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Background and Aim: Pancreatic cancer is one of the most malignant tumors worldwide. 
Zuojin pills (ZJP), a traditional Chinese medicine (TCM) formula, which can treat a variety 
of cancers. However, the active compounds present in ZJP and the potential mechanisms 
through which ZJP acts against pancreatic cancer have not been thoroughly investigated.
Methods: Data on pancreatic cancer-related genes, bioactive compounds, and potential 
targets of ZJP were downloaded from public databases. Bioinformatics analysis, including 
protein–protein interaction (PPI), Gene Ontology (GO), and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analyses, was conducted to identify important components, potential 
targets, and signaling pathways through which ZJP affects pancreatic cancer. The results of 
this analysis were verified by in vitro experiments.
Results: The network pharmacology analysis results showed that 41 compounds and 130 
putative target genes of ZJP were associated with anti-pancreatic cancer effects. ZJP may exert 
its inhibitory effects against pancreatic cancer by acting on key targets such as JUN, TP53, and 
MAPK1. Moreover, KEGG analysis indicated that the anti-pancreatic cancer effect of ZJP was 
mediated by multiple pathways, such as the PI3K-AKT, IL-17, TNF, HIF-1, and P53 signaling 
pathways. Among these, the PI3K-AKT signaling pathway, which included the highest number 
of enriched genes, may play a more important role in treating pancreatic cancer. The in vitro 
results showed that ZJP significantly inhibits the cell cycle and cell proliferation through the 
PI3K/AKT/caspase pathway and that it can induce apoptosis of pancreatic cancer cells, consis
tent with the results predicted by network pharmacological methods.
Conclusion: This study preliminarily investigated the pharmacological effects of ZJP, which 
appear to be mediated by multiple compounds, targets and pathways, and its potential therapeutic 
effect on pancreatic cancer. Importantly, our work provides a promising approach for the 
identification of compounds in TCM and the characterization of therapeutic mechanisms.
Keywords: pancreatic cancer, Zuojin pill, network pharmacology, traditional Chinese 
medicine, proliferation, apoptosis

Introduction
Pancreatic cancer is one of the deadliest tumors, and its incidence has increased in 
recent years.1–4 According to GLOBOCAN 2020 of the International Agency for 
Research on Cancer, 495,773 new cases of pancreatic cancer were reported in 2020 
was, accounting for 2.6% of the total cancer incidence. The number of new deaths 
was 466,003, accounting for 4.7% of the total cancer mortality.5 Even with surgery 
and standard chemotherapy, most patients eventually relapse, and the 5-year survi
val rate is only 2–9%.6,7 In the past decade, patient outcomes have improved 
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dramatically with advances in diagnostic techniques, peri
operative therapy, radiotherapy and treatment for advanced 
pancreatic cancer.8,9 Although the survival rates for pan
creatic cancer patients have improved, it remains one of 
the deadliest malignancies. To make matters worse, most 
patients are already in an advanced stage of the disease or 
have distant metastases by the time they are definitively 
diagnosed.10 Thus, it is of great significance to explore 
new therapeutic methods and therapeutic targets for 
improving the survival of pancreatic cancer patients.

TCM has been used clinically for more than 2000 years. It 
has become the most common complementary and alternative 
therapy strategy in China and neighboring countries and has 
gradually become accepted due to its remarkable efficacy, the 
wide variety of drug sources it offers, and its low toxicity.11 

Many TCM compounds have been used to treat tumors or as 
adjuvants in routine chemotherapy.12,13 In addition, TCM can 
improve therapeutic outcomes, reduce the incidence of adverse 
reactions, improve patients’ quality of life and prolong survival 
in combination with chemotherapy or radiotherapy.14–16 Due 
to the above advantages it offers, TCM is becoming increas
ingly popular in Western countries.17,18

Zuojin pill (ZJP) is a TCM compound that has been 
recorded in the Chinese Pharmacopoeia Guidelines for the 
Treatment of Gastrointestinal Diseases (Chinese 
Pharmacopoeia Committee, 2015) and is the source of 
a drug pair commonly used in TCM. ZJP has only two 
components: Rhizoma Coptidis (RC) and Evodiae Fructus 
(EF).19,20 RC and EF were prepared in a 6:1 (W/W) ratio. RC 
is extracted from Coptis chinensis and has been widely used 
to treat diseases of the digestive tract,21 liver damage, dia
betes and other diseases.22,23 EF, the immature fruit of Evodia 
fructus, is widely used to treat headache, inflammation, 
hypertension and other conditions.24 Previous studies have 
shown that ZJP and the Chinese herbal medicines derived 
from it, RC and EF, and their active compounds exhibit 
a variety of anticancer pharmacological effects through var
ious mechanisms of action.21,25 Moreover, a network phar
macological analysis by Guo et al showed that ZJP had a good 
therapeutic effect on liver cancer, mainly through the regula
tion of cell proliferation and survival through the EGFR/ 
MAPK, PI3K/NF-κB and CCND1 signaling pathways.19 In 
addition, ZJP significantly inhibited the proliferation of 
human tumor cell lines by inducing mitochondrial apoptosis 
and had significant inhibitory effects on HepG2-derived 
mouse tumors, breast cancer, colorectal cancer, and other 
cancers.25–27

