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Research progress on the effective components of traditional
Chinese medicine for improving AD-related cognitive impairment
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Abstract: Alzheimer's disease (AD) and other aging-related diseases have become an important public health
issue in China. However, current clinical drugs have failed to reverse the pathological process of AD. The holistic
approach of traditional Chinese medicine offers advantages in improving cognitive function in AD through
multiple molecular pathways, and may have potential for preventing AD. This paper summarizes the effects of
classical traditional Chinese medicine and its active components in the improvement of AD-related cognitive
dysfunction and describes the functional targets and related molecular mechanisms. This may have significance for
the prevention and treatment of AD through multi-target intervention.
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Table 1 Classic prescription of traditional Chinese medicine improves aging related cognitive impairment

Classic prescription
of traditional
Chinese medicine

Main component

Mechanism of traditional
Chinese medicine

Molecular mechanism Action target

Yangxue Peiben
Jiannao Recipe

Astragalus membranaceus,
Chinese Foxglove, Lycium
chinense Miller, etc. function
Modified

Dioscorea Pill

Dioscorea oppositifolia L.,
Fallopia multiflora Harald.,
Angelica sinensis, Chinese
Foxglove, Paeonia lactiflora
Pall., etc.

Yifei Wenyang Aconitum carmichaeli Debx,
Huazhuo Decoction Epimedium brevicornu
Maxim., ginseng, etc.

Radix Bupleuri, Scutellaria

Yang Qi

Xiao Chai Hu Hua

Remove blood stasis, promote
essence and Qi, and restore organ

Filling brain marrow, nourishing
blood and ventilation, tonifying
kidney and Qi, opening orifices and
benefiting intelligence

Enhance lung function and nourish  Activate PI3K/Akt-mTOR pathway

Tonifying the kidney and body

Alleviate the apoptosis of
hippocampal CA1 neurons and
decrease the level of GFAP protein
in AD rats"*®

Reduce neuroinflammation and
neuronal apoptosis in AD rats™"

GFAP protein and
A3 deposition

TNF-a, caspase-3
protein

PI3K/Akt-mTOR
in AD rats and enhance the ability of pathway
cells to eliminate A deposition™®

Protecte damaged neurons in AD p38MAPK/

Tang baicalensis georgi, ginseng, fluid, regulating Qi and nourishing ~ micel™ NF-xB pathway
etc. blood
Good Forgetting Dipsacales, Cistanche Tonifying kidney essence, filling Upregulate the protein levels of PKA/GSK3p/Tau
Recipe deserticola Ma, Polygala brain marrow, resolving phlegm PKA/GSK3p/Tau and PKA/CREB  and PKA/CREB
tenuifolia Willd., Wolfiporia ~ and removing blood stasis pathway in SAMP8 mice, thereby pathway
cocos, etc. reducing the level of p-Tau®®”
Erzhi Pill Ligustrum lucidum, Eclipta Benefit the kidney and protect the  Alleviate mitochondrial oxidative ACO2, PGK1,
prostrata (L.) L., etc. liver stress, reduce inflammatory damage Cyt-C, etc.
and prevent apoptosis in SAMP8
mice?!
Yizhi Jiannao Astragalus membranaceus, Replenish Qi and intelligence, Decrease Tau protein p-Tau protein and
Granule Coptis chinensis Franch., regulate Qi and blood, and calm the phosphorylation and NFT in the NFT
Panax quiquefolium L., etc. ~ mind brain of AD mice®®?

IS T7 R BT 207 ) A ic 801 e 2L W AR
R K IR S R A A R 2 5 3R], 1% 05 R e
ANEAS RIS AR AR LA BIVE TR R I H 1Y .
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PKA/CREB (cAMP-response element binding protein)
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i I % Sk FR B (mitochondrial aconitase, m-aconitase,
ACO?2). T 1 H I 2 ¥ i 1 (phosphoglycerate kinase 1,
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B LR & #2507 A, I8 — 2807 ), Wik B AR LI
i 7S5, AT RE A — 5 1A o R P
2.2 PHFRNINE S FRAERIE

