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Summary 
This study aimed to investigate the effect of irisin on LPS-induced 
inflammation in RAW 264.7 macrophages through inhibition of 
the mitogen-activated protein kinase (MAPK) pathway. A network 
pharmacology-based approach, combined with molecular docking 
and in vitro validation were performed to identify the biological 
activity, key targets, and potential pharmacological mechanisms 
of irisin against LPS-induced inflammation. By matching 
100 potential genes of irisin with 1893 ulcerative colitis 
(UC)-related genes, 51 common genes were obtained. Using 
protein-protein interaction networks (PPI) and component-target 
network analysis,10 core genes of irisin on UC were further 
identified. The results of gene ontology (GO) enrichment analysis 
showed that the molecular mechanisms of irisin on UC were 
mainly related to major enrichment in the categories of response 
to xenobiotic stimulus, response to the drug, and negative 
regulation of gene expression. Molecular docking results showed 
good binding activity for almost all core component targets. More 
importantly, MTT assay and flow cytometry results showed that 
LPS-induced cytotoxicity was reversed by irisin, after 
coincubation with irisin, the level of IL-12 and IL-23 decreased in 
LPS-stimulated RAW264.7 macrophages. Irisin pretreatment 
significantly inhibited the phosphorylation of ERK and AKT and 
increased the expression of PPAR α and PPAR γ. LPS-induced 
enhancement of phagocytosis and cell clearance were reversed 
by irisin pretreatment. Irisin ameliorated LPS-induced 
inflammation by inhibiting cytotoxicity and apoptosis, and this 
protective effect may be mediated through the MAPK pathway. 
These findings confirmed our prediction that irisin plays an anti-
inflammatory role in LPS-induced inflammation via the MAPK 
pathway. 
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Introduction 
 

Irisin is cleaved and secreted from the 
fibronectin type III domain containing 5 (FNDC5) and 
exerts protective effects against metabolic diseases in 
humans and mice, and its production is stimulated by 
exercise and exposure to cold [1, 2]. Irisin is known to 
protect against metabolic disturbances and stimulates 
adipocyte transition from white to brown through the 
MAPK and ERK MAP kinase signaling [3, 4]. There 
have been a large number of clinical and experimental 
research reports that irisin is a key factor in the process of 
pathogenic diseases [5-8]. Recent studies have found that 
irisin plays an important biological function in other 
system diseases, such as regulating depression[9], 
regulating osteoblast proliferation[10], and cortical bone 
mass [11]. Irisin can also replace ischemic neuronal 
damage by activating AKT and ERK1/2 signaling 
pathways [12].  

The anti-inflammatory effects of exercise 
attenuate persistent inflammation-mediated chronic 
diseases such as type 2 diabetes mellitus (T2DM) and 
cardiovascular disease (CVD) [13,14]. It has been 
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reported that exercise is proposed as an auxiliary anti-
inflammatory treatment, and physiological movement and 
inflammatory markers are negatively related [15,16]. 
Regular exercise has been shown to reduce systemic 
chronic inflammation in both longitudinal and cross-
sectional studies [17]. Endurance exercise training exerts 
global anti-inflammatory responses in multiple organs, 
including skeletal muscle, liver, and adipose tissue 
through both the reduction of visceral fat mass and the 
induction of an anti-inflammatory environment with each 
bout of exercise [18]. A recent study shows that voluntary 
exercise can attenuate the severity of colonic damage in 
mice fed with a High-Fat Diet through the release of 
protective irisin [19]. It has also been shown that exercise 
can reduce the expression of toll-like receptors (TLRs) 
and inflammatory signaling [20]. Moderate exercise can 
produce beneficial ameliorative effects on inflammatory 
bowel disease (IBD) and improve the healing of colitis in 
experimental animals due to the activity of protective 
action, such as irisin released from working skeletal 
muscle [2]. This was confirmed in Liu's study where 
voluntary exercise prevented UC [21], which illustrates 
the anti-inflammatory effect of exercise. 

Exercise-induced irisin production has been 
demonstrated to have protective effects against 
neuroinflammation [22], mice obesity-induced 
inflammation [23], and heart hypertrophy [24]. FNDC4 is 
an anti-inflammatory factor in macrophages and 
ameliorates dextran sulfate sodium salt (DSS) induced 
colitis in a mouse model. FNDC5 as a precursor for irisin 
synthesis shares high homology with FNDC4 [25]. 
Therefore, we speculate that irisin may play an important 
role in the treatment of UC. Visceral adipose tissue 
(VAT) browning due to irisin's anti-inflammatory effects, 
which could lead to a reduction in VAT mass [26]. Irisin 
also decreases inflammation and improves non-alcoholic 
fatty liver disease by competitive binding with myeloid 
differentiation factor 2 [20]. DSS-induced colitis 
produces an inflammation-induced bone loss, while irisin 
treatment reduces the inflammatory state of the intestine 
and bone [27]. In our previous in vivo experiments, irisin 
has been shown to improve inflammation in a mouse 
model of UC [28], however, the exact mechanism of the 
anti-inflammatory effect remains unclear.  

