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(2] BrY WEHENNS APP/PS1 WUk 5 DA /)N b A2 41 T HE L AT 5 AN 003 LR B B IR 2 52 mi (1 22 e, B
W5 A FE RS BT T T R PR ER (Alzheimer’ s disease, AD) FMEFINLEI. /3% 4 H#EF1 8 H#d APP/PS1 XX
WL DR /N BR A 20 W, BEATL 2> B ZH (4 H AT 8 HRe B ZH) ATHi BT 20 (4 HRe A 8 Hid HistaH) , &40 10 I
AR H # [F) 1453 C57BL/6 BF A /NN IE 40 (4 H g A1 8 AR IEH ) %% 10 N o BB 4O i S5 /X Bl s #2
RUEFS, B 27 CF RIS B r i gt FE R A, 35 20 mine W H 1 2%, 3% 6 . KM Morris /KRS SLIGPPAT /N B4
()27 S1AC I e 70 il S e AL ORI 88/ B S e BEBEER DTRG0 s S PO BRS8N B S LC3 A
BiEMFEEE H (B-amyloid, AR)FRIETEHL; HIBEIER G Be R MR /N B 5 ABRIA/KF; I Western blot &kl
ANERIEE ) EMEAR G (1 LC3 A p62 AN RIEE . £5R  Morris KR E LR EIR, 6 HEEA 10 H BRI /NP
P53k v AR IYI A R R W I 4138 T (P<0. 01), 1 5 BRERA5 B I [R] #9800 (P<<0. 01) ; 55 6 H A1 10 A et AU 4]
AHEE, [R]85 B AT 20 /N BT 25 10 v AR 350980 D (P<<0. 05) , “F & R BR 1 BE I (A1 3 2E 4K (P<<0. 01) o s b ah R
BoR, 6 H BB O XA R LA AERE, 10 B2 O X AR LK B AR T . B RO ORGSR
7, LC3 A ABRH M 21k T BEAL T A Toi% A, LC3 PRI IE Rk AEA IR AL o BIEK f 28 IR vl 46 SR (7,
7] A B AR AL T ABKSPE) e 1 IE# 41 (P<<0. 01) ; [ A b e 4L 5 AB/KCSPEMIE A H i A RL 41 (P<0. 01) ;
6 HIR R4S ABACFI BAKT 10 HEMEAIZ (P<0.01) . Western blot ¥EKGMSE R EoR, 5 F H # F# 4H
PLAc, 6 HERAIZL LC3 T/ T LLEAT p62 FRIXIBEK (P<0.01) ; 5[] A AR ZH LA, M4 LC3 T/ T Hefa 3
(P<0.01), p62 ZRLHIHE X (P>0.05) . 5FEJTEIEHHEEL, 10 ARBIRA LC3IT/ T HAEM p62 Rk
Hn (P<0. 01, P<0. 05) ; 5 [F] H #SHEBILH LU 4%, siAFAE LC3TT/ T B A p62 FIBIIFAAIL (P<0. 01, P<0.05) . &4
6 HEA 10 H# APP/PS1 He LD BB H BLHT J5 AN [l BER B B MOIRAS AN . Bt E 6 Hilg
APP/PST XU KL R B o H R DI BE, A5 10 H R I A Bl B MR D) BE 28 BLIRAS, FBET 8 AN IR0 BT B APP/PS1
UL FE PR/ B 27 21302 B 0, BRARIE S ABZK-F I B A7 76 22 b

(SRR SF0yTIE,; sl B ZR SUE BRI s APP/PST XU FE R/ B H R
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[Abstract] Objective To observe the effect differences of electroacupuncture (EA) on the autophagy state in
APP/PS1 double transgenic mice in different pathological stages, before and after the occurrence of senile plaques, and
to explore the mechanism of EA treatment of Alzheimer’s disease (AD) from the perspective of autophagy. Method

