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[ Abstract] Background Learning and memory impairment is a common dysfunction after stroke, which seriously
affects the overall recovery of patients. Electroacupuncture at Shenting and Baihui has definite efficacy in patients with cognitive
dysfunction after stroke, but its mechanism of action remains uncertain. Objective To observe the effect of electroacupuncture

on hippocampal neuronal protection and brain—derived nerve growth factor ( BDNF ) /tyrosine receptor kinase B ( TrkB )
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/phosphatidylinositol-3—hydroxykinase ( PI3K ) /protein kinase B ( Akt ) signaling pathway in rats with learning and memory
impairment after middle cerebral artery occlusion reperfusion ( MCAO/R ) . Methods A total of 60 8—week—old healthy male
SD rats were selected from May 2021 to March 2022, and 24 rats were divided into the blank group ( n=12) and sham operation
group (n=12) , and the other 36 rats were constructed as MCAO/R model. The 24 rats with successful modeling were randomly
divided into the model group (n=12) and electroacupuncture group (n=12) . The electroacupuncture treatment was performed
at Shenting and Baihui points in the electroacupuncture group. Zea—Longa score was used to observe the degree of neurological
impairment in each group. Spatial probe test was used to evaluate the spatial learning and memory ability of the rats. TTC staining
was used to observe the volume of brain infarction in rats. RT-PCR was used to measure the mRNA levels of BDNF, TrkB, PI3K
and Akt, Western blotting was used to detect the protein levels of BDNF and TrkB and the levels of p—PI3K/PI3K and p—Aki/Akt.
Results Zea—lLonga score of the model group and electroacupuncture group was significantly different from the blank group and
sham operation group at 2 h after surgery ( P<0.05) , and Zea—Longa score of the model group was significantly different from the
blank group, sham operation group and electroacupuncture group at 7 and 14 days after treatment ( P<0.05) . During the 9th to
13th day of treatment, the escape latency in the model group was higher than the sham operation group ( P<0.05) , and lower in
the electroacupuncture group than the model group ( P<0.05 ) . The frequency of crossing the effective region of the platform in the
model group was lower than the blank group and sham operation group ( P<0.05) , and higher in the electroacupuncture group
than the model group ( P<0.05) . The volume of cerebral infarction in blank group, sham operation group, model group and
electroacupuncture group was 0, 0, (36.7+6.3) % and (24.0+2.2) %, respectively, and the volume of cerebral infarction
in the electroacupuncture group was lower than the model group ( P<0.05) . The mRNA levels of BDNF, TrkB, PI3K and Akt
in the model group were lower than the blank group and sham operation group ( P<0.05) , and higher in the electroacupuncture
group than the model group ( P<0.05) . Compared with sham operation group, the protein levels of BDNF and TrkB ( P<0.01,
P<0.001) , the levels of p—PI3K/PI3K and p—Akt/Akt ( P<0.01, P<0.05) in model group were decreased; compared with the
model group, the protein levels of BDNF and TrkB and the levels of p—PI3K/PI3K and p—Akt/Akt in electroacupuncture group
were increased ( P<0.05) . Conclusion Electroacupuncture may reduce the symptom of neurological function deficits and
improve the learning and memory ability of rats after cerebral ischemia reperfusion by upregulating the expression of BDNF/TrkB/
PI3K/Akt pathway related proteins.
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ab108319) , TrkB Z sfEHiik ( £ Abcam, 85
ab187041) , FRARLLSA(LYEG (HRP) Fric il =EHite
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NanoDropOne ) , 2 GAE i PCR AN ( P22 KEERHE , A5
Gentier ) , MEFR1Y ( 3£ E Thermo, 5. MK3) , H
WAL . LAY (3% [E Bio—Rad, %1% 1658001, 170-
3930) , BERWGA RS (3L Bio-Rad, #!%5: GelDoc
XR+) o

1.3 KRB LU W3R 1 EERE, %A REE
A Y BEHLEL 7 R AT 0, B 24 HR R i as
(n=12) . TARA (n=12) , H4 36 2L KE XM
Zea Longa Z& 1 ¥4 14 1 MCAO/R # ! R RUR AR
12 h, 3% GE 240 (30 mekg ) JE I T SRR R,
BAPEM, mEEsiasiik (CCA) . SNk (ICA)
ANk (ECA) , 2540 ECA Loy, Jefd] CCA i
DA ICA B0, 7E ECA 23 XAbgT— “V” JEIFIT,
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BT RS 80 CUKFEIRAE . 5 100 mg i H41
241 1 mL AR LEIECE, SRR, iR
R e BRBUS RNA, B TUK T RNA ¥ EE .
SITFHNILER 2. Wi SRR 37 °C, 15 min, 98 C,
5min, 45T 20 CIR-FE. RT-PCR 44551
PRSI Bk T, FEAIRT AR R 22 T AL

