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Study on the Mechanism of Crataegi Fructus in Improving Metabolic Hypertension Based on Network
Pharmacology and Molecular Docking
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DONG Yingjie', HU Zeqi'?, LI Bo', CHEN Suhong'**, JIANG Ninghua®*(1.Zhejiang University of Technology,
Hangzhou 310014, China; 2.The Second Hospital of Jiaxing, Jiaxing 314000, China, 3.Zhejiang Chinese Medical University,
Hangzhou 310053, China; 4.Zhejiang Provincial Key Laboratory of TCM for Innovative R & D and Digital Intelligent
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ABSTRACT: OBJECTIVE - To explore the material basis and mechanism of Crataegi Fructus in improving metabolic
hypertension(MH) by using network pharmacology and molecular docking technique. METHODS The components of
Crataegi Fructus were collected by HERB, ETCM database and literature survey; screening all ingredients of Crataegi Fructus to
improve MH targets through databases such as SwissTargetPrediction and GeneCards; build “active ingredient-target-disease”
network of Crataegi Fructus with Cytoscape software; DAVID was used to analyze GO enrichment and KEGG pathway. The core
components and core targets were verified by molecular docking with Autodock software. RESULTS The total of 89 active
components were screened from Crataegi Fructus and acted on 84 targets. Among them, the core active components of Crataegi
Fructus to improve MH were maslinic acid, fomefficinic acid B, linolenic acid, linoleic acid, methyl-n-nonylketone, apigenin,
ursolic acid, etc. The core targets were CYP19A1, PPARA, ESR1, PTGS2, PPARG, NR3C1, MMP9, TNF, etc. The mechanism of
action mainly involved multiple signaling pathways such as inflammation, glycolipid metabolism, and vascular endothelial
function. Molecular docking showed that the core active ingredients of Crataegi Fructus had high affinity with core targets.
CONCLUSION Crataegi Fructus may regulate multiple signaling pathways such as TNF, IL-17, AGE-RAGE, HIF-1,
cGMP-PKG through multi-component regulation, thereby inhibiting inflammatory response, improving glucose and lipid
metabolism abnormalities, and improving vascular endothelial function, so as to comprehensively exert the role of improving
MH in various aspects.
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Tab.1 Main active compound of Crataegi Fructus

