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Abstract: Salt-sensitive hypertension (SSH) has a high prevalence and a low treatment rate, and Chrysanthemum is a typical medicinal

herb that is also used as a food. To investigate the therapeutic effects of Chrysanthemum on salt-sensitive hypertension, this study used network

pharmacology methods to screen for common targets between Chrysanthemum and SSH, construct a protein-protein interaction network, and
perform GO functional analysis, KEGG pathway enrichment analysis, molecular docking, and molecular dynamics simulation. In the animal
experiments, Dahl salt-sensitive (SS) rats were used to establish an SSH animal model via a high-salt diet. The rats were treated with
Chrysanthemum water extract for 30 days, and blood pressure and body weight were monitored. Network pharmacology identified 26 common
targets between Chrysanthemum and SSH, with core targets including prostaglandin-endoperoxide synthase 2 (PTGS2) and inducible nitric
oxide synthase (NOS2). GO analysis suggests that Chrysanthemum is primarily involved in biological processes such as steroid metabolism,
while KEGG enrichment analysis indicates that it may exert its antihypertensive effects through multiple pathways, including steroid hormone
biosynthesis and metabolic pathways. Molecular docking and molecular dynamics simulation further suggested that PTGS2 binds stably and
tightly to compounds such as diosmetin. Animal experiments confirmed that Chrysanthemum intervention significantly reduced blood pressure
and the urine protein-to-creatinine ratio in SS rats, exhibiting therapeutic effects against salt-sensitive hypertension and providing a theoretical
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basis for the subsequent application of Chrysanthemum in the management of this condition.

Key words: Chrysanthemum morifolium Ramat; salt-sensitive hypertension; network pharmacology; molecular docking; molecular

dynamics simulation
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Table 1 Identified 20 candidate active components in Chrysanthemum

Mol ID Molecule Name LA OB/% DL
MOL011802 (24r)-saringosterol (24R)-7V k& B2 3936 0.79
MOL001755 24-Ethylcholest-4-en-3-one - BR) 36.08 0.76
MOL000358 [-sitosterol BB 8% 3691 0.75
MOL001771 Poriferast-5-en-34-ol Lz 3691 0.75
MOLO001790 Linarin Lo 39.84 0.71
MOL007326 Cynarin(e) #EE 3176 068
MOL005229 Artemetin XEFE 49.55 0.48
MOL001506 Supraene NR-B- 7 % A 3355 042
MOL001733 Eupatorin F2EE 30.23 0.37
MOL000354 Isorhamnetin FREE 496 031
MOL000098 Quercetin Mk Z 4643 0.28
MOL003044 Chryseriol eEEEE 3585 027
MOLOO5100 5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl) 5,7-—##-2-(3- 1 -4- 7 027

chroman-4-one AR IR) & H-4-BR
MOL002881 Diosmetin ot ARE 3114 027
MOL000006 Luteolin AREZ 36.16 025
MOL001689 Acacetin BoRE 3497 024
MOL000422 Kaempferol LAy 4188 0.24
MOL011319 Truflex OBP AR W EBRET ¥ B8 4374 024
MOL004328 Naringenin AR E 59.29 0.21
MOLOL1816 [(1S,5S,7S)-7-acetoxy-5-isopropenyl- [(1S,55,7S)-7- LBLEIL-5-F A M Ah-2,8-— T F A& 3702 019
2,8-dimethylene-cyclodecyl] acetate TR K| TR B
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Fig.1 Drug-ingredient-target diagram of Chrysanthemum for treating SSH
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Fig.2 Venn diagram of Chrysanthemum and SSH intersection target
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Fig.3 (a) Chrysanthemum treatment for SSH: PPI diagram; (b) PPI network core target diagram
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Table 2 Core targets of Chrysanthemum and degree values of PPI network

¥o.8 Degree {& ¥o.b Degree {&
PTGS2 11 HSD11B2 5
CYP3A4 10 CYP11B2 5
NR3C1 10 ARG1 5
PPARG 10 KDR 4
HSD11B1 7 NOS1 4
PPARA 7 SLC2A2 3
NOS2 7 PLG 2
XDH 6 FLT4 1
NR3C2 6 P2RY12 1
CYP11B1 6

