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(1. TaYESB KXY H—WEER, M 450000;
2. AT ES K, M 450000)

[(HE] B8R IR0 H0E APP/PST /N 2% 2 012 R 28 fil U R BT FE R P HILH] o J5 3% % 60 L APP/PST /N B HL 5 A
AR, Z2IRFF (2 me-kg'-d") A, JFOHUK P R (0.7,1.4,2.8 g-kg'-d') 4L, 7] A I [F] 55 B 20 A0/ UM IF % 41, 4541
12 5, 2 H 425 24 F R 54T Morris K 38 8 5080 o SR FH 32 5 H 456 W 42005 T 1 28 0 A5 4 o SR R L 5 3 A U L 9 2 T
B 5% (ACh) , Z Bk I 5 % #% i (ChAT) , £ Bk I0 3 156 i (AChE ) & & F1ifE 5 3 1% 40 (ROS) , TH T (MDA) , i % 1k ¥y 1B L i
(SOD) , A Wb H ki S A W B (GSH-Px) K- 5K HI S I 3¢ 56 2 1 5% 4 1l % =X S i (Real time-PCR ) Ao ) 165 5 fig 9501 #2298 5%
A ¥ (BDNF) ,B-# 24 K [H T (NGFB) , discs K7l 4 (DLG)2,DLG4, 5 fill % (SYP)mRNA 335, SR 5IFE W4 e, B
AU 20 /N B b 30 v A 00 B 0 RE K T 5 AR, B RS 4 B 5 BRI ) R D (P<0.01) BRI B b TE A S L HESIR
KRN, 5 53 S L A B G o ik, AR, ok A 0 I 2 LA A, SR AE R R B £, ILYE ACh, ChAT & it W 3 F#{IK , ACKE
K B F T B (P<0.01) , % 5 ROS, MDA ] & 7} & (P<0.05, P<0.01), SOD, GSH-Px & % T [ (P<0.01) , ¥ & BDNF,NGFB,
DLG2,DLG4,SYP mRNA 7KF-B] & T [ (P<0.05,P<0.01), SAERIAL L HE , 22 7% WR 55 4R FF 0 Bl v 500 ek 201 0k sl s AR 301 9
A, 20T B YR G, H BR 4 FR A5 BRI B AR ST R (P<0.05, P<0.01) 2RI 45 03 B SN, 2 R IRE | SOk ik
Ji i AR B R AL, R AR U BT L 1L 3 ACh, ChAT 7K1 B 2 %5 (P<0.05, P<0.01) , AChE i 14 W] . F & (P<0.05) , i 5 ROS 7K
B AR (P<0.05, P<0.01) , MDA /KBl 1 &% (P<0.05) ,SOD, GSH-Px i 1 W] . 34 i1 , # & BDNF,NGFB,DLG2,DLG4,
SYP mRNA 7KW i F+ &5 ( P<0.05, P<0.01) , JF 0> A 570 2 26 H A 52 BR 45 7 B 1) 1 48 32 4, 8 25 SYP mRINA /K - W] &g 388 i ( P<
0.05) , 25 21 18] (A Y Uk B B b3, 22 e G it 2 0 o B8 IO WG 3 48 1m0 2 fal ] PR R OG 2R 11 2R3k RUR I T M 42 T I s
FA505 0 A B T R e sk 220 5, ko3 APP/PS 1/ B2 STIT A2 R 01, AT R M S AR 3 1E T .
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[ Abstract] Objective: To explore the underlying protective mechanism of Kaixinsan on learning,
memory, and synaptic function in APP/PS1 mice. Method: Sixty APP/PS1 mice were randomly divided into a
model group, a donepezil (2 mg-kg'-d") group, and low- (0.7 g-kg"'-d"'), medium- (1.4 g-kg'-d"), and
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high-dose (2.8 g-kg'-d"') Kaixinsan groups, and the wild-type mice of the same age in the same litter were
assigned to the normal group, with 12 mice in each group. After continuous intragastric administration for two
months, the Morris water maze experiment was performed. The ultrastructure of hippocampal neurons was
observed by transmission electron microscopy. The colorimetric assay was used to detect serum content of
acetylcholine (ACh) , choline acetyltransferase (ChAT) , acetylcholinesterase (AChE) , and levels of
hippocampal reactive oxygen species (ROS) , malondialdehyde (MDA ) , superoxide dismutase (SOD) , and
glutathione peroxidase (GSH-Px). Real-time fluorescence-based quantitative polymerase chain reaction (Real-
time PCR) was used to detect the mRNA expression of hippocampal brain-derived neurotrophic factor (BDNF),
beta-nerve growth factor (NGFB) , discs large homolog (DLG)2, DLG4, and synaptophysin (SYP). Result:
Compared with the normal group, the model group showed prolonged escape latency, reduced number of
crossing platforms, shortened stay in the target quadrant (P<0.01), decrecased number of mitochondria with
different shapes and irregular arrangement, some swollen and deformed mitochondria with broken mitochondrial
cristae, endolysis, and cytoplasm vacuole, and more cell debris. Additionally, the model group also displayed
reduced serum levels of ACh and ChAT, increased AChE (P<0.01), elevated hippocampal ROS and MDA (P<
0.05, P<0.01), declining SOD and GSH-Px (P<0.01), and diminished hippocampal BDNF, NGFB, DLG2,
DLG4, and SYP mRNA levels (P<0.05, P<0.01). Compared with the model group, the donepezil group, and
the medium- and high-dose Kaixinsan groups showed shortened escape latency, increased number of crossing
platforms, prolonged stay in the target quadrant (P<0.05, P<0.01) , improved mitochondrial damage with a
regular shape (mainly oval shape) , relieved mitochondrial swelling and deformation, and clear mitochondrial
cristae. Furthermore, the donepezil group, and the medium- and high-dose Kaixinsan groups also exhibited
increased serum ACh and ChAT levels (P<0.05, P<0.01) , blunted AChE activity (P<0.05) , reduced
hippocampal ROS level (P<0.05, P<0.01) , declining MDA level (P<0.05) , potentiated SOD and GSH-Px
activities, and up-regulated hippocampal BDNF, NGFB, DLG2, DLG4, and SYP mRNA levels (P<0.05, P<
0.01). In the low-dose Kaixinsan group, the stay time in the target quadrant was prolonged and the expression of
hippocampal SYP mRNA was elevated significantly (P<0.05). There was no statistical difference in swimming
speed between the groups. Conclusion: Kaixinsan can improve the learning and memory ability of APP/PS1
mice by increasing the expression of synaptic plasticity-related proteins, reducing the ultrastructural damage to
hippocampal neurons, resisting oxidative stress, and regulating cholinergic neurotransmitters, thereby exerting
neuroprotective effects.
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P PP 2 R AR | % HE BT AD 1R % A 15 ) 56 20201016, 20201014, 20201016, 20201016,

