME T . BRSO ER I, A
rTMS A& 855 BDNF Al TrkB £ 113235 7K P42 i K M
AL B S 2R S BE I AZ e 1 . A BAHT A
FELERABIESE | 5 Hz (40 ' TMS 1T 235 Hh A7/ BUHI IR
FARJG B 25 8] 27 > e ) AR A IZ B, (3
HALRIAR I . % T 24 RHAA B = POCD &
(2 SRE S NI 170 I e SV Y i e M vy il S B NI
F s POCD B, £ [ T A S T i A9 TMS £ 47 151
Bi PR30, 2R = A9 ' TMS HE 75 2l 35 22 4F /N B POCD
Jf- 4T BDNF/TrkB {5 5 it #% 48 1 5 53 ¢ TMS 24 %
POCD (91F FHHILT .
1 MRERE®
1.1 5553

PR 18 H it CSTBL/6J EE /N 24 H R i 5
(3242)g, 1 BifEHi I A BRI LR Y &8
FR[ S50 3P AR 7 1R AT HIE S : SCXK (1) 2023-0009 ]
D SRR NE o S RGN LN T
5 3h ) b [ S5 s W 48 VF AT RS - SYXK (9)
2023-0040] . ABF5Y O i[5 K 2= 3 e 1 2
B2 AL (LS : TTHBLAC2020-68) .
1.2 BRI AL
121 FELIAUE S Mg lEaa T A (R IUR
T PR BRI AR R A A B . cey-11 ) ;0
Yy B (151 63008) | Y 285 (A5 :63010) ¥l H
DRI B IR P A A B A BRA A AT W22 IR R G
(3£ [# Harvard Apparatus 23 7], %5 : Smart 3.0) ; 3
LUK | P DK SR 2 R R 414 A R Tmage
Lab BEJK H 2h 7087 22 G2 44908 A 2 [E Bio-Rad 22 7 .
1.22  FZSEEIKN BCA 8 R B R &
RIPA ZH 240 gt s 24 i v 20 B il = R AEW)

612

FEARMEFE T 5 B I a0 5500 B8 2 il 0 o1 791 L RO T
Yy [ v AR s 25 B A FR S 5 BDNF Bt
& (#t*5 : ab108319) | #i1 £ 2 K [l F (nerve growth
factor, NGF) $it & (#t 5 . ab52987) | B —actin P Ik
(L5 : ab8226) ¥y F < [E] Abcam 23 7] 5 TrkB Hi /4
(5 [F Merck Millipore 23 Al , 4tt5-: SAB4300702) .

1.3 2Bk

1.3.1 S shsardl  ANERGERN YRR IR R %
Bifi HL &7 32 1k oy X BR 4] F R 4l A TS 4,
H8H,

1.3.2 THihk

1.3.2.1 TMSH4  ARAET#ZE 10 diEFT 5 Hz ' TMS H
S b S TSR P RIE AR, RS 4EEE 4 d 1 T-
MS ELIR o K /IS BB A e ) SR [ 2 v, 12 [
FE 2% R RIAETE |, R it BRI /N BRI 2 0 2% 8 /N BRI
SLTRMAS 23 i . DR s 2l (B A% :6.5 cm)
A B 28 PR T AL A R S A sh
2 VB 181 32 /0N BP0 T 1 Hp o 52 5 0 i i TOU R 1 7
VRIT o TMSAERF K 9:00—11:00FE4T, 1 Y/d, 743
BOTRE 0.84 T, W% 4 5 Hz, B:ANF 51 100 ik o, 18] 8k
Bf1E] 30 s, R 101751, 310004 ki
1.3.2.2  XFPRRZL DLFARYIATMS 41 F AR ]
W5 R BT LE 10 d yTMS D, A5 4k22 4 d 1h
4

1.3.23 FARA ARuT#ELE 10 d v TMS Dh il 5 2
AT B FIE TR RS 4kEE 4 d ORI -

W XoF HE 2 R T R A 2 2 PR R T /D B
BT 5 o TMS 1A R 9 S8R} e e b (HA R B T4
PTG T NG P i AN S AR R B A TIRYT .
1.3.3 FPEiagl & FARA A TMS 4/ R A
SIS M TR HI/E POCD AR 1Y R AT A /N R
AREARIK 6 h, SRR RIS T XF /N BRGIEA T S 58 5 i
FAR 18 3 1 2 S AU (1.5%~2.0% 5 5k
0.5 L/min S5 BRI/ BUS 557N BUCZE 18 TR 4 -
(36.5~37.0 °C) , &I % M B J5 FH 75 % W5 K X 1z Jik i
T, T/ANRE IR P LTI 1 em V)1, 10 P4
A 43 150 B ok RAL IR I 22 1, K /N e e DA
R 16 AR HE 24 S e, FHVRZ0 A5 7 75 T 0 i 44t
10 min, S8 J5 [H 9 /N | 328 J2 55 5 IS LA B2 ik,
0.3 mL 0.2% % WR K R HA D#UE . ARJa eif/h
BRLZE 35 CHY S 24 % & 30 min, 285 3R [] 8
W XIS TRl —FARE AT FAR,

