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Abstract 

Background and aims: Chinese patent medicine Zhixiong Capsule (ZXC) has been 

used in clinical treatment against blood stasis-induced dizziness and headache for 

many years in China.  

Hypothesis/Purpose: Recent clinical observations demonstrated a good efficacy of 

ZXC against atherosclerotic plaque formation in carotid arteries. The aims of this 

study were to verify the plaque-preventing efficacy of ZXC in animals and to 

investigate the underlying mechanisms. 

Study design/Methods: ZXC (185 mg/kg and 370 mg/kg) was administrated to rabbits 

which received collar implantation accompanied with high fat diet administration (12 

d). The blood-dissolved components of ZXC were identified by an UPLC-QTOF-MS 

method. The key components and targets of ZXC were then predicted based on 

network pharmacology analysis and biological investigations.  

Results: Compared with vehicle control group, ZXC administration (185 mg/kg) 

significantly prevented plaque formation and attenuated intima thickening in the 

collar-implanted carotid arteries, markedly decreased blood lipid level, and increased 

plasma IL-4 level in rabbits. A total of 23 blood-dissolved components were identified. 

Four ingredients (namely, kaempferol, daidzein, puerarin, miltirone) along withleech, 

and three targets (namely, JUN, FOS and TP53) were recognized to play important 

roles for ZXC bioactivity. 

Conclusions: It could be concluded that ZXC could be applied to prevent 

atherosclerotic plaque formation and intimal thickening in carotid arteries at the 

current clinical dose. 

 

Key words: Zhixiong Capsule, atherosclerotic plaque, network pharmacology, TP53, 

JUN, FOS  
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Atherosclerosis, AS; Average shortest pathway length, ASPL; Betweeness centrality , 

BC; Binding Database, BD; hematoxylin-eosin, HE; High density lipoprotein 

cholesterol, HDL-C; Interleukin-4, IL-4; Interleukin-13, IL-13; Kyoto Encyclopedia 

of Genes and Genomes, KEGG; Low density lipoprotein cholesterol, LDL-C; 

Oxidative LDL, Ox-LDL; Malondialdehyde, MDA; Online Mendelian Inheritance in 

Man, OMIM; Superoxide dismutase, SOD; Total cholesterol, TC; Traditional Chinese 

Medicine Systems Pharmacology, TCMSP; Triglyceride, TG; Tumor necrosis factor 

alpha, TNF-α; Therapeutic Target Database, TTD; Zhixiong capsule, ZXC. 
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Introduction 

Plaque formation plays a vital role in the pathogenesis of atherosclerosis (AS) 

(Davis, 2005). As atherosclerotic plaque develops, there is a risk for plaque rupture, 

which would lead to thrombus formation and even vascular occlusion (Chen et al., 

2016) . In carotid arteries, plaque rupture could result in severe fatal events such as 

stroke and cerebral infarction (De Boer et al., 2015; Li et al., 2014). To avoid such 

events, AS patients usually have to receive medical or surgical treatments while 

suffering from the accompanied side effects: the anti-coagulation agents could lead to 

gastric mucosa injury (Bastaki et al., 2017; Kato et al., 2016), the lipid-lowering 

agents may result in hepatotoxicity and nephrotoxicity (Bastaki et al., 2017; Shahrbaf 

and Assadi, 2015), and there is a risk of secondary thrombosis for those who received 

surgical intervention (Mücke et al., 2016). Recently, Chinese medicines have been 

found with good efficacy in the treatments against cardiovascular diseases with their 

multi-component, multi-target, multi-pathway strategies, and thus may cause less side 

effects if applied properly (Yu et al., 2013; Zheng et al., 2016). 

Chinese patent medicine Zhixiong Capsule (ZXC) has been used in clinical 

treatment against blood stasis-induced dizziness and headache for many years (Hua 

and Xing, 2003; Xing and Yonghong, 1998). ZXC is composed of leech, Ligusticum 

chuanxiong, Salvia miltiorrhiza, Leonurus artemisia, and Pueraria lobata. Among the 

five materials, L. chuanxiong and leech are generally considered as the primary 

materials against blood stasis with their representative components, namely 

ligustrazine and hirudin (Mu?Oz et al., 2015; Wang et al., 2016). Meanwhile, Salvia 

miltiorrhiza, Leonurus artemisia, and Pueraria lobata have been found with 

significant antioxidant, anti-inflammatory and cardiovascular-protective properties 

(Jiang et al., 2015; Wu et al., 2007; Zhou et al., 2015). While recently applied in 

clinical treatments, it was found that ZXC showed good efficacy in preventing 

atherosclerotic plaque formation in carotid arteries. The observation demonstrated an 

extensive clinical value of ZXC, which has not been investigated elsewhere.  