In recent years, biotechnology has made great progress. 
Network pharmacology based on large databases has 
become a powerful tool for studying TCM because it 
allows investigators to study the mechanism of action of 
compounds from the molecular level to the pathway 
level.28 Network pharmacology studies the relationships 
among drugs, targets and diseases by revealing the actions 
and therapeutic mechanisms of compounds used in TCM 
and intuitively illustrates the mechanisms of action 
involved in drug-target-disease networks.29 Moreover, net
work pharmacology embodies the concept of the holistic 
philosophy of TCM.30 As a new technology, this method 
upgrades the current “one target-one drug” model to a new 
network-based multitarget approach that is helpful for 
evaluating the rationality and compatibility of TCM 
applications.

This study aimed to predict and validate the active 
compounds present in ZJP and their potential protein tar
gets and pathways, as well as the molecular mechanisms 
involved in the action of these compounds on pancreatic 
cancer, by means of network pharmacology and in vitro 
validation. The detailed technical strategy used in the 
current study is shown in Figure 1.

Materials and Methods
Data Preparation
Compounds and Target Screening
All ingredients of two herbs, RC and EF, were collected 
from the Traditional Chinese Medicines for Systems 
Pharmacology Database and Analysis Platform (TCMSP, 
available online: http://tcmspw.com/tcmsp.php) and the 
Bioinformatics Analysis Tool for Molecular mechANism 
of Traditional Chinese Medicine (BATMAN-TCM, avail
able online: http://bionet.ncpsb.org/batman-tcm/index.php/ 
home/index/result/jobId/batman-I2019-04-16-17745- 
1555420409.html). Oral bioavailability31 (OB) and drug- 
likeness (DL), two absorption, distribution, metabolism 
and excretion (ADME)-related properties, were used as 
the screening criteria, and only the ingredients that met 
the OB ≥ 30% and DL ≥ 0.18 criteria were selected for 
subsequent research.

The putative targets of the ingredients were acquired 
from the TCMSP website, which describes drug targets 
and their relationships to diseases in detail. The putative 
targets were then annotated with the official gene symbols 
by UniProt (http://www.UniProt.org/).
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Potential Targets of ZJP Against Pancreatic Cancer
Pancreatic cancer-related targets were obtained from the 
GeneCards (http://www.genecards.org/) and Online 
Mendelian Inheritance in Man (OMIM, http://www. 
omim.org/) databases. GeneCards, which provides 
a comprehensive database of human genes, is 
a powerful searchable database that includes human 

gene data from multiple databases. OMIM, 
a constantly updated database, focuses on the relation
ship between human genetic variation and phenotypic 
traits. Intersecting genes among potential targets of ZJP 
and pancreatic cancer-related genes were regarded as 
potential targets of ZJP in the treatment of pancreatic 
cancer.

Figure 1 Technical strategy used in the current study.
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Bioinformatics Analysis
Protein–Protein Interaction (PPI) Data
Potential ZJP targets related to the treatment of pancreatic 
cancer were input into the Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING; https://string-db.org/) 
with the species limited to “Homo sapiens” and to results 
with a confidence score > 0.950.

Enrichment Analysis and Construction of Networks
The potential biological functions and mechanisms of the 
retrieved targets were explored further using Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analyses conducted using the 
R package (p < 0.05). Moreover, herb-compound herb-disease 
-target (C-D-T) networks and compound-pathway-target 
(C-P-T) networks were constructed and visualized with 
Cytoscape 3.7.1.

Experimental Validation
Preparation of ZJP Aqueous Extract
RC and EF were obtained from the Pharmacy of the Second 
Xiangya Hospital of Central South University using the 
methods outlined in the Chinese Pharmacopoeia (2015 edi
tion). A water extract of ZJP was prepared. Sixty grams of RC 
and 10 g of EF were soaked in 8 volumes of distilled water for 
30 min; the mixture was decocted for 1.5 h and centrifuged at 
10,000 RPM for 30 min, and the resulting supernatant was 
collected. The extraction procedure was repeated twice, and 
the supernatants were combined and evaporated to obtain 
a powder. The dry powder was redissolved in DMSO to 
a concentration of 200 mg/mL, and the solution was passed 
through a filter with a 0.22-μm pore diameter and stored at 
−20 °C until further use.

