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Mechanism prediction and validation of Kaixinsan in ameliorating neuroinflammation in Alzheimer’ s
disease

XU Dandan', ZENG Yongchang”, LIANG Shaoyu’, LIU Qi’, WU Junhong®’, HE Kang' (1. School of Pharmacy,
Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China; 2. Preparation Department, the
Affiliated Hospital of Traditional Chinese Medicine, Guangzhou Medical University, Guangzhou 510140,
China; 3. Geriatric Medicine Institute, Shenzhen Second People’ s Hospital, Guangdong Shenzhen 518035,
China)

ABSTRACT OBJECTIVE To predict and validate the potential mechanisms of Kaixinsan (KXS) in ameliorating
neuroinflammation in Alzheimer’s disease (AD). METHODS Network pharmacology was employed to identify core anti-
inflammatory components and key inflammatory targets of KXS for AD. Gene ontology (GO) functional annotation, Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment, and molecular docking were performed. Based on these
findings, male SD rats were used to establish an AD model via chronic D-galactose induction. The effects of KXS on AD rats were
evaluated, including quantitative behavioral score, learning and memory parameters (escape latency, platform crossings, platform
quadrant distance and time), organ indexes (heart, liver, spleen, thymus), histopathological alterations in the hippocampus, and
expressions of inflammation-related pathway proteins and their upstream/downstream regulators. RESULTS Core anti-inflammatory
components of KXS for AD included gomisin B, panaxytriol, gomisin A, enhydrin, vulgarin and panaxydol, while key
inflammatory targets involved nuclear factor-kappa B subunit 1 (NFKB1), nuclear factor-kB p65 (NF-kB p65), interleukin-1@ (IL-
1B), IL-6, Toll-like receptor 4 (TLR4), tumor necrosis factor, nucleotide-binding domain leucine-rich repeat and pyrin domain-
containing receptor 3 (NLRP3) and caspase-1 (CASP1). GO and KEGG pathway enrichment involved inflammatory response,
phosphorylation and the NF-kB signaling pathway. Molecular docking confirmed strong binding affinities between core components
and key targets. Animal experiments demonstrated that, compared to the model group, KXS significantly alleviated

histopathological damage (e.g., neuronal shrinkage, reduced
Nissl bodies in hippocampal CA1, CA3, and DG regions) ,

increased organ indexes (except for liver index) and Nissl-

AEETE J7AH AR5 50 H (No.2021A1515010978,
No.2021A1515012474) s TEIITH BH 01 B 22 51 25 ZE Al 6F 5 31 H (No.
JCYJ20210324121610029)

% SR W WRIT 71 « 252 LR % T 2 stained positive cells, improved learning and memory

HIFIBFA . E-mail: 2109650462@qq.com performance, and reduced behavioral scores (at the 8 and 12
HBIEES 287, 1S, W BF9E T T S RG22 weeks of the experiment) and protein expression of NF- kB
BT SRR . E-mail : hekang0851@163.com p65, phosphorylated NF- kB p65, TLR4, NLRP3, CASPI
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and IL-1B. CONCLUSIONS KXS effectively mitigates neuroinflammation, reduces hippocampal neuronal injury, and enhances

learning and memory ability in AD rats, potentially through suppressing the NF-«kB signaling pathway and its upstream/

downstream regulators.

KEYWORDS Kaixinsan; Alzheimer’s disease; neuroinflammation; network pharmacology; molecular docking; NF-kB signaling
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Bi] 7R 2% 15 2R (Alzheimer’ s disease, AD) J& ™ B &,
Jole NIt e ) EE R o Bifi s Bk 2 i AL AR B 1Y
AW, AD B89 &5 B A ZE T, BT, 21 2050 4F
R 1,622 N A st s AR mE R FE 55 (2
ZRWR ST R4 B ) A1 N- L -D- R AR R 32 AR 5 P 7
(AR 2R E H ) ADIGIT 2549 0 LR 25 /EH
HLI R — T AD i PR 52 2% L & L o o B, B0R 97
BORA PR,