Four-month-old and 8-month-old APP/PS1 double transgenic male mice, 20 in each age group, were randomized into
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model groups (4-month-old model group and 8-month-old model group) and EA groups (4-month-old EA group
and 8-month-old EA group), with 10 mice in each group. Wild-type C57BL/6 mice of the same ages and gender were
taken as control groups (4-month-old and 8-month-old normal groups), with 10 mice in each group. The EA groups
received EA at bilateral Yongquan (KI1) and Baihui (GV20) was horizontally punctured with the needle twirled till
stuck and then retained for 20 min. The intervention was performed once every other day for 6 weeks. Morris water
maze test was used to evaluate the spatial learning and memory abilities of the mice; immunohistochemistry was taken
to observe the deposition of amyloid plaques in the hippocampus of mice; the immunofluorescence technique was
employed to detect the expression of LC3 and B-amyloid (AP) in the hippocampus of mice; the enzyme-linked
immunosorbent assay (ELISA) was used to determine the expression level of AP in the hippocampus of mice; Western
blot (WB) was used to detect the relative expression levels of autophagy-related proteins LC3 and p62 in
the hippocampus. Result Morris water maze results showed that compared with the normal groups, the 6-month-old
and 10-month-old model groups had a longer average escape latency (P<<0.01) and shorter platform dwelling time
(P<<0.01); compared with the 6-month-old and 10-month-old model groups, mice in the same age EA groups had a
reduced average escape latency (P<<0.05) and extended platform dwelling time (P<<0.01). The immunohistochemistry
results showed a small amount of senile plaques in the hippocampus of 6-month-old model mice and a large amount of
senile plaques in the hippocampus of 10-month-old model mice. The immunofluorescence results revealed that LC3 and
AP were mainly expressed around the nucleus of hippocampal neurons, and LC3 was also found in axons. ELISA
showed that the hippocampal A level in the model mice was higher than that in the same age normal groups (P<<0.01);
the hippocampal AP level in the EA groups was lower than that in the same age model groups (P<<0.01);
the hippocampal Af level was significantly lower in the 6-month-old model mice than in the 10-month-old model group
(P<<0.01). The WB results demonstrated that LC3 II/I and the expression of p62 decreased in the 6-month-old model
group compared with the same age normal group (P<<0.01); compared with the same age model groups, the EA
groups had higher LC3 II/I (P<<0.01), while the expression of p62 showed no significant difference (P>>0.05).
Compared with the same age normal group, the 10-month-old model group had increased LC3 I1/I and p62 expression
(P<<0.01, P<<0.05); compared with the same age model groups, the EA groups showed decreased LC3II/I and p62
expression (P<<0.01, P<<0.05). Conclusion Before and after the appearance of senile plaques, the autophagy status
differs depending on the different pathological stages in APP/PS1 transgenic mice. EA can enhance the hippocampal
autophagy function in 6-month-old APP/PS1 double transgenic mice and regulate autophagy dysfunction
in 10-month-old double transgenic mice. Further, the mechanism of EA varies in improving the learning and memory
abilities and reducing the hippocampal AP level in APP/PS1 double transgenic mice in different pathological stages.
[Key words] Acupuncture therapy; Electroacupuncture; Alzheimer disease; APP/PSI double transgenic mice;
Autophagy
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PP/PS1 XUEHR/NREAN ABK TR R
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HWCIRASAF A I Ik, AR FEHE Tl 2 S xF AD
ARV B B E WOTRAS 45 B 2 S 1R s

ASLEG L 4 A 8 & APP/PST XL HE A /1N B
NN, B 2 FRIR T, M HERXT AD AT
95 FL B WA 5 B 1 LC3 T p62 ISR, $R 1F BT %o
AD AN [ 975 BR B B R 2 1 R 43 B L AR HL ) A2 1
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1.1 KEMS5aAE