ot AR ESR(FEATSE T - & 1TI),
HAS IKE A B GEE R, AR ITE i
LT 0, g B AR R DAk, LR TR YT AR
SR IR IE S B AE & B, JF 0 B 58
fih 7 S 5% i B 9 1 (SYNL) W R AL 188 o gz ot K vt
X PSD-95 FHPE 2 1 3R 36 2 #F 1< i A8 3 5, 38
ZE Ml T SRR DR S A g on R T L G O
P45 Kelch # P14 S P Be A5G 28 11 -1 (Keap-1) /4% B
T E, M & P 2 (Nef2)/4f M e B 5 4L il
(MnSOD) {5 & i % , 22 i AB,., 15 T 1) AD KBk
VRS UL A A ) 4% 2 B O 0
BOIA IT AD [0 A 800G M R 43 RNV A VR R AR A5 R
%, I UE S TF O AT 905 AR R A B S Y A 2T e e
BB U 28 e Y H I, IO R i 2 2l
1CTe T o pl 28 5 fil D e 7E APP/PST Bl A AL Jy
T 1 AF 5% 45 /b, L0 AE 0 OR3P ML i S T R
I, A BF 5T 83z F APP/PST /N UA/E J AD Sh# Al
PR FF 0 B APP/PST /)N B i 28 28 fio 4 b 7
KA AEALE], LA R AD B3R T 32 48T i BEIS 4K 9 -
1 ##