H T, AD &G HLHIPE B 22 Fscud , anpf 28 58 5
i | tau B [0 B B2 AL A 5 L B-TE M A & 11 (amyloid
B-protein, AB) Z KR UL A , o il 48 R JE BN H )& AD
e R EOR LT 2 — BFFEHE RS & R AE
A5 % tau 25 i BERE IR TL L AR A K BB BE R G L
SEP PR AR | X — R A B AR AT HE— 2 R RRE A
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T, A 57 400185 Bl ) 2% 24 P 2 F B, 1 KXS 5 AD
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T KXS 38 AD R RAE I TEDLH L o KXS B K
AHICHT 2] BB & SR AL AR
1w
L1 EFENHF

AT i H 3 2L A 46 SA201 A Morris 7K 28 5
WA R (VLR FES AR A RAF) .
SpectraMax 13x %I 4> i K 4= F 3 £ 3 fig Wi pm X (55 [
Molecular Devices /A ] ) .PowerPac Basic ! B, Jk {2 ( &[]
Bio-Rad /A 7] ) , Tanon-5200SF %14 [ i fk24 & e K% 4
Br Z48 ( Lig REERH A PR F] ) \ Teksqray SQS-1000 %4
¥ R AL R 5 (I AR R A BR A R &5
1.2 FEHRBEEF

KXSH I eipimis NS KL A B IR (it
A3k 230401, 230201 \F1218411.,230501 ) A0 [ 7~
BRI ARAE, B e B B oR R
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D--F B (D-galactose, D-gal; 31t 5- 2202593, 4fi i =
99%) | Fh R Z 7% WR 55 %) i (At 5 K2119303, 4l =
98%) 4 A L iE BT R T A AR A A BR A w5 JRR
F -0 (HE) B iR & L Je IR s i (520 51 o0
CR2211064 ,CR2206058) ¥ H s T4 /R AW RHE A
PR 7] s BCA B ORI & fb2r Aot & (AL 5-4r
514 091922230203 . 103122230302) ¥4 [ | 324 2 K
HIEARA BR2A A 5 BT B- LBl 3 1 (B-actin) AR L 4
ALY (HRP) A3 19 L -4 5 s e 3k A 1 G (1gG) — it
(525435 BM0627 .BA1054) 21t [ i i -1k 4
T RA B2 A Pt Toll B 32 44 4 (Toll-like receptor 4,
TLRO) ik A%+ kB p65 (nuclear factor-kB p65,
NF-«kB p65) A | At 1 40 il 4 & 18 (interleukin-18,
IL-1B) Pr A . et e K 25 F1 88 1 (caspase-1, CASP1) #T
I RPUL TR SS & 45 B R & e A IR T 27 51 AN B 4
M 45 #3837 1K 3 (nucleotide-binding domain leucine-
rich repeat and pyrin domain-containing receptor 3,
NLRP3)$Hii& HRP FRiC A LI =EHT R 1gG — 9t (1755 5]
43 19811-1-AP. 80979-1-RR , 66737-1-lg., 22915-1-AP
68102-1-1g .RGAMOO1) ¥t [ 2RI = J&§ A W AR A [R
28 ) 5 B0 B B2 16 NF- kB p65 (phosphorylated NF-«B
p65, p-NF-kB p65) Hi 1A (435 - AF2006) 14 [ VLJ5 %= FF
AT LA FRA T,

1.3 LIz

SPF 2 /it SD K FR 32 H, fRH 200~250 g, I [
IR i 38 A AR S Sh B R IR | AR R AL S
SCXK (#.)2022-0063, A K IR 5= T Bkl 4%
JB CBIND A FRZA 7] SPF 9% 52 5 8l U A X BE (50 +
10)% , Wt FE (23 £ 2)°C, B RASE G I, A AR R .
POK RGN PEMESE L ARSI T R 4% R SE R B
YrE RS HEZE D1 23 HAZAEE (465 202300167) .

