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Wy LA AL AR % JE B & & (oxidized-low density lipoprotein, ox-LDL)4k 2 Raw264.7 40 Jf, 48 h, 7 o 7 3 4 L ;4% 28 i 4 h 541, 4+ 5
H G (AR ) A4 (80 wg/mL ox-LDL 4 3 ) GXHP 157 & 41 (80 wg/ml. ox-1.DI+02 gI. GXHP) GXHP * 7| & 41 (80 pg/ml.
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The anti—atherosclerosis mechanism of the classic Gualou—Xiebai herb pair

based on network pharmacology and in vitro experiments

JIA Zijun™, ZHOU Qingbing’, ZHANG Yan?’, XU Fengqin®*
1. China—Japan Friendship Hospital, Beijing 100029, China; 2. Institute of Geriatric Medicine, Xiyuan Hospital,
China Academy of Chinese Medical Sciences, Beijing 100091, China

(Abstract] Objective To investigate the mechanism of action of Gualou (Trichosanthis Fructus)—Xiebai (Allii Macrostemonis
Bulbus) herb pair (GXHP) against atherosclerosis (AS) by network pharmacological analysis and in vitro experiments. Methods The
databases of TCMSP, DrugBank, GeneCards, and Therapeutic Target were taken to screen and collect potential components and
anti-AS disease targets of GXHP. Cytoscape was used to network display the drug targets and disease targets, and the key target
genes were screened by network topology algorithm. The protein—protein interaction (PPI) network was constructed by STRING data
platform. The Kyoto Encyclopedia of Genes and Genomes (KEGG) was taken to analyze the core pathways involved in the GXHP
anti-AS. CCK-8 assay was applied to measure the proliferation inhibition of Raw264.7 cells treated with different concentrations of
GXHP. Raw 264.7 cells were treated with oxidized-low density lipoprotein (ox—LDL) for 48 hours to form foam cells. The cells were
assigned into five groups: blank control (no treatment), model (treat with 80pwg/ml ox-LDL), and low— (80 pg/mL ox-LDL and 0.2 gL
GXHP), medium—80 pg/ml ox-LDL and 0.6 ¢/l. GXHP), and high- (80 pwg/mL ox-LDL and 1.8 gl. GXHP) dose GXHP groups. Gas
chromatography—mass spectrometry (GC-MS) and ELISA were taken to measure the levels of total cholesterol (TC), free cholesterol
(FC), and expressions of inflammatory factor interleukin—-6 (IL-6) and intercellular adhesion molecule—1 (ICAM-1) in each group.
Western blot was used to measure the expressions of core proteins of MAPK signaling pathway in each group, including
phosphorylated—extracellular signal-regulated kinases (p—ERK), phosphorylated—p38 mitogen—activated protein kinase (p—p38MARK),
and phosphorylated nuclear factor-kB p65 (p—p65). Results It was determined that GXHP contained 21 components, including
quercetin, ethyl linolenic acid, diosmetin, etc. The 21 components corresponded to 154 targets of action and 36 core targets,
respectively. KEGG analysis showed that the core targets were involved in multiple signaling pathways, including lipid and AS,
MAPK, and PI3K-Akt. The in vitro experiments showed that the proliferation of Raw264.7 cells were significantly inhibited (P<0.01)
by GXHP with concentration of 4 g/, and concentrations of 1.8, 0.6, and 0.2 ¢/ were selected as the treatment ones for subsequent
experiments. Compared with blank group, a large number of orange lipid particles were observed in the model group, the expression
levels of TC and FC were significantly higher (P<0.01), the expression levels of IL-6 and ICAM-I in the cell supernatant were
significantly higher (P<0.01), and the relative expression levels of p—ERK/ERK, p—p38 MAPK/p38 MAPK, and p-p65/p65 were
significantly higher (P<0.01). Compared with model group, the expressions of TC and FC in high- and medium-dose GXHP groups
were significantly reduced (P<0.01), the expressions of 116 in high—, medium— and low—dose GXHP groups were significantly lower
(P<0.01), the expressions of ICAM-1 in high— and medium—dose GXHP groups were significantly down-regulated (P<0.01), and the
relative expression levels of p~-ERK/ERK, p-p38 MAPK/p38 MAPK, and p—p65 /p65 in high—, medium— and low—dose GXHP groups
were significantly lower (P<005 or P<001). Conclusion Network pharmacological analysis combined with in vitro experiments suggested
that GXHP may achieve its anti-AS effects by inhibiting the MAPK signaling pathway.

