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[ABSTRACT] Danggui Buxue Tang (DBT) is a famous Chinese medicinal decoction. Mechanism of DBT action is wide ranging and 
unclear. Exploring new ways of treatment with DBT is useful. Sprague–Dawley(SD) rats were randomly divided into 3 groups includ-

ing control (NC, Saline), the DBT (at a dose of 8.10 gkg–1), and blood deficiency (BD) (Cyclophosphamide (APH)- and Cyclophos-

phamide(CTX)-induced anaemia). A metabolomics approach using Liquid Chromatography-Quadrupole-Time-of-Flight/Mass Spec-
trometry (LC/Q-TOFMS) was developed to perform the plasma metabolic profiling analysis and differential metabolites were screened 
according to the multivariate statistical analysis comparing the NC and BD groups, and the hub metabolites were outliers with high 
scores of the centrality indices. Anaemia disease-related protein target and compound of DBT databases were constructed. The TCMSP, 
ChemMapper and STITCH databases were used to predict the protein targets of DBT. Using the Cytoscape 3.2.1 to establish a phyto-
chemical component–target protein interaction network and establish a component, protein and hub metabolite protein–protein interac-
tion (PPI) network and merging the three PPI networks basing on BisoGenet. The gene enrichment analysis was used to analyse the 
relationship between proteins based on the relevant genetic similarity by ClueGO. The results shown DBT effectively treated anaemia 
in vivo. 11 metabolic pathways are involved in the therapeutic effect of DBT in vivo; S-adenosyl-L-methionine, glycine, L-cysteine, 
arachidonic acid (AA) and phosphatidylcholine(PC) were screened as hub metabolites in APH- and CTX-induced anaemia. A total of 
288 targets were identified as major candidates for anaemia progression. The gene-set enrichment analysis revealed that the targets are 
involved in iron ion binding, haemopoiesis, reactive oxygen species production, inflammation and apoptosis. The results also showed 
that these targets were associated with iron ion binding, haemopoiesis, ROS production, apoptosis, inflammation and related signalling 
pathways. DBT can promote iron ion binding and haemopoiesis activities, restrain inflammation, production of reactive oxygen, block 
apoptosis, and contribute significantly to the DBT treat anaemia. 
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Introduction 

Danggui Buxue Tang (DBT) is a famous Chinese me-
dicinal decoction which is composed of Astragalus membra-
naceus (Fisch.) Bunge(Huangqi, AR) and Angelicae Sinensis 
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Radix (Danggui, AS) at the ratio of 5 : 1 (W/W) used for treating 
blood deficiency (BD) in traditional Chinese medicine (TCM) 
and was first recorded in by Li Dongyuan in China [1]. Accord-
ing to the references, the DBT can treat BD and some type of 
anaemia [2]. BD is a state of systemic weakness caused by 
bleeding and weakness of organs. It leads to disturbance of 
substance and blood, dizziness, numbness of limbs, pallor, 
insomnia, palpitation, weak pulse and so on. BD is also a 
common syndrome in the clinical practice of TCM [3-4]. The 
syndrome is caused by spleen disorders, blood loss and blood 
diseases [5-6]. Moreover, the increasing pace of life contributes 
to these disorders. DBT had an obvious treat effect on im-
mune-mediated aplasia anaemia models mice [1] and Blood 
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loss anaemia [7]. DBT also can stimulates the transcript ex-
pression of oestrogen-responsive genes [8]. DBT exerts good 
therapeutic effects on hepatic fibrosis [9]. Pharmacological 
results showed that DBT promotes the proliferation and dif-
ferentiation of bone cells [10]. Hence, the therapeutic effect of 
DBT is achieved through their active ingredient complex with 
multiple targets and paths in the human body. However, these 
active components cannot be accurately detected using rou-
tine methods [11-12]. In spite of a lot of study to look for the 
therapeutic mechanism of DBT, combination of multiple 
components of DBT work together to produce its clinical 
effect is unclear. Conventional pharmacological approaches 
cannot understand the systems-level mechanism of DBT. 
Therefore, new methods which can used to study the sys-
tems-level mechanism are needed.  

Network pharmacology is a new subject that selects specific 
signal nodes for multitarget drug molecule design through 
multitarget network analysis of biological systems [13]. Recently, 
network pharmacology can proclaim the mechanisms of TCM 
medicines at the systems level [14]. The action mechanisms of 
some herbal formulas [15-16] were clarified based on the Net-
work pharmacology. For examples, the active ingredients and 
potential targets of Yangxinshi tablet were predicted based on 
network pharmacology strategy for treating heart failure [17], 
the molecular mechanisms of Ban-Xia-Xie-Xin-Tang were 
uncovered by network Pharmacology Approach [15], Tongmai 
Yangxin pills anti-oxidative stress alleviates cisplatin-induced 
T cardiotoxicity network pharmacology analysis and experi-
mental evidence [18], and so on. Moreover, the network phar-
macology integrated with molecular mechanism and me-
tabolomics strategy was used in TCM research, anti-inflam-

matory effects of Zhishi and Zhiqiao revealed [19], the material 
basis and the mechanism for anti-renal interstitial fibrosis 
efficacy of Rhubarb [20], and so on. All the references proved 
the network pharmacology integrated with metabolomics 
strategy was effective method and can be used to study the 
effect and mechanism of TCM. 

Therefore, we adopted a comprehensive method to de-
termine the active compounds of DBT by using drug parame-
ters and identify many medicine targets through network 
analysis based on existing databases and metabolomics. This 
method has been used to elucidate the mechanisms and syn-
ergies of multicomponent and multi-objective drugs, includ-
ing other TCM formulations [21]. As our understanding im-
proves so do we recognised more clearly the need for the 
systems (poly)pharmacology [22].  

Materials and Methods 

Our scheme consisted of six main steps: (1) Pharmacolo-
gical test; (2) Metabolomics screening and pathway enrich-
ment analysis of biomarkers and constructing an extended 
metabolic pathway protein that interacts with the network; 
(3) Screening of target proteins for DBT and establishing a 
phytochemical component–target protein interaction network; 
(4) Identification of active ingredients that are absorbed 
into the blood and constructing interaction networks of 
absorbed components and target protein; (5) Establishing a 
component, protein and metabolite protein–protein inter-
action (PPI) network and merging the three PPI networks; 
(6) Explaining the hub targets and elucidating the mecha-
nisms of the therapeutic effects of DBT on anaemia. The 
entire frame is shown in Fig. 1. 