2 HAEEHER
2.1 MIEGEESH
2.1.1  KXS M43 (4 0 18 S i Tt

it TCMSP AR ER R NS K% A B b
B, AT AR A= 9 R =30% Fn 25 A =0.18
PR UEGREAZ O 53" X T AR Bk TCMSP 48 R~ /Y
WL AR B Sl Aok SCHRAS FE 0 BT 3 A3 ) HE AR 2
¥, - A TCMSP Al FEdF AT e . R 1 4 S e
SEAENE , AHIFGEAR I T AR L SR R A TR R A
7 2L A LAY, 338 3 PubChem $iH 22 K62 HL AT 4
A ML ¥ 45 #4 5 (simplified molecular input line entry
system, SMILES) , ¢ SMILES £ A SwissADME %3z /% ,
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FH GIF I 104 M0 BT

& Bl SwissTargetPrediction £ 45 J& , L) vl BE 14 =0.1
SR AETRBE_E IR AZ U B A A A, AT 970 N0 B
Pax
2.1.2 PRI 5 T S 24549 9 A8 S HE S A BRI

L) “Alzheimer’s disease” }y e 1n] , 7 GeneCards %X
# % . DrugBank Online ¥{4f 2 . OMIM %i4fs 2 #1 TTD %
I vk 2R RN 58 AD 5 H A, R4S 1 185 MR
LUy

5 Bh 5 B 2. 1.7 30 R s
o B A TR, OSSR L SRS
LUy,
2.1.3 B U EAE 24

K 25 -0 ACBEHE AU A STRING BUdie o, 1% 5 i
TR EER 0.900, ZBRICCHRT sU5 M - A A L
£ H (protein-protein interaction, PPI) % %% , 3¥-fifi | Cyto-
scape 3.10.2 FA T EE (B K T H i AL A 8 (1334 i
T AT PR s (PR T T, 32 D90 24 AT 941 4 Sy o — 4
T e 2 DT v B4 5 R AR A B TR 1) o #E 1% PPI
W2 A 25 AT S BE(ERE ) 20, RO .
t, %Kﬁ*%[ﬁﬂ)ﬁ'ﬁxﬁ@%*ﬁﬂ@ AR kB R 3E 1
(nuclear factor-kappa B subunit 1, NFKB1) \NF-kB p65.
IL-1B8 .IL-6 , TLR4 /& IR FE HlF (tumor necrosis factor,
TNF) ; it4h, #1 £ NLRP3, CASP1 {1y i {H S AIK T 20, {1
TESSAE 18 v B S AR Y Bt 8 Bk (R0 )
SR AD AHAZ O RAEHE 1
2.1.4  “ZG-TE PR - A I L R

fdi 1] Cytoscape 3.10.2 XS 254 %0 iy A28k
A e RE) 2 -0 M 3 - A ) % (B T T 2% D 8%
AT AR SO 0T AR 2 DU T a8 i A A
EME 2) o PR T A 439> (32 830 Sk HiFhA
IR as SRR BEEHERT 12 0709 B 43K YK A panaxacol .
2% % W5 Kl B8 (deoxyharringtonine) | ¢ IH AR % (genti-
sin) | F. WK F fif £ (gomisin B) . A 5 f = [ (panaxy-
triol) . TLBR -5 H (gomisin A ) | quinicine , enhydrin . tau-
remisin , vulgarin, A 2 ¥ % JR B (panaxydol) . celaben-
zine, JBAZOIEPER ST o Hb, R FER " A S =
Y FLR TR Y enhydrin' | vulgarin® . A\ 2 I bR
PR HAT — 0 P A TG, O KXS BURZ OB B o
2.1.5  FEPRAYR UL R AN SE R A B I S o

