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 E: BR FAMKZEEE, 5P AMAMSLIRIIE, RIS R SCERRKIEERE (Alzheimer’s disease,
AD) WIfER MU, /3% 8 Super-PRED. DisGenet. Genecards. Uniprot. STRING ¥4 A B ZI 16 R 5 AD A EAE
FM %%, S\ Cytoscape BAFHRHEE AL L TRIEAMR AL SE A, FHHATIEFIAMA (gene ontology, GO) Thfe K mt #i 3 K 5 A K21
HEH=1 (Kyoto encyclopedia of genes and genomes, KEGG) B EE0Hr, M Autodock vina EAFHEAT 70 7350 0IE -
RANRHIAEZ M (lipopolysaccharide, LPS) 55 BV2 /MNERAIIERAERA, 45 TR TG, KA CCK-8 yEAail4m iy
%71, qRT-PCR AUl I8 SR FE A T--a (tumor necrosis factor-a, TNF-a)+ FH4HAZ-1p Cinterleukin-1B, IL-18)+ IL-6 mRNA
FIE, Western blotting £l B AR EBE/VLEE 3-F (phosphatidylinositol 3-kinase, PI3K) /& ¥ B (protein kinase B, Akt) /
B[54 B E-3B (glycogen synthase kinase-3p, GSK-3p) MBI AHREARIE. FR MEAHE L RER, MALE TR
i85 1% PI3K-Akt /5 58 . BREE S T-1 (hypoxia inducible factor-1, HIF-1) {5Si@8%, 1F/HTHIKTEEE 90AAL
(heat shock protein 90 alpha family class A member 1, HSP90OAA1). #%[XF-kB (nuclear factor-xB, NF-kB). Toll F£5Z2 4K 4 (Toll-
like receptor 4, TLR4). i MEULES 3-1k# i 3L 1 (phosphatidylinositol 3-kinase regulatory subunit 1, PIK3R1). 7 fgik
JIUES 3-8 (1L W% o (phosphatidylinositol 3-kinase catalytic subunit o, PIK3CA). E1A 454 2 M p300 (E1A-binding protein
p300, EP300) Z5HEel, RIFHRIT AD WIHER . 43 FRHEG R D RMAAL RS PIK3R1 48U HERUR RAF . 40/ sEi0 s 1 i
AN, JREAEF RFEME] LPS 5300 BV2 gl h #AEH 7Rk (P<0.05. 0.01), {2iF PI3K. Akt. GSK-3p MBI (P<
0.05). &5 JMAEE A SCE/ MR, P IOERITER . HAERHNLH] S 05 PI3BK/AKYGSK-3p J#HEA XK.
KEF: LR MR NN BRI PI3K; Akt; GSK-3p
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Abstract: Objective To investigate the mechanism of crocin in improving Alzheimer’s disease (AD) by network pharmacology,
molecular docking and cell experiments. Methods The interaction network between crocin and AD was constructed using Super
PRED, DisGenet, Genecards, Uniprot and STRING databases. Hub genes were screened based on connectivity using Cytoscape
software, and gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis were
performed. Molecular docking validation was performed using Autodock vina software. In vitro, a BV2 microglial inflammation model

was induced by lipopolysaccharide (LPS). After intervention with crocin, cell viability was detected by CCK-8 assay, mRNA
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expressions of tumor necrosis factor-a (TNF-a), interleukin-1p (IL-1p) and IL-6 was detected by qRT-PCR, Western blotting was used
to detect protein expressions related to the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt)/glycogen synthase kinase-3f3
(GSK-3p) pathway. Results The results of network pharmacology showed that crocin may act on heat shock protein 90AA1
(HSP90AA1), nuclear factor-kB (NF-«kB), Toll-like receptor 4 (TLR4), phosphatidylinositol 3-kinase regulatory subunit 1 (PIK3R1),
and phosphatidylinositol 3-kinase catalytic subunit o (PIK3CA) and E1A binding protein p300 (EP300), regulate PI3K-Akt signaling
pathway, hypoxia inducible factor-1 (HIF-1) signaling pathway, thereby exert therapeutic effects on AD. The molecular docking results
showed that crocin had a good docking effect with PIK3R1. The cell experiment results showed that crocin significantly inhibited the
expressions of inflammatory factors in LPS-induced BV2 cells (P < 0.05, 0.01), and promoted the phosphorylation of PI3K, Akt and
GSK-3B (P < 0.05). Conclusion Crocin has the effects of improving microglial polarization and anti-neuroinflammation, and its
mechanism is related to the activation of PI3K/Akt/GSK-3 pathway.
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Rl IR K IEERIE (Alzheimer’s disease, AD) s&—
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MUPH A SE ) SR AL A 2 X RN PR PHLLAE R,
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PPD) 4% 73t FHIE % & S 70 A, TR AT A 2R V8T
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FE R S5 EYAE AT IO . JRiE— B iR 2
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1.2 AR5

