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BE Be) RS T A AR REAEKAAD) DR F T IC ik A o3 va, SHIRT L AE R ALl
Fik RAF2 A SXFAD A A I A D R A4 R R RGIAMARFTER,ANER P iRF20 REZ
ARG 3 A R, e BT R R A B A fe A4, B41 10 R, B0 R 3 A%E S D R
VEAE AL, ERAE T 1A, RAEIRE 2 AV E RIATAR R E 2 mm, 5B K, |E1/20 Hz, 1 k/d,
30 min/K,5 d/ B, T4 B . F A Fe s R0 RAE R F 5504 TIRRA B 2, RiE2 L Ab T 70, ROA#x
HR B MK (F 3 B HER 5RO M R F TR 4k R R 7.0 TRE R IRRAL N30 ) R R ATAL S 3k
ta A 345 (CEST) AR A2 A ml s 50 B R B BB AR (I ARk #45 £ [ MTRasym(Aw) ]) 5 5K A %
AR BE L ARG (AR) M & AR R Z BB ML 3F (ATP) X A &4ml ) R 5 X ATP #9R
JE 5 R FJE R el s Rk B 6 BAARAS E & 4512 R 8 (MCU) A 64554 F A (EMER ) 8 M @ A2 5 R )
Western blot 4 /) {5 & MCU ATP B 3% A B 3 B R & @ 2(AFG3L2) R @ RAKF, &R O #HE
WA FREH 23R, 3AFHERREFHALTFEL(P>0.05); 5 F A4k, s RATF RS
F 23 RIAHIEHP REAK(P<0.05); 5 B2 LA, w4 T 7S % 2.3 R A F5 4 A5 (P<0.05),
Q@ AR EAR: 5 FALE , S BATF G HL CALADG R AR AR I B3 h(P<0.05) ;5 %+
PRLAYLER WAL T TG 5 CA1 A2 DG R AR M@ AR35 80 Rk /" (P<0.05), @) MTRasym(Aw): 5 % 4
AP E, AT LT RGBS XK MTRasym (Aw) A 2 54K (P<0.05) ; 5t BB, w4t L TG H D
MTRasym(Aw) B 34 (P<0.05), @ ATPRE : 5FH A M LE, A RBATHEHED T ATPRE T E(P<
0.05); 5 2 R4, AU TG #H L ¥ ATP R E I3 (P<0.05), & EMER MMk @R 5 5 A4k,
st B8 20 F 7 /& EMER [8 M @ 4238 he (P<0.05) ; 5 *F BB 20 bb 42, ¥ 41 20 F 7 /& EMER [a 2 @ AR,V (P<
0.05), ® MCU.AFG3L2%& & & ia K-F. 5 5 A A pbdk , sF B4 T s MCU kit K-F 80 29 3% (P<0.05),
AFG3L2 & ik K F 80 B AL (P<0.05) ; 5 *F BB 2R ML 4R, ¥ 4+ 20 -F TS MCU & A K F 8 B B A (P<<0.05) ,
AFG3L2 R A KT RHFH(P<0.05), £ 4T L AERTRZAD DR F F LIk, L BIR4ER
AH T AL 5 32 & ) F AR KM K F R AFG3L2 BB X AR R G A X,

KR MRRERR;F IR HERM; B B A RGP E R GATPEER AR IR RE G 2

SIRtES ki, AR, £F5 T, 4 A S AFG3L2 X BT/R SRR /N B 1AL RE T (8 20 S AR FIALAR . FEE 25412, 2026, 36(8) : 568-575.
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I A5 BT AFG3L2 X BT R S B /N L2 > T AL RE T B 52 S A L)

