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[ Abstract | Objective: To investigate the protective mechanism of quercetin, a key
bioactive component of Chinese medicine Zuogui Pill, against Alzheimer’s disease (AD)
via the PI3K/Akt signaling pathway. Methods: The TCMSP, PubChem, SwissTargetPrediction,
and BATMAN-TCM databases were used to retrieve the active components of Zuogui Pill
and predict their potential targets. Target information was standardized using the UniProt
database. AD-related target genes were obtained from DrugBank, GeneCards, and OMIM,
and the intersection was taken to identify the potential targets of Zuogui Pill for AD
treatment. Based on these targets, a protein-protein interaction network was constructed
using Cytoscape 3.10.1 and the STRING database. The key active components and core
targets of Zuogui Pill for AD treatment were identified through computational analysis.
Gene Ontology functional enrichment analysis and Kyoto Encyclopedia of Genes and
Genomes pathway enrichment analysis were performed on the potential targets to explore
the biological processes and signaling pathways involved. Subsequently, molecular docking
and binding affinity prediction between the key active component quercetin and the core
target Aktl were performed using the online tool CB-Dock2. An AD cell model was
established by treating mouse hippocampal neuron cells (HT22) with amyloid -protein,,
(AB,..) oligomers. The cells were divided into low-, medium-, and high- dose quercetin
groups, and a PI3K agonist (EGF) group for in vitro experiments. To verify whether
quercetin exerts its anti-apoptotic effects by regulating the PI3K/Akt pathway, additional
eroups were established: PI3K inhibitor (LY294002) group, PI3K inhibitor+high-dose
quercetin group, and PI3K inhibitor+EGFE group. CCK-8 assay was used to detect cell
viability; JC-1, Calcein-AM/PL, and Hoechst staining were used to assess apoptosis; and
Western blotting was used to detect expression of PI3K/Akt signaling pathway and
apoptosis related proteins. Results: Network pharmacology demonstrated that quercetin
targets core proteins such as Aktl in a network manner and is predominantly enriched in

the PI3K/Akt signaling pathway. Molecular docking showed favorable binding affinity
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between quercetin and Aktl (binding energy: —6.6 kcal/mol). In the AB,., oligomer-
induced HT22 neuronal cell model and HT22 cells treated by PI3K inhibitor, high-dose
quercetin significantly increased cell viability, elevated the p-Akt/Akt ratio and Bel-2
expression level (all P<0.05), reduced the cleaved caspase-3/caspase-3 ratio as well as the
expression levels of BAX and cytochrome C (all P<0.01), and alleviated apoptosis of
HT22 cells. Conclusion: Quercetin, a key bioactive component of Chinese medicine Zuogui
Pill, inhibits neuronal apoptosis by regulating the PI3K/Akt signaling pathway, thereby

exerting a protective effect against AD.

[ Key words |

Alzheimer’s disease; Zuogui Pill; Quercetin; Apoptosis; Network phar-

macology; PI3K/Akt signaling pathway; In vitro experiment; HT22 cell
[J Zhejiang Univ (Med Sci), 2026, 55(5): 414-424.]

[ G5BE1E | 1T R 3% % % 9% (Alzheimer’s disease, AD) ; & & & K B F (epidermal
growth factor, EGF) ; B 7 # # % & (amyloid B-protein, AB) ; & & # B B (protein
kinase B,PKB, Akt) ; B 8 ik & 5% 2(B cell lymphoma 2,Bcl-2) ; Bel-2 8% X & &
(Bcl-2 associated X, BAX) ; Bt X %& & B (cysteine aspartic acid specific protease,
caspase) ; 2wk iR -20 89 Tris £ 7% (Tris buffered saline with Tween-20, TBST) ; & = &
™ Z B (ethylene diamine tetraacetic acid, EDTA) ; A )X, & R Eagle 3= 7~ & (Dulbecco’s
modified Eagle medium, DMEM ) ; 2-"Zobk 2. 5% BR ( 2-morpholinoethanesulfonic acid,
MES) ; + =%z 2k 2% 8% 44 (sodium dodecyl sulfate, SDS) ; & 82 2 2% # i#& (phosphate
buffered saline, PBS) ; ¥ 2§ % 4t 25 22 52 £ 3E & Fv 57 “F & (Traditional Chinese
Medicine Systems Pharmacology Database and Analysis Platform, TCMSP) ; & &
Ji—%& & Fi A48 Z 4 A (protein-protein interaction, PPI) ; 5x X H ¥ «& # (maximal
clique centrality, MCC) ; & X 4% 3% %> & (maximum neighborhood component, MNC) ;
H B AR (Gene Ontology, GO) ; 7 4 3k B A= JX B 28 4 3% & (Kyoto Encyclopedia of
Genes and Genomes, KEGG) ; = % 3k T X (dimethyl sulfoxide, DMSO ) ; % fi5 Bt AL
B% 3 % & (phosphoinositide 3-kinase, PI3K) ; 5 # 3 -3- 2 K7 (carbonyl cyanide
3-chlorophenylhydrazone, CCCP) ; =& vk W B2 3 (bicinchoninic acid assay, BCA) ; ¥ &
& 1 B 3 B 33 (glycogen synthase kinase-38,, GSK-33)
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1.Y294002+10.0 pmol/L 4} {7 2 ) . PI3K #11 ill 571 + 34
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Table 1 Number of active ingredients and corresponding
targets of each constituent herb in Zuogui Pill
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Table 2 Top five active ingredients in Zuogui Pill for
Alzheimer’s disease based on degree values
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2H 458 ,2.5.5.0.10.0 pmol/L i f¢ & F1 PI3K 34 5
T 4 385 A LA S 0 3G [ 43 ) R (81.92+
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Figure 1 Apoptosis of Alzheimer’s disease model cells after treatment with different doses of quercetin
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Table 3 Comparison of PI3K/Akt signaling pathway-related proteins expression
levels in Alzheimer’s disease model cells after treatment with different

