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Mechanism of xanthoceraside against Alzheimer’s disease based on network
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Abstract: Objective To investigate the neuroprotective effect of xanthoceraside and its potential targets and mechanisms in
Alzheimer’s disease. Methods Through literature search of both Chinese and English databases, it was found that the xanthoceraside
had good biological activity against Alzheimer’s disease. Using drug, target network analysis, PPI analysis, GO and KEGG enrichment
analysis, the potential targets and signaling pathways of xanthoceraside in Alzheimer’s disease were determined. Molecular docking
between the drug and the target protein was conducted using AutoDock Vina. Results  After cross-screening 220 drug targets and
1 724 disease targets, 99 core targets were obtained, mainly enriched in the PI3K/Akt signaling pathway and the EGFR-TKI resistance
pathway. Among them, FGF2, IGF1, and HSP90AA1 proteins had good affinity with the xanthoceraside. Conclusion Xanthoceraside
may exert its neuroprotective effects by regulating the PI3K/Akt and EGFR tyrosine kinase-related signaling pathways through FGF2,
IGF1, and HSP90 proteins, which provides new directions for research into the mechanisms of xanthoceraside in the prevention and
treatment of Alzheimer’s disease.
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Fig.1 Venn diagram of xanthoceraside and Alzheimer’s

disease targets
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Fig. 2 PPI network of xanthoceraside in treatment of

Alzheimer’s disease (A), core target PPI network network (B)
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Table 1 Network target parameters of xanthoceraside in

treatment of Alzheimer’s disease

HA AL E EEOfE R L
ALB 1 571.648 40 67.0 0.751 938 00
CASP3 445.571 26 53.0 0.668 965 50
HSP90AAL 590.658 10 50.0 0.664 383 60
SRC 409.960 30 45.0 0.613 924 00
ESRI1 248.894 93 43.0 0.610 062 90
IGF1 250.222 60 42.0 0.610 062 90
FGF2 292.974 03 42.0 0.591 463 40
MMP2 180.545 79 41.0 0.598 765 43
IL-2 268.669 30 41.0 0.606 250 00
GSK3p 293.724 60 40.0 0.610 062 90
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Fig.3 GO (A) and KEGG (B) enrichment analysis

y?*'»

T’:%f
h{'