Fi] J1% 7% 1 2R 9% (Alzheimer disease, AD) & — Ffr
PL2E S0 S fG Ry E RIS M AT s 2R
TPPEBRR " AR, AD 1 3 A BRI K
- B2 IR AT 28 T 1 5% fk AT S | 3 R 2T AL
BEAG L 2 fik b i)l B 7 BE RN A 8 224 Ry A 2
PRI RE RS M 25 A0 B MR Y OCH2H 43, e dR T =k
2 i1 (adenosine triphosphate , ATP) 5 17K, Sy H
A PR AL RE i S R R MBI RS EE R —
T AL Gt J A RO 45 5 AR 7k, il
1 3 2 R AD SR A A K G 2 2T e e )
e AR BARAE IR =5 2 — 20 B

ATP B Z 5 55 4 3 [A] U5 2K 11 2 (AFG3 like matrix
AAA peptidase 2, AFG31.2) & —F & T m-AAA [
fitf RGN ZRIAR T M . AFG3L2 2 5E i TRk
PSS, TE G- 3 2RI 2 1 B RR 2 (R TE 25 0 46
A BRTR A 355 14 D7 ThT 4% 4G T BEAE T, SR 4o A P o
T RGO o NN AFG312
TRAEHE T 53 LR 5 5 6] %32 25 1 (mitochon-
drial calcium uniporter, MCU) & & ¥ TE AL, T84k
BRI Ca” KA L& eaET I B T AD
AROCHRBRFAE" . AD /N BUIG PN H R RE AR Ca™
AT 37 M I AL T AR K T R A
it bR ARG3L2 AT LAY 5 LA AU (14 5 i S ik
R, BEE LR A Z AR R I AFG3L2 £
AT B B AR IR D RERY O IR AR 2 — o

ABIFFEAR 5T 5> Gk PR 978 B ey
FERTIARZE 1 (amyloid precursor protein, APP) /F# %
1 (presenilin 1,PS1) IR /N (5 X FAD transgenic
mice, 5 X FAD) A BFFEXS 52, 4R HL BT 7T 25 VAl EE /X
PR ARG3L2 X ) ) M A K7 B 2T i DI RE Y
Al
1 #MREFE
L1 s

PEFE 2 A I HETE 5 X FAD /)N BLUFUMEPE B A= /)8 B
%4 H L sh W i VLR R QME I E AR A R A
Al St SEE B ) A 7V T IE S - SCXK (75 ) 2020~
0009, KfHENE 5 X FAD /N Bl 5 MEME ST A /) B A S8 1
TN SR TR b B 25 R Se g sh b
SPF £ 52 40 % [ S 40 gh ¥ FH VR v IS : SYXK ()
2020-0002 ], i HF AR 23 H il s 30 H
TFJERIESE o ) SR BRI I 22 °C, M JEE 50%~70%,
BHUFR SR RS (12 hot I +12 h B3, A ik

Ko B SER y SE R A A 5 i AR A R BE 2GR
W L2 oW (AT LS : FITCMIACUC2021
001) , J™ 4 38 1 S 50 3 W) A J A5 91 ), 7™ A% i BR
] R B P AR R ) R 4 A T

1.2 REALES 5

/N BT 7 BN R S i R B R
A B W] 5 /N8l Py 0 W RR B AL R I Bty TR 78 A= i B
FA R, IS . R5001P) ;7.0 T/NSh A% RELR 1k
154 ([ Bruker 23 7], K145 : BioSpec 70/20 USR) ;
MBI G6805 AL AT IRYT AL (B . SDZ-V) S5t &
£1(0.25 mm X 25 mm) W 5 750 BEI7 a0 T A BRA
) BEAE AR R 4 (B ChemiDoc XRS+) A HL I AX
(A5 :1645050) 211 [ 26 [E Bio-Rad 4w .