Cell Culture
The human pancreatic cancer cell lines BxPC-3 and Panc-1 
(purchased from ZSBIO in China and identified and certified 
by the same supplier) were selected for subsequent experi
ments. Panc-1 and BxPC-3 cells were maintained in DMEM 
supplemented with 10% fetal bovine serum (FBS), 100 U/mL 
penicillin, and 100 mg/mL streptomycin. All cells were cul
tured in a humidified incubator with 5% CO2 at 37 °C.

Cell Viability Assay
Panc-1 and BxPC-3 cells (5000 cells/well) were seeded in 96- 
well plates and incubated for 24 h at 37 °C in a humidified 
incubator with 5% CO2. After pretreatment with various con
centrations of ZJP (0, 100, 200, 300, 400, 500, 600, 700, 800 
and 900 μg/mL) for 24, 48, and 72 h, ten microliters of Cell 

Counting Kit-8 (CCK-8) kit reagent (Genview, USA) was 
used to determine the optical density (OD) at 450 nm of the 
solution in each well using a microplate spectrophotometer 
(Thermo Fisher, USA). All data were normalized to data 
obtained for control wells that contained no cells and are 
presented as the mean ± SD.

Colony Formation Assay
Panc-1 and BxPC-3 cells were seeded in 6-well plates at 
5000 cells per well. After incubation for 24 h, ZJP was 
added to some wells (Panc-1 cells were treated with 200 
and 400 μg/mL ZJP; BxPC-3 cells were treated with 200 
and 400 μg/mL ZJP) for 3 consecutive days. After fixation 
with 4% paraformaldehyde for 30 min, the cells were 
stained with crystal violet solution for 2 h, washed with 
distilled water and photographed manually.

Flow Cytometry for Cell Cycle Analysis
Panc-1 and BxPC-3 cells were seeded in 6-well plates at 5×105 

cells/well. After incubation of the plates for 24 h, ZJP was 
added to some wells (Panc-1 cells were treated with 100, 200 
and 400 μg/mL ZJP; BxPC-3 cells were treated with 100, 200 
and 400 μg/mL ZJP) for 48 h. The cells were collected and 
fixed with 70% ethanol overnight at 4 °C. After fixation, the 
cells were stained with propidium iodide (PI, 50 μg/mL, 
Genview, USA) for 45 min in the dark. The cell samples 
were assessed with a Canto II flow cytometer (BD 
Bioscience, USA) for cell cycle analysis.

Flow Cytometry for Analysis of Cell Apoptosis
Panc-1 and BxPC-3 cells were seeded in 6-well plates at 
3×105 cells/well. After incubation for 24 h, ZJP was 
added to some wells (Panc-1 cells were treated with 
200, 400 and 600 μg/mL ZJP; BxPC-3 cells were treated 
with 200, 400 and 600 μg/mL ZJP) for 48 h. Cell apop
tosis was measured by flow cytometry using an annexin 
V-fluorescein isothiocyanate/propidium iodide (annexin 
V-FITC/PI) apoptosis detection kit (Genview, USA) 
according to the manufacturer’s instructions. The cells 
were collected and washed twice with cold phosphate- 
buffered saline, resuspended in 500 µL 1× binding buffer 
to which 5 µL annexin V-FITC and 5 µL PI staining 
solution had been added, and incubated for 15 min in 
the dark at room temperature. The sample was then 
mixed with an addition 500 µL of 1× binding buffer. 
Finally, cell apoptosis was measured by flow cytometry 
(BD Bioscience, USA), and the cytometric data were 
analyzed using FlowJo 7.6 software (De Novo Software, 
Los Angeles, CA, USA).
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Western Blotting
Panc-1 and BxPC-3 cells were seeded in 6-well plates at 3×105 