To verify the plaque-preventing effects of ZXC in carotid arteries and to 
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investigate the underlying mechanisms, a series of experiments were carried out in 

this study: the plaque-preventing effect of ZXC was validated in a rabbit model, the 

key ingredients and targets of ZXC were identified by network pharmacology analysis 

and biological investigations. At last, the potential mechanisms of ZXC bioactivities 

were raised for further studies. 

 

Materials and methods 

Chemicals and reagents 

Zhixiong capsule (ZXC, batch No. 171103) was obtained from Qianhui Co., 

Ltd. (Taiyuan, China). High fat diet was obtained from Jiemin Col, Ltd. (Nanjing, 

China). Total cholesterol (TC), triglyceride(TG), high density lipoprotein cholesterol 

(HDL-C), low density lipoprotein cholesterol (LDL-C), malondialdehyde (MDA), 

superoxide dismutase (SOD) assay kits were obtained from Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China). Tumor necrosis factor alpha (TNF-α), 

interleukin-4 (IL-4) and interleukin-13 (IL-13) Elisa Kits were purchased from 

Meimian Biotechnology Institute (Shenyang, China). 

HPLC qualitative analysis of ZXC 

Puerarin was considered as a main active component in ZXC, and its content 

was determined according to the method of our previous study with slight 

modifications (Zhou et al., 2018) . Briefly, ZXC was dissolved in MeOH at a 

concentration of 1 mg/mL and filtered (0.22 μm) before HPLC analysis. An Agilent 

ZORBAX SB-C18 column (4.6 mm×250 mm, 5 μm) was employed for component 

separation, the column temperature was set at 25 °C. The binary gradient elution 

system was composed of (A) acetonitrile and (B) 0.1% formic acid, the elution 

gradient was set as follows: 0–10 min,10–15% A;10–20 min, 15–25% A; 20–30 min, 

25–35% A; 30–40 min, 35–45% A; 40–50 min, and 45–60% A. The flow rate was set 

at 0.8 ml/min. The injection volume was 10 μl and the wavelength was 254 nm. 

Animal preparation 

Male Japanese rabbits weighing 2 kg–2.5 kg were used in the study. Rabbits 

HIAPAD
Highlight
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were obtained from the animal experimental center of Shenyang Pharmaceutical 

University (Liaoning, RP China). All experimental protocols were in accordance with 

the guidelines approved by the animal ethical committee of Shenyang Pharmaceutical 

University (approval number: SYPU-IACUC-C2017-1022-177).  

Experimental design 

Forty rabbits were randomly assigned into four groups (G1–4, n=10). For 

acclimation, all rabbits were housed individually in steel mesh cages under standard 

conditions at the animal experimental center with standard rabbit chow and water ad 

libitum (Liaoning changsheng biotechnology co. LTD, Shenyang, China) for 7 d. 

As shown in supplement Fig. 1, G 1 was set as blank control group and were 

fed with standard diet all along. After acclimation, rabbits in G 2–G 4 received silica 

collar implantation surgery. Briefly, rabbits in G 2–G 4 were anesthetized by 10% 

chloral hydrate (2 ml/kg). After anesthesia, an incision along the midline of neck was 

made, both carotid arteries were exposed and separated from surrounding tissues. A 

non-occlusive silastic collar (total length 20 mm; internal diameter 1.5 mm; external 

diameter 3 mm) was then positioned around the right carotid artery, according to 

standard procedures (Booth et al., 1989) . For each animal, the left carotid artery 

(non-operated) was sham operated by positioning the silica collar around the artery 

and removing the collar before artery reseating and suture. All rabbits were kept for 

another 7 d for wound healing after the surgery. At the 8
th

 day, rabbits in G 2–G 4 

began receiving high-fat diet (2% cholesterol, 4% lard) for 12 d. During the same 

period, rabbits in G 2–G 4 received saline or ZXC intragastric administration. G 2: 

vehicle control group, rabbits received intragastric saline administration (5 ml/kg, 

once a day). G 3: ZXC-low dose group (ZXC-L), rabbits were administrated with 

ZXC at the dose of 185 mg/kg for 12 consecutive days (once a day, i.g.). G 4: 

ZXC-high dose group (ZXC-H), rabbits were administrated with ZXC at the dose of 

370 mg/kg for 12 d (once a day, i.g.). The dosages of ZXC were designed based on 

clinical application.  

