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Abstract: Objective This study aims to screen biomarkers for Alzheimer’s disease (AD), elucidate its pathogenesis, and explore
potential therapeutic targets and blood-absorbed constituents (BACs) by integrating network inference algorithms, machine learning,
drug-likeness evaluation, molecular docking, and molecular dynamics simulations. Methods Classical TCM formulas containing
BACs were screened based on the database of constituents absorbed into the blood and metabolites of traditional Chinese medicine
(DCABM-TCM) and the corresponding syndromes and their targets were retrieved from the from syndrome ontology to network-based
evaluation of syndrome ontology and formula database (SoFDA). The weighted signed directed tensor network-based inference
(WSDTNBI) algorithm was used to predict BACs targets. Differential expressed genes (DEGs) related to AD were identified by mining
the GEO database. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed to explore
the biological processes and pathways associated with up- and down-regulated DEGs. Core AD genes were screened using the least
absolute shrinkage and selection operator (LASSO), support vector machine-recursive feature elimination (SVM-RFE), protein-protein
interaction (PPI) network analysis, and text mining. Candidate BACs were further filtered using pan-assay interference compounds
(PAINS), Lipinski’s Rule of Five (Ro5), and Rule of Three (Ro3), followed by molecular docking. Results First, a total of 10 classical
TCM formulas containing 94 BACs and corresponding to 15 syndromes were selected from 193 formulas. A total of 1 520 syndrome-
related genes and 552 BAC targets were predicted. Additionally, 528 up-regulated and 697 down-regulated DEGs targeted by
syndromes were identified. Enrichment analysis revealed that these DEGs were primarily involved in biological processes such as
positive regulation of gene expression, neuronal anti-apoptosis, and synaptic function, and were significantly enriched in pathways
such as phosphatidylinositol 3-kinase (PI3K)-protein kinase B signaling pathway (Akt) signaling, focal adhesion, and AD pathways.
The BACs-DEGs-AD network indicated that up- and down-regulated DEGs could target 90 and 74 BACs, respectively, associated
with nine syndromes. PPI network analysis identified five core AD genes with high degrees: beta-2 adrenergic receptor (ADRB2),
substance-P receptor (TACR1), prostaglandin G/H synthase 2 (PTGS2), serine protease HTRA1A, and metabotropic glutamate receptor
1 (GRM1). Drug-likeness evaluation screened 22 candidate BACs, 11 of which were pharmacologically validated to have anti-AD
activity. Molecular docking results showed that unii-x87dcb9gst exhibited superior comprehensive binding energy with the five core
AD genes compared to marketed drugs such as donepezil, galantamine, and rivastigmine. Finally, molecular dynamics simulations
further confirmed the stable binding of unii-x87dcb9gst to the acetylcholinesterase (AChE) complex. Conclusion This study
identified AD biomarkers through multimodal algorithms and revealed AD-related biological processes and signaling pathways through
enrichment analysis, providing molecular insights into the interaction mechanisms between TCM syndromes and AD genes.
Additionally, unii-x87dcb9gst, screened as a candidate BAC from classical TCM formulas, may serve as a potential therapeutic agent
for AD. This research not only offers a multidimensional understanding of AD pathogenesis but also establishes an innovative
biomarker screening system and research paradigm for anti-AD drug development.

Key words: Alzheimer’s disease; formulas; syndromes; constituents absorbed into blood; network inference algorithms; machine

learning; molecular docking; molecular dynamics simulations; unii-x87dcb9gst
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Fig. 1 Research process
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Table 1 Screening of formulations containing blood-absorbed constituents and their corresponding syndromes
— - — -
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A—C-volcano plots of GSEA37263, GSEA37264, and GSEA97760; D-quantity relationship of DEGs for GSEA37263, GSEA37264 and GSEA97760.
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Fig. 2 Analysis of DEGs in blood and cortex between healthy population and AD patients
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A-relationship between DEGs significantly up-regulated and down-regulated and syndrome genes; B, C-network diagram of significantly upregulated and
downregulated DEGs targeting syndromes; Green nodes represent the syndrome, while red and blue nodes represent the significantly up-regulated and
down-regulated DEGs targeting the syndrome, respectively.
B3 “iF{%-DEGs-AD” M4&HyHEE
Fig.3 Construction of “syndrome-DEGs-AD” network
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A—D-relationship between GO and KEGG enrichment entries in DEGs significantly up-regulated and down-regulated by AD; E and G-KEGG enrichment
analysis of DEGs significantly up-regulated and down-regulated by AD; F and H-GO enrichment analysis of DEGs significantly up-regulated and down-
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Fig. 4 Enrichment analysis of GO and KEGG
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Fig. 6 PPI network screening for AD core genes

