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Therapeutic potential of targeting SIRT1 for the treatment of Alzheimer’s disease
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Abstract: Silent information regulator 1 (SIRT1) is one of the seven mammalian proteins of the sirtuin family of NAD -dependent
deacetylases. SIRT1 plays a pivotal role in neuroprotection and ongoing research has uncovered a mechanism by which SIRT1 may exert
a neuroprotective effect on Alzheimer’s disease (AD). Growing evidence demonstrates that SIRT1 regulates many pathological processes
including amyloid-f precursor protein (APP) processing, neuroinflammation, neurodegeneration, and mitochondrial dysfunction.
SIRT1 has recently received enormous attention, and pharmacological or transgenic approaches to activate the sirtuin pathway have
shown promising results in the experimental models of AD. In the present review, we delineate the role of SIRT1 in AD from a disease-
centered perspective and provides an up-to-date overview of the SIRT1 modulators and their potential as effective therapeutics in AD.
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ULERAE BT A7 1 (silent information regulator
1, SIRT1) M FLEh4 NAD" Mtk 2 2 Wi AL B I 2k
15 R 7 8 7 (sirtuin) % ) LA A L2 —
Ak, SIRTL 52 3| 7R ml oyt . HATHET AN
SIRT1 BA &R ER, T AD ¥ 2 A 9 3
IR, AFEIEM RS A ATA S (amyloid-B precursor
protein, APP) BYJ], #1228 5. # 4 IRAT VAR FI 4L
Rk ThRERERG S5 B, EARLER T, FATE MR T
SIRT1 7£ AD A LER /R T, 45T R i) i i if
GBI A0S SIRT {E AD 87 HH I HLAI Ak e,
B JaMER T SIRT 75 71 1 & e i 5t S HAE AD ¥
SN

1 SIRT1ZEAD.RZFERHIER

SIRT1 J& T sirtuin ZXR L7, ThEeZ ke, AAH
5 CBALERENE, W5 ZME @A E A A B
VERT, RIS R 7. SIRT1 BB XL,
FEA T i AR T R PR, R Zebi i e
AR EZW AT 7. JE A RBEST 2R SIRTL ££ AD
R AR T BT SR, STRT 76 i
KM J2 T Ty CAT T CA3 [X 5 1 2 34 PR
TE R AD J835 B AT A B 57 o SIRT 1 V&M T
W, 28 SIRT1 nJ fig AL A 0] AD 1 ZhagfE A s
SIRT1 "] gl id LA~ AR AL 1R 35 AD f) o 227
AR,

1.1 SIRT1HIFIEMHEE RS Bi& % (amyloidogenic
pathway)

AB JZH APP 2R [F] (1) 4 WA BEAR 4k ) A= il 1>,
APP (BT 77 s WA, LR e i a1 AR AR
&F8 APP S B- /0 (B-secretase) VI EIAE 14k
SIS AT I F BE APPsP (soluble BAPP) F1HT 99 4~
IR IR IEZH A B N B CTFB (C terminus fragment B,
C99), FHH y- 7 WhEE )] CTFP 7 AL B AE M N 1K
29 50 NEIERR I EE (1) AICD Jr BCRIRS S g 41 )
ANEHC B AB IRB . Hodr, B- Ve PR ERTIA R
H UJEIg -1 (B-site amyloid precursor protein cleaving
enzyme 1, BACE-1) Rl B- 73 WA & AP 2 i 20 B vh
) PR i o

Wt 75 & LM # NF-xB 7]~ # BACE1 131X,
> AB A A . BACEL Ja 8+ X 3 A7 7 it Ak
WS FE AR 0TS 524K v (peroxisome proliferator-activated

receptor v, PPARY) 2 W i1 (PPRE), T1fij SIRT1 i it
PPARYy 4 ##7% A -7 1o (PPARY coactivator 1a, PGC-
la)-PPARy 31k & 4 5 PPRE HEM E/EH, M™%
PGC1-a 1 PPARy % 4K, Jik/> BACEL ¥5%, M
g AR A e SR ST A, B (trans-
cinnamaldehyde, TCA) 577 1] 23 5xFAD /MR HTIA
RN IR A AR HIUTR. AR, 7E TCA
A E [y SXFAD /N, BACEL [7KF R, 1=
Tt A% P 5 #4100 BACEL 175 K7, B SIRT1. i %4
1k4) PGClo £1 PPARy f#) mRNA F14& (A i 7K F- 4 7+
=, XK TCA it i SIRT1-PGClo-PPARy &
12 BEAK BACEL /K-F, JaliZb AP Az BOFHAE Il A TR,
TS AD i . B SIRT1 BEHS A APP/
PS1 #H P AD /NI A o APP ()55, K9] SIRTI
BES R HE a- 2> WAEE (a-secretase) FOOTE P4, AT 2>
APP % B- Sy ulb s 7= 48 AR . T/ H,O, Ab#H
R BRUE AR R 1 B2 R A4 e, SIRT1 T4 G
BACEI1 J}&, i SIRT1 #0G 71 227 (resveratrol)
e imid M SIRT1 #0141 BACEL 1 B, % 81
7% SIRT1 RE %% 41 ] BACEL (¥ Thfig, ki #0%) AB
AR M, g BT, SIRT1 B MHIVEMmEEE AL
BE R B T RE. SR SIRTL A& 75 i #5 y- 43 Wik g
(y-secretase) ELZRZM AR H BT M ATEE, EBEA
e,
1.2 SIRTHEBIEEMHEERERIER