1.1 3 72 2 8 A % SPF 4% i : APP/PS1 XU %%
FEDR/IN B TR 8 B A RN BRI I ) AR A IR AR S
oL, R BT (28+2) g, 3 W) & % IE 5 SCXK
(1)2018-0002, =¥y 55 T 5 b R 25 K7 3h W)
SEYG H G SPF B S & i BE 23~25 °C, A X BE
50%~60% , B8 M 5%, H AR BCE Y RIK . s sk
B )y FR AT R 2 R S Bl A8 B2 s it
W, L UES DWLL202003147,

1.2 Y5 JFoith AS R G M N T
L 25 0 AT BR S | L HE 5 190802) , 7R %5 (22 /% [
T e 25 A B2 AL 445 045200303) , A1 & 3 (1
B /2 D A 2500 A7 B 7L diE 4 €20053007) 3 7
(P /722 [ T e 25k A7 BR 2 AL ik 5 494191101)
ZH R, P A P 2R R Y I T A R i i 55 A
FR S W), 2890 e v B2 24 R 2 5 — IR 5 e v 245 G X
I 32 45 225 DIl 25 7 13 R OE L 4 A 2020 4F R AR A
PR 0 ] 25 B ) BV 5 Z AR 5T R (A 250 A R
A) L AL 2012045) 1 T R o B 24 K5 — B e B
BiE ; 6 P4 (ROS) , N T (MDA) , i % 1k 4 B AL il
(SOD) , 43 It H Bk it 41k 9 i ( GSH-Px ) , £ It JIH
(ACh) , Z I IH 5% % # i (ChAT) , Z Tt JIH 5 i iy
(AChE) W 22 i 1) & (ot 8 A= 9 TR o9 B A7
M 2w, 4t 5 40 51 b 20201015, 20201017,

20201017) ; & RNA $2& B &, 306 i sl ) & [ K
M AE AR (dbm0) A BR 2wl L it 5 43 51 2 DP425,
ER107-02] ; SYBR Green PCR Master Mix ( 3¢ [
Thermo Fisher Scientific 24 7 , It 5 4309155)
1.3 %% WMT-100 %! Morris 7K 2 ‘B #5543 ¥ &
4t (AR ZR W R A FR 22 F] ) ; Microfuge 20 R ¥
7R B0 L, DU640 B %8 b 4 o ot B I (26
Beckman /A 7] ) ; LEICA EG1150 ST5020 %Y [ 5 £ 3§
ML, LEICA RM 2265 % 4= { h #& ¥ Y1 i #L (7% =
Leica 73 A ) ; Multiskan GO %! 4= )i K B Fr % ( 35 [
Thermo Fisher Scientific A ] ) ; SW-CJ-ZF # i i T
YE & (I3 75 3 ¥ Ak 15 45 A BR A ) ) 5272007028 74
S 2¢O E T R A B 5% 2U R N (Real-time PCR) Y
( 3% [# Applied biosystems 23 & ) ; H 37 H-7650 % i
S 7 W UBE ( H AR Hitachi A #] ) o
2 Ak
2.1 FRLEEIE S ISR R R0 R
BHAZS R RE A G LS, i 3:3:2:2
Fb B HERE , A B TN 6 A% 24 A 1 04 A A [T 4 B
8 h, W% K il Jim 24 1 45 5 NS LA 60% & T il 4
[l £ 2 W, A R SRR T g A T, A S il A
M A EHMAS R Al SRS kG253 1 h,
G RDEW 5 NS BUR A OF e % 28 & A0k
5 AR B SRR g o mL R, R KA T
PR ATR ), BT 4 CCOKF R AE 8 -
22 AR K72 HUNRBEALS R 641, 4
12 HIEH A R | 2 28 0R 55 20 R T O 5
e A . OE R AR 4] 25 T A AR B B AR UK
HEE L IFOHUIK crh om R A R 0.7, 1.4,
2.8 grkg'-d', ZRWRFHMEE 2 mg-kg'-d", #
L5252 H(60d),
2.3 Morris /K % B 528 45 245 45 9 )5 i 47 Morris
KB SE G, S BECSCHR I S0 T AR St
A2 G A PR I 2 S AT A As TRIER R Sk
77do 1R FE IR, 4 /N & o 52~
6 RiFA7TEALALAT , LN A K IS #2813k 2 7 &
Vi g N EIRQ B S E DI PR 2 =R T <3
60 s AR BTG WIE % 60 s, 25 7 KM uhi&,
1058 60 s /N BRUTE R i 65 7 E G2 PR CRIVERS DU 2 BR ) 45
B Y ELAAC B R] 2 B G A 1Y IR BT B TR
R
2.4 % 5 B WL 2 APP/PST /N LI T il 28 0 # 13k
ghERy K /N U B A 0.1 mol- L R £h 28 il
. 17 .