#*2 CBENXHEIERS AD #HXH KEGG &8
Table 2 KEGG pathways associated with AD validated in existing literature
% 1D JE % A TR FE A P PMID
hsa04080 neuroactive ligand-receptor CHRM2, PTGFR, GABRA1, THRB, AVPR2, 2.92X107'? 37925002, 38105702,
interaction HTR1D, HTR1A, OPRL1, TACR1, ADRB2, 36982837
GRM1, P2RX3, CNR1, CHRNE, ADORA1
hsa04742 taste transduction GABRA1, P2RX3, HTR1D, SCN9A, HTRI1A, 350X107 —
HTR3A, GRM1
hsa04020 calcium signaling pathway CHRM2, PTGFR, P2RX3, TACR1, ADRB2, GRM1, 1.76X10* 31655116, 33463465,
CACNA1G 37192560
hsa04726 serotonergic synapse CYP2D6, HTR1D, HTR1A, HTR3A, PTGS2 5.74X10™* 6306169, 2696574,
33096634
hsa04024 cAMP signaling pathway =~ CHRMZ2, PDE4D, HTR1D, ADORA1, HTRI1A, 8.83X10* 37770785, 37490542
ADRB?2
hsa04723 retrograde endocannabinoid GABRAL, FAAH, CNR1, PTGS2, GRM1 1.50X107° 35432724
signaling
hsa04064 NF-xB signaling pathway =~ CSNK2A1, PTGS2, MALT1, BIRC3 520X 103 37697347, 35821145,
33054814
hsa04923 regulation of lipolysis in ADORA1, ADRB2, PTGS2 170X102 —
adipocytes
hsa05032 morphine addiction GABRA1, PDE4D, ADORAL 3.80%X102% —
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Red nodes represent up-regulated DEGs and their targeted BACs, blue nodes represent down-regulated DEGs and their targeted BACs, and green nodes

represent BACs targeted by both up-regulated and down-regulated DEGs.
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Fig.7 Network construction of “AD core genes-BACs”
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Table 3 Screening of candidate blood-entering components

BACs AT MIXTFE  Pubchem CID  Lipinski PAINS PMID
DEGs 2t [/l ononin C22H2209 430.13 442813 Accepted  Accepted 34354404
A jatrorrhizine C20H20NO4* 338.14 72323 Accepted  Accepted 31862965, 27401065
magnoflorine C20H2aNO4* 342.17 73337 Accepted  Accepted 36812746, 36687096
berberine Ca0H18NO4* 336.12 2353 Accepted Accepted 37609432, 38678955, 37910530
palmatine C21H2NO4* 352.15 19009 Accepted  Accepted 38003731, 37609432, 35997646
wogonin Ci6H1205 284.07 5281703 Accepted  Accepted 25596147, 22070681
daidzein C15H1004 254.06 5281708 Accepted Rejected 30897277, 24058373
scopoletin C10HsO4 192.04 5280460 Accepted  Accepted 34455957, 35498835, 32671342
£ 4 DEGs jasminoside ¢ C16H2407 328.15 102507169  Accepted  Accepted —
sl jasminoside a CisH2607 330.17 98050833  Accepted  Accepted —
jasminoside b Ci6H2608 346.16 102507168  Accepted  Accepted —
scopoletinb-D-  C1sH16010 368.07 25791063 Accepted  Accepted —
glucuronide
toroko base 11 C25Ha1NOs 451.29 20055812 Accepted  Accepted —
senbusine ¢ C24H39NOy 453.27 14163819 Accepted  Accepted —
coptisine Ci9H14NO4* 320.09 72322 Accepted  Accepted 25079795
neoline CasH39NOs 437.28 120682 Accepted  Accepted 33814448
talatisamine CasH39NOs 421.28 159891 Accepted  Accepted 22561032, 18601983
oroxylin a Ci6H1205 284.07 5320315 Accepted  Accepted 33147823
emodin C1sH100s 270.05 3220 Accepted  Accepted 38405501, 30407508, 32799401
™4 DEGs emodin-3-O- C1sH1008S 350.01 139585570  Accepted  Accepted —
# sulphate
isoliquiritin Ca1H2209 418.13 5318591 Accepted  Accepted —
daidzein-7-O- Ca1H18010 430.09 11316354 Accepted  Accepted —
glucuronide
unii-x87dch9gst  C21H20010 432.11 156028036  Accepted  Accepted —
oroxylin A Ca2H20011 460.10 44567248 Accepted  Accepted —
glucuronide
enoxolone CaoH4604 470.34 10114 Accepted  Accepted 26886723, 37678474
liquiritin Ca1H2209 418.13 503737 Accepted  Accepted 27399208, 24888902, 27589374
baicalin C2a1H18011 446.08 64982 Rejected  Accepted 30676698, 37719746, 25108596
paeoniflorin C23H2s011 480.16 442534 Accepted  Accepted 38027768, 37448137, 37169480
3,4-dihydroxy-  C7HeO4 154.03 72 Accepted Rejected 17531386
benzoic acid
aloe emodin Ci5H100s 270.05 10207 Accepted Rejected 25453793
rhein CisHsOs 284.03 10168 Accepted Rejected 24568372, 23777400, 35360200
baicalein Ci15H1005 270.05 5281605 Accepted Rejected 28634902, 38006681, 36978955
physcion Ci6H1205 284.07 10639 Accepted  Accepted 31223328, 39338361
sinapic acid C1H120s 224.07 637775 Accepted  Accepted 33266113, 39082749, 29521253
liquiritigenin Ci5H1204 256.07 114829 Accepted  Accepted 34371131, 33965487, 36544815
chrysophanol Ci5H1004 254.06 10208 Accepted  Accepted 34791341, 37780805, 36976486
isoliquiritigenin -~ C1sH1204 256.07 638278 Accepted Rejected 35498835, 30443212, 33642990
cinnamic acid CoHsOz 148.05 444539 Accepted Rejected 39219429, 33915461, 30578827
glycyrrhizic Ca2H62016 822.40 14982 Rejected Rejected 39510337, 27238153, 31073286




