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X 1 28 22 0 ] S P AR AL e USRI B2, AD FR A il
R kT S A T R B o AR M LSBT, dEIh
o BN R B A 5 2 ST RS RE T TR B . i PN AR G
Ras & 1 3A (Ras-related in brain 3A, Rab3a) J&/)
GHEEHRGEM L, FE5 il v ¥R b 5 A 2
A, HFLIREEA T2 By A4 )18 i 5 At
B o AW IGE 1 R v A IK Rab3a, WIS
S il v S A BE R Sk AN B AD NI D) fig
3By Al MR FHALE S Holm KA YT AD 4 BER 35 .
A B 5 28 BB e VL R 24 R AR AR B 2 B 4 o LA
(%5 2023042501 ) .,
1 #R5H%
1.1 Z&zhih

e 60 H 6 A it SPF 2% itk APP/PS1 /)N AE K
AD AL 12 HUE H i SPF 9% CSTBL/6 /)N FRAE
XTHR/NERL, IR R 20~23 g, 34 R R R AR
KXt s g, L siIFaliE: SCXK (F5)
2015-0001 /N LI 53 T 28 e V0 B2 245 K2 s g v
L, PAGEMSE, R (2422)°C, 1B 45%~55%),
PREREIR, 12 h/12 h B 2E 8, H R Ea koK.
1.2 EZX A BAALE

ESHEERS Cedtw 2 Bm A RA R, it
5 F9042114) 5 G L Zah (A2 HEARARR
oA, fibS . 3G223G27); HAREPL (HE) 4
B G (R REERBEARAF, K5
G1120); FEEMRHN (JbRtIRZARAEVHARGBRAH,
5. DINSD) 5 FrEmRRET (LI E YR A
FRAH], dit': V31852-5¢); HAMMEANZFE 12 (IL-12).
FA A %R 4 (IL-4) ELISA R & (s FER A=
YIRB AT PR A, LS. SP13757., SP13767); %
fil 5B E 95 (PSD-95) Bk, ZEfzE 1 (SYND)
ik . Rab3adifk (FEBR CH/RBHE AR, 175
MA1-046. 51-5200, PA1-770); CY3#ric 14t
e IgG. HRPEK L EHT %R 1gG (Abcam A H], it
51 ab6939. ab6721); HRAHICHEEE I A TN
Rab3a % & ¢ RNA (AAV9-Rab3a-shRNA) . JlAH X%
i BE 9 AU T 1 B X BB O % ¢ RNA (AAV9-NC-
shRNA) SHEEl (MR A ARARA A, it
5. 7396, 7397); RIPA ZLf#¥ . BCA 2 ik ]
AR A SRR . R R (iR
A REYHEARAR A, #t5: P0013B. P0012,
ST640-50g. ST506) .

— KPR HEEF 2% (0. 18 mmx10 mm, i

MBS H S A R, b5 247063) ;5 63001 %Y
Morris 7K 28 B —TE I B /K i3k . 63008 U H 37175 o il
ARG . 68528 AU figi 7 A AL (B IR A ARk
v F) ;s RM2255 814 [ 3 U1 Pk, CM1860 7Y
VKE A ML (7 Leica /A ] ) ; CX41RF ADE
fBE (HAS OLYMPUS A /] ) ; ELX-800 % fiff 5 4%
([ BIOTEK A 7)) 5 JEM-1400 BE S B (HAS
BT AH); DYY-12C BRI JKAL (Jbatmiiss—104%
J7)5 BXS3HUZOGRMEE (HA OLYMPUSAH]) .
1.3 M oar Tk

1 60 HAPP/PS1 /INERCR FH BEAILEL 7 235 70
BORIZH . AFHIZL . Rab3a w4l . as2kel . B+
Rab3a m{ {4, A4112 H; CS7TBL/6/MR 12 HAER
25 4. Rab3a i Ik 41 A1 %] ) +Rab3a i 1% 20 )
AVV9-Rab3a-shRNA X /]y BEA 7165 5 JELA0 7 A
/N ERORRIE S 1 F W S A e A L, AR /N BRI ST
A 7 PR A o g ) X B AR AR (x=1. 5 mm; y=
2.0 mm; z=2.0mm), {ﬁﬂqf}ﬁﬁ{fﬁﬂ‘%@lﬁxzoﬂl
AAV9-Rab3a-shRNAJEEEME, Z2187EA/NRIE S IX
WA 5 min, B4t 5 min, RIGATFHEZEM
MRS (S Hfike), BR1IR, #EL3K, W
ZNR2 o A3l XN RO S XTE ST 2.0 pl ok
5 YL YT 8K Rab3a 3k F 19 25 11 20 /9% 5 AAVI-NC-
shRNA, #4E SOt alfa] b 25 g BEma |
B4 /0N SRR A R0 5 X 7 5 2. 0 wl A= BfER K, 2
A B Wi g€ ast 18] [ F