WAAER (LS FKX408, JFRESHN 98%) I
H EiEEASEAGRHE R AR LPS (35 1L22880)
T [ 2 [ Sigma A 7] ; 0.25%/ 8 AR5 0203 ).
BCA i & (JIt'5 P0012S) W H EifE3E = K AWH:
AREPR 7] ; DMEM mifiRE 74k (5 G4511) . PBS
R (65 G4202). HRP FRiCHI DR 1gG 9T
(#t5 GB23303) I AR FER4E R AR A RA
A]; ifiZF 3% (fetal bovine serum, FBS, #it5 FB7012)
J) I 3£ 1H Gibeo A ] ; H 8 3 -HE % R (5 BL505A)
9 Biosharp 24 ; CCK-8 X7 (35 ATWF06121)
I B ERHA A H AR AR AT ; FastPure Cell/Tissue
Total RNA Isolation Kit (ft£*5- RC101-01) HiScript I1I
All-in-one RT SuperMix Perfect for gPCR (L5 R333-
01). ChamQ Universal SYBR Qpcr Master Mix (fit*5
Q711-02) W) B m e MERE VIR A A IR A+
IR ERFEIR F-a (tumor necrosis factor-a, TNF-00)
F i/ 2-6 Cinterleukin-6, IL-6). IL-1f. Hi
i -3- 1 BR i & B ( glyceraldehyde-3-phosphate
dehydrogenase; GAPDH) 5% _bifgA: TAEH) A F]
Gl WENREENLEE 3-3§ (phosphatidylinositol 3-
kinase, PI3K) Hifk (L5 4249T). p-PI3K Fifk (it
5 13857S). HEJEAEEIEEE-38 (glycogen synthase
kinase-38, GSK-38) #iff (#5 9315S). p-GSK-3B
ik (k5 5558T) IWHZERE CST AF]; HEHE
B (protein kinase B, Akt) fifk (#t'5 10176-2-AP).
p-Akt ik (#L'5 66444-1-Ig). GAPDH Jifk (it
10494-1-AP) T H RN = EEVIHEARERAF .
1.3 {425

FA1204X B2 AT R P COREER ST 34 8
HRRAF]D; CLM-170B-8-TC % CO, ¥ 7548 GHm
B ESCO A 7]); M200 Pro REEFRIX (Fi+t: Tecan
AF])D); CFX96 MR PCR X (3E[E Thermo
Fisher Scientific A% ); LWD300-38LT #{5| & 44
PEE R4 ARG R A F]D; SVE-4 B4
BRI SVT-4 YA EIHIKA . SPW-DM AU HLIK
FLYE . DS-2S100 BB i R (RN FR4E /R AE PR
HIRAF]D; Tanon-4600 BYEEHE K14 &2 4t ( Bl KA
BHEARAT); FQD-16A % PCR X (Wp/H 18 H &}
HARAFD.
2 Rk
2.1 MEHBFR