FEH 2025FE58 H£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

* 3215

ADRB2--79 -8.7 l—6.8 =73 |[STUS

-9.1 -85 .—7.6 -9.9

-9.0 —74 -73 IS

-—6
TACR1--9.1 —83 -85 —8.1 -7.4 -89 —8.7 —79 —72 —88 —9.1 —8.7 —64 —8.0 e
haid
L 1 hul
7 a‘i
PTGS2-—6.6 —5.9 —6.3 -6.1 —6.3 -62 -72 —62 fg
&
L g §
HTRIA--86 -89 —8.1 —64 —64 —87 —8.1 -80 —7.1 ~10.0 93 -7.0 —6.1 —7.7 0

-—9

GRM1--88 -7.9 —8.0 -7.7 -7.0 —83 -89 —8.0 -7.3 —9.5 ~7.4

) o) o ] o [3) o [
T OE OE o W o B O
=] <= g =] =
15} S 3 2 =] b=t 15 S
- — wv 172] w - -
= 2 =) ) o o = =
2 1 s} g g R 2 2
= Q 3 g ‘g g 2 =2
%0 ' o @ b7 17} t’D‘ t’D‘
S @ g s 8 « -
= g = I
' k] .8 'D‘

R=| <] > s
] =] -
s ° g =
3 =9
19

Q

2

-9.8 . 93 72 8 .

9.2 (SIS

’ --10
. 82 —9.6 I11

gst

senbusine ¢

donepezil
rivastigmine
galantamine

toroko_base ii
unii_x87dcb9

8 AD #UEE IR AT M 5 2 8 B 3 E4T 53
Fig. 8 Docking score between AD core genes and validated BACs

BRI BT ) A N BH o BRBEAT 20 75 BRI

WKl 8 Fzx, B PTGS2 54 BACs 45 &RER
5.0 kcal/mol #F, HRZLHEERFE BACs 45 &
e /N F—5.0 kcal/mol, FHH AD #% 0% K5 BACs
Z AT ke e 5> T % . 5 AChE 245G Rt
(FIFHPEXT B2 2 250K 5% (—10.5 keal/mol)  ELA,

KB IC-7-O- I HEF IR (daidzein-7-O-glucuronide)
A H B A A BERE R (unii-x87dceb9gst) FRIN H
ORI AChE #5&RE7), HEiGREDMIA-11.5.

—11.2 keal/mol. ADRB2 55 H % (isoliquiritin)
(45 & Be L (—10.4 keal/moD), T 2 230K 5% (—9.0
kcal/mol). HTR1A F1 GRM1 5 @43k (toroko
base I 1454 A5 5 4—-10.01 —9.5 kcal/mol, ¥
TFHYEXRT 259, Bt4h, PTGS2 F1 TACR1 5 unii-
x87dcb9gst B4 HE Sl N—7.2 F1-9.1 keal/mol,

Hrp TACR1 5 KEH J6-7-0O-Fi FEH R (daidzein-7-
O-glucuronide) 1456 BEFIFEIE £)-9.1 keal/mol. JE
TR Z A S MR, B KD unii-
x87dcb9gst 5 6 1~ AD WU HERLEEHT i fclif o X
unii-x87dcb9gst 5 AD %0 FE [RIBEAT 45 &AL s i m]
MACAHT, W 9 Frs, unii-x87dcb9gst 5 AChE
I IR ARG-296 (2.4 A). PHE-295 (2.5 A).

GLU-202 (2.3 A). SER-293 (2.4 A), TYR-341 (2.4

A TR, ARG A BNEYEL AT AN, unii-
x87dcb9gst 5 AD #% 0o BE R 1) BELE & R R 2R
RIALE R AT (ASN-104. ASN-108. ASN-173
A ASN-89). A& (GLN-151. GLN-165 #
GLN-565). 44 (GLU-109. GLU-292 #il GLU-
346) FZHEER (HIS-135. HIS-197 F1 HIS-265),
ST VR 45 & e A R (5 B L 4.

## unii-x87dcb9gst £ ZURF 5 AChE
HATEN 1. S5 RSB, EEWIERIITE 50ns
™ RMSD fHiARIFaERE, & &1 RMSD {H¥3)
FERERN (<01 nm). K unii-x87dcb9gst 7] LA
A AChE #E4si &, WA 10-A. RMSF 7R
HEBATERE, B EWE 250~300 s 1 500~
600 ns fEERKIIZENE, nIRe S 8 H B SAH L
(K 10-B).

