- 618 - ZHEF K FFIR Acta Universitatis Medicinalis Anhui 2026 Apr;61(4)

W % BR BT ) :2026-02-10 09:01:26 M % $ iR 33k : hitps : //link. enki. net/urlid/34. 1065. R. 20260506. 1113. 003

T 2% 2 B AR TR S A5 R 1 A i
Xt Zh sk AERE AL £ B

kiU R ) vl S e
(T HPEHRFHEALEFZ P, &G 330045 REXFHRGMFHEEFRE, ®#M,EE PA19140)

HWE B8 BTN ERERHA S BRI EERE L (AS) BTBTE ERIPLE] . Jrsk MBI e S A S RE MY T BE E  M H S AS
LA 55 PR ClusterProfile £ R STRING £ et A 81 A0 HEA T 380 8% 5 42 20 A7 PPLI 28 1) 42 5 2T Autodock T H#FATOC
BRI [R5 3 B T A 0 X AT 5 S A DRI 0 A B RS SRR A AS BREH (14 35 PR A 5, 98I S SR R SR B
0 AE AS E B B AR AL ; R Western blot AR A0 A L YO-PRO-1/PT 4 {6 TUNEL 4% (425 52 56 06 3F H = ZAE ML . 45
B PR A B PR R O TG A IR T 293 AN ASHHSCHEIE A, Horp 8 AN A L RIVE FH T 57. 0% 1A R S
FERARIS (GO) AT AL R 5 FL R4 A B2 15 (KEGG) & 240 M4 R W], R G5B T6 AS B0 B AU Ak i ST R AR
FARBTY) S L R AN T A B . PP ZR 38R JUN .CASP3 MAPK3 FIAKT1 Jg S5 3L Y, 32 SIS k. 2
FXHHE AT, R DA E N S R A AR E A S S RIS SR AT o A R 0] AR R FRUE AS
Bt e 1 i DR 22 35 B4, & 30 11 200 U O T 3 A MG AN AN RS B e b R A . A SRR — 2B TR ST, PR R T AT PR AIG
Cleaved-CASP3(P=0. 04) F1 p-MAPK3 (P=0. 000 3) /K-, F i p-AKT1(P=0. 004) /K F- , JMHI E Ve -, &1t RN E 6
3 3 A A B RE SN S A TAABY ) 7 LA S 4 A U T S T T AS (R, P CASP3 (MAPK3 I AKT 1 R 3 il 5 1
AT R I AS AT B

KA TR SR RERE AL 5 I 2 B 5 3 R BT s LR I T

FESES R285.5

XEMFER A XEHS 1000 - 1492(2026)04 - 0618 - 10

doi: 10. 19405/j. cnki. issn1000 — 1492. 2026. 04. 005

Bl ik ok FE A AL (atherosclerosis, AS) J&—F A TR B S 36 5 1% R KRR P W A ELSEAENR YT AS
5 1% 0 6 0 00 4 0 I G . R PR AR P o B A AL, S LB AS
FE SR R % A TRy R A NG b AOSERRTF SR AR FH R e Akdie -
0 HCE BrR SR S AT | s
XMW L AT g SRR AIR AS BEH 1 AR, LA AL AT
3 1O BRI 45 4 P55 R AL (ATP bina- 11 RIS
ing cassette transporter A1, ABCA1) ik , fit #E A L1.1 F23XA  NESEREY (585 : W530427)

a igma-Aldrich 23 7] ; L7 /NELAAZ
S o A B 25 WA T 41 Eﬂiiﬁf; “ _j%jﬂ;;@(ci‘fTCleAffs;;q’gi
SRR R G SR TR S

T b P o o BEYHEARAGIR/A] . Active + Pro Caspase-3 554
HRPORIR VR0 SRR ) TS RO g g i o5 5 01 608-64) 19 P M 15 522
R R BRSO ATREAPAE DRI AR s o g ) - MAPK3 \MAPK3 . p-AKT1  AKTI

ﬂ%%ﬁ;ﬁ%ﬁiﬁ‘o VZE?%%?W%%@% \ﬁj\¥XﬂL§ ;];ILL,MS /Lif% . 91015\4696\75692\ 13461 ) H\V‘J E % @

