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Abstract

This study aims to investigate the mechanism of action of Opuntia dillenii polysaccharides (ODPs) in protecting against cadmium-induced liver injury from 
the perspectives of network pharmacology and oxidative stress pathway. Using network pharmacology methods, we analyzed the interactions between ODPs 
and target molecules, and predicted potential mechanisms of action. Additionally, we focused on the oxidative stress pathway, which plays a crucial role 
in cadmium-induced liver injury. The results showed that the active components of ODPs were glucuronic acid, galacturonic acid, rhamnose, fucose, glucose, 
galactose, mannose, fructose, xylose and arabinose in order. According to the analysis of PPI network and the “compound - liver injury target-pathway” 
network, 69 ODPs anti-cadmium-induced liver injury targets were selected, including AKT1, CASP3, MAPK8, JAK2, MAPK14, IL2, MMP9, IGF1R, NOS2, etc. 
Enrichment analysis showed that the main signaling pathways involved were VEGF signaling pathway, cancer signaling pathway, PI3K-AKT signaling pathway, 
Rap1 signaling pathway, Ras signaling pathway, chemokine signaling pathway, sphingolipid signaling pathway, toll-like receptor signaling pathway, tumor 
necrosis factor signaling pathway, and MAPK signaling pathway. Network pharmacological analysis showed that cactus polysaccharide could significantly 
reduce the level of Caspase-3 and MMP-9 in liver, increase the level of IL-2, and effectively inhibit the occurrence of liver cell apoptosis and inflammation 
caused by cadmium. Studies on the mechanism of action based on traditional oxidative stress indexes show that ODPs has good antioxidant capacity, can 
significantly inhibit the activity of SOD and GSH-PX caused by cadmium, reduce the content of lipid peroxidation product MDA, and restore the content of 
antioxidant enzymes in liver to normal level. This study can provide a scientific basis for the in-depth development and application of ODPs, and also provide 
a potential scientific and technological basis for the development of drugs or health food for the treatment of cadmium-induced liver injury.

INTRODUCTION

Opuntia dillenii (Ker-Gaw) Haw., also known as a type of 
succulent plant [1], typically grows in dry and semi-arid climates 
such as deserts and grasslands [2]. They are widely distributed 
in Americas, Africa, and Australia, among other regions [3]. O. 
dillenii come in various shapes, with some being spherical, flat, or 
spiny [4]. They have adapted to survive in arid and hot conditions 
by storing water [5]. In folk medicine, O. dillenii is extensively 
used for medicinal [6] and cosmetic purposes [7]. It contains a 
rich variety of active compounds such as alkaloids, flavonoids, 

and polysaccharides [8]. O. dillenii is believed to have multiple 
benefits, including heat-clearing and detoxification, moisturizing 
the lungs and relieving cough, lowering blood sugar, and 
possessing anti-inflammatory and analgesic properties [9]. It is 
also used for skin hydration, whitening, and treating skin issues 
in the field of [10].

Polysaccharides are one of the main chemical constituents 
in O. dillenii and exhibit various pharmacological activities [11]. 
Firstly, O. dillenii polysaccharides (ODPs) can enhance immune 
function by regulating the activity of the immune system and 
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will provide scientific support for the in-depth development and 
utilization of ODPs.

MATERIALS AND METHODS

Materials

ODPs (purity > 95%) were prepared by our research group. 
Cadmium chloride (CdCl2) was purchased from Tianjin Zhiyuan 
Chemical Reagent Co., Ltd. Mouse sandwich enzyme-linked 
immunosorbent assay (ELISA) kits for SOD, GSH-PX, MDA were 
purchased from Shanghai Guduo Biotechnology Co., Ltd., while 
mouse ELISA kits for Caspase-3, IL-2, MMP-9 were purchased 
from Nanjing Jiancheng Bioengineering Institute. Anhydrous 
ethanol, saline solution, bitter acid, xylene, n-butanol, neutral 
gum, paraffin, formaldehyde solution, hematoxylin, eosin, and 
other chemical reagents were purchased from Sinopharm Group 
Chemical Reagent Co., LTD. This study involved equipment 
and instruments such as a microbalance, pure water machine, 
micropipette, benchtop low-speed centrifuge, vortex oscillator, 
constant temperature and humidity chamber, freezer, microplate 
reader, automatic dehydrator, automatic embedding machine, 
slicer, slide stainer, constant temperature slide oven, slide 
sealer, inverted fluorescence microscope, and automated blood 
analyzer.