P LAy /B4 44 ¥ OB% | H% LG FR e s FRX OB%
SZ62 propionic acid NI C3H0O, 93.06 SZ53 haringin it &R Cy7H3,014 6.92
SZ17 propenyl Pl IETN L ik CeHi2S2 58.48 SZ44 amygdalin FoY e ca CyHyNOy  4.42
propy! disulfide
SZ19 suchilactone TS C,1H006 57.52 SZ57 rutin S Cy7H30016 3.20
SZ1 1,3,4-trimethyl-3- 1,3,4-=H3t-3- Cy0H160 56.58 SZ3 2-heptanol 2- C7H,60 3.13
cyclohexene-1- SeN R
carboxaldehyde -1
SZA48 citric acid PR CsHgO7 56.22 SZ73 procyanidin B2 JEAETEZE B2 C30H26012 3.01
SZ55 methylcyclohexane H LR O e C7Hy4 56.20 SZ74 phlorizin MR C,1H24010 2.88
SZ46 caffeic acid PR CoHgO4 54.97 SZ70 isoquercitrin S % C;1H0012 1.86
SZ52 ethylcyclohexane IO CgHi¢ 54,13 SZ28 phloretin R E CysH405 1.33
SZ31 1,23-trimethylcyclohexane 1,2,3-= HI JLIf CoH g 52.94 SZ77 procyanidin B3 JFAET 2 B3 C30H6012 —
Ry
SZ27 catechin ILERZE C15sH1406 49.68 SZ65 dehydroeburiconic acid  JA{ {5 FLERR C31Hy305 —
SZ21 quercetin Mtz 2 Ci5H1907 46.43 | SZ66 eburical i FLEE C31H500, -
SZ89 caffeic acid WP — Y ik Ci1H1,04 45.83 SZ67 eburicodiol PifL C31Hs20, -
dimethyl ether
SZ54 linolenic acid T JRRTR CisH300, 45.01 SZ68 fomefficinic acid B B L1 /R B C31Hyg04 —
SZ63 dehydroeburicoic acid MAHF TR C31Hyg03 44.17 SZ23 officinalic acid [§i] B &1 i C30H4406 —
SZ32 lanosterol 26 K C30Hs500 42.12 SZ69 sulfurenic acid VR W] C31Hs5004 —
SZ85 linoleyl acetate PR I s Cy0H360, 42.10 SZ72 quercetin il Kz 22 -3-0-(6"-0- Cy4H2015 —
3-O-malonylglucoside T ) -p-D-
N 3 2 W
SZ47 linoleic acid DR C17H300, 4190 | SZ75 sieboldin 3B H CyiH401; -
SZ26 kaempferol Y C15sH190g 41.88 SZ29 3-hydroxyphloretin 3-BRRAR L E C5sH140¢6 —
SZ39 2,3,4-trimethylhexane 2,3,4-=H 3 CoHyo 38.91 | SZ78 vitexin-4'-rhamnoside i - C27H30014 -
By Bl
SZ42 3-methylhexane 3-HH L C7Hi6 38.19 SZ34 13,5-trimethylcyclohexane 1 3,5-=HI . CoHig —
b
SZ25 luteolin KBELZE Ci5H,006 36.16 SZ35 1,4-dimethyl-cis- 1, 4-—HIL 3R CsHie —
cyclohexane Ok
SZ71 quercetin-3-O-f-D- (AT CyHeO, 36.16 SZ36 1,6-dimethyl-cis- 1,6-—HIAL IR CsHie —
glucose cyclohexane Ok
SZ30 herbacetin ﬁ}ﬁ? Cy5H,007 36.07 S72 1—ethyl—4,8—dimethoxy— ]_Z‘%_4, 8- H /ﬁ‘?{‘ C5H6N2O, -
beta-carboline B
SZ45 butyl-cyclohexane TR CyoHao 35.68 SZ37 1-propenyl-cyclohexane |-PNIEILIAC ks CoHis -
SZ79 2,3-dimethylheptane 2.3- I BBk CoHyp 35.13 SZ80 2,4-dimethyl-undecane 2 4-—HIJt|—%g CiHag —
SZ64 squalene B C30Hso 33.55 SZ81 2-methylcyclopentanone  2-H LA 5 il CeH,00 -
SZ40 2-methyl octane 2-Fi Rk CoHyp 29.85 SZ41 3,6,6-trimethyl-bicyclo 3.6 6-=H I  CioHie —
[3,1,1]hept-2-ene [3,1, 11545
SZ38 20-hexadecanoylingenol B4tk figlis  CisHssOs 28.20 SZ4 3,7,11-trimethyldodeca-1, 3,7 11-=H 3+ = Ci5HxO0, —
7,10-trien-3-o0l-9-one Be-1,7,10-=%%-
3-BE-9-i
SZ7 acetylcholine 2R G C;HigNOp:  27.80 SZ5 3-methyl-1,2- 3-HE-12- 3% = CeH 1202 -
cyclopentanediol it
SZ87 methylheptenone HH 5L B el CgH 140 26.36 SZ83 4-methylcyclohexanone  4-H EFF i C;H,,0 -
SZ9 caffeic acid PR CoHgO4 25.76 SZ86 4-p-menthane-1,7,8-triol  4-%f4g3k-1,7.8-=  CioH2003 —
[icd
SZ24 apigenin R C15HoOs5 23.06 SZ43 5-ethyl-2-methylheptane 5.7 3t 2-H 3t CioHxn —
SZ16 hexadecanoic acid FAkER C16H3,0, 19.30 SZ6 6-methyl-1octanol 6-H KE-1 =g CoH,0O —
SZ18 ruvoside I RAA C30H4609 18.13 SZ8 o,a-dimethylbenzene a,o- IR EE CoHO —
methanol
SZ58 stearic acid T g A C13H360, 17.83 SZ11 citronellal FHFEm CioH;30 —
SZ88 methyl-n-nonylketone H 3 1F Tl Ci1H,0 17.66 SZ12 crataequinone a ILIAETEE a Ci4H;005 -
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Era= Ingredient name e At OB/% || w5 Ingredient name e AT OB/%
S720 ursolic acid AEHLIR C30H4303 16.77 | SZ49 crategolicacid A& TR C30H4304 —
SZ61 vitexin-7-glucoside -7 48 CorH30005 16.65 || SZ13 dimethyl camphorate FE R — F iR C12H004 —
SZ33 12-oxoarundoin 12-58 5 C31Hs500, 16.43 | SZ50 eriodictyol-7,3-diglucoside Mff/fif%iE-7,3-—% Co7H3017 _
BT
SZ60 trans-9-trans-12- Je-9-;-12-1F  CisH30, 15.13 | SZ51 eriodictyol-7-glucoside i hfidas - 7-i 2Bt CoiHOny -
linoleic acid A H
SZ722 ergosterol b ch ] CagHysO 14.29 | SZ14 ethylnotopterol LI Ca3Hp605 -
SZ82 chlorogenin LRI RAT T Cy7H4404 12.94 | SZ15 gamma-decanolactone y-ZE R CioH50, —
SZ10 chlorogenic acid 23 iR Ci6H309 11.93 | SZ56 propylcyclohexane NEIA O CoH g —
SZ76 vitexin-2-O-rthamnoside #1312 -27-0-fl2s  Ca7H30014 6.98 | SZ59 stearin RS A H R Cs7H11006 -
W
SZ84 hyperin Eore4: ex Ca1H20012 6.94
T2 EMASAEEESREETDERFELESE  FRANESEE . 89 ATEMERN T R EHE4
HRE