TR 24 77 7R 2 1 2 B 2 A 4 — g LU T AR T K, v
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L PONE, REESCE NI RERIE H, a2kt A RRE VR
T AKt/NF-xB {5 5 18 #% « 22 e AE T U0 BRI 9 2R
11 (sirtuin 1, SIRTL) i& 1% ¥ 3 78 1 FRAK B- 20 WA I 1
(beta-secretase 1, BACEL) & [ f1 /K 55, fix 2 #R FE AR
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H 53 i 254G 20 AR LR BLTETR



TEARRSE: P25 R0K % AD FH ORI KT RE R e A B B 1 e fee

1929

Table 2 The effective components of traditional Chinese medicine for improving cognitive impairment related to AD

Structural formula

Molecular mechanism

. . Traditional Active
Main mechanism . . . .
Chinese medicine ingredient
Mitigation Ag Scutellaria Baicalein
deposition/reduction  baicalensis
of neuroinflammation  Georgi
Coptis chinensis  Berberine
Franch.
Ginseng Ginsenoside
Rgl
Bupleurum Ligustilide
chinense
Epimedium Icariin
brevicornu
Maxim.
Cistanche Cimicifugin
deserticola Ma  like
Ruta graveolens  Rutin

L.

j
H

r/"x
HO._~ -0 /“?c;/l
)08
HO
5
0oy

94
~0 S
/0

o]

Reduce the level of RAGE and Ap in the cortex
of AD mice; inhibit the activation of JAK2/
STAT1 signaling pathway in SAMP8 mice®

Increase the levels of LC3-11, beclin-1, HVps34
and cathepsin-D in the brain of 3x TgAD mice,
inhibit the expression of BACEL, the levels of
P62, Bcl-2, APP and Af in the brainf?)

Decrease the hyperphosphorylated Tau protein,
the activity of NF-«B signal and neuroinflammation
in the hippocampus of APP/PS1 mice!®

Reduce the content of GSK-3 protein and inhibit
the phosphorylation of Tau protein®®”
Significantly reduce the expression of CDK5 in
AB, -induced AD model and inhibit PPARy
phosphorylation at serine 273, increase the
expression of IDE, down regulate the expression
of BACE1 and APP, and reduce the level of
AﬁHZ[aO]

Inhibition A, .. induced down-regulation of
Bcl-2 expression, up-regulation of Bax expression,
activation of cleaved caspase-3 and caspase-8
and release of Cyt-C; reduce the deposition of
Ap plaque in the brain of APP/PS1 mice,
enhance the release of SAPPa and prevent the
production of A

Reduce the content of unusual increased p-Drpl
protein, increase the levels of Mfnl, Mfn2,
AMPK and ATP, then enhance mitochondrial
functionl®

Reduce the ratio of Bax/Bcl-2, the expression
level of BACE1 and the deposition of Ag?

Attenuate the activity of Akt/NF-«B signaling
pathway in mouse brain to reduce the toxicity of
Ap depositiont®”

Increase IDE level and decrease AfS level®;
inhibit the activation of glial cells in SAMP8
and APP/PS1 mice and reduce inflammatory
response’®®
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Continued
Traditional Active
Main mechanism . . . . Structural formula Molecular mechanism
Chinese medicine ingredient
Veratrum Resveratrol Increase the level of SIRT1 and CREB phosphory-

grandiflorum

Citrus limon (L.) Eriodictyol
Burm f.

Glycyrrhiza Glycyrrhizin
uralensis Fisch.

Salvia Salvianolic
miltiorrhiza acid B
Bunge

Lamiophlomis Forsythin B

rotata
Control the level of Dendrobium Dendrobium
GSK-3 protein and nobile Lindl. alkaoids
restrain the
hyperphosphorylation

of Tau protein

HO

HO.
(s

HO o}

OH

OH

lation in the hippocampus of AD rats to protect
neurons from the toxicity of A5®; reduce APP
protein cleavage, inhibit amyloid production
pathway, stimulate autophagy and decrease AS
aggregation®™®

