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[ Abstract])

injection into CA1 area of the hippocampus, and to preliminarily clarify its mechanisms. Methods

Objective To examine the therapeutic effect of Kaixin San in rats with AD caused by bilateral AB,_,,
Using the “B-amyloid
protein toxicity theory” , the rat model of AD was established by bilaterally injecting AB,_,, oligopeptide segments in the
CAL1 region of the hippocampus of SD rats using a brain stereotaxic instrument. The rats were randomly divided into model ,
Hupezine A, Kaixin San low, middle and high dose groups, with 10 rats in each group. Another 10 rats were subjected to
intracranial injection of an equal amount of physiological saline as the sham operation group and 10 normal rats were used as
the blank control. The rats were subjected to continuous intragastric administrations for 30 days. Changes in learning and
memory performance were observed by the Morris water maze behavioral test. HE and Nissl staining was used to visualize

The contents of cholinergic neurotransmitters ( ACh, AChE and ChAT),
proinflammatory factors (TNF-a, IL-6 and IL-1B) , and B-amyloid protein ( APP, AB,_,, and AB,_,,) in brain tissue were

pathological morphology of the brain.

measured by ELISA. Expression of tau protein and GSK-3f in cortical and hippocampal tissues was detected by IHC. BAX
and BCL-2 expression in brain tissues was measured by Western blot. Results Compared with the model group, rats in
the Kaixin San treatment groups had a significantly shorter escape latency, an increased number of platform crossings, and
an enhanced dwell time and percentage of swimming distance to the total distance in the target quadrant ( P<0.05 or P<
0.01). The numbers of neurons in cortical and hippocampal tissues were increased, the morphological structure tended to
be normalized, the number of Nissl bodies increased, and the cytoplasm darkened. AChE activity was attenuated, and
ChAT with ACh levels were significantly increased in brain tissue (P<0.05 or P<0.01). TNF-a, IL-6, IL-13, APP,
AB,_, and AB,_,, contents were decreased markedly ( P<0. 05 or P<0.01). Expression of tau protein and GSK-3f in both
cortical and hippocampal tissues was downregulated (P<0.05 or P<0.01). BAX protein expression decreased, and the
ratio of BCL-2/BAX tended to increase to various degrees (P>0.05). Conclusions Kaixin San has a good therapeutic
effect on dementia symptoms and brain tissue damage in AD-injured rats, and its mechanisms involve the repair of the
cholinergic system, inhibition of proinflammatory factor release, clearance of B-amyloid protein, and regulation of tau
protein phosphorylation.
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B8 A4 Control group
X fEFR4L Sham operation group
60 LI #5524 Model group
" 207 AR AL Huperzine A group
. FF LU Kaixin San low dose group
EEET )0 gerh 74l Kaixin San medium dose group
= § 407 N FFO R R 4E Kaixin San high dose group
=
#8
20+
0-
IR AR SR
Third day Fourth day Fifth day

V528 A SR T ARG L, * P<0. 05 SEEIZIAALL, 2 P<0.05, %4 P<0. 01,
1 FRLEO AD K Bk bk OR 1A 045

Note. Compared with the control group or sham operation group,® P < 0.05. Compared with the model group,” P <0.05,

£4p<0.01.
Figure 1 Effect of Kaixin San on escape latency in AD rats
R1 IFLHON AD RS R B R (s
Table 1 Effect of Kaixin San on escape latency in AD rats
25 il (mg/kg) BRI (s) Escape latency
Groups Dosage %5 3 K Third day %5 4 K Fourth day 55 5 K Fifth day
%5 H4H Control group / 9 17.59+11. 17 9.52+2.91 14.74+9. 01
{BRF-AH Sham operation group / 8 19.26+5. 19 10. 26+8. 47 8.92+3.70
BIZ] Model group / 10 32. 11220. 17 19. 11212, 74 16. 86x11. 66"
AR H 4] Huperzine A group 0. 046 9 25.22+13. 65 9.74+6.30% 7.56%3.29°
i F 2
FhoadRRIRA 11. 480 8 17.22+11.70% 5.85+3.10%% 10. 19+4. 99
Kaixin San low dose group
PIRIN F
IR 22.960 7 16. 114, 802 8.41+7. 624 7.76+5. 44"
Kaixin San medium dose group
L R
R R 45.920 10 17.02+7.20%% 13.10+9. 13 13.1129. 13

Kaixin San high dose group

I 52 TSR T RGN, P<0. 055 SEALMILL, © P<0.05, % P<0.01,
Note. Compared with the control group or sham operation group ,* P<0. 05. Compared with the model group,AP<0. 05,22 P<0.01.