(Keywords] network pharmacology; Gualou—Xiebai herb pair; atherosclerosis; foam cell; MAPK signaling pathway
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Sigma-Aldrich 22 &), #L45 : 00625 ) ; /I 521 i ] 25 B
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tor—kB p65, p—p63) ik (IX Proteintech 24 ] , 4it
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ARG B2 -5 5 T4 A -AS IS 1R, AR
WEFE T, KT Degree {H 11O E 2 5 (1795 2 4 6 S 4%
OHE AT
1.4 PPIHag

SR T S G e A R R 22 ) P A LA N
FH STRING 3.0 (hitps://string—db.org/ ) # 7 PP W 4

K2



2064 W1 R TP s 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn

2023 55 43 &
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david.nciferf.gov/ ) # 17 KEGG & 44 #1 , 5 5] GXHP
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B3 A6 37 C.5% CO, & 4 h AT i 9% 16
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3K, FIRGCE 10 min, 57 FJ2VIGE, HH 6 Lk FR
A, TR FF IR, A 4%22 B E [ 5 20 min,
W 22 5 BV, IDATIHAT O Y (%8 10 min,
il A KK B 12 R vE X SR AT b B R
RGO CE TR A T AR TR
1.8 CCK-8 3 GXHP Xt Raw264.7 48 Bf1 Yy & 5 1)
&l 1E A

il £ A M ARV, B R 1x10° AN /mL, £ 50 F 96
fLAR 4 h A& A AR E GXHP 158 4 1
Fedk MRS TR M DR R 48 h R, A
KW S CCK-8 i TR A W (el 9:1),1 h
Jei i B AR A AE 450 nm Ab BEAT W6 BE RS I, 31
SRS 2L 1) AT B A T 2R AR A0 A T R o S 2k S
K10 25 b B
1.9 SHEEIERIEX(gas chromatography—-mass spec-
trometry, GC—MS)#& GXHP &) b fig %% 52

Yo AN ML oy 5 AL, 3 B R s (AL (e Ak B )
R4 (80 wg/mL ox—LDL 4b B )  GXHP i 7] & 41
(80 pg/mL ox-LDL+0.2 ¢/I. GXHP) .GXHP 15 &

41 (80 wg/mL ox—LDL+0.6 g/l. GXHP) FIGXHP &5
HE 4 (80 wg/mL ox-LDI+1.8 ¢/ GXHP), T 6 fL#k
SR AL 48 h JE R AR A A AN E AT GC-MSK:
W, ALBRINE < (1) B EE B (total cholesterol, TC)H:
A BURE R 0.5 mL, JITA 3 mL Jo/K ZFE 2 mL 60%
AAALH 100 CHE 1 h 55 mL 10% % 1L &
VW2 mL AIMEE S 2 BER ST (A IR R 2 ik =
121 AR FE 5 250 BT 2 R R 5 (2) i 25 10 [ B (free
cholesterol, FC)FEAS UFE AT 0.5 mL, Jil 10% 544k
B4 2 mL JFIRAT, A CEHR A 2 mL, SR4E
JE BD IR R R (3) BB SAHEIS PSS,
K Rix=5MS €835 4%: , JERE 11 B % 8 2 280 C, Tt
HEAEF A 150 CIFF 1 min, 2L 40 Cnin T+2 300 C,
745 7 min,
1.10 ELISA ;&% GXHP B % 2 KL

