
Molecular & Cellular Biomechanics 2024, 21(3), 388. 

https://doi.org/10.62617/mcb388 

1 

Article 

Exploring the mechanism of Danggui Buxue decoction against acute renal 

insufficiency using network pharmacology and molecular docking 

Xiaoyue Lou1, Yongfeng Ma1, Jiuling Deng2, You Lv1, Runhua Li1, Mingli Shang1, Qianwen Zhang1, 

Xiuling Zhang2,*, Tingting Hou1,* 

1 College of Pharmacy, Sanquan College of Xinxiang Medical University, Xinxiang 453003, China 
2 Department of Pharmacy, Shanghai Fifth People’s Hospital, Fudan University, Shanghai 200240, China 

* Corresponding authors: Tingting Hou, Email944481621@qq.com; Xiuling Zhang, Emailwww.xiuling@163.com  

Abstract: The Danggui Buxue decoction (DGBX), consists of Angelica sinensis (Oliv.) Diels, 

and Astragalus membranaceus (Fisch.) Bunge is known to replenish the blood. However, the 

mechanisms underlying acute renal injury (ARI) as caused by DGBX are still unclear. 

Therefore, we aimed to investigate the pharmacological effects of DGBX using a mouse model 

induced by 1% HgCl2. The key components were selected based on an assessment of 

gastrointestinal absorption potential and drug-likeness characteristics utilizing the 

SwissADME tool. The core chemical compositions were screened using Gene Ontology (GO) 

functional analysis and possible signaling pathways were identified through pathway 

enrichment analysis. After protein-protein interaction (PPI) analysis, a “herb-ingredient-target” 

network was established via target gene prediction of the DGBX and ARI. Finally, molecular 

docking was performed to determine the binding affinity between the active ingredients and 

disease targets. DGBX significantly reduced renal index and serum levels of blood urea 

nitrogen (BUN), and creatinine (CRE) in mice administered with 1% HgCl2. Network 

pharmacology analysis identified 3,9-di-O-methylnissolin, (6aR,11aR)-9,10-dimethoxy-6a, 

11a-dihydro-6H-benzofurano[3,2-c] chromen-3-ol, (3R)-3-(2-hydroxy-3,4-dimethoxyphen-

yl) chroman-7-ol, jaranol, kaempferol, and 7-O-methylisomucronulatol as the six core 

ingredients of DGBX. Epidermal Growth Factor Receptor (EGFR), RAC-alpha 

Serine/Threonine-ProteinKinase1(AKT1), Phosphoinositide-3-Kinase Catalytic Subunit 

Alpha (PIK3CA), Src homology 2 domain-containing tyrosine kinase (SRC), Mitogen-

Activated Protein Kinase1(MAPK1), and Estrogen Receptor1(ESR1) were selected as the six 

effective core targets. Furthermore, molecular docking revealed that the six core ingredients 

interacted well with six primary targets. The components of DGBX, including A sinensis 

(Oliv.) Diels and A membranaceus (Fisch.) Bunge may treat ARI by affecting the expression 

of EGFR, AKT1, PIK3CA, SRC, MAPK1, and ESR1. 

Keywords: Danggui Buxue decoction; acute renal insufficiency; network pharmacology; 

molecular docking 

1. Introduction 

Acute renal injury (ARI) is a clinical condition resulting from a sudden and 

temporary decrease in renal function, a variety of factors can trigger ARI and it occurs 

within a short period. The factors that drive the development of ARI include decreased 

glomerular filtration rate, retention of nitrogen products (such as creatinine and urea 

nitrogen), water, electrolyte and acid-base balance disorders, and multiple system 

syndrome in severe cases [1,2]. In the context of nephrology, ARI is common 

condition that has been shown to pose a significant risk to the life and well-being of 
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patients [3]. In traditional chinese medicine (TCM), ARI falls under the classification 

of “retention of urine”, and its treatment entails clearing heat and diuresis, thereby 

detoxifying and tonifying the kidney [4]. 

In-depth research on Traditional Chinese Medicines (TCM) has recently gained 

increasing attention [5]. Danggui Buxue decoction (DGBX) is composed of Angelica 

sinensis (Oliv.) Diels and Astragalus membranaceus (Fisch.) Bunge, was first 

recorded in “On the Differentiation of Internal and External Injuries” [6], and it can 

nourish the blood [7]. DGBX also plays a significant role in blood formation [8] and 

the modulation of the immune system [9], cardiovascular system protection [10], and 

blood lipids regulation [11]. According to the traditional Chinese medicine theory, the 

primary cause of chronic kidney disease is qi deficiency and blood stagnation. Hence, 

future research should focus on the treatment approach of fortifying qi and enriching 

blood to enhance renal function and postpone renal fibrosis. Danggui Buxue 

Decoction, a renowned formula for reinforcing qi and nourishing blood, is frequently 

prescribed in clinical practice [12]. Preliminary studies have validated its efficacy in 

combating renal failure [13]. 