211 JEMEROEHEE S SREL /£ PubChem

(https://pubchem.ncbi.nlm.nih.gov/) H#f 2 o R EEL
2421 Smile name, ¥ Smile name 5 A\ Super-
PRED (https:/prediction.charite.de/) %42, 345
Target Name 1 Uniprot ID, Jf H.iii% probability=
0 %A, 7E Uniprot M5 Chttp://www.uniprot.org/)
# Uniprot ID # N FE[K 44 Gene Name, DL
LLACER RIEAE ) EE DR i A A R
212 AD HEH G HRE @ DisGenet
( https://www.disgenet.org/home ) H1 Genecards
( https:/www.Genecards.org/ ) # # FE , Ul
“Alzheimer’s disease” JyKHI], 5N ANKEE
[A, ¥#i% relevance score=12 HIHE S LR, &%
Hg, 1932 Mok EP AL ES AD H
KA HEE A
2,13 “RAT-BE R-R T LS R i 1a
JVenn 3% Chttp:/jvenn.toulouse.inra.fr/app/example.
htmD) HAEE], KR E RIS AD FEE S
W g, Dsaies. fERSEA. BhAT A, |
it Cytoscape 3.10.1 ZRAFFIEE “ B or-HE -0 7 Y
AR, IRIFIMAAE R IATT AD [P AR A #E A0,
BEFIN ZH ZAREL, DL SIS, FfExhg
TEAE B AT 04
214 PPl WZH@E @il STRING # &
(https://string-db.org/STRING11.0) #4J% PPI /4%
K, BREAESE0E N >0.400, FFEREEA
A H IR R B F 4% . 18 Cytoscape #1F#4) 2 76k
ZIA63-AD BB R 4%, JEHAEME “ Centiscape 2.2”
YiredE4T 1%, K H MCODE $dif:3t47 W 2% 73 #r
T RN R R R BEAE R/, BLIAHY
FHAH S W BUE R/ o 1200 B RS FOC IR 2
HATHEA
2.1.5 FEREAE (geneontology, GO) Hig M i #R
FERH KA H R 4P (Kyoto encyclopedia of
genes and genomes, KEGG) P ELEST B
DAVID #i#i /% (https://david.nciferf.gov/home.jsp),
B b5 AD WA EE K3 N DAVID
PELTL, kBRI N NS (homo sapiens), HEATHW)
IIFE (biological process, BP). g% (cellular
component, CC). T Ijfg (molecular function,
MP) K4, NEAHR AR . EMAEEE
BT GO Thfe & &, AT MBI E. £
A5 &1L #E pathway & 0T, HINFER, 4T
KEGG 1t & 8o, 13210 RIS,
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2.1.6 2% 0 BGOSR A% O B R 430
WE EFEEBEENERYS KEGG E&0
SR AH KK @ % E A, M PDB ik E
(https://www.resb.org/) N EAZCFE KUK A S5,
N SZ A B 1 R 2 B A A X R G AR B AT
AL SR T, 50 0 it AR 5 40 R A7 1 R A
ATP. &J& B FHIKS> T M PubChem %4 3515
AR 4 4hi, FHEAH Chemdraw A # H %
e N = 4% 45 K . ff B AutoDock vina
(http://vina.scripps.edu/AutoDock) ¥ H ¥r8x [ 5578
CIALFON A, TGk & O 5 OB SN
THIAH EAE 1 LigPlot plus X {3 55 &b &
P BE A PR AR ELAE R HEATAIF 7T, 383 pymol B 445K
PG A4 p 45511 3D ATk
2.2 ZHRESKIGINIE
221 ZMREFE BV2 40 10% FBS F1 1%XX
Pift) DMEM EifsG e, T 37 C. 5% CO. fEIR
BRFRAER R TR, DO K I A Ak AT SE 56
2.2.2 CCK-8 VERMIHRAFETE 2 R xd Ho Ak K
(11 BV2 ZifELL 6 X 10* NAFLEFNT 96 FLARH, #%
FER, HIIAN 0.01. 0.1 1. 10, 20, 40 pg/mL
ff) LPS B 10, 20. 40. 80. 160 pumol/L [IJKLL1E
7, HWENRA ONASE AR TR b
24 h 5, #FLIOA 10 uL CCK-8 W, T 37 ‘CH¥
A 1 h, RHABEFRGNE 450 nm A RIROLE (4D
B, THEAIMAEE T

