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Mechanism study of Banxia Xiexin Decoction in inhibiting TNF-a/NF-kB/IL-6
pathway to resist atherosclerosis
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Abstract: Objective This study aims to investigate the mechanism of Banxia Xiexin Decoction (BXD) in resisting atherosclerosis
disease (AS) based on network pharmacology, molecular docking and experimental verification. Methods The active ingredients,
potential targets and signaling pathways of BXD in treating AS were predicted by network pharmacology and carried out molecular
docking verification. The AS rat model was constructed through animal experiments and given low, medium and high doses (4.1, 8.2,
and 16.4 g'kg™") of BXD for a total of 12 weeks. HE staining was employed to observe the pathological changes in the thoracic aorta
and liver tissues of the rats. The pathological changes of liver tissue in rats were observed by oil red O staining. The pathological
changes of thoracic aortic tissue in rats were observed by transmission electron microscopy. ELISA was utilized to measure the levels
of total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), tumor necrosis factor (TNF-a) and interleukin-1f3 (IL-1p) in the serum of the rats. Western blotting was used to detect the protein
expression levels of ALB, NF-kB p65, AKT1, TP53, TNF-0, and IL-6 in the aorta of the rats. The mRNA expressions of TNF-a, IL-
1p, IL-6, and NF-xB p65 in the aorta of the rats were detected by qRT-PCR. Results Network pharmacology analysis revealed 184
active components of BXD and 174 common targets of AS disease, with core targets including AKT1, ALB, TNF, IL-6, TP53, IL-1p,
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etc. Enrichment analysis revealed pathways such as lipid metabolism, hypoxia-inducible factor (HIF-1), and NF-kB. Experiments

confirmed that compared with the model group, in the high-dose BXD group, the HE staining of the aorta and liver, the oil red O

staining of the liver, and the pathological damage of the aorta under transmission electron microscopy were all alleviated. ELISA

detection revealed significant down-regulation of TC, TG, LDL-C, TNF-q, and IL-1p levels (P < 0.01), and a significant increase in
HDL-C levels (P < 0.05); Western blotting detection showed significant down-regulation of NF-kB p65, TNF-a, IL-6 protein and TNF-
a, IL-1f3, IL-6 and NF-kB p65 mRNA expression levels, and significant up-regulation of AKT1, ALB, TP53 protein expression levels
(P < 0.01). Conclusion BXD may alleviate inflammation and regulate lipid metabolism by inhibiting the TNF-o/NF-«B/IL-6

pathway, thereby improving AS.

Key words: Banxia Xiexin Decoction; atherosclerosis; network pharmacology; molecular docking; inflammatory response; TNF-

o/NF-«kB/IL-6 signaling pathway
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#*2 BXD WSEMR S
Table 2 Effective active ingredients of BXD

I3 FARiR BB AR OB/% DL SRR
MOL000098  quercetin Wit Kz 2% 46.43 0.28 KA, HEL, ik
MOL000211  mairin e 55.38 0.78 KA,
MOLO000358  p-sitosterol ~ p-7% K 36.91 0.75 KA, FH, HE, 2. A&
MOL000422  kaempferol TES) 41.88 0.24 A&, B
MOL000449  stigmasterol & % 43.83 0.76 KA RE, BHE AS
MOL000787  fumarine JR BT Tk 59.26 0.83 N
MOLO001454  berberine /NBERR 36.86 0.78 KA, HiE
MOL001458  coptisine TEETR 36.86 0.86 Wi, WE
MOLO002714  baicalein BER 33.52 0.21 FH . HE
MOL002879  diop ARoK ZFR — e 43.59 0.39 L NS
MOL002897  epiberberine & /NEERE 43.09 0.78 BIE. W
BXD As A, 43515 H BP (814 M4 HD. CC (76 M6 ED.

1 BXD R7¥ER5 AS ¥E2 Venn
Fig.1 Venn diagram of BXD component targets and AS targets
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B2 PPIM%
Fig.2 PPI network
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hsa05200: Pathways in cancer

hsa05417: Lipid and atherosclerosis

hsa04933: AGE-RAGE signaling pathway in diabetic complications
hsa05207: Chemical carcinogenesis- receptor activation
hsa05163: Human cytomegalovirus infection

hsa05208: Chemical carcinogenesis- reactive oxygen species
hsa01522: Endocrine resistance