At the 0 d, 3 d, 6 d, 9 d and 12 d of high-fat diet administration, blood samples 
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were collected from rabbits after fasting for 12 h. The blood samples were then 

centrifuged at 4000 rpm for 10 min to obtain plasma, which were stored at 80℃ 

until use. At the 12 d, rabbits were sacrificed with overdose chloral hydrate, and the 

carotid arteries were collected, quickly washed in cool saline, and were divided from 

the surrounding tissue. In each group (n=10), rabbits were then randomly separated 

into two subgroups (n=5). The carotid arteries of the first subgroup were used for 

Sudan IV staining. For the second subgroup, the upper halves of the carotid arteries 

were used for histological investigation (HE or masson-trichrome staining) . The 

lower halves of the carotid arteries were used for oxidative stress level assessment 

(MDA and SOD) (supplement Fig. 1). 

Histological analysis 

After collected and washed, a proportion of the carotid arteries (supplement Fig. 

1) were immediately fixed in 10% formalin-saline solution and kept for 24 h. Samples 

from the first subgroups were then used for Sudan IV staining. Samples from the 

second subgroups were embedded in paraffin and cut into slices (5 μm thickness), 

sections were treated with hematoxylin-eosin (HE) and masson's trichrome staining. 

The specimens were further observed and photographed under a light 

microscope equipped with a digital camera (Olympus BX51TF, Tokyo, Japan). The 

area of atherosclerotic plaque (Sudan IV staining) as well as the cross-section area of 

intima and media (HE staining) were measured by cellSens Standard 1.4.1 software 

(Olympus, Japan). Then the ratio of atherosclerotic area to the whole carotid artery 

area (Sudan IV staining) and the ratio of intimal cross-section area to medial 

cross-section area were calculated.  

Analysis of plasma lipids 

Plasma TC, LDL-C, HDL-C and TG levels were measured using assay kits 

(Nanjing, China).  

Analysis of oxidative stress level in carotid arteries 

The oxidative stress level in carotid arteries was assessed by measuring MDA 

content and SOD activity. Briefly, carotid arteries were cut into small fragments and 
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mixed with 10-fold volume of cool saline. The mixture was then homogenized at 

4 ℃, the homogenate was centrifuged at 4000 rpm for 10 min (4 ℃), and the 

supernatant was then assessed with assay kits (Nanjing, China). 

Effects of ZXC on rabbit plasma TNF-α, IL-4 and IL-13 levels 

The determination of IL-4 and IL-13 levels were designed according to 

pathway analysis results (see below in result, pathway analysis and in Table 1. (C)). 

The levels of TNF-IL-4 and IL-13 levels in rabbit plasma were determined using 

commercially available ELISA kits. The plasma samples were collected and prepared 

at the 12 d of high-fat diet administration. The concentration of TNF-α, IL-4 and 

IL-13 are expressed as pg/ml.    

Serum collection and preparation 

To determine the components which actually entered blood circulation after 

ZXC administration, serum were collected, prepared and determined by LC-MS 

method. Briefly, three rabbits were administrated (i.g.) with ZXC (370 mg/kg). Thirty 

minutes after administration, blood was collected from the ear vein and then placed 

for coagulation at 37 ℃ for 30 min. Serum from three rabbits was then equally 

mixed (1:1:1) after centrifuged (5000 rpm, 15 min) separately. After that, 1.4 ml 

serum was mixed with 14 ml of extract liquor (diethyl ether: ethyl acetate: 

methanol=1:4:1) and then vortexed for 1 min. The mixture was then centrifuged 

(5000 rpm, 15 min), evaporated to dryness, and finally dissolved into 400 l methanol. 

The methanol solution was centrifuged twice at 12000 rpm (10 min each time), and 

the supernatant was used for MS determination. 

Blood-dissolved ZXC component identification 

A Waters ACQUITY UPLC system (Waters Corporation, Milford, MA, USA) 

coupled to a Waters Xevo G2QTOF mass spectrometer (Waters MS Technologies, 

Manchester, UK) was used for analyzation. The UPLC consisted of a quaternary 

solvent pump and a sample manager. A Welch Ultimate UPLC XB-C18 Column 

(2.1×100 mm, 1.8 μm) was used for elution with a constant flow rate of 0.3 ml/min at 

30 °C. For each run, 10 l sample was injected and eluted with solvent A (0.1% 
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formic acid) and solvent B (acetonitrile) as the following gradient: 0-10 min, 10-70% 

B; 10-15 min, 70-95% B; 15-20 min, 95% B. For each sample, spectra were acquired 

in both the positive and negative ionization modes, with the capillary voltage set at 

-3000 V and +2500 V. After the UPLC-QTOF/MS determination, the raw data 

collected in positive and negative modes were further processed using a MassLynx 

4.1 workstation (Waters, USA).  