Inhibit TLR4, MAPKs, PI3K/Akt signaling
pathway and activate SIRT1 pathway, block the
downstream translocation of NF-xB and reduce
lipopolysaccharide induced amyloid production®®”
Reverse the decrease of ACh and ChAT, reduce
the content of AChE and regulate the activity of
cholinergic system related enzymest*”

Reduce the expression of BACE1, PS1and CTF in
the brain of AD mice; regulate the transformation
of microglia M1/M2, decrease the production of
Ap reduce the expression of NLRP3 and accelerate
the clearance of A"

Activate ERp, reduce the expression of NLRP3,
caspase-1, IL-18, TNF-a, caspase-3, Bax and
Bcl-2, and alleviate neuroinflammation and
apoptosis in cells and APP/PS1 micel*?

Inhibit the serine 9 site phosphorylation of GSK-
34 and inhibit the activity and expression of
BACEL, thus reduce the level of SAPPS and the
formation of subtype AB,,, AB,,1*"

Increase the activity of SOD and GSH-Px,
reduce the content of MDA, enhance the expression
of Nrf2 and HO-1 protein, suppress the expression
of Keap-1 protein and decrease the level of
oxidative stress in APP/PS1 mice; inhibit the
production of ROS, mitochondrial lipid peroxidation
and promote the production of GSH, alleviate
the oxidative stress injury of neurons mediated
by Ag in the cellular level™!

Inhibit the overexpression of Drpl in neuronal
mitochondria, improve the abnormal mitochondrial
membrane potential of AD, promote the production
of ATP and enhance the activity of mitochondrial
oxidative phosphorylation related enzymes™®!
Inhibit the activation of NF-«B pathway, reduce
the level of Ag and neuroinflammationt®!

Restrain PERK signaling pathway, and then
inhibit the activation of calpain 1, GSK-34 and
CDKS5, finally reduce the hyperphosphorylation
of Tau protein®”
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Continued
Main mechanism _Tradltlona.l . . Actlv_e Structural formula Molecular mechanism
Chinese medicine ingredient
Inhibition of oxidative Astragalus Isoastilbin Activate Nrf2, SOD1 and other kinases, so as to
stress membranaceus eliminate the accumulated ROS and reduce the
level of oxidative stress*®!
Sophora Matrine s Significantly reduce the content of MDA, increase
flavescens N the activity of SOD and reduce the level of
(P oxidative stress in the brain of AD mice!*!
NT
Gastrodia elata  Gastrodin OH By inhibiting PKR/elF2a pathway, reduce oxidative

Bl 0 OH
O ok

NH, Increase the levels of serotonin, 4-aminobutyric

OH
Regulation of Diaphasiastrum  Huperzin A
acetylcholine veitchii X
Enhance Angelica sinensis Ferulic acid

mitochondrial function

Regulating microbial ~ Rhodiola Salidroside

gut brain axis

stress and the level of BACE1P”!
Regulate AChE or ChAT activity to exert cholinergic
effect and enhance synaptic excitability®™"

| = acid and acetylcholine®®

Reduce the expression of Drpl in the brain of
AD mice, increase the expression of p-Drpl,,,
promote the transformation of Drpl to p-Drplg,,,
increase the expression of Mfn2 protein in cerebral
cortex™

Restore the integrity of intestinal barrier, reduce the
accumulation of surrounding microbial products,
improve chronic inflammation, normalize the
changes of intestinal microbiota, regulate the
inflammatory response of central nervous system
and peripheral circulation®"

WERERE T HS P —F &Y, K L2
W FHSRIEIT /N )L B VIR I T K e 1 R U R AN %
LR, A RKENFERY], 35 R A L AD FIBE
PRIFPEN SN RS 55 2 FhA JIERg o Li ZECF 50 R IR, 3%
X525 0] LLA ] SAMP8 /N BB )2 A 98 i PR (14 233k, 417
I i 2 R A 2 (Janus Kinase 2, JAK?2) 15 555 5 7 Flik
SBET 1 (signal transducer and active of transcription 1,
STATL) {5 5 1 B RO, 1235 PRGN B J2 AB AT
Y bE B A0 27 W)k S 1% 2 4K (receptor for advanced
glycation end products, RAGE) f{]7KF-.