doses of quercetin
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Figure 2 Inhibitory effect of quercetin on PI3K inhibitor LY294002 induced apoptosis

in HT22 cells

&Y, AdE 2 A
TP EF S E
Akt B2 38 1 BE R 1k 3 Sk
HEZE 57 O MM T 3% BAX
() 2 SV i R Ak BAD
LB BAD X Bel-2 41
HiVER  BERfk GSK-3pB
[ Ser9 {7 5 41 il 334 il
P, 25177 BHLIKT caspase-9
5 caspase-3 2 [H] [ 9% 1k
AARRERY A e I
GSK-3 14 , i B Kr £k
AR B IS 375 1 38 0,
/U 4 Jf 8 R C ORI
A AT B
I, PI3K/Akt {5 538 1% nf
RE IR T AD 1Y 2K B 3
B it — R
Il it PI3K P45 Akt
M & ¥ % AD B 45 3 4
A SCBE R R, PIBK
01 ) LY294002 42k 1 5
HT22 4t i 1% M e i 1 Ak
Akt/Akt [L{H |\ Bel-2 % ik
SR TR
U caspase-3/caspase-3 [t
B M BAX i 3% C 3%
KK ) 8 2 T [
B, JC-1.Hoechst 33342 #l
B U 4 2 AMY/RLAL TS
Y I 7R 40 i 0 T B
B, T AR AR Ak nT Bl A
J¢ 2 PI3K B4 5 # EGF
Wi, RN X AD

Al C iRk . S IR E, JC-1., Hoechst
33342 Fl45 B 4 2 AM/BILAL TN e e f0 2% SR b 3%
BH Wit 2 25 REPH R AR L, ERIRAE S A AD B
RV A T o 3% WA K 25 AT Be 38 i 0T PIBKY/
Akt 538 R FETIR TR DRI AD Jig 3
bii g

EA WS B , PI3K/Akt 15 5 38 B 1) 1% PE7E
AD R RI A 5 A7 24 X — AR 1 X A AR
AR PIBK S Ak, T B2 1k 24

() £ 3 1 2 38 2o 8 45 PI3K/ Akt {5 53 %411 il
LUz ves | O N e S :

SR, AR SCHERHELE —E i Jm BRI . 4an H i
ALAE AR, B2 TR T 1 HT22 41 i 55 0IE , 1 A
P 2= HoAh AD 41 A AR K sl A Y | AN [) A5 A
XM B 28 B RO P R AR AE 25 57, LR YT sl

WA TR ANE R E— B E . A, iz
%%Eﬁkﬁﬁ PI3K/Akt {5 53 % e 30 1 B 4 ) o
LR E T (H 1238 % 0 2L AR AL AT 75 TR A