Tab. 2 Active ingredients correspond to targets that intersect
with targets associated with metabolic hypertensive disorders

N TN T
1 ACE 22 CYP344 | 43 HNF44 64  NR3C2
2 ACE2 23 DPP4 44  HSDIIBI | 65 PLAT
3 ADA 24 DYRKIB | 45 HSDIIB2 | 66  PPARA
4 AGTRI 25 ECEI 46 ILIp 67  PPARD
5 AKTI 26 EDNRA 47 IL6 68  PPARG
6 AKT2 27  EPHXI 48 INSR 69  PTGS2
7 ALDH2? | 28  EPHX2 49 JAK2 70 ~ PIPNI1
8 ARGI 29 ESRI 50 KCNJ5 71 RBP4
9 CcA42 30 2 51 KCNK3 72 REN
10 CETP 31 F3 52 LDLR 73 SELE
11 CXCLS8 | 32  FABP4 53 LIPE 74 SERPINEI
12 CYPIIBI || 33 FLTI 54 MMPI 75 SHBG
13 CYPIIB2 || 34 GAA 55 MMP2 76  SLC6A4
14 CYPI741 | 35 GBA 56 MMP9 77 TH
15 CYPI941 | 36 GCG 57 MPO 78 TLR4
16 CYPIAI || 37 GCK 58 MTOR 79 TNF
17 CYPIA2 | 38  GSTMI 59 NOS1 80 TP53
18 CYPIBI | 39 GSTPI 60 NOS2 81 TPMT
19 CYP246 | 40  HIFIA 61 NOS3 82 VDR
20 CYP2C19| 41 HMGCR | 62 NRI1H4 83 VEGFA
21 CYP2C9 | 42 HMOXI 63 NR3CI1 84 XDH
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Tab. 3 Degree parameters of active ingredient in Crataegi
Fructus

% P, A OB/% DL Jff
SZ69 sulphurenic acid Wi 2L R — _ 25
SZ68 fomefficinic acid B fiT FE 2112 B - - 24
SZ54 linolenic acid RIARIA 4501 020 21
SZ47 linoleic acid VIR 4190 0.14 21
SZ65 dehydroeburiconic acid 24 {4 fLHER R - - 20
SZ66 eburical U5 FLIE - - 20
SZ49 maslinic acid A iR — _ 19
SZ88 methyl-n-nonylketone  F L F T-fifi 17.66  0.03 19
SZ89 caffeic acid dimethyl mijEfz — H fik 4583 0.07 19
SZ4 37‘3?1e rtrimethyldodeca— 3. 7,11- = {4~ - 18
1,7,10-trien-3-01-9- S R-1,7.10-=
o Jis-3-2-9-F
SZ24 apigenin e 23.06 021 18
SZ20 ursolic acid RE TR 16.77 0.75 18
SZ15 gamma-decanolactone y-3% N - - 18
SZ63 dehydroeburicoic acid  Jiii & 7 5. ik 4417 083 18
SZ62 propionic acid S 93.06 0 17
S733 12-oxoarundoin 125 T R 1643 076 17
SZ67 eburicodiol L — _ _ 17
SZ9  caffeic acid W R 2576 0.05 16
SZ13 dimethyl camphorate 4% figijiz — H fig - - 14
SZ58 stearic acid I 17.83 0.14 14

7R EE (A HEAE T 30 MRS, KBS
5 RRERN , U IL-6, TNF . IL-1p. TLR4 . CXCLS8
4. NOS3. ACE. PTGS2 23822 5 1 45 (10 &7 45
IiRE; HIK CYP3A4, CYPIALl. CYPI9AL %5
S5 @ LS 5 A N R
e, WEARICHE . A0AEassE e -5

“PPI PZ&” RN T P g o3 - 0 A - I 2
R T 2 LR CYPI9AL
PPARA . ESRI,PTGS2. PPARG,NR3C1 ., MMP9
TNF, W3 4. U CYPI9A1 fE “PPI 4%~
H° 24, 16 “TEMESRr- M0 -5 N 4" BN
36, R CYP19AT MU 1LHE 36 Ao & A
HAEH, @05 “PPIRZ%” v 24 N80 S AH H.AE
FH o 7w 1A 322206 M 4y mT el A F Frax et
ZAERS, WM ES5WEY SR, ERME
MH 1EM .
2.5 GO F1 KEGG 43r#fr
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Fig. 2 PPI network of target proteins of the main active
compounds of Crataegi Fructus