R e AR B K 2 G, 45 TSk A
T, BT MR CEST M RHAL K55I 2 mm
b, SR 0. 25 mmx13 mm &4 B ) /T4 5 AR
POREIEHE 1 mim 5, BY JIBYSEEIAN, B, ik
INRAERIEN A IS, BE30 min CA U K BT
M), BH LR, #E20477 28 K. fHfil+Rab3a i
RZH 75 25T AAV9-Rab3a-shRNA ¥ 55 W 1 2 X VE 5
2 AR 4 T Sk N NA YT 28 K, HLAARHRAE [ A
o HARKH/NRALE THIFE R R e
I
1.4 &M IgARE Ty ik
1.4.1 Morris K# & 34 5 J etk

PRI gs ]k H 3647 Morris KR B S5 0k

FENIUAT 5 25 R R IR 00 o FENLARAT S 56 i 4
K, NRERMIAFEF RK A PEIL) 1w i
BEAIK AR, AP BTEE —RBRHE, R
ARk keI (60 s KRR BIMS| EF-5,
WEH60s). 55 KRiFFTA MIRRELE, MiiTa,
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AN 65 06 T2 BRAK SN, 30 s 5 1 JROF
BAOLE B, W AT SRR 21
TRR A TG IR BITEM /N2 > 5iE42 78
1.4.2 UWHEBFNIRKRAAFTH R ETA
KA E SIS K H S T 5500 . it s
K — KT8 R 55K 50 emx50 emx40 em 4 )7 TE M
SERE, AR EE JICTRT IS EAS RO REAC, 4R IK
ST AT R0 43 o0 16 A TR S 1 kg, Horp e
Ty ke SR e X, HAR A A R AP XI5
gt FhERRRCE TR X, LA
PERAEE S min, HHR1E 1T S W0 47 8 WA o o 44
SERFIC /N R IE S EE , E SRR LA T e X
{43 S SRR A A 1R . AR /N B ZE oR S, 7
Kt BR2AE , I 75% £ BRI ik A AR P B
FCRCTHT - AT B3 7 O S 5 4% B AR X i 82 3K 1)
T,
1.4.3 HEF&#THDLCAI RBEFIK I
SERGAE RS H R . A4 R REHLEC e v L 4
HUNRH T HE B R e 5t ge i . H 0. 5% 1%
EL L Z 4 (50 me/kg) M6 MG T3 569 JRR R Jis 4700 0 78
W, TEBINAS, B SHL, £4% 2R
R 1 72 24 h R BEOK, 145 5 wm U1 5 47 HE 34
o, JTTKOEBIK3, “HAEBIH2K, bk
B, 6k W N LS I CAL X BRI 2
IERERE
1.4.4 %% %k ZE#A0%E DR Rab3a & @ & &
AT e . BRI RS, & 5% EE 1L
M7 A9 PBS £ 1 he il A Rab3a—#t (1:200),
4 CWE . WHPBSYE3IR, IIAZHi(1:2000),
FIEOEIEE 1 he DAPTYAZ S, Proe ot Kt
Fro 9SG BIMBMES, Image J 2. 0 AN 3 41
BP0 ER EE
1.4.5 #HLEEMNEDLCAl RREHFEL G4
FETR /I B R FH B P R i B 4 HU/NRH T
BT ARSI . R BRI BRI Sk U, FEVK S
AL, VI 1 mmP /N, A 2. 5%
PR T 4 CRE S R 0. 1 mol/L — H fif
P2 A 2% PP 3K, BRI 15 min, FH] 1% HER
[ W R 1. S h G RIS . 2, K Hk
A 50%~100% 1) £ BE R BE LK, 45 10~15 min,
Bfije, EAHLPERR AR N, HEN S0
AL VRAW . aif R, 60 CRA48h. VI
R e AR ), e S FH 2% 1 Il 7K I T s Adh
et 20 min, APEERRET L AW YL 5 10 min, )5,