2026 - 01 — 24 3k Cell Signaling Technology NG p-JUN.JUN NN
FEAT0H T PG RHE LI 4 H (45 :20232BAB216012) ; T4 5 HY-P80456 .HY-P80084 ) Il [ |7 MCE /A ] 5 $1
B R AR I 2R3 H (45 :S202310412091) R 72 1 90 (heat shock protein 90, HSP90) /> FH BA. T
T . . BB e i1k (555 : TA500494) Iy [ % [ OriGene Tech-
g, B A F Z A EVEE , E-mail : 2yf489662913 N s
@{;:; %. Mt M ' nologies A F] . HRP#RIC AL ZEHT /N FL 1gG (H+L) Al
A TP ML BUR JE {5  Email: jun, yu@iemp 1 2F P R 1eG (H+L) — 9t ( 48 5 & SA00001-1,
le. edu SA00001-2) I [ 27X Proteintech 2% &1 5 20 M 7 1746




ZHEF K FFIR Acta Universitatis Medicinalis Anhui 2026 Apr;61(4) - 619 -

MR £ (555 : 40302E820) Mg [ 1965 381 3¢ A=
AR ] 5 YO-PRO-1/8E4L 7 & (YO-PRO-1/prop-
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AT RBOF R EL AR R 24Pk, i —
#3835 SwissTargetPrediction (http : //www. swisstarget-
prediction. ch/) 1 PharmMapper (http://www. lilab-
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. BEJG , 5 A Cytoscape #E17 A] 4L . i i Net-
work Analysis fi{F#EATHFNLE , DL A SR
O LAY BE RO > R A B R i, JE3RTE 107 4
R OHE A, IFRERT 101 JCBEY s LA (B s s o
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1.3 ZHAEKIOEAE
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2.1.2 ASEARAALLEAHNEZEGEREE HR
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R, AT R B 0 0 o 46,354 .3 F1 2 044
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Tab.1 Information about the main active ingredients of Myristica fragrans

Number Mol 1D Molecule name OB (%) DL Target number

compl MOL000358  beta-sitosterol 36.91 0.75 273

comp2 MOLO070z0 Mol 4-Bis-(d-hydroxy-S-methoxypheny) -2, 3- 31.32 0.26 363
dimethylbutane

comp3 MOL009243  Isoguaiacin 48.78 0.31 356

compé MOL009254  galbacin 61.00 0.53 339

comp5 MOL009255  5-[ (28, 3S)-7-methoxy-3-methyl-oxole5-[ (E)-prop-1-enyl -2, 53.11 0.40 385
3-dihydrobenzofuran-2-yl ]-1 , 3-benzodi

comp6 MOL009259  Kudos 45.06 0.38 372

comp7? MOL009263  saucernetindiol 41.85 0.32 317

comp8 MOL009264  tetrahydrofuroguaiacin B 62. 86 0.32 318

comp9 MOL009265  threo-austrobailignan-5 49. 49 0.32 356

ANBE LR AL HoA A P AR T 57.0 % (1671 AS Myristica fragrans

293) WL FIFLEI . Il 2,

2.1.3 GO#KEGG & &£a4 NI EEEH

AS BIVETEALT , A IR PR 5 R AS Ay s [] 50 35

K47 1 GO F KEGG & 4 73 # , LUK IE J5 1Y P<

0.01 H Count>10 K i EhrifE . 45 R WoR, 293440 . 203 o

D T AR 7624 GO AWyt i B A 122 4
KEGG {7 538 i , Ho i 2 P 10 19 GO FI KEGG i
UL 2, GO &4 EZE T TR 2 M & E A h
W ARAE VR S R AR (] 2A) . KEGG 18 [ &
FEZE | SRR 10 (9 KEGG il B =33 K g
JERN B Bk AT AL\ Rap | {5 518 6 S 40 9 7555
i % (51 2B) .

2.1.4 PPIM% ML A4 AR NEHRH
G EAEFH AS 1Y SCEERE LA 3l o STRING 04 244

A .
Enrichment GO Top10
Response to molecule of bacterial origin .
Response to lipopolysaccharide . Count
® 39
Response to nutrient levels . ®
Cellular response to chemical stress . :Z
Response to oxidative stress . . 51
Regulation of inflammatory response- . Pgjust
. . 4.089 521e-31
Regulation of small molecule metabolic process . 4691 191-22
Fatty acid metabolic process & 9.394 382¢-22
o ® 1.409 167¢-21
Cellular response to oxidative stress 1.878 876e-21
Reactive oxygen species metabolic process®

0.13 0.14 0.15 0.16 0.17
Gene ratio

M ZFEFAS HEFSH GOFKEGG E £l i
Fig.2 GO and KEGG enrichment pathways of the shared targets between Myristica fragrans and AS

&2

1 HEZEMASHELSR
Fig.1 Common targets of Myristica fragrans and AS
Venn diagram of common targets between Myristica fragrans and the
disease; Pink: represents AS disease targets; Blue: represents Myris-

tica fragrans targets; Purple: represents the overlapping targets.