Animals

SPF-grade male KM mice (weighing 18-22 g) were purchased 
from Changsha Tiantong Biotechnology Co., Ltd., license number: 
SCXK (Xiang) 2019-0014. The experimental temperature was 
maintained at 22 ± 0.5 ℃, humidity at 55 ± 5%, and a light cycle 
of 12 hours. All animal experiments in this study were conducted 
in accordance with the guidelines of the Eighth Edition of 
Experimental Animal Care (2011) and approved by the Animal 
Care and Use Committee of Guizhou Normal University.

Experimental methods

Active ingredient information and target prediction of 
ODPs: The monosaccharide composition information of ODPs 
was obtained by consulting the literature, and the Chemical 
Abstracts Service (CAS) number of each monosaccharide 
composition was obtained by https://www.chemsrc.com/
casindex/). The CAS number was input into the Traditional 
Chinese Medicine Systems Pharmacology Database and Analysis 
Platform (TCMSP) to obtain the active ingredient information of 
ODP. Based on the online website PubChem (https://pubchem.
ncbi.nlm.nih.gov/), the sdf structure corresponding to the ODP 
component was obtained, and the sdf structure was uploaded to 
the Pharm Mapper ( http://www.lilab-ecust.cn/pharmmapper/) 
platform for related target prediction [25].

Target screening related to cadmium-induced liver 
injury: Based on the human gene database Gene Cards and the 
online human Mendelian genetics database OMIM, diseases 
related to liver injury such as Cadmium-derived hepatitis, 
cholestasis, hepatocyte apoptosis, hepatocyte, and liver abscess 

improving the body’s disease resistance [12]. Secondly, they 
have protective effects on the liver, reducing liver damage [13] 
and inflammation, and promoting the repair and regeneration of 
liver cells [14]. Additionally, ODPs possess antioxidant and anti-
inflammatory effects, reducing the production of free radicals 
and protecting cells from oxidative stress damage [15]. In our 
previous study [16], we conducted pharmacological studies on 
the efficacy of ODPs in protecting against cadmium-induced liver 
injury from the perspectives of time-effect (1, 2, 3, 4 and 5 weeks) 
and dose-effect (0, 100, 200, 400 and 600 mg·kg-1). This study 
provided a basic understanding of the process and behavior of 
their pharmacological effects. However, the mechanism of its 
action against cadmium-induced liver injury is still unclear, which 
seriously hinders the industrial development and application of 
ODPs.

Network pharmacology is a research method that integrates 
network databases [17], and pharmacological knowledge to 
reveal the interactions between drugs or active compounds and 
targets in the human body [18]. It utilizes large-scale molecular 
interaction data and employs computational and systems 
biology approaches to predict and explore drug mechanisms 
[19], efficacy, and drug-target interaction networks [20]. 
Oxidative stress pathway is a common biochemical process in 
cells [21], and plays a crucial role in the development of many 
diseases [22]. During oxidative stress, excessive reactive oxygen 
species are produced, leading to cellular oxidative damage and 
subsequent inflammation, apoptosis, and tissue injury [23]. The 
oxidative stress pathway includes antioxidant enzyme systems, 
redox reactions, and free radical scavenging mechanisms [24]. 
Modulating these pathways can improve oxidative stress status.

When studying the mechanism of ODPs in protecting against 
cadmium-induced liver injury, we choose to approach it from 
the perspectives of network pharmacology and oxidative stress 
pathway for the following reasons: firstly, network pharmacology 
helps us comprehensively understand and predict the interactions 
between polysaccharides and other molecules in the human 
body. By employing network pharmacology methods, we can 
uncover the associations between polysaccharides and relevant 
targets and signaling pathways, thus revealing the mechanisms 
of action of polysaccharides in protecting against cadmium-
induced liver injury. Secondly, the oxidative stress pathway is an 
important mechanism by which cadmium causes liver damage, 
making it meaningful to investigate the protective effects of 
ODPs. By analyzing the regulatory effects of polysaccharides on 
oxidative stress-related molecules and pathways, we can better 
understand the mechanisms of action of polysaccharides in 
protecting against cadmium-induced liver injury. Furthermore, 
combining network pharmacology with the oxidative stress 
pathway research approach allows us to comprehensively and 
deeply elucidate the protective effects of ODPs against cadmium-
induced liver injury, providing a more reliable theoretical basis 
for the clinical application of polysaccharides. Therefore, this 
study aims to investigate the mechanism of action of ODPs 
in protecting against cadmium-induced liver injury from the 
perspectives of network pharmacology and oxidative stress. This 



Central

Zhou B, et al. (2023)

J Liver Clin Res 8(1): 1055 (2023) 3/12

were used as keywords to screen for high-scoring targets and 
remove duplicate target genes, obtaining information on liver 
injury-related targets [26].