Target collection 

A flow chart for internal study design could be found in supplementary file. As 

shown in supplement Fig. 2, AS-related genes were obtained using the Traditional 

Chinese Medicine Systems Pharmacology Database (TCMSP, 

http://lsp.nwu.edu.cn/tcmsp.php), Online Mendelian Inheritance in Man Database 

(Hamosh et al., 2005) (OMIM, http://www.omim.org/), Therapeutic Target Database 

(Yang et al., 2016) (TTD, https://db.idrblab.org/ttd/), Drugbank Database (Wishart et 

al., 2017) (https://www.drugbank.ca/), Kyoto Encyclopedia of Genes and Genomes 

Database (Kanehisa and Goto, 2000) (KEGG, https://www.kegg.jp/). The targets of 

the blood-dissolved ZXC components were collected from the TCMSP Database (Ru 

et al., 2014) Binding Database (Liu et al., 2007) (BD,  

http://www.bindingdb.org/bind/index.jsp), TTD, KEGG Database. In addition, leech 

was considered as an integrity during target collection, and its related targets were 

collected according to previous literatures (Dong et al., 2016; Wu and Yang, 2018; Wu 

et al., 2017). The overlapped targets that were both related to atherosclerosis and the 

components were collected for further network construction and analysis (supplement 

Fig. 2).  

Protein-protein interactions (PPIs) 

STRING database  (http://string-db.org/) was employed to identify the 

possible inter-protein interactions (PPIs) (Szklarczyk et al., 2017). To improve the 

reliability of the achieved data, the PPIs were further filtered with the minimum 

combine score of 0.98 (very high confidence), and the remained PPIs were used for 

network construction and analysis. 
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Network construction and analysis 

The chemical-target network and PPIs network were constructed using 

Cytoscape software (version 3.2.1) (Shannon et al., 2003). After network construction, 

the parameters such as average shortest pathway length (ASPL) and betweeness 

centrality (BC) were calculated by Network Analyzer (De et al., 2003). In addition, 

the PPIs network was further analyzed using cytohubba, a Cytoscape plug-in, to 

identify the hub targets (Chin et al., 2014). 

Pathway analysis 

Reactome, a plug-in of Cytoscape, was used for pathway enrichment analysis 

(LIGTENBERG and HILBERS, 2013).  

 

Result 

HPLC quantitative analysis of ZXC 

In our previous study, and the main components in ZXC (batch No. 160401) 

was identified by MS detection, and the main effective component puerarin was 

quantified as 33.23 mg/g by HPLC method (Zhou et al., 2018). The ZXC (batch No. 

171103) used in this study was found with a puerarin content of 30.58 mg/g, which is 

similar to batch No. 160401 (supplement Fig 3). 

Histological analysis 

The representative results of HE staining, masson-trichrome staining and Sudan 

IV staining were shown in Fig. 1. With the combination of collar-implantation and 

high fat diet administration, the right carotid arteries of rabbits in vehicle control 

group were severely covered by AS plaque, and were occupied with foam cells and 

collagen (Fig. 1 (A)(b), (B)(b) and (E)(b)). Compared with vehicle control group, 

low-dose and high-dose ZXC administration significantly prevented plaque formation 

in collared carotid arteries by 78.2% and 72.9%, respectively (Fig. 1 (A) and (B)). 

The representative results of HE staining (Fig. 1 (C) and (D)) revealed a statistically 

significant intimal-thickening in rabbits compared with vehicle control group. By 

ZXC administration (185 mg/kg and 370 mg/kg), the intimal-thickening was 
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remarkably attenuated, and the ratio of intima/media area was reduced by 88.1% and 

92.3%, respectively (p<0.01).  

 

Analysis of plasma lipids 

To reflect the changes in plasma lipid level throughout the experiment, plasma 

TC, TG, HDL-C and LDL-C contents were evaluated at 0 d, 3 d, 6 d, 9 d and 12 d of 

high-fat diet administration. The evaluation results were summarized in supplement 

Table 1 and were presented in Fig. 2. At 12 d, the blood lipid level of vehicle control 

group significantly increased compared with blank control group: the TC level, 

TC/HDL-C ratio and log(TG/HDL-C) value was increased by 2.3-, 5.8- and 2.4-fold, 

respectively (p<0.01), and the plasma HDL-C content was decreased by 51% 

(p<0.01). ZXC low-dose administration (185 mg/kg) showed a significant 

lipid-lowering effect compared with vehicle control group: the TC level, TC/HDL-C 

ratio and log(TG/HDL-C) value was decreased by 89.3%, 54.4% and 90.3%, 

respectively (p<0.01), and the plasma HDL-C content was increased by 2.6-fold 

(p<0.01). ZXC high-dose administration (370 mg/kg) showed a weaker blood 

lipid-lowering effect: compared with vehicle control group, the TC level ,TC/HDL-C 

ratio and log(TG/HDL-C) value was decreased by 64.2%, 80.3%, and 72.0%, 

respectively (p<0.01), and the HDL-C content was increased by 1.6-fold (p<0.05).  