i R FETF - CASP3

R FEH - FGF2

ERFEH - HSP9OAAL

SR FEH - MMP2

e LA - SRC

SO R FEH - IL-2

4 HFIEER
Fig. 4 Molecular docking results

S ek SR 7 S0 B R B AR K B 27 > A

EERIA (T AR U S A R B HEAT 7 F0000 73 #r o

PI3K/Akt

AR G kT 2R RS,

R AR AT AR 15 TN AT
ﬁbﬁi%mmm@ﬁﬁmﬁﬁﬁﬁmthka,

G IERE XA RGP RIEE
FOREEMEH, WA ITHIEHE.
W ALK, 3G PI3K/Akt JH
P35

A EWE

VA X EHOL (R
L4 2R 5 AT TT

iR FEH - GSK3B

PERE PIBK/AKL {5538
gE A~ AW

B0,

FGF2. RS EREAKE T 1 (IGF1) 250 S

5 PI3K/Akt &

SREE YA, $En O R e AT

Ae il I i AR A E SR A OGS, A PIBK/Akt
I FHIFNLE RN LS, M Il A2 BT 2R IR I BRI AH 22

Mz et

FEICHRER S U7 T, FGF2 5 IGF1 Y& T E 2



ENBEeH 2026468 AR & 5l A&

Drugs & Clinic Vol. 41 No. 6 June 2026 * 1551 -

L8 IR T FGF2 IR AR L Y5 I fi v] %8
PRI 2= S id 12 Thae, HRIA TR SR/R KB
WRINEFR G )M IR0, FGF2 M55 5B
BLE MRS S 2B AT VERR . 2R B AR 38 YA
KU9201, KB 7 TR R B R OE R T S
FGF2 HARIFML A6, FonHnTaei@id s
PR E I LRI IBAT M . IGF-1 1E N
N ERAUH K2R R, 5 IGF-1R 4545
Wos IGFIR/PIBK/Akt RIS 5, (R dE#H & Te A7 TG I
D AL R . AR TN SR R SR IGFL
LA S, $275 IGF1/PI3K/ Akt f Al fE 2 e
RATREMERIER N EZE S Flge—.
4b, HSPOO fE A FAHEEN, W25 tau AT
. MEFRE. EAEEGIAIOE R BT B
FiR W, HSP9O 1 5 tau TR &), I35 tau i)
FARG) Fe o TRAR TR R, KT 7T 00 15 B4 SR I
N, SRR E HSPO0AAL BHRE S ST/,
PEIR R ST T REIE S HSP9O AH G 71 fF
BN, 25 tau FaSYERE. BRITSEDER K
PREE SORE TS, RIEE DI R R ER 1 FH o

HAFFEEN R, AR KEGG & H45 it BoR
EGFR-TKI Mif 2511523 & 5. BIARNZEME Y2
DT BhR e 258 70, (HHAZ 05> T TS EGFR.
PI3K. Akt. SRC. HSP90 %5, XU/ [FfES 54
MOAFIE . NN . SORETR AR ARRSYERr. 45
AT ) SRC. HSPOOAA 1 Z541 5, R
Sk F AT AT A I8 2 B A [ U Y A A T
NER A IR Z:, 2 50 7R IR BRI A 4 O i
. T ERGRER, CERZ T S0 E
HEA B4 AHE ), BEE 0 IESk 2 A
Ko G S0 R e 4 TR AR I IR A
FH B IR A 2 AR, AR ST e SR 78 1 A AR N 24 3%
HLHI AT 8 A 58 2 406 i 20 2454 5 B — B A v
SRAN ) E LG, TSR T REAR I 2 B R S5 AH HLAE
F AR =P S4B 12 428 BT T B I 6% 28
Mo R, SRS . S &
BT sLEs, #E—BI0F FGF2. IGF1. HSP90AALI
o PI3K/Akt {5 5 8 6 7E 3C et S 52 B VA BT /R K it
BowhrER .

AT 5T T ) 4% 24 B 2 R 4y -0 45 D 1k T
3o e T A st AE T FGF2 . IGF1
HSP90AAL. SRC 5 GHHHE 5, 1% PIBK/Akt 155
S MEE IR T MG T A E ARSI

%, Bz HERT . PUREARIEL PIR KGE
R ThRE SRR, A B Bl 2R A BRI 3 BE A 15
RV EAE R . AW TRt — 2 B W SO R e 2 4
R~ 25 BT TR R BRI R LA SO T
WK

MBFR AR FARGEA G R

EE R

[1] Polidori M C, Griffiths H R, Mariani E, ef al. Hallmarks of
protein oxidative damage in neurodegenerative diseases:
Focus on Alzheimer’s disease [J]. Amino Acids, 2007,
32(4): 553-559.

[2] LiZL,YangBZ, LiX, et al. Triterpenoids from the husks
of Xanthoceras sorbifolia Bunge [J]. J Asian Nat Prod Res
2006, 8(4):361-366.

[3] Dubois R W, Chawla A J, Neslusan C A, et al. Explaining
drug spending trends: Does perception match reality? [J].
Health Aff, 2000, 19(2): 231-239.

[4] ZhouH X, Zhao J M, Liu C H, et al. Xanthoceraside exerts
anti-Alzheimer’s disease effect by remodeling gut
microbiota and modulating microbial-derived metabolites
level in rats [J]. Phytomedicine, 2022, 98: 153937.

[5] QiY,Ji X F Chi TY, et al. Xanthoceraside attenuates
amyloid B peptidei-42-induced memory impairments by
reducing neuroinflammatory responses in mice [J]. Eur J
Pharmacol, 2018, 820: 18-30.

[6] ZhulL, Yang L, Zhao X M, et al. Xanthoceraside modulates
NR2B-containing NMDA receptors at synapses and rescues
learning-memory deficits in APP/PS1 transgenic mice [J].
Psychopharmacology, 2018, 235(1): 337-349.