JEVE A B A R AR 2 48 o- 7 BB FE APP
(1 AR JIk B A U0 % AR BCRT V1 B9 A v B APPsa
(soluble o APP) Fl Ff 83 /N Ak [ 7k 2 41 A 1Y) it 1A Bt
CTFa (C terminus fragment o, C83), [ y- 4K
I #) CTFa A= B p3 7 Bt Fl APP Jifd 14 &5 #4 38 AICD
(amyloid precursor protein intracellular cytoplasmic/
C-terminal domain) Fy B, SIRT1 @it £ N kR 5
APP [ IEvE R R 8 A AR 72 1. 3R ADP A% 3K
&1 [poly(ADP-ribose)polymerases, PARPs] Fll SIRT1
A% il % T 0 % LA NAD fE N4, PARPs i 5
SIRTI ) £ 7% Al APP 1) &1 B "™, 4 46 B B80S
PARP1. if 5 4 KL 4K ) ¢ F5 65 51 S 40 g 4 T2,
PARP1 {1335 2 #E/RX NAD" MIfi{# SIRT1 27,
I, /Ny EE SIRTT 25 28k, 41%] PARPI
Bad KT DLt o5 SIRTL 3, )25 AB A2 B
APP QA Bl 5 55 U FESh W B AL T2 b, )
PARPI #] i /> ik #1175 . Rho 3 ROCK1 J& —fli 22
IR/ JF ARG, 7T o- 73 WG S 3h (1) APP
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P)#l. SIRT1 #i] ROCK1 fFRIA, i o- 7
WEEXT APP [ IEIVER . SIRTI J#id £ 2 Mk fk 4 H
% 52 4K B (retinoic acid receptor B, RARB) [ i a- 73
Wil ADAMI0, MM LR ARER AR AR AT, Tk
b AB A g 20210
1.3 SIRT]{E]‘EABB&ﬁ

SIRT 1 3 ok 34 v i A i A 25 AL 35 il
FEOCHE (B 4H M Py AB FEAR 2. k4h, SIRTI i
FISNEE AP B AN IR 5 2 P4 (insulin-degrading
enzyme, IDE) {) %145, /> AR, 3 B SIRT1
BAPEm Ao ge P, [N, SIRT1 #aE i E
W 5 £ PC12 Al N2a-Swe 28 ffl 1 AP, 75 5 14 i Al
AB S 1t & 1 Mk 58 PP B R B OR,
SIRT1 RS AB ., SR L E AL B0 SR
SIRT1 J& 15 1 4% H. & AP P& filt i, 40 b 4 Py Ik g
(neprilysin, NEP), £F4EHE %8 (plasmin, PL) F1A4
% 2 % AL ¥ (endothelin-converting enzyme, ECM) i3t
MAes AP PR H AT HANTE 2, [ERIRAT.
1.4 SIRT1#J&ltau

HEBALH T AD P24 R E F
2 & - f A 1K R 4t (ubiquitin-proteasome system,
UPS) & — Mk B 8 F/K gl il R 48, 11 57 B
FEBE R NEOR, O Ap s R
tau. X EEYZ R GG RMAE AT B E UK 2 /TR
W2z w4y B BATIE]. AD /) R KR AT
TR H B 208 % 0o A7 AN R AR B KT B
# NP, BE%E SIRT1 R MH N, AD RAMLZ T
t UPS D) RERRRG 43 DL, 72/ B AD A5 3 Hker
258 4R B 1 5 S AL A2 68 77 LA S BRI 1) CTER.
AB. MR AL tau F1 2 Bk AL tau 2 (4 KF P, SIRTI
[F) S 1 4% tau 2 FKF. 7E SIRTI GR[E AL AD 83
0 K M 7 5 PR I B )2 B tau AR UYL A R
SIRT1 ) b F# K T AD fisi th 2 1 4k -K 174 tau ff)
K, FFIELE T UK tau 8 016 3% 7. SIRTI
PO 3 ) SIRT B 7 1) p300 AT GSK-3B ) i % »
SHZEALMBEIR L tau KT FRAE P, FEMiBE S R
HEPUR BB r, SIRT1 BEE R i S #h & o0 52
o FE R b tau 1505 A DA R PP GSK-3B.
M 2 IR / 22 2 R / 75 2 R (Tyr/Ser/Thr) . 40 /iy
JEHAER AR E BT 5 (cyclin-dependent kinase 5, CDKS5)
S5 I 1 1 R AR 2 tau BEPR AL, R I REIRER (0
PP1, PP2A, PP2B Al PP5) AJ LAfif tau &5 1 LR IL,
Horb PP2A £ T H) tau & A XL BEERILEE ™. H AT
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WF9E % B, SIRT1 i #% GSK-3B #E 1M 5 Wi tau &5 A
BERRAL AN, SIRTI 2 &R iH#E HAh 2 5 tau tH H I
BERRAL OGS, HATHASR, ERIRAIRTT
1.5 SIRTIiEEEFREF

SIRT1 Hy L 9K 2 Al 28 IR K 1 1 R R
i, BLFE B A AR 425 7R Bl (brain-derived neuro-
trophic factor, BDNF). [ o7 4H Jf 5 14 # 252 7 7%
¥ (glial cell line-derived neurotrophic factor, GDNF)
AL M BZ 4B KR F A (vascular endothelial growth
factor A, VEGFA), #E1fifE AD W HA MR 1EH .
BDNF il 5 AD 5 H 28 o i) Th RERRAG . 11
() SIRT1 j& i #1#1 miR-13478 - BDNF (1] &%,
BETT S AZ R 2 e T 280 B [, SIRTI ff
PGC-la % ZBEL LAY 3 VEGFA {14 P, SIRTI
W s E SR T RRE, IR AE AD K
o i 33 8 5% R A K N s R T B,
SIRT1 3% AD #)53 — > W] RE iR 42 2 i 4 5 % 5%
K7 FOXOs. SIRTI-FOXO &5 Lifif) ADAMI0
RIEMEETIRE AP iF S EH P, SIRTI
A FOXO3a i FEBEIR AL AN 2K 3% . FOXO03a 7K1
BEAR DR B % ROCK 1 (¥4 ki), AT {2 E AB 1) B A )
4k, SIRT1 A G FOXO3a £ ik A6 5 41 i fik 4t
AR, TR T B R A A A I 2
(superoxide dismutase 2, SOD2) Jif 11 Al B A% 1% T 4
(reactive oxygen species, ROS) 7K T3R5I . T
TR, &EIK (hydrogen rich water, HRW) H. A5 $i
AD MZLRIPE, el SIRT-1 /- S HE 2
i AMPK, #ETTfil & FOXO3a 55 H471 A0 J B
Fik, MM A i T b & d B .