Construction of protein-protein interaction network: 
Using the jvenn online website (http://www.bioinformatics.
com.cn/static/others/jvenn/example.html), the target genes of 
polysaccharides and diseases were input into jvenn to obtain the 
intersection group, resulting in a Venny diagram. The intersection 
genes were imported into the STRING 11.0 database (https://
string-db.org/), selecting “homo sapiens” as the species and 
setting the minimum interaction threshold to “highest confidence 
(> 0.7)”, with default settings for the rest. A protein-protein 
interaction (PPI) network model was constructed, and further 
analysis of the PPI network was performed using Cytoscape 3.8.2 
software [27].

GO enrichment and KEGG pathway analysis: Key targets 
with degrees higher than the average degree value in the PPI 
network were imported into the DAVID database for GO (Gene 
Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) 
enrichment analysis. Genes ranking in the top 10 were selected 
based on a screening condition of P < 0.05, and GO functional 
annotation was performed in terms of biological processes (BP), 
cellular components (CC), and molecular functions (MF) modules. 
The top 20 pathways were selected for KEGG enrichment analysis, 
and pathway bubble plots were created using the online website 
omicX (http://www.bioinformatics.com.cn) [28].

Analysis of drug-disease-target network: Using Cytoscape 
3.8.2 software, a “compound-target-pathway” network diagram 
was constructed, and built-in tools were used to analyze the 
network topological parameters of effective compounds and 
targets, including degree, betweenness centrality, and closeness 
centrality. The core targets for liver injury and the main active 
components responsible for the therapeutic effects of ODPs were 
determined based on network topology parameters [29].

Animal grouping and administration: Based on network 
pharmacology and the results of our previous studies [16], key 
targets predicted by network pharmacology were validated in 
vivo. Forty healthy male KM mice were fed with A-grade feed 
twice a day in a well-ventilated environment with a temperature 
of 22 ± 0.5°C and a relative humidity of 55 ± 5%. They had 
unlimited access to drinking water. After a 7-day adaptation 
period, the initial body weight of the mice was measured. Then, 
the 40 mice were randomly divided into the following groups: 
blank control group (NC), model control group (MC), positive 
control group (YC), and ODPs administration group (ODP), with 
10 mice in each group.

After a 7-day adaptation period, the blank control group 
received a daily intraperitoneal injection of physiological saline, 
with a dose of 0.20 mL. The model control group, positive 
control group, and ODP administration group received a daily 
intraperitoneal injection of cadmium chloride solution, with a 
dose of 2.0 mg·kg-1. The injections were administered every 3 
days for all groups. Concurrently, the blank group and model 
group received a daily gavage of physiological saline, with a 

dose of 0.20 mL. The positive group received a daily gavage 
of glutathione solution, with a dose of 180 mg·kg-1. The ODP 
administration group received a daily gavage of ODP solution, 
with a dose of 200 mg·kg-1. The gavage was administered 3 hours 
after the injection, and the treatment lasted for 28 days. After 
sacrifice by cervical dislocation, liver tissues were collected for 
the determination of relevant oxidative stress markers using an 
ELISA enzyme immunoassay kit.

Statistical analysis

SPSS 26.0 was used to perform one-way ANOVA on the 
data, which was expressed as mean standard deviation ( X
± SD), and the data had significant differences (P< 0.05), had a 
very significant difference (P< 0.01). Graphing the data using 
GraphPad Prism 8.0.2.

RESULTS

Monosaccharide composition information and target 
prediction of ODPs

According to the literature review [30,31], the monosaccharide 
composition of ODPs includes arabinose, xylose, fructose, glucose, 
glucuronic acid rhamnose, mannose, glucuronic acid, and fucose. 
The monosaccharide composition chemical information of ODPs 
was obtained from the TCMSP database, as shown in [Table 
1]. Furthermore, 295 targets were predicted for the action of 
monosaccharide composition of ODPs using the Pharm Mapper 
platform.

Prediction of potential disease targets

Based on GeneCards and OMIM, targets with high scores 
were screened and duplicate target genes were removed. 116 
targets related to Cadmium-derived hepatitis, 256 targets related 
to cholestasis, 186 targets related to hepatocyte apoptosis 
were obtained. In addition, there were 362 targets related to 
hepatocyte injury and 324 targets related to liver abscess, a total 
of 1073 liver injury targets were obtained by combining and 
deleting duplicate values.