3 iTie

AD 2 —FAFIThREZ T T FEALIZ 68 %18
PR N 32 B RER I s B AT PR, R AL
TIANIE R . HATEYT AD IR R 254 1 Z 45 AChE
2 RS 022 AREORR RV T A 2R %
RIEPURIZE SN R nT LIE— e R F 2R
SEMREGIEZZ R, HEATIFAREIA T AD B
F AR Y E ARBERELST, R 253 AD HIIA



« 3216« F8 B 2025F5H $£56% B Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9
A
RoeY
#7G.29 »
[
[ ) %
\ ‘N i o A ¢
‘ RO T A A Lo f'{“‘ a
J o \ v T~ isas IS
e A\ 25 b, 1)
| 'Y & 27 é THR-115
| 7 | ooeol] vakare
Prosly ol J
L
. o — _ .
§AsN-129 . 39
j\/ I N-151 «A&D o1
Janns O
. P i {;l G
N X
Y J'rRp-110 - :\/n
l' 20 /& | A ASN-108
—”i\‘\zv 0 ) \*"-vN 25 %24
‘ sen Yy - 20 : % 71 X :n:\
| Nou 792 7 s 18 {
| | |
™7 |
|
is26 ‘
ASN-104 25 o7
AHG-XOS‘)J g ; ‘,;\’ 2i |
el . 'S AL)
:\;) y 1 ]/‘}\I' 25 l\. (._
';‘Jhu (‘:?“ GLN-565 )-'/.,7’ NG
_ s3a2( )| AsN-83%
WOALA562 -;!2-\ 23
b

PTGS2-unii-x87dcb9gst

TACRI -unii-x87dcb9gst

A~F-unii-x87dcb9gst 4355 AChE. ADRB2. GRM1. HTRIA. PTGS2 fll TACRI1 [ =445 &5 E; LMIE/R BACs FEE A L4SE &AL E,
FiffE7R BACs R M BAEFRR: RSO RREORN =440, HESMAE BACs, #EOEENARGKHEEEM.

A—F-three dimensional binding mode diagram of unii-x87dcb9gst and AChE, ADRB2, GRM1, HTR1A, PTGS2 and TACRI; left legend showed the
binding position of BACs in the protein pocket, while the right legend displays the interaction mode between BACs and proteins. Light blue represents the

three-dimensional structure of proteins, yellow structures represent BACs, and yellow dashed lines represent hydrophobic interactions.

B9 ADZUERSRIANMAS IR = HEEER
Fig. 9 Three dimensional binding patterns of AD core genes and their docking with BACs

# 4 unii-x87dcb9gst 1 AD #Z D EFE R ITELER
Table 4 Docking results between unii-x87dcb9gst and core

AD genes
YN
Ef1 poID o RHER
(kcal mol ™)
AChE 604w -11.2 ARG-296, PHE-29, GLU-202,

SER-293, TYR-341

ADRB?2 3nya -9.9 GLY-90, CYS-191, VAL-114,
THR-118, SER-203

GRM1 lewv -9.2 ASN-173, SER-112, AER-166,
TRP-110, GLU-292

HTRIA 3tao -9.3 GLN-151, ASP-111, HIS-135,
ARG-104, GLU-109, ASN-108

PTGS2 5f19 -1.2 ARG-109, ASN-104, GLU-346,
LYS-342, ALA-562, GLN-565

TACR1 6hlp -9.1 HIS-265, ASN-89, HIS-197,

GLN-165

IR, TR T AR S AR A 9% i
FIPIRIA R, FERIEF R AD AERART “TFoR”

R O M SRR a3, RN, R AD
B FUA, S R i3 A DG L DR (138 7 AR Wb ) S
Pt AD BACs KRG AN EAA R FEik, At
FLAVH RS I 28 282 . RS B2 b AL
WL RAMHEVNR R K TR ARES
SR ITEE, ik 5 AD UEEA S 2 Wiks &4,
fEE b A2 ss, JEImIEISfE IR T M BACs.
3.1 ETMEHEIERY BACs $LERFANFIE T WGS
B AD JRdm £ E )

K F WDTIs M %% J7 1% wSDTNBI #5 & 5 MAE
Guir) “ - PREE - HUpRE ” B “ 2 2-2 A
R-ZIRRE” AR A . wSDTNBI MU
FET S RIMER R R, I FEIERI 7 A M FNAL
H, IXAFRA RS T AP B S AR N 45 [
i, EI S NREA, FEIZRad FE H S I X Ay
FLRH MR B, $ i 1 Tl i A5 B RS At
Fik:T wSDTNBI R EA =R ER 21 M E



FEH 2025FE58 H£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

* 3217 -

A 030 ——AChE-% 7R FF
. AChE-unii-x87dcb9gst

02sf | |
0.20
0.15
0.10
0.05
0.00
000 20 40 60 80 100
t/ns

N 2 Al
n M il

Vi '

A AR MY AN A |
/ VI | AN L
J\\‘ g“' \h'.; ‘vl‘ r ‘rv‘“'ﬁvf\‘w"‘.'h/ N I’r‘ |V|
| \J A ‘ 4 | \ | v

| !
\f W
i
I
” |
|
V r NN
W

)
‘~ r‘

RMSD/nm

f’l,-

B ———AChE-Z 2R F%

0.40 AChE-unii-x87dcb9gst
0.357
0.30
0.25
0.201
0.157
0.104//
0.054
0.00

RMSF/nm

0 100 200 300 400 500 600
t/ns

A-RMSD 41#fr; B-RMSF 434
A-RMSD analysis; B-RMSF analysis.