Sy4im 1 AbEE 48 h JE R AR AN M L T
A1 ELISA K, 42 FEAG I 32770 5 16 B 43 o 1) 25 R ik
FTHRAE | AR b3 v i 1) W B 0 B2 (i, 1 Excel
B TE S R A o ol 2 1 B R0 5 AR AR AR A A
(19 OD 35 H 65 W A AR o 48 R - (IL-6 . ICAM -
L)
1.11  Western blot # U GXHP ¥ MAPK 15 S i# 2%
HI1E A

Sy4LIE L AbEE 48 h S ISCAE A5 A AN AR
P B2 IO ) 6 £ IO 2 11, BCA VA T A 4% 4H 4 1
Wl SDS-PAGE 17k 3 h, B Ja ¥ 8B A REAFE 2 &
PDVF & |, L) TBST U f5 EH A 1 h, BEE S n A
AN ) — B F R E AR, & P E
Hip-ERK (1:500) .#t ERK (1:1 000) . %t p-p38
(1:1 000) Ft p38(1:1 000) .Ht NF-kB-p65(1:1 000)
MPL NF-kB p-p65(1:1 000), FRKPEMEIMA
PU, (5 FH 1 8 A2 A, TR LG,
J& i 1 Quantity One 43 BT H AR 4547 JK 3 (H, 180E &
it
112 Sit%AH*

K SPSS 25.00 #E AT G811, £5 4 EHE H “xxs”
FORIER A i TH BORRR 5 22 704, AR IR 43
A T RS FH B FIAG 5 . P<0.05 RN 2R A 4
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2.1 GXHP &R

FE TCMSP %04 7 K % £ GXHP rf HA7 A1 G 1
FHAE S0 o 21 A4S L35 10 Bk B K EE B9 B4 Al
11 FfoR BB I O3 o o AROGAE 43 91 T3k 1
Mk 2,
22 GXHP-iEMER57-AS 8 = P 4%

i1t GeneCards Drugbank GeneCards A % Ther-
apeutic Target 5 %045 FE LA iE 34 012 4> AS %
FHSCHE 25 K GXHP H 32 %2 il 43 X6 1o 99 4F FH L 05 5
34 012 4> AS FHOCHE SUBRCAZ B 153 21 Fp 2 A4,
XS 154 AVEFIHE AR, 3 — 538 2o P 25 4 53 BT 7
F] 36 MZLHE AT, A4 JUN STAT3 MAPK3 FIAKTI
& Cytoscape 3.7.7 #XF#4 £ 25 -G XHP 1t
AT —AS A 4, TEILIE 1,

2.3 GXHP #% 38 = B9 PPL 48 &

36 LA STRING $0d5 F2 |, 38 BUPPI
M2, K2 s JUN STAT3 MAPK3 AKT1 Z57&
W25 I A RO L
24 KEGGC E&ESH

36 %S T A DAVID 6.8 14 54l 43
v &, #47 KEGG & 8501, #& PAETHTHES ik
HUAET 15 45 KEGG 55 ki 17Jeon . B 3 WoR
GXHP 1697 AS B OB s ¥ M g it 5 AS \MAPK
1 PI3K-Akt %55 53 1
2.5 GXHP XF Raw264.7 40 A B4 12 58 30 1 1€ A

CCK-8 Z5 5 7~ ,GXHP 7£ 0~2.0 g/l Z[],48 h
Qb PR A B A G AT I8 95% DL 5 0 o/L R,
4.8.16.32 ¢/l GXHP i I 77 7% FFEAL (P<0.01) (&
4), Mkt GXHP 1Y 40 M5 AR, AS o 55 15 I 22
S P kR 1.8.0.6.0.2 /L 43 /E A GXHP & |
o AR R