B 5 R ATP A3 7] &5 (9245 £ S0027, 4it 45
A192250214) 14 { FiEE = KA FARA R A A ;
AB TE B A P (5845 2 25524-1-AP, fit 5 .
00190903) . MCU & & ¥ W 7 W % (essential MCU
regulator, EMRE) HT /& ( 1% 5 . 29313-1-AP, It 5 .
00160221) AFG3L2HifA& (535 : 14631-1-AP it :
00163631) \MCU $i 1 (18 5 : 26312-1-AP, it 5 :
00053756) 341 [ 20 =8 A P ARG BRAF]

1.3 2R Beosrdl

SR L AT LR s e
S 1 I A il # X W (polymerase chain reaction,
PCR) X 2 & J& 19/ BUDNA 47973, Bl 5 in A i
G 0 By B B e A 1 7 FL R A7 L Uk, A [] B 3
377 bp [ APP 5 K 25717 & 608 bp (1) PS1 %E [H 55417
M2 5 X FAD FHME /N, 253K B0 R B /N B
1 20 H %2 Ry BHAE B /)N BR A% BRI AIL B0 3R 0 R
X HR A RN LT 20, BE2H 10 H, PR EC 10 H [R5 B
NI EF AR
14 TPk
141 TWAGERN CK/DEE T 50 mL EP A [
VU RS, K EP A5 [ 2R TR Al sk S 8, 1/,
30 min/ WK, 5 d/JA B E 1R . Prf /N BRAE T ET
1S A 73 O [T
142 A CRABAEHEHE S MER. 2%
REAIE 5 v 08 6 7 2%, IO/ BRGSK 3BwiT E TR 4%,
HARHE LR i o H 2378 T IE TR A TR R 4 2E A
LR 7 R EE 7, PR Sk R R LRI B B
BREE2 mm™ HAEFSEAUNT BT, WK 1/20 Hz,
1¥%/d,30 min/¥K,5 d/J& , T4 & .

1.4.3 WA RN BEAL /N BRUZE )45 5 R R TR
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R 2026 4F 55365 2f 8 4

FE R AN 52 HoAth T 1

1.5 WEEHhs

151 Fr2ekeill mE T UG 8 a6 B R
HURE W 8l AN =K==t R TRR VYT 0 R 35 A 3 s B T LA =
> FUA 3 AN B B o 1 LS S A 1R Ry Al i oy
BB /N BB DR 25 46 10 min DL 3 B K PR 55
THUEE G 55 2 Ko 2E ) 5 R eAZ K o B, 7
DA 00 P8 A6 AR D R AR ECE AR A AR
B, A /N2 2 10 min LLiC B4R J5 17 o 20 min
Je K VAR A B IR RS 2 R R A E AR CL A
/NERIRZR 5 min #4755 B1CAZ 0, I W5/ BRUEE
BIR 2~3 em IR YR [R] . T IG5 RS 56
3RFUGHEA TR B . SEae g R PR
BT B FE OB m , AR/ BT 007 B B A
PO fE 1B .

Heote 5 ="k CHRFE M)/ (1A CHRE IR+ 14k A

PRI ) X 100%
1.5.2 A BEACEIACER I 47 o2 iias , R
7.0 T #E 3R AR /N Sh W) 3R Ge itk A7 Ak 2SS B ip AN i
#% (chemical exchange saturation transfer, CEST) i
BATHG R D A A A KSF o CEST B4 T
1.5 %5 Sk RR e . G 4R 8 3.6 em
AR LR BB Ry S 4 , 1E 3¢ BRL 1 2 11 4k BT Ry
S -

T2 N AL i 14 (T2 weighted imaging , T2WI)
AR EES BT < 852 W) [E] (repetition time, TR) =
5000 ms, [P FE] (echo time, TE) =105.02 ms, fLE}
(field of view, FOV) =16 mm X 16 mm, &5 4 4 =
256 X256, V] JEE =1 mm., CESTHI4#i,B1=3.7 uT,
WE 1 800~1 800 Hz Y 41 YW % i B 2R 4E | 1] b
4190 Hzo HARRESHUNT : TR=5 000 ms, TE=
35.45 ms,B1=3.7 wT,FOV=16 mm X 16 mm, F{§ 45
ME=45X45, U1 R EE =1 mm. R HAEXFREELH
% % [ MTRasym (Aw) |15 CEST 7 %5 B AR i} K115
G/ TR