 
Figure 1. The workflow of the current study. 
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The composition of TCM is complex; and it is mostly used in compound form, 

and its therapeutic effect may involve a variety of biomolecular mechanisms. 

However, only a few mechanisms of action have been fully elucidated, which is a core 

issue that must be resolved for the sustainable development of TCM [14]. To 

investigate the intricate connection between herbs and diseases, network 

pharmacology is employed to construct a “herbs-target-disease” network and enabling 

the exploration of regulatory mechanisms on diseases. This approach may reveal the 

underlying mechanisms of action of drugs in disease treatment [15]. In this study, we 

used a HgCl2-induced mouse model to investigate the pharmacological effects of 

DGBX on ARI. Furthermore, effective constituents and putative targets of DGBX for 

addressing ARI were predicted using network pharmacology and the underlying 

mechanisms were analyzed. Finally, the binding patterns and affinities of the 

molecules were confirmed using molecular docking. The study process is illustrated 

in Figure 1. 

2. Materials and methods 

2.1. Reagents and chemicals 

A. sinensis (Oliv.) Diels and A. membranaceus (Fisch.) Bunge was purchased 

from Beijing Tongrentang (Anguo) Traditional Chinese Medicine Pieces Co., Ltd. 

(Beijing, China), with batch numbers ZY2207049 and ZY00250201 respectively, the 

medicinal parts of both A. sinensis and A. membranaceus are their roots. Bailing (BL) 

capsules were obtained from Sino-American East China Pharmaceutical Co., Ltd. 

(Hangzhou, China), HgCl2 solution (1%) was obtained from the experimental center 

of Sanquan College of Xinxiang Medical College, Blood urea nitrogen (BUN) and 

creatinine (CRE) assay kits were purchased from Nanjing Jiancheng Haihao 

Biotechnology Co., Ltd. (Nanjing, China) with production batch numbers 20230313 

and 20230322 respectively. 

2.2. Preparation of DGBX 

Firstly, 250 g of A membranaceus and 50 g of A sinensis were soaked in 2400 

mL of distilled water for 60 min, heated to boiling,then decocted for 30 min, and 

filtered through a gauze. Next, the filter residue was boiled in 1800 mL distilled water 

and then filtered. The filtrate was mixed twice, and evaporated to 187.5 mL at 60–

65 °C. Then, the final concentration of DGBX was 1.6 g/mL, and the herb was stored 

at 4 °C. 

2.3. Animals 

Kunming mice (male, 6–8 weeks of age) were obtained from Beijing Vital River 

Laboratory Animal Technology Co., Ltd. (Beijing, China). The experimental 

procedures for animals were approved by the Ethics Committee of the Experimental 

Animal Platform of Zhengzhou University School of Medical Sciences. The ethics 

approval number for this experiment is ZZU-LAC20230324. The animals were raised 

at the Experimental Animal Platform of Zhengzhou University School of Medical 

Sciences. During the experiment, mice were housed in cages with unrestricted access 
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to water and food. The temperature was maintained at 20–25 °C, and the humidity was 

50–60 %.  

2.4. Mice models of ARI and experimental procedures 

After seven days of adaptive feeding, 72 mice were randomly divided into six 

groups: Control, HgCl2, HgCl2 + BL, HgCl2 + DGBX-L, HgCl2 + DGBX-M, HgCl2 + 

DGBX-H. Briefly, the mice in the HgCl2 + BL, HgCl2 + DGBX-L, HgCl2 + DGBX-

M, and HgCl2 + DGBX-H groups received BL (2.0 g/kg), DGBX (0.3 g/ mL), DGBX 

(0.6 g/mL), and DGBX (1.6 g/mL), respectively, by intragastric administration. 

Fifteen minutes later, the mice in the last five groups receiving HgCl2 were injected 

with 1% HgCl2 (5 mg/kg) dissolved in saline into the thigh muscle, A similar 

procedure was carried out on the control group mice, wherein saline was injected into 

the same site.After 1% HgCl2 administration for 6, 24 and 48h, the mice were 

sacrificed and serum was collected for further analysis [16]. 

2.4.1. Renal index analysis 

The kidney tissues were collected and weighed. The renal index was calculated 

as follows: [bilateral renal wet weight/body weight] × 100. 