cells/well. After incubation for 24 h, the cells were treated with 
or without ZJP for 48 h (100, 200 and 400 μg/mL ZJP for Panc- 
1 and BxPC-3 cells, respectively). The cells were harvested 
using a micro scraper. Total protein was obtained from the cells 
in radioimmunoprecipitation assay (RIPA) buffer (Beyotime, 
P0013B, Shanghai, China) containing phenylmethylsulfonyl 
fluoride (PMSF), aprotinin, and a phosphatase inhibitor. After 
centrifugation (14,000 ×g at 4 °C for 15 min), the supernatants 
were collected, and the protein concentration was measured 
using the BCA Protein Assay Kit (Genview, USA). A total of 
25 μg of each protein sample was separated by SDS-PAGE and 
transferred to polyvinylidene fluoride (PVDF) membranes 
(Millipore, Bedford, MA, USA). The membranes were 
blocked with 5% bovine serum albumin (BSA) (Genview, 
USA) for 2 h at room temperature. Primary antibodies that 
recognize the following proteins were then added at the indi
cated dilutions, and the membranes were incubated overnight 
at 4 °C: GAPDH (1:10,000, ABclonal), EGFR (1:1000, 
ABclonal), AKT (1:1000, Cell Signaling Technology), BAD 
(1:1000, Cell Signaling Technology), PI3K (1:1000, 
Proteintech), caspase 3 (1:1000, Proteintech), and caspase 9 
(1:1000, Proteintech). A secondary antibody (1:5000, 
ABclonal) was then added, and the membranes were incubated 
for 2 h at room temperature. The immunoreactive bands were 
developed using an enhanced chemiluminescence detection kit 
(Genview, USA).

Statistical Analysis
Statistical analysis was performed using Prism 6 software. 
The data are expressed as the mean ± SD and were 
analyzed using Student’s t-test. Differences between 
groups were considered statistically significant if P < 0.05.

Results
Compounds and Putative Targets of ZJP
A total of 294 ingredients of ZJP were identified (71 in RC 
and 226 in EF) after a comprehensive search of the 
TCMSP and BATMAN-TCM databases. According to 
the screening criteria (OB ≥ 30% and DL ≥ 0.18), 41 
ingredients were included in the subsequent research 
after eliminating ingredients that were the same as those 
of RC (ie, berberine, quercetin, and obacunone). The 
details are presented in Table 1. Overall, 173 putative 
targets of ZJP were identified through the TCMSP website 
after marking them with their corresponding gene 
symbols.

Potential Targets and C-D-T Network 
Construction
We comprehensively searched GeneCards and OMIM 
using “pancreatic cancer” as a keyword and identified 
a total of 2969 pancreatic cancer-associated genes. After 
comparing 173 targets of ZJP and 2969 pancreatic cancer- 
associated genes, 130 common targets were obtained for 

Table 1 Compounds of ZJP

MOL ID MOL Name OB DL Medicine Database Source

MOL001454 Berberine 38.86 0.78 HL, WZY TCMSP, BATMAN-TCM

MOL000098 Quercetin 46.43 0.28 HL, WZY TCMSP

MOL013352 Obacunone 43.29 0.77 HL, WZY TCMSP

MOL002894 Berberrubine 35.74 0.73 HL TCMSP

MOL002903 (R)-Canadine 55.37 0.77 HL TCMSP

MOL002897 Epiberberine 43.09 0.78 HL TCMSP

MOL002904 Berlambine 36.68 0.82 HL TCMSP

MOL002907 Corchoroside A_qt 104.95 0.78 HL TCMSP

MOL000622 Magnograndiolide 63.71 0.19 HL TCMSP

MOL000762 Palmidin A 35.36 0.65 HL TCMSP

MOL000785 Palmatine 64.6 0.65 HL TCMSP

(Continued)
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further research (Figure 2). The C-D-T network was con
structed to reveal the relationship between the two herbs 
(RC and EF), their compounds and pancreatic cancer 
(shown in Figure 3). The C-D-T network, which included 

162 nodes and 341 edges, clearly demonstrated that ZJP 
exerts anti-pancreatic cancer effects through multiple com
pounds and targets. The pink circle represents the com
pounds present in EF, the red circle represents the 

Table 1 (Continued). 

