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ABSTRACT 

We performed a systems pharmacological analysis of the components of Chuanxiong 
Rhizoma (CR) in particular regarding its antihypertensive effects, as the herb can be used to prevent 
and treat vascular diseases. Using the Traditional Chinese Medicine Systems Pharmacology database 
and analysis platform, 214 potential active compounds in CR were selected, and a network between 
the compounds with antihypertensive effects and their target genes and diseases was analysed. We 
evaluated 23 active compounds on the basis of their drug similarity, oral bioavailability, and Caco-2 
permeability to determine their characteristics of drug absorption and distribution, metabolism, and 
excretion. Forty-one target genes identified using the UniProt Database had effects on 46 biological 
processes, identified using the David 6.8 Gene Functional Classification Tool. ADRA2A, ADRA2B, 
ADRB1, ADRB2, and NOS3 genes were involved in blood pressure regulation; (z)-ligustilide, 4-
hydroxy-3-butylphthalide, methyl 2-pentanoylbenzoate, 4,7-dihydroxy-3-butylphthalide, 3-
butylidene-7-hydroxyphthalide, sinapic acid, and L-bornyl acetate contained in CR and 
senkyunolide-D were identified as the related active compounds. These results may be used to 
develop prevention and treatment strategies for hypertension, but should be verified in future studies. 
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INTRODUCTION 

Hypertension is a risk factor for cardiovascular diseases, such as heart failure, stroke, and chronic 

kidney disease. It contributes to the premature death of a quarter of men and one-fifth of women 

worldwide, resulting in over 1 billion deaths. In particular, in Europe and Central Asia, it accounts 

for one-third of deaths, and is considered a major risk factor for preventable death1,2. Therefore, 

maintaining a normal blood pressure is important to reduce the incidence and mortality of various 

diseases. Several studies have reported that poor blood pressure control is a major public health 

challenge worldwide3. Although anti-hypertensive medications are commonly used, almost 40% of 

hypertensive patients in developed countries do not have adequate blood pressure control4. 

 

Hypertension is primarily treated with thiazide diuretics, calcium channel blockers, angiotensin-

converting enzyme (ACE) inhibitors, and angiotensin receptor blockers, either alone or in 

combination, depending on the clinical condition5. Despite using anti-hypertensive medications, the 

treatment and control rates are 48% and 38.6%, respectively, in China, Europe, and Latin America, 

and the control rate is 63% in South Korea. In reality, antihypertensive drugs have insufficient 

efficacy to reach blood pressure targets6,7. In addition, they are associated with various side effects, 

such as asthma, headache, and hyperkalemia. To overcome these limitations, antihypertensive 

vaccines and gene therapy are being used to improve current antihypertensive drugs and to develop 

new drugs with different mechanisms of action8. 

 

Herbal medicines are developed from natural substances and have fewer side effects compared to 

chemical drugs. Therefore, in recent years, the interest in herbal extracts has been increasing. 

However, herbal medicines have complex mechanisms of action and studies of herbal medicines 

need to consider several variables. Therefore, research on herbal medicines has several limitations. In 

this study, we used network-based systems pharmacological analysis to overcome these limitations. 

We developed a new strategy for controlling blood pressure by examining the antihypertensive 

effects of the main components of herbal medicines. 

 

Chuanxiong Rhizoma (CR), the dried rhizome of Ligusticum chuanxiong Hort, belongs to the 

Umbelliferae family. In oriental medicine, it is mainly used to sooth the liver, relieve depression, 

remove dampness, reduce blood circulation pain, and reduce wound swelling and drainage. In 

addition, it improves blood circulation, induces vasodilation by its effect on the cardiovascular 

system, and inhibits vasoconstriction9. In a recent study, CR extract characteristically inhibited 
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retinal neovascularization, indicating that it is a potential therapeutic agent for ischemic retinopathy10. 

It may also be a potential anticancer drug due to its effect on a protein involved in the growth of 

human oral cancers11. 