 

Fig. 1  Process overview. 1. Pharmacological test; 2. Metabolomics study of plasma; 3. Anemia-related targets network; 4. Com-
pound-putative targets network; 5. Merged the three networks; 6. Enrichment analysis of candidate targets 
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Materials 
AS and AR were purchased from Tianyuan Medicinal 

materials company (Lanzhou, China). AR come from the root 
of Astragalus membranaceus (Fisch.) Bge. (voucher no: 
AR-20170616). AS come from the root of Angelica sinensis 
(Oliv.) Diels (Umbelliferae) and processing with wine (voucher 
no: AS-20170616). AS and AR had been identified by Prof. 
WEI Yan-Ming (Gansu Agricultural University, Lanzhou, 
China), were deposited at herbarium center of Gansu Agri-
culture University. HPLC grade acetonitrile and methanol and 
were purchased Fisher Scientific (Waltham, MA, USA).  
Preparation of samples  

DBT was extracted from AR (500 g) and AS (100 g). The 
mixture (AR and AS) were boiled twice (90 min and 45 min, 
respectively), and two decoctions were merged, filtering, 
enrichment and freeze-dried. The last, the drug powder (250 g) 
was storage at 4 °C.  
Mainly components analysis in DBT 

To standardize DBT chemically, formononetin and caly-
cosin are main components in AR, ferulic acid is main com-
ponent in the AS, were selected as marker chemicals [23]. DBT 
drug powders were weighted, dissolved in ultrapure water 
level 1 mL of liquid to 1 g original medical material analysis 
measurement.1 mL of DBT was diluted into 100 mL methanol, 
and concentrating with 20 minutes, 10 minutes in 12 000 

rmin–1 and filtering 0.45 μm membranes. Agilent 1260 sepa-

rate module system with Agilent Zorbax XDB-C18 column (5 
μm, 25 mm × 4.6 mm) was by used to analyze the for-
mononetin, calycosin and ferulic acid.  
Metabolomic profiling 
Herb administration and animals 

Sprague–Dawley (SD) rats (200–220 g) were purchased 
from the Experimental Animal Center of Gansu Province 
(Gansu, China). After one week, the rats (sex in half), ac-
cording to the principle of randomized, were separated into 
control (NC, 8 rats), model (BD, 8 rats) and DBT (8 rats) 
group. The rats in the BD and DBT groups were hypodermi-
cally injected with 2% acetylphenylhydrazine (APH) saline 

solution on days 1 and 4 at dose of 20 and 10 mgkg–1, re-
spectively. Two hours after the hypodermic injection with 2% 
APH saline solution on day 4, the rats were intraperitoneally 
injected with cyclophosphamide (CTX) saline solution on 

days 4, 5, 6 and 7 at a dose of 20 mgkg–1 [4, 24] to reproduce 

the BD model. The rats in the DBT group were administered 

with DBT extracts intragastrically at a dose of 8.10 gkg–1 (8.10 g 
crude herbs per 1 kg rat body weight) dissolved and dispersed 
homogeneously in ultrapure water. The animal dose of DBT 
extracts was extrapolated from the human daily dose by using 
the body surface area normalisation method. The formula for 
the dose translation was as follows: human dose of crude 
herbs in clinic × 0.018/200 × 1000 × the multiple of clinical 
equivalency dose. The dose of the DBT extracts was equiva-
lent to that of crude herbs based on the TCM prescription. The 
NC and BD groups were given the same volume of saline 
solution. Animals in DBT group were administration by ga-
vage once one day for 10 consecutive days.  

The protocol was authorized by the Animal Experimental 
Ethical Committee of Gansu Agricultural University. Every 
effort was made to alleviate animal suffering. 
Sample collection 

Blood samples (0.7 mL) from the rats were gathered us-
ing the posterior orbital venous plexus approach. 
Index analysis and peripheral haemogram assay 

The blood was sampled from the posterior orbital venous 
plexus for the routine blood assay, including red blood cells 
(RBC), white blood cells (WBC), platelets (PLT), haematocrit 
and haemoglobin (HGB), by using the Sysmex F-820 semi- 
automatic blood analyser (East Asia Company, Japan). 
Metabolomic profiling 

Plasma samples were diluted with acetonitrile (V/V, 50 : 
200 μL) for protein removal. Each sample contained N-for-
mylanthranilic acid and lysoPC (19 : 0) as internal standards 

at an ultimate concentration of 30 and 1.875 ngμL–1, respec-
tively. Unbiased metabolic profiling was performed using 
Liquid Chromatography coupled to quadrupole–time-of-flight 
mass spectrometry (LC/Q-TOFMS) on an Agilent 1290 Infin-
ity LC system Zorbax SB-C18 column (2.1 mm × 100 mm, 
1.8 μm) and Agilent 6530 LC/Q-TOFMS (Agilent Technologies, 
Inc., Santa Clara, CA) operated in positive electrospray ioni-
sation and negative electrospray ionisation modes. The table 1 
was shown the mobile phase which consisted of 0.1% aque-
ous formic acid (V/V) (A) and acetonitrile that contained 0.1% 
formic acid (V/V) (B). Leucine enkephalin was used as the 
reference mass. A quality control (QC) sample was used to 
ensure system stability and repeatability. Positive and Nega-
tive ion mode for testing the mass spectrum of conditions 
were shown in Table 2. 