4 HESF 8 HEE APP/PS1 UL FLP HEE /N B &%
20 W, 0T b 4 B AR I A BR A
(No. 110324211101570363, No. 110324211105773138),
P FEVFATIE A SCXK (1) 2019-0008, 14< 5T & 43 )
9 (201+6) g F1(26£6) g; [A] H#& A 1451 C57BL/6 BF A4
BUNRAS 10 R, T A nt B VAR A RHE A R A A,
A PEVEATAE N SCXK (50) 2019-0010, 44 J57 & 43 5]
N (24+4) g F1(28+4) go LABENIE T4 H o kst
RUSHFI R AT, B 4 AT A g4, 8 A il
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BT ZH F A2, A 2H 10 2 LR A #8114 51 C57BL/6
FAERUNRONIER A, B 4 AR IEFHAM 8 A
IEHH. FR/NRFEZE TR EZ K EZ YO,
HiR 20~22 C, 1R 40%~60%, [HRGIE, E e
MK ARSI 2 I i R 25 K 2 S 3 e B 25 5
231t (B FRALHES BUCM-4-2021052406-2041) .
1.2 EFENESHF
— R R E (JE R R AR 25 A A, #
¥ 0.25 mmX 13 mm), LH202H 5 [G A Ay (b RidE T
FNFF R AT, UGV R HL (BB, Leica) , BEFRC. HL
A EE R IR, BB, B (3
[, Bio-Rad) , ImageJ BUZ 73 AL ¥ 2 4t (35 [E NIH) o
%l LC3 itk (proteintech 14600-1-AP), #Huii
p62 Fifk (proteintech, 18420-1-AP), 5 GAPDH i
& (proteintech, 60004-1), LL2EHi i (proteintech,
60004-1), LI £Hi % (proteintech, SA00001-2) ; fiIk
AB— 47T (Covance-ST1G-39320), EJJ F 1 4 73 41 1k 8 £
S—P 7% (B) GH¥7, KIT-9701), DAB &7 (G5
7, DAB-0031) , G LC3 ¢ Y6 —#71 (abcam, ab192890),
IR ARt — Pt (Covance—-S1G-39320), B I B AR it
AAbRic Y R a2 &40, 7B-2305), 5
MO AR Ic A & (proteintech, SA00001-2),
FPUR L P (35, Abcam, abl150115), EH R
e Hi (£ E, Abcam, ab150077), %¢ % & 7 (&
DAPT) (FAZ4:#F, ZL1-9557) ; ABA2 FigHk G e Wi Bk
& (EE, invitrogen, KHB3544), BCA &5 & =il
& g AEBEARAR)
1.3 FAE
BN B DL B )RR E TR AR S b, 1R
/N BRAEH 2R AT PR R BU AR 25 D v, AE TR T A L
229X, LE R AT ' 1/3 A8 FHARBUIUITE SR /. X
P RIS, 2 FH 224 M-l 2~3 mm 5 50 A e
G R AR QR 1| DS o QN i
% 1/50 Hz, HLREREE 1.0 mA, LA B B H 2h W45
LHPAFSLMI Y Y BE, FIFEE 20 mine 1R AIHIE
U /N B DAAHE [F] 7 VAN (A R 2E 20 mine BEH 17K,
AL 6 .
1.4 Morris 7KiR B SLLG
TR G475 d Morris 7KK SEIG, Kl 5%
/N R 2 N0 2 310 AL B8 0o 7KK B 7Kt 45 P 5 K1)
AN, AT FEE T 4 RIRN. KR
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K I F G kR 2, KR 22~23 °C, BT &, K
BRI R Guid 5/ B K IE L OGS B B . SEE
A7 1 dBHTEN ISR, SCIRET 4 d BT AT
B, B AR RN 2.4 3+ 1 % B I s vl B e N K it -
TRAE T, 1055/ BRER B & I R), B SR 4
#H/AAR 60 s WRIRBIFEE, 51 F/REFE LI
B 15 s, i/ NRER B G 60 s. LLES 2 BRI}
TN Kb PR 398 8 8 AR B A A U F . SEB6 2R 5 Rt
1773 MR R S0, Hha~F &, G 2 G PR /N BT st
BN, 0/ 60 s T & SR B a] .
1.5 BW7E