MOL ID MOL Name OB DL Medicine Database Source

MOL001458 Coptisine 30.67 0.86 HL TCMSP

MOL002668 Worenine 45.83 0.87 HL TCMSP

MOL008647 Moupinamide 86.71 0.26 HL TCMSP

MOL002662 Rutaecarpine 40.3 0.6 WZY TCMSP, BATMAN-TCM

MOL000354 Isorhamnetin 49.6 0.31 WZY TCMSP

MOL000358 Beta-sitosterol 36.91 0.75 WZY TCMSP

MOL000359 Sitosterol 36.91 0.75 WZY TCMSP

MOL003942 Rutaevine 66.05 0.58 WZY TCMSP

MOL003943 Rutalinidine 40.89 0.22 WZY TCMSP

MOL003947 1-methyl-2-[(Z)-pentadec-10-enyl]-4-quinolone 48.45 0.46 WZY TCMSP

MOL003950 1-methyl-2-[(Z)-undec-6-enyl]-4-quinolone 48.48 0.27 WZY TCMSP

MOL003956 Dihydrorutaecarpine 42.27 0.6 WZY TCMSP

MOL003957 1-methyl-2-pentadecyl-4-quinolone 44.52 0.46 WZY TCMSP

MOL003958 Evodiamine 86.02 0.64 WZY TCMSP

MOL003960 1-(5,7,8-trimethoxy-2,2-dimethylchromen-6-yl)ethanone 30.39 0.18 WZY TCMSP

MOL003963 Hydroxyevodiamine 72.11 0.71 WZY TCMSP

MOL003964 1-methyl-2-undecyl-4-quinolone 47.59 0.27 WZY TCMSP, BATMAN-TCM

MOL003972 1-methyl-2-nonyl-4-quinolone 48.42 0.2 WZY TCMSP

MOL003974 Evocarpine 48.66 0.36 WZY TCMSP, BATMAN-TCM

MOL003975 Icosa-11,14,17-trienoic acid methyl ester 44.81 0.23 WZY TCMSP

MOL003994 24-methyl-31-norlanost-9(11)-enol 38 0.75 WZY TCMSP, BATMAN-TCM

MOL004002 5alpha-O-(3ʹ-Methylamino-3ʹ-phenylpropionyl) nicotaxine 30.86 0.49 WZY TCMSP

MOL004004 6-OH-Luteolin 46.93 0.28 WZY TCMSP

MOL004014 Evodiamide 73.77 0.28 WZY TCMSP, BATMAN-TCM

MOL004017 Fordimine 55.11 0.26 WZY TCMSP, BATMAN-TCM

MOL004018 Goshuyuamide I 83.19 0.39 WZY TCMSP, BATMAN-TCM

( GoshuyuamideII 69.11 0.43 WZY TCMSP, BATMAN-TCM

MOL004020 Gossypetin 35 0.31 WZY TCMSP, BATMAN-TCM

MOL004021 Gravacridoneshlirine 63.73 0.54 WZY TCMSP

MOL004025 N-(2-Methylaminobenzoylt) ryptamine 56.96 0.26 WZY TCMSP, BATMAN-TCM
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compounds present in RC, and the pink and red circles 
represent the compounds (berberine and quercetin) present 
in both EF and RC. The blue rectangle represents 130 
genes: the larger the size of the shape is, the higher is 
the node degree.

Bioinformatics Analysis
PPI Analysis
The 130 potential targets were submitted to STRING to 
acquire PPI data that could be used to construct the PPI 
network, as shown in Figure 4A. After disconnected nodes 
in the network were hidden, the PPI network consisted of 96 

nodes and 227 edges. The nodes and edges represent proteins 
and protein–protein relationships, respectively. Nodes with 
many edges were identified as pivotal targets in the network. 
As shown in Figure 4B, the top 20 proteins with multiple 
edges in the network were plotted. The results indicate that 
JUN, TP53, and MAPK1 are probably the most important 
targets through which ZJP acts on pancreatic cancer.

GO Enrichment Analysis
GO enrichment analysis was performed to verify the biolo
gical functions, including biological processes (BPs), cell 
components (CCs), and molecular functions (MFs), of the 
130 putative target genes that are involved in ZJP’s action 
against pancreatic cancer. A total of 2313 terms were 
acquired, including 2088 for BP, 59 for CC, and 166 for 
MF. The main enriched BP terms were response to lipopo
lysaccharide (GO:0032496), response to molecules of bac
terial origin (GO:0002237), and response to oxygen levels. 
The main enriched CC terms were membrane raft 
(GO:0045121), membrane microdomain (GO:0098857), 
and membrane region (GO:0098589). The top three MF 
terms were nuclear receptor activity (GO:0004879), tran
scription factor activity, direct ligand-regulated sequence- 
specific DNA binding (GO:0098531), and steroid hormone 
receptor activity (GO:0003707). The top ten BP, CC, and 
MF terms ranked according to their q-values are shown in 
Figure 5A. The redder the color of a term is in the figure, the 

Figure 2 Venn diagram of potential targets of ZJP and pancreatic cancer-related 
genes.

Figure 3 The C-D-T network. The pink circle represents compounds present in EF, the red circle represents compounds present in RC, and the pink and red circles 
represent the common compounds present in both EF and RC.
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smaller is its q-value; a smaller q-value indicates higher 
credibility and greater importance.