1.4 MEAbs
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3N BB shTIRE ™ . FEW S I Z A, B/ B
TR 2132 2 58 W 30 mine W73 40 em X 40 em X
20 em B W ERLE GBI 4R 25 N IE T TR /M
PO 9 A% Shy s XU, A0 16 4% SRy A B /N B
T e AL HAEY 5N A G307 min, R
Smart 3.017 N2 R G2 FEIC FFHFIEIUS 5 min B0
AT M, /N B O DX B B IR 4 L i
P SN | B G P B 93 i N i AN R R [ Rt
[ 70% LG T3 N R LATH BR IR

142 AEIIEE RIFH 4K CRAY o8 B L E
Al 3 28 /1N B B AH I HE I T ARSI, LS )N
BROAZIZIRE ™ . Y KB H 34V (46 em X 11 em X
25 em) 4R, B o0 1207, ZEIRZ A, 1k ER
FEIR 2 HAE Y 30 mine 7EYIZRBYBE, 2K 5 A9 14
T GBI 58 N S AR BELT , B/ BRUBCE A 3 5 T
28 AL, T HE HAth 2 28 (A, 0) P A A %
%5 mine 2 hJEdE A B, 3T T3 508 B £k
ih/NEFE 3 508 FRIRIR R 5 mine AR B2 2
K H Smart 3.0 17 R 2% 2 Ge i s/ BUE AR 58
BOE o T S 5 B B 1) B ELRUET S RS B
S AT/ B D AH G I B S T AR .

143 L ZUE HERRKFE SR H Western blot
PRI /N BRI S 41 4 b BDNF | Trk B \NGF 25 4 %63k
Ko FERITA AT R | f A LR RE 4 H

/NS SR BRI ST BV ES M, o0 B 10 Eh AR A UK
W, B A-80 COKARRAAE . i H 41 8U7F RIPA 2%
M rh 2% 5139, 4 °CF 1500 r/min 2500 10 min, B
WO BCA YA 2 SR R . AR BCA 2 &
WP INAGE T 28 v, 0 5 min J5 il L 8% A1 15%
RV e e BE R HL UK A B R T . o B I AR 1
J# 2] PVDF B I, R T 5%BSA7E &% F 0.1%
TBST B TBS 2% vh i 1 B 2 he 25 B 3 PR
TBST P&, it A BDNF(1:1 000) .NGF(1:1 000) .
TrkB(1:100)F1 B-actin(1:5 000) I & W T 4 “CHEIK
WFE R, TBST IR SG MA 3T, ZIR FIFE 2 h,
FRUR TBST ¥E S AR 22 & e . i & K
15 53 A1 B AG B A4 X R A 1Y H bR 8 2R AT 4 B AN
L
L5 SEilEiiik

K SPSS 27.0 e it #4447 B 43 A o TH A
PRI M IE 250045 A (ks ) 2671 , 2220 HO B R FH BRI
R 200, AR Fb 3R H Dunnett’s T3 /056, P<
0.05 F#nEFHAGIFE L,
2 # B
2.1 3 G

3L 37 s DX s 5 B S IR) 40 L a8 B R
BB s i, 2 R SR (P>
0.05). W1,

£1 AT HMK LB (v+s)

Table 1 Comparison of open field test in three groups (x+s)

2 5 n FpC X s A5 B AT 43 L/ Yo B H EEEE /em FHgIE S/ (cm/s)
popiisEiil 8 14.82+9.11 1209.024237.78 4.0340.79
FARA 8 13.85410.29 1131.314+489.22 3.7741.63
rTMS 2 8 12.13£7.31 1 264.56+265.27 4.2140.88

