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(Abstract] Objective To explore the potential molecular mechanisms of salvianolic acid B (Sal B) in treating vascular
dementia (VD) through network pharmacology and experimental verification. Methods Network pharmacology was used to
identify the potential targets of Sal B intervention in VD. A protein—protein interaction (PPI) network was constructed, followed
by GO and KEGG pathway enrichment analyses to determine biologically relevant target pathways. Molecular docking was performed

to evaluate the interaction between Sal B and its targets. The optimal concentration of Sal B was determined via CCK-8 assay,
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the cell morphology was observed under a microscope, and the release rate of lactate dehydrogenase (LDH) in the cell supernatant
was measured using a microplate reader. The levels of inflammatory factors were measured by ELISA, the protein expression of
NLRP3 was examined by immunofluorescence, and the protein expression levels of NOD -like receptor protein 3 (NLRP3),
apoptosis—associated speck-like protein containing a CARD (ASC), cysteinyl aspartate specificproteinase 1 (Caspase—1), and GSDMD
were checked by Western blot. Results A total of 37 targets for Sal B intervention in VD were obtained by bioinformatics
analysis. Core target genmes such as Caspase—1, NLRP3, and TNFR1 were screened by network pharmacology, and the pathways
including the NOD-like receptors (NLRs) signaling pathway that may involve these target genes were identified through KEGG
and GO analyses. In vitro experiments were performed using the classic NLRP3/Caspase—1/GSDMD pyroptosis pathway. The
OGD —induced pyroptosis model of hippocampal neurons was established, and it was found that Sal B could significantly
enhance the survival rate of HT22 cells after OGD (P<0.05, P<0.01), alleviate cell damage, reduce LDH release (P<0.05 or P<001),
decrease the levels of IL-1B and IL-18 in OGD-damaged HT22 cells (P<0.01), inhibit the activation of NLRP3 inflammasome, and
reduce the protein expression levels of NLRP3, GSDMD-N, cleaved Caspase—1, and ASC (P<0.05, P<0.01). Conclusion Sal B
may inhibit OGD-induced pyroptosis of hippocampal neurons through NLRP3/Caspase—1/GSDMD pathway, providing experimental

evidence for preventing and treating VD with Sal B.
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naling pathway; network pharmacology

M55 9 5 (vascular dementia, VD)J2IA AT
FE T R0 5 DL 05— K DL G i S S 24y
d ERIEIRIR B 2092 A TR NS VD 1Y)
BiiiG SN 21 20 SRR H 22—, SR, H R
VD B2 R SR T 25N, I R 22 RS AR D BE
259 AT AR R R9E VD &SR], S48
(RIS A FEFEBE . VD R B ¥ S AE
LR 28 a5, S FSIA R VD & SRR
I8 B 845 Ay e B 5 473 0 £6% 3 — 5 HIL Vi A
VD BT AL G, CAMRRY, 4k
T~ (pyroptosis ) PWE ky—Fl 5 1 B R P RSB T2 07 =X
5 VD kAR IEEDIRDE, FFIEA NOD FEZ A A
SEMIAH X F FH 3(NOD-like receptor protein 3,
NLRP3) RAE/AIMAIIE B R AR -1 (cys-
teinyl aspartate specificproteinase 1, Caspase—1)
HIT K % D(gasdermin D, GSDMD )3 LA K A2
R FRIRE ., SRAEA BTS2z k.
™ JIr 35 AR AE I AR ABL, < KCRE” 3 — 25 A B FE S
B SIS, H A KRS S — A0 = I
Bl st vD S R IL, 4 AE T RTRE A VD W
FERIRYTT B 10 80 1) 55 A5 TR OC 195 538 1 7T R
A B TIRG s e e

P2 ARG GG L 2, fE AR A RLZ )
Hg Sy L2 LA TR AR | D A B ST,
BACHEFE R, P2 B BRI Préa b s
W GE MEAG PRGN, F+2 2 BRB (salviano-
lic acid B)YERFHS 1 EZ0E M4y, B B SE AT