Analysis of oxidative stress level in carotid arteries 

As shown in Fig. 3 (A) and (B), low dose ZXC administration showed a mild 

effect on reducing MDA level (no statistical significance), yet low dose or high dose 

ZXC showed little effect on increasing SOD activity. The collared carotid arteries 

from all groups demonstrated higher MDA content along with lower SOD activity 

compared with the sham-operated carotid arteries.  

Effects of ZXC on rabbit plasma IL-4, IL-13 and TNF-α levels 

TNF-, IL-4 and IL-13 plasma contents were determined to assess the 

inflammation level in experimental rabbits. The determination of IL-4 and IL-13 

levels were designed according to pathway analysis results (Table 1. (C)). Rabbits in 
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ZXC-L group were observed with a 35% increase in plasma IL-4 level (Fig. 3 (C), 

p<0.05) compared with vehicle control group. In contrary, ZXC high dose 

administration significantly decreased IL-13 level when compared with blank and 

vehicle control groups (Fig. 3 (D)) (p<0.01). Additionally, the plasma TNF- level of 

rabbits in vehicle control group showed an increasing tendency compared with blank 

control group, which was eliminated to some extent by ZXC-L and ZXC-H 

administration (Fig.3 (E)). However, the plasma TNF- contents were statistically 

indifferent among four groups.  

Blood-dissolved ZXC component identification 

With UPLC-QTOF/MS determination, a total of 21 peaks were identified 

(supplement Fig. 4, supplement Table 2), namely daidzin (p1), 

1,2,5,6-tetrahydrotanshinone (p2), senkyunolide J (p3), tetramethylpyrazine (p4), 

3α-hydroxytanshinone Ⅱ a (p5), 

(6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,0

-dione (p5
#
), dan-shexinkum d (p6), kaempferol (n1), puerarin (n2), protocatechuic 

acid (n3), protocatechuic aldehyde (n4), miltirone (n5), dimethyl lithospermate (n6), 

neocryptotanshinone ii (n7), salvilenone Ⅰ(n8), daidzein (n9), 3'-methoxydaidzein 

(n10), epidanshenspiroketallactone (n10
#
), leonurine (n11), 

1-methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10,4-trione (n12), 

danshenspiroketallactone (n13), senkyunolide I (n14), senkyunolide H (n14
#
), 

quercetin (n15). Among the identified MS peaks, the molecular weight of p5, n10 and 

n14 were consisted with more than one candidate compounds. The additional 

candidates (which are marked with
#
) were also included for further network 

pharmacological analysis. The secondary MS spectrums are shown as supplement Fig. 

5-25. 

ZXC component-target network construction and topological analysis  

After collection, 1917 AS-related genes were obtained from the TCMSP 

Database, OMIM Database, TT Database, Drugbank Database and KEGG Database. 

Based on the blood-dissolved ZXC components, 492 ZXC targets were obtained from 
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the TCMSP Database, Binding Database, TT Database, Drugbank Databse and KEGG 

Database. A total of 266 overlapped genes, which were both related to AS and ZXC 

were kept for further network construction using Cytoscape software (Fig. 4 (A)). The 

overlapped genes were mapped to blood-dissoved ZXC components to obtain shared 

components. With the analysis using Network Analyzer, the topological parameters 

such as shortest pathway length (ASPL) and betweeness centrality (BC) were 

calculated (Supplement Table 3), and the top five components with large BC and 

small ASPL were recognized as the key components of ZXC. As a result, four 

components (namely, kaempferol, daidzein, puerarin and miltirone) along with leech 

were considered to be the key compositions of ZXC (Table. 1 (A)). Among the 

ingredients, kaempferol (from herb Leonurus artemisia) was found with the smallest 

ASPL (1.74895) and largest BC (0.70023). 