MTRasym(Aw) = [ Ssat(-Aw) —Ssat(Aw) ]/S,

HREERES, FE Ao (N EY S A HKZ
] A 43146 22 ) ARLFIET Y H B 2K AE 5 S, DA B it A s
Ssat 5 5 X B HK(E . R4 5 H/NR
A S A i 2 5 FE AR AL AL B . B S,
ITK-SNAP A4 F- 3l ) i A2 47 1 B R X, I 4
TR /N BV 5 ) s A B A

1.5.3  JEBHEBERUIBUKERI TSRS, ik
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B3 HUNREEAT O o R FH Ho 98 4 Ak A T Vi 5 3
3 FE 25 H (amyloid beta—protein, AR) UTLAL/KF ., 7
WM I WK AL D) R, R RBS B 2 B
B, R R A SR KB 20 min [E R A 2=
o AR S 4R W T BEL BT ) 10 min , B R
£h 2% W i (phosphate buffered saline, PBS) 13¢5 il
A FEHE S Y B A 6T, 37 CHEE 1 he %
Jn—Pi (1:200)bRic AR, 4 CIFF . W HER
30 min, AR Y R ARIC 90 B/ 1eG RAED,
37 CWFE 1 h, PBSIHVE G MBE B AP AEY R E
H - ALY, =R 10 min, PBS e 5 i
B ff 3,3 - A FEH K (3, 3’-Diaminobenzidine,
DAB) &8 (53 1 {0, PBS Wi bk 25 1 (0, T 7R A
Z YA ZE TR 2 min, PBSIR G T 3 H .
Jei FH A Y 2 8 Tl B B VA NI X v £ B 52 £ 1
(cornu ammonis 1, CA1) X & 1 Ik [7] (dentate gyrus,
DG) WX, fifi FH Image] G2 iT43#7 o

1.54 ATPYREERIN TR, 5 oMER3 R
/N FREURE , 2R FH AT 38 5 76 38 5] 65 4G ATP 3¢ 55
T T 2 210 G 2T VK B 2 5~ 10 min,
K H o A A T S ARG FE4 CF
14 000 r/min & 0> 15 min J5 , B [ 80 L, % 1A
ATP R & HEAT AL | FH A2 R S0 e A+ X
fii (velative light unit, RLU) , R4 bR il Ze o H 38 H A
A ATP M

1.5.5 EMER M mARM  + g fiE, 4 -
AR I I 3 S/ INER A AR AT il 2 20 0) 7 AR AR
i I G DRI EMER ik . fd F — F 2R FIph
COBEHEAT I AR AT PR R A JRAE 52 W E A T
&5 20 min, B 5 BUR R 2029 2 h 2E IR, 1 PBS
e —P0, N E W 37 “CHEE 1 he PBSBEJE N
—Hr(1:100) ,4 CHFF R . 55 2 KEUE R 30 min
J& . FH PBS ¥ W Pk ¥ —BU 5, T =t (1: 800) .
37 “CREOEIET | h UL, ] PBS Bed — 40, TH TR 5 i
i D E S Wi E= a9 =R (b B
BT B e 0 25 I Ge b -

1.5.6 MCU.AFG3L2HEFHRIAKT  F3ik 3 H/MR
AL, R H Western blot & il ¥ 2 MCU , AFG3L.2 25
F 25K o U 218U A S f W AT 244
4 °CF A 14 000 r/min &.0> 15 min, 75 80 wL it
s, P R E —3U5 I Loading Buffer, 95 °C
M S mine FCHIBER S ARSI TRLVK , R FH = Bt
13K : 20 V 10 min .60 V 30 min, 120 V 70 min, ¥4



SR LT 5 AFG3L2 X0 BT JR SR /N B2 2T IC A RE T 52 i) S OHAE F AL

2 R AR T IR . AR WKy £ P41 3 h, 4 C—Hiat
K (MCU 1:3 000, AFG3L2 1:10 000) ; 47 % I I
A 1 h(MCUFIAFG3L2 ¥ 1:10 000) . % 5 i#F
17 AR , 1 FH Image—Lab #F 70 K FE A, 45
H B H AR kK
1.6 HiilE)iik