 

CR contains various active compounds. However, studies have not evaluated these compounds 

because of methodological limitations that complicate the study of multi-component, complex 

mechanisms of action. In addition, research has not investigated the target genes related to the active 

components of CR. In this study, we conducted a network-based pharmacological analysis of 

compounds for blood pressure control and target genes related to CR. We also predicted the 

biological actions of the genes and their effects on blood pressure control. On the basis of 

bioinformatics data, we suggest that CR is a potential treatment of hypertension. 

 

 

Figure 1. Workflow for the network-based systems pharmacological analysis of Chuanxiong Rhizoma, including 

active compound screening, target fishing, gene ontology analysis, and network construction. 

 

MATERIALS AND METHODS 

Identification of active compounds 

The active ingredients of CR were screened using the Traditional Chinese Medicine Systems 

Pharmacology (TCMSP, https://tcmsp-e.com/) Database Analysis Platform12. The criteria for 

physiological activity (oral bioavailability, OB), drug likeness (DL), and intestinal absorption (Caco-
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2 permeability, Caco-2) were used to screen the compounds, based on the properties of drug 

absorption, distribution, metabolism, and excretion. The screening values were set at OB of ≥ 50%, 

Caco-2 of ≥ –0.4, and DL of ≥ 0.05. In addition to the active compounds screened by the 

aforementioned three scales, sedanoic acid, a representative ingredient of CR, was also included in 

the analysis. Figure 1 summarizes the workflow of this study.  

 

Table 1. Active compounds of Chuanxiong Rhizoma 

Molecule Name OB (%) Caco-2 DL 

()-Aromadendrene 55.74 1.81 0.1 

(+)-ALPHA-FUNEBRENE 52.87 1.79 0.1 

(Z)-Ligustilide 53.72 1.3 0.07 

1-Acetyl-beta-carboline 67.12 1.18 0.13 

1(3H)-Isobenzofuranone, 3-butyl-3a,4,5,6-tetrahydro-, cis-(-)- 65.03 1.25 0.07 

1H-Cycloprop(e)azulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene-, 

(1aR-(1aalpha,4aalpha,7beta,7abeta,7balpha))- 
82.33 1.37 0.12 

3-Butylidene-7-hydroxyphthalide 62.68 1 0.08 

4-Hydroxy-3-butylphthalide 70.31 0.9 0.08 

4,7-Dihydroxy-3-butylphthalide 106.09 0.69 0.1 

49070_FLUKA 85.51 1.29 0.12 

Aromadendrene oxide 2 65.1 1.56 0.14 

Carotol 149.03 1.46 0.09 

Cedrene 51.14 1.82 0.11 

cis-Ligustilide 51.3 1.3 0.07 

Cnidilide 77.55 1.21 0.07 

L-Bornyl acetate 65.52 1.29 0.08 

methyl 2-pentanoylbenzoate 69.28 0.91 0.07 

Neocnidilide 83.83 1.23 0.07 

Perlolyrine 65.95 0.88 0.27 

Senkyunolide-D 79.13 0.12 0.1 

Senkyunolide-K 61.75 0.52 0.08 

Sinapic acid 64.15 0.48 0.08 

Sedanoic-acid 44.69 0.37 0.06 

 

Target protein collection and biological process analysis 
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Genetic information on the target protein of the compounds was obtained from the UniProt database 

(http://www.uniprot.org). To identify the biological process related to the secured gene, DAVID 6.8 

Gene Functional Classification Tool (https://david.ncifcrf.gov/) was used. The p-value was set to < 

0.01 and corrected using the Benjamini-Hochberg method. 

 

Network analysis of the identified targets 

Cytoscape 3.7.0 (https://cytoscape.org/) was used to construct a network of active ingredients of CR 

and target genes (compound-target network), as well as of target and biological processes (process–

target network). 

 

RESULTS  

Identification of active compounds 

The TCMSP analysis identified 214 potential active compounds. The target information was 

collected for sedanoic acid and 23 active compounds, of which 22 fulfilled the set conditions (OB ≥ 

50%; Caco-2 ≥ –0.4; DL ≥ 0.05) (Table 1). 

