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(P<0.01) ; 22 Z3WR 5741 72 J2 0 T bl 28 ST b 28 A IR BS0 I 18 22, 7S WA b 6 AL v AT ) o 4 /0 BRUB 28 T8 450 B K6 TG 1 B G 386 Jon L 4> A
5 A0 M A 0 R AR 5 2 AR R S 41 B N R b 8 LR R R AL B 2 T T LC3B BH M ek 3 A IR (P<0.01) ;75 B 41 B L
fon KGR 2 4 Beclinl 3k 2 AL (P<0.01) , 2 23 R ST 4LAI/S bR 8 AL AR B 41 ATGS ik i F BT (P<0.01) , Z R WRFF 41 I
SR B EE U ACH) 4 2 Bel-2 ik /K 2 75 (P<0.01) , Caspase-3 32 35 7K - I & [% K (P<0.01) , Caspase-9 3 ik B it [%
ik (P<0.05, P<0.01) , p-Akt/Akt. p-FoxO3a/FoxO3a 3 ik /K ¥ B 35 T} /5 (P<0.01) . £518 : /N R 8 AL A Rk 3% T i 2 ik
SAMP8 AD BEH/IN R A 2 211012 68 1, RBP4 o0, HOML I AT e 5 945 PI3K/Akt/FoxO3a {5 i % , T 94 H Wi AH ¢ K 1 ATGS .
Beclinl 1 LC3B ik A A A 124 K .

[REiIR] ANURMBEOL; PRGN ; AW, WMo, UKHER FFF 03a(Fox03a)

[FESZES] R2-0;R33;R289;R742 [X##RIRF] A [XEHS] 1005-9903(2022)17-0001-08

[doi] 10.13422/j.cnki.syfjx.20221540

[P 4% H ARt 3E]  https:/kns.cnki.net/kems/detail/11.3495.R.20220610.1519.002 . html

(M4 H A B HA] 2022-06-11 9:24

Effect of Liuwei Dihuangwan on Cognitive Ability of SAMPS8 Mice by Regulating Autophagy
Through PI3K/Akt/FoxO3a Pathway

SONG Junying'**, DING Rui"**, LI Junlin"**, CAI Ju"**, YUAN Yong'’,
JIA Yaquan'®, ZHANG Zhenqiang'*’
(1. Academy of Chinese Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046,

[K#mBH] 2022-01-26

[(E€mB] EEARBIEETH(U1504829) ; i F AL G147 A A5 H (204200510022 ) 5 1 1 44 5 KR BB FBA S HE 15035 5
(21IRTSTHNO26) ;i [ 24 1 = 25 Bl 24 WF 5% L 0 8 o5 PR (20182 Y 1009) 5 10l 35 44 B4 T 5630 H (212102311084)

[FE—1EE] REE MW BBz, WA T I0, W F P 254 P76 4B 17 PR B 5T, E-mail : junying1206@126. com

DBEER] ik T4, B2, WA 0, DA S e oy [ 25 4 57 3 1% 995 225 il 5 15 R BIF 5, E-mail : zhang_zhenqiang@126. com



5528 B4 17 1] RELEFFFEHRE Vol. 28,No. 17
202249 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2022

China; 2. School of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China;
3. Henan Engineering Research Center for Prevention and Treatment of Neurodegenerative Diseases,

Zhengzhou 450046, China)