4 HikA 8 A APP/PS1 XU F K44 % HY
4 W, BL 2% B E A 4% 50 mg/ (kg « bw) 7E] BRI
T SR B BRI, A% 2 BRI 00 U EE 9 ) O A A
%G, 4%% B8 FR S T 52 72 h, BREEREREL K . sHk.
I, - 80 CLRAF, H T S AT s b S
4 FESRT 8 H ISR 6 WU/ BRUIR B ORI, VK & 1

SSHUI, R 5 B BUSRN EP &, - 80 CHRAF,

HF Western blot Bk Gy W By .
1.6 WEIEHR
1.6.1 S A ARSI 5y b B BRI 1l

WAZ X SR AL E B2 KR, AR 10 um.
551K, VKGR E R 30 min; PBS ¥k, MIMENE Sha2mh
WHMEE 15 min; PBS ¥, IL2E MG M 10 min; 4
B, IO AB—i, 4 CIEE IR . ¥kH, PBS ¥,
“HGAF 2) B H 10 min; PBS ¥, X7 3 ¥ H 10 min;
PBS %, DAB it 10 min i FULEIEN; H RAK ML,
B/, B0, 3. AR TSR RIA B S .
1.6.2 FIEIOCHARMENE S KRN LC3 K AR
Fikiphr

951K, Bt (AR LC3 ZAARUR ) 4k, Ho4b
BRIA . YCH, PBS ¥, 26 bt (UK —HuA Gl — 4t
SEPRFURAD) B A 1 h; PBS ¥t DAPT H v, K6
e T WS P M Rk A T A R
1.6.3 Western blot fill/Niig 5 LC3 5 p62 HH
(AR S ik 2

FREU/IN B2 g S 20 230+, in RIPA ARk
A1 PMSF (RIPA:PMSF = 100:1), # 7 1 W B& 5 %,
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4 °C,12 000 r/min, B> 20 min, BU_E35 ¥, BCA ¥Ei
EERAWE . LR 20 ng, S EIK. B, R
] B 20 min, TBST ¥k, BB, —$t (LC3 4 1:6 000, p62
4 1:4 000, GAPDH 2y 1:100 000)4 ‘CH§ & i ; TBST
e, —H CEFiRIy 1:5 000, 2EHRN 1:5 000) b
H 1 h, TBST ¥&;Whn ECL &G, B ER.
Image] B 73 M7 % 2%t K JEAE, LA GAPDH H)KEEAH N
BT & bR M RIAE
1.6.4  FEEBEAZE W RTINS R ABIR

HU6 F 8T 10 H #4447 S T BP & oh, 3300
-5 N PBS M3, VK 2135 L 16 000 v/min 35
A1 4 CIFREE, B0 20 min JE B ETE . 5 TS24 5,
DLIE W A ARFR . A RBE 20 f%5. A4
BE 10 5 ABAERBEASEL, 3L TR _EIE bs e R
T o 4% TR U0 B T A R A R A A A AR
50 uL FrdEdh, SO A8 2 bR afLah, Bl
50 pL Kl SRR E 3 PR, 4 CIE R Pt 4 IR,
100 pL =i (R A AFLRAN) , R, =R E
30 min; ek 4 WX, B0 100 L FasE R, TR 21 A
W, 78 75 A, #OEHEE 30 min; i1 100 pL b, 4
PRI AR A% F IR UL B B P 3R . FHEAR{XAE 450 nm
BRI WO AR, 2 1) B AR AR b AR B 2, AR T
PRI ABA2 (IR
1.7 GOtEaHh

SKHH SPSS20. 0 GE T8 GE i 73 0T o 241 TR AT
HIES AT, RS+ b 22 RoR, 2 A R
FH DR 2277 220 A, ZHLIE] I T LR A LSD Al S
N2 H5H SR P AT N A U7 2 0 A, 4L TRD B AER P B R
B ESNT A MR SR AR RS A0, i LR
MR JESHHR S . L P<0.05 FnZER A G