2.14 BE &SN

7t David “F- 5 XA ST T GO 234l KEGG 434, GO 7 #3211 86 M E) it #2(Biological Process,
BP) . 16 M4k (Cellular Component, CC) . 47 M IZhfE (Molecular Function, MF) , Hr, HE44HT
10 A7f LI 4. HERFGAE AT RS T Ky o A L A2 (Cortisol Metabolic Process) . “k 2 e 7 A it 7% (Arginine
Catabolic Process) ”. “#%54k S i2RE B 25 518 (Nuclear Receptor-Mediated Steroid Hormone Signaling
Pathway) . ““IfiL & 1 144 (Negative Regulation of Blood Pressure ) 254 Wit 72, &5 E i 45 & (Steroid Binding) ™.
“M4I &S5 (Heme Binding) . “:B5 7454 (lron lon Binding) . “¥%32443% M (Nuclear Receptor Activity) .
“fgzE 4 (Enzyme Binding) 7. “&JE B 7454 (Metal lon Binding) . “F5iE A 454 (Calmodulin Binding) A%
BEMHEALSEFIhfE. UMy 329 K T2k B 5% (Receptor Complex) . “PF M (Endoplasmic Reticulum
Membrane) ». “ZiIfflii#% X (Perinuclear Region of Cytoplasm) . “/ii fiX (Plasma Membrane) ”. “Zfi (Synapse) .
“f7E (Membrane Raft) »2&[X .

KEGG B4 7 11 2k, WK 5, fFERE RS ZEEDA A (Steroid Hormone Biosynthesis) . “AfEZ R4
Y& E (Arginine Biosynthesis) . “45{% 53l (Calcium Signaling Pathway) . “Apelin {5 5if % (Apelin Signaling
Pathway) . “fRiffi&f2 (Metabolic Pathways) . “HuZEfEH (Efferocytosis) . “FRIR5MZIRICH (Arginine
and Proline Metabolism) . “fL4%0E-DNA INEPIE % (Chemical Carcinogenesis-DNA Adducts) . &R/

(Gastric Acid Secretion) . “HyT43 (Bile Secretion) . “JEfkZiA1E (Cushing Syndrome) . Jrf, fRiHR
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Fig.4 Chrysanthemum treatment for SSH: GO analysis
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Fig.5 Chrysanthemum treatment for SSH: KEGG analysis
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Fig.6 Chrysanthemum-active ingredient-target-pathway-SSH network diagram
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L degree R 9 MZOHE S, SR TERITE R AT 04, BARMAGEENR 3, KREHHE A
S PE R S A RENRT-6.8 keal mol™, W EATIRES AiEE, 40 T Rl 7. HrP#E S PTGS2 SiF kK
43 Diosmetin. B & NOS2 5% M4 Acacetin 45 & REAaxHE fesr, SR B o

%} NOS2-Acacetin [ —#EF EAEFHRE R (B 7d) , &&6WE (Acacetin) Fiiksr 1554k NOS2 &
ISR IR T R AR EL/E - TR OB JET5 Tyrd89 (C) [IMEE OH JEFIERL 14K N 2.99 A A
B, A EAE R MBI E ) s S PR AR T OB R S A . [RIR, CARHE Leu209 (C) | Trpl94 (C) . Asn370

(C) . Phe369 (C) . Cys200 (C) . Alal97 (C) . Argl99 (C) . Pro198 (C) ZAHi/KFRILME, Kk T L
EHIFAKAH AR MG, LR T S AN SFae . NOS2 . OIhRE AL LSRRI AR L RE FRAN
—SEME (NO) , NO M- T UAS, RAFRRIEAE Y, [N NO B AE A B IR A HE D A SR K9
JERaZsAErERY, 2 ah ook NOS2 iR b Hikik, SHINO AR, 5 SSH IR AEZ IR, 516 g
PR RSN NOS2 i,  AIfi ks SSH.