&4 PPIF|% 5E R a3 5-Km NS AR e v EE
Tab. 4  Target degree value of the intersection network of
PPI network and active ingredient-target-disease

2257 CYP19A1 PPARA ESR1 PTGS2 PPARG NR3C1 MMP9 TNF

s 36 31 29 26 20 17 15 15
=3
PPI 24 40 36 39 43 27 37 56

processes, BP)499 7% . i1 i (cell composition,
CC)36 % . /T Ifk(molecular function, MF)84
2, Ay HIEL BP, CC. MF 255 (count)HE4 T 10
A% B T rT A4, LRI 3. BP #F J% RNA {7
S NREZRERL . JAESON | A R A
AR CC EZW LT, A, dush. Mk
POEE . RRLARSE; MF W R H RS S . SR T
gih . WG . LIRS . AL RS TS
Ji i

KEGG &AM S] 112 545 5., i
el 5 MH UGG Sl AT 32 2%, DLIAT 4.
Horpadf 11 &5 BEIR U HH C(AGE-RAGE
signaling pathway in diabetic complications.
Metabolic pathways. Insulin resistance. PPAR
signaling pathway. PI3K-Akt signaling pathway .
PPAR signaling pathway .AMPK signaling pathway .
Adipocytokine signaling pathway. Regulation of
lipolysis in adipocytes. Insulin signaling pathway .
mTOR signaling pathway); 8 4 2 JiF 52w AH I (IL-17

rh EFAR FH 2427 2023 4E 12 745 40 B4 24 1



GO: 0003700-transcription factor activity, sequence-specific DNA binding
GO: 0004497-monooxygenase activity

. ST IIRE
AR R

GO: 0042803-protein homodimerization activity

GO: 0016491-oxidoreductase activity

W EYE R

GO: 0005506-iron ion binding

GO: 0019899-enzyme binding

GO: 0020037-heme binding

GO: 0008270-zinc ion binding

GO: 0042802-identical protein binding

GO: 0005515-protein binding

GO: 003299]-macromolecular complex

GO: 0005739-mitochondrion

GO: 004323 1-intracllular membrane-bounded organelle
GO: 0005789-endoplasmic reticulum membrane

GO: 0016020-membrane

GO: 0070062-extracellular exosome

GO: 0005576-extracellular region

GO: 000561 5-extracellular space

CO: 0005737-cytoplasm

GO: 0005886-plasma membrane

GO: 0043066-negative regulation of apoptotic process

GO: 0006954-inflammatory response

GO: 0010629-ngaive reguation of gene expression

GO: 0071222-cellular response to lipopolysaccharide

GO: 0008203-cholesterol metabolic process

GO: 0032496-response to lipopolysaccharide

GO: 0045893-positve regulation of transcription, DNA-templated

GO: 0001666-response to hypoxia

GO: 0045944-positive regulation of transcription from RNA polymerase II promoter
GO: 0010628-positive regulation of gene expression

3 LBFEMAGWERELN GO RSN

Fig. 3 GO enrichment analysis of the main compound action targets of Crataegi Fructus
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Fig. 4 KEGG analysis of the main compound action target of Crataegi Fructus
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Fig. 5 Heat map of binding energy between Crataegi
Fructus core components and core targets

MR . W HZ B IEABGE, 1 %O
R7, Al MH oA SHIE, AR, BB
WRRE, W PRI JEBTIR MH R SCHE
IR EA I B A7 CRIORE . TR 4
e, CRFE S ) icBUlE s, WP
LR At iz 5 1 FEL ) MH G JEAF R, 1L T T L
O A e i ILAE 25 A O 1 5 4 5l B

AR FHZY 24 2023 4F 12 A% 40 555 24 1)



Ursolic acid-PTGS2
BEe6 WLEZOERLS;GHOE SN T E

B

ﬂi;“ls g >
3 k)z.ti,u‘ Gt
2.5° ARG-424

{
Y
PR§-421 2.6 “

Caffeic acid-MMP9

B
Q > /
R W y
\} MET-421] -6

Linolenic acid-ESR1

1

Fomefficinic Acid B-CYP19A1

A-XEARARROR . B EAEH =2 a1y s [, 1R Sk 5 sticks BRI R
Fig. 6 Molecular docking of Crataegi Fructus core components and core targets
A—docking overall rendering; B—interaction three-dimensional detailed display diagram, the active ingredient was represented by the green sticks model.
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