B .
Enrichment KEGG Top10
Lipid and atherosclerosis 1 .
Proteoglycans in cancer < . Poginst
Fluid shear stress and atherosclerosis - [ ] 5.0e-12
Rapl signaling pathway 1 & :gc-::
Se-
Prostate cancer{ @ 2.0e-11
Apoptosis1 @ Count
FoxO signaling pathway < @ : 2
30
AGE-RAGE signaling pathway | .
in diabetic complications 35
(P

Toxoplasmosis 1 @

Endocrine resistance 1®

© 000 012 014
Gene ratio

A: GO functional enrichment bubble plot; B: KEGG pathway enrichment bubble plot; Y-axis: Pathway names; X-axis: Gene ratio; Bubble size:

Number of genes in the term; Color: enrichment significance P value.
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®2 HAERIEZFURSNERNE
Tab.2 Major active compounds of Myristica fragrans and

corresponding target numbers

Number Compound Target number
compl Beta-sitosterol 141
comp2 Dimethylbutane 175
comp3 Isoguaiaicin 169
comp4 Galbacin 165
compS Benzodioxole 178
comp6b Kudos 177
comp? Saucernetinidol 163
comp8 Tetrahydrofuroguaiacin B 40
comp9 Austrobailignan 165

A PPT L 3R M 2% o B 293 AN L W] HE A5 JE I S A
STRING Jf- £t Cytoscape A #4k , 21560 & 293 >4y
RUFN 3 903 25 A B AR 3 0y M 45 o F1 T Network
Analyzer #% [ H & 3T POk A BE O OAE R T
ST L ECR O BE SR AR AR 107 S AZ O R R A
(I 3A) o Hiv % 422 15 =66 1Y 4 Y 25 A1 35 ALB
(98) AKT1(95) .CASP3(75) .SRC(75) .JUN(74) .
MAPK3(74) \EGFR(72) .PPARG(71) .MMP9(69) .
HIFIA(66) ) PTGS2(66) (|813B) . ik X} Fif S
B R AR ) 2 D R R B A BT 4R, Heh JUN
CASP3 MAPK3 I AKT1 3 H 2 5 40 i -4 A5 5
i

2.1.5 HERXBEFHRY 5SS 5Tt

BN R T RE R EEE MR 5 S S Al
T AH G O Bl 40 I X 22 (8] 1) 45 5 fig ), 5 B JUN
CASP3 \MAPK3 F1AKT1 VU4~ 581155 8 i 4%
OB S AT TR T . B R 4RSS oy
S PDB £ 4 JF b 4K B, PDB ID 43 5l by 2fpd
(JUN) .5i9t (CASP3) . 6ges (MAPK3) . 4ejn (AKTI) .
SRR 2 TR U5 DA B AR Y R IR A e
¥ < -20. 92 kJ/mol (2 3) , $/m A5 A4 80E M
AR SR, R ARE E XS  S 5 T
i o

2.1.6 WaREMB sl s A LiAEg A TEasE
AS 3B b oy AL S I IR S A O S S A
i 040 40 B O T S AE AS R R R A S A B, 4 BT
GEO B4 i v AS B B 710 A6 1 (GSE28829) , L)
Ko 5E FIATA E BEH (GSE120521 ) il 35 R 26 A K4l
£ ZRHT LK E 2 600 4~ (L3 os B AN
43651 (P vs AaE ) 22 e BE I (K1 4A (4D) . B
F 255 GSEA S5 5 B, 140 8 173 B 7E
i 3 BE B (NES=2. 31, P,,;,,=0. 000 06) FlIl A & 7 Bk
Be(NES=2.33,P,,,,=0. 000 3) {1 ¥ i 2 & 4 (K 4B |
4E) . AT s, B AKT1 AR Fg e B
H R TR A7 AR 10 55 25 S A, LA 3k DA AN [
B B ok 2 90 8 (&1 4C 4F) o

2.2 HRXEBRIINEEFARATCHXEERSE
B I ) = e 2 B O T

PTGS2
HIFIA
MMP9
PPARG
EGFR
MAPK3
JUN
SRC
CASP3
AKTI

ALB

S

20 40 60 80 100
Degree

B3 MERE-ASHGEIHPPIME
Fig.3 PPI Network diagram of common genes shared by Myristica fragrans-AS