2 EBEHESIRTATT ADEY AT gE#L &

WG B SIRT1 Al i@ 2 A 42 K IEXT AD 1)
b E F . R 25 B 22 3R 452 BOE SIRT RN IE T
AD IV AERE A
2.1 HEEESIRTIHNGIA Az A

SIRT1 {8 NF-kB [ p65 WV 3 &= Z Bk, 3 1%
ik NF-xB 1+ § ) BACE1 J3 5 TG # %, S
SH-SYS5Y £ REAIMLRI AN AR 43I FI4HHL Y AP,
FAB i KT FEAK B 3% SIRT1 #14] BACEL 1)
WETE, FFFEM% sAPPP A CTFB /KF. & SIRT1 |
i ADAMI10 HI sAPPo, & HE SIRT1 RA (2 o-
Sy ILEE IS PE, IR APP 4 B- 43I IR 15
A= A PN, Ak, SIRTI F ki ROCK ik



102 AT AR Acta Physiologica Sinica, February 25, 2023, 75(1): 99-107

ROCK1 & —Fh 2 %18 / T BRI, nT i o- 7
WEEA T 1) APP P)E|, S FE AR & AR IRE
T Bk 32 BH B, T SIRTL 3% 77 (1 22 7% I v] i
SIRT1, #kifiif i SIRT1-ROCK1 [ 1k 4 ff 58 1= I
P E PC12 41 i i /1 . SIRT1 i R ILRES 114
AP P& fi#lE, B A KB (neprilysin, NEP) IDE 1)
BRI, XL SIRT1 AR AP B 1 1)
Bt 1P, BOLHE T BRI E C (cystatin C) ' ¥ET
TFE B- TR B AR 17 508 T (genipin) 1,
A A % (cinnamaldehyde) ®'. (4 38 % fig 22 3,
S Bk KA & A [ Y5 osmotin ™ A 26 5
B (fuzhisan) 7 25 5yl i [ 0% SIRT1 317 4
il AB A
2.2 BEHGESIRTIHIFIABEFHMEH EIRG

AR SRR B 2 AT AL R B, I 2 B R AR
o SIRT1 REBE MG AR 5 T A E B Pl 38
fiil 254k &%) TMF (tetramethoxyflavanone) Hg % i@ it
i SIRT1 #1 Nrf2, #J1] AP,sss 5 F B SK-N-SH
SV T AN AL RO Y R R A Y
K38 2 (Rhein) /£ JFAREE R M & ou b, B U
SIRT1/PGC-lo 45 1 7 I 2 bi R Ak A, B
PO BT 1 R T U] AR, IR SR 5 3 10 28 AL N
B Y. 552 £ K (Codonopsis pilosula polysac-
charides) ™. PUEERE ©'. 45 22 0@ Sk B TR LY
(Glochidion zeylanicum Leaf Extract, GZLE) " &4 fig
3T B SIRT1 /£ AD A N AMEE RS i 45 40 22 fR 4
VEF o T #0840 5 24 1 B 55 YD 3 I (olmesartan) B Al
FVEYT (fluoxetine) P 9 57 Hi X SIRT1 f 38075 1
H, dET0E] Ap 55 & 2R .
2.3 $BEEESIRT 1M tauZE A1 FE BEER L

MEF 40 B- i 260 0 BRI =0 3 Je T e
W55 tau AL A, MIMHNHI 4R tau 2 EH IR K,
AN, AE tauw AL RIEA LA, HEFaEd R
i CDKS5 F1 GSK-3p ) 3% iX F1 ¥ #% SIRT1/LKB1/
AMPK {5 S8 B30 tau 25 (33 FEBERR 1L,  FFA0H)
AB A4, R R B A BT AD 253 255 o B,
LA LR 7R, 1E R B 5 B (scopolamine) 75 5 [
AD /NRAEE A, FBRF ) (schisanhenol) 7] 24 5 fH
Tl RE RAAPLAAE 11, BUE SIRTI-PGCla 55,
i) tau & IS EERERG Ak, T O 2 ST B RS AN
SRR BE e B — 4% DPP-4 0l FRE R 24
PR 5 F)YT (linagliptin) AEALHIH] AB SIS I L0
45, 6] AP 73K GSK-3p 0% F1 tau 2K (1 &

W E AL, TS5 BT AMPKU/SIRT i i 4 56 B9,
NG AR 1A 2 ST ALEE R M344 FFAIS B- 431k
(BACE-1) fl# i 55 1 Eed ZERI KL, AIFEK AR
7P, BEAIR tau-Ser396 1L, M344 [FINf 1§ BDNF,
o- 43U (ADAMI0) FT SIRT1 &5 B4,
2.4 EBGESIRTHNHI SR 515