E 10 unii-x87dcb9gst 1 AChE B4 F&h h 18l
Fig. 10 Molecular dynamics simulation of unii-x87dcb9gst and AChE

i DEGs £ 13 4~#£173) 1 DEGs ) BACs f{#EFx
BbAh, SRR SE R A, WGS AT UK il 4
BERAMFIUE R, WA PR EIR 25 A/
SRANEE TH 55 2 PRI (s AR e, A Rl
o [FI, WGS ANFEZEFSE R HRE, BT Lk
DUBTRE DR . AR e, 1E T AR AR R
IR FT15-561, ARAFF TR 36T AD B AN B2 i
WGS 2155 3 122 A~ L) DEGs 1 2 039 4~ i
) DEGs.
32 HREMZHEEEEES AD & DEGs %
LEES

W 2NN, R R 3 30 A R R R [
LA R R R HRIE 2 T A N RS R B
P PR TR L TS BH A 2R RT3 L P L 7R 5057581,
77 70 BAEAE R SR FRIHEIE 7 B S5 AH G o ASHIE 908
I AR A4 TR R TN, R ILILAT AD
(1] DEGs % JIAHIC . RN, ARHEMZ R 2170
i1 2 FEAEHEA AT 5 19 L% DEGs #1'F i DEGs
5 AD BRI . KEGG & &R, ¥
WEfE T i DEGs 2 51 AD i, HHEAEE
PEZ S, ML FEME R ) DEGs 2 580 & g T
R-SZARAEAEA . 58155 B A PI3K-Akt 15
SIEPELO, [FEAEA AD SR VIR OC. Ak, BEm
WA iR AR B DEGs AEWS R BP G351
ST R SRAMRIIE N RIESE . X AMRREIE %
W AD B IALEIFR 3%
3.3 ETH[ENEI%ZRY DEGs X BACs fHit 77540
R

D 286 24 3 2 2 BT “ A0 -HE R SRR T £
JEIRMES G FR, BRIk i 25 sy, IR HPIA
AR I o AE R, T W25 24 3 2 7 V0 ik

Hok R T 7 SR R I R] B A I AR B
IR 22 L 2T AT B~ 855 P 55 [ 3 A4 R 4 000,
P0G, B FE 5 N UEA XA R 5 B &R %
O RIEAT 29T, S 253K, DAHIE
DR R A LR, B ik v A 26, (R B
THUE AR A0 2 (B 96 R o AN TR, IR ] B
WL 8ER 24 DEGs #F i £ 4~ BACs K|
BITEBRIITER, X5 HEA 2R 2R RIT
P Ii BV AH W A o B, PR AT FEIE AT BE [R] I g
G6PD Al PTGFR & AD %% F1 &4, 15 G6PD
A1 PTGFR AH<H) BACs 1 G 003 ph T FEIE 1M Ja %
AD FIRIEIR . 3 THE%-DEGs-BACs M4 54T,
454y PAINS i J€. Lipinski 52k, /KB LM
Nl DEGs JLFEME 8 1~ BACs & 24 B2
SCHRI IR UE . B4, BRI DEGs fRiE S 2] 11 4
BACs, 1 54 (45.4%) 442452 CRIGAE. R
W) DEGs i i3 2 20 4~ BACs, Hr 15 4M(75%)
A YHRAE SRR, 10BH TR0 1 25 RO HERR . A
WS K, BACs 1 AD #0405 ADRB2.
TACRI1. PTGS2. HTRIA I GRM1 345 B U () 45
BREST o HET RIRF=W) 2 B ST RE A, AT T 0 e
52 unii-x87dcb9gst 5 AD 1% 0y FE R LR AT 43
Bhf. AHEG B2 2 AR IR55 T AChE 1456 RE,
7 F B SIS unii-x87dcb9gst 1 AChE 45 &
RE[FIFEARE
3.4 unii-x87dcb9gst 71 AD B R BEML Bl R i+t
AHFREEHLERY 3. KEGG &4 PPI [
Tk, LRk R 5 A AD AZ L, 5 ADRB2.
TACRI. PTGS2. HTRIA Fl GRM1. 7 EH,
ADRB2 1] LI #2 AR 1753 B 26 b A4 Ty e g pg Lo,
PTGS2 A] DAid i 4% %8 E S S IE B AB ) SRS A



« 3218 «

FEH 2025FE58 $£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

DR DA e 48 J A7 AR G 4555 AD 1973 B AR Ak 1621,
HTRIA AT PLUkAE AB % S0 SH-SYSY 4
A R0, BT, unii-x87dcb9gst A fEIE T
N ADRB2 fil PTGS2, i HTR1A Kik/> AB
DU = A, T 220k AD (9% B E 72 . KEGG &
oMt — PR, unii-x87dcb9gst iL A] BE i I
Tl ADRB2 F1 PTGS2 il 17 1 42 i £8 - P Ak -
AR EAER . 8515 5@ B . NF-xB 55 1@ H 5%
[E i, il i HTRIA SRIESE & IS R s
5 fah A0S BE BR R ( cyclic adenosine
monophosphate, cAMP) {55, tAh, EXT A
AT T B AT 28 U Sl 22 (1 ) BT R B, GRMI &
AD A bR B 2 —16465], Ting 591 17 RNA
¥ 5t AD EAEM AR EY, &5 RI
TACRI mRNA 7£ 5XFAD /NS 2 RiER

' B

5153 HA

7
S8 E - i 7
g s%’%k
T2 WL

H

. DL EZEREW GRM1 M TACRI & unii-
x87dcb9gst Hit AD HITE R AEMFr 1, Rt
Ut B - 5 [A) UE 15 () DEGs f#iik AD #% 0 FE R 1)
B . M KEGG & &£ 4 £ WU ¥, unii-
x87dcb9gst T REIE L 1 GRMI1 Al TACRI1 #fifi
VA2 0 20 T VRO -SZ AR A ELVE A L 4545 5 I8 g A
AT WIEME KRR RS 5 R4 AD #EAT T BE4H,
NG R TR, 5K HAYZ Rk
£, unii-x87dcb9gst 5 AChE B3 93 45 & A
71, TN FIELE R Im PR N i 1 B KA .