A: PPI network of Myristica fragrans-AS shared targets; Red nodes: Key target genes; Blue nodes: Other shared genes; B: Bar plot of degree cen-

trality for key target genes.
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Tab.3 Information table of molecular docking

Binding energy/
PDB ID ; &

Target Compound

(kJ/mol )
JUN 2fpd Comp. 1 -27.614 4
CASP3 519t Comp. 1 -33.053 6
Comp. 2 -30.961 6
Comp. 3 -32.216 8
Comp. 4 -36.819 2
Comp. 5 -34.308 8
Comp. 6 -31.798 4
Comp. 7 -29.706 4
Comp. 9 -30.543 2
MAPK3 6ges Comp. 2 -28.4512
Comp. 3 -32.6352
AKT1 4ejn Comp. 2 -35.982 4
Comp. 3 -35.982 4
Comp. 6 -40. 166 4
Comp. 7 -37.656 0
Comp. 9 -34.727 2
2.2.1 WEZEMERmMBEGERIRER R

5 TN 5 R B N RAW264. 7 4 it () 1% ‘B Ab P vk
BE A S LA [R) 300 5 A PRAE i 24 b, 3R H CCK-8 12
KA 7% 71 . 45 R BN, A4 24 A Ts 1 R

FEAE 05% LI I, 57 (10 BRATHI L , 2.5 o o

B AR A RRE R A (E15) . 455 CCK-8 4521

KRS , Fe 2 e 5E 20 pmol/LAE K 5 22 9256 1Y
e AL PR T

2.2.2 A2 EME 48 JUN,CASP3 MAPK3 #=
AKT1 & @ B4R Sy Bk R 5 0] B 05 41 it
THT- AL E A TR MIFE I, % F Western blot #0144
40 JUN, CASP3 . MAPK3, AKT1 & H: 3% 1 1 5K (p-
JUN | Cleaved-CASP3 . p-MAPK3 , p-AKT1) 1 & ik 7K
o 5o MR L AL, B AU 4 Cleaved-CASP3 (P=
0. 006 4) 1 p-MAPK3 (P=0. 000 3) ik /K V- T+ , p-
AKT1(P=0. 002) ik K F-FEAL ; SREAIA Lh AL, A
ok T Wi 40 Cleaved-CASP3 (P=0. 04) I p-MAPK3
(P=0. 000 3)FKikKF- TR, p-AKT1(P=0. 004) FKik
KT, % 4 p-JUN Rk KTV 22 5 G024 5
UL 6,

2.2.3 AaREsESmeATHER  HIRIER
GEMPTR T AR R A MR K YO-PRO-1/
PIX G I TUNEL 32 6 5F H,0, 15 5 09 B 4 g i 1
AT PPN . WSS R o, R O A B PR T
151) 45 455 0 20 [ A% (P=0. 001 2) . YO-PRO-1/PI XY 4

E Early E Advanced

DEGs:2 600 B g GOBP_LEUKOCYTE_APOPTOTIC_PROCESS (C o
1 2 NES=2.31, adjusted P value= 0.000 06 S 9r °
= 06 Z *
101 g5 2 —
of g 8 IJ-I E=e
S 0.4 (=7 ° .
o 8F -2 = 8F | I
1 g 5
=7 5 02 .
B on )
O » . £ =
=2 5]
- 5 § 0 s 7 F
e 11T TN 3
st g, - 8 é
=) =
2r T 3 < 6F
1k . £ 2 g
[0 = T T T T T | T | Z (1) =}
‘5‘95559 a9 20 PNl ,\9/ RO R A Aé -2 L L L L I z 5 I I I I
L0g2 (fold change) ~ 500 1 000 1500 2000 2500 JUN CASP3 MAPK3 AKTI
Rank in ordered dataset
GSE28829 GSE28829
9 GOBP_LEUKOCYTE_APOPTOTIC PROCESS £ Stable E3 Non-stable
DEGs:4 365 . § NES=2.33, adjusted P value= 0.000 3 o
D EZ 06 F 880
25 E 7]
= 0.4 2]
20F £ g L
T 5 02 5 60
= sk g 2 |
S -
s 5 & 40 | =3
= | & =l
i s 11 1T R
= 5 N i
st £ g 20 .
z 0 g r :.J$
I T 4 l ) . ——
0 3 E 1 1 1 1 Z e
B 9 0 1 000 2000 3000 4000 0 1 1 1 1
Log, (fold change) Rank in ordered dataset JUN CASP3  MAPK3 AKTI
GSE120521 GSE120521