PPI network construction of core targets

The intersection of ODPs active ingredient information and 

Table 1: Monosaccharide composition information of ODPs.

Compound 
code

Compound 
name

Oral availability  
OA %

Drug-likeness 
DL

MOL007173 L-Arabinose 52.64 0.03
MOL000731 Xylose 58.74 0.03
MOL000053 Fructose 1.68 0.03
MOL000734 Glucose 24.40 0.03
MOL000814 Galactose 47.94 0.04
MOL000424 Rhamnose 50.50 0.04
MOL000051 Mannose 1.76 0.03
MOL000386 Fucose 42.51 0.03
MOL000384 Glucuronic acid 3.35 0.04
MOL011643 Galacturonic acid 40.39 0.06
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cadmium-induced liver injury related targets was obtained by 
using jvenn online website (Figure 1). 69 potential targets of ODP 
associated with cadmium-induced liver injury were screened, 
accounting for about 5% of the total. The 69 potential targets 
are AHCY, AKT1, APAF1, BCHE, BIRC7, BTK, CASP1, CDK2, CES1, 
EIF4E, ELANE, F2, GBA, GST, M1, GSTP1, HRAS, IGF1R, IL2, LYZ, 
MAPK10, MAPK14, MMP1, MMP9, NOS2, PCK1, PKLR, PLAU, 
PTPN1, PYGL, RAC1, RAF1, REG1A, RNASE2, SRC, AKT2, ARG1, 
CASP3, CCL5, DPP4, etc.

The intersection gene was imported into the STRING 
database to obtain the PPI network diagram of common targets. 
The downloaded file was imported into cytoscape 3.8.2 to 
obtain the PPI network diagram (Figure 2). Degree value was 
used as the evaluation criterion, and degree > average value 
(8.04) was selected as the key gene. As can be seen from Figure 
2, core targets with high connectivity include AKT1, SRC, PIK3R1, 
HRAS, RHOA, CASP3, MAPK8, JAK2, MAPK14, ALB, RAC1, STAT1, 
PTK2, IL2, RAF1, KDR, AR, AKT1, SRC, PIK3R1, HRAS, Rhoa, 
CasP3, MapK8, JAK2, MAPK14, ALB, RAC1, Stat1, MET, PTPN1, 
MMP9, IGF1R. The topological parameters of potential targets 
are shown in Table 2. It can be seen from the data in the table 
that the average betweennesss centrality is 0.03 and the average 
closenessss centrality is 0.42. The Average Shortest PathLength 
was 2.46 and the average Clustering Coefficient was 0.48.

GO enrichment and KEGG pathway analysis

The gene ontological biological function enrichment and 
KEGG signaling pathway analysis of ODPs against cadmium-
induced liver injury were carried out through DAVID database, 
and visualization processing was performed. As can be seen 
from Figure 3, ODPs are mainly involved in biological processes 
including negative regulation of apoptosis, intracellular signal 
transduction, positive regulation of cell migration, positive 
regulation of protein phosphorylation, vascular endothelial 
growth factor receptor signaling pathway, and platelet activation. 
In terms of cell composition, it mainly acts on the nucleus, 
cytoplasm, plasma membrane, nucleoplasma and protein 
complex. In terms of molecular function, it is mainly related to the 
activities of protein binding, ATP binding, protein kinase activity, 
protein tyrosine kinase activity, transmembrane receptor protein 
tyrosine kinase activity, insulin receptor binding and so on.

Through the enrichment analysis of KEGG pathways in 
DAVID database, 89 pathways with significant correlation were 
found (P<0.05), the first 20 related core pathways were screened 
out according to the P-value (Figure 4), mainly involving VEGF 
signaling pathway, cancer signaling pathway, PI3K-AKT signaling 
pathway, hepatitis B, Rap1 signaling pathway, Ras signaling 
pathway, chemokine signaling pathway, sphingolipid signaling 

Figure 1 Venn diagram of ODPs and cd-induced liver injury related targets. Note: The green circle in the figure represents the collection of targets related 
to the active chemical components of ODPs, and the blue circle represents the collection of targets related to cadmium-derived liver injury.