To study the pharmacology, phytochemistry, and 
pharmacokinetics of herbal medicines, network 
pharmacology has been extensively used. Network 
pharmacology is a versatile approach that integrates 
pharmacology, bioinformatics, and computer analysis. It 

can be used to investigate the intricate relationships in 
herbal medicines [29]. In reality, network pharmacology 
generally follows three paths: building a research network 
based on databases, network analysis to look for 
important chemicals and targets, and experimental 
validation to confirm the accuracy of the results [30]. The 
combination of network pharmacology and experimental 
validation has emerged as a preferred strategy to explore 
the core targets and mechanisms of chemicals [31]. In the 
current study, network pharmacology was utilized to 
screen a large number of potential targets and anticipate 
potential signaling pathways to forecast the mechanisms 
of irisin. Additionally, an in vitro experiment was set up 
to confirm irisin's ability to reduce inflammation and the 
core gene's altered expression. 

 
Methods 
 
Prediction of targets related to irisin and UC 

First, we obtained the molecular structures and 
canonical SMILES codes for all components from 
PubChem (https://pubchem.ncbi.nlm.nih.gov/) [32]. 
Next, the composition of corresponding targets was 
collected by using the Swiss Target Prediction 
(http://www.swisstargetprediction.ch/, ver. 2019) 
database [33]. Targets related to UC were obtained from 
two databases aiming to elucidate the relationship 
between targets and diseases from different perspectives. 
GeneCards (https://www.genecards.org/) [34], and 
DisGeNET (http://www.disgenet.org/) [35] databases 
were searched with “Ulcerative Colitis” as a keyword. To 
ensure the reliability of target prediction, we selected 
disease genes from DisGeNET and selected targets with  
a correlation score ≥3 in GeneCards. Upload the above-
obtained drug and disease genes to Bioinformatics 
(http://www.bioinformatics.com.cn) to obtain the 
intersecting genes. 

 
Component-target (C-T) and PPI Network Construction 

To understand the complex interactions between 
components and their corresponding targets,  
a C-T network was established by using Cytoscape 
(https://cytoscape.org/, version 3.9.1) [36]. In addition, 
candidate targets were uploaded to the STRING database 
(https://string-db.org/, version 11.0) [37] to obtain  
PPI data by limiting the species to "Homo sapiens". After 
obtaining PPI data, PPI networks were constructed by 
Cytoscape. In addition, the degree values of the nodes in 
the network were calculated and the targets with degree 
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values higher than the median were selected as the key 
targets of the PPI network. 

 
GO functional enrichment analysis 

To investigate the potential molecular 
mechanisms of irisin on UC, candidate targets were 
analyzed for GO function enrichment analysis through 
the DAVID database (https://david.ncifcrf. gov) [38]. The 
enrichment P-value was calculated, and a P < 0.05 was 
considered to be statistically significant. 

 
Molecular docking 

First, the 2D structure of irisin was downloaded 
from PubChem and stored in PDB file format, water was 
removed using PyMOL and then converted to  
MOL2 files using Open Babel 3.1.1. The structure of the 
receptor was obtained from the PDB database [39]. Then, 
the irisin’s components and target proteins for docking 
were prepared using PyMOL 1.7.2.1 and saved as 
PDBQT files using AutoDockTools 1.5.6 [40]. Finally, 
docking simulations were performed under the AutoDock 
program and the fraction target with lower affinity scores 
was selected for further analysis. 

 
Macrophage cell culture 

RAW264.7 macrophages were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; Corning, 
USA) containing 10 % fetal bovine serum (FBS; 
Corning, USA) and 1 % penicillin/streptomycin 
(Invitrogen, USA), in 37 °C, 5 % CO2 incubator.  

 
Cell MTT test 

Cell viability was tested by MTT assay, and  
1 × 105 cells were seeded in a 96-well plate. After 
incubation for 24h, cells were treated with various 
concentrations of LPS (Sigma, USA) (100, 500, 1000, 
2000 ng/ml) and irisin (400ng/ml) (Phoenix 
Pharmaceuticals, Inc) for 24h. Then, 20 μl of 5 % MTT 
(Solarbio, USA) solution was added to each well and 
incubated for 4 h. The supernatant was discarded and the 
resulting crystals were dissolved in DMSO (Solarbio, 
USA). Subsequently, the cells were further incubated 
(37 °C, 5 % CO2) for 10 min. Absorbance was measured 
at 490nm.  

