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FEWH IR LA 1 X e o T <l R AN 0T DL R AR R AN AR R AS BEHR 11 R R R A H 4l
IRUIE S B B 5ORN R LA PR/ AS #EJE AR ks K] Western blot F1J 41 A . YO-PRO-
1/PI Zef5. TUNEL e 55 SCU U0 E e R BRI . G55 o Hods e i e 49 31 A 2528 9
ANTEVER A AR T 293 A AS AHOGEE LR, o 8 AN s S RIVE T 57.0% I3 A HE 5
BHEAMR (GO) Mt H S EFA TR 2T (KEGG) BHESEEREH, W
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Abstract  Objective To explore the potential mechanisms by which Myristica fragrans
prevents and treats atherosclerosis (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 construction 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 progression. 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
involved oxidative stress, inflammation, lipid metabolism, fluid shear stress, and apoptosis
pathways. PPI network revealed JUN, CASP3, MAPK3, and AKT1I as key targets mainly involved
in regulating apoptosis. Molecular docking showed stable binding conformations and high
affinities between major components and these targets. Integrated 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-AKT1 (P=0.004) levels, and inhibited macrophage apoptosis. Conclusion
Mpyristica fragrans potentially interferes 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.
Keywords Myristica fragrans; atherosclerosis; network pharmacology; molecular docking
analysis; macrophage apoptosis
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BNNKFFEAELL Catherosclerosis, AS) & —FhEAE BG40 A B 25 11 (1) 18 14 I 45 98 RE 14
. WO NG Zi e, %A TRMAETR, BRI, JrE. suma. siEf. fi
REFFEAE M, AR B AT 22 A AS BEHUEAR, HAE L] T e B =
RS AR T 45 5 481K A1 (ATP binding cassette transporter A1, ABCA1) ik, {idkH & i
SN, D BRI IR B AL, AT RERH SRR & &. Am, MERAPIZRET
Bl DBGE MR (N SR RIS, TN E RS R BEIE. MR R
FIREAETED FIAE T, AR MR 70 0 R D) o 12 U3 T I 2 2 B % L b R A P S 56 55
Tiid, R RIS RETEIRTT AS WA SOE R s B B TEAE AL, S BITR AS
R AT S0 A0 PR S FH £ L P AR AR
1 ME5T%

1.1 RHHER
111 EERA

WE IR (B85 W530427) W HEE Sigma-Aldrich A F; RAW264.7 /N A%
VR B4 (585 TCM-C766) W H Ligig 2 AMBARA R A . Active + Pro
Caspase-3 HLZH AP TIFENIIA (£85: ET1608-64) 1 E M EZ A AREIRAF; p-
MAPK3. MAPK3. p-AKT1. AKTI $iif& (75 9101S. 4696, 75692, 13461) it H 3% [
Cell Signaling Technology /A ]; p-JUN. JUN $ifk (#%5: HY-P80456. HY-P80084) 4 H
¥ MCE A #); #YKTEEE 90 C(heat shock protein 90, HSP90) /N HLTEREFIA (175
TA500494) 4 [ 3£ [H OriGene Technologies A . HRP Axic (1L =EH/N IgG (H+L) F
W EPif 1gG (H+L) 41 (585 : SA00001-1. SA00001-2) I H R I Proteintech /A ;
A JE TR AR & (B85 40302ES20) T H g8 2 AEVERHCA IR A A YO-PRO-1//
L TE (YO-PRO-1/propidium iodide, YO-PRO-1/PI) #ettikil & (£85: C10758) FIE
Ui it SE A% IR A B/ 2 1) dUTP 8k [ R ¥idrid % (terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling, TUNEL) Z:taikf| & (15 C1090) 04 H +H Fifg3
ZREMERGRA
1.1.2 FEE

IR RS (S, 3111 | RIRE LML (B1S . Legend Micro 17R) 1 4 3% [ Thermo
Fisher Scientific A #]; #iF TIEEG (A'5: HFsafe-900) W 4 7 Heal Force Al; HHA
G 9% ENIZE LKA (52 16450500 I H 3 [E Bio-Rad A A5 B S R4 (L5 : Amersham
Imager 600) 14 [ i 30 LA A BEAR{X (25 : EnVision) I [ 3£ [E PerkinElmer 2 7]
mag A (RS CytoFLEX) W H Eilg Do 2 FE/RFF A a] s IEEROCRMEE (A5 Ni-
U) g H HA Nikon A ] .