%2 RT-PCR 3147
Table 2 RT-PCR primer sequence

HH SIS (5 —3")
BDNF F: GACTCCCCGGCTTGGAGAAG
R: CTGAGGGAACCCGGTCTCAT
TR F: GGATTCTGCCTGCTGGTGAT
! R: ACCCATCCAGGGGGATCTTAT
PI3K F: ATCGACCTACACTTGGGGGA
R: CAATATCTTCTGGCCGGGCT
Al F: AGGAGGTCATCGTTGCCAAG
R: GGTCGTGGGTCTGGAATGAG
CAPDH F: ACAGCAACAGGGTGGTGGAC
> R: TTTGAGGGTGCAGCGAACTT

7. RT-PCR= 5 B} 7€ % %€ & PCR, BNDF= il & % 3% N F,
TrkB= g &2k B, PI3K= BEARMEALES 3 30, Aki= 3 H B B
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PI3K 1:1 000, p-Akt1:1000, Akt1:1000, GAPDH
1:10000) EE LR, ZHC (1:10000) FHEIFEF 1 h,
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BYIT2EE L (P<0.05) o VIR R A 28 BR800 4 i
RN, IBITE 9~13 K 4 41K Bk RE T IR 30 e 2%
SH G ERE X (P<0.05) , 55 9~13 RIERIH KT
BFARL (P<0.05) , HEFHAHMETHEAIL (P<0.05) ,
L3 4,

SRR LSRR, 4 ARG HEEASX
BB AL, 22RAGIERE L (P<0.05) , Horppin
T BAMKBREN T A4, BRFEAR4, £57
BT FEY (P<0.05) , HEIAm PRI, 254
GiitEm X (P<0.05) , WS,

2.3 A KREMAALARBS e Sad. BFER
A, BRI AR U SEAAR R H A3 0L 0,

3 44K Zea—Longa TFrHEE (R (%) )

Table 3 Comparison of Zea—Longa scores among 4 groups of rats

an A 2h T TR T 14K
04 15r 25 3 4% 0% 15y 24 30 4% 0% 14 25 30 4%
A4 12 12(1000) 0 0 0 0 12(1000) 0 0 0 0 12(1000) 0 0 0 0
BFR4E 12 12(1000) 0 0 0 0 12(1000) 0 0 0 0 12(100.0) 0 0 0 0
R 12 0 1(83) 2(167) 9(750) 0 0 2(167) 3(250) 7(583) 0 0 3(250) 7(583) 2(167) 0
WA 12 0 1(83) 3(250) 8(667) 0 0 6(500) 4(333) 2(167) 0  4(333) 7(583) 1(83) 0 0
HfE 4253 4217 3781
P <0.05 <0.05 <0.05

T " FRARJE 2 h 5 A4 P<0.05, " FRARJE 2 h SEF AR A P<0.05,
CFRIBITH 14 K525 AL HEE P<0.05, " FAATTH 14 RSP ARA I P<0.05, * FRIBIFH 7 K SHEMA

KEHFARL FLEE P<0.05,
5 P<0.05, " FIRIAITH 14 RGN L P<0.05,

CFORIBITHE T KRG A AAHE P<0.05,  FRIBITH T



(24.0+22) %, HLE2H K BN FE

(36.7£63) %.
FEARELE AR TR ALY, Z2RA500 %2 X (1=3.30,
P<0.05) , 4 HREIGHL TTC YetaE e WK 1.

R4 A HKRBIERERIILLE (T x5, )

Table 4 Comparison of incubation period among 4 groups of rats

i H¥ HoxX Xk FUXK O HRK FBX
AEM 12 386£50 31159  258%45 139237  84%33
BER4 12 377+72  314£62  251+56 140%42  82:34
B4 12 519£63" 424260" 345£50" 275:51" 207£59"
HEML 12 465£62° 376517 295+49° 20433 12442
P F o =1191, Foyy=52513, Fy,=277.985
P Py =030, P <005, Py <0.05

e PRSP P<0.05, " 3R ST AR P<0.05,
C FR IR AR P<0.05.