TOE R A /NEET, & — FhoR U5 T 3% M3 0 45
YW EDWERYI R . BRI, HEREZER
1 3x Tg AD /)N BRI 2% 8] 2= ] A AZ AR FFRE 77, 12 32E 4
JH A, T DA e R v i P 4 L 1 R A A G B
1 # % 3-11 (microtubule-associated proteins light chain
3-11, LC3-11) . BECN1. 4 4% [ Ef-D 1K ¥, FEARERE
Pk WL B 1 (sequestosome 1, P62) . B itk 41 i 53 -2
(B-cell lymphoma-2, Bcl-2). A Fil APP ] /K ~F-, 3 1M
/b AD /NI T ABBERUTAR, #it BACEL RIA%. H.
Ty TR I, B E AT 2 APP/PSL /N BRI 2% )

L1288 71, BRI APP/PSL /s BRI 5y vp it i 5 R AL 1)
Tau £ [, FFE NF-xB {5 5 [iE 1R,

ANZBH Ryl & HAZ IS R 1 — MY =
i AT AW, TETB AD J7 T A BT RE 1 8L BT
o WEREREW, AL, FFMAD A, A3
T RgL AR 2 R A ) R B OB B 5 (cyclin-
dependent kinase 5, CDKS5) [, #2221k 273 &b )ik
A AR B A0S 24K y (peroxisome proliferators-
activated receptors y, PPARy) B2 1k, 472 i i & 2 4 fift
(insulin degrading enzyme, IDE) 1) £ i5, F M
BACEL Ml APP [} 315, [EMIK AB,,, 17K, B4z P 242 T
PR,

FaAR VTG AL AR G0 b 25 800 L 24 A S5 4 R i 1
TEPERY . AR FUARIE, BEAS N ] Bel-2 1) 2
15 N . Bel-2 Bk & 1 X (Bcl-2 associated X protein,
Bax) 314 i . 17)# B caspase-3 Al caspase-8 B4 I%
HICyt-C BRI, $0H] AB,g 1R NFPZ BEAA SR SH-SY5Y
A R R, T Rk AR 1R R A O T kAR
ABFFERY, SR TR A, BE A A 6 Bk 35 i APP/
PS1 /N BRI #RE AT 9 Be, B AIG /DN BRI P 58 4R 1) T ¥
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PERUAS T VE ABL, KF, D80 ABBEHL TR, 1235 4
SAPPa [FIRE T, P IE AB IR A A, 20 i S 56 A s 4 52
U0 JL[R)UE B T B A Y g Tl JR AR ABUTRR M B IA
FIxF AD VAT H o

PR R P AR AL E I ARy, COIE S
HAANEL P U2 PR S ThRE . Li SR I
FRETHRYT JG I SAMPS /N R 2% (] 5= 2] AE 7 AR R R
J1E IR, ¥ D N BACEL IR ik & AB B 7KF DL K
Bax/Bcl-2 (1] L 5l A7 & & [ BR A, $2oR i & 17X AD
1) B 3 ] RE O I 2 BE I Bax/Bel-2 [ L B, BE AR
BACEL [5RA &, 4% ABITTAR SE BN o

Femt R R IR T2 S BHE D K E S, BB
PEo7 TR AR . EA PR H APP/PS
/N BROKE 2 T RR A B4R AL EAT IR R, il Se e K
LA TT 4L/ RO T R J2 P NF-B 35 5 12 25 PRI, Akt
IRV FERAR, R AL R B I o 30 WA 2ok JRR o T i
AD /)N ) AKUNF-xB 15 5 18 2%, 800 A I3 72, PR
PREE, FEiE— B HEM, 1% 2590 7T GE 2 I8 i P /D B Y
AKUNF-xB {5 5 il B 75 1 L AB DURR I 8558,
RAEXT AD INENThREBERS I i F