1.2 MEHEZERR
1.2.1 A S5 HVE 3 R A B A



DRy i 34 PR 2 52 PR M e B A PRV A0, AR 5 R P 22 B0 Tk O O SR . O
Hid TCMSP ¥¥EFE (https:/old.tcms-pe.com/temsp.php) , MG TR FI I Coral
bioavailability, OB=30%) f125241E (drug-likeness, DL=0.18) Frifk, fiiidk i H A B U
AT R s 24 1 PRI A B B 3LV AE 4 1 BB 5, I Uniprot #4fs P Chttps://www.uniprot.org/)
XTEE R H AT B, REORAR AL N R BRI A FR . — i8I SwissTargetPrediction

( http://www.swisstargetprediction.ch/ ) 1 PharmMapper  (  http://www.lilab-
ecust.cn/pharmmapper/) 35 240 B 2R . B2, BA DIREUR SR, LBREE
T, AR1F N G RO EREE S, T RS AL .

1.2.2  AS BB R R AREREE R 3R AN

A 72 i id DrugBank Chttps:/go.drugbank.com/) . OMIM Chttps://omim.org/) « GAD

(https://geneticassociationdb.nih.gov/) 1 DisGeNET Chttp://www.disgenet.org/) ##i %, LA

“ERKMSFETAL” Ay B R R AR DCHE 5 B AN FRIBIE R4S RO LR EE IS, AR
47 AS MIBTERE . BEJS, fEH RIGS X W GRS AS AT 2o, FhdEd
IE4T venny.R AL 5 B, AT $RAF — 35 10 3% A4 R AT A
1.2.3 AEYMEThee 5@EES T

it R BT Y “clusterProfile” XTI M AS LA AT BRI A KR (gene
ontology, GO) & &4l st & JE K 5 2 K4 i L4 (Kyoto encyclopedia of genes and
genomes, KEGG) EHEMHT, JELURIEE P<<0.01 fF 53 B F v brk . & 4R 45 5Ll
I RAEFH “dotplot” BT A4k, JEIR F ALY FRAE SR .

124 FEHBRMEIEA (protein-protein interaction, PPI) WZRHIEE K SCE¥E f ik
f#fil STRING “F-& (https://www.string.db.org/) f 3L [F#E 25 34T PPT M40 #r, %

“Multiple Proteins” #3, #Fh# B N “Homo sapiens” , F-RAERIASE T H TSV #
. BfJE, S\ Cytoscape #EAT AT M AL . IS Network Analysis ffifFiE AT #h#h ik, CLH
HJBE L HEAT e PR R A BE Lo M3 = A BOR AR, JE3RAF 107 MO HE R, JRREET 10 4
FET UL EREEER.

1.2.5 REREINEMERS SRR TR

M PubChem FRHUJ 1263 1 5% 73 B SDF 3, 42 Chem3D # e /N 4h & BEDLAL J5 e 45t
y mol2 #630. 4, M RCSB PDB ##fi FE F#HOCE MR A4 (pdb #8) , JHIE
PyMOL #A4Hp LBk 4r 1 R/ FHECAR . B 544 MR 5 8 A 403 F N AutoDock Tools N
S IHRAE N pdbgt S0, B3t AutoDock Vina #EAT 7 T4, B LR AR 8 S HOF
THE AR, FHA PyMOL WX HeM RAAT AL . 456 REMIR R RSB A s, <
—20.92 kJ/mol ML EFEE . MHEMIR R IF.

1.2.6 ERRIELZEHIEE (gene expression omnibus, GEO) HFELIKH
iid NCBI M3t Chttps:/www.nebinlm.nih.gov) H' GEO %4 FE3KHU GSE28829 FiI



GSE120521 ¥4 %, Hrf GSE28829 H#E 0 29 A AS BEHFEA CH A FIABEH 15
A, BRIABEEL 14 4N MZERRIEESSE, 1 GSE120521 £ a4 8 MEAR (4 XHFa
SE AT E RSB AS ) 1) RNA 7 5
127 ZERHEPFEFEIE (differentially expressed genes, DEGs) FIZEEEFEE (gene set
enrichment analysis, GSEA) 43T

il id DESeq2 L% JE H 2 I8 Bods AT AR MEAG AL BE, RS E ZE RRIB IR . KRIESSH P
B (Pagjust) <<0.05 I, ZFEF AN ZE R LKIEFR . GSEA 73 Hr{EH] GSEA Bt 4.1.0 i
1T, %5 FI4E ¢5.bp.v7.0.symbols.gmt A 'E 77 GSEA T KR4 1 835 Mk ) oA I
J5 ) P<0.05.
1.3 ZfsEimpt R
131 AEEERH &