2 R

2.1 ZAARRARNE Morris KEFTLERILE
LR AR IEFAE, 6 R 10 F B A ZH /N

B Morris 7KIR B & A7 M AT S5 4o 6 8k 785 AR A 35 38 fn

(P<0.01) ; 5[A H AL LLER, 6 HEEAT 10 HikdH

20 /)N BRI AR 38 D (P<<0.01) o VELIA 1o
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FR  HE2K $3IK $4x BIXR  HE2X H3IX H4XK

S 1E A W IE R 4L U P<0. 01; [A] H B SR e ¥ £<0. 01,
B BEARERENE Morris KKk EEMAI TR REBRHLLEL (X £s, n=10)

5 6 ARSI /NRELEL, 10 H B REELZH /N R
Py mEE AR A, 22 5 BAA Guit 2% L (P<0.05) o
TEILE 2,

IEH LR A, 1R A W BRI ZH Morris 7KK B 2% (Al R
ZSLIF 6 GRS BRI (A1 45980 (P<0. 01) ; HELAYH
e 8, [R] 7 6% B 27 & R R A5 B () 35 A K
(P<0.01). VLA 3.
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6.10A %

ol - sHmmuA
@ - 10 AR BAA
£
o 40 i
2
B 20

®IX 2% WIK AR

FE: 5 6 BRI Y P<0. 01,

2 6 B#AF0 10 BRSHRBILA R Morris KX E ERLAIT
SEIS R RHALL S (X £ 5, n=10)

30- 105 &
= 20- 2)
g 1)
B T
& 104
{0
B

0 T
EwA BEAH  gtE

W SR HE IR R Y P<0. 01; 5 R H BRI LA ¥ P<<0. 01,
3 6 Bi#kF1 10 BRStRBA IR Morris KR E T EIRER LI FARRIEBETEILLE (X £5, n=10)

2.2 FABNERIEMHEHBISUTIRIERLE

6 F S FN 10 F W A5 7Y 2H ifg 1 35 m] DAt HUIR Ve
FEBEHTR (i 4 #73kFT48), 10 F ISR ZH 45 ¢
HHCR e AL BEE TR (B 4F3E) B 2 B4, &
HEMAIT R, 6 HRA 10 A E e/ S X AE &
IR By By REBEER TR 4 Bl /b . VE LI 4.
2.3 FLH/ER LC3 N ABFRIERAERIKIFRELER

DAPT ZHffiiZbric AR, LC3 brid Ak 7 s, =
BRILIEMY CAL XX (4 5R) S5t ; ABFRid

NSO, FEREND CAL X A% )E (HAR),
w5 R E kTR A B A X IOy SRR X, Wil 5
SRR, SRR, TEILE 5.
2.4 FHNRIEDEGEL RN MR ABIRE ELER
HIEFHE, [FH SRR AN ARKESI T &
(P<0.01) ; SHRLA LU, [F) F W& BB AU N ABIREE
BIBEAIK (P<<0.01) ;6 J1 AR AL 4 /)N BRI P AR IR 5 BH 5
KT 10 ARBAIA (P<0.01) . VEILE 1.
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1 LC3 AR ESOGHRIE, ABAL EUOEFRIT, DAPT 4H A% Jy s th o HeAnid, LC3 5 ABFLFRIA JAG B8 (5 Hehnic o
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®1 BENREDELISA KN ABRELLE (X L9

Bfi:pg-g’’
H i ZH 5 n AR i
IEH A 5 0.05+0. 03
6 A A 5 25.15+1. 82"
HET4 5 4.30+2. 95"
1A 5 0.040. 03
10 Je AL 5 76.66+2. 71"
HLET4H 5 11. 00£3. 827

VES5EARERMHNLE VP<0.01; 5F A BRI
5P P<0.01;5 6 ARBARIAE ¥ P<0.01.