&S| WAVE P S i A0 d N0 WK )& LB Fel

PI3K/Akt {5 %

5T SR R 2 R B L 4 Y - 423 -

R4 PISK I ] A 36 0F R HT22 2000 PISK/AK 55

eSSty Sgaasy

A Ji AR G 2 I

Sciences) provided valuable suggestions

for the revision of this manuscript

Table 4 Comparison of PI3K/Akt signaling pathway-related proteins expression

levels in HT22 cells following treatment with PI3K inhibitor LY294002

and quercetin

EZE Tl 2O A E

(i+s,n=3) o RE S A FH MRS 51

Rt WA caspase-3/

SRR AN BT E S 5 BRI 4

4 A AKUAKL  caspase3 BAX Bel-2  AMBERC ok fe, i BT 6 S R
23 [N HE 4R 1.00£0.11 1.0020.06 1.00£0.10  1.00£0.07  1.00+0.05 TR NMENE . AR BT
PI3KINHIFIZL  0.61021° 144012  137+0.06" 0.75:0.05" 1.19+0.03"  FFINATRZAG1F, I 05 Bdhi (4 58 B
PIRKAMHIFI+ KA 1.07£027°  0.95+0.16"  0.95+0.07" 1.16+0.16" 0.87+0.04"  TEFIZ 2R T . BRI H TR
P Sl Author Contributions LI Guangya,
PISKAWHFI+HE) 1.120.18" 0742016 1.01x0.06" 1.180.17" 0.89£0.02" || peise, HUANG Liuling, ZHU
A Jingwen, QIN Xiude and LU Yunwei
s A IR H#E, TP<0.05, " P<0.01; 5 PI3K il 1 41 HL %, *P<0.05,*P<0.01. PI3K

participated in brewing and designing

Tk B T JULTREE 3 386 5 Akt s 2 BT B s caspase-3: R 85 I 35 Bel-2: B 4B K U083 2; BAX

Bel-2 XX EH .

It ARKIIBEFE R RE— B ZRVIH B2 2% AD AHSC
A S 1) 9 4 A5 ,JfFH?ﬁE,\ SHAT ADIRIT )
(4 I RIE T, S 42 4 M K 3R AE AD YR P A4 1l
PRI AT

A ST Am SR L, F R [=]%3%

fiard 18] O

=

B AW RIE S A ARG (82405265) TR
BLhil 55 107 PSSR 5 R 4 (2023A1515110832) IR R
Fo i+ (JCY120230807094801002) FEE I Tl H 1 i “3030
T BRI R FE H (G3030202101) 32 K. )M
2R 55 DU I PR B 2 B DI T o 5 B o 5 0 B o
ZE IR L BT A A P28 25 B2 oy i AR rh 4 T &l
WO S HE 3 B VLR 2 2 4 (B 2 WD) ) G B R A
WSVRCE S EESON & 1§50

Acknowledgements This study was supported by National
Natural Science Foundation of China (82405265), Guangdong
Basic and Applied Basic Research Foundation (2023A15151
10832), Shenzhen Science and Technology Program (JCYJ2023
0807094801002), and “3030 Plan” TCM Clinical Research
Project of Shenzhen Traditional Chinese Medicine Hospital
(G3030202101). Master’s student LI Shanshan from the Depart-
ment of Neurology and Psychology of the Fourth Clinical
Medical College of Guangzhou University of Chinese Medicine
and Shenzhen Traditional Chinese Medicine Hospital provided
professional advice and guidance on the network pharma-
cology and data analysis. Senior editor SHEN Min, editor YU
Fang, editor SHEN Jie and other editorial staff from the
Editorial Department of Journal of Zhejiang University (Medical

experiments, or acquisition, analysis,
or interpretation of data for the work;
drafling the work, or revising it critically
for important intellectual content. All authors have read and
approved the final manuscript, and take responsibility for the
integrity and security of the data. See the electronic version

for details

HEA AN AT SR AT AR S B SR (R
V£ (E-mail : 417213243@qq.com ) 4b 3545

Data Availability All relevant data supporting the findings
of this study can be accessed upon reasonable request from the

corresponding author at E-mail: 417213243@qq.com

EFRE  AHTAW RS S5
Ethical Approval This study does not contain any studies
with human participants or animals performed by any of the

authors

PR A EE B AL R 25 w58
Conflict of Interests The authors declare that there is no

conflict of interests

©The author(s) 2026. This is an open access article under the
CC BY-NC-ND 4.0 license (https://creativecommons. org/
licenses/by-nc-nd/4.0/)

2 % 3Lk (References)

[1] CAO Z, KONG F, DING ], et al. Promoting Alzheimer’s
disease research and therapy with stem cell techno-
logy[J]. Stem Cell Res Ther, 2024, 15(1): 136.

[2] YANG F, LIM G P, BEGUM A N, et al. Curcumin
inhibits formation of amyloid B oligomers and fibrils,
binds plaques, and reduces amyloid in vivolJ]. J Biol
Chem, 2005, 280(7): 5892-5901.



- 424 -

WL R 2R (R4 RT) Journal of Zhejiang University (Medical Sciences)

3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

CHAN Y, CHEN W, WAN W, et al. AB, ,, oligomer
induces alteration of tight junction scaffold proteins
via RAGE-mediated autophagy in bEnd. 3 cells[]J].
Exp Cell Res, 2018, 369(2): 266-274.

RN L9 = LANTTNE et = ARG P i i 1 2
RGP I RN AR AL 2R )], R EE
515 8. 2025, 42(8): 70-77.