 

Target protein collection and biometabolic analysis 

After excluding duplicates, 41 genes associated with 23 compounds were collected (Table 2). Using 

the Gene Functional Classification Tool, we identified 46 biological processes associated with the 

aggregated genes (Figures 2 and 3B). 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Target proteins of Chuanxiong Rhizoma 
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Target Gene name Target Gene name 

Alcohol dehydrogenase 1C ADH1C  Glutamate receptor 2 GRIA2 

Alpha-1A adrenergic receptor ADRA1A  Heat shock protein HSP 90 HSP90AB1 

Alpha-1B adrenergic receptor ADRA1B 5-hydroxytryptamine 2A receptor HTR2A 

Alpha-2A adrenergic receptor ADRA2A  Leukotriene A-4 hydrolase LTA4H 

Alpha-2B adrenergic receptor ADRA2B  Amine oxidase [flavin-containing] A MAOA 

Alpha-2C adrenergic receptor ADRA2C  Amine oxidase [flavin-containing] B MAOB 

Beta-1 adrenergic receptor ADRB1 Nuclear receptor coactivator 2 NCOA2 

Beta-2 adrenergic receptor ADRB2 Nitric oxide synthase, inducible NOS2 

Choline O-acetyltransferase CHAT Nitric-oxide synthase, endothelial NOS3 

Muscarinic acetylcholine receptor M1 CHRM1 CGMP-inhibited 3',5'-cyclic phosphodiesterase A PDE3A 

Muscarinic acetylcholine receptor M2 CHRM2 cAMP-dependent protein kinase inhibitor alpha PKIA 

Muscarinic acetylcholine receptor M3 CHRM3 mRNA of PKA Catalytic Subunit C-alpha PRKACA 

Neuronal acetylcholine receptor 

subunit alpha-2 
CHRNA2 Prostaglandin G/H synthase 1 PTGS1 

Dopamine D1 receptor DRD1 Prostaglandin G/H synthase 2 PTGS2 

Estrogen receptor ESR1 Retinoic acid receptor RXR-alpha RXRA 

Gamma-aminobutyric acid receptor 

subunit alpha-1 
GABRA1 Sodium channel protein type 5 subunit alpha SCN5A 

Gamma-aminobutyric-acid receptor 

alpha-2 subunit 
GABRA2 Sodium-dependent noradrenaline transporter SLC6A2 

Gamma-aminobutyric-acid receptor 

alpha-3 subunit 
GABRA3 Sodium-dependent dopamine transporter SLC6A3 

Gamma-aminobutyric-acid receptor 

subunit alpha-4 
GABRA4 Sodium-dependent serotonin transporter SLC6A4 

Gamma-aminobutyric-acid receptor 

alpha-5 subunit 
GABRA5 DNA topoisomerase II TOP2A 

Gamma-aminobutyric-acid receptor 

subunit alpha-6 
GABRA6   
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Figure 2: Biological processes (n = 46) elicited from the gene ontology analysis of the Chuanxiong Rhizoma target 

genes. The values represent the number of related genes. 
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We searched for ‘hypertension’ and ‘hypertension, angina’ in the TCMSP, and identified 25 

A 

B 

Figure 3: The network of Chuanxiong Rhizoma. (A) Compound-target network; diamond-shaped purple 

nodes: active compounds, green circular nodes: target genes. (B) Process-target network; triangle-shaped 

indigo node: biological process, circular emerald node: target gene. Node size reflects the strength of effects. 
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genes related to hypertension. Among the 25 genes identified from TCMSP and 41 identified 

previously, 5 were selected (Figure 4). 

 

 
Figure 4: Genes associated with both hypertension and Chuanxiong Rhizoma compound targets. 

These genes were alpha-2A adrenergic receptor (ADRA2A), alpha-2B adrenergic receptor 

(ADRA2B), beta-1 adrenergic receptor (ADRB1), beta-2 adrenergic receptor (ADRB2), and nitric-

oxide synthase, endothelial (NOS3). These genes were involved in 22 out of the 46 previously 

identified biological processes that had an antihypertensive action (Table 3). 