T BRI st
LC3 I l - -‘ 17KDa
Lcsm | S| |5KDa

caror D --( 36KDa
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2.5 FBANRBESEEHEXEHR Western blot &
ZERER

SR A% IEFALLE, 6 A#HAI4 LC3T1/ 1
{ELAN p62 FIEFFAK (P<0.01), 10 R4 LC3 T/ 1
LA AN p62 223k THE (P<<0. 01, P<<0. 05) . 5 [F] H 5 #
HA B, 6 AW mE 4 Le3all /1 thqE i
(P<<0.01),p62 KILFFMMEZER LR ITEE XL
(P>0.05), 10 AR EEHLC3IT/ 1 ELAE AN p62 Fik
F#A% (P<<0. 01, P<<0.05) . 5 6 HISHIAIZ L%, 10 A
WA LC3 TN/ T RIS EIG & (P<0.01), p62 KL=
BRI (P<0.01) . FEMLE 6. B 7 FIxE 2.

IEfd il distf

ph2 D G SRS | 0KD:

GAPDH D @D @D 6D

Bo6 6BMEANREDLCIII/ | ELER p62 TikIFRELER

A BB e

2 &1

LC3 1T 15KDa
GAPDH ‘- - -

36KDa

R BRI b

GAPDH | qui; @GNS @D  36KDa

7 10 BRABHENEED LC3/ | EL{ERN p62 FIBIF ML

£2 KBENEEDLCIN/ | F1p62/6GA LLERIEER

(X L5

Hit A% n LC3I/TEHH  p62/GA LbfH
EEA 6 0.35+0. 07 0. 79+0. 05
6 Hie HBAE 6 0.25+0. 03" 0.69+0. 05"
BEH 6 0.4140.07” 0.69+0. 03
EWA 6 0.33+0.05 0.72+0. 07

10 A% A4 6 0.4440.06"”  0.852+0.09””
HEH 6 0.37+0. 047 0.72+0. 12"

A 5 R IERH R VP<0.01,2P,<0.05; 57 A
WA LA P P<0.01,"P<<0.05:5 6 JHAIALL
59 P<0. 01,

3 itg

BIEM R 1 (AB) KEZRAE . VIRUL R E 45
FEBA /R 2% 3 B (AD) E BLRTERAFAE . AR LR A
ATIRCN A DA AD AL, 20 Py o] v AR S R s L

AR, 2B R AT RERERG PR TT R RE— R
I ST X G N R TRt VA 7 N =) )i o 4
YO ARF~AE. JREEM R BRI ; 4 H v IhRg
HILRERS I, 20 AR R AL 2614 . 3@ H A, AD
AN TR ER A B B WOIR AR [ BF 9T & B AD B
SR B WS B A G R IA BN RE, PR F RO
SR TR TR B 1% A JE, AD 83 J APP/PS1 3k
DAL /)N B P A7 76 [ W B 0 % B A Th e B, #8 ot
S R E VAN, R RE A ISR T RE L
F2 AD P73 13 G A 1Y) B LA

APP/PS1 XU [R /N iR A2 I BR A A2 0 ABZK P
F HHUHIBE LRI B0 AY ; Bl H 88150, i K= AR
AWk ZR A DU BCE B, A Bl S A 2% R AN 22
TOARVE SR 7T AD BAF ALY (RIS AR AL N BN A
AU N E R RE AL, B R A R AR RN G
K IR, M oIz AR AE K B A VRV B,
FERFFT AD [ g Th B 35 AL A BRARRE AL  ACHIT 70 B A
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BU/INER 6 F WA 10 F 18 (98 BRRFAE K B WRAS A7 7E B
BIX A AEIAEHK 6E10 ARHLA H B8R B A KI5
[ APP B, MUTE fo g% 24K S5 i APP/PS T X%k [R] /)N
B PR AT DL B PR R IA S T IR 4 C57BL/6 /NER TG
NIRRT APP F B, CIE #2708 B TEBH R IE - 5
IEH LS, 6 H % APP/PS1 XU FE R AL /N 5 25 [A] 2
S1iCAZ R 77 T B, G P9 AT ABYR FE T, ¥ E mT
D EFER, HWEARICE A LC3IL/ T LB AT p62 /KT
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