[7] Lu P, Mamiya T, Lu L, et al. Xanthoceraside attenuates
amyloid [ peptidessss-induced learning and memory
impairments in mice [J]. Psychopharmacology, 2012,
219(1): 181-190.

[8] Jin G, Wang L H, Ji X F, et al. Xanthoceraside rescues
learning and memory deficits through attenuating beta-
amyloid deposition and tau hyperphosphorylation in APP
mice [J]. Neurosci Lett, 2014, 573: 58-63.

(91 UM, SCTa SR 5 e 0l i = 9 S Mk A T 3k 0T R K
BB A tau 2 I BERR AL R T/ F LIS [D]. I
FH: PLFHZGRER S, 2013,

[10] BR#ME, EN%, LEK, 55 S RFEH RN % E
GF AB1-42 BURIREEL/ B2 > 1 A2 A 0 e A
[J]. TEFHZGRIR 244K, 2010, 27(4): 314-319.

[11] B3, F4, WM, & FETMGLEY. 775
5 % 4 D S 30 B E R T R 4L A8 3R 8 Bl R S B 1Y)
PEFIMLE [7]. TEEZE, 2025, 56(13): 4712-4723.



* 1552 -

ENBEH 20264468

ARt bl

Drugs & Clinic Vol. 41 No. 6 June 2026

[12]

[13]

[14]

[15]

Zhou H X, Tai J J, Xu HY, et al. Xanthoceraside could
ameliorate Alzheimer’s disease symptoms of rats by
affecting the gut microbiota composition and modulating
the endogenous metabolite levels [J]. Front Pharmacol,
2019, 10: 1035.

Liu P, Zou L B, Jiao Q, et al. Xanthoceraside attenuates
learning and memory deficits via improving insulin
signaling in STZ-induced AD rats [J]. Neurosci Lett, 2013,
543: 115-120.

Zhu L, Chi T Y, Zhao X M, et al. Xanthoceraside
modulates neurogenesis to ameliorate cognitive impairment
in APP/PS1 transgenic mice [J]. J Physiol Sci, 2018, 68(5):
555-565.

Matsuda S, Ikeda Y, Murakami M, et al. Roles of PI3K/
AKT/GSK3 pathway involved in psychiatric illnesses [J].
Diseases, 2019, 7(1): 22.

Long H Z, Cheng Y, Zhou Z W, et al. PI3K/AKT signal
pathway: A target of natural products in the prevention and
treatment of Alzheimer’s disease and Parkinson’s disease
[J]. Front Pharmacol, 2021, 12: 648636.

Liu P, Zou L B, Wang L H, et al. Xanthoceraside attenuates
tau hyperphosphorylation and cognitive deficits in

[20]

(21]

[22]

intracerebroventricular-streptozotocin injected rats [J].
Psychopharmacology, 2014, 231(2): 345-356.

Kiyota T, Ingraham K L, Jacobsen M T, et al. FGF2 gene
transfer restores hippocampal functions in mouse models
of Alzheimer’s disease and has therapeutic implications
for neurocognitive disorders [J]. Proc Natl Acad Sci USA,
2011, 108(49): E1339-E1348.

Turner C A, Watson S J, Akil H. The fibroblast growth
factor family: Neuromodulation of affective behavior [J].
Neuron, 2012, 76(1): 160-174.

Elsayed M, Banasr M, Duric V, et al. Antidepressant
effects of fibroblast growth factor-2 in behavioral and
cellular models of depression [J]. Biol Psychiatry, 2012,
72(4): 258-265.

Gong P, Zou Y C, Zhang W, et al. The neuroprotective
effects of insulin-like growth factor 1 via the Hippo/YAP
signaling pathway are mediated by the PI3K/AKT cascade
following cerebral ischemia/reperfusion injury [J]. Brain
Res Bull, 2021, 177: 373-387.

Karagdz G E, Duarte A M S, Akoury E, et al. Hsp90-Tau
complex reveals molecular basis for specificity in
chaperone action [J]. Cell, 2014, 156(5): 963-974.

[Fies  &R]