%t PTGS2-Diosmetin [ - 4EAH HAEH EIRE TR (B 7a) , FHAE (Diosmetin) BifAs T 5524& PTGS2
PRI R TR A EAER . FefR S 8 AN Rl 2 L BRI T s B LAY O2 J5i15 His39 (B)
TR TN 2.85 A [, O3 JEF5 Gludes (B) K 1 3.05 A F12.75 A &, 06 &4 45 Tyrl30 (B)
1 Gly135 (B) ik 3.11 A, 3.05 A sk, [FNF, FCiA#: Cys36 (B) . Prol53 (B) . Cys47 (B) . Vald6 (B) .
Cys4l (B) . Leul52 (B) . Asnd3 (B) . Argdd (B) . Argd69 (B) . Lys468 (B) . Gly45 (B) . GInd61 (B)
ZABKEREAE, R T BBEMBKAH B MY . PTGS2 4nid i a4 2 (COX-2) , MALRiFIIRE S K
(R4, RATST1R PTGS2 s, HARM L) PGE.. PGLS 5475k iAT & L sd 5B, Gardi %
W, 25 Rk COX-2 714 5] A T3 s, FLI R TH s FORERE Sk o,

X e A eI =i PTGS2-Diosmetin 2 &4 T 70 T3 15140, BUULE R LK 8. EEY RMSD 7
0.40 ns 5T, JEAEahEER/ N (B 8a) , UiBA RIEBERE h PRIEIA B 5 PHPIRES; AT
RMSF 14k &ox, KB/ RE S 7E 0.10~0.30 nm (& 8c) , {W/bE RN X FRAE AT 2Tl (B2
0.40 nm). Z5& RN OCERIE (N2 SESMGTKAH EAER RIS BEhK PR, RFIX XIS RN
PERGE, AR T4ERFCARTIRR 46 Ry PR /M T 0.1 nm (K 8d) , R\EATMGEWER, KRAEM
P B RN SASA 1E 245~270 nm? JuEI PN, TRMERUN (B 8e) , FRUIME HRK M ARG L%
A, BUiRSh & DASIRZAE T AR, RIHMIER T RENZIEGL: SRENE 1~2 %, HAEKES /]
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WIRRFRREAAE (1 8f) , T Diosmetin 5 PTGS2  [AI A SEAH HAE ARSI iR a R AR — 45 =
4t Gibbs H HIREEIE R, HEVIRIM RS MICREE A E St GEOIXIZD, UFED> BACRERER
REMRE (K 89y h) , RUIBHLLETE SV FEAAE - MILAMR, BARGRERSTEE, TaeErA AR
EMR, 9 PTGS2 55 Diosmetin FAF Rt G G- A 1 B A BAE IS8

R 3 FEXEEHEYEROESBIFRE

Table 3 Affinity of key active compounds in Chrysanthemum to core targets

fo.8, RS #5448/ (keal mol ™) Yo.b EMRS 2 4-4%/(keal mol™)
Acacetin -9.4 Acacetin -7.8
Chryseriol -9.3 Isorhamnetin -15
ARG1 .
Kaempferol -9.2 Luteolin -7.8
PTGS2 Luteolin -9.2 Quercetin -8.1
Eupatorin -9.3 Acetate -6.9
. . HSD11B1 .
Diosmetin -9.7 p-sitosterol -6.9
Artemetin -8.7 CYP11B1 Truflex OBP -7.2
f-sitosterol -6.8 PPARA p-sitosterol -6.5
NR3C1-1 )
24-Ethylcholest-4-en-3-one -71 Poriferast-5-en-34-ol -6.8
Artemetin -7.9 PPARG Naringenin -71.0
NOS2 Acacetin -10.1 p-sitosterol =72
Eupatorin -8.7 CYP3A4 Naringenin -6.9

PTGS2-Diosmetin ARGI1-Quercetin
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PTGS2-Chryseriol NOS2-Eupatorin