DA S BE 2 PR A5 R0 A s AR A 4 R G
o LA B I O PO SR X VD R 22
TCRA RS 2 B T a IR AL, i PF S 2 W R B
] B 3 2ok A B 50 U R AT ) KRR A
P38 3 I 1 AR IR HE SRR VD B4
TeHi MA R I, PES 2R B AT g i IGF-
1/Akt ¥BA% 35 008 VD BRI B TAHIBREG o %t
SLW B EARINEFERIZE (oxygen—glucose depriva-
tion, OGD)BLAL 1 ({1 AL IR R A X/, LI
XtFS LW B A el i o 40 AR TR A2 OGD
55 6 L ot 28 ST A5 5 A 2R (4 431 BIL I 1 S B
B, 1M OGD A ARYA] TR VD H fii i 385452 43 FifE
T 2 TR R AL, P00 24 24 B~ Sy — i
AR BRI A T EENAEYER
SR, A BT 2 2R SRR Y I £ 1R
ZHE LN, PR ARSI B 7R FH I 2% 2 Bl |
Oy TR R ARANSEBIAIE | 25 A P B2 K R
SRS Z TR B A5 VD H i £ 80 5 800
FVELEVE FIOLE, U FH2 2R B /58 VD IR
I7 R 2R U AR RIS 56 S

1 %
1.1 Z%

P2 LW B(4EE>98% , W [ R4 Y
BHEA AR ,20 mg, #iL45:B20261) , K Hoby A
F T H E N (dimethyl sulfoxide, DMSO) (it .



640 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

D5879, 78 [ Merck 24 w)) v, BC il % 100 mmol - L™
FIREAET, —20 CREYGIAT , BURCELA
1.2 a5t

/N B T 26 5T HT22 4 (415 . CL-0697) |
HT22 5841 3545 (5 . CM-0697) ; DMEM/F12 &
WS FREL (S PM150322) .0.25% 28 (A1 (it .
PB180226) W2 %% Mk (phosphate buffered salin,
PBS) (#1t5 . PB180327) JE4-IfiL 14 (fetal bovine serum,
FBS) (41t 5 :164210) ¥4 7 I Procell 24 7 ; 5 5
Y cell counting kit-8(CCK-8) (FIt5 ; E-CK-A362) .
LDH ZLR B &0l 3 P 1l ) £ (k% . E-BC-K046-
S). 4 i/ 2 (interleukin, 1L)-18 ELISA &3] &
(165 : E-EL-M0730) .IL-18 ELISA X 7] & (It 5 .
E-MSEL-M0003) #1727 Elabscience AF];BCA
B R BRI A G (. 23229, 32 [ Thermo A
] ) ;cleaved—Caspasel (#lt5:3866S, E[H Cell Sig
naling Technology 23 7l ) ; GSDMD -N it {4 (L5 .
ab215203, 3 [H Abcam A ] ) ; NLRP3 Hifk (Hit5 .
20536-1-AP) Caspase-1 HTIAHLS:22915-1-AP) ASC
Pk (5 :10500-1-AP) .GSDMD (Hlt 5 :20770-1-
AP) HRP-1I=EHi e 1gG (F1E5 : SA00001-2) .HRP-
EHUNR S HRP-67762) 1 [ 537X Pro-
teintech 23 ] .
1.3 %8

Steri ~Cycle™ 1160 CO, %I 4 il 15 5% 46 3140
CO, Incubator I = ;3548 . PIKOREAL9G HIZE
it B A3 Sorvall ST8R YA =l & L ALY 7= H 22
[ Thermo Fisher 2] ; Axiovert 200 3] B 9 1%
B (T8 [E25 5] /A A)) ;Gel Doc XR+BIEER IR &R 5t (36
[ Bio—Rad 7)) ; CKX53 8] & 455 ( H /& Olym-

pus 2NH])
2 MEAEBZ=STRDFXTE

2.1 PSSR B AT

P “Salvianolic acid B” A JCf i, 7€ PubChem
(https://pubchem.ncbi.nlm.nih.gov/) R EEH | K24k
BPISZ MR B 4L, TS Z W B 1
SMILES 5 3D fb°# 25120 (SDF) (Z5WHE O 3 M4k
5 Y Wi £ .SwissTarget (hitp://www.swisstargetpredic-
tion.ch/) .Genecards (https://www.genecards.org/) .Chem-