 

Table 3. Antihypertensive effects of the biological processes and related genes. 

Biological Process Genes 

Signal transduction GRIA2  CHRM3  CHRM1  GABRA6  GABRA5  ADRA2A  ESR1  ADRA1A  CHRNA2 

G-protein coupled receptor 

signaling pathway 
CHRM3  CHRM2  CHRM1  ADRA2A  ADRA1B  ADRA1A  ADRA2C  ADRA2B 

 

Adenylate cyclase-activating 

adrenergic receptor signaling 

pathway 

ADRB2  ADRB1  ADRA2A  ADRA1B  ADRA1A  ADRA2C  ADRA2B 
  

Cell-cell signaling ADRB2  ADRB1  ADRA1B  ADRA1A  ADRA2C  ADRA2B 
   

Regulation of smooth muscle 

contraction 
ADRB2  CHRM2  ADRA2A  ADRA2C  ADRA2B 

    

Regulation of vasoconstriction ADRA2A  ADRA1A  ADRA2C  ADRA2B 
     

Negative regulation of epinephrine 

secretion 
ADRA2A  ADRA2C  ADRA2B 

      

Activation of MAPK activity by 

adrenergic receptor signaling 

pathway 

ADRA2A  ADRA2C  ADRA2B 
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Epidermal growth factor-activated 

receptor transactivation by G-

protein coupled receptor signaling 

pathway 

ADRA2A  ADRA2C  ADRA2B 
      

Negative regulation of 

norepinephrine secretion 
ADRA2A  ADRA2C  ADRA2B 

      

Activation of protein kinase B 

activity 
ADRA2A  ADRA2C  ADRA2B 

      

Brown fat cell differentiation ADRB2  ADRB1  PTGS2 
      

Adenylate cyclase-modulating G-

protein coupled receptor signaling 

pathway 

ADRB2  CHRM2  ADRA1B 
      

Regulation of vascular smooth 

muscle contraction 
CHRM3  CHRM1  ADRA2B 

      

Temperature homeostasis DRD1  ADRB1  HTR2A 
      

Activation of adenylate cyclase 

activity 
DRD1  ADRB2  ADRB1 

      

Negative regulation of calcium ion 

transport 
PTGS2  ADRA2A  NOS3 

      

Positive regulation of the force of 

heart contraction by epinephrine-

norepinephrine 

ADRB1  ADRA1A 
       

Positive regulation of heart rate by 

epinephrine-norepinephrine 
ADRB1  ADRA1A 

       

Heat generation ADRB2  ADRB1 
       

Vasodilation by norepinephrine-

epinephrine involved in regulation 

of systemic arterial 

blood pressure 

ADRB2  ADRB1 
       

Negative regulation of smooth 

muscle contraction 
ADRB2  PTGS2 

       

 

Eight active compounds targeted these genes, including (Z)-ligustilide, 4-hydroxy-3-butylphthalide, 

methyl 2-pentanoylbenzoate,  4,7-dihydroxy-3-butylphthalide, 3-butylylidene-7-

hydroxyphthaide, sinapic acid, L-bornyl acetate, and senkyunolide-D (Figure 5). 
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Figure 5: Hypertension-related key genes and compounds of Chuanxiong Rhizoma. Diamond-shaped green nodes 
represent the compounds and pink circular nodes represent the genes. Node size reflects the strength of effects. 

 

In summary, 22 active ingredients and sedanoic acid satisfied the set conditions (OB ≥ 50%; Caco-2 

≥ –0.4; DL ≥ 0.05), and targeted 41 genes (Tables 1 and 2). These genes were involved in 46 

biological processes (Figures 2 and 3B). Of these, 22 biological processes were associated with 

antihypertensive effects (Table 3).  