ZXC PPIs network construction and topological analysis  

The overlapped 266 targets, which are both related to AS and plasma-contained 

ZXC components, were further analyzed for PPIs using STRING Database. Among 

the attained 3348 PPIs, 162 PPIs were found with combine scores over 0.98 (very 

high confidence). A total of 74 targets, which were involved in the high confident 

PPIs, were employed for further network construction using Cytoscape software (Fig 

4 (B), supplement Table 4). With the analysis using Network Analyzer and cytohubba, 

JUN and TP53 were both recognized as key (hub) targets, with the betweeness 

centrality of 0.24642 (cytohubba rank 1) and 0.24410 (cytohubba rank 3), respectively 

(Table 1 (B)). 

Pathway analysis 

The 74 targets were further employed for pathway enrichment analysis by using 

Reactome plug-in to identify the potential pathways intervened by ZXC 

administration. A total of 63 potential pathways were obtained with a cut-off p-value 

of 0.001, the top five enriched pathways with smallest p-values were considered to be 

the most important pathways (Table 1 (C)), namely interleukin-4 (IL-4) and IL-13 

signaling, activation of the AP-1 family of transcription factors, MAPK targets 
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mediated by MAP kinases, transcriptional regulation by TP53, and regulation of TP53 

activity. 

 

Discussion 

In this study, ZXC was found to significantly prevented AS plaque formation 

and intimal thickening in carotid arteries of the rabbits which received 

collar-implantation accompanied with high-fat diet administration. On the basis of 

blood-dissolved ZXC ingredients, the key ingredients, potential targets of ZXC were 

analyzed using network pharmacological analysis. In combination with pathway 

enrichment analysis results, several hypothesis for possible mechanisms were raised 

for further studies. The dosage of ZXC was designed based on its clinical application, 

and the low dose in this study (185 mg/kg) is equivalent to the recommended dosage 

for human (3.6 g/d). 

It was found that ZXC significantly prevented plaque formation in rabbit 

carotid arteries. As a result of collar-implantation and 12 d of high-fat diet intake, the 

right carotid arteries of model rabbits were severely occupied with plaque, and the 

intima thickened significantly with foam cells and collagens (Fig. 1). With low-dose 

and high-dose ZXC administration, the intima-thickening and plaque accumulation 

was significantly alleviated, and the results in ZXC-L and ZXC-H groups were 

statistically indifferent. However, low-dose ZXC administration was observed with 

better lipid-lowering efficacy (Fig. 2) by significantly increasing plasma HDL level 

and decreasing TC level. The value of log(TG/HDL-C) is a characteristic indicator for 

LDL particle size and for AS progression extent (Dobiás̆ová and Frohlich, 2001). It 

was found that low dose ZXC administration showed better efficacy in LDL particle 

size compared with high dose administration. Also, it could be speculated that the 

lipid-lowering action of ZXC contributed significantly to its bioactivity, because the 

accumulation and monocyte-engulfment of LDL particles are the early events of 

plaque formation (Davis, 2005). By reducing blood lipid level and shrinking 

LDL-particle size, ZXC could inhibit plaque generation in the early stage. 
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Low-dose ZXC administration also showed better antioxidative and 

anti-inflammatory effects when compared with high-dose ZXC. As shown in Fig. 3 

(A), the MDA levels in the operated carotid artery were significantly higher than the 

sham operation side, which could be caused by the continuous contact with implanted 

silica collar. When received low-dose ZXC, the MDA level showed a decrease trend 

compared with vehicle control group and high-dose ZXC group (statistically 

indifferent). With lower oxidative level, it could be hypothesized that rabbits from 

low-dose ZXC would produce less oxidative LDL (Ox-LDL) compared with those 

from high-dose ZXC group, leading to a lower inflammation level. The hypothesize 

was supported well by Fig. 3 (C-D), where the levels of anti-inflammatory cytokine 

IL-4 and IL-13 were found to be higher in ZXC-L group compared with ZXC-H 

group (Gao et al., 2015). Along with the other test results, it could be concluded that 

low dose ZXC administration is more appropriate for preventing AS progression 

compared with high dose ZXC administration. 

By network pharmacology analysis, four components (kaempferol, daidzein, 

puerarin and miltirone) along with leech were recognized as key components of ZXC 

against AS progression. The significant blood lowering effect of ZXC may be 

contributed partly by puerarin, which was reported to significantly decreased blood 

cholesterol level (Yan et al., 2006). As one of the most important components in ZXC 

(Table 1 (A)), puerarin was also found with other beneficial properties, such as 

suppressing inflammation, inhibiting vascular smooth muscle cell (VSMC) 

proliferation and alleviating pain (Kim et al., 2010; Ullah et al., 2018; Wan et al., 

2018). The cardiovascular-protective properties of the other key components (and 

leech) could also be evidenced by previous investigations, such as anticoagulation 

(kaempferol and leech)(Tsoucalas et al., 2016; Wang et al., 2015), anti-inflammation 

(kaempferol, daidzein, and mitirone) (Devi et al., 2015; Makishima et al., 2016; Wang 

et al., 2017), and inhibiting VSMC migration (miltirone and leech) (Li et al., 2017; 

Song et al., 2018). Interestingly, puerarin, miltirone and kaempferol were recently 

reported with protective effects against ox-LDL induced oxidative stress and cell 
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damage, which could be of great value in blocking plaque development (Che et al., 

2017; Deng et al., 2017; Zhang et al., 2016).  