2.4.2. Measurement of serum creatinine and blood urea nitrogen content 

Serum was collected for the analysis of CRE and BUN levels using related assay 

kits according to the manufacturer’s instructions.  

2.4.3. Collection of active ingredients of DGBX and disease targets related to 

ARI 

Traditional Chinese Medicine Systems Pharmacology Database and Analysis 

Platform(TCMSP) (https://old.tcmsp-e.com/tcmsp.php) and SwissADME databases 

(http://www.swisstargetprediction.ch/) were used to identify potential active 

ingredients. The constituents with high gastrointestinal (GI) absorption (OB ≥ 30%) 

and more than 0.18 in drug-likeness (DL) analysis were selected as potential active 

ingredients [17–19]. Disease targets related to ARI were obtained from Disgenet 

(https://disgenet.com/) and GeneCards (https://www.genecards.org/). The disease 

targets related to ARI were selected in Disgenet using “Summary of Gene-Disease 

Associations” and GeneCards according to Relevance score ≥ 5.2 both after searching 

“acute renal insufficiency” as keywords. Target genes were combined from the two 

databases and duplicates were removed. 

2.4.5. The intersection between active ingredients of DGBX and gene targets 

related to ARI 

Potential targets of DGBX to treat ARI were obtained by intersecting the active 

component targets of DGBX with the targets related to ARI using the Venny 2.1.0 

platform (https://bioinfogp.cnb.csic.es/tools/venny/). 

2.4.6. Protein-protein interaction network construction 

To better understand the protein-protein interactions (PPIs) involving the target 

genes, the selected potential targets were queried in the STRING database 

(https://string-db.org). Homo sapiens was selected for the analysis.The data that were 

https://string-db.org/
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saved, were imported into Cytoscape 3.9.1 (https://cytoscape.org/); from this analysis, 

core targets were identified based on the degree value. 

The highest confidence level was set at a medium confidence > 0.9, and the 

unconnected nodes were hidden. The greater the centrality of a node, the greater its 

importance in the constructed network [20,21]. 

2.4.7. GO analysis of core targets andKyoto Encyclopedia of Genes and 

Genomes (KEGG) signaling pathway enrichment 

The DAVID database (https://david.ncifcrf.gov) was used to perform GO 

analysis and enrich the KEGG signaling pathways for targets. The species and 

background were set as “Homo sapiens” [22–24]. Differences were considered 

statistically significant at p < 0.05. The top ten pathways of biological process, cell 

component, and molecular functions were subjected to GO enrichment analysis. The 

length of the columns in the obtained GO analysis histogram is related to the number 

of enriched differential genes. The greater the number of differential genes, the longer 

the histogram length. Through KEGG enrichment analysis, signaling pathways 

enriched by the common targets of DGBX and ARI were obtained. The visual bubble 

map was processed using the bioinformatics website 

(https://www.bioinformatics.com.cn/). The smaller the p-value, the larger and darker 

the bubbles in the bubble map.  

2.4.8. Drug-target-pathway-disease network construction 

The “Herbs-key ingredients”, “key ingredients-core targets”, and “disease-core 

targets” were inserted into Cytoscape 3.9.1 for the purpose of constructing the 

“DGBX-targets-pathway-ARI” network. Common key targets were obtained by 

comparing the obtained target with the key targets of the PPI network and were then 

used for the next molecular docking steps. 

2.5. Molecular docking 

The molecular docking process was performed using AutoDock Vina software 

v1.5.6, which is accessible at https://vina.scripps.edu. The grid box parameters were 

set to 126 × 124 × 126 and centered at (2.67, −19.932, 8.838), which covered all 

pocket-binding positions. Crystal protein structures were obtained from the Protein 

Data Bank (https://www.uniprot.org/), and the details of the protein targets were as 

follows: AKT1 (PDB ID: 1UNQ), EGFR (PDB ID: 5HG8), ESR (PDB ID: 2CBP), 

SRC (PDB ID: 1FMK), MAPK1 (PDB ID: 6SLG), and SRC (PDB ID: 7L1C). The 

inhibitor ligands and water were removed from the protein structures, and polar 

hydrogen atoms were added to the protein structures for completeness [25–27]. It is 

generally considered that a binding energy of ≤ −5.0 kcal/mol indicates effective 

ligand-receptor binding, while a binding energy of ≤ −7.0 kcal/mol signifies strong 

binding activity. The AutoDock results were inserted into Python-Pymol software 

(https://pymol.org/2/), and receptor and ligand binding was visualized [28]. 

https://vina.scripps.edu/
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2.6. Statistical methods 

Data are presented as mean ± standard deviation. GraphPad Prism 8.0 and Excel 

software were used for analyzing statistics. The differences were compared via one-

way ANOVA among groups, and p < 0.05 were considered significant at p < 0.05. 