R 2 JRLEOY AD KB ES B BE T BRI (xs)

Table 2 Effect of Kaixin San on spatial exploration ability of AD rats

3 ke A B () AR BRI E] (s)  EARRBRBEFEIT L A2 (%)
s (mg/kg) n Number of crossing Target quadrant Percentage of target
Groups . .
Dosage platform residence time quadrant path
%5 F 41 Control group / 9 6.56=+1. 88 50. 79+8. 47 40.27+5.71
fEF- A4 Sham operation group / 8 7.13+2.10 51.76+10. 15 40.27+6. 38
FEHIL] Model group / 10 5.20+2. 86" 44.05+6. 54" 32.93+7.78"
AR 41 Huperzine A group 0. 0460 9 5.67+1.58 46.98+5.79 37.99+5. 17
s FHEY
LRI 2 11. 480 8 5.88+2.23 51.99+9, 04% 40. 256, 84%
Kaixin San low dose group
L FHE4
. ﬁ N MEE“JE i 22.960 7 8. 14£3.53% 48.67+7. 80 37.29+5.53
Kaixin San medium dose group
PARIN: iR el
RIR 45.920 10 7.60+2.01° 54.73+6. 64" 41.92+5.05%%

Kaixin San high dose group

55 A BT ARAM L, P<0. 05; SERAIMIH, © P<0. 05, P<0. 01,
Note. Compared with the control group or sham operation group ,* P<0. 05. Compared with the model group, 2P<0.05,%% P<0.01.
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AAH, " P<0. 05; SRR, © P<0. 05,42 P<0.01,

2 JRLHEON AD KA R BE T 5 0H

Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San

medium dose group. G, Kaixin San high dose group. Compared with the control group or sham operation group,* P<0.05. Compared with the

model group, 4P<0.05,%%P<0.01.

Figure 2 Effect of Kaixin San on spatial exploration ability of AD rats
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Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San

medium dose group. G, Kaixin San high dose group.

Figure 3 Effect of Kaixin San on pathological morphology of brain tissue in AD rats ( HE staining)
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Figure 4 Effect of Kaixin San on pathological morphology of brain tissue in AD rats ( Nissl staining)
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Figure 5 Effect of Kaixin San on cholinergic neurotransmitter in AD rats

F 3 JROHECHT AD K EUIR B RE 2238 BT (x+5,n=6)

Table 3 Effect of Kaixin San on cholinergic neurotransmitter in AD rats

215 Groups 4 (mg/kg) Dosage ACh(pg/mg) ChAT(ng/mg) AChE (ng/mg)
23 F14H Control group / 5.23+0.78 126.29+22. 26 0.61=0. 14
fBF-AR4 Sham operation group / 4.24+0.54 127.70+10. 20 0.55+0. 10
AL Model group / 3. 84+0. 98" 113. 12+26. 33" 0.80+0. 11*
L2 4 Huperzine A group 0. 046 4. 68+0.70 174. 64£23. 4752 0.52+0.084%
IR BRI A 11. 480 6.13£2.19%% 138.43£13.36% 0.63+0. 154

Kaixin San low dose group

Ly 1|44
FHL TR AL 22,960 4.080.92 159. 3519, 7444 0.55+0. 16°%

Kaixin San medium dose group
T 30 2
Kaixin San high dose group

45.920 5.23+0.78% 127.07+21. 50 0.73+0. 16

V< 457 PSRBT AR AL L, *P<0. 05,7 P<0. 015 SBIRILLAILL, © P<0. 05, % # P<0. 01,
Note. Compared with the control group or sham operation group,* P<0. 05,* P<0.01. Compared with the model group, 5 P<0.05,%% P<0.01.



b HL R R AR Ak 2022 45 10 A5 32 555 103 Chin J Comp Med, October 2022, Vol. 32,No. 10 85

2.4 FROEIXT AD KRB 2H 41 R S oE [ F RIS AL T OB A TNF-o & 2 BT

S AR FAREAM M, BB KR FE(P<0.05) s AAZHE 240 O UG, A7 i 4 1L-
W TNF-o IL-18 M IL-6 Z5RAEN T RS EH BT 18 5 IL-6 By & & B F L (P<0.05 5 P<0.01),
L A G E L (P<0.01)  FHE TR (R WK 4 E6)

F 4 JROEOT AD K EIGZH R K+ 150 (xv£5,n=6)

Table 4 Effect of Kaixin San on inflammatory factors in brain tissue of AD rats

ZH 51 Groups 7l (mg/kg) Dosage TNF-a( pg/mg) IL-1B(pg/mg) IL-6(pg/mg)