Table 1  The gradient of mobile phase 

t/min Flow (mLmin–1) Injection volume of the samples (μL) Pressure limit (bar) Solv ratio A (%) 

0 0.35 4 800 3 

1 0.35 4 800 3 

8 0.35 4 800 70 

10 0.35 4 800 70 

17 0.35 4 800 90 

18 0.35 4 800 100 

21 0.35 4 800 100 

26 0.35 4 800 3 
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Table 2  The parameter and for testing the mass spectrum of conditions 

Item Positive ion mode Negative ion mode 

capillary voltage 4 kV 3.5 kV 

Sampling cone 35 kV 50 kV 

Source temperature 100 °C 100 °C 

Desolvation temperature 350 °C 300 °C 

Cone gas flow 50 Lh–1 50 Lh–1 

Desolvation gas flow 600 Lh–1 700 Lh–1 

Extraction cone 4 V 4 V 

Scan time 0.03 s 0.03 s 

Interscan time 0.02 s 0.02 s 

range of data collection 50–1000 m/z 50–1000 m/z 

 
Metabolomic data preprocessing 

The based LC/Q/TOF-MS metabolomic profiling data 
were imported into a MassHunter Qualitative Analysis work-
station to execute the metabolic feature extraction by adopting 
a molecular feature extraction algorithm (Agilent Technolo-
gies, Inc., Santa Clara, CA). The resultant metabolic features 

were submitted to GeneSpring MS 1.2 (Agilent Technologies, 
Inc., Santa Clara, CA) for chromatographic and mass spectro-
metric alignment and sequentially handled using the XCMS 
software running under R environment version 2.3.1 for 
metabolic feature detection and chromatographic matching [25] 
(Fig. 2). 

 

Fig. 2  The total ion current (TIC) profiles by using LC-Q/TOF-MS. (A) Original TIC. (B) Corrected TIC by using the XCMS software 
 

Dataset trimming and normalisation 
For the LC/Q-TOFMS-based metabolomic data, the noise of 

the metabolic dataset signals was first filtered with 10 000 as the 
threshold. The data was further filtered using the ‘80% rule’. 
The metabolic feature measurements were normalized to internal 
standards. Prior to multivariate analysis, the LC/Q-TOFMS- 
based data were first mean-centred and then scaled to the square 
root of standard deviation. A total of 2268 metabolite signals 
(1263 from the positive ion mode and 1005 from the negative ion 
mode) from all plasma were detected after the metabolic peak 
detection and alignment. After data reduction, standardization 
and trimming by using the ‘80% rule’ to reduce the missing value 
input, 510 metabolite signals from LC/Q-TOFMS remained in the 
ultimate metabolite dataset for further analysis. 
Biomarker screening and chemical elucidation of significant 
characteristics 

The differential metabolites or metabolic features of the 
BD, NC and DBT groups were screened using the S-plot of 

the principal component analysis (PCA) and orthogonal pro-
jection to latent structures–discriminant analysis (OPLS-DA) 
models. The adjusted P-value of the inter-group nonparamet-
ric test (Mann–Whitney U test) for the potential differential 
metabolites was less than 0.05. For the metabolite structure 
elucidation in LC/Q-TOFMS analysis, a previously reported 
identification strategy was employed and mainly included 
searching online databases with exact m/z values (HMDB: 
http: //www.hmdb.ca/; METLIN: http: //metlin.scripps.edu/; 
KEGG: http: //www.kegg.com/; and LIPID MAPS: http: // 
www.lipidmaps.org/), comparing the acquired MS/MS spectra 
with standard records (HMDB; METLIN; and MassBank: 
http: //www.massbank.jp/ ) and MS/MS spectra interpretation 
and validation with available standard compounds.  
Pathway enrichment analysis of biomarkers and enrichment 
network construction 

MetaboAnalyst 2.0, a comprehensive tool suite for me-
tabolomic data analysis, was used to enrich the pathway of 
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biomarkers. The metabolites derived from the enrichment 
pathways were extended to their nearest neighbours. The hub 
metabolites were outliers with high scores of the centrality 
indices using Cytoscape 3.2.1. According to the references [26], 
We uses two well-established node centrality measures to 
estimate node importance – degree and betweenness centrality. 
To select hub metabolites in the current network, these dif-
ferential metabolites were validated using an independent 
sample degree (> 10) and BetweennessCentrality (> 0.1). The 
new hub metabolite–pathway protein interaction (PPI) net-
work was constructed using BisoGenet [27]. 
Chemical composition of DBT 

The composition of the two herbaceous plant species of 

DBT was obtained from the TCM Systems Pharmacology 
Database (http: //tcmspnw.com/, version: 2.0, TCMSP) and 
chemistry database of the Chinese Academy of Sciences (http: // 
www.organchem.csdb.cn/, last updated: October 18, 2017) [28]. 
A total of 55 kinds of chemical substances were found (Table 
4), including 39 kinds from AS and 16 from AR [29]. We 
manually searched reports of these candidate compounds for 
further analysis. By using the calculation results of Wang and 
others [30], we estimated the oral bioavailability (OB) of the 
oral dose in the bloodstream [31] and the drug likeness (DL) 
between the clinical drug and the drug in the blood. Drug 
compounds with 30% OB and 0.18 DL were selected as can-
didate drug compounds. 

Table 3  Effect of the DBT decoction on the peripheral haemogram of anaemia rats 

Group RBC/×1012/L WBC/×109/L HGB/gL–1 PLT/×109/L 

NC 8.51 ± 1.39 6.15 ± 1.65 122.7 ± 18.19 707.1 ± 36.17 

BD 4.17 ± 0.37▲ 4.64 ± 0.94▲ 110.0 ± 6.16▲ 523.4 ± 66.04▲ 

DBT 6.33 ± 0.28 4.92 ± 1.02�▲ 128.6 ± 3.36� 613.3 ± 160.37 

Note: ▲P < 0.05 vs NC group; �P < 0.05 vs BD group 

Table 4  Bioactive compounds with their predicted OB and DL values 

ID Compound name OB DL Herbs 

DG01 α-Spinasterol 42.98 0.76 Radix Angelicae Sinensis 

DG02 Marmesinin 82.28 0.18 Radix Angelicae Sinensis 

DG03 Z-Ligustilide 48.44 0.07 Radix Angelicae Sinensis 

DG04 Archangelicin 37.1 0.65 Radix Angelicae Sinensis 

DG05 Flazine 109.3 0.39 Radix Angelicae Sinensis 

DG06 Columbianedin 87.14 0.36 Radix Angelicae Sinensis 

DG07 Angelol B 67.86 0.35 Radix Angelicae Sinensis 

DG08 Oxypeucedanin hydrate 36.01 0.29 Radix Angelicae Sinensis 

DG9 Columbianetin acetate 52.06 0.26 Radix Angelicae Sinensis 

DG10 2″-O-(2‴-Methylbutyryl)-isoswertisin_qt 33.78 0.24 Radix Angelicae Sinensis 

DG11 Isoimperaterin 39.38 0.24 Radix Angelicae Sinensis 

DG12 Imperatorin 31.01 0.23 Radix Angelicae Sinensis 

DG13 Berfeldine 42.11 0.18 Radix Angelicae Sinensis 

DG14 Nodakenin_qt 79.04 0.18 Radix Angelicae Sinensis 

HQ1 Mairin 55.38 0.78 Radix Astragali seu Hedysari 

HQ2 Jaranol 50.83 0.29 Radix Astragali seu Hedysari 

HQ3 Hederagenin 36.91 0.75 Radix Astragali seu Hedysari 

HQ4 
(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 Radix Astragali seu Hedysari 