Among the 25 hypertension-related genes from TCMSP and 41 genes targeted by CR active 

compounds, common hypertension-related genes were ADRA2A, ADRA2B, ADRB1, ADRB2, and 

NO3. These genes were targeted by (Z)-ligustilide, 4-hydroxy-3butylphthalide, methyl 2-

pentanoylbenzoate, 4,7-dihydroxy-3-butylphthalide, 3-butylidene-7-hydroxyphthalide, sinapic acid, 

L-bornyl acetate, and senkyunolide-D (Figures 4 and 5).  

Based on these results, we conclude that the main active ingredients of CR play an important role in 

blood pressure control. The components of CR may be promising antihypertensive agents or 

adjuvants.  

 

DISCUSSION 

The TCMSP database and analysis platform is a systems pharmacological platform for herbal 

analysis, which allows the identification of correlations between drugs, targets, and diseases. The 

database contains chemical-target and drug-target networks, and pharmacokinetic properties of 

natural compounds, such as oral bioavailability, drug-likeness, and intestinal epithelial permeability. 

These properties can be set to the desired conditions. Therefore, candidate compounds for herbal 

medicines can be searched at the systems network level. The 23 active compounds identified in this 
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study targeted 41 genes and were involved in 46 biological processes. Of these, 8 active compounds, 

5 genes, and 22 biological processes were associated with antihypertensive effects. This suggests that 

the active compounds of CR may be effective for treating hypertension.  

 

The representative active compounds involved in the antihypertensive effect were (Z)-ligustilide, 3-

butylidene-7-hydroxyphthalide, 4-hydroxy-3-butylphthalide, methyl 2-pentanoylbenzoate, 4,7-

dihydroxy-3-butylphthalide, 3-butylidene-7-hydroxyphthalide, L-bornyl acetate, and senkyunolide-D.  

 

Ligustilide (3-butylidene-4,5-dihydroisodenzofuranone), a phthalide derivative that exists in nature, 

is an active component of herbal medicines such as angelica and CR. (Z)-ligustilide has various 

pharmacological effects, such as kidney protection, vascular relaxation, neuroprotection, analgesia, 

and antispasmodic, anti-cancer, anti-cell death, anti-inflammatory, and antioxidant effects13. It 

inhibits voltage-dependent calcium channels and receptor-mediated calcium channels, thereby 

inhibiting the influx of extracellular Ca²+ and relaxing the blood vessels14. 

 

In this study, we identified 3-butylidene-7-hydroxyphthalide, 4-hydroxy-3-butylphthalide, methyl 

2-pentanoylbenzoate, and 4,7-dihydroxy-3-butylphthalide as the major active compounds involved in 

blood pressure control. All of the aforementioned compounds are alkylphthalides, but their 

mechanisms of action are not clear. However, they probably act on the alpha-2 adrenergic receptor, 

which inhibits norepinephrine secretion through negative feedback, and beta-2 adrenergic receptor, 

which relaxes vascular smooth muscle. In addition, butyldienphtalide, which has a structure similar 

to that of the abovementioned four compounds, inhibits L-type voltage-operated calcium channels 

and TP-ROCC (receptor-operated Ca2+ channels), which have pre-systolic effects that reduce the 

blood pressure. Therefore, the aforementioned four active compounds are closely linked to 

antihypertensive effects15. 

 

Bornyl acetate is commonly used in food additives, fragrances, and plasticizers in perfumes. It is a 

main active compound of CR. Bornyl acetate also has antioxidant and anti-inflammatory effects16. L-

bornyl acetate causes vascular relaxation by blocking adrenergic alpha1-recpeptors17, and reduces the 

systolic, diastolic, and average blood pressures in vivo. Computer-modelled analysis of the 

mechanism of action of the active substance of bornyl acetate showed that it inhibits the activity of 

ACE proteins by strong hydrogen binding18. 

Sinapic acid is a naturally occurring small hydroxylic acid from the phenylpropanoid family. It is 
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widely spread across the plant system and is commonly found in rye, fruits, and vegetables. Sinapic 

acid promotes relaxation of the vascular smooth muscles by protecting endothelial cells from 

oxidative stress and promoting nitric oxide production19. 