hsa05140: Leishmaniasis

hsa04931: Insulin resistance

hsa04066: HIF-1 signaling pathway

hsa05415: Diabetic cardiomyopathy

hsa04919: Thyroid hormone signaling pathway

hsa04726: Serotonergic synapse

hsa04064: NF-kB signaling pathway

hsa05202: Transcriptional misregulation in cancer
hsa04217: Necroptosis

hsa00982: Drug metabolism - cytochrome P450

hsa04148: Efferocytosis

hsa03320: PPAR signaling pathway

hsa04310: Wnt signaling pathway

—lgP

3 GO IMREEESH (110, A) # KEGG @IS (A7 20, B)
Fig. 3 GO functional enrichment analysis (top 10, A) and KEGG pathway enrichment analysis (top 20, B)
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AKTI1. TNF MIL-6 fENE A RE, 52 R4 Origin BAFREXHESE RGBS E, K 4-A.
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Fig.4 Heat map of docking results between active ingredients (A) and core target molecules and schematic diagram of

molecular docking between core components and core targets (B)
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3.3.2 M4 O Yt iEE BXD Xt AS KEFF4LZ
AW wE 7 s, SATRAE, BERH
JHEREZHZR ] WK S LT R R TR, SR orig
oyAs SRR, K. . E7E BXD AT
A 23 rb 1 T ST AR T AR B 25 24 7] 2 15 0 A4 K ik
s SRR, TR BXD AR

8.2
BXD/(g kg™)

E5 BXD X KRERKBLARSHFI (HE, X400)
Fig. 5 Effect of BXD on tissue morphology of thoracic aorta in rats (HE, x400)

8.2 Ato

BXD/(g kg ?)

& 6 BXD X ARAFATELRSHISEM (HE, X 200)
Fig. 6 Effect of BXD on morphology of liver tissue in rats (HE, x200)
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8.2
BXD/(g kg™?)
7 BXD X KEATFARLALRFSHIFEN GhL O, X 400)

Fig.7 Effect of BXD on morphology of liver tissue in rats (oil red O, x400)

Jig B URR T 2 B L B A S A AR 34 Bl SR LR, (K. . =R BXD AR
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B AR R A AR A TR, P R RS 3

TR :

8.2
BXD/(g kg ™)

8 BXD X ARMEZNKBLATISHIFEN (ESTEER, X 30 000)
Fig. 8 Effect of BXD on morphology of thoracic aorta in rats (transmission electron microscope, x30 000)
3.3.4 ELISA #&Jll BXD Xf AS KEUMIEMAR LK 0.01); SEMAMEL, BXD . mil&EH S TC,
SER PR i 9 frs, SXHR4AHL, TG. LDL-C. TNF-a fil IL-1p /KT ZEEK (P<
R TC. TG. LDL-C. TNF-a Al IL-1B 7/K°F  0.01), BXD m5i&4 HDL-C KPR ETm (P<
BEFE (P<0.01), HDL-C KFRERE (P<  0.05).
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g MR 4.1 8.2 16.4Ato
BXD/(g kg™?)

XHAE M7 4.1 8.2 16.4Ato
BXD/(g kg™?)

YRR i 4.1 8.2 16.4Ato
BXD/(g kg™?)

HXRALEE: #P<0.01; SRAHELILE: "P<0.05 "P<0.01,
#P <0.01 vs control group; "P<0.05 *"P<0.01 vs model group.

B9 BXD Xt XRMAMAERKAERTFKFHIFENE (X £, n=6)
Fig. 9 Effect of BXD on serum blood lipid and inflammatory factors levels in rats (X £s, n=6)
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HX AL #P<0.01; SRAMLILE: “P<0.01,
#P <0.01 vs control group; P < 0.01 vs model group.

& 10 BXD ¥t ARMESIEK ALB. NF-«B p65, AKT1, TP53, TNF-o, IL-6 EEXRAMFE (X s, n=3)
Fig. 10 Effect of BXD on expression of ALB, NF-xB p65, AKT1, TP53, TNF-a, and IL-6 proteins in thoracic aorta of rats
(X £s, n=3)
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3.3.6 gRT-PCR k&l BXD Xt AS KRBk
TNF-o IL-1B+ IL-6 Al NF-xB p65 mRNA ik (K500

p65 mRNA FIEH R THR (P<<0.05. 0.01); S8

AL, =FEA TNF-a. IL-1B+ IL-6 F1 NF-xB p65
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10 # 34 #it 25 31
#
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E 44 é 1 Elo . . DE: 1 Kk
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TR #E7Y 4.1 8.2 16.4 Ato
BXD/(g kg ™)

x4l *P<0.05 #P<0.01; SHAALLLE: "P<0.05
#P<0.05 *P<0.01 vs control group; “P < 0.05

XIE Y 4.18.2 16.4At0

R T 4.18.2 16.4 At
Rl 0 BXDI(g kg 1)

BXD/(g kg )

*P<0.01,
**P < 0.01 vs model group.

11 BXD 3 ARBIEZNRK TNF-a\ IL-1. IL-6 F1 NF-xB p65 mRNA FTIAMEN (X +s, n=3)
Fig. 11 Effect of BXD on expression of TNF-a, IL-18, IL-6 and NF-xB p65 mRNA in thoracic aorta of rats (X *s, n=3)
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