KEGG Enrichment and C-P-T Network Analysis
KEGG pathway enrichment analysis of the 130 genes was 
performed to further identify the potential pathways 
involved in the anti-pancreatic cancer effects of ZJP (p< 
0.05). A total of 151 signaling pathways were acquired; 
the top 30 pathways, which were ranked according to their 

q-values, are depicted in Figure 5B. The redder the color of 
a pathway is, the smaller is its q-value; smaller q-values 
indicate higher credibility and greater importance. The 
results distinctly suggest that the effects of ZJP against 
pancreatic cancer are closely related to the PI3K-AKT sig
naling pathway (hsa04151), the IL-17 signaling pathway 
(hsa04657), the TNF signaling pathway (hsa04668), the 
HIF-1 signaling pathway (hsa04066), and the P53 signaling 
pathway (hsa04115). Among these related pathways, the 

Figure 4 (A) The PPI network. (B) Bar plot showing the top 20 proteins in the PPI network. The number of proteins neighboring the target protein is plotted on the x-axis; 
the y-axis represents the target protein.

Figure 5 (A) GO analyses of the 130 potential targets associated with pancreatic cancer. The number of significantly enriched genes related to these terms is plotted on the 
x-axis; the BP, CC, and MF terms (p < 0.05) are plotted on the y-axis. (B) Dot plot showing the top 30 enriched KEGG pathways. The size of each dot corresponds to the 
number of genes annotated for the term, and the color of the dot corresponds to the corrected p-value.
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PI3K-AKT signaling pathway, which had the highest num
ber of enriched genes, may play a more important role in the 
treatment of pancreatic cancer, as shown in Figure 6.

To clarify the relationships among compounds, poten
tial targets, and signaling pathways, a C-P-T network was 
constructed. The network, which is shown in Figure 7, 
consists of 162 nodes and 860 edges, indicating that single 
compounds affect multiple targets and are involved in 
multiple pathways and that multiple compounds are asso
ciated with individual targets and individual pathways. In 
brief, the anti-pancreatic cancer effects of ZJP are 
mediated by multiple compounds, targets, and pathways.

ZJP Inhibits the Proliferation of Pancreatic 
Cancer Cells
To verify the antiproliferative effect of ZJP in pancreatic 
cancer that was predicted by network pharmacological 
analysis, we assessed the functions of Panc-1 and BxPC- 
3 cells. As the concentration of ZJP was gradually 
increased from 100 to 900 μg/mL, the survival of pancrea
tic cancer cells decreased with dose and exposure time (24 
h, 48 h and 72 h) (Figure 8A). The half-maximal inhibitory 
concentration (IC50) values for ZJP in various pancreatic 

cancer cell lines are shown in Table 2. Panc-1 and BxPC-3 
cells were used in other functional assays. As shown in 
Figure 8B, colony formation by Panc-1 and BxPC-3 cells 
was significantly reduced when the cells were treated with 
ZJP at 200 and 400 μg/mL, respectively, for 3 days, 
suggesting that ZJP has a significant inhibitory effect on 
the proliferation of pancreatic cancer cells. The cell cycle 
analysis results further confirmed that the G1/S transition 
is delayed in Panc-1 and BxPC-3 cells after ZJP treatment 
(Figure 8C). The above results indicate that ZJP can sig
nificantly inhibit the proliferation of pancreatic cancer 
cells in vitro.

ZJP Promotes the Apoptosis of 
Pancreatic Cancer Cells
The effect of ZJP on the apoptosis of Panc-1 and BxPC-3 
cells was measured by flow cytometry. ZJP (0, 200, 400, 
and 600 μg/mL) was added to the cells for 48 h. The 
pancreatic cancer cells were then stained with annexin 
V-FITC and PI to determine the degree of apoptosis. As 
shown in Figure 9, the percentage of apoptotic cells in the 
cultures increased significantly in a dose-dependent 

Figure 6 The mechanism through which ZJP acts against pancreatic cancer. The PI3K-AKT signaling pathway may play an important role in the treatment of pancreatic 
cancer.
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manner after ZJP treatment, strongly suggesting that ZJP 
induces apoptosis of Panc-1 and BxPC-3 cells.