7 RS SEREAEERE
Fig.7 Schematic diagram of drug-target and protein-ligand docking
E: e 54 A &G 5-FH4EA: (a) PTGS2-Diosmetin, (b) ARG1-Quercetin, (c) PPARG-Naringenin, (d) NOS2-Acacetin,
(e) HSD11B1-Acetate, (f) CYP11B1-Truflex OBP, (g) PTGS2-Chryseriol, (h) NOS2-Eupatorin.
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Fig.8 Molecular dynamics simulation results of PTGS2-Diosmetin complex
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E: (a) 2444 RMSD, (b) Betke) RMSD, (c) & &4 RMSF, (d) 246449 Ry, (e) L& SASA, (f) S4tdE, (g)
2D A G @A, (h) 3D A7 A dhk

23 LR

SERG AN, A 5 d e — ORI (SBP). ~FIBhfikE (MAP) FIfRE (Body Weight). 45514 9 By
N, K BRARE ARSI FE ) PR K (B od), RWGEZER (P>0.05). mEEMRE)E, HS
YR S 5 P Bk R 2 T, SEIG 2% 430 d I, HS ZHK RS IE N 181.73:41.49 mm Hg, ~F35hIik
JEA 146.0844.49 mm Hg (& 9b. ¢); [FIH NS 41K FRI4E 5N 146.2142.59 mm Hg. P80k E A 114.9341.72 mm
Hg, PAMAIREE %R (P<0.001). %4t (JH) T 30d i, HS+IH HI4skF% % 157.2143.67 mm Hg, 4
HS ZHAHEL, TP T4 24 mmHg, fAEWEEZER (P<0.001); ~FHEIkE N 125.6443.68 mm Hg, 5 HS ZHAHLL,
THETZ20mmHg, FEREREZER (P<0.0D), s shagusr: it A SeEEH . St AR ARs
W—F, RREMR, MR SRAMUCE TR Ve, SR RE AT 2 B PR & 1 B IS R A 4
PRRThAS, M SEBIL L PRI 25 6 2

JREFNIEFELE (UPCR) 2Pl B /NRIEIS A7 L4 R B P s A% 048 s, KA msEh fgar il 51 %
B IS 7155w BRI SR EEE R, T S EGE AR, T B R AR K
V5B IhREZ R, SR 30 d I, NS 4K RURE FNLET LRI 0.3440.06 ([ 9e), HS 4R/
LEFEAE B2 THE & 1.5040.19, MAGFEWREEZER (P<0.00D), HoRmihfimiaSs 7 KRR EEHRE N, W
U DIRER AR, SRR sk i S5 SS KRR AR INASE R —80%®, o BT e, £k
R LS K SRR B R Th . B3 T-TE, HS+IH 41K BUR & FUET ELET 109 0.9440.14, 5 HS 4L,
BEFET 37% (P<0.05), FH IH T-H TG RGE = 2h 75 3 IR HEME R
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Fig.9 Effects of Chrysanthemum on physiological indicators in rats
Z: (a) ZFTE, (b) FHE, (c) MEE, (d) KE, (e) FEAIINEF, NSLAL HS AkE: **P<0.01, ***P<0.001;
HS+JH 45 HS 4arb4x: P<0.05, *P<0.01, *P<0.001.
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A UL X 288 245 B 23 7 V00 HH FRLDR A 6T 100 SSH 1) 20 N ORBEVE Gy, BAEARBRELER. MR, A&t
ARFES. PPIRIME MM M HTIHE T A% 085 PTGS2, NOS2. PPARG. NR3Cl. GO /37 & ST i
(R SR AR AIE A AR R A A B AR T . KEGG TSR BoR, SEAT AR 3 &5 T
Rt KRR G . P55 5 EER SR E AR, SRl 24y, 2. ZERE
TER, B Eh Ut s o A% CoRE s SIE LR HO 3 TGS IRR W, KRB SIG LRy BT ot Sl
TN IFREAE R R, PTGS2 &5 Diosmetin 455 487E, 570 7RI RAHELENIE, R4b T 70 TR RS
JfR. SscieR ], HIRSIAEKSEIREE R SS ORI & 36 75 5 1) SR BBUa: iy I He DA A PR AR A HE I S5
gi b, AWTFURET SRS LRI —REE A, DLRor-HE 5 SRR SSHYHIREMARESE, $87R 1 504
XF SSH I E -
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