F1 INERNFERS
ETRE Mol 1D Gy F UL SR Pubchem CID 7370 43 FHE/(gmol) OB/% DL
GLI  MOL001494 Mandenol W R 2 T 5282184 CaoHx05 308.50 4200 0.19
GL2  MOL002881 Diosmetin AR 5281612 CiH 105 300.26 31.14 027
GL3  MOL004355 Spinasterol AU 5281331 CasHaO 412.70 4298 0.76
GL4  MOL005530 Hydroxygenkwanin FRILSEHR 5318214 CiH 10 300.26 36.47 027
GL5  MOL006756 Schottenol — 441837 CaHs0 414.70 3742 075
GL6  MOL007165  10a—cucurbita—5,24-diene-3B-ol BT R — CsoHsO 426.70 4402  0.74
GL7  MOL007171 5-dehydrokarounidiol 52 ARG RS — CoHgO, 438.70 3023 0.77
GL8  MOL007172 7-oxodihydrokarounidiol TSR AU Rl — CiHas05 456.70 36.85 0.75
GL9  MOL007179 Linolenic acid ethyl ester R 2. T 5367460 CaooH30, 306.50 46.10  0.20
GL10  MOL007180 Vitamin—e HrER-E 3476 CaoHs05 430.70 3229 0.70
*2 EEHNEMERS
i Mol ID DFH L DT H A4 Pubchem CID 77t o F 1t/ (g/mol ) OB/% DL
XBl ~ MOL001973 Sitosteryl acetate B-7+ {§§ B Z TR T 5354503 CyH50, 456.70 4039 085
XB2  MOL002341 Hesperetin 1 1 % 72281 CiH1, 06 302.28 7031 027
XB3  MOL000332 N-coumaroyltyramine =% 7 2 1k i e 5372945 CyHNO, 283.32 85.63  0.20
XB4  MOL000358 Betasitosterol B i i 222284 CasHs0 414.70 3691 075
XB5  MOL004328 Naringenin il % 439246 CisH 05 27225 59.29  0.21
XB6  MOL000483  (Z)-3—(4—hydroxy—3—methoxy—  N—JIii =X il 24, Bt % e 6440659 CisHoNO, 313.30 11835 0.26
phenyl)-N—[2—(4-
hydroxyphenyl)ethyl Jacrylamide
XB7  MOL000631 Coumaroyltyramine S 7 T T I 13939145  CpHNOs 283.32 11290 0.20
XB8  MOL007640 Macrostemonoside E_qt AT — CsHoiO0 1 227.30 3526 0.87
XB9  MOL007650 PGA(sup 1) HiFIIRE Al 5281912 CaH0, 336.50 4398 025
XB10  MOLO007651 Prostaglandin B1 Hi AR Bl 5280388 Caool50, 336.50 4021 025
XB11  MOL000098 Quercetin ik 3% 5280343 CisH 105 302.23 4643 028
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=AY

AT O P25 R BoR 4 ox-LDL A5 , 5 M
141 Hh JC R 2T € IS TR (TR SA) A5 4 41 P T AL
KL g (& 5B).,

a4 i, AL RTC K& FC B FRikK
V-4 3 T (P<0.01) 5 58 A 2 L 8, GXHP )

HjifE2H TC M FC 23k 1 3 REAIR (P<0.01) (A
6A .B).

528 I TR RS AN s W TL-6 ICAM -
1 2RO 3 THE (P<001) 5 SR 4H g ,GXHP
B R R L IL-6 () F A K B R (P<
0.01) ; GXHP & 54 ICAM-1 AR /K FIE R
JH(P<0.01) ( 6C.D).
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hsa05417:Lipid and atherosclerosis — -Lung_stlue
hsa04010:MAPK signaling pathway — .
hsa04151:PI3K-Akt signaling pathway — . 5
hsa04068:FoxO signaling pathway — @
10
hsa04218:Cellular senescence — .
hsa04668; TNF signaling pathway — ® 154
16.2-
hsa04630:JAK-STAT signaling pathway — [ ]
hsal4210: Apoptosis — ® (ST
. ® 6
hsa04510:Focal adhesion — ® P
hsa04014:Ras signaling pathway — (] ®
hsa04370: VEGF signaling pathway - @ . 12
14
hsa04928:Parathyroid h thesi ion and action — ® :
16
hsa04931:Insulin resistance - ®
®:
hsa04920: Adipocytoki i ing p: y — L ]
hsa04935:Growth hormone synthesis, secretion and action — ®
| | | | l l | | |
ﬁ’
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