3. Results 

3.1. DGBX reduced renal index in ARI mice 

The renal index was estimated to investigate the effect of DGBX on renal edema. 

Compared with the blank control group, HgCl2 treatment obviously caused a higher 

renal index, especially at 24 and 48 h (p < 0.0001 vs control group). Renal index levels 

in the DGBX- treated groups showed a significant decrease at 24 h (p < 0.05 and p < 

0.01 respectively vs the HgCl2 group) and 48 h (p < 0.05 and p< 0.0005, respectively, 

vs HgCl2 group) compared with the HgCl2-treated mice (Figure 2). Taken together, 

we concluded that DGBX could prevent renal edema in HgCl2-induced ARI mice. 

 
Figure 2. DGBX reduced renal index in ARI mice. 

Note: n = 12, ****p < 0.0001 vs. control group; #p < 0.05, ##p < 0.01, and ###p < 0.0005 vs. HgCl2 

group; && p < 0.01 vs. BL group. 

3.2. DGBX reduced serum BUN and CRE content in ARI mice 

We examined the effects of DGBX on renal function in HgCl2-induced ARI mice. 

With the extension of HgCl2 stimulation time, the level of serum BUN in mice 

increased significantly at 6, 24, and 48 h (p < 0.0001 vs. control group) in the HgCl2 

group with statistical significance (p < 0.0001) compared to the control group. This 

finding demonstrated that the content of the serum BUN content was inhibited by 

DGBX treatment, especially in the high-dose group at 6 (p < 0.0005 vs. HgCl2 group), 

24 (p < 0.0001 vs. HgCl2 group), and 48 h (p < 0.0001 vs. HgCl2 group) (Figure 3). 

In addition to serum BUN levels, serum CRE levels were evaluated. The increasing 

trend in serum CRE and BUN levels was consistent at 6, 24 and 48 h (p < 0.0001 vs. 

control group). DGBX treatment led to a dose-dependent increase in serum CRE 

levels, with the effect being statistically significant. (p < 0.0001 vs. HgCl2 group) 

(Figure 4). These results indicated that DGBX improved renal function in HgCl2-

induced ARI mice.  
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Figure 3. DGBX reduced serum BUN content in ARI mice. 

Note: n = 12, ****p < 0.0001 vs. control group; #p < 0.05, ###p < 0.0005, and ####p < 0.0001 vs. HgCl2 

group; &&p < 0.001 vs. BL group. 

 
Figure 4. DGBX reduced serum CRE content in ARI mice. 

Note: n = 12; ****p < 0.0001 vs. control group; #p < 0.05, ###p < 0.0005, and ####p < 0.0001 vs. HgCl2 

group; &&&p < 0.0001 vs. BL group. 

3.3. Screening active ingredients in DGBX 

The standard cutoffs (“Oral bioavailability” [OB] ≥ 30% and“Drug likeness”

[DL] ≥ 0.18) were used to screen for the active ingredients of drugs using SwissADME 

and TCMSP. To identify the active ingredients of DGBX, the PubChem and 

SwissTargetPrediction databases were used to obtain, 20 active components in 

Astragalus and Angelica (Table 1). 

Table 1. Effective components screened from DGBX. 

Drug Mol ID Molecule Name OB (%) DL 

Angelica sinensis MOL000211 Mairin 55.38 0.78 

 MOL000239 Jaranol 50.83 0.29 
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Table 1. (Continued). 

Drug Mol ID Molecule Name OB (%) DL 

 MOL000033 

(3S,8S,9S,10R,13R,14S,17R)-10, 13-

dimethyl-17-[(2R,5S)-5-propan-2-

yloctan-2-yl]-

2,3,4,7,8,9,11,12,14,15,16,17-

dodecahydro-1H-

cyclopenta[a]phenanthren-3-ol 

36.23 0.78 

 MOL000354 isorhamnetin 49.60 0.31 

 MOL000371 3,9-di-O-methylnissolin 53.74 0.48 

 MOL000374 
5'-hydroxyiso-muronulatol-2',5'-di-O-

glucoside 
41.72 0.69 

 MOL000378 7-O-methylisomucronulatol 74.69 0.30 

 MOL000379 
9,10-dimethoxypterocarpan-3-O-β-D-

glucoside 
36.74 0.92 

 MOL000380 

(6aR,11aR)-9,10-dimethoxy-6a,11a-

dihydro-6H-benzofurano[3,2-c] 