Z¢ I, unii-x87dcb9gst i 22 #E STAE R,
A AR 2 2 AE S, ki ST AD 1EH,
BLFEG> B USRS TR ] S8 B R B A
SRR O R T S SR G AR A, B SN
AD WZ 4L+ (B 11D,

unii-x87dch9gst
(CAS: 1084629-06-0)

i
DEGs

T
DEGs

% cAMP signaling pathway

#serotonergic synapse
retrograde endocannabinoid signaling

Eregulation of lipolysis in adipocytes
reduce the accumulation and deposition of AR
neuroactive ligand-receptor interaction

= NF-«B signaling pathway

=improve mitochondrial function

M calcium signaling pathway

antioxidant
ACHhE inhibitor

B 11 unii-x87dcb9gst 1 AD BIE 7N
Fig. 11 Potential mechanism of unii-x87dcb9gs against AD

4 #Hig

AWFFIET “IE%-DEGs-AD-BACs” %2 4E /1 2%
GrHT, R 2 EIE TG ST AD [ BACs.
HWIEX DEGs &4 0113 2] AD MG AR 2
T, AMRRRIEfE RS AD B AREALEITE HE—
E IR o AT T s 24 W B A 3
WO A1 7KPiR97 AD FIPE VLR A &R, 1 H
BIHT T 245 BACs itk Rt 78 S0 8%, NARMIERIIG PR
TAEF LW AD B THLEI L 259 R I3t
—E NS HWIE . EART TR 32 7 R
BEAD, 4E BACs BUEEFE R —, RSN REL
P AP R SOk AL AR, LSRG N &

ff) BACs B EHEAT II%E: AD ) DEGs. IEfix2

PKI A BACs BEARI T IR A AE R PR PE RO AT BE, )5

Bl Eah o 2 A P S AR AT 55 s

AWEFLEIRIE T BACs HA] B2 PEBEAT 70 #, JFid

7RIS ) A SR A 4T 2 34T o0 i, (B

SEIRA R 2 B2 S8 K I PR WE FE (K3t — 2P B8k
FlEAR PFIAGENERARAELEFEYR

S

[1] Scheltens P, De Strooper B, Kivipelto M, et al. Alzheimer’s
disease [J]. Lancet, 2021, 397(10284): 1577-1590.

[2] CummingsJ, ZhouY D, Lee G, et al. Alzheimer’s disease
drug development pipeline: 2023 [J]. Alzheimers Dement,



FEH 2025FE58 H£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

= 3219 -

(3]

(4]

(5]

(6]

[7]

(8]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2023, 9(2): e12385.

Rostagno A A. Pathogenesis of Alzheimer’s disease [J]. Int
J Mol Sci, 2022, 24(1): 107.

Lane C A, Hardy J, Schott J M. Alzheimer’s disease [J].
Eur J Neurol, 2018, 25(1): 59-70.

Graff-Radford J, Yong K X X, Apostolova L G, ef al. New
insights into atypical Alzheimer’s disease in the era of
biomarkers [J]. Lancet Neurol, 2021, 20(3): 222-234.
FeA. 20 R AR r B IE A 73 AT B R BEUE A5 YR T L
f#RZ [D]. dbnt: Jesh B2, 2020.

RFH. COPD HERIUEMRIUEZ 70 U X5 ACE 2P
SNP £ &1k (/D) BIAHRPERTFT [D]. BHR: Al b
ZiK%#, 2018.

WY, XUEEYS. 52 5 A R A B A R R
FI[0]. PEEREEZG, 2011, 24(12): 89-91.

RIEVR, AER. BURRHFBRR RIS - P9 5 D L
WS R R U (9], thE P EE 2GR, 2013,
20(1): 49-50.

TeHERE, SRR, B, . RN RRAS 1 o R IR
ATIERBETT [7]. P25 3R, 2010, 16(5): 1-3.

Gan X, Shu Z X, Wang X Y, et al. Network medicine
framework reveals generic herb-symptom effectiveness of
traditional Chinese medicine [J]. Sci Adv, 2023, 9(43):
eadh0215.

Qiu J. Traditional medicine: A culture in the balance [J].
Nature, 2007, 448(7150): 126-128.

Zhou X Z, Menche J, Barabasi A L, et al. Human
symptoms-disease network [J]. Nat Commun, 2014, 5:
4212.

Huo X K, Yu Z L, Zhao F, et al. Hepatocyte aquaporin 8-
mediated water transport facilitates bile dilution and
prevents gallstone formation in mice [J]. J Hepatol, 2025,
82(3): 464-479.

JiaN, Gao Y Z, Li M, et al. Metabolic reprogramming of
proinflammatory macrophages by target delivered roburic
acid effectively ameliorates rheumatoid arthritis symptoms
[1]. Signal Transduct Target Ther, 2023, 8(1): 280.

Chen K K. A pharmacognostic and chemical study of ma
Huang (Ephedra vulgaris var. helvetica). 1925 [J1]. J Am
Pharm Assoc, 2012, 52(3): 406-412.