FT XA EFT, RET EFFHEY M G RHE Y
&, R— M TIZAPE T S B R R . AT
T, T T A = R T 3R Y SAMPS /N R P v S [X
[ AB,, & & B>, 15 AR B 7 AT BE 2 2 i
IDENS. FEZ BRI &R R eSS T T
A ARG A2 2R ST 240 . R /0N T I 44 PR A, PR A ph 2
ROE, 8T X T 576 AD A fig B #H L,
Pan 5P % 3L 45 T APPIPSL /N R T F T 5, AEfE
/N BRI Y AB KT B AR A 28 15 53 441 B 11 3 Ak K
BrE N B Rt vl

H PR — PR IR T B 2 P RS R 2
Mtk &9, BAA 2 MAYEYE. BFRERMW, A3 R AT
A WL Ay 5 175 F 1 2 e 140403, @ 1 982> APP
a1, 0] AB A BRIE R E W S I R > ABTREERT,
SIRT1 A LLiE i i 5 CREB B 3234 S 715 2% 21 Fflid 42
e 77, M1 AD &35 [ K+ SIRT1 A1 CREB & 17K
SRR 2 B A, HLX o B B8 2 K R 5 R AB DT
R PIAC. EFIH AR S 1 AD R KRR Y, Wang
PR L A A ] B AR A2 30 5 A AR S 2 )
Thee xR, Ik E KR DS 1) SIRTL /K F1 CREB
WAL, $E7m 227 BE AT e 8 i 0 SIRTL & 1%, R
PIE TG 2 AR .

2R By A — B 3 AR AR T AT R B R SR T 5 Ak
GV, BA RIFMHR PUEM DU S AYE .
TR I 2 A 2 35 TR el R 22 BE S S 1 12 B

5, I H REf% @ ik #01 Toll #5214 4 (Toll-like receptors
4, TLR4).MAPK. PI3K/AKkt {5 5 i % PL M 3% SIRTL
AL, FHIET NF-xB R Ui Ar, AT FRAG TG 22 75 5 1
ABUTAR . Rk, He EPN)CH Xy il il 2 %5 5
TR AB TR, BGEICIZ D RebEnG .

H R 2 N H B g IO — M G, B
AT B R AE R RTT . Du 2099 5 R 01, H s R @ it
YT /N A MLIM2 [ Ak, kb AB = AR, B
& NLR Z % PYRIN 12 5 4 3 (recombinant NLR family,
pyrin domain containing protein 3, NLRP3) f] %X, i
HABRIFERR, TR N FI DI REFERG . BRI, L&
T AD BE WA RS T 50, Bt BE k6
Rt SOy e . R A ISR 5L IR AT A g A
MEE KT SR AN OP LR R . ASEEG =R TN
PN R0 A4 e ik X 3244 B (estrogen receptor B, ERp) (1] B&
KA e S 5 AD R AP L e 1285 50 & 8L, H
R W 0% ERB, i/ NLRP3.caspase-1.1L-18. TNF-«
J% caspase-3.Bax.Bcl-2 [f1 ik, J#4% N2A-APP i jg 1)
RAE, I8/ APPIPSL /)N B AH 22 20 i (3 T, 38 W] a4
1l B~ WA it 1 - 0 T SR ik /> <2 A B (1) B B, $ /)
L2 2 D e R B AR R Be /7 . LA, Bk 2

P B IR T 12, H i &k B A B A 3Rk
FERE A0 AR 37 i B L 453475 55 245 2% Tang S 52 K
L, FHEYER B R 8 0] GSK-34 1 22 2R 9 47 ri i R
s BACEL )35 11 J H 3Rk, T FEAIK SAPPB 7K
WD AR AB, TR A B, He 59T H AB 155 3 5
FREBE 77 B /N AR T 7 57 AD B PR A 41 B A5 2, I 4
YT R B 3 Ik 0 ) 35 4 4 (reactive oxygen species,
ROS) 11942 5~ 2 r A 1) Jig Jo2 i 4804k A B i gk 2 e H IR
AR, R AR T ARSI 4R T IR A SR kb
THETTRARKI AR O, #E R ERT LR .