i B PR HX A S B U A, 4 A A T T R ) A B R K b, 48R 50 5 A 1 mg/mL
MR, o RAET 4 COKFP&H.
132 ZHMRBCIRE TR

¥ RAW264.7 0 E T 37 C. 5% CO,. MANRE MR FRFAF, E5 10%M6 245 M 1)
% DMEM K5 72 e A7 85 75 . S0 E K 5 80%~90% L7 LIS, 5 FH 41 ffa i1 7] %1 B 4
Hlhuvg, BEJEHEAT A AR .
1.3.3  CCK-8 B:AR I A G 3EXT RAW264.7 40 g 4= K314 F

K FH CCK -8R A6 ) Adb B = 20 P AR O - ( Absorbance, 4D 1B, PAVEATRAW264.741 i
1. 22 TRSEI A SCERIGE PRV M VE BB, SRt ar A7, BdE R B2 e 45 2
. BPHPRNETIRES DN 100 200 50, 10051200 pmol/L. K54 T H A= K 1 1
RAW264. 740l Fe i T-96FLAR . WiEE 5 BB He & A IR BE 25 B 92 3%, 24 )5, LR
Faedk, LIS 10% CCK-8iFIF R i 85 77 5, T-37 “CH¥ 30 min, B )5 7E450 nm
PN E &AL ATE .
134 SEBSAMNTH

AWFFBRS IR . HoOp R AN S5 45 24540 . BEZH L 300 pmol/L HoO2 AL ER 41 i
2h BT EAL N, 25254055 L 20 pmol/L A S ETRALFE 24 h, AN 300 pmol/L H,O,
Ab3E 2 by O RREEULE TE 2501 50 4 s IR Bk G 9
1.3.5 Western blot %W & FIRE

KXt BUAE K A0 RAW264.7 418 Fh T 6 FLIRIF5e 2 ib 3 J5 . I RIPA A2
BB E, BCA ENEEEWKE. b5 T SDS-PAGE HLUKk 44 8 % I % PVDF fii.
FRBA 1L h JFIMA—P, 4 CHELIRH. TBST P 3 WEIMAZd, T=EEFSE 1 h,
FRRUENE 3 Ko A VML ERIGIER R, JHEH Imagel 047 KEEAE, LA HSP9O Sy 21t
B H AR AR R A

&



1.3.6 WR4MA

fo a7 Kb FRA i s, e RIS A4 TUE, A 100 uL 1x Binding buffer B &, fN
A 5 pL Annexin-FITC #1 2 uL PI, fE#E41F NIFE 15 min. FEJS 0 400 pL Binding
Buffer %], HMAMAAEN . Annexin V'FITC/PI N F T, Annexin V'FITC/PI* A
MR SUTORI T, U T 2 0 0 5 G T T i B A 2
1.3.7 YO-PRO-1/PI ¥t

1 RAW264.7 AT 24 FLECF, BEFLLY 10 3/, 40 M 05 B J5 34T 2590 T Tl
F 4% PFA Z i [& 7€ 30 min, PBS ¥ 3 I, MAZL TAERK 100~200pL, =i E 30 min.
PBS ¥ 3 X, K 5 min, TR EMAE R AIE . 26 NS mER A,
181 Tmaged BCHGu vt PH 1 40 £ it
1.3.8 TUNEL %

5 1.3.7 e 56— B, KA BT AN A 4% PFA %R [ € 30 min, PBS ¥ 3 iX.
F 0.1% Triton X-100 = i8%E 8 min /5 PBS ¥k 2 K. b5 5 & A K H B B AbR 10 1R
") TUNEL X MRTE 37 CHEENHFH 60 min, F DAPI BHTANMZ S YL fad riisg, it
Image] HAFGETEFH A o 5k &= .
1.4 Git¥#4E

SEIG KR 43 H715 F GraphPad Prism V8.0t tHR A AT, 2 I8 & 45 & IEA 40 i B
R 75 2255 R 5%, FH One-way ANOVA LR 27 7 434, 2HL 1B 99 1 LUK F Turkey 6
I, PAP<0.05NZERA SR L.