%5 F 4 Control group / 8.58+2.76 8.62+1.35 7.32+1.46

5 F- AR Sham operation group / 8.38+1.53 8. 24+0. 86 6.32+0. 58
B2 Model group / 13.30+2. 19 11.51+1. 26™ 10.031. 62
LR H 4 Huperzine A group 0. 046 9.46+2. 63 7.99+1. 6944 7.60+1. 66°
Kaix?:'gjﬁﬁﬁiffﬁgmp 11. 480 9.52+3.37% 9.24x1.57% 7.23+2.00°

Kaixin zg‘izi{%iﬂe group 22.960 13.2422. 44 8.50+2.54%% 6.81+2. 4944
FLBERI R 45.920 10.22%3. 10 10.63+1.75 8.35+2.31

Kaixin San high dose group

T 57 HA BB FARAMILL, ¥ P<0. 01 SHBLIMILL, © P<0.05, % P<0. 01,
Note. Compared with the control group or sham operation group,” P<0.01. Compared with the model group, “ P<0. 05, 58 p<0.01.

RS TROHEY AD REBNAIR T B-JEM R E 5 B AR (v+s,n=6)

Table 5 Effect of Kaixin San on (3-amyloid protein content in brain tissue of AD rats

25| Groups 55 ( mg/kg) Dosage APP(ng/mg) AB | _s(pg/mg) AB,_p(pg/mg)
23 1 4H Control group / 1. 07+0. 20 32.25+9. 67 16.43+3.53
T A4 Sham operation group / 1.07+0. 19 27.64+7.89 14.18+1.98
BRI Model group / 1. 83x0. 22" 40.38+6. 81" 22.25+3. 64"
LB 4 Huperzine A group 0. 046 1.09+0. 162 30. 25+6. 46 13.82+3.65°%
e
) ﬂ:Lﬁiﬂi%Jgﬂﬂ 11. 480 1.06+0.324% 33.98+14.58 21.71+8. 60
Kaixin San low dose group
AV\H‘ kl Qé
L ACER A 22.960 1. 620. 56 26.19+9. 534 12.35+3. 1544

Kaixin San medium dose group
T s 79 i 2
Kaixin San high dose group
57 AR FEARAMIEL, *P<0. 05, % P<0. 01; SERILIHA L, P<0.05, % P<0.01,
Note. Compared with the control group or sham operation group,* P<0. 05 ,* P<0.01. Compared with the model group, 2P<0.05,%% P<0.01.

45.920 .24£0.375% 30.31+5.32 16.35+2.24%
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Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San
medium dose group. G, Kaixin San high dose group. Compared with the control group or sham operation group, P<0.01. Compared with the
model group, ® P<0. 05,4 P<0.01.

Figure 6 Effect of Kaixin San on inflammatory factors in brain tissue of AD rats
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A
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EESuy S Rii}-Al|

oA SR F AR, BEATA K FZE
Vg S 0 2 rau B A B0 PH PR 3K 7 ) B e 3
%2 ZRAGIFE X (P<0.05 5 P<0.01) ; f %
TR FF O EOP R4 Z AT tau HAW
BEE: 2635 B3 R R (P<0.05) s A AZH 24 T O
BURF 2 D2 tau BB K EE T

2.5

##

BIE R 4 1-40(pg/mg)

BIER Y 2R (100 1442 [ (ng/mg
AP

A B C D E F G

JH(P<0.05) (45503 6 181 8 181 9) .
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523 A SR T AR AR L, SR ZH R R
3 ZUrp GSK-3B A7 v 10 e 322 BH 14 7 1y W) 8 1
% ERA G FE L (P<0.05) s A FRIRILL, 41
FERE R 20 0 18 71 o 4 B S 1 40 GSK-3B FH
PR B BRI (P<0. 05 5 P<0.01) ; 1 258 H
A IFOEUL L R R AL S 4 2R GSK-38 %
IR R R (P<0.05 8 P<0.01) , (45R W7,

Kl 10 & 11)
2.7 FOEXT AD KR EL F BCL-2 5 BAX
FiEKFRF N

5525 Lo AR 4L B, AR 21 A U 41 4
t BAX £ AR 235 5 TR, H BCL-2/BAX (1)
W TR, (AR TG EE L (P>0.05) , HKT
BRI | 45 45 25 LI 4120 BAX AR IA K F#4
FF#(P>0.05), H BCL-2/BAX 4 H{H A A [A] 2
FERTF i B (P>0.05) (45 R % 8 K 12 K
13),

BIEIREE (H1-42(pg/mg)

A BARFARA  C R, D AP A E I OBGHHEYL FOT OB R R4 G IT O BE R4, 525 a48EF
RAMLE,*P<0. 05, P<0.01; SHAHH L, © P<0. 05,42 P<0. 01,
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Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San

medium dose group. G, Kaixin San high dose group. Compared with the control group or sham operation group,*P<0. 05, P<0.01. Compared

with the model group, * P<0. 05, %% P<0. 01.