RS54 HRMFBTAABIXEREILE (x5, )
Table 5 Comparison of times of crossing the effective region of the platform

among 4 groups Of rats

it b FHCFAIRE
ZHA 12 799271
fBFARA 12 7.64+3.20
] 12 219+152"
CR | 12 487+1.65
P 1557
P <0.05

FE: R 525 4L A P<0.05, P FR M TEARL R P<0.05, ¢
FR SR AT P<0.05,

LIkl

Sk FARLA TR
e TTC=2, 3, 5- S =RFEpSmE
1 4 RHEUIRAHL TTC Yefn

Figure 1 TTC staining of brain tissue in 4 groups of rats
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JREUERGE, ATAY, BRGE S, ARRAE;
AL EH AN ST BN &, HEBIR R 3 AR
FEAH, BEARZA 0T Al UL, M Ak sy, WK 2.

R

gl
T HE Jef = AR - Proes.
2 ARRIRED CAL X HE Je@fifil (x200)
Figure 2 HE staining in hippocampal CA1 region of 4 groups

2.5 44 KEMETZHZ BDNF, TrkB. PI3K. Akt mRNA
JKF #4240 K B BDNF., TrkB. PI3K. Akt mRNA
KFHEE, ZRAGTE L (P<0.05) , HrpiiRig
BDNF. TrkB. PI3K. Akt mRNA /KPR T2 4. 17T
AR, EZRAEGIFE X (P<0.05) , HEF4] BDNF,
TrkB. PI3K. Akt mRNA 7KV THIAIA, 22 RA50T
E L (P<0.05) , W6,

F6 ARG L4IZIBDNF , TrkB  PI3K Akt mRNA /K- HLA( % +5)
Table 6 Comparison of mRNA levels of BDNF, TrkB, PI3K and Akt in

hippocampal tissues of four groups

Bt fil% BDNF TrkB PI3K Akt
24l 3 100£0.09  1.00£002  100£0.12  1.00£020
BFERA 3 099+0.04  1.00£002  1.03+0.10  1.00£0.10
T 300 023£003"  048+0.10"  0.55:0.04"  053£005"
WAt 3076008 075007 088+0.16"  0.90+0.09"
P 91.95 44.87 1145 1035
P <0.05 <0.05 <0.05 <0.05

et FR S AL P<0.05, " FR 51 F ARG P<0.05,
° FR SR A P<0.05,

26 44 KBl D4 2 BDNF, TrkB & A 7K F &
PI3K. Akt 8 HBFRR LKL FHASEFRA
BDNF . TrkB % 17K *F & PI3K. Akt %5 [ # 2 1k 7K F
TS (P>0.05) ;3 SRFARLHMLIL, BiAIZ BDNF,

TrkB E K R (P<0.01; P<0.001) , PI3K. Akt
BRI AT T (P<0.01; P<0.05) ; SHEAIZHAH
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to, HiEFZH BDNF., TrkB 25 FH /KA1 PI3K, Akt 85 FH B
ALK T s, ZRA5H4E X (P<0.05) ., WE T,
&3,

R®7 AHAKIELHL BDNF, TrkB. p-PI3K/PI3K. p-Akt/Akt &1
AHXFRIBAKP L3 (X +5)

Table 7 Comparison of protein relative expression levels of BDNF,
TrkB, p-PI3K/PI3K and p—Akt/Akt in hippocampal tissues of four groups

a5 R BDNF TrkB p-PI3K/PIBK  p-Aki/Akt
ZHA 3 0322007 0.95+0.04 0.58+0.01 0.33+0.03
BFERA 3 032+0.07 091 +0.06 0.59+0.04 0.35£0.03
BRA 3 008£003"  043£002"  031£010"  0.17£002"
BED 3 023007 0.65£006°  0.54+0.09 032+0.09°
FH 10.58 4522 10.66 7.62
P <0.05 <0.05 <0.05 <0.05

T p-PI3K= BRI BRI 3 V0 , p—Akt= IR b 25 11184 By
TR GE AR P<0.05, " FRGETARA L P<0.05, FRG
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ok | . (0 <)
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EEND ] l . 1 L . 126 KD

p-Akt 56 KD

Akt | A 56 KD
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TE: BNDF= #iZe #3287, TrkB= W& M2k B, PI3K= #llg
PBELES 3 34, Aki= ZE 1S B, p-PI3K= BERRILBR IR IEAILES 3 Sk,
p-Akt= BEER L AE AT B, GADPH= BRI AR i S0 .
3 44 KB D44 BDNF, TrkB, PI3K, Akt, p-PI3K. p-Akt
R BB R B 1 A T
Figure 3 Protein bands of BDNF, TrkB, PI3K, Akt, p-PI3K, p-Akt
in the hippocampus of the four groups of rats by Western Blotting
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