K SPSS 24.0 Ge it AT B o B o i
TR A IR0, 2R (R2s) 2R, 241 ] F iR
FHERR 25 225007, 45 5 25 5% W LU FH LSD—¢
K86, #2577 22 A8 55 W 2R FH Games—Howell £ 55 ; 1112
TR IERBI AT LA M (Py, Pos )3 , R ] Krus-

kal-Wallis H 56, DL P<<0.05 4 22 57 B G2

2 # =R

2.1 3 THHOLE BUOMMGAES R Heds

TG 2.3 K, 3HTE ) B 22 R e ge i
R N(P>0.05) . SEAEA L, MY S
55 2.3 RALHIHE A B BRI (P<<0.05) 5 5% B2 1L
B, AT T 1R 56 2.3 K HEHE 50 B T (P<
0.05). WFEI1,

F1 3ETHARERESFAE IR WXL (vs)
Table 1 Comparison of novel location recognition test in three groups at different times (x+s)
a5 ) 15 3 S AR /m Henda gL %
THUGH 2K THUGH 3K THUGH 2K THUGH 3K
HPrE 2R 10 22.61+4.24 29.19+4.46 66.65+13.66 69.56+10.08
X HRZH 10 23.07+5.27 24.32+7.18 50.80+11.31" 44.61+12.64"
e 10 22.65+4.04 25.50+4.98 65.08+16.12” 69.76+13.09”

W SR AR R, 1) P<<0.05; 5 %FRBL 8 ,2) P<<0.05.

Note: compared with the wild group, 1) P<0.05; compared with the control group, 2) P<0.05.

2.2 341T-HiE AR BHPE I BLEEER

LW A 2 LR, 6 BR AL T TS 8 H DG il CAL
X AR FHPE I AR BB M (P<<0.05) . S5 B2 [k
A BA TS 1 5 DG AT CAL X AR BH: o ALy
B B0 (P<0.05), W2 A1,

2.3 341 T-Hi)g MTRasym (Aw) LL4%

550 A A LA, X R LT U I 5 MTRasym
(Aw) P B FEAR(P<<0.05) ; 5 X BRAL LA, L AH2H T3
J5 1 5 MTRasym(Aw) B A1 (P<<0.05) . WL 3.

B4

DG [X.

CAIX

R2 ATHEEBEDABREERILE (vx) %
Table 2 Comparison of Ap—positive area of the hippo-
campal areas in three groups after

intervention (%+s)

20 54 n DG [X. CALIX
LS ee| 3 0.0040.00 0.0040.00
X 2 3 1.3540.18" 1.0940.13"
IR 3 0.69=40.09” 0.564-0.14%

Xof {24

T SEPEA L, 1) P<<0.05; 5% IR LA, 2) P<<0.05.
Note: compared with the wild group, 1) P<0.05; compared with

the control group, 2) P<0.05.

HAT 4

1 3EFH/EABPRMEEARLLE(X20)

Figure 1 Comparison of AB—positive area in three groups after intervention (x20)
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R AL 2026 4F 45363 4 8l

3 3ETHEESIEXRENER R LR (3s5)
Table 3 Comparison of hippocampus MTRasym (Aw)

in three groups after intervention (x=s)

2 5] n 15 MTRasym(Aw)
BEA:H 10 4.4340.68
popicEcl 10 3.4640.49"
e 10 4.23+0.69?

T SEFAEA LR, 1) P<<0.05; 5XT I LA, 2) P<0.05.
Note: compared with the wild group, 1) P<0.05; compared with
the control group, 2) P<0.05.