chromen-3-ol 

64.26 0.42 

 MOL000387 Bifendate 31.10 0.67 

 MOL000392 formononetin 69.67 0.21 

 MOL000417 Calycosin 47.75 0.24 

 MOL000422 kaempferol 41.88 0.24 

 MOL000433 FA 68.96 0.71 

 MOL000438 
(3R)-3-(2-hydroxy-3,4-

dimethoxyphenyl) chroman-7-ol 
67.67 0.26 

 MOL000439 isomucronulatol-7,2'-di-O-glucosiole 49.28 0.62 

 MOL000442 
1,7-Dihydroxy-3,9-dimethoxy 

pterocarpene 
39.05 0.48 

 MOL000098 quercetin 46.43 0.28 

Astragalus membranaceus MOL000358 beta-sitosterol 36.91 0.75 

 MOL000449 Stigmasterol 43.83 0.76 

3.4. Screening of DGBX chemical ingredient targets and ARI targets 

SwissTargetPrediction, TCMSP, and PubChem were used to identify drug 

targets. We identified 432 targets genes for the 20 compounds in DGBX, after 

removing duplicates. Additionally, 927 disease targets were identified in the 

GeneCards and Disgenet databases. A total of 99 overlapping targetswere uncovered 

via using VENNY 2.1 software to cross the DGBX-related targets with ARI-related 

targets (Figure 5). 
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Figure 5. Venn diagram of related targets of DGBX-ARI. 

3.5. Constructing the herb-ingredient-target network 

The “herb-ingredient-target” network of 121 nodes (2 herbs, 20 ingredients, and 

99 targets) and 364 edges was established (Figure 6). Components with a relatively 

high degree included 3,9-di-O-methylnissolin, (6aR,11aR)-9,10-dimethoxy-6a, 11a-

dihydro-6H-benzofurano[3,2-c] chromen-3-ol, (3R)-3-(2-hydroxy-3, 4-

dimethoxyphen-yl) chroman-7-ol, jaranol, kaempferol, and 7-O-

methylisomucronulatol. This suggests that these compounds might be potential active 

constituents of DGBX in addressing ARI (Table 2). 

 
Figure 6. The network of herb-ingredient-target network. 



Molecular & Cellular Biomechanics 2024, 21(3), 388.  

10 

Table 2. Core active components of DGBX in treatment of acute renal insufficiency. 

name MOL ID Molecule Name Degree Betweenness Centrality Closeness Centrality 

HQ6 MOL000371 3,9-di-O-methylnissolin 41 0.27 0.45 

HQ10 MOL000380 
(6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-

6H-benzofurano[3,2-c] chromen-3-ol 
34 0.13 0.43 

HQ16 MOL000438 
(3R)-3-(2-hydroxy-3, 4-dimethoxyphenyl) 

chroman-7-ol 
34 0.14 0.42 

HQ4 MOL000239 Jaranol 33 0.12 0.44 

HQ14 MOL000422 kaempferol 32 0.09 0.43 

HQ8 MOL000378 7-O-methylisomucronulatol 23 0.10 0.40 

3.6. PPI network analysis 

To construct a PPI network reflecting the interaction between DGBX and ARI, 

99 herb-disease overlapping targets identified through the Venn diagram (Figure 5) 

were introduced into the STRING database and visualized using Cytoscape 3.9.1 

(Figure 7).  

 
(A) 
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(B) (C) 

Figure 7. Protein-protein interaction (PPI) network of overlapping targets between drug and disease, (A) initial PPI 

network; (B) optimize PPI network; (C) core PPI network. 

The average value of the degree of centrality was 6.85, and, the key targets were 

defined as whose degree value was 2 times higher than the average. The top 12 

potential targets were selected as the core targets, which included HRAS, SRC, 

PIK3CA, PTPN11, MAPK1, MAPK8, HSP90AA1, AKT1, JAK2, ESR1, EGFR and 

JUN (Table 3). 

Table 3. PPI core target. 

name Degree name Degree 

SRC 28 AKT1 20 

HRAS 28 JAK2 16 

PIK3CA 27 ESR1 15 

HSP90AA1 23 MAPK8 14 

PTPN11 22 EGFR 14 

MAPK1 22 JUN 14 

3.7. GO and KEGG pathway enrichment analysis 

To explore the dynamic processes of DGBX in ARI, we employed the DAVID 

database to analyze the GO bioprocesses (biological processes [BPs], molecular 

functions [MFs], and cellular components [CCs]) of the 12 core targets (Figure 8). 