HNETT B & —FOR ORETF R AE D, RIE T 1%
Gurp 2 —uk, J& TAE SRR R 21, RA IR BT
R AT S 2 BE M . WE LR B, ERAR T B vl iE
T BRI APP/PSL /) R N NF-xB {5 538 i 4 5% B2 1 11
TRER AL KT, $0 1] NF-rB 38 5 1 035 ; 38 1T LA R/ B
il P9 INK A 26 28 11 3 (JIP3) & &, 41 & c-Jun 2 36 K Ui
P4 (c-Jun N-terminal kinase, INK) [ 7K °F, & & Ap
MIUTAR, BRI, Kong S5OV HE I 3% 580 AR 17 B 32 22 2 i ik
T I PR 22 580 S5 AH DG 5 I R, 98> AB TR, AL
1M 2535 AD AT D REFRE RS .

222 RRIEGSK-3EZEHBEEEK TauZ AT E #HEL
Wk 1EA—FEAZFAEER R85 T
T, FOEREIRIR A BN IZ R, R AR



WA RRAE: 25 ROSan AD AR SR IRA Bl E ) S4B SO A STt e - 1933 -

FI OB A By 4Tl ORI 7T . 2 AL SR T B A BE
I AD /I UG P AB ITASURT 8 1 IR 7 1R 7K SF 54 T 4,
] i S PE R T AD B OR BRR I, 8 R T E R
T 5 R BN KT RE ) 8 25 32w, ik A GSK-3.p-Tau
B R 3 PRI, HED B 2 R T DU i F IR GSK-
3H M, W Tau BERR AL, 42 =i AD AR ZhRE -
Uk, B A RAT B3 K B A ORI AD [ % 4

AR IEEA SR M, BRERmZH
Wi, I BN & AR T, b A e
PR | o A R B S AN A P RS T T A B
9T 2 Liu S50 R B, A A AN BE 32 =5 AD A%
AU/ BRI PN AR 28 0 I B, I R VRS 22 0 N T IR I
Jib K, e 38 e S 58 R B AR S 0 BR A N ) R A
O AE P AL AT B 2 4 ) 1 2 B IO R R A 5T R B
(PKR-like endoplasmic reticulum kinase, PERK) {5 5 i
6, T 4 41 45 2K 1 ¥ 1. GSK-38.CDK5 136 1k, 2%
FAAIS Tau 2 A )i BEBE IR AL, o
223 MBIREWRIBKTE MM LR A DR
HUAS 31— P — S0 3 W B AL S ) e v R i, 1
A PR AR R S G AR . Yu sy
MEH, S 3B EH AN T AB,L, M p-Tau £E /) i
Ko A iy S AR R T LI 38 I B A% R E-2-AH Ok
[A]+-2 (nuclear factor erythroid-2-relatated factor 2, Nrf2)
HEECR A IS R, Nrf2 s 5, T T
SOD1. it % 1k A i (catalase, CAT). Ifil 21 2 & & i -1
(heme oxygenase-1, HO-1) il Ifil 21 & %A & K -2 (heme
oxygenase-2, HO-2) — & 51| g, M1 78 Bk AL 2 1
ROS. [H A% L4 7 F1 ROS 76 41 i vh A 2 2 it ik AB
(i Je £ A O, 3R B SV T 10 AT B A 08 B0 Nirf2,
FEAR S AL REIEK ST, 25038 AD /I BRI R0 D RE R A

S — M E SR SRR B A, AR
PR B A DL R BT R U BEEEH . B AR,
S AT 18 I FEAR A BRI A AB TTAR B il 48 98 i 2
S DA B A T, A R I AR P R AL B IO R
KAEAE . 2 AD /) RN 77 Z 08 225, I N MDA
J A RLEOK T S 2 FE AR, SOD & PE T+ &, /N B 2%
ez ThRE B E .