Based on the results attained from network pharmacology analysis as well as 

biochemistry analysis, the possible mechanisms for the curative effect of ZXC against 

plaque formation were discussed as follows. The first possible mechanism is that 

ZXC might alleviate inflammation by regulating JUN and FOS expressions. By using 

Network Analyzer, JUN was recognized as the most important target of ZXC with the 

smallest ASPL and the largest BC (Fig. 4 (B)(a)). The significance of JUN was also 

agreed by cytohubba analysis result (Fig. 4 (B)(b), Table 1 (B)), which was attained 

with a more balanced and complexed methodological strategy (Chin et al., 2014). 

Interestingly, cytohubba analysis identified FOS as the second-important hub target 

(rank 2), which is bio-functionally associated with JNK in the inflammation process 

(Yang et al., 2017). The encoded proteins of JUN and FOS, c-fos and c-jun, would 

combine and form activator protein-1 (AP-1)(Hess et al., 2004). AP-1 would then 

trigger inflammation by inducing proinflammatory genes and thus increase the 

expression of inflammatory cytokines, such as TNF-α, cyclo-oxygenase-2 (COX-2), 

and interleukin-1 beta (IL-1) (Adamopoulos et al., 2015). The above results 

indicated that ZXC may alleviate the inflammation in rabbit models by 

down-regulating JUN and FOS expression, decreasing AP-1 production and thus 

block the downstream inflammatory reactions. This hypothesis was also supported by 

the reactome pathway analysis results, in which ―AP-1 family activation‖ was 

considered of great importance for ZXC efficacy (Table 1 (C)).  

The second possible mechanism is that ZXC may inhibit the differentiation 

from embryonic stem cells (ESCs) to vascular smooth muscle cells (VSMCs) by 

down-regulating TP53 expression. TP53 was identified as one of the key targets by 

Network Analyzer and cytohubba analysis in this study (Fig. 4 (B)(b), Table 1 (B)), 

and has been recently recognized to closely participate in the process of AS plaque 

formation and development. A significant TP53 overexpress has been observed 

recently in the plaque area(Blin et al., 2013; Zawada et al., 2012), which could be 
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associated with the abnormal vascular smooth muscle cell (VSMC) differentiation. 

With the stimulation of increased inflammatory factors in the plaque forming area, 

part of the embryonic stem cells (ESC) would differentiate into VSMC to further 

participate in plaque formation and progression (Du et al., 2012). It was reported by 

Tan et al. that p53, the protein encoded by TP53, could significantly promote the 

differentiation from ESCs to VSMCs (Tan et al., 2018). With the above observations, 

it could be speculated that ZXC may down regulate TP53 expression in plaque area, 

inhibit the differentiation from ESCs to VSMCs, and thus prevent plaque formation. 

However, there are limitations in this study. In further studies, the above key 

targets of ZXC are to be verified by in vivo and in vitro experiments, and the 

connection between targets and ZXC components will be further investigated. 

 

Conclusion 

In this study, it was found that low-dose ZXC (185 mg/kg) significantly 

attenuated AS in rabbits, markedly down-regulated blood lipid level and increased 

anti-inflammatory cytokine IL-4 level. Network pharmacological analysis results 

indicated that JUN, FOS and TP53 may be the key targets of ZXC, and ZXC may 

intervene AS progression by inhibiting VSMC dedifferentiation and blocking 

pro-inflammation process. It could be concluded that low-dose ZXC could be applied 

as an anti-AS agent in clinic. 
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Figure Legends 

 

Fig 1. Histological evaluation of carotid artery atherosclerosis in rabbits. 