24 3 THUG ATP R HEEE
S A 4] H A, G RE A 10U 9 T rp ATP VR
TR (P<0.05) ;5% B4 HL A, BT 2 T s i
W ATP YR T (P<<0.05) . WL 4.
£4 3ATFHEATPIRELLE (3xs

Table 4 Comparison of ATP concentration in three

pmol/mg prot

groups after intervention (%+s) pmol/mg prot

2H 5] n ATP R BF
B4 3 4.134+1.50
popiiskaEl 3 1.2940.75"
FLET 4 3 3.99+1.12%

TE: S A4, 1) P<0.05; 54 B4 H#,2) P<0.05,
Note: compared with the wild group, 1) P<0.05; compared with
the control group, 2) P<0.05.
2.5 34| T-Hi)i EMER FHPE R B H RS
5 WA 2 LR, X R4 s EMER FH P T
UG I (P<<0.05) ; 5 Xf B4 Le e, it 4 T B
EMER FHPE B8/ (P<0.05) . W35 K 2,
£5 34AT¥/E EMER EHEERR LS (72s) %
Table 5 Comparison of EMER-positive area

in three groups (¥+s) %
205 n EMER B L
LN g 3 4.7440.19
popiietel 3 9.544+1.05"
FLET2H 3 4.924-0.28”

F S, 1) P<0.05; S5XTIRALHES,2)
Note: compared with the wild group, 1) P<0.05; compared with
the control group, 2) P<0.05.

2.6 341 T Hi)i MCU Ml AFG3L2 & (A % ik K F
Hege

S WP AR LA, X 2 T FE MCU 3Rk 7K-F-3
W THE (P<<0.05) , AFG3L2 F ik K- B W [EAE (P<
0.05) ; 5 xF Rl be A, fL T+ HUR MCU 3k /K-
B i3 B (P<<0.05) , AFG3L2 3 ik K V- B & T &
(P<0.05). UW.3%6. &3,

P<<0.05.
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w4l L it
o
L
2 .
[11]
E .
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o
=
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El2 34AFFif5 EMERBRMEmEAR L4 (x40)
Figure 2 Comparison of EMER-positive area in three
groups after intervention (x40)
£6 3H/INRIEDMCUMAFG3L2 RikKF LE (7+s)
Table 6 Comparison of MCU and AFG3L2 expression

level of the hippocampus in three groups (x+s)

215 n MCU/B-actin  AFG31.2/B-actin
LiSgecy il 3 0.22+0.13 0.66+0.07
X HE2H 3 0.6840.20" 0.5040.05"
FH 20 3 0.3340.21% 0.6240.04”

T SEPAELILE, 1) P<0.05; SXTRZL IS, 2) P<0.05.
Note:compared with the wild group, 1) P<0.05; compared with
the control group,2) P<0.05.

Ligece’z) X R A e

AFG3L) w S S o s o S SRR a oo (),

—mETEw

o [

Bactin T U s G S ) (Do

E3 34HBIAFG3L2FIMCUZERELTE
Figure 3 Protein band figure of AFG3L2 and MCU

of the hippocampus in three groups
3 i #

3.1 HUERRHE S AD /DU ST ILICHh RERIDE L A B
S DU

N s T N D O B4 e o o/ o il el 1
Jo BEAEET 0 T, AR PRV T AR kD | x4
7N HLEF AT 3 R AD /N B 2 e A2 D e s AR 1T



I A5 BT AFG3L2 X BT R S B /N L2 > T AL RE T B 52 S A L)

Bl XRS5 LR IRFEA @ P EEHIS A
AD 5 WA A O, ATRE A B T AR 2R,
HLER 2 B EE SR PH 25 S SRS 70 A L 3 B A
it PI ] 2 o VA T A A O I X P R R e
P2 ml BRI 2 5 2 S iE A2 T Y, @ AB
S NAR I N AR, B B VER FERTIA R 48 y—
43 DA TR RIT B — 3 Db T K AR 1T R, 40 K 22850 AD B 35 i
AR A4 AE B A 3 A X S, L T I e
R R s o 2 5l R Mg ot T
e RN T E S U S CRT BE A A
I A2 HE AR R 1Y AH DG AT =5 18 %, 2 5 AR TH FR i
RS O B R, B2 2T R TR . X
5 YU S as R —3.
3.2 WUEHE S AD/DEE 2L IC T g ] e S b
RHOKET AR

