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[Abstract] Objective: To investigate the mechanism by which Anmei Dan (AMD) regulates recombinant sirtuin 3/nuclear

factor erythroid 2-related factor 2 (SIRT3/Nrf2) signaling to ameliorate mitochondrial oxidative stress and improve the cognitive
function in aged sleep-deprived mice. Methods: Sixty aged C57 mice were randomly assigned to a control group, a model group,
a melatonin (1.3 mg-kg'-d') group, and high-, medium-, and low-dose (26.26, 13.13, 6.565 g-kg"'-d", respectively) AMD
groups, with ten mice per group. Continuous sleep deprivation was administered for 4 weeks via a custom-built sleep deprivation
chamber. The cognitive function of mice was assessed via the Morris water maze test. Hematoxylin-eosin (HE) staining was
performed to observe morphological alterations in pyramidal neurons. Biochemical assays were carried out to measure the
hippocampal and serum levels of superoxide dismutase (SOD) , malondialdehyde (MDA) , glutathione peroxidase (GSH-Px) ,
catalase (CAT), and total antioxidant capacity (T-AOC ). Transmission electron microscopy was adopted to examine mitochondrial
pathological alterations in the hippocampus. Immunohistochemical assay was conducted to examine the expression of nuclear factor
E,-related factor 2 (Nrf2) , sirtuin 3 (SIRT3) , peroxisome proliferator-activated receptor gamma coactivator-la (PGC-la) ,
mitochondrial transcription factor A (TFAM) , and brain-derived neurotrophic factor (BDNF) in the mouse hippocampus. The
protein levels of Nrf2, SIRT3, heme oxygenase-1 (HO-1) , and NAD (P) H: quinone oxidoreductase 1 (NQO1) in mouse
hippocampal tissue were determined by Western blot. Immunofluorescence double labeling was employed to determine the protein
levels of SIRT3/Nrf2 in mouse hippocampal tissue. Results; Compared with the control group, the model group exhibited
prolonged latency to navigate, increased total swimming distance, reduced number of platform crossings, and shortened time spent
in the target quadrant (P<0.05, P<0.01), disorganized morphology and arrangement of hippocampal neurons, with increased
damaged mitochondria, mitochondrial swelling, reduced cristae, and vacuolization, declined levels of SOD, GSH-Px, CAT, and
T-AOC and elevated levels of MDA in the hippocampus and serum (P<0.01), and downregulated protein levels of SIRT3, Nrf2,
PGC-la, TFAM, BDNF, HO-1, and NQO1 (P<0.01). Compared with the model group, the melatonin group and AMD groups
exhibited shortened spatial navigation latency, reduced total swimming distance, increased number of platform crossings, and
prolonged activity time in the target quadrant (P<0.05, P<0.01) , reduced neuronal damage and mitochondrial damage in the
hippocampal tissue, declined level of MDA and elevated levels of SOD, GSH-Px, CAT, and T-AOC in the hippocampus and
serum (P<0.05, P<0.01), and upregulated protein levels of SIRT3, Nrf2, PGC-la, TFAM, BDNF, HO-1, and NQOI in the
hippocampus (P<0.05, P<0.01). Conclusion; AMD may improve the learning and memory in aged sleep-deprived mice by
mediating mitochondrial oxidative damage through the SIRT3/Nrf2 signaling pathway.
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Fig. 1 Activity trajectories of Anmei Dan in water maze test in aged SD model mice
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Table 2  Effect of Anmei Dan on spatial navigation and

exploration abilities in aged SD mice (x+s5,n=10)
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Fig.2 Effect of Anmei Dan on morphological structure of neurons in CA1 and CA3 regions of hippocampus in aged SD mice(HE, x400)
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3.3 CEGRSEN EAE SD /) BUIE B 4 GUEOR 1
SiM R 2 A H SRR ZE G SE R AR Y

B A HN KL s £ i A B
A oL R A A AR R ] I 2 AR A 3
AN LI LR A T K ik 245 A g b B BT Ok B A

AL s SRR A A R P P R R
2T R SRR 45 10 45 3 A [ B2 2 9 22 i, A2 1
LAORL AR D A0 I AZ T 25 S LI Uk 245 A
S, b L2 R P v AR AR AR DR SR ROR A
WK 3.