4 25 W) -5 9 38 FE A 15 5 A Metascape 7E 28 T H ifF
FTHE R AA (gene ontology , GO) | &L #fS 3k PR 13 K 21 %
$i J# (Kyoto Encyclopedia of Genes and Genomes,
KEGG) & %41, Hh, GO & 40 4% 4 4 i 7 (bio-
logical process, BP) , 4fl il 2H 4} (cellular component, CC)
F143F 2 fg (molecular function, MF) . 4351+ GO & %
S5 Cay SR EEDIEGHERT 10 47) (KEGG 5 HE 45 3 (g A dk
PRIEICHERT 20 7)) R ABUE(SEZO- AR . w4

SR (B DR BP IR “ JAE F N BLHEAE 0] SE4E , BP Il

A 0 S A b R
330 2y - PR A B
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i 12 PubChem Ui i B A% OBt 28 B4 LR i
O NS = HWFHEH | enhydrin , vulgarin . A S 3
SR Y 3D 4544 , {31 ] Chem 3D B {347 /Ny T 45 4
4t ; A RCSB PDB %4 72 v A% 0 48 JiE 40 05 2 11
NFKBI1,NF-«B p65.IL-18,1L-6, TLR4, TNF ,NLRP3
CASP1 9 AR 4544 , 4K )5 {f FH PyMOL 1 {4 2B 7K 43+
FTSRBLAA s {1 FH AutoDock FA4 1 “ AutoGrid " ALHL I ]
TG Bl R, ¥4 32 AR -TC AR “pdbqt” SCAF I HEA T4 T
Xz AL R HA5 G Re ] LI 2 (BR TR, 43+
X2 735 A1) AT 471 A S U T A A 4 T P < R 5 Y
Ji M e BRI 3) o XTHRAE IR R, LR R R
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NFKB1{ —4.4
NF-kB p65 { —4.8
IL-1p{ —5.2

IL-6{ —4.9

TLR4{ —48
TNF { =53
NLRP3 { —59

CASP14{ —5.1 s

o
NS LT TRF AZIF vulgarin enhydrin Al
ECS il vt (kealfmol)

B2 KXS#ZOMKMSEREBBRZOCEANES
e
BE?AR

FEF AR o 2 24 B A 4 SR A & SCHR™ , AHIFFE U
M NF-kB {55518 6 H 2 31756 0E
2.3.1 2B

S RIEGEE NS RE A E KR 90,90, 180,
90 g, IRA, N 125 B /KR 0.5 h i, An#A R 1.5 h, i
UE s 2N 8 ALK AR BN 1 b, 3 U8 BT 2 IRUEWE,
VA AR R E ) 1 g/mL (LR 25 R0 ) R 200,
T—20 °C A7, & Ho
2.3.2 oyl dERIS 2

K B ML A A % R AL (CON 4) B A 4 (MOD
ZH) KXSH1[1.35 g/(kg-d) , LAZK R, 4% B PR
RN S] . 245 URFFLH[DON 41, 1.35 mg/(kg-d) , LA
ARV, e NI R 1 1Y) 1.5 A5 45 B A5, A 41 8
Ho BRXF IRl AN, HAY S 21 K RIS HE i vE 5T 250 mg/kg
i) D-gal (LAEBRERACHIE]) , 5K 1R 5 LRI, KXS
ZHFT DON 21 A FRUE B AR 2598, B R 1R, AR L 25 2Y
YoRegz 128, Hofn), 4 2 A4 4K RUARER 1k, AR
HARAE B AL PE4) \Morris 7K 24 B S50 K gl 2U0) | 45
W7 AD AR A5 5 i oy
2.3.3  KREUAMERAEPES