FHIY R B =& H S TERHE Y P 2 B SR 223 A5
I —F G . RNEAR EIBE AR DZ R AN BE
PR ABTTAR I EE FAE L, T HL B8 BRI/ BRI S8 A B
JKTo APPIPS1/IN R4 FHIRIR BIR YT )i, it S X AP 4
JLE T 920, SOD A4 e H kil A A ¥ s (glutathione
peroxidase, GSH-Px) 7 ¥ B i 32 5, MDA % & T [%,
PR R ST R E S . R, /N BU A Nrf2 2 HO-1

A RIEH T, Kelch £ ECH B 5 4 1 (Kelch like
ECH associated protein 1, Keap 1) %Ak, Kk, 7]
HE W PH 9 B2 B 38 i gk 42 A A B O B0E Nrf2/HO-1 45
FIE S R IR T AD FIFEH

KR ZR 22 R ) R R4 A3 21, B AT C a8
THBIT AT SN . Zhang P 7T & B, KR
F e Tg2576 /) BRI 2% ) id A2 B8 1, BRAK/N B 5
S8 BB KT, $H BACEL [ 3Rk, iE BE 1. 2 PR
H,0, 75311 SH-SY5Y 4l il 2 {1 2 1 R (protein
kinase R, PKR) A B #% & ¥¢ ii2 45 X 7 2a (eukaryotic
initiation factor 2a, elF2a) [F/KF. B KRR 0] (e 218
1 01 PKR/eIF2a i i, 98 4 A0 SN 38, B IK BACEL
7K, AT 7 AD /N BRI 22 2112 fg
224 ZERBERHNFEIF A ASHH R T AR A IR E A
YA RS TR R I — M A T B 78 AD 254, & —Fh R
SR 1 A% B 0 T E BRI 7§ (acetylcholinesterase,
AChE) #1175, % 4011 AChE Fl g 3% ic AZ B hg (32 A
M A EEEH. BHRRY, AR EEIT AT
DL 2 S8 21 1) 5-F2 (0 i\ 4- %36 T R S ACh /KF, 3
I AD S 06 A B, AR AN R RRE I [F B 4
HANRIRE /1P,

JEB B8 22 4t V) e BB 72 27 R 5t (1) AD [ AT B

iR Z —. ACh&FHXIHTREE 2 RS S 5t 0B R
) A 5 AR 0 8 O, A K B 1C 17 T A A R, 1
ACh & sk > ACh 1) 43 il 5 22 5 27 ) i AZ D g
Gu S5IORI 5T B, S B T E: ACh [z ChAT & (1)
FEAR, [RII B AIC AChE Y 2 &, 715 JE Bl B8 28 4 HH OX il
s . 5B IRAL, RIBKE ) g i 5 AChE
B ChAT ¥ 14 DL 45 IEBR B 2000, 3 5 4 28 S fish X v
T 43 2 21 e AZ DT e P s Y.
225 ELRKRINEE LAk, Rk Re AR
YLSZ B2 RE, A N E FEAD N EE R Z —.
DRt 15 25 2 38 0T B RO AL AT TR AR, JF K
IR 25 By P R 2 AR T 2k 3 A R
1 (dynamin-related protein 1, Drp1), LA 3 £k ki 44 1y g
PRt 2 A RN RE 7T .

1E B o WL S A EE 256 TR B — M O
— B BEIR, 12 A A Y R LI ) 24 B 1 A EE A, T
RZNHTEA W THMEmELT M. Dpl 2254
RLR 7y 2410 A B 12—, p-Drplyg,, FL A (2 3k 2k Rt
Rl A L 2 R T p-Drpd £ E Y B R
2 SR RIAR I RE 2 . Wang 2535206 26 0 [ 21 R
A A% AD /N B N Drpl (3R 18, $2 15 p-Drpleg,
KA, {23k Drpl [ p-Drply,,, 747, i B8 2 i K K2 )2
rh 25 i 44 Bt & 25 1 2 (mitochondrial fusion protein 2,
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Mfn2) & [ 205, W] RT B8R T DL R 2ok K 3 7)