BL(https/www.ebi.ac.uk/chembl/)3 /MR i 57 1

ZVE R S IMBREE Z U , UniProt BAJE12E (https:
Ilwww.uniprot.org/ ) ¥ T AT $EARIL 4 R BRI 44 K
22 FRRHmIEE

DL “Vascular dementia” } 5817, f:2X GEO %X
Yo AR B SR R A AH A5 B, ARAR i s
GSE122063, K R &5 “limma” X} GSE122063
PEFT2E 53T, 3R VD 255560
23 FASZEEE B T VD ZEHERAIFRE

A 2.1 22" W R IEF BT EE
¢l 2 8] iy A ER 43, VennDiagram % 485 et 47
AL, S-S H2 ZER B T VD S84 LT,

24 PASEWMEE BT VD BaEAR-FAKRME
B {£F (protein—protein interaction, PPT) X 48 #%

i# 11 STRING (https:/cn.string—db.org/ ) %5 2 [
X220 B T VD $ESHET PPLArAT , s
HTSV SC4:, R Cytoscape 3.9.1 21l M 2844 b2
G3HT,

2.5 EREZAKIK(gene ontology, GO)BEESHEAER
S5EFABR2H (kyoto encyclopedia of genes and
genomes, KEGG )i &5 #7

K RiE clusterProfiler .org.Hs.eg.db 1 , %
HZZmiR B T AT GO KEGG HH44T, T
ffF3 2R B T 1 VD 85 A9 A 9 2E F2 (biologi-
cal process, BP) ZHffIZH 7 (cellular component, CC)
41T I1HE (molecular function, MF) & KEGG i i |
SRS Z0R B T8 VD WEAEVE L.

2.6 SKIGTGHIE

2.6.1 4MIIEFE ¥ HT22 4R T5 5 mL 584
FFREE (10%FBS+1% T 5 % R IR A W +89%DMEM
R EL) I T25 A SR, BT 37% 5% CO,
AR SRR AT RE AR OGBS
2,62 S MEF ZF (oxygen and glucose deprivation,
OGD) BRI P HE S A HE FRANMERL A BE 155 50%~
60% KT , K HT22 i Jf BEAIL 53 g Xof R | S0 ] < A5
RUZH (BRI ) P22 B (FHZZ2 iR B 4),
Xof BT ARG FRAR B R U T b B, B 2 T
MR g R e e kEgR 3, T PBS whik 2 Wk, Rl
DMEM JoHsE SR, FH2 2 W R B 20 IS [A] ke B Ak
24 h SR E T ICE I (949%N,+5%COx+1%
0,)37 C=IEFRAAPHEFR 4 W,



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 641

2.6.3  CCK-8 Kl 4% ) HOW BRI HT22
TR T 96 FLA T (1x10* AN/AL) o 4 I BE B 47
J& W BREE A SRS SR AR R TR U A 3, AR 20
TRl 58 ARG IR 5L, H PBS vhisk 2 Yk
DMEM TCHESE SR, P+ S 2R B 20 AR
(0.2.5.5.10.20.,40 .80 wmol-L")AbFE 24 h S5
HE T IHEIIE (94%NA+5%C0+1%0,)37 C= 1
FAAHEESE 4 h B , BBREE SRS, BALIMA 10 pL
B CCK-8 ¥R, k25 F 30 min, 7F 450 nm Abi]
R (A) B E RIS T, AIRAFETE = (A -
A )] (A sp=A 1) x100%

2.6.4 LDH Bkl WAl e .0, B
JEFE FE Pl W5 LU R A 2 A 00 J5 B L
R RIS )R BE AR U i 23 I AR S R e
TR%A),37 C/KH 15 min, 450 nm ARG (A),
115 LDH Bt

2.6.5 ELISA B M4nMoRssE i IL-18 1 1L-18
T EO RS AL AN Y, He ELISA BN &
VR AR ERAE KRR SRS R FEAR T (100 wl/AL)
INAFHRNAFLERIEE 2 h, eta AR k=
T & 5 DRI A E ALY BEARIC B8 |, & TR
WEE 20 min, INZEIEWRERE SIS B AR 450 nm
AEWOGRE (A)  THE IL-1B IL-18 &k,