2.2 3L Y REMEALLER
SHBHERIFH IR A L2 T G453 L
(P>0.05) ; 5% BR 2 Fb A5, T R 418 S i £ B 1 )

xR2 JAYHEE

Ay EE B R A h R B B R (P<<0.05) ;
5P AR L TMS 20 387 5358 152 B4 st 8] & 40 He
SRR S SR B B B (P<<0.05) . LER2,

i LB (305

Table 2 Comparison of Y—maze test in three groups (¥+s)

21 5 n HEAH R DA 53 L/ 6 BSR4 L/ V6 B S BE S /em
oy kil 8 42.504-13.02 50.18+13.25 320.41+85.61
FARA 8 29.8846.33 28.7245.95 207.68+56.11"
rTMS 44 8 36.50+8.88 45.634-16.75 297.164-76.38%

W S5 BA L, 1) P<0.05; 5FARHLLE,2) P<0.05,

Note: Compared with the control group, 1) P<0.05; compared with the operation group, 2) P<0.05.
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2.3 341 BDNF.TrkB HINGF 4 4 #5kK - Heds
555 R b, TR i 4l 2 b BDNF \ TrkB
FINGF 2 (H ik KB 0 B FRAK, 22 R HA gt
22T L(P<0.05) s 5F AR Heds, rTMS 4 i Sh 2 21
H BDNF . TrkB 1 NGF 25 [ 23k K F- 240 g 57, 22
SHHAAGITFE X (P<0.05), WFE3 FI1,

%3 3/ABDNF.TrkB.NGF & A RIAKF b (7+s)
Table3 Comparison of expression levels of BDNF, TrkB,

and NGF proteins in three groups (x+s)

M n BDNF TrkB NGF
YHRZH 4 1.52+£0.01  1.5940.06  1.904£0.23
FARH 4 1.2940.03" 1.3540.14"  1.2040.19"
rTMS41 4 1.58+0.18” 1.7040.12” 1.68+0.28”

TE XA A, 1) P<<0.05; 5 F AR LEL,2) P<0.05.
Note: Compared with the control group, 1) P<0.05; compared
with the operation group, 2) P<0.05.

XA FAR4 rTMS 4

TrkB T - a— 145 kDa
BDNF —— - S 28 kDa

NGF = — o o— 13 kDa
B-actin WS SN e 42kDa

El1 3AHEIHELABDNF. TrkB.NGFEHEHE
Figure 1 Band diagrams of BDNF, TrkB and NGF pro-