[ Abstract] Objective: To investigate the effect of Liuwei Dihuangwan on memory function of
senescence-accelerated mouse prone 8 (SAMPS) mice by regulating autophagy through the phosphatidylinositol
3-kinase (PI3K)/protein kinase B ( Akt)/forkhead box O3a (FoxO3a) pathway. Method: Six male senescence-
accelerated mouse resistant 1 (SAMR1) mice of SPF grade aging 6 months were assigned to a normal group,
and 24 male SAMPS8 mice of SPF grade aging 6 months were randomly divided into a model group, a donepezil
group (0.747 mg-kg') , and high- and low-dose Liuwei Dihuangwan groups (2.700 and 1.350 g-kg"'), with
6 mice in each group. The mice were treated with drugs by gavage for 2 months. Morris water maze was used to
detect the learning and memory abilities of mice in each group. Nissl staining was used to observe the neurons in
the cortex and hippocampus. The positive expression of microtubule-associated protein 1 light chain 3B (LC3B)
in the cortex and hippocampus was detected by immunohistochemistry (IHC). Western blot was used to detect
the protein expression of the mammalian ortholog of yeast ATG6 (Beclin-1) , B cell lymphoma-2 (Bcl-2) ,
autophagy-related gene 5 (ATGS5) , cysteinyl aspartate-specific protease 3 (Caspase-3) , Caspase-9, Akt,
p-Akt, FoxO3a, and p-FoxO3a. Result: Compared with the normal group, the model group showed prolonged
escape latency (P<0.05, P<0.01) , reduced number of platform crossings and the residence time in the target
quadrant (P<0.01) , decreased neurons with reduced volume and dispersed distribution in the cortex and
hippocampus, increased positive expression of LC3B (P<0.01), elevated expression of Beclin-1 and ATGS5 in
the cortex (P<0.01), declined Becl-2 expression (P<0.01) , up-regulated Caspase-3 and Caspase-9 expression
(P<0.01), and decreased expression levels of p-Akt/Akt and p-FoxO3a/FoxO3a (P<0.01). Compared with the
model group, the donepezil group and the Liuwei Dihuangwan groups showed shortened 3 d escape latency ( P<
0.05, P<0.01) , increased number of platform crossings (P<0.01) , and prolonged residence time in the target
quadrant (P<0.01). In the donepezil group, the number of neurons in the cortex and hippocampus was increased.
In the Liuwei Dihuangwan groups, the number of neurons and Nissl bodies increased with denser distribution
and lower degree of cell damage. The positive expression of LC3B in the cortex and hippocampus was decreased
in the donepezil group and Liuwei Dihuangwan groups (P<0.01). The expression of Beclin-1 was decreased in
the Liuwei Dihuangwan groups (P<0.01). The expression of ATG5 was decreased in the donepezil group and the
low-dose Liuwei Dihuangwan group ( P<0.01). The donepezil group and the Liuwei Dihuangwan groups showed
the increased expression level of Bcl-2 in the cortex (P<0.01), decreased expression level of Caspase-3 (P<
0.01) , reduced expression level of Caspase-9 (P<0.05, P<0.01), and elevated expression levels of p-Akt/Akt
and p-FoxO3a/FoxO3a (P<0.01). Conclusion: Liuwei Dihuangwan can effectively improve the learning and
memory abilities of the SAMPS8 mice and protect neurons. Its mechanism may be related to the regulation of the
PI3K/Akt/FoxO3a signaling pathway, down-regulation of the expression of ATG5, Beclin-1, and LC3B, and
the inhibition of apoptosis.

[Keywords] Liuwei Dihuangwan; Alzheimer's disease; autophagy; apoptosis; forkhead box O3a
(Fox0O3a)
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SRIG U1 R FHZE 1K vh ik, 5 70% £ B2 3 min,
80% &, ¥ 11 3 min, 95% &£ I 1 I2 ¥ 3 min, 100%
W T HI2 9 2 min, 100% £ % 1T 732 2 min, —
HORE W], W e A Bk .

2.5 AL E K D LC3B Kik B4l
INERRE 2 T ES A U ) e AT R R B D
B & 5, B iR £h 2% vh ik (PBS) #% Uk 3 WK, 554K 3 min,
L3 EF M J5 37 °CH% & 30 min, il 5 —HL LC3B(1:
500) 5 7€ 4 °CRe & i & L 7%, PBS 0Pt , HRP A5 ic
B — 4t 37 °CH% F 20 min, PBS /K & J5 fd ] DAB i
. TRARFREE Y, BioK i IR b A e R
B G T B TR

K1 OAKMEHI SAMPS /IR E L ALITHE BRI (X£s,n=6)

2.6 Western blot £ #l] /% J22 Bcl-2 . Beclinl , ATGS .
Caspase-3 ,Caspase-9 ,Akt,p-Akt . FoxO3a p-FoxO3a
RS WO R A LU A T, A i
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€ iR ) & D AR R L R PR A S BEAT
T e R R B - 3R DN Tk i B K (SDS-PAGE) L
VKo SRJE R R A e o L R R A 4E R
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B i ) 2% vhi == AR R BT 2 b, in A —#t Bel-2,
Beclinl , ATGS5 . Caspase-3 . Caspase-9. Akt. p-Akt,
FoxO3a . p-FoxO3a(1:1 000) , GAPDH (1:3 000),
4 °CHFHE =L, FH TBST YR 37K, 5 min/Ik . HRP 3
WCMEPT R P (11 J7) = % F 4 60 min,
TBST % 3 ¥, 10 min/IK . {fi J§ ECL b & St W
AT WG WY Image T BG4 B 314 € & 5 AT
Western blot £ 2% 45 19 K BE A , L H #x & i Al
GAPDH 119 i J {E b Al 2 38 HAH XS 7 6 .