Central

Zhou B, et al. (2023)

J Liver Clin Res 8(1): 1055 (2023) 5/12

pathway, and toll-like receptor signaling pathway. Tumor 
necrosis factor signaling pathway, MAPK signaling pathway, 
etc. In addition, apoptosis, Jak-STAT signaling pathway, HIF-1 
signaling pathway also play an important role in ODPs anti-
cadmium-induced liver injury.

Drug-disease-target network diagram

The main targets and pathways of cadmium-induced liver 
injury alleviated by ODPs were analyzed by cytosacpe 3.8.2, and a 
“drug-disease-target network diagram” was constructed (Figure 
5), which shows that ODPs has the characteristics of multi-target 
and multi-pathway action, and can better alleviate cadmium-
induced liver injury. Among them, the monosaccharides in 
ODPs were glucuronic acid, galacturonic acid, rhamnose, fucose, 
glucose, galactose, mannose, fructose, xylose, and arabinose in 
descending order [Table 3].

The main targets of polysaccharide in alleviating liver injury 
were AKT1, HRAS, RAF1, AKT2, RAC1, MAPK14, PIK3R1, SRC, 
MAPK8, IGF1R, RHOA, and MMP9 [Table 4]. The main pathways 
involved are VEGF signaling pathway, cancer pathway, PI3K-

AKT signaling pathway, Rap1 signaling pathway, Ras signaling 
pathway, and chemokine signaling pathway [Table 5].

Effects of ODPs on oxidative stress in cadmium-
induced liver injury

As shown in Figure 6, compared with NC group, SOD and GSH-
Px contents of mice in MC group were significantly decreased 
by 16.21% and 23.67%, respectively, while MDA contents were 
significantly increased by 13.18% (P < 0.05). Compared with MC 
group, SOD and GSH-PX contents were significantly decreased by 
16.21% and 23.67%, respectively. In YC group, SOD and GSH-Px 
contents were significantly increased by 12.25% and 34.22%, 
and MDA content was significantly decreased by 11.76%; in ODP 
group, SOD and GSH-PX contents were significantly increased 
by 9.85% and 22.72%, and MDA contents were significantly 
decreased by 11.54%, with significant differences (P < 0.05)..

Effect of ODPs on the related targets of cadmium-
induced liver injury

As shown in Figure 7, compared with the NC group, the 

Figure 2 Protein interaction network of potential targets.
Note: The size of the circle and the depth of the color in the figure indicate the size of the corresponding target degree value. The larger the circle 
and the darker the color, the larger the degree value; The thickness of the edge and the depth of the color indicate the correlation between the 
target, and the thicker the edge and the darker the color, the better the correlation.
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Shared 
name

Betweenness
Centrality

Closeness
Centrality Degree AverageShortest

PathLength
Clustering
Coefficient

AKT1 0.15 0.57 24.00 1.75 0.27
SRC 0.10 0.58 24.00 1.73 0.36

PIK3R1 0.07 0.55 23.00 1.82 0.38
HRAS 0.06 0.56 21.00 1.80 0.40
RHOA 0.08 0.54 18.00 1.84 0.38
CASP3 0.11 0.55 17.00 1.82 0.26
MAPK8 0.17 0.53 16.00 1.89 0.38

JAK2 0.02 0.47 15.00 2.15 0.42
MAPK14 0.02 0.49 14.00 2.04 0.44

ALB 0.13 0.50 13.00 2.00 0.24
RAC1 0.01 0.49 13.00 2.05 0.54

STAT1 0.03 0.48 12.00 2.09 0.45
PTK2 0.01 0.46 12.00 2.16 0.62

IL2 0.03 0.50 11.00 1.98 0.51
RAF1 0.02 0.47 11.00 2.13 0.44
KDR 0.01 0.45 11.00 2.22 0.64
AR 0.01 0.47 10.00 2.15 0.53

MET 0.00 0.47 10.00 2.11 0.71
PTPN1 0.00 0.45 9.00 2.22 0.64
MMP9 0.06 0.46 9.00 2.16 0.28
IGF1R 0.00 0.43 9.00 2.35 0.64

KIT 0.01 0.47 8.00 2.15 0.61
NOS2 0.04 0.45 8.00 2.20 0.46
XIAP 0.02 0.45 8.00 2.24 0.29
AKT2 0.00 0.44 8.00 2.27 0.61

NR3C1 0.01 0.42 8.00 2.38 0.43
F2 0.02 0.43 7.00 2.33 0.33

CAT 0.05 0.46 6.00 2.18 0.33
INSR 0.00 0.43 6.00 2.35 0.67

HSPA8 0.01 0.43 6.00 2.31 0.47
APAF1 0.01 0.42 6.00 2.36 0.40

BTK 0.00 0.44 6.00 2.29 0.87
MAPK10 0.00 0.44 6.00 2.25 0.73

GSTP1 0.13 0.38 5.00 2.65 0.20
HSPA1A 0.00 0.37 5.00 2.67 0.30
CASP1 0.00 0.40 5.00 2.51 0.50
EIF4E 0.00 0.41 4.00 2.45 0.67
ELANE 0.00 0.35 4.00 2.85 0.50

