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Abstract: Objective: Network pharmacology was used to predict potential compounds, targets and pathways of action in
hawthorn leaves for the treatment of hyperlipidaemia, and the network pharmacology predictions were validated in
conjunction with target enzyme and cellular assays. The material basis and mechanism of action of hawthorn leaves against
hyperlipidemia. Methods: The chemical components of hawthorn leaves were obtained through the traditional Chinese
Medicine System Pharmacology database analysis platform and literature mining, and the potential targets were obtained by
using the relevant databases. GO and KEGG analysis were carried out to construct the “ component-target-pathway”
network. The effective components and potential targets predicted by network pharmacology were verified by ERK2
kinase, oil red O staining and triglyceride experiment. Results: After the network pharmacology screening, 96 active
ingredients and 40 interacting target proteins were obtained from hawthorn leaves. The results of KEGG analysis indicated
that the therapeutic effects of the active ingredient on hyperlipidaemia were mainly through the following signalling
pathways: Metabolic pathway, AMPK signaling pathway, HIF-1 signaling pathway, insulin resistance, thyroid hormone
signaling pathway. According to the prediction results of network pharmacology, combined with the representative
compounds of hawthorn leaves isolated by the research group, the ERK2 kinase activity of six compounds such as vitexin
was tested. The results showed that the inhibition rate of vitexin on ERK2 kinase was the highest, reaching 84%. By
constructing high-fat HepG2 cell model, oil red O staining and quantitative experiment were carried out, and TG content
was measured. It was found that after vitexin intervention, the number of lipid droplets in cells gradually decreased with the
increasing of vitexin concentration, and TG content decreased, indicating that vitexin could reduce lipid accumulation and
TG content in cells. Further, the results of network pharmacology predicted the anti hyperlipidemia effect of vitexin in
hawthorn leaves were verified. Conclusion: In this paper, network pharmacology was used to predict the material basis and
mechanism of action of compounds in hawthorn leaves against hyperlipidemia. Target enzyme, oil red O staining and TG
quantification experiments initially confirmed the network pharmacology predictions, while suggesting that vitexin would
be promising as a potential therapeutic compound for reducing intracellular lipid content.

Key words: network pharmacology; hawthorn leaves; hyperlipidaemia; molecular docking; oil red O staining
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M 25 AR PR (L HE T, S5 (BRI, 7 S AR |
BRI 28 AL FE 153 1 AL 1747 SR
20 D Fi BT SARERIYE SRR 40 ZETEAT
AR AR MUAE #0211 L Az 93 AN RDE T A AR R
LAt A 22 BT, I 282 AR RN B AR 43 500 o 3 F 4,
LTI Xl 263, AHERF 4 H S 17.294, FHIE
AR 2,134, AR 0.915, Lt Bk 0.585,
ML R Dy 0.114, JRIER KON 0.260. HIEl 5 Al Al:
&%) 112 (erythro-1-(4-O-4-D-glucopyranosyl-3-me-
thoxyphenyl)-2-[4- (3-hydroxypropyl)-2,6-dimethoxy-
phenoxy]-1,3-propanediol) . 111(verbascoside) . 108
( ( 2,3-Dihydro-2-( 4-O-B-D-glueopyranosyl-3-meth-
oxy-Phenyl) -3-hydroxymethyl-5-( 3-hydroxypropyl) -
7-methoxybenzofuran) ) . 107( acernikol-4"-O-B-D-
glucopyranoside) . 95(norhawthornoid A) . 113((7S,
8R) -5-methoxydihydrodehydrodiconiferyl alcohol 4-
O-B-D-glucopyranoside ). 110((7S,8R)-urolignoside ) .
1(rutin) . 115( ( +) -lariciresinol-4-O-B-D-glucopyr-
anoside) . 63(linarionoside B )55 7E54 ) 45 H i B 2
HOEHEANE . A TTRED TR MR OCHEE o ALOXS |
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Table 2 Test results of enzyme inhibitory activity of the

compounds
G PTERRIVR EE T A3 % (%)
ey 100 pmol/L 10 umol/L 1 umol/L

T 30.7 3.9 1.3

IR 84.0 19.1 -7.3

HIFE-2"-O- R 3.0 3 5.6
T 9.9 -3.0 -0.4
B -3.0 2.1 -19.3

FEUR R 70.8 -11.6 2.1

100

50

I (%)