HQ5 Isorhamnetin 49.6 0.31 Radix Astragali seu Hedysari 

HQ6 3, 9-Di-O-methylnissolin 53.74 0.48 Radix Astragali seu Hedysari 

HQ7 5′-Hydroxyiso-muronulatol-2′, 5′-di-O-glucoside 41.72 0.69 Radix Astragali seu Hedysari 

HQ8 7-O-Methylisomucronulatol 74.69 0.3 Radix Astragali seu Hedysari 

HQ9 9, 10-Dimethoxypterocarpan-3-O-β-D-glucoside 36.74 0.92 Radix Astragali seu Hedysari 

HQ10 
(6aR, 11aR)-9, 10-Dimethoxy-6a, 11a-dihydro-6H-benzofurano[3, 
2-c]chromen-3-ol 

64.26 0.42 Radix Astragali seu Hedysari 
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Continued 

ID Compound name OB DL Herbs 

HQ11 Bifendate 31.1 0.67 Radix Astragali seu Hedysari 

HQ12 Formononetin 69.67 0.21 Radix Astragali seu Hedysari 

HQ13 Isoflavanone 109.99 0.3 Radix Astragali seu Hedysari 

HQ14 Calycosin 47.75 0.24 Radix Astragali seu Hedysari 

HQ15 Kaempferol 41.88 0.24 Radix Astragali seu Hedysari 

HQ16 FA 68.96 0.71 Radix Astragali seu Hedysari 

HQ17 (3R)-3-(2-Hydroxy-3, 4-dimethoxyphenyl)chroman-7-ol 67.67 0.26 Radix Astragali seu Hedysari 

HQ18 Isomucronulatol-7, 2'-di-O-glucosiole 49.28 0.62 Radix Astragali seu Hedysari 

HQ19 1, 7-Dihydroxy-3, 9-dimethoxy pterocarpene 39.05 0.48 Radix Astragali seu Hedysari 

HQ20 Quercetin 46.43 0.28 Radix Astragali seu Hedysari 

HQ21 Mairin 55.38 0.78 Radix Astragali seu Hedysari 

HQ22 Jaranol 50.83 0.29 Radix Astragali seu Hedysari 

HQ23 Hederagenin 36.91 0.75 Radix Astragali seu Hedysari 

HQ24 
(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 Radix Astragali seu Hedysari 

HQ25 Isorhamnetin 49.6 0.31 Radix Astragali seu Hedysari 

HQ26 3, 9-Di-O-methylnissolin 53.74 0.48 Radix Astragali seu Hedysari 

HQ27 5′-Hydroxyiso-muronulatol-2′, 5′-di-O-glucoside 41.72 0.69 Radix Astragali seu Hedysari 

HQ28 7-O-Methylisomucronulatol 74.69 0.3 Radix Astragali seu Hedysari 

HQ29 9, 10-Dimethoxypterocarpan-3-O-β-D-glucoside 36.74 0.92 Radix Astragali seu Hedysari 

HQ30 
(6aR, 11aR)-9, 10-Dimethoxy-6a, 11a-dihydro-6H-benzofurano[3, 
2-c]chromen-3-ol 

64.26 0.42 Radix Astragali seu Hedysari 

HQ31 Bifendate 31.1 0.67 Radix Astragali seu Hedysari 

HQ32 Formononetin 69.67 0.21 Radix Astragali seu Hedysari 

HQ33 Isoflavanone 109.99 0.3 Radix Astragali seu Hedysari 

HQ34 Calycosin 47.75 0.24 Radix Astragali seu Hedysari 

HQ35 FA 68.96 0.71 Radix Astragali seu Hedysari 

HQ36 (3R)-3-(2-Hydroxy-3, 4-dimethoxyphenyl) chroman-7-ol 67.67 0.26 Radix Astragali seu Hedysari 

HQ37 Isomucronulatol-7, 2'-di-O-glucosiole 49.28 0.62 Radix Astragali seu Hedysari 

HQ38 1, 7-Dihydroxy-3, 9-dimethoxy pterocarpene 39.05 0.48 Radix Astragali seu Hedysari 

HQ39 Quercetin 46.43 0.28 Radix Astragali seu Hedysari 

 

Target selecting of candidate compounds in DBT and network 
construction 

The protein targets of the bioactive compounds were pre-
dicted by using the TCMSP, ChemMapper, STITCH data-
bases. Then, the compound−target (C-T) networks and their 
fundamental topological properties were constructed using 
Cytoscape 3.2.1. 
Identifying anaemia-related targets 

The anaemia-related targets were identified using three 
kinds of existing resources. In (1) DrugBank, we searched 
FDA-approved drugs to treat anaemia, studied the interaction 
between human gene and protease targets and acquired 14 
anaemia-related targets [32]. In the (2) Online Mendelian In-
heritance in Man database (http: //www.omim. org/), we used 
the keyword ‘anaemia’ and found 19 known anaemia-related 
targets [33]. In the (3) Genetic Association Database (http: 

//geneticassociationdb. nih.gov/), we used the keyword 
‘anaemia’ and found 51 known anaemia-related targets [34]. 
The details of these known therapeutic targets are described in 
Supplemental Table S5. Redundancies were discarded, and a 
total of 84 kinds of known anaemia-related targets were col-
lected. PPI data was obtained using the Cytoscape plug-in 
BisoGenet. Six existing PPI databases were analysed. These 
databases included IntAct, a human protein reference data-
base, a molecular interaction database, an interactive protein 
database, an interactive data collection of biological com-
pound database and a biomolecular interaction network li-
brary database [27].  
Network structure of anaemia-related targets, the predicted 
DBT drug targets   