The analysis identified the top 10 biological processes BPs related to DGBX 

treatment involved were signal transduction mechanisms, cellular reactions to reactive 

oxygen species, cellular response to cadmium ions, epidermal growth factor receptor 

signaling pathway, the enhancement of ERK1 and ERK2 cascade, T cell co-

stimulation, and the facilitation of nitric oxide biosynthetic process, augmentation of 

fibroblast proliferation, cellular response to mechanical stimulus, and positive 

regulation of peptidyl-serine phosphorylation. The main CC enrichment was in the 

cytosol, cytoplasm, nucleoplasm, plasma membrane, macromolecular intricate 

structure, mitochondrion compartment, and the cytoplasmic area surrounding the 

nucleus, and focal adhesioneuchromatin, et al. The MFs were primarily associated 
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with adenosine triphosphate(ATP), binding of identical proteins, enzymatic binding, 

kinase binding specificity regulatory function of nitric oxide synthase, kinase 

enzymatic activity, interaction with ubiquitin protein ligases, protein kinase enzymatic 

action, binding affinity for insulin receptor substrate and ATPase interaction. 

 

Figure 8. GO enrichment analysis. 

To predict the possible mechanisms underlying the effectiveness of the herbal 

remedies, the 12 crucial genes identified through PPI analysis were submitted to the 

DAVID database for enrichment analysis of the KEGG pathway. 

 Under a threshold of p < 0.01, 95 pathways were identified for the herbal anti-

ARI effects. The top 10 related pathways included endocrine resistance, chemical 

carcinogenesis-receptor activation, prolactin signaling pathway, estrogen signaling 

pathway, ErbB signaling pathway, PD-L1 expression PD-1 checkpoint pathway in 

cancer, C-type lectin receptor signaling pathway, lipid and atherosclerosis, chemical 

carcinogenesis-reactive oxygen species, and relaxin signaling pathway (Figure 9). 

This shows that herbal efficacy is likely related to multiple multiple components and 

target mechanisms. 

The top 10 related pathways identified were endocrine resistance, receptor 

activation in chemical carcinogenesis, prolactin signaling, estrogen signaling, ErbB 

signaling, the PD-L1/PD-1 checkpoint pathway in cancer, C-type lectin receptor 

signaling, lipid metabolism linked to atherosclerosis, reactive oxygen species in 

chemical carcinogenesis, and the relaxin signaling pathway (Figure 9). These findings 
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suggest that the herbal efficacy can be attributed to its multiple constituents and target 

mechanisms. 

 
Figure 9. KEGG enrichment analysis. 

3.8. Herbs-target-pathway-diseases network construction 

To further clarify the underlying mechanism of DGBX in the treatment of ARI, 

a more in-depth analysis is necessary. We constructed a herbs-ingredients-targets-

disease network of 142 nodes (1 disease, 2 herbs, 20 ingredients, 99 targets and 20 

enriched pathways) and 526 edges (Figure 10). Nine core targets were identified: 

GSK3B, AKT1, MAPK1, PIK3CA, EGFR, SRC, ESR1, ADORA2A, and PTGS1. 

Furthermore, combined with PPI analysis, we discovered that six core targets, 

including EGFR, AKT1, PIK3CA, SRC, MAPK1, and ESR1, were potential 

therapeutic targets.  
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Figure 10. Herbs-ingredients-targets-disease network. 

3.9. Molecular docking 

Six core chemical components and six of the core targets were selected as ligands 

and receptors, respectively. The protein structures of AKT1, EGFR, SRC, PIK3CA, 

MAPK1, and ESR1 were retrieved from the Protein Data Bank (PDB) 

(https://www.rcsb.org/), and molecular docking was performed using AutoDock Vina 

software (Figure 11). After 36 compound-target docking experiments, 13 compound–

target pairs showed strong binding activity, and 20 pairs showed weak activity. Thus, 

we speculated that 91.6% of the active ingredients of DGBX exhibited favorable 

binding affinity between the active components and the targets of ARI, suggesting that 

this formula is reasonable and effective for predicting ARI. The molecular docking 

bond energy heat map is shown in Figure 12; and the darker the color, the lower the 

molecular docking binding energy (Table 4 and Figure 12).  

Table 4. Docking scores of bioactive compounds with its targets of DGBX. 

Compound Target Binding energy (kcal/mol) Compound Target Binding energy (kcal/mol) 

Jaranol 

AKT1 −5.39 

(6aR,11aR)-9,10-dimethoxy-

6a,11a-dihydro-6H-

benzofurano[3,2-c] chromen-3-ol 

AKT1 −6.22 

EGFR −7.21  EGFR −7.00 

ESR1 −4.30 ESR1 −5.50 

SRC −4.92 SRC −7.32 

MAPK1 −6.02 MAPK1 −6.35 

PIK3CA  −7.48 PIK3CA −7.67 
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Table 4. (Continued). 