2 R
21 HEEEEFEMHRS T AS M SN GBS T4 R
2.1.1 AERERFEFRERS RS

DRGNS SE S PR R S OB TE R A, B eI TCMSP £54fs R A% 2% . 8 3% 1 Ak
5, FFLL OB=30%AM1 DL=0.18 1E Nk pnitt, fidk i 9 A E AT BT 1 171 R RS0 R A
T B 24 T A R0 M R4 (3R 1) Bl i Il TCMSP., Swiss TargetPrediction Al PharmMapper
Kt AR 210K B S R R A IRV FE A P A5 . 7EIX 3 AN R 4 SIS R 31 59 372 1 651
AMERE R 458 3 MEURESE ARG, BRI 342 AMETEAERIRE =, INBR A HE
MG E] 941 AP LRGP A (KR R R

X1 HNEBRNEERERSEE

Tab.1 Information about the main active ingredients of Myristica fragrans



OB

Number Mol ID Molecule name ) DL  TargetNum
compl MOL000358 beta-sitosterol 36.91 0.75 273
meso-1,4-Bis-(4-
hydroxy-3-
comp2  MOL007920 methoxyphenyl)-2,3- 3132 0.26 363
dimethylbutane
comp3 MOL009243 Isoguaiacin 48.78 0.31 356
comp4 MOL009254 galbacin 61.00 0.53 339
5-[(2S,3S)-7-methoxy-3-
methyl-oxole5-[(E)-prop-
comp5  MOL009255 1-enyl]-2,3- 53.11 0.40 385
dihydrobenzofuran-2-yl]-
1,3-benzodi
comp6  MOL009259 Kudos 45.06 0.38 372
comp?7 MOL009263 saucernetindiol 4185 0.32 317
comp8 MOL009264 tetrahydrofuroguaiacin B 62.86  0.32 318
comp9 MOLO009265  threo-austrobailignan-5 49.49  0.32 356

212 AS R KL NS KSR A

HNARGMEIKIL AS M CHIFEREE, 435I H DrugBank. GAD. OMIM F1 DisGeNET %
FaEEXS AS MR R EAT AL 2R, SRAG IR RIBCE 70 0l 46, 354, 3 F12044 . 21 H T,
G2 2 184 M5 AS RIS . FEf5, XWEREMER S AS SRR
Br, K13 293 MILFEEE A (B 1D o FE—B TR TR 9 AN FEEESOMER T 293 A
LRSS R R, R IFR Compound 8 1EFH T3 111 13.7% (40/293) /MEEREE 4b, HAR

A EIVER T 57.0 % (167/293) (3L [E#EIEER, W% 2.

A1

WS AS FLEHE S

Fig.1 Common targets of Myristica fragrans and AS

S a

(AW



A: Venn diagram of common targets between Myristica fragrans and the disease; Pink: represents
AS disease targets; Blue: represents Myristica fragrans targets; Purple: represents the overlapping

targets.

K2 AEEEEEERRSNEAEE

Tab.2 Major active compounds of Myristica fragrans and corresponding target numbers

Number Compound TargetNum
compl Beta-sitosterol 141
comp?2 Dimethylbutane 175
comp3 Isoguaiaicin 169
comp4 Galbacin 165
comp5 Benzodioxole 178
comp6 Kudos 177
comp? Saucernetinidol 163
comp8 Tetrahydrofuroguaiacin B 40
comp9 Austrobailignan 165

2.1.3 GO Al KEGG B4

NN S EER AS FITFENLH], AT PG REM AS RISLFEEEEE R AT T GO
il KEGG &4, UKRIEJER PAE/NT 0.01 H Count KT 10 HEFEhrifE. &RER,
293 AR EEE AR ALE 762 > GO AR A AR 122 A KEGG {5 5@, Horp B Mewi
10 /¥ GO #1 KEGG J# s W& 2. GO wAEFHER TIREZHNE . AN, R &
JEWTRACH (B 2A) o KEGG Mg E HE4 R, REMET 10 i) KEGG % b 238 1 i
JRANZN K FEREAL . Rapl {5 51026 S 40 M -5 0w s (& 2B)

B2 WEEAM AS LA RK GO M KEGG ERIEE
Fig.2 GO and KEGG enrichment pathways of the shared targets between Myristica
fragrans and AS



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.