2.6.6 ARPEVSEIEKIN NLRP3 B %A Ko
€A 24 FLAR, BALINA 1 mL 4HAEEGR , %
g 2x10* DNHLLASEFRFE R SR 24 h, 44k 2 )
“2.6.27W, WERE N ) JE F AR L, PBS T3 3 Ik
i, H 4% ZRBHEEEEMCH 10 min, PBS 1% 3 K5
FH 0.5% TritonX-100 i# % 10 min, L1 115 £ 4
30 min, ITAFFEG Y NLRP3(1:200)— g &0
4 CHW, MARBRZOC P RME | h,
JIDAPL EEEIFE 5 min, B A5 966 B T R4
EI&

2.6.7 Western blot il & [ 1 4H i £ T AH OG5
ik ARYESCE AL FRAN AR | R fh S Ui
YR, A B B 0 R R TS PR R
BCA 1542 )5 SDS-PAGE EESHLYK, PVDF #4115 ,5%
JBERE R P 2 h, TBST ¥k 3 %K ,4 C—HUFE LR,
Foe U I A5 B FR B LU 491 2 NLRP3 U4 (1:1 000)
Caspase—1/cleaved-Caspase~1 $IL{A&(1:1 500) .GSDMD/

GSDMD-N #if& (1:1 500) ,ASC ik (1:1 500) 8-
actin(1:5 000), X FPRHBBEEYE 3 Y5 41 (1:2 000)
B 2 h, BB SR A SR, 3@ Image J
HEAT IR BEAE 53T o
2.7 EHERSH

fiH GraphPad Prism 9.3.0 #4781 1434r, or
A B E e P B ) O 25 AT R I AT A, SR
1T Dunnent Z2 T8 LK, BN “axs”, Gl
FMEBE R P<0.05,,

3 H#R

3.1 SR B MEBEESR

A 3 AR 25 A1 F SwissTarge | Gen eca-
rds .ChemBL %4 J% | {#i F UniProt ¥ BT A 04554
REEH AR, KR EE WS LS 2R B &
FEHL A 5714,

3.2 VD ByZE REE (differentially expressed genes,
DEGs)

KM limma 47 22 575341, LA P<0.05 H.llog2
(fold change)I>1 S 25k 22 3 . GSE122063
M 1 342 22 SRR (1 1B) , Hirpr 541 4> 22
FHEPITE VD HEA R RIA T I, 801 4> 22 7 B 7R
VD FeA R B
33 ASEEEE B X VD HIEREA

FH RIEF TS 28R B A VD LA
4, VennDiagram X} &5 47 nl ¥4k (Kl 1C), 3R
BFZZmimg B TS 37 4,

34 FISSEMEEB T VD BaMEAESE

fifi i Cytoscape 3.9.1 f% | I:3IK PPI [,
HH4E 37 A HERL N 198 S AL AY 3 H -
B H B EAEF (protein—protein  interaction, PPT) ¥
26 FEAE R ASUBOR B B BRI D
Hrp R fIRAY M IL-18 TNFa—1 IGFIR EDNI1
Caspase—1 NLRP3 (] 2A), GO &85 Hr153] BP 2%
H 704 % CC 5625 H 28 4 ,MF #5645 H 74 %,
BT 10 ZRUEFTRTIAL (B 2B) , PSR B T
B S A W B R VS 2 5 G i SO 1) A L A
T .G B MBI SZARAE 5B G PR O | 2R
FBERR AL 20 B 73 h 1) 7 1] 315 45 240 1 6.4 1L
/INBR o BIURE | SRE/IMASE A1) NE R A B AU 0%
TORLAE I 240 0 O 0 55 40 D Re A 4 LS i i



642

e P BE 25K 2E 24 hitp://hnzyydxxb.hnuem.edu.cn 2025 45 45 %

A REEA B IR AZ R B I R T S A tosis —associated speck -like protein containing card,
KEGG 4 24 Z&il %, B 52 AT 130 45304000,  ASC)MI Caspase—1 Z5 ST ME B AL GY WG T
KRR NOD 2 AR (5 Sl 45 (181 2C) . UifF Caspase—1, PIFIFFBEAL 4 5 K140 1L-18 A1 11—
NOD 52445 53 #% OGS T REJ& o RAE/MARZE 18, 51 K RAE SN, ] iF 34 3% GSDMD S5 40 fifd £
% NLRP3 ZRBE )5, ST HOBERFER H (apop- T2, NI, 254 PPLATE 2407 45 1, AN g T 20