The hub metabolite–pathway protein interaction (PPI) 
network, known anaemia-related target PPI network and pre-
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dicted DBT drug targets protein interaction (PPI) network 
were constructed and merged the three PPI networks accord-
ing to the obtained cell surface data from BisoGenet [35]. The 
topological properties of each node in the interaction network 
were evaluated by calculating the six indexes, namely, ‘be-
tweenness centrality (BC)’, ‘degree centrality (DC)’, ‘close-
ness centrality (CC)’, ‘network centrality (NC)’, ‘eigenvector 
centrality (EC)’ and ‘local average connectivity (LAC)’. 
These were the definitions and formulas of the defined pa-
rameters; they represented the topology of nodes in the net-
work [36]. A high value indicated the importance of the node in 
the network.  
Genetic ontology and path strengthening analysis 

We used ClueGO for the enrichment of analysis of 288 
candidate targets. ClueGO is a cell surface plug-in that can be 
used for group network visualisation of a large number of 

genes to avoid redundancy in biological terms [37]. The final 
candidates were divided into four categories: molecular func-
tion, biological process, cell component and immune system 
process. The ClueGO network was created using kappa statis-
tics, which reflected the relationship between terms based on 
the relevant genetic similarity. 

RESULTS 

Quality evaluation of DBT 
Fig. 3A and Fig. 3B showed HPLC chromatogram of ref-

erence compounds including calycosin, formononetin and 
ferulic acid and the HPLC chromatogram of DBT, and the 
peaks of calycosin, formononetin and ferulic acid were pointed 
out. After calculation, the content of calycosin, formononetin 

and ferulic acid in DBT was 0.67, 0.83 and 1.19 mgg–1 re-
spectively.  

 

Fig. 3  HPLC chromatogram of ferulic acid, calycosin and formononetin in DBT. A. HPLC chromatogram of ferulic acid in DBT. 
B. HPLC chromatogram of calycosin and formononetin. The analytes of ferulic acid were separated by isocratic elution with the 

mobile phase of fermononetin and 0.085% phosphoric acid (17 : 83) at a flow rate of 0.8 mLmin–1; UV detection: 316 nm. The 
method of calycosin and fermononetin: water (A) and acetonitrile (B) using a gradient program of 5% (B) in 0–10 min, 5%–10% (B) 

in 10–20 min, 10%–23.5% (B) in 20–40 min; 23.5%–34.5% (B) in 50–60 min; 34.5%–55% (B) in 60–70min; flow rate: 1 mLmin–1; 
UV detection: 260nm. (1) calycosin; (2) fermononetin 
 

Pharmacological test 
Behaviour of BD rats 

Rats with BD appeared exhausted. They exhibited slug-
gish movements and sallow complexion. Their bodies curled 
into a ball with raised hairs. They were asthmatic and somno-
lent. Their tail, face, ears and eyes were pale and cool. All of 
these signs matched those of BD. DBT can obviously im-
prove these symptoms. 
Influence of DBT on routine blood assay results of BD rats 

Table 3 shown the results of Blood routine in the BD, NC 
and DBT group. The RBC, PLT and HGB were decreased 
significantly (P < 0.05) in the BD groups compare with the 
NC group. This decrease suggested that the model was suc-
cessfully set up. The RBC, HGB and PLT in the DBT group 
were increase compared with those in BD. This result sug-
gested that DBT improved the BD state.  

Metabolomic study of plasma 
Differential metabolite analysis in the NC, BD and DBT groups 

The metabolite profiles of the plasma samples were per-
formed to determine the relative levels of the metabolites in 
of the NC, BD and DBT groups based on LC-Q/TOF-MS 
analyses (Fig. 4). We selected 177 metabolites (88 from the 
positive model and 89 from the negative model) which had 
shown difference levels between the NC and BD sample groups 
(Wilcoxon rank–sum test: P < 0.05; Table S7 for the positive 
mode; Table S8 for the negative mode). PCA and OPLS-DA 
showed clear differences in the plasma metabolome among 
the NC, BD and DBT groups. These data points were clus-
tered into three distinct groups in the plot map, evidently 
separating the NC, BD and DBT samples (Figs. 5 and 6). In 
general, several metabolites displayed considerable differ-
ences in the NC, BD and DBT plasma.  
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Fig. 4  Total ion chromatograms (TICs) of rat plasma samples in the positive and negative ion modes. Comparison of A (NC), 
B (BD), C (DBT) and D (QC) in the positive ion mode and E (NC), F (BD), G (DBT) and H (QC) in the negative ion mode  

 

Fig. 5  PCA and OPLS-DA score plots by using LC-Q/TOF-MS in the negative ion modes. (A) PCA score plot. (B) Loading ma-
trix graph; each point represents one variable. (C) OPLS-DA score plot. (D) Feature importance 
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Fig. 6  PCA and OPLS-DA score plots by using LC-Q/TOF-MS in the positive ion modes. (A) PCA score plot. (B) Loading matrix 
graph; each point represents one variable base on the PCA. (C) OPLS-DA score plot. (D) Metabolite VIP score base on OPLS-DA. 
(E) Model parameters of OPLS-DA 

 
Metabolic pathway analysis  

The identified biomarkers involved in 11 pathways that 
were disturbed in the DBT group based on metabolic pathway 
analysis with MetPA (www.metaboanalyst.ca). The impact 
values of (a) taurine and hypotaurine metabolism; (b) al-
pha-linolenic acid metabolism; (c) linoleic acid metabolism; 
(d) glutathione metabolism; (e) arachidonic acid (AA) me-
tabolism; (f) thiamine metabolism; (g) phenylalanine, tyrosine 
and tryptophan biosyntheses; (h) glycine, serine and 
threonine metabolism; (i) valine, leucine and isoleucine 
biosyntheses; (j) cysteine and methionine metabolism; and 
(k) arginine and proline metabolism were 0.43, 1, 1, 0.38, 
0.42, 0.40, 0.5, 0.32, 0.29, 0.33 and 0.25, respectively, and 
were the key metabolites in each pathway (Fig. 7). The 
pathways with an impact value of more than 0.2 calculated 
from the pathway topology analysis was filtered out as the 
potential target pathways.  
Selecting the hub metabolites of the correlation network in 
DBT on BD 