£ AD 17 APP/PS1 % 5 PR /N iR isE SIRT,
BE5 B (% ROS 7= A Rl g o ik Stk R A, B4R
WHIEALEG 1 (SOD1). SOD2 Flfixi 4 7 it H ik it 4
1k, W) 5§ (glutathione peroxidase, GSH-Px) %% 411 & 14
ity O, IR ZERBRE, SEE IR
fE B, 7E AICL i S ¥) AD #12¢ PC12 4 fii 54 o,
HhZj3iK#47% (DiDang Tang, DDT) it ¥4 i AL s
MR AICL 5 S SN . thsh, DDT A
I 5 35 0 SIRT1 A5 19 Akt/Nrf2/ IfiL 21 5 048Uk -1
(heme oxygenase-1, HO-1) i@ %, AR AICL /3
() 4 22 75 1, 2 W] DDT 3 & #4035 SIRT1 A 5 (1)
Akt/Nrf2/HO-1 i, A &3t AICL 5 T K fh 2
Y SR AL B AR A A T BT AR ABL, i S AD
FHOC SH-SYSY ZHfuti i, FlFEfRAthiT (atorvastatin)
Aefig it 1 SIRT1 #41 AB,., 7 S A 1k R i B,
FEARB IS S AD /MR AT, kTR
I8 i s SIRT i1 i SOD #il GSH-Px. [£1IK
MDA KA HPUE MRS EAR 1 B T % (Syzygium
aromaticum) FEEUIREWS EAZ 040 il T = SIRT1
K, HETTHIH] ABysss 175 5 1 ROS 380 ™, 125
(tetramethylpyrazine, TMP) 7E4% If {4 1§ 25 (streptozotocin,
STZ) %31 AD AR v, H0 I B AE BEBR TR
PR AR . AR R Ak i E R, B
Ffu Al ¥ PE, JEE i Y SIRT1/Nrf2/HO-1 i 4% I8
R T R A T R B S R B A B 1, T
INENThRERERS . HiH % (quercetin) ifiid i 5 SIRTI
M PGC-la 3L, M| AP 74, 0] S Ak B2 I
Pifh Y. LK 3E &K (thein) /£ APP/PS1 % 3[R /)N
B 3@ 3 S SIRT1/PGC-1a 10 1] 48 A% B 384 457 147,
BETT 235 N RN AT REFR AT Y 7E ABysas 15 S
AD Bifdrh, S (pterostilbene) i@ L #4i% SIRT1/
Nrf2 3@ %, #Eifi L SOD, 1] AB,s,s 75 5 [
2015 s AN, VOIRERRE (safinamide) Y. ZUFk
YLHEZE (acetylshikonin). #PH7] (fluoxetine). FFitsfL
BT H-REW) (Glochidion zeylanicum Leaf Extract) Al
S lE (stigmasterol) 2] B8 % 18 i % SIRT1 7E AD
FR A ) A S B 4 1 g ERTIR, 7E AD
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3 REMGIL

Sirtuin 2 5% P LI RE, W2 R AL IR |
BT K ST . /N R A S . A
%5, 15 sirtuin FO-LROERL A, 5T SIRTI 764
LRGP 22 5, SIRT1 & 07T
%F| T AD BFUH (R M. SIRT1 Wi il it
ZRHLE AR IS AD fEA (B D). HT SIRT1 i
T AD IRIT I Z5PIER BRI IEAEREA T T, aX
FEAFERATIA L 4% SIRT1 697 8Tk AD (¥
FBIGRRAE L B, B — P HER. H
FB 70 57 Nrf2 $0 7 6 5 75 AD H i SIRT1 34

—

<a>| % / ol |

FOX03a [ PGC-10 | IDE

|

| RARp || BACE-1
|

I
1

L AP production

l ! !

[ AP degradation

SIRT1 activator

!

SIRTI
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Tiid SIRTUNT2 JBEKFE AD H B A iy T IER 7,
FRATTUR A5 AL i HIBE 9T R /R R 5 & (astaxanthin) 72,
VL% FEMK (pinocembrin) " Fi1 5 £ 5 4F (acteoside) '
)29 Nrf2/HO-1 il ¥ #iE 77, E AD o B HI7 1
L AHREATR A R EGE SIRTL H FiA45 1 A1,
EAAHE— BT, DR EE— 25 3R oAt Nef2 3803
F%t SIRT1 FBEEF B AT 28 X
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Fig. 1. The role of SIRT1 in Alzheimer’s disease (AD) and the mechanism of SIRT1 activators on the treatment of AD. Activation of
the SIRT1 decreases production of A through FOX0O3a/ROCK/ADAMI10 (a) and PGC-1a (b). SIRT1 facilitates AP degradation by
increasing insulin-degrading enzyme (IDE) (c). Upregulation of SIRT1 induces Nrf2, thereby inhibiting oxidative stress in AD (d).
Activation of SIRT1 increases the expression of BDNF (e). SIRT1 rescues the distorted UPS function in neurons with AD
phenotype (f). Conversely, the upregulation of SIRT1 reduces the level of acetylated-K174 tau in AD brains and retards the propa-

gation of pathogenic tau (g). SIRT1 activation inhibits the activation of the SIRT1-directed p300 and GSK-3p, resulting in decreased

levels of acetylated and phosphorylated tau (h). PGC-1a: peroxisome proliferator-activated receptor y coactivator 1a; RARP: retinoic

acid receptor §; BDNF: brain-derived neurotrophic factor; UPS: ubiquitin-proteasome system.



104

10

11

12

13

14

15

22 Acta Physiologica Sinica, February 25, 2023, 75(1): 99-107

therapeutic options in nanotechnology. Nanomaterials (Basel)
2020; 11(1): 59.

Liu PP, Xie Y, Meng XY, Kang JS. History and progress of
hypotheses and clinical trials for Alzheimer’s disease. Signal
Transduct Target Ther 2019; 4: 29.