B3 ZHRANEESD/IMRED LM E R GER B, <12 000)
Fig.3 Effect of Anmei Dan on ultrastructural morphology of mitochondria in hippocampus of aged SD mice (TEM, x12 000)

3.4 EREFFXT AR SD /N R S i i b SOD.,
MDA ,GSH-Px ,CAT . T-AOC /K FE (5 5251
2 Lb A, A5 2 /)N BT T R I T Hh MDA i B
8 (P<0.01),SOD ,GSH-Px ,CAT ., T-AOC /K °F i
ETWH,EZ5BA505%E X (P<0.01); 5REAI4]

P, 22 R PHIG v e 50 o A AR PR R T T /D BRI
L FIALYE MDA 7 & H AU TR, 255
H 481t % & X (P<0.05, P<0.01) , SOD, GSH-Px .
CAT. T-AOC /K F H A B & I F+ # # (P<0.05,
P<0.01)., W54 K5,

R4 RRAXZESD/INRED SOD. MDA GSH-Px.CAT . T-AOC K FHIFMT (x+s5,n=3)
Table 4 Effect of Anmei Dan on SOD, MDA, GSH-Px, CAT and T-AOC levels in hippocampus of aged SD mice (x+s,n=3)

20 51 Fl /g kg SOD/U*mg”’ MDA/pwmol- g GSH-Px/U-mg’ CAT/U-mg” T-AOC/mol- g’
2 H4l 632.29+35.64 4.97+0.73 22.06+0.89 1.48+0.05 0.21+0.05
0 2] 375.70+53.08% 9.14+0.30 8.90+0.54% 0.58+0.08% 0.06+0.01%
B EPHIE A B 21 6.565 488.22+7.23% 8.01+0.14 12.95+1.31% 0.83+0.12% 0.13+0.01
P b R 2 13.13 527.52+6.82" 7.42+0.09" 15.78+0.35" 1.01+0.05" 0.16+0.02%
TP i 2 26.26 537.05+22.73% 6.20+0.12" 17.9240.87" 1.10+0.10% 0.17+0.01"
OB RE A 0.0013 567.77+10.38" 6.21£0.50" 19.72+1.61% 1.19+0.09" 0.18+0.02%
%5 ZHEANEZESD/IRMFEF SOD.MDA.GSH-Px,CAT . T-AOC 7k FEI R0 (F+5,n=3)
Table 5 Effect of Anmei Dan on SOD, MDA, GSH-Px, CAT and T-AOC levels in serum of aged SD mice (x+s,n=3) U-mL"'
2090 F /g kg SOD MDA GSH-Px CAT T-AOC
2 287.09+7.41 4.41+0.30 131.43+12.45 15.94+0.66 1.75+0.10
R4 214.14+14.78Y 11.18+1.93% 64.76+5.95% 4.13+0.47” 0.28+0.07>
BT HIG ) 5 21 6.565 246.80+7.65" 7.65+0.59" 95.38+3.21% 7.59+0.86" 0.66+0.03"
GRS A 13.13 261.32+1.88" 6.47+1.02% 101.43+5.72% 7.90+1.64% 0.71+0.05"
GRS A 26.26 271.48+9.13" 5.88+0.78" 109.05+9.29" 9.74+1.05" 0.78+0.02"
L 7| 0.001 3 273.29+8.71" 5.39+1.329 116.67+16.56" 12.07+1.78" 0.81+0.02"

3.5 ZHEFF A 4E SD /MR M D CAl X SIRT3.
Nrf2 \PGC-la, TFAM .BDNF % ik K FE 0 5
25 2 LR, R A/ BV 5 SIRT3 . Nrf2
PGC-la, TFAM, BDNF % ik /K F & # T [
(P<0.01); SRV A, R FHIK b L 791 e 21 %
B OER T WS D BT H SIRT3 . Nrf2, PGC-la,
TFAM .BDNF & ik 7K *FH] & 7 & (P<0.05,P<0.01) ,
. 82 .

IR PR AR, WK 4 5K 6,

3.6 % PF X AE SD /) BUIE D Nrf2, SIRT3
HO-1 .NQOI1EHRILM M Has {4 i, #
2 /N B D A Nrf2 . SIRT3 . HO-1 . NQO1 & 1 7K
-4 E R RE(P<0.01) s SRR FL RS 22 PHIK b
fen 7R 2 K R R S /N BUME S Nref2 | SIRT3
HO-1 .NQO1 4 £ H 7K - 12 B & FF & 8 #(P<0.05,
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SIRT3

Nrf2

PGC-1a

TFAM

BDNF

A B C D E F
B4 RHRAXEESD/IMRIED CALRX SIRT3Nrf2,PGC-1a. TFAM .BDNF 5 1% #9 35 I (52 £ 20 fk , x200)
Fig. 4 Effect of Anmei Dan on expression of SIRT3, Nrf2, PGC-1a, TFAM and BDNF in CA1 region of hippocampus in aged SD mice
(IHC,x200)

F6 REAXEZMAEESDEE/NRED CALR SIRT3 Nrf2,PGC-1a . TFAM .BDNF K&K FHIF M (¥+s,n=3)
Table 6 Effect of Anmei Dan on expression levels of SIRT3, Nrf2, PGC-1a, TFAM and BDNF in CA1 region of hippocampus in elderly

SD model mice across different groups (x+s,n=3)