527 B4 20 ) hESREHFFFERE Vol. 27,No. 20
2021410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2021

(PBS) WPk 34K, 1% # iR [# 22 (2 h,4 °C), H iR %%
PRORVE 3 UK, B EE £, T RN DS R B K, A 42 I Epon
Q124 SR G, MV, I IR ‘0 e A R A e £
60 V i 5f FL B T WAL HT IR O 10 5%

2.5 AN ACh, AChE, ChAT & ¥
IfiL 3 LA 4 °C, 12 000 r-min” & .0 10 min( & .02 &
12 cm, T [l ) , BC B3, R H BG83k A6 00 i v o
ACh, AChE, ChAT % it , K il 25 R 2 M50 6 i
Wl

2.6 kRN B 5 ROS, MDA, SOD,
GSH-Px & it ¥/NE AR5 Tk LA,
4 °C,12 000 rmin" & .0> 10 min, B L35, R A @
PG ROS, MDA, SOD, GSH-Px Y & & , k&
W25 58 2 B0 S vl B 15 .

2.7 Real-time PCR /B 5 BDNF, B-#f £ 4=
K P ¥ (NGFB) , discs K [7] #i #) (DLG) 2, DLG4,
SYP mRNA ik ¥ 54140 A TRIzol 1 mL,
i v 1 7 A N i L ) | AN W L
FTRSEFE K EEREREHRNELEN,
T S 3 BETR &) 5 DOUE , 150 10 min J5 487 6 Y 1 (8
TUVE B A RNA il 0 25 BRI, In A 75% 2 BE Pk
B0 I W VA U T, T S IR 3 min, N
ATCHEK 15 WL %% RNA, 55 °CHE & 5 min, JH i %
e £0K B mRNA 36 5% 5% & cDNA, f# I SYBR
Green PCR Master Mix £ 47 PCR ¥ 3 , s B4R 41 %
AR 514, R A % v, ] Real-time PCR X
95 °C #iil A8 4 30 5,95 °CAE 4 5 s, 60 °CiR k 30 s,
72 °CHE A 10 s, S b L HEAT 40 D18 2, 0 % 25
ol -3- @ 2 A8 (GAPDH) i N 2, BDNF,
NGFB,DLG2,DLG4,SYP 5| ¥ 2= T A9 T 72 (I

) B AT RS Rl B, 510 9 1

*1 S5HEFEH
Table 1 Primer sequence
519 Jr3(5'-3") KB /bp
BDNF |3 TTATTTCATACTTCGGTTGC 20
T ATGGGATTACACTTGGTCTC
NGFB -3 GGAGCGCATCGAGTTTTGG 19
T CCTCACTGCGGCCAGTATAG
DLG2 |9 ATGGGAGTTAAAAGGCTGGCT 21
T CGATTCCATTCACCGACAAGA
DLG4 |- AGCCCCAGGATATGTGAACG 20
T TCACCGATGTGTGGGTTGTC
SYP [- 9 AGTACCCATTCAGGCTGCAC 20
T it CCGAGGAGGAGTAGTCACCA
GAPDH  [if AGAGCTACGAGCTGCCTGAC 20

Fif AGCACTGTGTTGGCGTACAG

2.8 GEibEEarbr SCREE R H SPSS 20.0 Fi 4R il
T8 3 B B8 45 5 D x5 F2 755 L 2L 18] HL AR ] 2
KR J5 25007, P<0.05 R 225 HA G225 L,