Yang XR (#/)N%¢), Wang R, Qin HQ, Zhao X, Liu NH,
Zhang C. Neuroprotective role of silent information regulator
1 in Alzheimer’s disease. Acta Physiol Sin (ZEFH2£4R) 2011;
63(4): 396400 (in Chinese).

Bonda DJ, Lee HG, Camins A, Pallas M, Casadesus G,
Smith MA, Zhu X. The sirtuin pathway in ageing and
Alzheimer disease: mechanistic and therapeutic consider-
ations. Lancet Neurol 2011; 10(3): 275-279.

Haigis MC, Sinclair DA. Mammalian sirtuins: biological
insights and disease relevance. Annu Rev Pathol 2010; 5:
253-295.

Hall JA, Dominy JE, Lee Y, Puigserver P. The sirtuin family’s
role in aging and age-associated pathologies. J Clin Invest
2013; 123(3): 973-979.

Bonfili L, Cecarini V, Cuccioloni M, Angeletti M, Berardi S,
Scarpona S, Rossi G, Eleuteri AM. SLABS51 probiotic
formulation activates SIRT1 pathway promoting antioxidant
and neuroprotective effects in an AD mouse model. Mol
Neurobiol 2018; 55(10): 7987-8000.

Do J, Kim N, Jeon SH, Gee MS, Ju YJ, Kim JH, Oh MS,
Lee JK. Trans-cinnamaldehyde alleviates amyloid-beta
pathogenesis via the SIRT1-PGCla-PPARY pathway in
5XFAD transgenic mice. Int J Mol Sci 2020; 21(12): 4492.
Xu C, Xiao Z, Wu H, Zhou G, He D, Chang Y, Li Y, Wang G,
Xie M. BDMC protects AD in vitro via AMPK and SIRT1.
Transl Neurosci 2020; 11(1): 319-327.

Julien C, Tremblay C, Emond V, Lebbadi M, Salem N Jr,
Bennett DA, Calon F. Sirtuin 1 reduction parallels the accu-
mulation of tau in Alzheimer disease. J] Neuropathol Exp
Neurol 2009; 68(1): 48-58.

O’Brien RJ, Wong PC. Amyloid precursor protein processing
and Alzheimer’s disease. Annu Rev Neurosci 2011; 34: 185—
204.

Selkoe DJ, Hardy J. The amyloid hypothesis of Alzheimer’s
disease at 25 years. EMBO Mol Med 2016; 8(6): 595-608.
Wang R, Li JJ, Diao S, Kwak YD, Liu L, Zhi L, Biieler H,
Bhat NR, Williams RW, Park EA, Liao FF. Metabolic stress
modulates Alzheimer’s B-secretase gene transcription via
SIRT1-PPARY-PGC-1 in neurons. Cell Metab 2013; 17(5):
685-694.

Cao K, Dong YT, Xiang J, Xu Y, Li Y, Song H, Yu WF, Qi
XL, Guan ZZ. The neuroprotective effects of SIRT1 in mice
carrying the APP/PS1 double-transgenic mutation and in
SH-SYSY cells over-expressing human APP670/671 may

16

18

19

20

21

22

23

24

25

involve elevated levels of a7 nicotinic acetylcholine receptors.
Aging (Albany NY) 2020; 12(2): 1792-1807.

Thonda S, Puttapaka SN, Kona SV, Kalivendi SV. Extracel-
lular-signal-regulated kinase inhibition switches APP
processing from f- to a-secretase under oxidative stress:
modulation of ADAM10 by SIRT1/NF-kB signaling. ACS
Chem Neurosci 2021; 12(21): 4175-4186.

Qin W, Yang T, Ho L, Zhao Z, Wang J, Chen L, Zhao W,
Thiyagarajan M, MacGrogan D, Rodgers JT, Puigserver P,
Sadoshima J, Deng H, Pedrini S, Gandy S, Sauve AA, Pasinetti
GM. Neuronal SIRT1 activation as a novel mechanism
underlying the prevention of Alzheimer disease amyloid
neuropathology by calorie restriction. J Biol Chem 2006;
281(31): 21745-21754.

Cant6 C, Sauve AA, Bai P. Crosstalk between poly(ADP-
ribose) polymerase and sirtuin enzymes. Mol Aspects Med
2013; 34(6): 1168-1201.

Wencel PL, Lukiw WIJ, Strosznajder JB, Strosznajder RP.
Inhibition of poly(ADP-ribose) polymerase-1 enhances gene
expression of selected sirtuins and APP cleaving enzymes in
amyloid beta cytotoxicity. Mol Neurobiol 2018; 55(6):
4612-4623.

Lee HR, Shin HK, Park SY, Kim HY, Lee WS, Rhim BY,
Hong KW, Kim CD. Cilostazol suppresses B-amyloid
production by activating a disintegrin and metalloproteinase
10 via the upregulation of SIRT1-coupled retinoic acid
receptor-f. J Neurosci Res 2014; 92(11): 1581-1590.

Zhang Z, Shen Q, Wu X, Zhang D, Xing D. Activation of
PKA/SIRT1 signaling pathway by photobiomodulation therapy
reduces AP levels in Alzheimer’s disease models. Aging Cell
2020; 19(1): e13054.

Li MZ, Zheng LJ, Shen J, Li XY, Zhang Q, Bai X, Wang QS,
Ji JG. SIRT1 facilitates amyloid beta peptide degradation by
upregulating lysosome number in primary astrocytes. Neural
Regen Res 2018; 13(11): 2005-2013.