2.7 GiilEAb B R SPSS 21.0 Gt #F 2E AT 5K
P pr R Y £ s Fom . 2RI LR
FH AR 2 5 22 50 BT, PR H AR oR T o/ 3 1k 2 %
% (LSD)-tK: 5, P<0.05 BR Z R A G i F 8 L.

3 &R

3.1 X} SAMPS8/NRRZS [H] 2% J L RE T By 5
TE 2 L, AR 2 /) B R ] I A K (<
0.05,P<0.01), 75 #8165 WAL . B bn 42 FR A5 B2 B[]
EPL A (P<0.01) s SRV LS, 245 WR 5T /S B b
AL = AR T TS /0SB R IR S 4
(P<0.05,P<0.01), Z 78 WR 5 7S WA Hbu 2 AL = IR 4
T /N B P B YO R 1S i (P<0.01) , H AR
5 R A5 B Bof ) S 35 8 (P<0.01) . L3R 1 HIER 2,

Table 1 Effect of Liuwei Dihuangwan(LWDHW )on place navigation in SAMP8 mice (X+5,n=6)

e ﬁu; | b 38 T R /s
/grkg - d 1d 2d 3d 4d 5d
A 56.78+2.79 52.71+4.56 47.4242.27 43.70+2.90 37.68+4.70
I 2 59.72+0.68" 58.63+2.60" 55.9146.37% 59.91+0.22% 50.94+5.35%
EZ &2 0.747x107 56.33+2.53 53.27+5.34 47.43+4.06" 46.47+4.359 37.17+3.42%
7N W b B L v 7 A 2.700 56.81+3.90 49.45+6.80" 47.91+6.78% 43.15+5.34" 38.53+6.09"
7N I b B AR A 1.350 56.49+2.57 44.84+2.56" 41.63+4.43% 46.62+5.44" 37.24+6.78"

TS IE W 4L P<0.05,2 P<0.01; 5B 4 4 P<0.05,% P<0.01(F 2-% 6 7))

3.2 X} SAMPS )2 M E LT m e K

B4R BN, 5IE % 41/ B &, B 4] /N B 42

A B K B D IR R /N A A R, B R R
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F2 AWM EAI SAMPS/INR = EIRREE MBI (xts,n=6)
Table 2 Effect of LWDHW on spatial capacity in SAMPS8 mice

(X+s5,n=6)
w15 ) b BB E HARRRE
/gkg'-d! K R 15 /s

1E 4 2.60+0.55 34.97+4.67
HEALA 0.40+0.55”  16.02+6.19”
EZ S 0.747x10°  1.60£0.55"  29.24+6.91"
NI FILFEF A 2.700 1.60£0.55"  27.45+5.34"
UM FE IR A 1.350 2.4040.55"  30.47+4.21"

W M P AR AR LR L
3.3 XF SAMPS /)[R )2 i LC3B 3Kk 1Y 5%
o e A AL G5 b i 2 g T4 81 LC3B FHME 3%
KR AW G, 5 IE A, B ALY
JZ M LC3B K ik & TR (P<0.01) ; SR ARLZ [
B, 2R )Z VT LC3B %k i K (P<
0.01) ;7 WK 3 8¢ AL 8 57 i 41 2 )2 I 25 LC3B K3k ik
EFEAT(P<0.01) 3 75 B b B ALAR R R4 2 2% il 5
LC3B % ik B F &K (P<0.01). WK 2. %3,

F3 AGKMBEANTSAMPS/INREE .S LC3IBRIEMFM
(X+s5,n=3)
Table 3 Effect of LWDHW on expression of LC3B in cortical and

hippocampus brain tissues of mice (x+s,n=3)

) Fiilh=s

25 L. .. HJELC3B 5 LC3B
/g-kg -d

EH A 142.97+6.26  145.09+2.19

R 4] 169.41+1.83”  160.32+3.97%

ZRIRFT A 0.747x107  141.15+2.73%  146.59+2.23"

NI F LR AL 2.700 130.36+3.92"  137.89+3.01"