B4 AEEZOCEAREEENETEREASHRPHEN

Fig. 4 Alterations in Myristica fragrans core targets and apoptosis-related pathways during AS progression

A': Volcano plot of gene expression profiles in early vs late-stage AS plaques; B: Enrichment of leukocyte apoptosis pathway in early and late-stage

plaques; C: Expression patterns of Myristica fragrans core target genes (JUN, CASP3, MAPK3, AKTI) in early and late-stage AS plaques; D: Volcano

plot of gene expression profiles in stable vs unstable AS plaques; E: Enrichment of leukocyte apoptosis pathway in stable and unstable plaques; F: Ex-

pression patterns of Myristica fragrans core target genes (JUN, CASP3, MAPK3, AKTI) in stable and unstable AS plaques; "P<0. 05 vs Early.
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Fig. 6 The effects of Myristica fragrans on the activity of JUN, CASP3, MAPK3, and AKT1 proteins and apoptosis (n=3)

A-D: Expression and quantification of p-JUN, cleaved-CASP3, p-MAPK3, and p-AKT1 proteins in control, model, and Myristica fragrans-treated

groups; a: Control group; b: Model group; c¢: Myristica fragrans-treated group; ~P<0.01, “"P<0. 001 »s Control group; *P<0. 05, #P<0.01, " P<

0. 001 vs Model group.
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Fig. 7 The effects of Myristica fragrans on macrophage apoptosis (n=3)

A: Flow cytometry representative plots and quantitative analysis of each group; B: YO-PRO-1 and PI double-staining representative images and sta-
tistical results of each group X200; C: TUNEL staining representative micrographs and quantitative analysis of each group %200; a: Control group;

b: Model group; c: Myristica fragrans-treated groups; “"P<0. 01, “"P<0. 001 vs Control group; *P<0. 05, #P<0. 01 vs Model group.
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Integrated network pharmacology analysis and cellular evidence reveal

the mechanisms of Myristica fragrans against atherosclerosis
Lu Shuxian', Zhou Zhiling', Zhang Yifeng', Yu Jun’
(" Jiangxi University of Chinese Medicine Medical Translation Center, Nanchang 330045 ;
* Lewis Katz School of Medicine at Temple University, Philadelphia, USA PA19140)

Abstract Objective To explore the potential mechanisms by which Myristica fragrans prevents and treats athero-
sclerosis (AS). Methods The major active components of Myristica fragrans and their shared targets with AS were
obtained from databases. The shared targets were subjected to pathway enrichment analysis and PPI network con-
struction using the ClusterProfile package and the STRING database. Molecular docking between key targets and
major active components was performed using AutoDock. Gene expression data from early and late, as well as
stable and unstable AS plaques, were used to validate changes of key targets and major pathways during AS pro-
gression. Western blot, flow cytometry, YO-PRO-1/PI staining, and TUNEL staining were applied to verify the
main mechanisms. Results Nine active components of Myristica fragrans interacted with 293 AS-related targets,
among which eight components acted on an average of 57. 0% of the shared targets. Gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) enrichment analyses indicated that the anti-AS effects mainly in-
volved oxidative stress, inflammation, lipid metabolism, fluid shear stress, and apoptosis pathways. PPI network
revealed JUN, CASP3, MAPK3, and AKTI as key targets mainly involved in regulating apoptosis. Molecular dock-
ing showed stable binding conformations and high affinities between major components and these targets. Inte-
grated analysis of gene expression in early and late, as well as stable and unstable AS plaques, showed significant
enrichment of leukocyte apoptosis pathways in late and unstable plaques. Cell experiments further confirmed that
Myristica fragrans significantly reduced Cleaved-CASP3(P=0. 04)and p-MAPK3 (P=0. 000 3)levels, increased p-
AKTI1 (P=0.004) levels, and inhibited macrophage apoptosis. Conclusion ~ Myristica fragrans potentially inter-
feres with AS development by modulating pathways related to oxidative stress, inflammation, lipid metabolism,
fluid shear stress, and apoptosis, with CASP3, MAPK3, and AKTI serving as key targets mediating its anti-
apoptotic and anti-AS effects.

Key words Myristica fragrans; atherosclerosis; network pharmacology; molecular docking analysis; macro-
phage apoptosis
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