WG LE R R, 5 X B AL He g, B R4 T T
Jei /N U 5 MTRasym (Aw ) B B340, ATP ¥R BE I
T, $2E 7R B AT e 2 2T e T E T R 5 1 D A A b
FRBEKE TR A, X AT RES AR &R A 5 ATP
VB SRy IR ik B AR A 2R AR 30 Ao 24 5 5 ik T 90 12 e
T R 1o B B o fb S Y A0 B S e i, Ry s A 4
SR 5T SRR AL AR B LR . WL 95% ATP
AR AN A Y (S RS R TR VAT P S
I DX, L R £ 7 R R A T A Y kA
T, —ORIRAGIAE A A A L, BB S =
R A B ATP, DL 2 1 5 A 2% ) e 44T 55
B BT R 2 LT E A A AT S a1
4 R 3B S AR A 56 08 0 VA T A R A
X XoF 7 7 W 100 5 B, R g R 2 0 R R S
ATP A B, B2 m 2o 22 i D BE AN BRI F 8. X 5
MINHAS 2500 55 25 5 4 B k35 0 2 4 28 M At mT
R T K s AR 8 5 1 T B O 5 AR R
3.3 HLUERSCE AD/DEUE ) IA L e nT ik S R
AFG3L2 B AR Eehi i A

ARWFFELE T AP, 50 R g, BT 4 T R
AFG31.2 F kKB i F+ 55, EMER FH: R . MCU
TR U 8 R ARG , 3k R FLEFICEE AD 22 2002 D
AE AT AE ST ARG3L2 M Ml SE LR AR Ao . o]
BESLITFIHZEA D AFG3L2 & — M m-AAA B
ity R LRI TR 11, S 55 P W e T P RN 8 A i
RIZRIA R . AFG3L2 DI REHC 235 | & #2870 2k
A AR B A S A M PE T2 LT B A AEE X
AT R S R AFG3L2 LR (R 5, 78 1 K F L

HEE, Uik & A2 W ATP A 2 K s
PE AR 2 LR P9 A R AT B 152 00 2 1A TR A
BB, O 2RI 1 S LB R Th T B S ATP 196 7%
RO, R O b 45 1 T 9B A R AR RE 1Y 2 2] 102 i R 4R
fitfe . @ AFG3L2 1 — A EZIIFEIEY /& EMER,
B IR MCU &4 4 r 267 08 15 I L2
AFG3L2 ] 38 1 [ fif A 412 () EMRE, 4k 4§ MCU &
HEYIRIER AR STRE . B E S MR
it T EMER F MCU 23k, 3 /b i 36 1 MCU &2
SN A R R TR N A S U WSk § IR LN
ATP A B HEAR 2 PRBE , DI 23 27 2] TE AL AH G 5
ik T 9 R OC B A B L P 4R 3o TR R I B K A
Wl