SEG ], i 2 7 SR B K RUARTE (B35 B % .
Bk B 6 s U FLHERS ) 3 T AL
Gy B4 RV LR . ELRBRIES 25 A1 56 SCk™ ., SR
SPSS 22.0 KA X EAHE AT 0 . IR IEZS A5 1)
Bl hx £5 Fon RS ZE Ty 20k 2410
B, ok H LSD-¢ K 56 ( 5 22 55 1)) 5% Games-Howell K %6
(5 AT BT HE— 2 PR LA s AN IR M IE 2543 A 1Y)
BAELA M(Pas, Prs) 7R , 2R FH Kruskal-Wallis H 4556 717
ZeH 8] A, 5% FH Wilcoxon B ARG 46 1754 7 3E— 25 P 4 HE
B KK IEa=0.05(GH s D

gEHL(FR 1) Won, LKA 8 12 AT, 5 CON 41t
MOD 41 K U RAE Ak PF4r 1 B 3 T (P<<0.01) 5 5
MOD £ [ A8 , KXS 2H F1 DON 2H K B AAE AL 1T 43 34
I ERAK (P<<0.05 8¢ P<<0.01),
234 KEEEAICICEESTEAG

K Morris 7K 28 B 525 T 5050 55 12 JEPEAh R 2=
iz e (4R E# 45 2y) , BARRAES % M5 3
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TEZED; 202545 36 4 121

x1 BHERBRMEEEL TSR (x+s5,n=8,47)

gl #0J B4 8 B1R
CON4L 20206 41517 75£18 8821
MoD# 17408 48418 96£15 142£19
KxS# 21£05 50%13 8317 113420
DON4I 18208 4611 82£20 104£23

a: 5CONZ [L4%, P<0.01;b: 5MODZ [t4¢, P<0.05;¢c: 5MOD
21 i, P<<0.01,

R R SLK . 1 H @ MR ZR, B A H O RRIE K 1
min DA b7 [ AR 7Kt (544 150 cm 3R 50 cm) 1 55 Jf:
AR -6 G KT 1.5 cm) o 552 28 5 K M e i it
TrUIZ, BIER B R MK it 4 NS RBRAIK 10 s 4R 5
B (KT 1.5 em) Ak BEE AR G KRR 60 s N 4K
FIE-£, T S SERR BT B[] 5 2 A48 2, e 60 s, I
BREGIFETFEER 10s), 56 KN RIERLEK,
RIS R 5, 8 K B T /K It [ 5 S B (5 3 B
FENLE 0k 60 s PRI TK IS B2k, 43 A Lk kv
FRIW 2T 5 B T 65 G R % A B ], 4 R K
A REFTHI VA FE R

gER(F2 #3) s, 5 CON A H# ,MOD 4k Kl
TV TG B0 I 42 S 4, b v AR d S5 A £ | 2P
BB T 15 G2 BRI FE B i [ 359 3 ek /D o 4 4 (P<<
0.05 1% P<<0.01) ; 5 MOD 4H [t 4, KXS 44 il DON 21 K
BRI T T 715 o0 B 2 A S R R B 7 £ , b ol v (R 301 35 (.
EYR R KXS 21K B ZE 8T 15 B 5 S BRI R S
i [] F1 DON ZH A B 27 8T 15 YR B0 dnd 2 3 i sl e 4
(P<<0.058{ P<<0.01),
x2 BAKXRREERY FHEAXE FARRE

2R AFEI LB (n=8)

0 w‘gﬁtﬁﬂ %ﬁ%mﬁm,m %Z{B&Eﬁﬁ ?ﬁ%ﬁ&ﬂﬂﬂ
(xts)ls H(xts)] (¥ts)/em (xts)ls
CON4L  25.00+14.99 15(1.0,20) 36844+ 71.73 13.80£3.01
MOD4 54751755 0(0,1.0)¢ 27066 £ 78.42° 10.52£2.21°
KXS#4 293842300 1.50£0.93° 376.56 £ 71.00° 15.63 4,09
DON4L  33.50£19.03¢ 125£0.71¢ 309.99 +77.63 1296+2.57