AR PO 0% ST LB R, 20 000 135 WA T CA 1 X JF:
MR, KM Image J 2. 08K T0H7 o
1.4.6 ELISA ik # 0 do i5 P IL-12. 1L-4 89 4 %
VR T A2 1 4 F/IN BRI T Sk RO i, e vk
B BB A 2 i A S50 R ,2000~3000 r/min
B0 20 min( B4 8. 3 em), B EiE. FIHELISA
IR BRI VS P IL-12, 14 K, ARG
WOCEEME , RHEPREI 23345 T 1t
1.4.7 Western Blot A& i & 28 2% Rab3a.PSD-95
SYN1 & & K-F HUELISA 5256 th 45 40 ) 42 1 4 2
AN S 20 20 15 mg, N ZEAF . B IR A9V
A ORI BER A2, 4 °C. 11 000 r/min &L
15 min $2 MR 1 (02488, 3 em) . BCA 75
FWE G, H EAE, 12% PAGE Jit B K 40 55 46
H, $BEE PVDF . 5% BASU5 R4 1 h, TBST
PEJE, 4B A Rab3a, PSD-95, SYNI—t (%
FELLBIFAo0 12 1000), 4 CHFH & . K H TBST
PEVE, nTHT (1:10000) BFE 1h, FREERE
B35, Image ] 2. 08/ Hras .
1.5 “%it¥7s&

K SPSS 26. 0 AP ATGE 27 0 Hr . T B
BHEFE G IE SR T DB B ArifE 2 (ves) 2R,
IR SRR R T 22500, Jr 255 I LSD Ky
¥, 7 2ZAFFH Dunnett's TR 56, LI P<<0. 05 R
ERAGIEE L,

2 HER

2.1 A Rk g £iein 2R
Fw, SEAAE, BKA . Rab3a @ik
2 2SR/ BT AR I A | 2T 5 UK
B (P<0.01), SHERIZHE#E, Rab3a mli R4 kb
BRI (P<0.05), ZFHOF&EREER IS
TR L (P>0.05) 5 il 20 1k ik v O 01 4
F1 BN Morris 7K 2k B SCH0 45 5L H

Table 1 Comparison of Morris water maze results

among groups of mice (x+s)
25 R bRl SO S R EUmin
IEE 12 30.314.59 6.27+1.04
HREAIZH 12 44.3623.71" 3. 620. 36"
Rab3a rfi41 12 50.10+3. 657" 3. 4420. 12"
A 12 48.12+3. 54 3.54+0. 31"
B4 12 35.47+4.47° 5.85+1. 03"

FF#il+Rab3aBifik4l 12 41.76x5.85" 3.9620. 67"
e oa) HESHALE, P<0.01; b) SHEIA L#H, P<0.05;

¢) SFERA R, P<0.01; d) 5 Rab3amflidl bz, P<0.05.
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TR S B (P<<0.01), 5 Rab3afifik 411t
5, EFfl+Rab3a w20k REVER AR I 4 00 . 5B

K2 HFA/NRY G AR L

Table 2 Comparison of open-field test results

HUEIEIN (P<0.05) . #4541/ Morris 7K 2 g i among groups of mice (%£s)
gjzjl—uz] 1. 21 5 5k A /m At 18] /s
2.2 ARMNE R R /félzﬂ 12 3.20+1.03 | 16. 65+4. 21 |
. 2 g o b3a BT HRIRIZH 12 1. 64=0. 62° 7.36+2.31°

K2, GEAALILE, B Ra a"‘ ’ Rab3a {21 12 0.99+0.31YY  4.12+1.959 "
AL 2 B/ R Y 5 0 I it e R T g i ZHA 12 1. 52+0. 64" 7.31+2.45%
(P<0.01), SFEAIZ 3, Rab3amf IR/~ 2 12 2.3420.53" 11. 69+3. 279
Y 52 56 1 Bl AR K i ]/ (P<<0.05) 5 BT A4 SPfl+Rab3aEfiL 12 1.70+0.52" 7. 1242, 86"
NI 37 S 36 1 S i R K RS 2 (P<<0.01) fE: a) HAEAAIE, P<0.01; b) SEUBAILE, P<0.05;
5 Rab3a SR ZH AL, &1l +Rab3a S 20 /N L™ o) SRR, P<0.01; d) 5 Rab3aiifR4 L, P<0.05.
S ol R iR 2 (P<<0.05) . &4l/h 2.3 B FED CAl RJRHEE Ak
L 5252 0 B3 LI 2. 3%, % 1AL/ T CAT X 28 6 A4S

T pOEFRERA, TORFRAER.