On the basis of the metabolic pathway analysis, we se-
lected the key metabolites that exhibited impact on 11 path-
ways (in red in Fig.7) The key metabolites including the list 

of KEGG IDs, fold change and P-values adjusted for multiple 
comparisons were loaded into MetScape. A metabolite– 
reaction–enzyme–gene graph was established to obtain an 
overview of all DBT metabolites on BD (Fig. 7). S-Adenosyl- 
L-methionine, glycine, L-cysteine, AA and phosphatidylcho-
line (PC) were selected as the hub metabolites of the correla-
tion network in DBT on BD according to the degree (Fig. 7). 
Finally, we selected the genes that showed direct relationship 
with the hub metabolites. 
Potential pharmacological mechanisms of DBT 
Screening candidate compounds for DBT 

The active compounds were selected and identified 
according the value of DL and OB in DBT known com-
pounds [28]. 53 potential compounds have appropriate values 
for DL and OB from the AR and AS constituents of DBT 
(Table 4). The two different herbs, AR and AS contributed 39 
and 14 candidate compounds, respectively. 
Generating a compound–putative target network for DBT 

In general, therapeutic effects of TCM on diseases rely on 
the synergistic effects between multiple compounds and their 
targets [38]. Therefore, the therapeutic targets of the predicted 
active compounds of DBT were explored from existing  
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Fig. 7  Construction of the altered metabolism pathways in BD adjust the DBT using MetPA analysis. The map was generated 
using the reference map from KEGG; CO represents the entry number of the compounds: (a) taurine and hypotaurine metabo-
lism; (b) alpha-linolenic acid metabolism; (c) linoleic acid metabolism; (d) glutathione metabolism; (e) arachidonic acid metabo-
lism; (f) thiamine metabolism; (g) phenylalanine, tyrosine and tryptophan biosyntheses; (h) glycine, serine and threonine metabo-
lism; (i) valine, leucine and isoleucine biosyntheses; (k) cysteine and methionine metabolism; and (l) arginine and proline metabo-
lism. Red rectangles are entry selected different metabolites and KEGG IDs in the rectangles  

 

Fig. 8  (A) MetScape analysis of metabolite data; the hub metabolites with experimental data are shown in red. (B) Genes di-
rectly related to hub metabolite expression; hub metabolites with experimental data are shown in red and directly related genes 
are shown in lavender. Focal adhesion was identified as the most significant concept from the gene expression data by using LR 
path analysis 
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databases. The available pharmacological information— 
genomic and chemical—were used to predict the putative 
targets of the candidate compounds [12, 39]. A total of 167 puta-
tive targets were acquired for 44 of the 53 candidate com-
pounds, the nine have not any related targets. Moreover, some 
different chemical compositions of DBT shared common or 
similar targets with therapeutic effects. To uncover the overall 
multi-target and multicomponent effects of the DBT-related 
herbs and to evaluate their mechanisms, a compounds-target 
network analysis was executed. We removed the nine com-
pounds with no target proteins and a graph of compounds- 
target interactions was established (Fig. 9). The AR and AS of 
DBT possessed 167 putative targets that were the possible 
therapeutic targets (Fig. 9). A compound-target network was 
established for the 44 candidate compounds with their corre-
sponding targets (detailed information about the compound− 
target network is provided in Table S10 of Supporting Infor-
mation). Most of the active compounds were acted on more 
than one target. HQ18 obtained the highest number of targets 
(degree = 87), followed by HQ32 (degree = 67), HQ13 (de-
gree = 60) and HQ7 (degree = 45). This result demonstrated 
these components have crucial roles. The average number of 
target proteins for AR and AS was 23. hence, the two herbs 
possessed multi-target properties. The average number of 
chemicals for every candidate target was 28, this result re-
vealed the multicomponent features of the DBT. In these tar-
gets, PTGS2 obtained the largest degree (degree = 33), fol-
lowed by PTGS1 (degree = 23), NCOA2 (degree = 21) 

 

Fig.9  C−T network was constructed by linking the candi-
date compounds with their potential targets (yellow). DG, 
Radix Angelicae Sinensis(red); HQ, Radix Astragaliseu He-
dysari(blue). 

and HSP90 (degree = 21). This finding demonstrated their 
potential therapeutic effects for treating anaemia. 
Identification of the candidate targets for DBT against anaemia 

The systems biology study showed that anaemia proteins 
and genes are interlinked and exhibit PPI networks. To under-
stand the role of various proteins in the anaemia [39], we es-
tablished a target network of compound–putative in DBT 
(5959 nodes and 191 590 edges, Fig. 10A), an anae-
mia-related known target network (2294 nodes and 47 823 
edges, Fig. 10B) and the target network of genes related the 
hub metabolites (3176 nodes and 66 462 edges, Fig. 10C). To 
reveal the pharmacological anti-anaemia mechanism of DBT, 
we included 7485 nodes and three networks with 162 095 
edges. The reports showed that the degree of node is more 
than twice the median of all nodes and is an important target 
[36]. Therefore, we built an important target network of DBT 
with 1289 nodes and 56 145 edges (Fig. 10D). We chose six 
topological characteristics, namely, DC, BC, CC, EC, NC and 
LAC, to determine the candidate targets by using a plug-in 
called CytoNCA. The DC, LAC, CC, NC, EC and BC values 
were 89, 3, 100.812, 0.504, 0.0178, 18.09 and 15.13, respec-
tively. A total of 288 candidate targets with the DC > 89, BC 
> 3, 100.812, CC > 0.504, EC > 0.0178, NC and LAC > 18.09 
were selected for identification. The PPI networks and de-
tailed topological features are represented in Fig. 10A–10F.  
Enrichment analysis of the candidate targets for DBT against 
anaemia  