Compound Target Binding energy (kcal/mol) Compound Target Binding energy (kcal/mol) 

3,9-di-O-

methylnissolin 

AKT1 −5.99 

kaempferol 

AKT1 −5.60 

EGFR −7.45 EGFR −5.88 

ESR1 −7.23 ESR1 −7.63 

SRC −7.68 SRC −7.20 

MAPK1 −6.59 MAPK1 −5.72 

PIK3CA  −6.84 PIK3CA  −6.55 

7-O-

methylisomucr

onulatol 

AKT1 −6.11  

(3R)-3-(2-hydroxy-3,4-

dimethoxyphenyl) chroman-7-ol 

AKT1 −6.10 

EGFR −7.07 EGFR −6.69 

ESR1 −7.84 ESR1 −4.56 
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Figure 11. Molecular docking pattern. 
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4. Discussion 

Acute renal injury is characterized by a rapid decline in kidney function due to 

multiple causes and is one of the main life-threatening diseases with a poor prognosis. 

Cardiovascular diseases frequently occur alongside acute renal insufficiency, in 

which a decline in renal function diminishes the effectiveness of cardiovascular 

treatments and undermines patient outcomes. The combination of Astragalus 

membranaceus and Angelica sinensis enhances blood nourishment and circulation, 

fostering robust qi and blood formation, thereby alleviating an array of symptoms [29]. 

Danggui Buxue decoction, formulated using these two herbs, is a prominent 

prescription for addressing qi deficiency and blood stagnation. It has been proven to 

be highly effective in managing cardiovascular and cerebrovascular disorders, diabetic 

nephropathy, and other conditions. A study has found that Danggui Buxue Tang 

(Angelica and Astragalus Decoction) treats diabetic nephropathy by improving 

inflammation and insulin resistance [30]. Furthermore, some studies have shown that 

Danggui (Angelica sinensis) and Huangqi (Astragalus membranaceus) can protect the 

kidney by inhibiting the injuries induced by oxidative stress [31,32]. 

In this study, we explored DGBX’s pharmacological effects on HgCl2-induced 

ARI in vivo, and predicted the probable mechanisms of action utilizing network 

pharmacology and molecular docking techniques, and found that DGBX ameliorated 

the renal index, serum BUN, and serum CRE concentrations in a dose-dependent 

manner. Network analysis identified six core active compounds of DGBX and six 

potential target genes. Further, Molecular docking analysis demonstrated that 91.6% 

of the active components of DGBX exhibited good binding activity to the ARI targets.  

The “DGBX-ingredients-targets” network demonstrated that the six core active 

compounds, including 3,9-di-O-methylnissolin, (6aR,11aR)-9,10-dimethoxy-6a, 11a-

dihydro-6H-benzofurano[3,2-c] chromen-3-ol,(3R)-3-(2-hydroxy-3,4-

dimethoxyphen-yl) chroman-7-ol, jaranol, kaempferol, and 7-O-

methylisomucronulatol. 

Previous research indicated that jaranol could suppress the expression of 

reducible adenine dinucleotide phosphoroxidases 2 and 4 mediated by angiotensin II 

by regulating the atherosclerotic signaling pathway, reducing reactive oxygen species 

(ROS), and exerting anti-inflammatory effects to protect the kidney [33,34]. 

Kaempferol has cell membrane protective and antioxidant effects [35]. Previous 

studies have shown that kaempferol increased Nrf and HO-1 expression to enhance 

the antioxidant effect, declined ROS generation, and promotes the clearance of 

reactive oxygen, thereby alleviating oxidative stress in endothelial cells and protecting 

blood vessels [36,37]. 

GO enrichment analysis showed that DGBX could act on the perinuclear region 

of the cytoplasm, mitochondria, plasma membrane, and other organelles; mediate 

signal transduction and the epidermal growth factor receptor (EGFR) signaling 

pathway; and exhibit affinity for playing a role in ATP binding, protein binding, 

enzyme binding, and other processes. Previous studies have demonstrated that EGFR 

expression is associated with decreased kidney function, associated with the regulated 

immune reaction during the pathological process of chronic kidney disease [38,39]. 

Preclinical studies have demonstrated that the EGF receptor, a membrane tyrosine 
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kinase receptor, is expressed in the kidney and activated after kidney injury [40]. 

Therefore, it is a promising therapeutic target for kidney injury [38]. 