AL
0\
S /(T\s/ > \
o/ B
L)X :
A FHIZH 1 fill+Rab3afi 4l

B 1 4540/ Morris 7K 3K B 59875 sh 00

Figure 1  Activity trajectories in the Morris water maze of each group of mice

HLAIE] Rab3arf {41
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Figure 2 Activity trajectories in the open-field test of each group of mice
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e g, AW L HE B Ay B4
Rab3a @i fil2 . 25 441/ INRIE S CAT X A28 JT 4 i
TEAARTN . HEFIZEEL, A0 A AR ek /N ELCE %
ik, H Rab3amiflR41V 520K Fe 2 o BT 4l
5B il +Rab3a m ALV B CAT X 52 B2 2 2L R
MEITOIEA T RS, A HEST B R AT R
B AU IR R AR, T BRI
2.4 B4R EDLCAL R RARMEMILER
K4, S2AMHLE, A Rab3a @ fik

g v e

|

T RO AR S R MM AT, HEEAA

. ZSEA /RS CAL X5 fih 25 My Bk, 2Rokn
REEE . SORRIBWT 2L %, S fldt H X i
HAAHEL, Rab3amifiRd] bkt o™, & ofl
LRI R ZH S ik 25 M s, S Ak B A 2 |
HEp 34, bRl A 5048 o B+ Rab3a s iR 4l
A% Rab3a mf (IR 2 fild ISR 20 Jf 25 50 56 3%, S fi ¥k B
LIS A TGN
2.5 &4 D X Rab3a %98 38 b AGA bEk
F3R, HEAALE, HAZ | Rab3afifk

Lo

FFMl+RabalitfEe

3 KAUNRIEL CALXREHEIZ AR (HEZL (M, x200)
Figure 3  Pathological morphology of hippocampal CA1 region in each group of mice (HE staining, %200)
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W

fe’ﬂﬂJ#Rabw%&f&zﬁ .

B4 A2/ XA Ml A I P (20 000)

Figure 4 Synaptic ultrastructure of the hippocampus in each group of mice (%20 000)
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4. 25 40 Rab3a 4 H DL H Y BEAL (P<
0.01), SHIAIZ AT, Rab3amifk4] Rab3a K H1°F
PPRm AL (P<<0.05); £F4il4] Rab3a & -1
e R E SR (P<<0.01) . 5 Rab3a @i fik 4
B, &M +Rab3a i Ik 41 Rab3a 85 11 - ¥4 06 % )i 184
i (P<0.05). #541/NEf 5 X Rab3a i 9 LYy
LA 5.

F3 AU/ IX Rab3a SREEHEOGFRIA LEL

Table 3  Comparison of Rab3a immunofluorescence expression

in the hippocampus among groups of mice (x+s)
415 AL I
= HH 4 410. 85+80. 37
R 4 220. 26+45. 58"
Rab3a k21 4 110. 39£20. 46
A 4 185. 34+56. 29"
B zH 4 375.28+40. 777
- il+Rab3a f {40 4 225.26+50. 47

[F: Rab3a, MPIAHSE RasEEH 3A,

a) HEAAIE, P<0.01; b) SHAIHLE, P<0.05;
¢) SHRIY I, P<0.01; d) 5 Rab3amifR4lbs, P<0.05,
2.6 B FdiEIL-12, L4483

x4n, HEHAALE, R4 | Rab3a ik

L 2SR /NERIIE IL-12 B e L IL4 A i
ﬁi(P<0(n SR A, Rab3amif4l/h
MF IL-12 F S m . IL-4 &3 (P<0.05);
EERIAL/N BT TL-12 & R AL . L4 S BT E
(P<<0.01). 5 Rab3affifiR4H LL#L, 41 H4il+Rab3a il

REH /N RIS TL-12 Er i FEAIG . -4 &I (P<
0.05),

F4 SH/NRIMEHIL-12, 1L-4 5 & 113K
Table 4 Comparison of I1.-12 and 1L.-4 levels in serum

among groups of mice (ng-L™", x+s)
21 531 Rk IL-12 IL-4

EHA 4 32.18+8.42 150. 27+25. 63

RV 4 75.52+10. 36" 85.41+10. 13"
Rab3a mf {4 4 90.24x15.47""  57.28+8.64" "
A 4 69.43+8.25" 75. 37+10. 26"
(AWlEE 4 45.21%10. 16" 130. 15+11. 74
£ 3ill+Rab3a B 2 4 63.16x15.28" 92.24+15. 25"