ClueGO was used to determine the possible roles of the 
288 candidate targets, discover the functional groups and 
identify the relationship and the basic scientific annotation of 
the biological networks [37]. According to the molecular func-
tion, biological processes, cell components and immune sys-
tem processes, 288 candidate targets were classified into dif-
ferent categories (Fig. 11). The molecular function processes 
included iron ion binding, transferase activity, transferring a 
box, amino acid binding, oxidoreductase activity, acting on 
the matching donor (e.g. incorporation or reduction of mo-
lecular oxygen, reduced flavin or flavoprotein as one donor 
and incorporation of one oxygen atom), glutathione trans-
ferase activity and phospholipase A2 activity (Fig. 11A). The 
immune system processes were myeloid leukocyte mediated 
immunity, activation of the immune response, T cell activa-
tion and haemopoiesis (Fig. 11B). The biological processes 
were related to the organonitrogen compound metabolic 
process, small-molecule metabolic process, cellular lipid 
metabolic process, cellular amino acid metabolic process, 
P450 epoxygenase pathway, carboxylic acid catabolic process 
and so on (Fig. 11C). The cell component category included 
the peroxisomal part, mitochondrion, oxidoreductase complex, 
anchored component of membrane, endoplasmic reticulum 
membrane and MOZ/MPER histone acetyltransferase com-
plex (Fig. 11D). Thus, the DBT can contributed to the blood 
enrichment effects on the APH- and CTX-induced BD rats by 
promoting the haematopoietic activities (by iron ion binding 
and haemopoiesis), inhibiting the production of reactive oxy-
gen species (ROS) and inhibit the inflammation potentially. 
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Fig. 10  (A) Compound-putative interactive PPI target network with 5959 nodes and 191 590 edges. (B) Anaemia-related target 
network with 2, 294 nodes and 47, 823 edges. (C) Target network of genes related to the hub metabolites with 3176 nodes and 66, 
462 edges using the data. (D) The interaction PPI network of DBT putative targets and known BD-related targets with 4, 550 
nodes and 128 542 edges. (E) PPI network of significant proteins extracted from with 1289 nodes and 56 145 edges. (F) PPI net-
work of candidate DBT targets for BD treatment extracted from (E) with 288 nodes and 11 531 edges  

 

Fig. 11  ClueGO analysis of the predicted targets. Functionally grouped network of enriched categories was generated for the 
target genes. The GO terms represented the nodes, and the node size represented the term enrichment significance. Functionally 
related groups partially overlapped. The node pie charts represent the molecular function, immune system processes and reac-
tome analysis of the targets. Only the most significant term in the group was labelled. Representative (A) Molecular Function, 
(B) Biological Processes, (C) Cell Component and (D) Immune System processes interactions among the targets 

 

Discussion 

A total of 44 potential compounds from the herbal con-
stituents of DBT interacted with 167 putative targets, includ-
ing PTGS2, PTGS1, HSP90, NCOA2, PRSS1, CHRM1, 
RXRA, PPARG, NOS2, DPP4, GABRA1, CALM1, nitric 
oxide synthase (NOS3), AR, ACHE, SCN5A, ESR2, ADRA1B, 

ESR1, ADRB2, CDK2, CHEK1, CHRM3, PDE3B, PGR, 
GSK3B, PIM1, TOP2A. Their index degrees were greater 
than or equal to 10. These proteins were related to the five 
hub metabolites (S-adenosyl-L-methionine, glycine, L-cysteine, 
AA and PC), their molecular functions processes were related 
to iron ion binding, transferase activity, transferring one box, 
amino acid binding, oxidoreductase activity, acting on paired 
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donors (incorporation or reduction of molecular oxygen, re-
duced flavin or flavoprotein as one donor and incorporation of 
one atom of oxygen), glutathione transferase activity, phos-
pholipase A2 activity and so on. (Fig. 4A). The immune sys-
tem processes were myeloid leukocyte mediated immunity, 
activation of the immune response, T cell activation and hae-
mopoiesis (Fig. 10). 

In the process of therapeutic targets of the predicted ac-
tive compounds of DBT collection, combined keywords were 
used in TCMSP, ChemMapper, STITCH databases to cover a 
wider retrieval range avoiding missing targets. However, nine 
compounds have not any related targets can be found. In order 
to find out the underlying mechanism of DBT as far as possi-
ble, the targets list was manually checked one by one with 
references to avoid any missing. So, though nine compounds 
of DBT have not any related targets, the results were credibil-
ity and reliability and can used to analyze. 
DBT enriched the blood by promoting haematopoietic activities 

The function of iron ion binding is to interact selectively 
with iron ions. Iron is essential for most living organisms and 
plays an important role in the constituents of cytochromes, 
HGB, myoglobin and some enzymes [40-41]. In the current 
study, the inhibition assays revealed that cysteine proteases 
were involved in iron binding [42]. The active site of cysteine 
sulphide and 3-mercaptopropionic acid sulphate crystal show 
that the sulphide is through the combination of the distal sul-
phide. In the case of cysteine, the lead sulphide and amine 
combine [43]. In our study, the cysteine levels decreased in the 
BD rats. Cysteine was upregulated in BD by DBT. The sys-
tems pharmacology analysis (including the com-
pound–putative targets, anaemia-related targets and hub me-
tabolite gene-related networks) revealed that the iron ion 
binding was important in the enrichment of the blood phar-
macological mechanisms of DBT on BD rat models. Iron ion 
binding possibly promoted haematopoiesis by increasing the 
heme-binding protein levels. The haematopoiesis was en-
riched as confirmed using ClueGo. Therefore, DBT was sig-
nificantly involved in the haematopoietic effect. The haema-
topoietic activities possibly resulted from the stimulation of 
the iron ion transport, enhancement of bone marrow haema-
topoietic function and increase in cysteine level. However, 
some studies showed the interaction between metabolites 
changes and the gene expression profiles. Hence, whether the 
haematopoietic activities were caused by the increase of cys-
teine or of the heme-binding protein remains unclear. 
DBT inhibited ROS production 

Oxidoreductase activity binds the donor or the flavin or 
flavin protein as a donor to active oxygen by adding or re-
ducing the molecular oxygen. The REDOX enzyme activity is 
a reversible catalytic REDOX reaction. In this kind of chemi-
cal reaction, the oxidation state of molecules or atoms change. 
A substrate is oxidised as a hydrogen or electron donor, 
whereas another is reduced as a hydrogen or electron acceptor. 