 

Senkyunolide and ligustilide have the highest concentrations in CR20. Senkyunolide has several 

subtypes. In this study, we evaluated senkyunolid-D as a potential active compound. The role of 

senkyunolide-D is not yet clear, but previous studies have suggested that senkyunolide-D targets 

NOS3. Senkyunolide-A, which has a structure similar to senkyunolid-D, mitigates vascular 

contraction. Therefore, senkyunolide-D has a close association with antihypertensive effects21. 

 

The active ingredients selected in this study had antihypertensive effects, which is consistent with 

previous studies. Highly relevant targets for hypertensive active compounds of CR were ADRA2A, 

ADRA2B, ADRB1, ADRB2, and NOS3. ADRA2A and ADRA2B encode for α2A and α2B 

receptors, which are subtypes of the alpha-2 adrenergic receptor. The alpha-2 adrenergic receptor 

lowers blood pressure through negative feedback on the norepinephrine pre-synaptic receptor22. 

 

ADRB1 is a beta-1 adrenergic receptor that improves blood flow by increasing the heart rate, ECG 

rate, and myocardial relaxation rate23. ADRB2 is a beta-2 adrenergic receptor; epinephrine binds to 

ADRB2 to activate adenylate cyclase and increase cAMP, thereby causing vascular smooth muscle 

relaxation by inhibition of Ca²⁺ inflow through the L-type calcium channel into vascular smooth 

muscle24. NOS3 is a nitric-oxide synthase that promotes nitric oxide production from L-arginine, 

which stimulates guanylate cyclase to produces cGMP from GTP. Due to increased cGMP, myocyte 

Ca²+ enters into the endoplasmic reticulum or exits the cells, resulting in muscle relaxation and 

reduced blood pressure25. 

 

In this study, we used systems pharmacological analysis to analyse the components of the active 

compounds of CR with antihypertensive effects, and target genes and biological processes thereof. 

The use of network-based systems to analyse the pharmacological action of drugs reduces the time, 

cost, and effort associated with the search process. In addition, multiple potential drugs can 

simultaneously be evaluated to identify those with favourable multi-target properties for a disease. 

The data obtained from this study are expected to be useful for developing strategies to treat 

hypertension. 

 CONCLUSION 



Won Gun An et al., IJRPS 2021, 11(3), 18-33 

IJRPS, 11(3) July – Sep., 2021                     Page 31 

We analysed the antihypertensive effects of active compounds of CR, as well as their target proteins 

and genes, using systems pharmacological analysis. We identified the components of CR using the 

TCMSP database and analysis platform. This platform includes pharmacokinetic properties of 

compounds, target information, and related diseases, which allows an in silico approach to analysis 

at the network level. Using target gene information from the UniProt database and gene ontology 

analysis using the David 6.8 gene function classification tool, 23 active compounds were evaluated 

by adding 22 active ingredients and sedanoic acid (a representative ingredient of CR). We identified 

41 genes related to the 23 active ingredients. These 41 genes were involved in 46 biological 

processes. 

 

Five genes with antihypertensive effects were selected by comparing the identified 41 genes with 

25 genes identified from the TCMSP as being related to hypertension. These genes were involved in 

22 of the 46 biological processes related to antihypertensive effects. The major components that 

targeted the five selected genes included (Z)-ligustilide, 3-butylidene-7-hydroxyphthalide, 4-

hydroxy-3-butylphthalide, methyl-2-pentanoylbenzoate, 4,7-dihydroxy-3-butylphthalide, 4,7-

dihydroxy-3-3-butylidene-7-hydroxyphthalide, 4,7-dihydroxy-3sinapic acid, l-bornyl acetate, and 

senkyunolide-D.  

 

Our results demonstrate a close relationship between the active compounds of CR, target genes, and 

related biological processes related to antihypertensive effects. These results will help in developing 

strategies for treating hypertension. However, further studies are required to validate our results.  
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