Corpas R, Revilla S, Ursulet S, Castro-Freire M, Kaliman P,
Petegnief V, Giménez-Llort L, Sarkis C, Pallas M, Sanfeliu
C. SIRT1 Overexpression in mouse hippocampus induces
cognitive enhancement through proteostatic and neurotrophic
mechanisms. Mol Neurobiol 2017; 54(7): 5604—5619.

Deng H, Mi MT. Resveratrol attenuates AB25-35 caused
neurotoxicity by inducing autophagy through the TyrRS-
PARP1-SIRT1 signaling pathway. Neurochem Res 2016;
41(9): 2367-2379.

Lee HR, Shin HK, Park SY, Kim HY, Bae SS, Lee WS,
Rhim BY, Hong KW, Kim CD. Cilostazol upregulates auto-
phagy via SIRT1 activation: reducing amyloid- peptide and
APP-CTF levels in neuronal cells. PLoS One 2015; 10(8):
e0134486.



PEUUNN 5. S0 A% SIRT 15 ] /R ks BRI Va 97

26

27

28

29

30

31

32

33

34

35

LiY, Lu J, Hou Y, Huang S, Pei G. Alzheimer’s amyloid-§
accelerates human neuronal cell senescence which could be
rescued by Sirtuin-1 and Aspirin. Front Cell Neurosci 2022;
16: 906270.

Min SW, Sohn PD, Li Y, Devidze N, Johnson JR, Krogan
NJ, Masliah E, Mok SA, Gestwicki JE, Gan L. SIRT1
deacetylates tau and reduces pathogenic Tau spread in a
mouse model of tauopathy. J Neurosci 2018; 38(15): 3680—
3688.

Min SW, Chen X, Tracy TE, Li Y, Zhou Y, Wang C, Shirakawa
K, Minami SS, Defensor E, Mok SA, Sohn PD, Schilling B,
Cong X, Ellerby L, Gibson BW, Johnson J, Krogan N,
Shamloo M, Gestwicki J, Masliah E, Verdin E, Gan L. Critical
role of acetylation in tau-mediated neurodegeneration and
cognitive deficits. Nat Med 2015; 21(10): 1154-1162.

Du LL, Xie JZ, Cheng XS, Li XH, Kong FL, Jiang X, Ma
ZW, Wang JZ, Chen C, Zhou XW. Activation of sirtuin 1
attenuates cerebral ventricular streptozotocin-induced tau
hyperphosphorylation and cognitive injuries in rat hippo-
campi. Age (Dordr) 2014; 36(2): 613-623.

Ma RH, Zhang Y, Hong XY, Zhang JF, Wang JZ, Liu GP.
Role of microtubule-associated protein tau phosphorylation
in Alzheimer’s disease. J] Huazhong Univ Sci Technolog
Med Sci 2017; 37(3): 307-312.

Gao J, Wang WY, Mao YW, Griff J, Guan JS, Pan L, Mak G,
Kim D, Su SC, Tsai LH. A novel pathway regulates memory
and plasticity via SIRT1 and miR-134. Nature 2010;
466(7310): 1105-1109.

Silvennoinen M, Ahtiainen JP, Hulmi JJ, Pekkala S, Taipale
RS, Nindl BC, Laine T, Hiakkinen K, Seldnne H, Kyroldinen
H, Kainulainen H. PGC-1 isoforms and their target genes are
expressed differently in human skeletal muscle following
resistance and endurance exercise. Physiol Rep 2015; 3(10):
e12563.

Sampaio TB, Savall AS, Gutierrez M, Pinton S. Neurotrophic
factors in Alzheimer’s and Parkinson’s diseases: implica-
tions for pathogenesis and therapy. Neural Regen Res 2017;
12(4): 549-557.

Guo P, Wang D, Wang X, Feng H, Tang Y, Sun R, Zheng Y,
Dong L, Zhao J, Zhang X, Wang S, Sun H. Effect and mech-
anism of fuzhisan and donepezil on the sirtuin 1 pathway
and amyloid precursor protein metabolism in PC12 cells.
Mol Med Rep 2016; 13(4): 3539-3546.

Qin W, Zhao W, Ho L, Wang J, Walsh K, Gandy S, Pasinetti
GM. Regulation of forkhead transcription factor FoxO3a
contributes to calorie restriction-induced prevention of
Alzheimer’s disease-type amyloid neuropathology and spatial
memory deterioration. Ann N 'Y Acad Sci 2008; 1147: 335—
347.

36

37

38

39

40

41

42

43

44

45

46

105

Lin CL, Huang WN, Li HH, Huang CN, Hsieh S, Lai C, Lu
FJ. Hydrogen-rich water attenuates amyloid B-induced
cytotoxicity through upregulation of Sirtl1-FoxO3a by stimu-
lation of AMP-activated protein kinase in SK-N-MC cells.
Chem Biol Interact 2015; 240: 12-21.

Marwarha G, Raza S, Meiers C, Ghribi O. Leptin attenuates
BACE] expression and amyloid-p genesis via the activation
of SIRT1 signaling pathway. Biochim Biophys Acta 2014,
1842(9): 1587-1595.

Hu YB, Zou Y, Huang Y, Zhang YF, Lourenco GF, Chen SD,
Halliday GM, Wang G, Ren RJ. ROCKI1 is associated with
Alzheimer’s disease-specific plaques, as well as enhances
autophagosome formation but not autophagic Af clearance.
Front Cell Neurosci 2016; 10: 253.

Feng X, Liang N, Zhu D, Gao Q, Peng L, Dong H, Yue Q,
Liu H, Bao L, Zhang J, Hao J, Gao Y, Yu X, Sun J. Resveratrol
inhibits B-amyloid-induced neuronal apoptosis through
regulation of SIRT1-ROCK1 signaling pathway. PLoS One
2013; 8(3): e59888.