2.1.4  PPI P& R i e e B SR 2L ]

NSRRI GREAE AS [OCHERLIEN, @k STRING %U# FEA4 £ PPT L RIA ML . Kt
293 AN IL[EFE 5L S N STRING J48 Cytoscape H #R4k, $K7540, 5 293 N5 51 3903 4%
HMIHAEH A M4 . FIH Network Analyzer 4% H HHEE . Beili oot A8 oo MK T aiss
T BONTRIE S, $R13 107 MZOHER (B 3A) o HApiERE =66 1CET M
¥& ALB (98) . AKTI (95) . CASP3 (75) . SRC (75) . JUN (74) . MAPK3 (74) .
EGFR (72) . PPARG (71) . MMP9 (69) . HIFIA (66) % PTGS2 (66) ([ 3B) , i
L0 bR O g AR L PR (AR ) A D REVE R M b, Heh JUN. CASP3. MAPK3 #1 AKTI Jik
P52 5 4 A T2 AH OS5 B K

B3 HWEE-AS LHFHAK PPI MEHE

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 centrality for key target genes.

2.1.5 AEREREEERS 5ROE KRS T

N IR A R B R 5 5 S AN T A DS S BRI R 2 RIS A R T, R EL
JUN. CASP3. MAPK3 Fl AKTI VU2 5T 5 5 18 B 1A% 0 B8 fUHEAT 2 0 0 b
RUER A = 445895 5\ PDB %048 2 HH 3k EL, PDBID 4358 2fpd (JUN) « 5i9t (CASP3) .
6ges (MAPK3) . 4ejn (AKTI) o SR E/R, &iEMERS 5 UASEE AR RAIKL & RE <
-20.92kJ/mol (£ 3) , FRHGE AW R, MEIEARE, AT HZXEE NS



P T
RIS THNEREER

Tab.3 Information table of molecular docking

Compoun Binding
Target PDB ID d energy/(kJ/mol
)
JUN 2fpd Comp.1 -27.614 4
CASP3 5iot 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 -28.451 2
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

2.1.6 WEERZOE R KL FERFETEEE AS #RP R

N RS PR A O S LR % R 4 R TSR B AE. AS 3 R S 1 L, T GEO
e B AS BEHCRIRIRG ] (GSE28829) , LA K AasE MR EBEEL (GSE120521) [k
AR . ZF oIS e 2 600 A (R vs BLHD F1 4 365 4 (B2 vs ARRE)
ZEF ] (E 4A. 4D) o BT ZFHEEM GSEA 45 R BIR, A0 T30 B 71 b HA B B
(NES=2.31, Pagjust=0.00006) FIANFEHEL (NES=2.33, Pagjus=0.0003) H3J R EE
% (4B, 4B) . 3B SR, B AKT1 785 A0 G 01 BE e o 3 R 608 A7 A0 B 3% 22
FAh, HARFEREARFRREN BARIEERL (H 4C. 4F) .



B4 REEROERQRILREKRETERE AS HRF RN
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: Expression patterns of Myristica

fragrans core target genes (JUN, CASP3, MAPK3, AKT1I) in stable and unstable AS plaques.

2.2 S SEIR NI A G5E AR T AR SO R B T I ] B R AR M A
2.2.1  AE X B WREH I A 4R A

N A S SN RAW264.7 2 i (138 B AR BEVR 5, 95 LLAS [F) 71 B Ak A i 24
h, JFRM CCK-8 LR MAN G /1. i RE7R, Fa 24T IRIREFAE 95%LL B, 5
TEAMBAHME, EREGEE ARERRESRE (K5 . 454 CCK-8 45 R L7
SLIGHE, A IEE 20 pmol/L 114 Ja 2556 1 e AL PRIK FE
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Fig.5 The effects of Myristic on the viability of RAW264.7 cells (n=5)

222 HEHEXEMME JUN. CASP3. MAPK3 Ml AKT1 & A&t HK1EA

DR B8 IE PR 5 T W 4 1 T G R 1 SRR IR, SR H Western blot £l - 2H JUN
CASP3. MAPK3. AKTl KGN (p-JUN. Cleaved-CASP3. p-MAPK3. p-AKT1)
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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-AKT]1 proteins

in control, model, and Myristica fragrans-treated groups; a: Control group; b: Model group; c:

s skok

Mpyristica fragrans-treated groups; *P<0.01, P<0.001 vs 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 statistical results of each group x200; C:
TUNEL staining representative micrographs and quantitative analysis of each group x200; a:
Control group; b: Model group; c: Myristica fragrans-treated groups; "P<0.05, ““P<0.01,

sk kok

P<0.001 vs control group; *P<0.05, *#*P<0.01 vs model group.
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