a: 5CON HL#L, P<0.01;b: 5 CON# L #, P<0.05;¢c: 5MOD
2R, P<0.01;d: 5MODZ 4%, P<<0.05,

A.CON4| B. MOD 4 C. KXS 4l D. DON 41

B3 JAXR=EERE WAL

2.3.5  ARACREE HEAR TR

Morris 7K 2K 7 SE50 I , Bk 45 2H K BRUACER b LR
PR AR AE BN . FEALREER AR 2 3 R R A,
4% 2 TP BT E , T IS 2E HE Je IR YL B 5% 5 B
B2l ) AR SR G , o0 B S L B A T IR 2k
Western blot 525 [AIH, AR 2% 20 R BRSO J0E FFIE L ji
JE R , BRSSO R T A b
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gL (2 3) R, 5 CON 4l L4 , MOD 20 K fR .0
JUE L JFF IR DL | e R 4 B3 i 2 R AR (P<<0.05 T P<<
0.01). 5 MODZ 4, KXS 20 . DON 20 K B[ iR 28
FEE(KXS 2 FFAEFE BB RSP ) ¥ i 3 T (P<<0.05) .

x3 FHAKXRIPERIEHLE (x+5,n=8,mg/g)

) DA AR TR it
CON4 3054018 2674£102 2104008 0854007
MoD#L 2724030 WIELTP 187£0.17 0.69+0.10°
Kxs# 2954025 86314 245019 0.80+0.10°
DON| 2962018 124316 2074024 0794013

a: 5CONZ H#i, P<<0.01;b: 5 CONZH 4, P<<0.05;¢: 5MOD
A H#, P<0.05,

2.3.6  KEUKA UL S
BL2.3.5" T T 4% 2H K FLZ 4% 22 58 W VA T 170 5 1Y)
j:ﬂm AT R A S U] R S S K AL o WA T
Yo 2 G é,aﬁ}#z)ﬁ?}mm THIGEMWE,

CALIX

CA2IX

DG X

A. CON#{ B.MOD 41

PLr VR B B R, £ S o L 2R HOf T 41 41 CALLL
CA3.DG X [ 8 B~ AR 4k, Il F Tmage J KX JE
FCYe B4 A G S 0, FLAA e B An ez ) A T4k

ZER (K4 B 5.3 4) iR, CON 4k BUE T 4H 4
CA1.CA3.DG Xtz £ & HPE%, AR A4
FIIEH . 5 CON4H A, MOD 20 K Bl Eh 4 44 IX 34
A DL TC A AR TR G I ARAS KL , 240 it A2 5 400 5
ST W, T B AR /D P 40 it 5 24 2 0 b (P<

0.01), L E BB L. 5EMOD Y HE,KXSH .
DON 41K Filif Th 2l 445 X B AR YA AN R B ek
2, SRR BTk n, BN B 2 (P<<0.01),
2.3.7 KB H 2 NF-«B {5 S i S H bR ik
EESY o2l
H2.3.57 T T 4% 20 K BURAE R g A 2L, BT AR
Ji AT 1) RIPA 2 8 (5 25 11 it S Tl 7 Ity 410 11

C.KXS4l D. DON 41

LT S BRI ALRTE s €8 S MR 0T AR S SR A
4 BRAXRBSARAREFNEHRHE(HERE)

CALIX

CA2[X

DGIX

A. CON#
LT S A ZE T s B S R IR AL
E5 HHEXRBSEAREFURNBHE(RREER)

B.MOD 4
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F4 BAXRBDEATRRIABHEMTHAMBEILR

(xts,n=3,1")

Kb BAHARBDHLAFRNF-«BESEREE FTH
EAREKELLE (x£s,n=5)

ikl CAIK CA3IK DG 45 TLR4  NFBp6S  pNFkBpss  NLRP3 CASPI IL-1p

CON4L 66.67+531 49174597 3BT+ CONAL 100047  100+021 100403 1002023 1004022  100%023
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