In the present study, APH and CTX were used to estab-

lish the haemolytic and aplastic anaemia model [4, 24]. APH, a 
strong oxidant, exerts oxidative damage effects on RBCs 
resulting in haemolytic anaemia of the body [44] APH is a 
classic haemolytic drug and can produces hydrogen peroxide 
by a coupled oxidation with oxyhaemoglobin [45]. APH can 
deplete haematopoietic stem cells in the marrow and circulate 
peripheral blood cells resulting in anaemia (hematopoietic 
suppression) and immunodeficiency [4]. CTX is one of the 
most widely used chemotherapeutic agents [46] and can induce 
oxidative stress. Hence, ROS plays an important role in APH 
and CTX phases. However, excessive ROS generation can 
lead to changes in cell functions and eventually to cell death. 
PC, which was decreased in the BD group and upregulated in 
the plasma by DBT, is a phospholipid and is one of the key 
ingredients in the membrane. The formation of PC is respon-
sible for all the important features of the membrane. The for-
mation of oxidised phospholipid derivatives may lead to the 
increase of phospholipid polarity. Disorders in the phosphol-
ipid bilayer structure lead to the loss of structure and chemical 
properties of the membrane and even complete destruction of 
its integrity. 

The oxidative activity of ants is affected by glycine, ser-
ine and threonine metabolism [47]. In the current study, the 
increase of glycine in the DB rats may be observed in the 
development of DBT. In plasma, the interference of antioxi-
dant activity caused by DBT coincided with the metabolic 
biomarker (i.e. glycine). Our findings suggested a significant 
ROS reduction in the plasma of the treatment groups. Such 
decrease may be linked to glycine and the related enzyme, 
which have been shown to clear oxygen free radicals [48-49].  

S-Adenosyl-methionine can reduce hepatic iron accumu-
lation, oxidative stress and tissue injury in obstructed rats [50]. 
Metabolomics analysis showed that S-adenosyl-methionine 
was a hub metabolite for DBT in treating anaemia. The level 
of S-adenosyl-methionine increased in the DBT group com-
pared with the anaemia group. Therefore, DBT interacted 
with the GSTP target, increased the levels of glycine and 
S-adenosyl-methionine and influenced the oxidoreductase 
activity, thus inhibiting ROS production. 
DBT suppressed the inflammation in APH- and CTX-induced 
BD rats 

Phospholipase A2 (PLA2) can stop, prevent or reduce its 
own activity. PLA2 catalyses the hydrolysis of phospholipid 
sn-2 ester bonds and facilitates phospholipid turnover leading 
to the release of polyunsaturated fatty acids (PUFAs) and 

pro-inflammatory lipid mediators [51-52]. PLA2 activation is 

the pivotal step in the effector pathway of inflammation [53]. 
The group IVA cytokinase A2 (GIVA cPLA2) is the main 
enzyme that causes the inflammatory AA to be released, with 
high specificity. In a receptor-mediated programme, the re-
lease of 15-hydroxyeicosatetraenoic acid from GIVA cPLA2 
in primary and permanent biochemical macrophages is nec-
essary for a complete inflammatory commitment [53]. AA can 
activate the inflammatory channel directly, and the opposite is 
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the same. In the preclinical model, it has an inflammatory signal 
(i.e. cytokines, which directly affects lipid metabolism) [54]. In 
our study, high AA concentrations were detected in the 
plasma of APH- and CTX-induced BD rats and were restored 
to the normal state after DBT administration. Linoleic acid 
metabolism and glycerolipid metabolism, alpha-linolenic acid 
metabolism and AA metabolism were filtered out as potential 
target pathways (Fig. 8), and AA was also selected as a hub 
metabolite (Fig. 9). These results were consistent with previ-
ous research results that volatile oils from Angelica sinensis 
exhibited good anti-inflammatory effects [55]. As shown in Fig. 
8 and Table S3, multi-compounds interacted with two target 
proteins, including PTGS2 and PTGS1, which can be related 
to the AA release and inflammation. 

In our results, NOS2 and NOS3 also were selected to be 
targets. NOS2-derived nitrogen oxides play an important role 
in inflammatory regulation [56], NOS3 may determine respon-
siveness to fatty acids [57], and fatty acids (PUFAs) play a 
critical role in the regulation of inflammatory signalling.  
DBT involved in apoptosis regulation 

Hsp90 were selected in our analysis which were related 
with the regulation of apoptosis. A previous study also showed 
that the expression of protein Hsp90 in CTX and APH in-
duced anaemia model animals were increase and AS was a 
blockade of Hsp90 [58]. These results shown that DBT can 
prevent apoptosis during the anaemia process through upregu-
lation HSP90.  

In addition, PLA2 can sensitize a PLA2 receptor (PLA2R1) 

in the cell membrane. Despite the list of PLA2 targets to ex-

tends intracellular energy balance, glucose homeostasis, he-

patic lipogenesis and adipocyte development, the PLA2R1 

downstream effectors are few and scarcely investigated. 

Among the most addressed PLA2R1 effects are regulation of 

pro-inflammatory signalling, autoimmunity, apoptosis and 

senescence [59]. Apoptosis of rat sinusoidal endothelial cells 

which caused by deprivation of vascular endothelial cells can 

be prevented by glycine. Some results also revealed that the 

phospholipid metabolism enzyme PLA2 is an important 

regulator of apoptosis in several types of diseases. According 

this analysis, DBT can increase antiapoptosis. 

Conclusion 

A novel approach was utilised to evaluate the mechanism 

of DBT on APH- and CTX-induced anaemia based on a sys-

tems pharmacology analysis. S-adenosyl-L-methionine, gly-

cine, L-cysteine, AA and PC were screened as hub metabolites. 

A total of 288 major candidate targets that were central to 

anaemia progression were identified for DBT. The gene-set 

enrichment analysis manifested that targets which we were 

selected were associated with iron ion binding, haemopoiesis, 

ROS production, apoptosis, inflammation and related signal-

ling pathways.  

In addition, it is not enough to conduct network pharma-
cological study only by MetScape analysis, compound–putative 

interactive PPI target network, ClueGO analysis, the multiple 
scale [60] and dynamic behaviors of the disease or drug net-
work were also used in some researches [61-62]. In the future 
work, we will take into consideration the multiple scale and 
dynamic behaviors of the disease or drug network.  
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