3 £7

3.1 X APP/PS1 /)s Bk o v AR 0 | 2 BT 5 UEL
H b5 5 B 45 82 B ) K Qi ok o B2 19 Rg ) 5 0E R Al
Bl A, A5 10 2 /) R0k v R 0 I I A K, B T
WOE W 3, H o g IR AT B ) 3 4
(P<0.01); SHIAIA] W B, 2 28 R 5% 40 F T O B
e R R 2H T B R 4 % APP/PST /) BRUAY b 3R TR 0
B 2E RO B B AE K H bR 42 RS B I R (P<
0.05, P<0.01) , JF .0 BRI 4 21 v] B d S K H AR 42
B £52 B4 5} 1] ( P<0.05 ) , 45 4L ) A 90 ik o B LL A, 22 5%
TGt 2S ., k2,

F2 FOHEITAPP/PSIU/NRRBERR . FHITEXYM. BENFREBHERBFEKEENZME (X+s5,n=12)

Table 2

swimming speed (x+s,n=12)

Effect of Kaixinsan on APP/PS1 mice's escape latency, number of crossing platforms, residence time in target quadrant and

215 /g kg 36 3kt VPR 0T /s T B WK H AR G BRA5 B I [1] /s Ui ko B fem -s™!
EH 34.87+1.79 14.12+3.61 48.98+7.31 12.57+3.89
7Y 48.02+1.27% 4.34+1.627 14.74£7.11% 14.89+6.72
EZ N $ix 2x107 34.55+1.949 11.39+4.33% 44.34+8.91Y 14.66+8.33
ARG ¢ 0.7 44.79+1.34 5.34+2.66 21.84+8.11% 15.5749.14

1.4 40.55+1.68" 7.84x4.11% 29.12+4.35Y 15.80+7.35
2.8 36.57+1.80" 11.09+5.36% 37.49+7.88% 14.2249.17

TE S IE W48 Y P<0.05,2 P<0.01; 5B 4] [ 45 Y P<0.05,% P<0.01(F 3~5 7).

3.2 X} APP/PS1 /) [ I #2480 R 0 45 40 B9 52 )
BB R AT, 5 0E B A b A, R R A £k R 1A
. 18 .
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WROAMRE L . S R, 2 AR IR 54 K
TEOHUIG o 390 e 2 AT O ok AR 1 B S AR
HL, 22 520 (B JE , £k A i Bk | A8 08 s /b, 2 R 4k
U Vi b . DL IET 1

A IEWULB. BRG], C. Z4IRFF4AL; D, FROEUEF =41 E. FFO
O R 2] F TR0 0 7 e 4

1 FOE3APP/PSI/NRESHETEMEMNZI (L
BE,x271)
Fig. 1
neurons in APP/PS1 mice (TEM,x2 J7)

Effect of Kaixinsan on ultrastructure of hippocampal

3.3 X APP/PS1/hEL I 7 ACh, AChE, ChAT 7K °F-
B2 mE 5 OE R A b A, B A N R W ACh,
ChAT /K *F Bl % [ % , AChE /K % 8 3 JF &5 (P<
0.01); SEIARYLH L H , 22 A3 WR 55 20 FIF O 0 e )
i 21 B 5 T+ ACh, ChAT /K (P<0.05,P<0.01), B
1 FEAIR AChE A% ¥ (P<0.05) . W33,

3.4 X} APP/PS1 /M R 1§ 5 ROS, MDA, SOD,
GSH-Px W52 5 1F % 41 H &, B A 241 /N iUl 5

*&3 FOEIT APP/PS1 /NER I 7E ACh,AChE, ChAT BI M (F+s,n=6)

ROS,MDA ] & J} & (P<0.05,P<0.01),SOD, GSH-
Px i 3 T B (P<0.01) ; 5HE R4 L AL, 2 43 Uk 55 41
HUTF 0 #m R 4L B R I ROS, MDA /K -
(P<0.05, P<0.01) , B i 42 % SOD, GSH-Px ¥ i 14
(P<0.05,P<0.01), W54,
3.5 X APP/PS1 /) [ i & BDNF, NGFB, DLG2,
DLG4,SYP mRNA £k 5 1E % 4 K, A
%14 BDNF,NGFB,DLG2,DLG4,SYP mRNA /K
B 2 N [ (P<0.05,P<0.01) ; SRR 4 HL %5, 2 43R
FFEAL, TR0 ECH L R A4S mRNA 8 K7 B
F+ 85 (P<0.05,P<0.01) , TR0 B £ 24 SYP mRNA
JKF-BH 5 T (P<0.05) . L5,
4 itig