R, R E R - A AR A, 3R SGE AD /N RN
I REFRAG o

SRR B, BEA A R AR gD AB PR, IE e
W4 HT22 40 il vh Drpl 55 p-Drpl & H & & K 8 &1
17, FEEAR Y H, 0, 55 1 JRR IR 175 3 1) 400 7 5 485 0 £ p-Drpl
o, P E R AL A 2 E 1 (mitochondrial fusion
protein 1, Mfn1) F1 Mfn2 & 7K F, [, 4 e iR 1 R
1516 & A BEE (AMP-activated protein kinase, AMPK)
AR EF = W5 R (adenosine triphosphate, ATP) ) 7K *F,
Wi B BE A A R AR SRS AB TS T AR T AL, B8 22 A/
R v A 8 0 A . 2 b AR Rk B R R R G
LRRLAR T RE, WD RORE, BET L IZ R b,
He S ST TE BH, FHY IR B AR w] 410 1 0 48 70 42 b Ak
Drpl fyid ik A ad BERR AL, 35 AD /) B 57 B 4ok
B LA, R ATP (1A BT H 1 5 2 b A S5 AL 6 IR
AR R B 1
226 FTREVMGM SRR EREYA RN
U, A UK P E 3 AR T R SR .
25 R I AR AD B A o R A T RN T AB
K, AT R 38 253 AD A i R 1 1 1 FHE . 55
FARM, L1 AT 5 i B B 1) S A, b
JA B AE P P IR R, AR 2 K, T A i T i A=
WIHE I U3 TR AL, B 205 R ] Rl i
J¥ Wk Bt 0 2R D A, TS RO R 2R G RN A A A 1 R
JiE S B, 33T 9% SAMPS /N B 1 e AZ B g
23 BT AIRERIE AD HXREERNBH
&

AD (1R T R B A%, A7 78 22 Mo B R A AR
AR R 323 AD HIBF T, (H K& ABEETH]
VBT ARG PR SR W, R 6T AD H B 6 A T Re Ak T
. BT CHGEmh R iae s 7, KERA
Z HEYN, "l 2 Sk A e AD AH G IR B4

1 Chiu S5PS2 06 3 0, 35 11 25 S5 R 4 b 3R A 2
1) 55 951 72 JC A AT RE IR PR IR MDA ZK P, o3 Ak
NEEOK T, $2 15 AD /N ERIR 22 ST REAZ B8 7T Hk T
TELH T HE Y 3 kb AD /N BRI A AB,, DTERRIBE T 4 il
1 #5&, (7] IS B IS AD B AL /)N BB R 4K Tau 25 1 K
ST, /N R ORIk 28 e iR AR i 2 it T R A
EHURAT O AD B L ARG YT R, I REAE AD
B ¥ B AT S I R S A B . 2R 2 R A2 R
Z R A MUK AT AD B A 2 % A i i
WPy R B 7 AB 5 T I [F]IN, 3 B8 203 2 W RO R
PR i Lk Ty e B RS 304 3R AN BE £k AD
AL A TR AB R FEAE T, 38 B B AR HL AR 22 28 0 7K~ Al

Tau 25 [ 1) 5 B AL -

2019 4F & [F 17 1 AD VR 97 259 GV-971F4 & —
Tl VA VP SR IR ) S SREBE 245 ), T R I 9 i A R
SPAhT, PR AV 1 A A P R R 2R T R R R
KR M7, PRARAME 54 2 b iX 28 0E, Wb o 9 AB
DURRRI Tau i FE B BR 4K, I #E 2508 W\ 50 T RE e 15 1) A
F o GV-971 IR A UE T 2§ 58T B 22 500 (1 ]
itk

ZE bR, Rl — o FEuh 4o E 4y, mig 2
BT, R s B A AR 3L L 2Rk A 5455
i 28 G LR 3 S5 A T, T RE R 50 A N RS 1) A K
HME o
3 REEERE

Ef X AD 55 B RS P, R IR ANIRZR K AL
FIERE b, o DS R E 2 G, T 2 R KRy
T3 A DA S B AR BN 24 4 R B I e SR A, SR &
AR SO R, 3 DR R &R 2 s K HAA
A TE o35 DA R Th 66 5 T (Y9 VB A ML, 3 6F AD I B ¥R
HAEER L.

fEETTak: WA RIS T A0 AR A A T B
Feah7e; e 7 ASOF Rl T S E B SE L.
FIEERSE: JrA & 1 WAL 2 R
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