AHMIAENT G JT=A s/ A s

W BRI, BRI FIGRLLAE 2 (104 204 40.
80+ 160 umol/L) #H, BrxfMEZHAN, HARHMA 1
pg/mL [) LPS 55 s RERLAY, 25 24 20 [F] i i A AH B
WRE R LAE 2, Ab3E 24 ho 5 GHPRAR XS 77
2.2.3 qRT-PCR il TNF-ov IL-1f IL-6 mRNA &
ik BV2 4HfIL 4 X105 AN/ALEFT 6 FLiR T, 1
7% 24 ho WEXHHA., BEAHAMBMAILER (80
umol/L) #H, #4H 3 NESL. 1% “2.2.27 HUNAbHE
24h j5, THIEBHE FWEMREELN, e
YA, T S U B AR AU L. RNA &%
cDNA, ##47 qRT-PCR 73#fr. UL GAPDH HN%,
T 27T VAT H B2 R AR mRNA RIA7K
F, BIMIFAIIE 1.
2.2.4 Western blotting &l PI3K. p-PI3K. Akt. p-
Akt. GSK-3B. p-GSK-3p KA % “2.2.3”7 i
NIRRT EMG Y, R, SRIARSEN,

—_

&1 5¥F5)
Table 1 Primer sequences
e 3 (5-3")

TNF-o. F: ATGTCTCAGCCTCTTCTCATTC

R: GCTTGTCACTCGAATTTTGAGA
IL-1p F: CACTACAGGCTCCGAGATGAACAAC

R: TGTCGTTGCTTGGTTCTCCTTGTAC
IL-6 F: CTCCCAACAGACCTGTCTATAC

R: CCATTGCACAACTCTTTTCTCA
GAPDH  F: GTTCCAGTATGACTCCACTC

R: CCTCACCCCATTTGATGTTA

i BCA BfI&EleEAwkE. EAftRa T2
P SRR AN - SR N IR e eI H UK, %% % PVDF Ji,
IO 5% WA= 05, ZIE T 20 48Rl IIAAE Rift
fk, 4 CHELR; TBST ¥t 3 %, A ZHL,
FiRIEE 1 h, A ECL &GGFI I, X
F Tmage J #0453 At 27 K FEAR
225 SGiitotr BRI X+s EKox, EH
GraphPad Prism 10.0 #F#ET Gt A &, R
F R 75 Z 5081 (One-Way ANOVA) X i 2H 8l =
H [ UL Bk AT IR T 250 H
3 F#R
3.1 A RESRFIE

TR ALZ T —FKIEERIHE PR R,
BT B LA SAINE T AE ) R e h 20, 55 &
(1) 30%2, Ak, FEALAE 2 AR B AT DAk A I i
Bf B 22, AR B GT X R 40 4E & ( PubChem
CID5281233, CASN0.42553-—65-1) HEAT 2% 23
2201, M Super-PRED i & R BUR A £ 2% &=
B 105 4
3.2 RREE ST

81T DisGenet %045 FE3R1S AD #E s JE [ 3 397
A~ H score I T 0.02 MR, FIAR 1849 4 @
i GeneCards ##fs 23545 AD #E fiBE A 14 316 1,
4 Relevance score f&F 12 [IMHIER, Fla 1599 4>,
W2 NEIE AR IR 2 H, SRR A IR
2716 4>,
33 “BO-ER-RRT MEREE

iz H] JVenn KBl RUEE R 2 716 N SIRLAE R
R A 105 NIUEEE, 1522505 AC ST R D] 63
A (B 1-AD “Ror-4E f-500 7 2% DL 1-B.
3.4 PPl MERIEFNIATN 77

WAL ZRIATT AD 1 63 M fi5: A\ STRING
B, Mg PPT W& (| 2). MFH 63 M
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APEX1 PIK3CB DNMT1 HSP90AA1T METAPZ = PLAU = CNR2
AL AD P

42 2653

E1

/ e —
AR NR112 - NOS2 ~ GRIN1 _ NR3C2 _

e L T i, e
_~SLC40A1 _ADORA1 “PDGFRB.HSD17B10. GRIA2 ~ RXRA _ CYP3A4
= e — =5

= PIN1 - ITGB1 _ KEAP1 . PIK3R1 - GRK5 - GPR17

CS5AR1 ;CCRZ T PIK3CG™ GRB2 ~ PTGS1 - PIK3CA - CTSD
= A

PLAT = SCD -MAP2K2~ HTRZC ~ NFE2L2 ~ CNRI

\\\ \Q\‘:'\t*“"‘:i“ ——— iy
SCN2A = FLT1 = ABCC1 ‘\EPGUJ :SERPINET BLM — PIK3CD
NS

TLR4  CDK1 = NR4A1 - ADAM10 _ NTRK3 \_CCR1 PRKCD

Y ~

ot — =
HPRT1  NFKB1 AOC3 NPC1 CHUK  CASP8

BAERES AD £FLRNFERE A) R “Bo-ER-5Km7 WME (B)

Fig.1 Venn diagram of shared targets of crocin and AD (A) and “ingredient-target-disease” network (B)

WRACRE A, 1 BRI B, AR E A Z A
KA, LG W] 5 AR S MR .