(A) Representative findings of the carotid artery (operation side) with Sudan IV 

staining. (B) Quantitative measurement of the lipid accumulation area of Sudan IV 

staining. **p < 0.01 vs. vehicle control group. (C) Representative findings of 

cross-section stained with hematoxylin/eosin.  (D) Intimal area and index. **p < 

0.01 vs. sham-operation side, ##p <0.01 vs. vehicle control group (E) Representative 

findings of cross-section stained with masson-trichrome staining. All results of (B) 

and (D) are expressed as mean ± SD.(a) blank control group, (b) vehicle control group, 

(c) ZXC-L group, (d) ZXC-H group 
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Fig 2. Effects of ZXC on blood lipid level of rabbits during 12 d of high fat diet 

intake. (A) plasma cholesterol level, (B) plasma HDL-C level, (C) Index of 

TC/HDL-C, (D) Index of log(TG/HDL-C). All results are expressed as mean ± SD. 

*p<0.05 vehicle control group vs. blank control group;**p<0.01vehicle control group 

vs. blank control group; ##p<0.01 ZXC-L group vs. vehicle control group; +p<0.05 

ZXC-H group vs. vehicle control group; ++p<0.01 ZXC-H group vs. vehicle control 

group. 
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Fig 3. Effects of ZXC on (A) MDA level in sham-operated and operated carotid 

arteries, (B) SOD activity in sham-operated and operated carotid arteries, (C) plasma 

IL-4 content, (D) plasma IL-13 content, (E) plasma TNF- content in experiment 

rabbits. In (A) and (B), *p<0.05 vs. sham operation artery, **p<0.01 vs. sham 

operation artery, #p<0.05 vs. vehicle control group. In (C), (D) and (E), *p<0.05 vs. 

vehicle control group, **p<0.01 vs. vehicle control group, ##p<0.01 vs. blank control 

group. 
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Fig 4. The network construction for ZXC components and targets. 

(A) The ZXC herb material (green parallelogram)-component (red circle)-target 

(purple triangle) network, (B)(a) The protein-protein interaction network constructed 

by cytoscape, (B)(b) The protein-protein interaction network processed by cytohubba. 

For the red circles in (A) and (B)(a), the size of a circle is proportional to its 

betweeness centrality, the saturation of a circle is inversely proportional to its average 

shortest pathway length. For the circles in (B)(b), the five circles in the center are the 

five most important targets identified by cytohubba, and the saturation of a circle is 

inversely proportional to its rank. 
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Table 1. The results of network pharmacology analysis 

A Material 
Molecular 

ID 

Molecular 

Name 

 Average Shortest 

Pathway Length 

Betweeness 

Centrality 

 

Leonurus 

artemisia 

MOL0004

22 

kaempfero

l 
1.74895 0.70023 

 
Pueraria lobata 

MOL0003

90 
daidzein  2.47699 0.20965 

 
Pueraria lobata 

MOL0122

97 
puerarin 2.64435 0.10785 

 
Salvia miltiorrhiza 

MOL0071

22 
miltirone 2.69456 0.06218 

 
Leech

a
 —— —— 3.09623 0.04278 

B Network Analyzer 
 

Cytohubba 

  Target 
Average Shortest 

Pathway Length 

Betweenness 

Centrality  
Rank Target 

 
JUN

b
 2.04109589 0.24642454 

 
1 JUN

b
 

 
TP53

b
 2.26027397 0.24410273 

 
2 FOS 

 
IL6 2.36986301 0.1325048 

 
3 TP53

b
 

 
NFKB1 2.53424658 0.1259679 

 
4 MAPK1 

 
AKT1 2.32876712 0.11597874 

 
5 MYC 

C ReactomePathway 
P-valu

e 
HitGenes 

 
Interleukin-4 and 13 signaling 

1.11*1

0
-16

 

PTGS2,CCND1,MYC,AKT1,CCL2,MMP1,M

MP2,FOS,MMP9,VEGFA,IL6,BCL2,TP53 

 

Activation of the AP-1 family of 

transcription factors 

2.29*1

0
-10

 
MAPK9,MAPK1,JUN,FOS,MAPK14 

 

MAPK targets mediated by MAP 

kinases 

3.17*1

0
-8

 
MAPK9,MAPK1,JUN,FOS,MAPK14 

 
Transcriptional regulation by TP53 

6.43*1

0
-8

 

AURKB,CHEK2,CHEK1,AKT1,JUN,FOS,M

APK14,CDK2,FAS,TP53 

  Regulation of TP53 activity 
3.89*1

0
-7

 

AURKB,CHEK2,CHEK1,AKT1,MAPK14,CD

K2,TP53 

A, 5 key components of ZXC; B, 5 key targets of ZXC identified with Network Analyzer and 

Cytohubba; C, Reactome pathway enrichment results. 
a 
Leech was considered as an integrity during this investigation. 

b 
JUN and TP53 were identified as the key (hub) targets by comparing betweeness centrality value 

and by cytohubba plug-in analysis. 

 