Tu Y Y. The discovery of artemisinin (qinghaosu) and gifts
from Chinese medicine [J]. Nat Med, 2011, 17(10): 1217-
1220.

LiuXY,LiuJY, FuB Z, et al. DCABM-TCM: A database

of constituents absorbed into the blood and metabolites of

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

traditional Chinese medicine [J]. J Chem Inf Model, 2023,
63(15): 4948-4959.

Bai G, Zhang T J, Hou Y'Y, et al. From quality markers
to data mining and intelligence assessment: A smart
quality-evaluation strategy for traditional Chinese
medicine based on quality markers [J]. Phytomedicine,
2018, 44: 109-116.

Zhang Y, Wang N, Du X, ef al. SOFDA: an integrated web
platform from syndrome ontology to network-based
evaluation of disease-syndrome-formula associations for
precision medicine [J]. Sci Bull, 2022, 67(11):1097-1101.
Tan M G, Chua W T, Esiri M M, et al. Genome wide
profiling of altered gene expression in the neocortex of
Alzheimer’s disease [J]. J Neurosci Res, 2010, 88(6):
1157-1169.

Lai M K P, Esiri M M, Tan M G K. Genome-wide profiling
of alternative splicing in Alzheimer’s disease [J]. Genom
Data, 2014, 2: 290-292.

Naughton B J, Jason Duncan F, Murrey D A, et al. Blood
genome-wide transcriptional profiles reflect broad
molecular impairments and strong blood-brain links in
Alzheimer’s disease [J]. J Alzheimers Dis, 2015, 43(1): 93-
108.

Sanz H, Valim C, Vegas E, et al. SVM-RFE: Selection and
visualization of the most relevant features through non-
linear kernels [J]. BMC Bioinformatics, 2018, 19(1): 432.
M, 2, KHE, & BTG I50 T30
SERLDZYE R B B IR T L AL RV E BT 2 #E AR
KBRS [J]. W2, 2024, 55(15): 5174-5188.
Wu Z R, Ma H, Liu Z H, et al. wSDTNBI: A novel
network-based inference method for virtual screening [J].
Chem Sci, 2021, 13(4): 1060-1079.

Baell J B, Holloway G A. New substructure filters for
removal of pan assay interference compounds (PAINS)
from screening libraries and for their exclusion in
bioassays [J]. J Med Chem, 2010, 53(7): 2719-2740.
Carmichael N, Day P J R. Cell surface transporters and
novel drug developments [J]. Front Pharmacol, 2022, 13:
852938.

Lipinski C A, Lombardo F, Dominy B W, et al.
Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings [J]. Adv Drug Deliv Rev, 2001,
46(1/2/3): 3-26.

Jhoti H, Williams G, Rees D C, et al. The ‘rule of three’



* 3220 -

FEH 2025FE58 $£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

[31]

(32]

(33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

for fragment-based drug discovery: Where are we now?
[J]. Nat Rev Drug Discov, 2013, 12(8): 644-645.

Johnson T O, Odoh K D, Nwonuma C O, et al.
evaluation and molecular
of the
Phyllanthus nivosus leaf against ulcerative colitis [J].

Heliyon, 2020, 6(5): ¢03893.

Biochemical docking

assessment anti-inflammatory  potential of

Kokkaliari S, Grauso L, Mangoni A, et al. Isolation,
structure elucidation, and biological activity of the
selective TACR2 antagonist tumonolide and its aldehyde
from a marine Cyanobacterium [J]. Chemistry, 2024,
30(50): €202401393.

Feng Y, Zhu P, Wu D, et al. A network pharmacology
prediction and molecular docking-based strategy to
explore the potential pharmacological mechanism of
Astragalus membranaceus for glioma [J]. Int J Mol Sci,
2023, 24(22): 16306.

Mal X, Wang B, Li H S, et al. Uncovering the mechanisms
ofleech and centipede granules in the treatment of diabetes
mellitus-induced erectile dysfunction utilising network
pharmacology [J]. J Ethnopharmacol, 2021, 265: 113358.
Wang C G, Liu Y Y, Liu X, et al. Scutellarin alleviates
ischemic brain injury in the acute phase by affecting the
activity of neurotransmitters in neurons [J]. Molecules,
2023,28(7): 3181.

QiLM, Zhong F R, Liu N N, ef al. Characterization of the
anti-AChE potential and alkaloids in Rhizoma Coptidis
from different Coptis species combined with spectrum-
effect relationship and molecular docking [J]. Front Plant
Sci, 2022, 13: 1020309.

Jakubec D, Skoda P, Krivak R, et al. PrankWeb 3:
Accelerated ligand-binding site  predictions  for
experimental and modelled protein structures [J]. Nucleic
Acids Res, 2022, 50(W1): W593-W597.

Zheng Z X, Huang X, Wang N, et al. Hydration
mechanism and its effect on the solubility of aripiprazole
[J]. Pharm Res, 2024, 41(1): 113-127.

Rios G, Tobar F. Compositionally-warped Gaussian
processes [J]. Neural Netw, 2019, 118: 235-246.

e i I L WK R DY ISk B o A AL 2 2
SRS B AR DIRERISE M [J]. oh R YT, 2019,
27(4): 43-44.

A, T BRERG BT I S I AE S AR PR R SR )
IGART- T [J]. " EEEZifar, 2012, 10(34): 294-295.