TGFBR2 0.04 0.40 4.00 2.47 0.17
LCN2 0.00 0.35 3.00 2.87 0.67

SERPINA1 0.00 0.35 3.00 2.87 0.67
NQO1 0.02 0.34 3.00 2.91 0.33
CCL5 0.00 0.36 3.00 2.78 0.33

GSTM1 0.00 0.29 3.00 3.40 0.67
MMP1 0.00 0.32 3.00 3.09 0.67
PLAU 0.00 0.40 3.00 2.51 0.67
AHCY 0.04 0.28 2.00 3.60 0.00
SOD2 0.00 0.38 2.00 2.60 1.00
BCHE 0.00 0.34 2.00 2.91 1.00
DPP4 0.00 0.34 2.00 2.91 0.00
BIRC7 0.00 0.37 2.00 2.71 1.00
CDK2 0.00 0.38 2.00 2.60 1.00

CYP2C9 0.00 0.28 2.00 3.62 1.00
BHMT 0.00 0.22 1.00 4.58 0.00
ARG1 0.00 0.31 1.00 3.18 0.00

TGFB2 0.00 0.29 1.00 3.45 0.00

Table 2: Topological analysis of potential targets of ODPs on cadmium-induced liver 
injury.

Table 3: Characteristic parameters of network nodes related to monosaccharide 
composition of ODPs

Compound 
code

Compound
 name

Betweenness 
centrality

Closeness 
centrality Degree

ODP1 L-Arabinose 0.02 0.50 34.00
ODP2 Xylose 0.02 0.50 34.00
ODP3 Fructose 0.07 0.57 47.00
ODP4 Glucose 0.06 0.59 50.00
ODP5 Galactose 0.06 0.59 50.00
ODP6 Rhamnose 0.13 0.62 53.00
ODP7 Mannose 0.06 0.59 50.00
ODP8 Fucose 0.13 0.62 53.00
ODP9 Glucuronic acid 0.11 0.66 58.00

ODP10 Galacturonic acid 0.11 0.66 58.00

Table 4: Characteristic parameters of cadmium-derived liver injury related network 
nodes.

Shared name Betweenness Centrality Closeness Centrality Degree
AKT1 0.05 0.58 28.00
HRAS 0.04 0.58 28.00
RAF1 0.03 0.52 26.00
AKT2 0.03 0.52 26.00
RAC1 0.03 0.55 24.00

MAPK14 0.03 0.53 21.00
PIK3R1 0.02 0.48 21.00

SRC 0.02 0.52 18.00
MAPK8 0.02 0.48 18.00
IGF1R 0.01 0.51 16.00
RHOA 0.01 0.47 16.00
MMP9 0.01 0.49 14.00

KIT 0.01 0.49 13.00
STAT1 0.01 0.49 13.00

IL2 0.01 0.49 12.00
NOS2 0.00 0.48 11.00
CASP3 0.01 0.48 11.00
JAK2 0.01 0.48 11.00
XIAP 0.00 0.48 10.00
KDR 0.01 0.47 10.00

AHCY 0.00 0.48 10.00
APAF1 0.00 0.48 10.00
BCHE 0.00 0.48 10.00
BIRC7 0.00 0.48 10.00
BTK 0.00 0.48 10.00

CASP1 0.00 0.48 10.00
CDK2 0.00 0.48 10.00
EIF4E 0.00 0.48 10.00
ELANE 0.00 0.48 10.00
GSTM1 0.00 0.48 10.00
GSTP1 0.00 0.48 10.00

LYZ 0.00 0.48 10.00
MAPK10 0.00 0.48 10.00

MMP1 0.00 0.48 10.00
PCK1 0.00 0.48 10.00
PKLR 0.00 0.48 10.00
PLAU 0.00 0.48 10.00

PTPN1 0.00 0.48 10.00
PYGL 0.00 0.48 10.00

REG1A 0.00 0.48 10.00
RNASE2 0.00 0.48 10.00
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Figure 3 GO analysis bar chart.