Wang XF, Liu DX, Liang Y, Xing LL, Zhao WH, Qin XX,
Shang DS, Li B, Fang WG, Cao L, Zhao WD, Chen YH.
Cystatin C shifts APP processing from amyloid-f production
towards non-amyloidgenic pathway in brain endothelial
cells. PLoS One 2016; 11(8): e0161093.

LiM, CaiN, GuL, Yao L, Bi D, Fang W, Lin Z, Wu Y, Xu H,
Li H, Hu Z, Xu X. Genipin attenuates tau phosphorylation
and AP levels in cellular models of Alzheimer’s disease. Mol
Neurobiol 2021; 58(8): 4134-4144.

Corpas R, Grinan-Ferré C, Rodriguez-Farré E, Pallas M,
Sanfeliu C. Resveratrol induces brain resilience against
Alzheimer neurodegeneration through proteostasis enhance-
ment. Mol Neurobiol 2019; 56(2): 1502—1516.

Sathya M, Moorthi P, Premkumar P, Kandasamy M,
Jayachandran KS, Anusuyadevi M. Resveratrol intervenes
cholesterol- and isoprenoid-mediated amyloidogenic
processing of APPP in familial Alzheimer’s disease. J
Alzheimers Dis 2017; 60(s1): S3—-S23.

Shah SA, Yoon GH, Chung SS, Abid MN, Kim TH, Lee HY,
Kim MO. Novel osmotin inhibits SREBP2 via the AdipoR1/
AMPK/SIRT1 pathway to improve Alzheimer’s disease
neuropathological deficits. Mol Psychiatry 2017; 22(3):
407-416.

Gao R, Wang Y, Pan Q, Huang G, Li N, Mou J, Wang D.
Fuzhisan, a chinese herbal medicine, suppresses beta-secretase
gene transcription via upregulation of SIRT1 expression in
N2a-APP695 cells. Int J Clin Exp Med 2015; 8(5): 7231—
7240.

Jumnongprakhon P, Chokchaisiri R, Thummayot S, Suksamrarn
A, Tocharus C, Tocharus J. 5,6,7,4'-Tetramethoxyflavanone



106

47

48

49

50

51

52

53

54

55

22 Acta Physiologica Sinica, February 25, 2023, 75(1): 99-107

attenuates NADPH oxidase 1/4 and promotes sirtuin-1 to
inhibit cell stress, senescence and apoptosis in AB25-35-
mediated SK-N-SH dysfunction. EXCLI J 2021; 20: 1346—
1362.

Yin Z, Geng X, Zhang Z, Wang Y, Gao X. Rhein relieves
oxidative stress in an AP, oligomer-burdened neuron model
by activating the SIRT1/PGC-1a-regulated mitochondrial
biogenesis. Front Pharmacol 2021; 12: 746711.

Hu YR, Xing SL, Chen C, Shen DZ, Chen JL. Codonopsis
pilosula polysaccharides alleviate AP, ,-induced PC12 cells
energy dysmetabolism via CD38/NAD+ signaling pathway.
Curr Alzheimer Res 2021; 18(3): 208-221.

Duangjan C, Rangsinth P, Zhang S, Gu X, Wink M, Tencomnao
T. Neuroprotective effects of glochidion zeylanicum leaf
extract against H,O,/glutamate-induced toxicity in cultured
neuronal cells and AB-induced toxicity in Caenorhabditis
elegans. Biology (Basel) 2021; 10(8): 800.

Wang J, Zheng B, Yang S, Zhou D, Wang J. Olmesartan
prevents oligomerized amyloid B (AB)-induced cellular
senescence in neuronal cells. ACS Chem Neurosci 2021;
12(7): 1162-1169.

Sharma A, Mohammad A, Saini AK, Goyal R. Neuroprotective
effects of fluoxetine on molecular markers of circadian
rhythm, cognitive deficits, oxidative damage, and biomarkers
of Alzheimer’s disease-like pathology induced under chronic
constant light regime in Wistar rats. ACS Chem Neurosci
2021; 12(12): 2233-2246.

Han Y, Yang H, Li L, Du X, Sun C. Schisanhenol improves
learning and memory in scopolamine-treated mice by reducing
acetylcholinesterase activity and attenuating oxidative damage
through SIRT1-PGC-10-Tau signaling pathway. Int ] Neurosci
2019; 129(2): 110-118.

Kornelius E, Lin CL, Chang HH, Li HH, Huang WN, Yang
YS, Lu YL, Peng CH, Huang CN. DPP-4 inhibitor lina-
gliptin attenuates AB-induced cytotoxicity through activation
of AMPK in neuronal cells. CNS Neurosci Ther 2015; 21(7):
549-557.

Volmar CH, Salah-Uddin H, Janczura KJ, Halley P, Lambert
G, Wodrich A, Manoah S, Patel NH, Sartor GC, Mehta N,
Miles N, Desse S, Dorcius D, Cameron MD, Brothers SP,
Wahlestedt C. M344 promotes nonamyloidogenic amyloid
precursor protein processing while normalizing Alzheimer’s
disease genes and improving memory. Proc Natl Acad Sci U
SA2017; 114(43): E9135-E9144.

Dong YT, Cao K, Tan LC, Wang XL, Qi XL, Xiao Y, Guan
Z7. Stimulation of SIRT1 attenuates the level of oxidative
stress in the brains of APP/PS1 double transgenic mice and
in primary neurons exposed to oligomers of the amyloid-p
peptide. J Alzheimers Dis 2018; 63(1): 283-301.