N FILIGR AL 1.350 154.37+1.47"  151.66+0.23"

3.4 X SAMP8 /IR JZ A Wi AR OC M H R I8 0 5
W 5O R4 LA, B2 Beclinl L ATGS 363k 1 3%
F+ 5 (P<0.01) , Bel-2 3 38 7K 7 i 2 B IR (P<0.01) .
5RO A, £ 45 UR 55 4 Bel-2 ik K F W 2 T
1 (P<0.01) , ATGS ik i 3 F# X (P<0.01) , Beclinl
23k 22 5 G 0 X SRR AL LR, o K b
AL I i 4 Beclinl 363k i 3 FEAIK (P<0.01),
Bel-2 & iA K F ik 3 FH 5 (P<0.01) , ATGS 22 7% L4t

T AEH A B BRI ;C 2 2R UR T4 s D. 7S Wk b B Lm0 4 20 5 B 7S DR b 38 LA 5] 4k 20 (] 2- 1 5 1))
B 1 ABRMEAX SAMPS/MNRE R B METHRI (LIRS0, x400)
Fig. 1 Effect of LWDHW on neurons of cortex and hippocampus in SAMPS8 mices (Nissl, x400)

B2 BRANMNRKEE.EDLC3BRIXFR (AL, x400)

Fig. 2 Expression of LC3B in cortex and hippocampus of each group of mice (IHC, x400)
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T2 72 S5 7S R M 3 LA ) 42 41 Beclinl 35 I 3 ¢
Ik (P<0.01) , Bel-2 3% ik /K F & 3% F+ & (P<0.01) ,
ATGS5 Kk B EFEL(P<0.01). WIKI3 34,

Beclinl A ‘ S - o
B2 g e S S ..

ATGS5 - - - - S 55 kDa
GAPDH S SIS S SIS e 37D,

A B C D E
B3 &ANMREEASBeclinl Bel-2 ATGS E AR IKHEK
Fig. 3  Electrophoresis of Beclinl, Bcl-2 and ATGS protein

expression in brain tissues of each group

R4 ANKMBEANZHANREEHL Beclinl \Bel-2 . ATG5 & H
RIEMFME (x£5,n=3)
Table 4 Effect of LWDHW on expression of Beclinl. Bcl-2 and

ATGS in brain tissues of each group (x+s,n=3)

15 7l i Beclinl Bcl-2 ATG5
/g-kg'+d’ /GAPDH /GAPDH /GAPDH

IEH 4l 0.86+0.02 0.95+0.02 1.12+0.01
TR 2] 0.910.01% 0.81£0.02% 1.31+0.04
EZ S| 0.747x107 0.89£0.01 1.03£0.01* 1.11£0.01¥

N Hh #5 L G R 2.700 0.62+0.01* 0.98+0.01" 1.29+0.01
'S

H ¥ HUAGH 41 1.350 0.76+0.02* 0.95+0.03% 1.09+0.03"

R
/N

3.5 X SAMP8 /) il 2 i TC & F1 Caspase-3.,
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Electrophoresis of Caspase-3 and Caspase-9 protein

expression in brain tissues of each group
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RIXWFM (x+s,n=3)
Table 5 Effect of LWDHW on expression of Caspase-3 and

Caspase-9 in brain tissues of each group (x+s,n=3)

1] Fiilh=ss Caspase-3 Caspase-9
ZH !

/gokg!+d! /GAPDH /GAPDH
IEH 4 0.42+0.03 0.27+0.02
R 41 0.76+0.03”  0.36+0.02%
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Fig. 5 Electrophoresis of p-Akt, Akt, p-FoxO3a and FoxO3a

protein expression in brain tissues of each group

Fz6 ANBkihEAWNEAMREEHLE Akt, p-Akt, FoxO3a,
p-FoxO3aZEHRIXMHM (X+s,n=3)
Table 6 Effect of LWDHW on expression of Akt, p-Akt, FoxO3a

and p-FoxO3a in brain tissues of each group (x+s,7=3)

15 %IJ% . p-Akyake  PFoxoa

/gkg -d /FoxO3a

IEH A 0.99+0.02 1.46+0.03
H 70 2 0.40£0.012  0.73£0.02%
EZ L3 0.747x10°  0.54+0.01"  0.95+0.02"
ANWRIL B L E AL 2.700 0.68+0.019  1.51£0.03"
MR B LR 1.350 0.57£0.019  1.74+£0.03"
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