S fil 2 2 10 S IE LS 4E Fr Y EOE A A
filh, 2 P 28 00 22 (B AH BRI 1 DA AR 336 45 2 A G gt
SEA', 8 fil ) R SIS AL 5 24 2T 0 A2 KON T g
KREYIY B fol B DD | 5 il AR B A 2 D) RE D
P 5 fioh vT B M AR OC B 1 R GA D 2 AD RO R E
TIPS fh T 9 M O 58 A K K 01 AR TR T R
CAC Y L AR AB DLAR AT 41 i) 28 fkh mT 98 1, s 2D ) 58
TR 5 fink 2% B2, 5] B R AR T e B A L Bl 22 T A
KR R, AT R S 5 IR R
il AR EE ONAEL R, HRBERE SR
HIIREZ T

SYP Ay il 58 A A 1 5 fl T R T RE A L S
5 5 Ml JE . 5 i 44 PO PR L 4 R % ik 2 e Y —
T 45 5 15 TR M W 2 1120, i P SYPOAS S i e = i 2y
S8 )0 EERG . PSD-95 Ay 28 fil 5 A5 L A
B, DLGA BE K g5 7 26, 2 51 28 BUE WL
ZE Ml 1 B AT S S R AR S kT . AB T
155 PSD-95 5 111 38 1A /K1 T 9], 2 177 52 i 2 fish ] 94
PR 58 fh J5 #0493 (PSD-93) i DLG2 3 [K 4
= 2 A B 2 R B 3R F 5 DLG2 HE P 28 48 Af
52 Wi H B A2 1R T BE L 2 AD KA 4 FR R Y 5 Sk

Table 3 Effect of Kaixinsan on serum ACh,AChE and ChAT in APP/PS1 mice (x+s,n=6)

20 5 Fl /g kg ACh/mg-L" AChE/nmol-L" ChAT/ng-L"
IEH 74.11+9.44 8.41+1.24 38.66+5.88
A 54.12+11.42% 15.18+5.82% 23.41+4.52%
EZ & 2x107 68.44+7.93% 11.39+4.33% 35.19+3.93%
TFLHL 0.7 55.14+7.96 14.14+3.59 25.99+4.23

1.4 61.84+7.93% 12.94+3.12% 31.74+6.11%
2.8 63.09+10.31% 11.79+2.88% 31.89+4.36
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F4 FOE3T APP/PS1 /NRED ROS,MDA,SOD,GSH-Px BY &Ml (¥+s,n=6)
Table 4 Effect of Kaixinsan on hippocampal ROS, MDA, SOD, GSH-Px in APP/PS1 mice (X+s,n=6)
25 it /gke! ROS/nmol-min-g' MDA/pmol-g”! SOD/U-mg’! GSH-Px/U-mg’'
EH# 9.18+1.31 2.98+0.33 99.98+10.71 79.48+14.71
iR 34.11£6.927 7.33+2.41" 34.84+8.12% 19.32+7.12%
EZ2 NS 2x10° 11.39+4.33% 4.12+1.219 81.19+12.01% 61.22+11.73%
iRy 0.7 28.34+7.11 7.09+0.91 39.54+9.96 25.11+7.32
1.4 23.84+4.11% 6.44+1.32 51.84+11.41Y 38.15+10.71%
2.8 17.69+4.46" 5.08+1.48% 74.09+15.96" 51.79+9.36"
R5 FOHX APP/PS1/MRiED BDNF,NGFB,DLG2,DLG4,SYP mRNA FiABI M0 (X+s5,n=6)
Table 5 Effect of Kaixinsan on BDNF,NGFB,DLG2,DLG4,SYP mRNA in hippocampus of APP/PS1 mice (x+s,n=6)
2151 /g kg BDNF NGFB DLG2 DLG4 SYP
EH 1.00+0.15 1.00+0.14 1.00+0.19 1.00+£0.21 1.00+0.11
LAY 0.3120.09% 0.39+0.19" 0.24+0.07% 0.49+0.11" 0.24+0.17%
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1.4 0.68+0.08" 0.82+0.09% 0.64+0.18" 0.64+0.08" 0.86+0.14Y
2.8 0.79+0.17% 0.93+0.19" 0.81£0.16" 0.91£0.13Y 0.94+0.12Y
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