56

57

58

59

60

61

62

63

64

65

66

67

XuY, HuR, He D, Zhou G, Wu H, Xu C, He B, Wu L, Wang
Y, Chang Y, Ma R, Xie M, Xiao Z. Bisdemethoxycurcumin
inhibits oxidative stress and antagonizes Alzheimer’s disease
by up-regulating SIRT1. Brain Behav 2020; 10(7): e01655.
Lu J, Huang Q, Zhang D, Lan T, Zhang Y, Tang X, Xu P,
Zhao D, Cong D, Zhao D, Sun L, Li X, Wang J. The protective
effect of DiDang Tang against AlCl;-induced oxidative stress
and apoptosis in PC12 cells through the activation of
SIRT1-mediated Akt/Nrf2/HO-1 pathway. Front Pharmacol
2020; 11: 466.

Celik H, Karahan H, Kelicen-Ugur P. Effect of atorvastatin
on AP, -induced alteration of SESN2, SIRT1, LC3II and
TPP1 protein expressions in neuronal cell cultures. J Pharm
Pharmacol 2020; 72(3): 424-436.

Shekhar S, Yadav Y, Singh AP, Pradhan R, Desai GR, Dey
AB, Dey S. Neuroprotection by ethanolic extract of Syzygium
aromaticum in Alzheimer’s disease like pathology via
maintaining oxidative balance through SIRT1 pathway. Exp
Gerontol 2018; 110: 277-283.

Deng C, Meng Z, Chen H, Meng S. Tetramethylpyrazine
ameliorates systemic streptozotocin-induced Alzheimer-like
pathology. J Chem Neuroanat 2023; 127: 102207.

Ho CL, Kao NJ, Lin CI, Cross TL, Lin SH. Quercetin
increases mitochondrial biogenesis and reduces free radicals
in neuronal SH-SY5Y cells. Nutrients 2022; 14(16): 3310.
Yin Z, Gao D, Du K, Han C, Liu Y, Wang Y, Gao X. Rhein
ameliorates cognitive impairment in an APP/PS1 transgenic
mouse model of Alzheimer’s disease by relieving oxidative
stress through activating the SIRT1/PGC-1a pathway. Oxid
Med Cell Longev 2022; 2022: 2524832.

Zhu L, Lu F, Zhang X, Liu S, Mu P. SIRT1 is involved in the
neuroprotection of pterostilbene against amyloid B 25-35-
induced cognitive deficits in mice. Front Pharmacol 2022;
13: 877098.

Gu X, Zhang G, Qin Z, Yin M, Chen W, Zhang Y, Liu X.
Safinamide protects against amyloid § (Ap)-induced oxidative
stress and cellular senescence in M17 neuronal cells. Bioen-
gineered 2022; 13(1): 1921-1930.

Li Q, Zeng J, Su M, He Y, Zhu B. Acetylshikonin from
Zicao attenuates cognitive impairment and hippocampus
senescence in d-galactose-induced aging mouse model via
upregulating the expression of SIRT1. Brain Res Bull 2018;
137:311-318.

Pratiwi R, Nantasenamat C, Ruankham W, Suwanjang W,
Prachayasittikul V, Prachayasittikul S, Phopin K. Mecha-
nisms and neuroprotective activities of stigmasterol against
oxidative stress-induced neuronal cell death via sirtuin family.
Front Nutr 2021; 8: 648995.

Gu J, Li Z, Chen H, Xu X, Li Y, Gui Y. Neuroprotective



PEUUNN 5. S0 A% SIRT 15 ] /R ks BRI Va 97

68

69

70

71

effect of trans-resveratrol in mild to moderate Alzheimer
disease: a randomized, double-blind trial. Neurol Ther 2021;
10(2): 905-917.

Moussa C, Hebron M, Huang X, Ahn J, Rissman RA, Aisen
PS, Turner RS. Resveratrol regulates neuro-inflammation
and induces adaptive immunity in Alzheimer’s disease. J
Neuroinflammation 2017; 14(1): 1.

Turner RS, Thomas RG, Craft S, van Dyck CH, Mintzer J,
Reynolds BA, Brewer JB, Rissman RA, Raman R, Aisen PS.
A randomized, double-blind, placebo-controlled trial of
resveratrol for Alzheimer disease. Neurology 2015; 85(16):
1383-1391.

Zhu CW, Grossman H, Neugroschl J, Parker S, Burden A,
Luo X, Sano M. A randomized, double-blind, placebo-con-
trolled trial of resveratrol with glucose and malate (RGM) to
slow the progression of Alzheimer’s disease: A pilot study.
Alzheimers Dement (N Y) 2018; 4: 609-616.

CuiY, Ma S, Zhang C, Li D, Yang B, Lv P, Xing Q, Huang T,

72

73

74

107

Yang GL, Cao W, Guan F. Pharmacological activation of the
Nrf2 pathway by 3H-1, 2-dithiole-3-thione is neuroprotec-
tive in a mouse model of Alzheimer disease. Behav Brain
Res 2018; 336: 219-226.

Wang HQ, Sun XB, Xu YX, Zhao H, Zhu QY, Zhu CQ.
Astaxanthin upregulates heme oxygenase-1 expression
through ERK1/2 pathway and its protective effect against
beta-amyloid-induced cytotoxicity in SH-SY5Y cells. Brain
Res 2010; 1360: 159-167.

Wang Y, Miao Y, Mir AZ, Cheng L, Wang L, Zhao L, Cui Q,
Zhao W, Wang H. Inhibition of beta-amyloid-induced neuro-
toxicity by pinocembrin through Nrf2/HO-1 pathway in SH-
SYS5Y cells. J Neurol Sci 2016; 368: 223-230.

Wang HQ, Xu YX, Zhu CQ. Upregulation of heme oxygenase-1
by acteoside through ERK and PI3 K/Akt pathway confer
neuroprotection against beta-amyloid-induced neurotoxicity.
Neurotox Res 2012; 21(4): 368-378.