Nodes represent proteins, and the darker the node color, the greater the

degree value; The lines represent the relationships between proteins,
and the more lines there are, the stronger the correlation with the

disease.

2 PPI %%
Fig.2 PPI network

R 269 5%, PN REEDN 8.54, “FHIRIFIERSR
FRHCH 0.498. “T¥7 fUEEH R W 28 h BN B 1T
TEFG S BUSE N PR M B A B, e s
FoORE A AR SR E . B2 RBH k=M
25N R LR, S R R s SRR R o N
Cytoscape 3.10.1 # {47 Centiscape 2.2 ffifFXF 1% 0048
RORATIRE, FERREEE O KT 0,007 3624 HAY
A PE KT 82.466 667, FEH KT 8.966 667 F4k 1t

ik, R OEE A 11 4. Hoh OB B AR R
1 90AA1 Cheat shock protein 90 alpha family class A
member 1, HSP90AAL, JZ{H=28). %X T -«B
(nuclear factor-xB, NF-kB, FE{H=27). Toll F£52 /&
4 (Toll-like receptor 4, TLR4, JE{H=26). TRk
WUV 3-8l 7 3. 2% 1 (phosphatidylinositol 3-kinase
regulatory subunit 1, PIK3R1, JE{E=22). fHgTHk
JIVRE 3-B4 e 46 . 3 a( phosphatidylinositol 3-kinase
catalytic subunit a, PIK3CA, FE{H=22). E1A &
4 M p300 (ElA-binding protein p300, EP300,
FEfE =22) RFEMEEmIR 6 M, FlRE&mMA
FIRIT AD IR OB
3.5 GO NEEEESH

GO B (B3) L3543 181 1 BP % H,
FEASEIRIE N EE . TR ) IE ) 3
W WIGARHIE AR BRI, FE RS R
By RFEAEKR 32K ME T MiEEM. 1k
MRS E A RAZLS; 41 CC % H, FEUFEY
MR Amp)se . BEARIENLEY 3-8 5 1A 285,
62 /> MF 26 H , HH R E K Z R EYI4S5 & RNA B
Al 1 s R iE T O EOE 7 5 557 DNA
it mAYES AD BIT RIS
3.6 KEGG BEREESH

KA RZER T AD (19 63 MERH AT
WS &, AT BN M KEGG i & %
G, 1SRRAAEEIGIT AD [ KEGG M4 R .
KEGG & #40Won 131 KB e, =Emn®
)10 Z5IEEk WK 4, W R i) NSEBm A o1 ik
ey CHR L BInoRE. Na e . S REE
HIMR A, R HIMIEE B AR PIBK-Akt {5
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Fig. 3 GO function enrichment analysis (top 10)
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Fig. 4 KEGG pathway enrichment analysis (top 10)
S, E 5 FE -1 (hypoxia inducible factor-
1, HIF-1) 55884 e 55 58 . Ras f%

HE ES@EEE, ¥R R 1 O
A A5

W 5 s, AAERIAIT AD S E2E
2E1E HSP9OAA1. NF-kB. TLR4. PIK3R1. PIK3CA.
EP300. &K 7244 &HEE 2 (growth factor
receptor-bound protein 2, GRB2). & ¥ C§
(protein kinase C§, PRKCD). #ZET#HKHE T 2
(nuclear factor erythroid-2-related factor 2, NFE2L2).
C-C H Bt A 132 & 2(recombinant chemokine C-
C-motif receptor 2, CCR2). FKMEM X 2k o
(retinoid X receptor alpha, RXRA) &%/ NEHT
Eo AR, XEEGAAET PIBK-Akt {55 I,
HIF-1 15 5@ B 75 5%, Rapl /5518
. RUGHAAALRZ SERN K Z AN B d i,
JEZLAE ZR ] BEIE I X LA W i R R X AD VR
JT1EM
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Fig. 5 KEGG target and pathway enrichment analysis