FER, wKifEh. LIRS RIEHI KRR B

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[58]

WA (7], BEPEHEE, 2001, 22(9): 553-555.

FOIE . BT R R BRI 55 A P R o I A 43 A
MR MR E LS8 [D]. Kb IR P EZ K,
2021.

Nguyen H D, Vu G H, Kim W K. The molecular
mechanisms of steroid hormone effects on cognitive
function [J]. Arch Gerontol Geriatr, 2025, 129: 105684.
Tohda C, Joyashiki E. Sominone enhances neurite
outgrowth and spatial memory mediated by the
neurotrophic factor receptor, RET [J]. Br J Pharmacol,
2009, 157(8): 1427-1440.

Hasan G M, Shamsi A, Sohal S S, et al. Structure-based
identification of natural compounds as potential RET-
kinase inhibitors for therapeutic targeting of
neurodegenerative diseases [J]. J Alzheimers Dis, 2023,
95(4): 1519-1533.

Sun D C, Guan X N, Moran A E, et al. Identifying
phenotype-associated subpopulations by integrating bulk
and single-cell sequencing data [J]. Nat Biotechnol, 2022,
40(4): 527-538.

Abubakar M B, Sanusi K O, Ugusman A, et al. Alzheimer’s
disease: An update and insights into pathophysiology [J].
Front Aging Neurosci, 2022, 14: 742408.

Yoo H, Yang S H, Kim J Y, et al. Down-regulation of
habenular calcium-dependent secretion activator 2 induces
despair-like behavior [J]. Sci Rep, 2021, 11(1): 3700.
Singh B, Day C M, Abdella S, et al. Alzheimer’s disease
current therapies, novel drug delivery systems and future
directions for better disease management [J]. J Control
Release, 2024, 367: 402-424.

Darvesh S. Butyrylcholinesterase as a diagnostic and
therapeutic target for Alzheimer’s disease [J]. Curr
Alzheimer Res, 2016, 13(10): 1173-1177.

Tan WY, Qi L J, Hu X Y, et al. Research progress in
traditional Chinese medicine in the treatment of
Alzheimer’s disease and related dementias [J]. Front
Pharmacol, 2022, 13: 921794.

Cooper E L, Ma M J. Alzheimer Disease: Clues from
traditional and complementary medicine [J]. J Tradit
Complement Med, 2017, 7(4): 380-385.

Yu Z H, Wu Z R, Wang Z, et al. Network-based methods
and their applications in drug discovery [J]. J Chem Inf
Model, 2024, 64(1): 57-75.

Green E D, Guyer M S, Institute N H G R. Charting a

course for genomic medicine from base pairs to bedside



FEH 2025FE58 H£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

= 3221 -

[56]

[57]

(58]

(59]

[60]

(61]

(62]

[J]. Nature, 2011, 470(7333): 204-213.

Shendure J, Ji H. Next-generation DNA sequencing [J].
Nat Biotechnol, 2008, 26(10): 1135-1145.

JR/NHE, AR, RV, S5, R BIAZF R OR 1)
Tt [J]. IR R R A% E, 2014, 30(11): 177-179.
MRetse. thERZPIRZEFE AR AN EE [J]. hE
52 2UE, 2009, 18(9): 1455-1456.

Kumari S, Dhapola R, Reddy D H. Apoptosis in Alzheimer’s
disease: Insight into the signaling pathways and therapeutic
avenues [J]. Apoptosis, 2023, 28(7/8): 943-957.

Peng K, Xu S, Li M, et al. Strategies for Reducing the
Homogenization Phenomenon in the Screening of Key
Components in Network Pharmacology Based on the
Detectability of Components [J]. Rapid Commun Mass
Spectrom, 2025, 39(12): ¢10028.

Chai G S, Wul J, GongJ, et al. Activation of f2-adrenergic
receptor ameliorates amyloid-p-induced mitophagy
defects and tau pathology in mice [J]. Neuroscience, 2022,
505: 34-50.

Guan P P, Wang P. Integrated communications between

[63]

[64]

[65]

[66]

cyclooxygenase-2 and Alzheimer’s disease [J]. FASEB J,
2019, 33(1): 13-33.

Zhang G H, Chin K L, Yan S'Y, et al. Antioxioxidant and
antiapoptotic effects of Thymosin 4 in AB-induced SH-
SYS5Y cells via the 5S-HTR1A/ERK axis [J]. PLoS One,
2023, 18(10): ¢0287817.

Piras I S, Krate J, Delvaux E, et al. Transcriptome changes
in the Alzheimer’s disease middle temporal gyrus:
Importance of RNA metabolism and mitochondria-
associated membrane genes [J]. J Alzheimers Dis, 2019,
70(3): 691-713.

Wang C Y, Saar V, Leung K L, et al. Human amyloid 3
peptide and tau co-expression impairs behavior and causes
specific gene expression changes in Caenorhabditis
elegans [J]. Neurobiol Dis, 2018, 109(Pt A): 88-101.

Sun T, Zeng L, Cai Z D, et al. Comprehensive analysis of
dysregulated circular RNAs and construction of a CeRNA
network involved in the pathology of Alzheimer’s disease
in a 5 X FAD mouse model [J]. Front Aging Neurosci,
2022, 14: 1020699.

[TAcsmit  EE]