ZJP Inhibits the EGFR/PI3K/AKT Pathway 
in Pancreatic Cancer Cells
We further investigated the molecular mechanism through 
which ZJP affects apoptosis in Panc-1 and BXPC-3 cells. 
The EGFR/PI3K/AKT pathway, a key pathway related to the 
anti-pancreatic cancer effect of ZJP, was analyzed by Western 
blotting. As shown in Figure 10, EGFR, PI3K and AKT 
protein levels were significantly reduced in a dose-dependent 
manner after treatment of the cells with ZJP. In contrast, the 

protein levels of BAD, caspase 9 and caspase 3 were signifi
cantly increased. The results show that ZJP induced the apop
tosis of Panc-1 and BxPC-3 cells through the EGFR/PI3K/ 
AKT/caspase pathway, thereby achieving an antitumor effect.

Discussion
Pancreatic cancer is a common malignancy of the digestive 
tract.32,33 In recent years, the antitumor effects of TCMs have 
received increasing attention because of their clear pharma
cological effects and relatively low number of side effects. 
A large number of patients choose natural therapy with TCM 
because TCMs are considered to be multicomponent, 

Figure 7 The C-P-T network of top 30 pathways. The red circle nodes represent genes, the blue triangle nodes represent compounds present in ZJP, and the purple 
diamonds represent pathways.
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Figure 8 ZJP inhibits the proliferation of pancreatic cancer cells. (A) ZJP decreases the viability of pancreatic cancer cells as measured by the CCK-8 assay. Pancreatic cancer 
cells were treated with various concentrations of ZJP for 24, 48, and 72 h. (B) Representative images showing colonies formed by pancreatic cancer cells treated with 
various concentrations of ZJP for 3 days. (C) Representative images and statistical graphs of Panc-1 and BxPC-3 cell cycle analysis. *P < 0.05, **P < 0.01 versus the untreated 
group.
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multitarget and multistage medicines. Chinese medicine 
includes a large number of bioactive ingredients, some of 
which have anti-pancreatic cancer activity.2 In 2007, three 
new herbal medicines derived from Chinese medicine, ixa
bepilone, trabectedin and temsirolimus, were approved, 
prompting the consideration of TCM as a source of innova
tive targeted anticancer therapies.34

Chinese medicine has been practiced for thousands of 
years and is now widely recognized as an alternative 
method for treating cancer.35 A large number of natural 
products derived from Chinese herbal medicines have 
antitumor activities, including antiproliferative, proapopto
tic, antimetastatic, and antiangiogenic activities, and these 
medicines can also regulate autophagy, reverse multidrug 
resistance, maintain immune homeostasis, and enhance the 
effects of chemotherapy.36 The signaling pathways that 
control cell proliferation, invasion, metastasis and angio
genesis are often dysregulated during the pathological 
progression of tumors. From a therapeutic point of view, 
these signaling pathways have become an important 
source of targets for tumor therapy.37 According to drug 

Table 2 The IC50 Values of Pancreatic Cancer Cells Treated with 
ZJP (μg/mL)

Cell Lines 24h 48h 72h

Panc-1 338.2 262.3 254.6

BxPC-3 661.4 308.8 299.3

Figure 9 Pancreatic cancer cells were treated with various concentrations of ZJP, and apoptosis of the cells was then analyzed by flow cytometry after annexin V-FITC/PI 
staining. The percentage of apoptotic cells is presented as the mean ± SD of three independent experiments; **P < 0.01 versus the untreated group.
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target prediction and comprehensive pathway analysis, 
ZJP may play an important antitumor role by regulating 
cell proliferation and survival.38 As predicted by network 
pharmacological methods, ZJP may play a therapeutic role 
in tumors mainly by regulating tumor cell proliferation and 
cell survival through the PI3K-NF-κB, EGFR-MAPK, and 
CCND1 signaling pathways. Guo et al showed that ZJP 
significantly reduced the viability and colony-forming 
ability of hepatocellular carcinoma (HCC) cells, inhibited 
cell activity in G0/G1 phase, and inhibited cell migration 
and invasion in a dose-dependent manner.19 The authors 

suggest that the high concentration of compounds in the 
compound target network may be the main factor that 
accounts for the effect of ZJP in the treatment of HCC. 
In addition, quercetin, a natural flavonoid, is an important 
component of ZJP, and it exerts anticancer effects by 
inhibiting the PI3K pathway.39 Furthermore, quercetin 
promotes cell death and enhances chemotherapy sensitiv
ity in human pancreatic cancer cells through the RAGE/ 
PI3K/AKT/mTOR axis.40 Berberine is also an important 
component of ZJP, and recent cell metabolomics studies 
have revealed that berberine decreases pancreatic cancer 

Figure 10 Relative expression of proteins related to ZJP treatment in pancreatic cancer cells. (A) Western Blotting revealed the changes of related proteins in BxPC-3 and 
Panc-1 cell lines after ZJP treatment; (B) Western Blotting statistical analysis showed that the expression levels of EGFR, AKT, and PI3K were down-regulated. Cleaved 
caspase 3/9 and BAD were up-regulated. *P < 0.05, **P < 0.01 versus the untreated group.
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cell viability and inhibits metastasis by regulating citric 
acid metabolism.41 Furthermore, liposomes delivering 
both berberine and irinotecan were more effective and 
exhibited lower intestinal toxicity in the treatment of pan
creatic cancer than liposomes delivering either component 
alone.42 All of the above studies support our network 
pharmacological prediction and prove the feasibility of 
network pharmacological methods in the study of the 
mechanism of action of TCM.