Figure 7 Effect of Kaixin San on B-amyloid protein content in brain tissue of AD rats

R 6 JRLEXT AD REIKNHAH tau HHRIBKF AN (x2s,n=4)

Table 6 Effect of Kaixin San on the expression of tau in brain tissue of AD rats

2H 5] Groups 74 (mg/kg) Dosage J2 )2 (10D) Cortex 3 5 (10D) Hippocampus
%5 14 Control group / 826.97+552. 16 1244. 68+906. 16
RF-AH Sham operation group / 561. 62+295.79 1374.30+814. 44
HEIZ Model group / 1390. 36+233. 98* 2849. 53+702. 32*
TP 41 Huperzine A group 0. 046 792. 01+304. 28 1181. 80500. 612
L 4
, ﬁ LB 11. 480 928. 21+408. 26 1479. 75+523. 92
Kaixin San low dose group
N F =4
- JRCHECTRREAL 22. 960 747. 18+486. 63 1515.77+1139. 74
Kaixin San medium dose group
ST T:.'—S\(l 52
IR G 4L 45.920 793. 42+505. 62 1845.28+1432. 42

Kaixin San high dose group

57 AR FARAMIEL, *P<0.05,% P<0. 01; SERIAIALL,  P<0. 05,
Note. Compared with the control group or sham operation group,*P<0.05,% P<0.01. Compared with the model group, “* P<0. 05.
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Figure 8 Effect of Kaixin San on the expression of tau in brain tissue of AD rats
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Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San

medium dose group. G, Kaixin San high dose group.

Figure 9 Effect of Kaixin San on the expression of tau in brain bissue of AD rats

F7 JFOHT AD KEUGA LU GSK-3B RIKIKF-MHIFEM (x+5,n=4)
Table 7 Effect of Kaixin San on GSK-3[ expression in brain tissue of AD rats

5 FlHE (mg/kg) S22 (10D) T (10D)
Groups Dosage Cortex Hippocampus
%5 F 41 Control group / 4693. 20+£2424. 03 2047.70+554. 39
B F-A 4 Sham operation group / 5004. 02+1654. 56 2421.76+1088. 99
FERIZ Model group / 8641. 52+2230. 49" 3967. 49+1515. 58"
AT 4] Huperzine A group 0. 046 4974.27+3274. 992 2102. 58+1375. 84
TR BRI Kaixin San low dose group 11. 480 5113. 12+2794. 35 1752.94£1119. 7044
FROEUP 5 4 Kaixin San medium dose group 22.960 5068. 12+2072. 73 2091.91+627. 924
TFC s 7] 21 Kaixin San high dose group 45.920 2692. 39+2236. 5744 2290. 97+785.73%

T 52 TSR T AR, P<0. 055 SEURALMILL, © P<0.05, % P<0.01,
Note. Compared with the control group or sham operation group ,* P<0. 05. Compared with the model group, 2P<0.05,%% P<0.01.
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Figure 10 Effect of Kaixin San on GSK-3@3 expression in brain tissue of AD rats
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Figure 11 Effect of Kaixin San on GSK-3 expression in brain tissue of AD rats

®8 JROHGT AD KEUALZUT BCL-2 K BAX FRik/KTF AL (v25,n=4)
Table 8 Effect of Kaixin San on expression of BCL-2 and BAX in brain tissue of AD rats

251 Groups Fil 42 (mg/kg) Dosage BCL-2 BAX BCL-2/BAX

%5 440 Control group / 1. 030+0. 331 0.266+0. 160 6.032+5.970

5 F- A4 Sham operation group / 1. 004+0. 296 0.31220. 183 4. 478+3. 089
P2 Model group / 0.916+0. 219 0.371£0.223 3.298+2. 352
FIAZHH 4 Huperzine A group 0. 046 0.909+0. 248 0.201+0. 151 6.227+4.265
Kaix?:lstjl:il{oiﬁgffﬂgmup 11.480 0.938+0. 374 0. 186+0. 132 7.675+7. 486
Kaixin J;Ei:iiﬁi group 22. 960 0.933+0. 299 0.24120. 155 4.914+2.918
TEL AR 45.920 1.019=0. 324 0.339+0. 214 3.920+2. 667

Kaixin San high dose group
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Note. A, Control group. B, Sham operation group. C, Model group. D, Huperzine A group. E, Kaixin San low dose group. F, Kaixin San

medium dose group. G, Kaixin San high dose group.

Figure 12 Effect of Kaixin San on expression of BCL-2 and BAX in brain tissue of AD rats
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Figure 13  Effect of Kaixin San on expression of BCL-2 and
BAX in brain tissue of AD rats
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