Figure 4 Enrichment analysis of KEGG pathway.
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Figure 5 ODPs alleviates cadmium-derived liver injury related target-core pathway network.
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Figure 6 Effects of ODPs on SOD, GSH-Px and MDA in mice.
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content of Caspase-3 and MMP-9 in the MC group increased 
by 43.39 % and 23.31 %, respectively, and the content of IL-2 
decreased by 19.65 %, with significant difference (P < 0.01). 
Compared with MC group, the contents of Caspase-3 and MMP-9 
in YC group were significantly decreased by 20.71 % and 11.85 
%, and the content of IL-2 was increased by 7.22 %. The levels 
of Caspase-3 and MMP-9 in the ODP group increased by 18.36 % 
and 14.29 %, and the content of IL-2 increased by 10.56 %, with 
significant difference (P < 0.05).

signi�icant difference, # # P < 0.01, with extremely signi�icant difference. 
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Figure 7 Effects of ODPs on caspase-3, IL-2 and MMP-9 in mice. 
Note : Data are expressed as mean ± standard deviation ( ± S.D ). Compared with the blank group, * * P < 0.01, with a very significant difference. 
Compared with the model group, # P < 0.05, with significant difference, # # P < 0.01, with extremely significant difference.

Table 5: Characteristic parameters of network nodes related to core paths.

Shared name Betweenness 
Centrality

Closeness 
Centrality Degree

Pathways in cancer 0.01 0.42 17.00
Focal adhesion 0.01 0.41 14.00

Proteoglycans in cancer 0.01 0.41 14.00
Rap1 signaling pathway 0.00 0.41 13.00

PI3K-Akt signaling 
pathway 0.00 0.41 13.00

Ras signaling pathway 0.00 0.41 12.00
Chemokine signaling 

pathway 0.00 0.40 11.00

VEGF signaling pathway 0.00 0.40 10.00
Prolactin signaling 

pathway 0.00 0.40 10.00

Hepatitis B 0.00 0.40 10.00
Colorectal cancer 0.00 0.40 9.00

Neurotrophin signaling 
pathway 0.00 0.40 9.00

Sphingolipid signaling 
pathway 0.00 0.40 9.00

Fc epsilon RI signaling 
pathway 0.00 0.39 8.00

ErbB signaling pathway 0.00 0.39 8.00
T cell receptor signaling 

pathway 0.00 0.39 8.00

Central carbon 
metabolism in cancer 0.00 0.39 8.00

MAPK signaling pathway 0.00 0.39 8.00

DISCUSSION

The accumulation of cadmium in the liver can cause severe 
damage. Studies have shown that cadmium toxicity is associated 
with oxidative stress [32], and lipid peroxidation in liver cells 
[33]. Reactive oxygen species (ROS) such as superoxide anion, 
hydrogen peroxide, and hydroxyl radical promote the generation 
of ROS [34], thus disrupting the balance of the oxidative/
antioxidant system. Effective removal of free radicals and 
inhibition of oxidative substances require antioxidant barriers, 
including enzymatic and non-enzymatic systems [35]. The most 
important enzymatic antioxidants are superoxide dismutase 
(SOD), glutathione peroxidase (GSH-Px), and catalase (CAT). 
SOD catalyzes the dismutation of superoxide radicals into 
hydrogen peroxide (H2O2) and molecular oxygen (O2) [36], thus 
providing an important defense mechanism against the toxicity 
of superoxide radicals. Matrix metalloproteinase-9 (MMP-9) is 
a protease that degrades the extracellular matrix and plays a 
major role in basement membrane degradation [37]. In clinical 
diagnosis, the analysis of SOD and MMP-9 in combination is often 
used as an auxiliary indicator for diagnosis [38]. Malondialdehyde 
(MDA) is the final product of cell membrane lipid peroxidation 
[39]. MDA affects the activity of mitochondrial respiratory chain 
complexes and key enzymes in the mitochondria [40], and its 
production can further exacerbate membrane damage [41]. 
Therefore, measuring MDA levels can indirectly reflect the degree 
of lipid peroxidation and cell damage. The results of this study 
showed that the content of SOD, MMP-9, and GSH-Px in the liver 
of mice in the cadmium model group was significantly decreased, 
while the MDA content was significantly increased, indicating 
an excess production of superoxide anion radicals in the mice, 
lipid peroxidation of cell membranes, and disruption of the redox 
balance. The polysaccharide group and positive control group 
had significantly higher levels of SOD, MMP-9, and GSH-Px, and 
significantly lower levels of MDA compared to the model group, 
suggesting that ODPs can eliminate excessive superoxide anion 
radicals in the body, inhibit lipid peroxidation of biomembranes, 
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and repair structural damage to cell membranes, thereby 
restoring liver cell function.