Based on network pharmacology, bioinformatics ana
lysis and in vitro experiments, this study revealed the 
bioactive compounds and molecular mechanisms through 
which ZJP works in the treatment of pancreatic cancer. 
Previous studies have shown that ZJP mainly inhibits 
proliferation, induces cell apoptosis and autophagic cell 
death, and has certain anticancer effects on colon cancer, 
breast cancer, liver cancer, lung cancer, colorectal cancer, 
and other types of cancer.27 In the current study, a total of 
294 types of Chinese herbal medicines were identified, and 
41 components were followed up using comprehensive 
retrieval methods in the Chinese herbal medicine database 
and the BATMAN-TCM database. In addition, 2969 pan
creatic cancer-related genes were identified. In 
a comparison of the 173 targets of ZJP with the 2969 
pancreatic cancer-related genes, 130 common targets 
were obtained. The results of PPI analysis showed that 
Jun, TP53 and MAPK1 might be the most important 
targets of ZJP in pancreatic cancer. GO enrichment analy
sis confirmed the biological functions of the 130 target 
genes of ZJP against pancreatic cancer. Moreover, through 
the KEGG pathway enrichment analysis of 130 genes, 151 
related signaling pathways were obtained; among these, 
the PI3K-AKT signaling pathway may play the most 
important role in the treatment of pancreatic cancer. The 
KEGG results showed that among tumor-related signaling 
pathways, the PI3K-AKT signaling pathway displayed the 
highest degree of enrichment, suggesting that it plays 
a key role in the antimetastatic effect of ZJP in pancreatic 
cancer. The AKT family plays an important role in the 
regulation of biological functions such as cell survival, 
proliferation, metabolism and growth and affects tumor 
growth. AKT is involved in the treatment of a variety of 
cancers through multiple signaling pathways, especially 
the PI3K-AKT signaling pathway. Increasing evidence 
shows that the PI3K/AKT signaling pathway is involved 
in the cell cycle, cell proliferation, cell growth, cell migra
tion, angiogenesis and apoptosis and that it is one of the 
most common signal transduction pathways involved in 

cancer.43–45 In short, the anti-pancreatic cancer effect of 
ZJP is achieved through multiple compounds, multiple 
targets and multiple pathways. Moreover, in vitro experi
ments verified that ZJP inhibits the proliferation and 
induces the apoptosis of pancreatic cancer cells by inhibit
ing the PI3K-AKT signaling pathway. In addition, EGFR 
is a transmembrane glycoprotein that is a member of the 
protein kinase superfamily and acts as a receptor for 
members of the epidermal growth factor family.46 The 
binding of this protein to ligands triggers its tyrosine 
kinase activity, leading to cell proliferation. In pancreatic 
cancer, overexpression of EGFR plays an important role in 
the regulation of tumor cell proliferation, angiogenesis, 
invasion and metastasis.47,48 In vitro experiments showed 
that after ZJP treatment of pancreatic cancer cells, EGFR 
expression was downregulated, the cell cycle transition 
from G1 to S phase was inhibited, and the proliferation 
of the cells was inhibited. Thus, according to experimental 
verification, ZJP treatment can effectively block the 
EGFR, and this contributes to the treatment of pancreatic 
cancer.

In future research, we should make full use of recent 
technological progress to further improve the isolation and 
identification of TCM compounds and clarify their 
mechanisms of action, potential toxicities and adverse 
reactions. This could improve the efficacy of promising 
TCM compounds in the treatment of pancreatic cancer.

Conclusion
In this study, we utilized network pharmacological predic
tion methods, bioinformatics analysis and in vitro experi
ments to identify and verify the active compounds of ZJP 
and to delineate their mechanisms in pancreatic cancer. We 
demonstrated that ZJP plays a key role in inhibiting cell 
proliferation and promoting apoptosis by activating its 
target to combat pancreatic cancer. This study provides 
a promising multidisciplinary approach for characterizing 
TCM compounds for the treatment of diseases.
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