A

&

—log10(adi.P.Val)
3

B o - B C
2 T o Teat
H H § vo Drug targers.
& & I
= %
S
Sig 3
« Down T 51
. Not i
Up i
i !
el s (1 vty 2. e

it - |

1 ASZBE B THEAHIREK

Fig.1 Acquisition of salvianolic acid B intervention targets

1 A.GSE122063 22524317 K 111 &1 ; B.GSE 122063 225343 #4 A ; C.GSE122063VD 24 57 3L I SR+ 5 2 W ik B
M sCES R,

C CYPITAT
T6Fa

B posiive regulation of blood circuiaton { B
regulation of cytoking production involved in immune response { [ }
cytoking production involved in immuna response {
negative requiation of secreton by cell{
response o nutrient: o
denylate cyclas pled receptor | -oglpvale)
response o reactive 0xygen species 1
protein autophosphorylation 1 N
prot coupled fo messenger7
regulation of DNA- binding lanscripion factor actvty{ (£ "
inflammasome complex{ 0 3
‘mast cell granuie | .
platelet alpha granule fumen { ] 2
platelet alphagranuier @
protein kinase complex{ # 0
integral component of postsynaptic membrane { ® O count
secretory
cytoplasmic 2
. 0
0:
catecholamine binding 0 0
oxygen binding [}
G protein- coupled amine receptor acty 9 0:
P ac L]
heme binding{ 0 : (
tetrapymole binding{
proten tyrosine kinase actvity 1 @
(G protein- coupled pepfide receptor actiity1
peptide receptor activiy{ @
reduction of molecular oxygen1 @
20 4 60
Enrichment
‘Complement and coagulaton cascades M v D
Unigirons and oher tenoid queone iosymives .
‘ .
5 - e~ » -ogg(Pvaiue}
- Gyosali Divk sensng painway S . 4
7 Bosymihesis of amino acds W
" Centalcateon metabols m cancer N . 5
<iGMP-PKG signaing pathway .
5 2 P X 1eigidias sna
g oMt 4 ) 02 ) ‘ NS erponoituinone
Fi3A <k 3 N g iosynihesis
5 %
b ‘8 i AT A altapgarbon
Mela . HOKAR 4 > —_— SO metaiglism in
. R7 i \ﬁ"‘.ﬁ».‘.\
£ SN cor
03 A
. 774 Y,
. - AN ONX e,
/% 2 .""q'-
. ~
2 Count
Counmina dosese-cov019 I} . o
-1 i pathny [ . 3
Aoty ks [} . (X
Neusoacieigand et ieraction L
s 00 0% 02
Gene Ratio

2 PASLEEE BT VD MK AIEZEMR

Fig.2 Network pharmacological study of salvianolic acid B intervention in VD

1 A37 NS 2R B T B S R -2 S ELAE NS B.GO B 4253 HT; CKEGG 5@ #E/HT; DFS 2R B #E S A



2025 455 45 %

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn 643

¥ A% NLRP3/Caspase—1/GSDMD 15 53 1% 1] B N J}
ZZ MR B T VD i Sz oo S Ri2 (#2D) .
3.5 ASEE@EE B X OGD s HT22 LA ZEK
BRI i%

5%t BALL AR HL , BRI 20 S 1R (P<0.01)
BRI LA, AR P S 2 R B(0.2.5.5,
10,2040 .60 .80 wmol-L™")4LH OGD 457 HT22 48
J, 240 L3S 0 A B AR A, o 25510 pumol - L
Bl 245 9 Tl 18 fin , HT22 240 M A7 30 S5 4 v 10 3, 22 %
HAGH2#7E L (P<0.05,P<0.01) , BIX 3 Uk
RGLIHRIEM, WA 3,

150 -

100+ e

HRFER/%

50

&\&»\\\& LRI NN
4\% 5 ZEEB/(umol-L")

B3 CCK-8 kS SR B RIBLLZIIRE (vas,n=4)
Fig.3 CCK-8 assay for screening the optimal drug
concentration of salvianolic acid B (x+s, n=4)
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Fig.5 Effects of salvianolic acid B on NLRP3 expression in different groups of cells (¥s, n=3)
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