T IL-12, AN 12; 14, AN %4,

a) AL, P<0.01; b) HHIRIALE, P<0.05;
¢) SR L, P<0.01; d) 5 Rab3amifRdlts, P<0.05,
2.7 &l
G K iz

25, SEAE, BRAI . Rab3a @ik

25 B4/ U T 41 40 PSD-95 . Rab3a, SYN1
E AL (P<0.01), S5HRIZ AL, Rab3a
R ZH /N B 20 2R PSD-95, Rab3a. SYNI1Z& /K
TR (P<<0.05); % HIZH/N B H 2021 PSD-95
Rab3a. SYNIZ&E /K FHFHE (P<0.01). 5 Rab3a
R ZH L, % +Rab3a B 24 /D B ) 20 41
PSD-95. Rab3a. SYN1#E /K FTHE (P<<0.05).
/NI ZH4 Rab3a, PSD-95, SYN1 25 [ Hi Uk
UL IE 6.

ll«\‘ n?? D] éﬂ N Rab3a\ PSD 95 SYN]

DAPI-..---
h --.---

N ---- --

BRI Rab3amifik4l

A FHRIAL %1+ Rab3af R4

. Rab3a, MRNAASERas B 113A; EH Rab3a %R 198 6 PAPEY R 20 2, LIS ok B 4 X 3
B 5 #4H/NRIE DX Rab3a S0y 98 2k & (x200)

Figure 5 Rab3a immunofluorescence expression in the hippocampus of each group of mice (x200)
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RS FAUNRIGE DA LS Rab3a, PSD-95, SYN1 [
(RO SEN a5
Comparison of relative protein expression of Rab3a, PSD-95,

and SYN1 in hippocampal tissue among groups of mice (x+s)

415 % Rab3a PSD-95 SYN1
FHA 4 1.21+0.25 1.07+0.24  1.18x0.21
[P IVES) 4 0.61x10.04" 0.65+0.08" 0. 61=0. 08"
Rab3a r {41 4 0.34+0.08""0.410. 05" 0. 37+0. 06" "

4
4

g i 0.64+0. 03" 0.62+0. 13" 0. 63+0. 08"
B2 0.91+0. 07 0.95+0. 10°  0.94+0. 117
EFfil+Rab3amiffZl 4 0.70+0.21%7 0.70+0.09” 0.68+0. 16"
7E: Rab3a, JKPIAHE Ras#EH 3A; PSD-95, S&fil5# I HEH 95;
SYN1, ZEfiz 1.
a) Ha4itkig, P<0.01; b) S5BM4ILE, P<0.05;
¢) SIS, P<<0.01; d) 5 Rab3aii{f4lH4, P<<0.05,

Rab3a m- — -‘b‘ 95KkDa
rsvs D s - | =510
SYN1 ‘-- -— —--‘ 38kDa

— - ——P—\ 42kDa
;,:Y@% %%v% . @@‘?7 @%@ %@@ \\x@bﬁ
o &

7E: Rab3a, MiNAHXRasHIT3A; PSD-95, Al HIEETT95;
SYN1, ZEfiz 1.

BEl6 AU/NRIFDHS Rab3a, PSD-95, SYNI1EHHIKIA
Figure 6 Electrophoretic bands of Rab3a, PSD-95, and
SYNI proteins in hippocampal tissue of each group of mice

3 g

ADTERE2HE T “HR” “HER” “RIE”
JuWE, A TERN, FEHLLLEORS 5 R, BE T
F L CRIERE - BZ D) & R IT AN,
FEBE i, SctC e, viBg s S I gE R 7
BORESA . BRI, AD BA% O BEAFAE
BL4G AR VTRV RN &8 IR AF e i 2555, W 2 R K
TG, B S W RO RN B o A5 oA X,
oo s A RERERT , 151 A A M D) e
B AHESE I F APP/PST XU 3L R /N FRUAE S AD
IR C5TBL/6 /NERAE X IR, 35 A7 F BH A 1) vt
5 RECHE . APP/PST /N DL CS7BL/6 /N Y
SO RME, WA NETEMAERTIA S H (APP)
RAFFEHR AR EZR 1 (PS1) RAFFERH, RER AT Hb
B AD B N By B ARk, HETE )z
FHESE AD . AR BEHIE B A 2 45 A OC 0% 1
MIAEH C57 /UG N JC AD AR B, Ho 5 APP/