The prediction results of KEGG enrichment analysis indicated that DGBX was 

predominantly associated with endocrine resistance, chemocarcinogenic receptor 

activation, prolactin signaling pathway, estrogen signaling pathway, and lipid and 

atherosclerosis metabolic pathways in ARI. DGBX exerts an estrogen-mimicking 

function in the estrogen signaling pathway [41], related to the repair and regeneration 

of the kidney via its receptor ESR1, and regulates phosphorus homeostasis through its 

receptor in the proximal tubule [42]. 

The “DGBX-target-pathway-ARI” network uncovered that EGFR, AKT1, 

PIK3CA, SRC, MAPK1, and ESR1 were common targets between DGBX and ARI. 

These receptors are widely distributed in the body and are involved in cell 

proliferation, survival, differentiation, and intracellular signaling, et al [43,44]. 

According to the results of molecular docking, 3,9-di-o-methylnissolin and SRC are 

hydrogen bound to leucine (LEU) at 89, lysine (LYS) at 104 and phenylalanine (PHE) 

at 150, and the binding energy reaches −7.68. 7-O-methylisomucronulatol and ESR1 

bind to glutamic Acid (GLU) at 228 sites, LYS at 294 sites, asparagine (ASN) at 296 

sites and histidine (HIS) at 297 sites with hydrogen bonds, and the binding energy 

reaches -7.84. Kaempferol and ESR1 were hydrogen bonded at serine (SER) at 225, 

ALA at 226, HIS at 297 and TYR at 335, and the binding energy reached -7.63. (3R)-

3-(2-hydroxy-3,4-dimethoxyphenyl) chroman-7-ol and SRC were hydrogen bound to 

aspartic acid (ASP) at sites 341 and 404 with binding energy of -7.66. (3R)-3-(2-

hydroxy-3,4-dimethoxyphenyl) chroman-7-ol and SRC were hydrogen bound to ASP 

at sites 341 and 404 with binding energy of −7.66. Jaranol and PIK3C were hydrogen 

bonded at tyrosine (TYR) 836 and SER 854, and the binding energy reached −7.48. 

(6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c] chromen-3-ol 

and PIK3C are hydrogen-bonded at VAL 851, SER 854 and ASP 933. The binding 

energy reaches −7.67. The above binding showed good activity, indicating that the 

active compounds may play a role in improving renal function through the above target 

proteins. 

AKT1 is associated with renal tubule apoptosis and inflammation, and its absence 

of AKT1 could aggravate renal injury [45–47]. The AKT family, which consists of 

three members: (AKT1, AKT2, and AKT3), belongs to the serine/threonine protein 

kinase family and is intricately interconnected. These proteins play a pivotal role in 

numerous biological processes. The PI3K/Akt pathway exhibits a robust connection 

to both inflammatory and anti-inflammatory responses, whereas the Akt signaling 

pathway can regulate functions such as the generation of inflammatory cytokines and 

macrophage phagocytosis [48]. Therefore, DGBX inhibits apoptosis in renal tubules 

and reduces inflammation, which may act on AKT1 targets and protect the kidney. 

The SRC homologous region 2 domain of SRC contains phosphatase-1 (SHP-1), a key 

protein that regulates inflammation and immune responses [49]. Deficiency of SHP-1 

inhibits gene expression in the PPARα signaling pathway, leading to an increase in 

ROS and aggravating renal ischemic injury [50,51]. 

Pre-experimental studies conducted on Kunming mice have shown that 

administering a 1% HgCl2 solution at a dosage of 1.5 ml/kg effectively induces acute 

renal insufficiency. The renal index, serum creatinine (CRE) levels, and serum urea 
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nitrogen (BUN) levels were assessed in the mice. Using a microplate reader and 

GraphPad Prism 8.0.1 software for data analysis, the renal index and BUN and CRE 

levels in mouse serum were precisely measured and analyzed. From the perspective 

of animal experimentation, it has been confirmed that high-dose DGBX (Angelica and 

Astragalus decoctions) has significant therapeutic benefits in mice with acute renal 

insufficiency, opening new avenues for the clinical application of DGBX in treating 

this condition. 

5. Conclusion 

In conclusion, the current study revealed that DGBX significantly protected renal 

function in an ARI mouse model in a dose-dependent manner. Certain active 

ingredients in DGBX, including 3,9-di-O-methylnissolin, (6aR,11aR)-9,10-

dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol, (3R)-3-(2-hydroxy-

3,4-dimethoxyphen-yl) chroman-7-ol, jaranol, kaempferol, and 7-O-

methylisomucronulatol, influenced ARI pathological process via multiple targets, 

including EGFR, AKT1, PIK3CA, SRC, MAPK1, and ESR1, and further affected 

multiple signaling pathways vital for cellular metabolism and apoptosis. Further, in 

vivo and in vitro are required to confirm this hypothesis. 
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