teins of hippocampal tissue in three groups

3 i i
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W37 v DX IS4 B IR ) 7T 0 B 32 Bl R R g P 2
18 Bl B 22 S B G S RN R/ TR
B Ey Y v o TR R NS = A AN W ) P B e S
Xt B FU A, TP AR 2 S B A B I 1 7 o LG OB
T Mo 2y Je B g 14 ) A A, B/ PR A/ TR 25 3L
ZAEN RS BRI BERAG . 5 TR,
rTMS 4137 578 F 55 B8 15 18] 1 20 LU AN RS 2l e B R 2
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B B s, B 5 0 TMS AT Bk 3 AR /N R S A
fERER. XAe S AT HNEA L. O iF SR T
S 28 k] BE PR R 2k 2] FNC L W i 2 R PR
i/ T AR 2 3t VR s 28 T ) 2% il T S PR RRAIG, S
FPOCD &A= & 45 v TMS AT LR 5 15 5 58 i m]
IAYE MOE VI BERER Y, @ Rm A E R T
KA. 28 7 B EEALHS BDNF A NGF, % 4
FEM L e AR A e g s B &
A HA EEAEH . TR D R RR B 245 1 1) 1
SR FNAM E I rh BDNF  NGF F&{% 2 POCD )&
A B R PR 0 A TS RE 8 1 i Bz 5 K
L}z i3 B% 1 BDNF I NGF 26357k, i A 3
e B BRMCHPRXRAE . R/ FARG R R T
I R S M i 5 R YR, bkt 5 R 3R M A
P22 9 0E S B T, e AR IR AR T
REZ " = A0 TMS BE 10 i T 2 A fiE 58 7
141 A % - 1B (interleukin—18, IL-1B8) | F1 4 ig />
2 -6(interleukin—6, IL—6) F1 5 3K 78 [H T —a (tumor
necrosis factor—o, TNF—o) B9 B, 20350 50 3 fg
PR,
3.2 ErTMS X35 4R/ B POCD W] g 555006
L X BDNF/TrkB {35 51li% 47 %
AW R BN, SRR A, FARAHE D
ZH 41 BDNF . TrkB Fl NGF 85 [ % 3% 7K - 34 B 5 [
1% s 5 F AR AL, rTMS 47 B 20 404 BDNF \ TrkB
FINGF £ [ FR 87K B0 75, 3878 = A0 v TMS Af
AEIS BDNF/TrkB {5538 % , ol 248 /NI POCD .
ATRES AR 2 A K : O $2 5 BDNF A1 TrkB 357K
V-, BDNF i i 55 TrkB 45 G816 A1 56 R (5 5 %
RARMGVAEVER W3 LA A FREsas S A2
SEONFIRE T, R/ F AR S BDNF/
TrkB {5 5 30 1 51 8 2% > B %, 0% BDNF i8 42 6
H R AR /N BLPOCD & A:12  @ i 'TMS 1]
B4 hn BDNF F1 TrkB 26 35 , i 7% BDNF/TrkB i i% {5
5, B 5 fish T SR AR T BE DA T 23 S AR )N
FLPOCD. X SHANG %/ fil ZHAT 2 1 55 45
K. @ 9K Bh N-H I -D- KL R (N-methyl-D-
aspartic acid, NMDA ) ZZ K4 {% . NMDA 24K 542
TR 4545 TIN5 2 i i 0 52 fih J p Z8 OC I TN RE R &R
175515 5 i KB A2 14558 (long—term potentiation, LTP)
N A R 2 fb m] YA 3X 5 2 o) R A2 % A
F AR E R BE NMDA 52 1K 1 3835 5% BDNF/TrkB
55 18 B 09 8K 20 , v 49 ¢ TMS 7] 38 3 BDNF/TrkB {55
S ISR N IS E R 5 NMDA 2K (1 35 50 77, 4
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ABSTRACT Objective To explore the effect and its mechanism of high frequency repetitive transcranial magnetic stimulation
(rTMS) on aged mice with postoperative cognitive dysfunction (POCD). Methods A total of twenty-four 18-month-old C57BL/6J
male aged mice were randomly divided into control group, operation group and rTMS group, with eight cases in each group. The rT-
MS group received 5 Hz rTMS real stimulation for 10 consecutive days before operation, then underwent an experimental laparoto-
my, and continued with another four days of rTMS real stimulation after operation, once a day, with a magnetic stimulation intensity
of 0.84 T, frequency of 5 Hz, 100 pulses per sequence, a 30-second interval time, 10 repetitions for a total of 1 000 pulses. The con-
trol group and the operation group received sham stimulation for 10 days before operation, the control group did not undergo the op-
eration, while the operation group received experimental laparotomy, and then the control group and the operation group received
sham stimulation for four days. Open field test was used to evaluate motor function (percentage of time spend in the central area, to-
tal distance traveled, and average speed of movement) at the 3rd day after operation; Y-maze test was used to evaluate cognitive
function (the percentage of entries into the novel arm, the percentage of time to stay in the novel arm and the total distance moved in
the novel arm) at the 4th day after operation; Western blot was used to detect the protein expression levels of brain-derived neuro-
trophic factor (BDNF), tropomyosin related kinase B (TrkB) and nerve growth factor (NGF) in the hippocampal tissue of the
mice. Results (1) Motor function: there were no significant differences in the percentage of time spent in the central area of the
open field, total distance traveled and average speed of movement among the three groups (P>0.05). (2) Cognitive function: there
was no significant difference in the percentage of entries into the novel arm among the three groups (P>0.05); compared with the
control group, the percentage of time spent in the novel arm and the total distance moved in the novel arm in the operation group de-
creased significantly, and the differences were statistically significant (P<0.05). Compared with the operation group, the percentage
of time spent in the novel arm and the total distance moved in the novel arm in the rTMS group increased significantly, and the dif-
ferences were statistically significant (P<0.05). (3) Protein expression level of hippocampal tissue: compared with the control group,
the protein expression levels of BDNF, TrkB and NGF in the hippocampal tissue in the operation group decreased significantly, and
the differences were statistically significant (P<0.05). Compared with the operation group, the protein expression levels of BDNF,
TrkB and NGF in the hippocampus in the rTMS group increased significantly, and the differences were statistically significant (P<
0.05). Conclusion  High frequency rTMS can improve POCD in aged mice, and its mechanism may be related to rTMS activating
BDNF/TrkB signaling pathway and increasing NGF expression.

KEY WORDS postoperative cognitive dysfunction; repetitive transcranial magnetic stimulation; brain derived neurotrophic fac-
tor; tropomyosin receptor kinase B; nerve growth factor
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