50 100
R (umol/L)

=50

SRR e Tl —e— SREURIR
== T = MR ORI —— BEERT

K6 b ERK2 S G b
Fig.6 Inhibitory ERK2 kinase activity of the compounds
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Wi 2z B A RAFmEs A, R B R 2y
(STS) . #HFIFE . FFEICRAR . AT . 2i 5. 413 EE-2
O BlZEHHH M BEH T 47915 ERK2(4QTA) X
W, 4556809 . —9.8. —9.6. —9.4, —8.8. —4.6.
—3.9 Fl1-3.1 kcal/mol. KX 42245 /N F—5 keal/mol
b &Pt 75347, STS 5 ERK2 A9 GLU-33, LYS-
54, TYR-36 Z5FRILLE 4G (UKl 7A); 413 5 LYS-
54, SER-153. TYR-36 &55k 3L, & (ANE 7D); 55K
RPgS SER-153. LYS-151. TYR-36 £&5%eah-4-(n
&l 7B); & T &5 LYS-151. SER-153. LYS-54 Fll
TYR-36 FHE.Z5G (AE 7C) .

XS P, FESCIG A P AR E 5 ERK2 19
ZEA REIRAIR, JITAS- D00 235 5 5 Tt S 50 I 2 A T P23
RAH—2 . M — AR T BRSPS s g R iy
HERfPE . I B2 A5 JE AT LAHEN, 585 LYS-54
1 TYR-36 Tl 241k ERK2 JUHEHE A0 FEAR L,
2.7 B O FREBERESREER

BrAb S AR ZT O BE T YL, 78 W ANEsE
TOWER, NeTE BN S EELL (D, FTHE 490 nm AR H:
WESGHE . SEEEE R, MR 100 pmol/L BTHE
ARABTT VT U2 12.2% 04 B T HEAR; 43500 A 100,
50 umol/L 1 25 umol/L P4 2R, N5 R 4557
U/ 5.4%. 2.2% Fll 2.1%, BeBH IR ZEXTIR TSR 4L
A —E WIEIVE A, BB M BRI, e FH
WaSRANE 8 AN 9 s,
2.8 HH=FE (TG) aEMIRER

IR XS g HepG2 4 it H i =Bk & R 1052
MRUNZE 3 Fion. 525 FLAAR Eu s, BRI 4H PN 7Y
TG BN, MR, 25, 50 pmol/L
1 100 pmol/L i, FLAMBEFIARAE N TG & =AH LT
FAIIZH FRAT — B BRBE M REAIR, I 2 e BEAR R,
B£2M 100 pmol/L FYRUR BT . BRIk, AR 3 A 2E
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Fig.9 Quantitative analysis results of oil red O staining
H: Control=7%5 41, OA=7H @ £ &l 21 , ATS=P L&A 7T,
Vitexin=t 3] & ; 525 HAL LR, “**” P<0.05, “**+” P<0.01 ,
YARARARITINZT O Yeta i AU HEAE 490 nm ALIERE(E .

# 3 HIREXTRR HepG2 4 Hith — Mg & fE i R0
Table 3  Effect of vitexin on triglyceride content in high-fat

HepG2 cells
2151 Hi =5 7 & (mmol/g prot) P
75 X R 0.279+0.006
IR AR 2] 0.805:£0.024"" <0.001
4312225 umol/L 0.728+0.036" 0.044
4312250 pmol/L 0.556+0.026" <0.001
HHH1Z 100 pmol/L 0.347+0.039™ <0.001
e 525 PO IRAL HER, #P<0.01; S5 IMBRAR AL FL R, "P<0.05, 7 P<0.01.
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