215 /g kg SIRT3 Nrf2 PGC-la TFAM BDNF
= HH 136.61+3.08 144.62+3.66 201.47+0.93 207.58+0.55 193.56+1.79
LR 41 102.63+3.327 108.46+1.38% 184.46+0.48% 203.53+0.61” 186.69+1.19%
B2 FHI 4 2 6.565 113.45+3.05% 130.96+9.98" 192.82+1.01" 205.48+0.17% 191.22+0.85%
B2 R A2 13.13 118.01£2.14% 131.35+2.87" 194.33+0.93% 206.42+0.91" 192.62+1.52%
B2 v ) A 2 26.26 126.70+3.96" 140.0420.52" 196.94+0.47" 207.54+0.23" 192.81+1.54%
(i | 0.001 3 129.97+2.20% 138.33+1.06" 196.27+1.42% 207.44+0.90" 191.55+1.30%

P<0.01). WHs5.%7,
3.7 EBEFEX A SD /N UM S SIRT3 \Nrf2 25 [
SR04 3% AT IE SIRT3 /B [, 21 {3 96 s S W S S e

FRAD NFR2 2B 11, I AR A . 52 L I GAPDH — .

B, B 2H N B P SIRT3  Nrf2 B 28 65 5 i 3

HO-1

kDa
W (P<0.01). SHUMAL B % 6 PHIE b 857 %
K41 K A O 2 T B /I U T 4140 SIRT3 Nrf2 NQO! 31kDa
OE AR 5 U (P<0.05, P<0.01) o W GAPDH s S o o S - 36 kDa
6.8,

A B C D E E

4 g E5 %&£/ FH#EDSIRT3.Nrf2,HO-1.NQO1 & H &k Bk
& Xl 9k ok T o
Wi M. FE 4% A7 50T B A6 3 IR 25 T R e o Fig. 5 Electrophoresis of SIRT3, Nrf2, HO-1, and NQOI

Fﬂ gﬁ ﬁ/[{ ':P *R ;% E/‘J {E’l‘i /fﬂ %’ﬁ] Iﬁf%% , U\ﬁﬁé}}ﬁ@,ﬁ\:iﬁ protein expression in the hippocampus of mice from each group
. 83 .
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KT REAXNEZESDEE/NRIED SIRT3Nrf2,HO-1.NQO1 EBRIZH M (x+s,n=3)
Table 7 Effect of Anmei Dan on expression of SIRT3, Nrf2, HO-1 and NQO1 proteins in hippocampus of aged SD model mice (x+s,n=3)

21153 /g kg SIRT3/GAPDH Nrf2/GAPDH HO-1/GAPDH NQOI1/GAPDH
25 4 1.16£0.15 1.10£0.06 0.83+0.09 1.27£0.25
ARSI 24 0.25+0.04% 0.43+0.02% 0.31+0.07% 0.30+0.07%
AR FHIG ) i 4L 6.565 0.51+0.09" 0.60+0.05> 0.53+0.11% 0.64+0.05"
GRS AL 13.13 0.52+0.13% 0.63+0.03" 0.59+0.05" 0.67+0.08"
AR i ) AL 26.26 0.65+0.02" 0.73+0.06" 0.77+0.03% 0.8120.04"
BB 2 0.001 3 0.62+0.03" 0.80+0.09" 0.75+0.05" 0.83%0.09"

DAPI

SIRT3

Nrf2

Meged

A

Bl6 ZRIWAXEESDEENRIED SIRTI N2 RERNLEERNBIN (FIETO0, x200)
Fig. 6 Effect of Anmei Dan on immunofluorescence staining of SIRT3 and Nrf2 in hippocampus of aged SD model mice (IF,*200)

®8 THEAXMNEZESDRE/NRIED SIRTIN2EARIKIIF
fig (x+s,n=3)
Table 8 Effect of Anmei Dan on SIRT3 and Nrf2 protein

expression in hippocampus of aged SD model mice (x+5,7=3)

25 51 Fl4E /g kg SIRT3 Nrf2
THHA 88.47+3.22 89.40+1.68
[ 67.55+3.45% 65.59+2.70%
TR FHIG R = 41 6.565 74.33+£1.18% 71.63+£1.31%
L SR FT R 5 B A 13.13 76.70+1.9% 71.84+2.73%
T ) 4 26.26 77.61+1.11% 76.99+1.55
BRI A 0.001 3 76.47+2.12% 74.45+1.03%

R SR AR A o A A B LA B T
A RE 1B T B AR RAR R, BN RAF
FE 2RI R T e iR B A AR B 1 BE 1 T B B SR AR R
WA TH AR AE Y S SD AT A A AT I A 2Rk
R Ty B B 1%, 2% fifk 4 28 4R i TT R  4F SD h ) A
Y1) 2 b7 R T B8 e %, O ks A BE 1Y, W SD
A 5 SOD . GSH-Px ., CAT %5 & 1k [ 34 45 45 F K&,
. 84 .
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