4 N 25

FLER 2 BIEE 7T $2 55 AD /N B2 20 R
A, LA VE FHBLHI AT 58 -5 48 = AR AR K O
PAT AFG3L2 BAHKCZRRLR TR (4 Ko (RABFFEA
FEAE— SR R Z A, IR SE 1 AR AFG3L2
5 EMRE [ B i A F LA K MCU &4 W 116 41 285 1R
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Effects and Mechanisms of Electroacupuncture Mediated by AFG3L2 on Learning
and Memory in Alzheimer Disease Mouse Models
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ABSTRACT Objective To observe the effects of electroacupuncture (EA) at the Baihui (GV20) and Shenting (GV24) acu-
points on learning and memory function in Alzheimer disease (AD) mouse models, and to explore the underlying mechanisms.
Methods A total of four male 5xfamilial Alzheimer disease (5xXFAD) and four female wild-type (WT) mice, all aged two months
were selected and cross-breeding. After approximately one month, their offspring were genotyped. A total of 20 3-month-old off-
spring identified as positive were randomly assigned using a random number table to control group and EA group, with 10 cases in
each group. Additionally, ten 3-month-old negative littermates were selected as the WT group. Following one week of adaptive fixa-
tion, the EA group was administered electroacupuncture at the Baihui(GV20) and Shenting(GV24) acupoints with a needle penetra-
tion depth of 2 mm, using a dense-sparse waveform at a frequency of 1/20 Hz for 30 minutes daily, five days a week for four weeks.
The WT and control group were captured and fixed under the same conditions without receiving any other treatment. Novel location
recognition test (total travel distance, discrimination index) was employed to evaluate learning and memory function; a 7.0 T small
animal magnetic resonance imaging system was used to performe chemical exchange saturation transfer (CEST) imaging scans to de-
tect glucose metabolism levels (asymmetric magnetisation transfer ratio [MTRasym(Aw)]) in the hippocampus of mice. Immunohisto-
chemistry was used to detect the amyloid-p (AB) positive area in the hippocampus of mice. Adenosine triphosphate (ATP) assay kit
was used to detect the concentration of ATP in the hippocampus of mice. Immunofluorescence was used to detect the positive area
of essential mitochondrial calcium uniporter regulator (EMER) in the hippocampus of mice. Western blot was used to detect the ex-
pression levels of mitochondrial calcium uniporter (MCU) and AFG3 like matrix AAA peptidase 2 (AFG3L2) proteins in the hippo-
campus of mice. Results (1) Novel location recognition test: on the 2nd and 3rd day after intervention, there was no statistically
significant difference in the total travel distance in all three groups (P>0.05). Compared with the WT group, discrimination index in
the control group decreased significantly on the 2nd and 3rd day after intervention (P<0.05). Compared with the control group, dis-
crimination index in the EA group increased significantly on the 2nd and 3rd day after intervention (P<0.05). (2) AP positive area:
compared with the WT group, the AP positive area in the hippocampal cornu ammonis 1 (CA1) and dentate gyrus (DG) regions in the
control group increased significantly after intervention (P<0.05). Compared with the control group, the AB-positive area in the hippo-
campal CA1 and DG regions in the EA group decreased significantly after intervention (P<0.05). (3) MTRasym (Aw): compared
with the WT group, hippocampal MTRasym(Aw) in the control group decreased significantly after intervention (£<0.05). Compared
with the control group, hippocampal MTRasym (Aw) in the EA group increased significantly after intervention (P<0.05). (4) ATP
concentration: compared with the WT group, ATP concentration in the hippocampus of the control group decreased significantly
after intervention (P<0.05); compared with the control group, ATP concentration in the hippocampus of the EA group increased sig-
nificantly after intervention (£<0.05). (5§) EMER positive area: compared with the WT group, EMER positive area in the control
group increased significantly after intervention (P<0.05); compared with the control group, EMER positive area in the EA group
decreased significantly after intervention (P<0.05). (6) MCU and AFG3L2 protein expression levels: compared with the WT group,
MCU protein expression level in the control group increased significantly after intervention (P<0.05) , while AFG3L2 protein ex-
pression decreased significantly after intervention (P<0.05). Compared with the control group, MCU protein expression level in the
EA group decreased significantly after intervention (P<0.05), while AFG3L2 protein expression increased significantly after inter-
vention (P<0.05). Conclusion EA at the Baihui (GV20) and Shenting (GV24) acupoints can improve learning and memory func-
tion in mouse models with AD. The specific mechanism may involve improving hippocampal glucose metabolism and regulating
AFG3L2 and related mitochondrial proteins.

KEY WORDS Alzheimer disease; learning and memory function; glucose metabolism; electroacupuncture; Baihui (GV20) acu-
points; Shenting (GV24) acupoints; AFG3L2
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