It has been proven that cadmium-induced hepatotoxicity can 
induce cell apoptosis [42]. Studies have shown that cadmium can 
decrease the expression of the cell apoptosis-related factor B-cell 
lymphoma 2 (Bcl-2) [43], increase the levels of Bcl-2-associated 
X (Bax) and activated caspase-3 (Caspase-3) [44], indicating 
the activation of the mitochondria-mediated intrinsic apoptotic 
pathway and the induction of liver cell apoptosis. Activated 
�Caspase-9 has been demonstrated to be a major factor in tissue 
hypoxia-induced apoptosis [45], and after activation, Caspase-9 
can cleave and activate downstream Caspase-3 [46], which is an 
important final execution molecule in various apoptotic pathways 
and a significant marker of cell apoptosis [47]. Once activated, 
Caspase-3 can cause cell apoptosis in multiple ways [48]. 
Activated Caspase-3 can cleave many intracellular proteins and 
inactivate nucleases, leading to the destruction of the cell nucleus 
and morphological changes characteristic of cell apoptosis [49]. 
The results of this study showed that the level of Caspase-3 was 
significantly increased in the liver of mice in the model group, 
while the content of Caspase-3 in the polysaccharide group 
and positive control group was significantly lower than in the 
cadmium-treated group, indicating that ODPs can inhibit liver 
cell apoptosis through the mitochondria-mediated caspase-
dependent pathway.

In cadmium-induced hepatotoxicity, cadmium-activated 
liver cells release a large amount of inflammatory factors [50]. 
Common pro-inflammatory factors [51] include tumor necrosis 
factor-alpha (TNF-α), interleukins (IL-1, IL-6, IL-8), etc., while 
anti-inflammatory factors include IL-2, IL-4, IL-10, which mainly 
inhibit the release of pro-inflammatory mediators and prevent 
excessive inflammatory responses [52]. These inflammatory 
factors further activate the expression of adhesion molecules 
[53], including E-selectin, ICAM-1, VCAM-1, P-selectin, and the 
β2 integrin family member Mac-1. The abundant expression 
of adhesion molecules in liver cells triggers a series of cellular 
and humoral responses, ultimately leading to inflammation and 
secondary liver damage [54]. In this study, the IL-2 content in 
the liver of mice in the model group was significantly decreased, 
while the IL-2 content in the polysaccharide group and positive 
control group was significantly higher than in the model group. 
Combined with the KEGG pathway enrichment analysis, ODPs 
can inhibit the excessive activation of immune cells, increase 
the release of anti-inflammatory mediators, and maintain the 
relative balance between the body’s inflammatory response and 
compensatory anti-inflammatory response, thereby avoiding 
liver cell damage caused by excessive inflammatory response.

CONCLUSION

Based on the previous research work, this project combines 
network pharmacology to explore the mechanism of ODPs in 
alleviating cadmium-induced liver damage. The results were 
validated and analyzed through in vivo experiments. The 
main conclusions are as follows: (1) The results of this study 
demonstrate that ODPs have the characteristics of multi-target 

and multi-pathway actions, effectively alleviating cadmium-
induced liver damage. (2) Based on the analysis of the PPI 
network and the “compound-liver injury target-pathway” 
network, 69 target genes associated with ODPs in the treatment 
of cadmium-induced liver injury were identified, including AKT1, 
CASP3, MAPK8, JAK2, MAPK14, IL2, MMP9, IGF1R, NOS2, etc. 
Enrichment analysis revealed that the main signaling pathways 
involved are the VEGF signaling pathway, cancer pathway, PI3K-
AKT signaling pathway, etc. (3) Based on traditional oxidative 
stress indicators, ODPs exhibited good antioxidant capacity, 
significantly inhibiting the decrease in SOD and GSH-Px activities 
induced by cadmium, reducing the level of lipid peroxidation 
product MDA, and restoring the level of antioxidant enzyme 
content in the liver to a normal range. Validation analysis based 
on network pharmacology showed that ODPs significantly 
reduced the levels of Caspase-3 and MMP-9 in the liver, increased 
the level of IL-2, effectively inhibiting cadmium-induced liver cell 
apoptosis and inflammatory reactions.
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