WANG Bo, XIE Ping, LYU Hongli, et al. Clinical appli-
cations and mechanism research progress of Zuogui pill
in treating central nervous system diseases|J]. Informa-
tion on Traditional Chinese Medicine, 2025, 42(8):
70-77. (in Chinese)

KAUR K, KULKARNI Y A, WAIRKAR S. Exploring
the potential of quercetin in Alzheimer’s disease: phar-
macodynamics, pharmacokinetics, and nanodelivery
systems[J]. Brain Res, 2024, 1834: 148905.

DAJAS F. Life or death: neuroprotective and anticancer
effects of quercetin[J]. J Ethnopharmacol, 2012, 143
(2): 383-396.

KHAN H, ULLAH H, ASCHNER M, et al. Neuropro-
tective effects of quercetin in Alzheimer’s diseaselJ].
Biomolecules, 2019, 10(1): 59.

RILFS, RBET-, SEHIFY, 45 LORLIR I TR AR e
BE 25 5 U93T AN IR T i A I SE ). o Bl %
BFEZE, 2018, 34(10): 1466-1471.

ZHU Lingling, ZHAO Jieping, DOU Qinling, et al.
Experimental study of mitochondrial apoptosis pathway
on quercetin-induced apoptosis in U937 cells[J].
Chinese Journal of Immunology, 2018, 34(10): 1466-
1471. (in Chinese)

AT, B 9%, B, A5 MR X AB L,
19 PC12 4 S AL AR AR U8 T I MERCR HE M & L 9
TEFI. AR EIZHER @R, 2022, 38(7): 993-999.
ZHAO Yuwei, DAI Yueying, ZHEN Yanjie, et al. The
estrogen-like protective effect of quercetin on A, ;s
induced apoptosis in mitochondrial pathway of PC12
cells[J]. Chinese Pharmacological Bulletin, 2022,
38(7): 993-999. (in Chinese)

AHMAD ANSARI M, ABDUL H M, JOSHI G, et al.
Protective effect of quercetin in primary neurons against
Abeta(1-42): relevance to Alzheimer’s disease[J]. J
Nutr Biochem, 2009, 20(4): 269-275.

XIEAE, L 77, BTG, 2 MR 3O BT R i R
T )V AL BF 5 7 2E e (D). 292/ 3T, 2022, 41
(1): 48-52, 63.

LIU Liying, KONG Jian, GUAN Qingyan, et al. Research

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

progress on the mechanism of quercetin on Alzheimer’s
disease[J]. Journal of Pharmaceutical Research,
2022, 41(1): 48-52, 63. (in Chinese)

WILLIAMS R J, SPENCER J P E. Flavonoids, cognition,
and dementia: actions, mechanisms, and potential thera-
peutic utility for Alzheimer disease[J]. Free Radic Biol
Med, 2012, 52(1): 35-45.

PAN J, YAO Q, WANG Y, et al. The role of PI3K
signaling pathway in Alzheimer’s disease[J]. Front
Aging Neurosci, 2024, 16: 1459025.

HE X, LI Y, DENG B, et al. The PI3K/AKT signalling
pathway in inflammation, cell death and glial scar for-
mation after traumatic spinal cord injury: mechanisms
and therapeutic opportunities[J/OL]. Cell Prolif, 2022,
55(9): e13275.

BRUNET A, BONNI A, ZIGMOND M ], et al. Akt pro-
motes cell survival by phosphorylating and inhibiting
a forkhead transcription factor[J]. Cell, 1999, 96(6):
857-868.

ZHANG X, TANG N, HADDEN T J, et al. Akt, FoxO
and regulation of apoptosis[J]. Biochim Biophys Acta,
2011, 1813(11): 1978-1986.

DEL PESO L, GONZALEZ-GARCIA M, PAGE C, et al.
Interleukin-3-induced phosphorylation of BAD through
the protein kinase Akt[J]. Science, 1997, 278(5338):
687-689.

ROMORINI L, GARATE X, NEIMAN G, et al. AKT/
GSK3p signaling pathway is critically involved in human
pluripotent stem cell survival[J]. Sci Rep, 2016, 6:
35660.

PENG Y, CHI R, LIU G, et al. Aerobic exercise regulates
apoptosis through the PI3K/Akt/GSK-3(3 signaling path-
way to improve cognitive impairment in Alzheimer’s
disease mice[J]. Neural Plast, 2022, 2022: 1500710.
0ZPAK L, BAGCA B G. Neuroprotective effects of
resveratrol through modulation of PI3K/Akt/GSK-33
pathway and metalloproteases[J]. TUBMB Life, 2024,
76(12): 1199-1208.

SUSHMA, SAHU M R, MURUGAN N A, et al. Amelio-
ration of amyloid-f induced Alzheimer’s disease by
Bacopa monnieri through modulation of mitochondrial
dysfunction and GSK-3B/wnt/B -catenin signaling[J/OL].
Mol Nutr Food Res, 2024, 68(13): €2300245.

(A3cdwis & J7 W 3]