3.7 SFFIEER

N TR R E LS, S
WA G BB S E S, 3T 70 P HEREIE .
PIK3R1 7E PI3K-Akt & #% H AR, X
KRG RELW, ML THEE. S
21231, TLR4 J& T#5 & A 1) Toll FE32AKIE, W]
AN R 08 JEARAH OG0 AR 2, FESe R A IV
HORFEAE R PRSI ANE SRS A B A
FEH NF-«xB 2 CH A FH - NF-xB (AR AT 2
1R H SR JEE LA R RERI5E . NF-«xB
RS H5MERITHTERENGEL —, SRMKAT
WMiE, WiZA xR, Z2MAYEET TLR4/NF-
«KB/NLRP3 @ K IEiRIT AD fERPRO, R bik X
3 ANBE S (19 A SR AL A R AT 4 TR RIE
5% Al )31 < —4.25 kcal/mol (1 kcal/mol = 4.182
kl/mol) FIRFLMAR S ZRLE G RInTRetE, TWisEA )

{H <-5.00 kcal/mol R/~ BA RUFMIZE G-, KM
J11H <=7.00 keal/mol 7 HA BT 455 i fE R,
SR % 5 PIK3R1. TLR4. NF-kB HIE 1717351
N—8.643. —5.98. —7.94 kcal/mol, izl Pymol # 1
W53 F 0T AR AR 25 AT T LA (BT 6D

PIK3R1. TLR4. NF-«xB ¥Jr] 5L ALZ Xl ),
Horp PIK3R1 455 fe /1o, R PI3K-Akt i@ B
TEFRLLAC ZVAIT AD R IE A .

3.8 HpESCILER

3.8.1 JEAALEXS LPS ¥ 31 BV2 4HMaiE /115
W W 7-A fs, 457 1. 104 20, 40 pg/mL
LPS b J5, BV2 ZHfGE /1B RIEIC (P<0.05.

0.01), Ik 1 pg/mL LPS ¥55 BV2 4 & 5E
R, 40Pl 7-B fiizn, 20, 40, 80. 160 pmol/L
A AL W E N BV2 40035 77 (P<0.05. 0.01).
WK 7-C Fiow, SxIRALE e, A0S B



FED 2025678 $56% B 138 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13 * 4719 -

A
>
\/‘.
: 4
7
< 5 sondly 1o e
Q ";
. A
PIK3RI1-JRLAEF
B

LEU-28

P, P

'.té L

TLRA-JRAALH
C
vy d
L K L A
NF-«B-BALIEFR
6 DFIEER
Fig. 6 Molecular docking results
A B C
1.5 2.0 1.5
R10 E t37 E
v T T _T_ . "J{ _'D? 1.0 4
= *%k A o T
= Z 10 z T
= - =2 =
2 0.5 = = 0.5
5 0.5
0 = 0 0
X 0.01 0.10 1.00 10.00 20.00 40.00 XHE 10 20 40 80 160 FHE B 10 20 40 80 160
LPS/(ug-mL™) FRLAEZ/ (umol- L) FRA AL/ (umol-L )

A-ANFI TR BER LPS XF BV2 413G 77 (K80 ; B-AN RV L (KIALE 300t BV2 LG 77K ; C-ALIEZOR LPS 521 BV2 ANAiE 71
s SRR P<0.05 #P<0.01; SHBAHE. "P<0.05 *P<0.01, FEH,

A-effect of different concentrations of LPS on viability of BV2 cells; B-effect of different concentrations of crocin on viability of BV2 cells; C-effect of
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Fig.7 BYV2 cell viability detected by CCK-8 (X £ s, n=06)
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Fig. 8 Effect of crocin on cell morphology (A, x 20) and TNF-a, IL-1f3, IL-6 mRNA expressions (B) in LPS-induced BV2 cells
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Fig. 9 Effect of crocin on PI3K, p-PI3K, Akt, p-Akt, GSK-3p and p-GSK-3p protein expressions in LPS-induced BV2 cells
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