B-actin

PS1/N UL T SRR, BE S R B HEBR 8 15 22 57
T

EVACN I T aF AP ns DN =ik A
SeAB B, HARTX TR XA X Gk
Frohses | et I eRs LA S s sh A, HIREW
SN TR AD REMR BAT R S AR R[]
I DB =4 LA b, X A7, PR
FHF IR B JZ AR, 728 100 403 o 2 2 i ) 4 A
P, JETAEN RN RERE AT . A URA
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Effect of Scalp Cluster-Acupuncture on Hippocampal Synaptic Plasticity in APP/PS1 Mice
GAO Wei'?, LI Xue', LIU Annan', LI Jianhui', YE Qiuyan', GAO Jiayue', YANG Fengge', LI Honglin'"’
1. Heilongjiang University of Chinese Medicine, Harbin, 150040; 2. Jiangsu College of Nursing; 3. The Second Affiliated Hospital,
Heilongjiang University of Chinese Medicine
ABSTRACT Objective To observe the effect of scalp cluster-acupuncture on hippocampal synaptic plasticity in
model mice of Alzheimer’s disease (AD) and to explore its potential therapeutic mechanism for AD. Methods ~Sixty
APP/PS1 mice (AD model mice) were randomly divided into a model group, empty vector group, Ras-related protein
3A (Rab3a) knockdown group, acupuncture group, and acupuncture + Rab3a knockdown group, with 12 mice in
each group. Another twelve C57BL/6 mice served as the normal control group. Mice in the empty vector group received
hippocampal injection of blank AAV9 vector without Rab3a silencing. The Rab3a knockdown group and acupuncture +
Rab3a knockdown group were given AAV9-Rab3a viral solution to specifically knock down Rab3a expression in the
hippocampus, while the normal control, model, and acupuncture groups received 2. 0 pl of normal saline in the same
region. Two weeks after injection, the acupuncture and acupuncture + Rab3a knockdown groups received scalp cluster-
acupuncture treatment , while the other groups were given the same handling stimulation for an equal duration and
intensity. All interventions lasted for 28 days. The Morris water maze test was used to assess escape latency and
platform-crossing times ; the open-field test was used to evaluate spontaneous activity. Hematoxylin-eosin (HE) stain-
ing was used to observe hippocampal pathological morphology, and transmission electron microscopy (TEM) was used
to examine hippocampal synaptic ultrastructure. Immunofluorescence was employed to detect Rab3a expression in the
hippocampus. ELISA was used to determine hippocampal levels of interleukin-12 (IL-12) and interleukin-4 (IL-4),
while Western Blotting was used to measure the expression of Rab3a, postsynaptic density protein 95 (PSD-95), and
synapsin 1 (SYN1). Results Compared with the normal control group, mice in the model, empty vector, and
Rab3a knockdown groups showed prolonged escape latency, fewer platform crossings, reduced movement distance
and time in the open-field test, increased hippocampal 1L-12 and decreased 11.-4 levels, as well as decreased average
optical density and protein levels of Rab3a, PSD-95, and SYN1 (P<C0.01). HE staining showed irregular neuronal
morpho-logy, disordered arrangement, and decreased neuronal number in the hippocampal CA1 region, while TEM
revealed severe synaptic damage. Compared with the model group, the Rab3a knockdown group exhibited aggravated
impairment in the above indicators (P<<0.05), with more pronounced neuronal and synaptic structural damage in the
CA1 region. In contrast, the acupuncture group showed significant improvement in all these parameters (P<<0.01),
with reduced hippocampal injury and repaired synaptic structures. Compared with the Rab3a knockdown group, the
acupuncture + Rab3a knockdown group also demonstrated improvement in all measures (P<<0.05), with attenuated
pathological and synaptic structural damage in the hippocampal CA1 region. Conclusion Scalp cluster-acupuncture
may improve cognitive function in AD model mice by upregulating Rab3a protein expression in the hippocampus,
improving synaptic ultrastructure, and modulating inflammatory cytokines. This may be one of the potential mecha-
nisms underlying its therapeutic effect on AD.
Keywords Alzheimer’s disease; scalp cluster-acupuncture; Baihui (GV 20) ; Ras-related protein 3A; synaptic
plasticity
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