 
Cell morphology 

RAW264.7 was cultured in 12-well plates at  
1 × 105 cells/well. After incubation for 24h, cells were 
cultured with medium, irisin (400ng/ml), or LPS 

(1000ng/ml), respectively, or cells were pretreated with 
irisin for 12 hours, and then LPS was added. Cell 
morphology was evaluated with light microscopy. 

 
IL-12 and IL-23 levels  

The levels of IL-12 and IL-23 in the 
supernatants of the four groups of cells were detected by 
Enzyme-Linked Immunosorbent Assay Kits (ELISA) 
(Hermes Criterion Biotechnology, Canada), respectively. 

 
Macrophage phagocytosis test 

The cell suspension concentration of log-phase 
RAW264.7 was adjusted to about 1 × 105/mL and added 
500 μl into each well of the 24-well plate in a 5 % CO2 
incubator for 24h at 37℃. Zymosan particles (Invitrogen, 
USA) were added to the cells. Phagocytosis was allowed 
to proceed for 30min. Cells were fixed with 4 % 
paraformaldehyde for 30min at 4℃, then washed with 
PBS. The plate was examined by light microscopy at 400 
magnification using a Nikon Eclipse Ti2-E microscope 
(Nikon, Tokyo, Japan). Phagocytosis was determined by 
counting a total of 100 macrophages in at least four 
different fields in 400 magnification photomicrographs. 
Phagocytosis was assessed as the percentage of 
phagocytic cells (PP), mean of particles per cell  
(MNP), and the phagocytic index (PI) determined as  
PI = PP x MNP.  

 
Western blot  

The total proteins in each group were extracted 
with RIPA (Solar bio, China), PMSF (Solar bio, China), 
and Protein Phosphatase Inhibitor (Solar bio, China). The 
total protein was quantified by the BCA protein assay kit 
(Beyotime, China), and the protein was denatured at 
95 ℃ for 5min. After electrophoresis, proteins were 
transferred onto polyvinylidene difluoride (PVDF) 
membrane (Immobilon, Germany), followed by 5 % non-
fat milk (Solarbio, China) to block the band. The band 
was then incubated with primary antibody (GAPDH, 
Proteintech, China, Mouse, 1:5000, ERK1/2, Proteintech, 
China, Rabbit, 1:1000; Phospho-ERK1/2, Proteintech, 
China, Rabbit, 1:1000; AKT, Proteintech, China, Mouse, 
1:2000; Phospho-AKT, Proteintech, China, Rabbit, 
1:5000; PPAR α， Proteintech, China, Mouse, 1:1000; 
PPAR γ， Proteintech, China, Rabbit, 1:1000) at 4 °C 
overnight, the appropriate secondary antibody  
HRP-conjugated affinity purified goat anti-rabbit, or goat 
anti-mouse IgG was applied at 1:5000 dilution and 
incubated for 1 hour at room temperature. Images were 
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taken with a Bio-Rad imaging system (Bio-Rad, USA) 
and analyzed by an image analysis system for the optical 
density of the protein bands. 

 
Flow cytometry 

To compare the apoptosis rate, RAW264.7 
macrophages were divided into four groups, treated with 
culture medium, irisin (400 ng/ml), LPS (1000 ng/ml) 
alone, or pretreated with irisin, and then added with LPS. 
In addition, to assess the apoptotic rate of thymocytes, 
thymocytes and supernatants were collected after 
thymocytes were treated with dexamethasone (5 μM) 
(Yeasen, China) for 12 hours. Then, thymocytes were 
centrifuged at 3000 r/min for 5 minutes, and resuspended 
in 500 μl Binding Buffer. Annexin V-FITC and PI 
(Procell, China) were added with 5 μl respectively, and 
flow cytometry quantitative detection was performed 
with FACS. 

 
Apoptotic cell clearance assay 

Macrophages were seeded in 24-well plates. 
Apoptotic thymocytes were added to each well at 
a macrophage: thymocyte ratio of (1:10). Thymocytes were 
labeled with fluorescent cell tracking reagent (Invitrogen, 
USA) before co-cultured with macrophages. Phagocytosis 
assays were performed at 37 °C for 1 hour. Macrophages 
were then washed thoroughly to remove non-phagocytic 
cells. Cells were fixed with 4 % paraformaldehyde. Image 
analysis was performed by a fluorescence microscope 
(thymocytes, red). Quantify thymocytes phagocytosed by 
each macrophage using Image J by counting  
50-100 macrophages in each well. Data were presented as 
phagocytosis index. This index was defined as the total 
number of apoptotic cells phagocytosed by each 
macrophage present in the field of view. 

 
Statistical analysis 

Results were expressed as mean ± SE, all data 
were tested for normality by using Prism 9.0 software 
(GraphPad Software), using one-way ANOVA if they 
conformed to a normal distribution, otherwise the 
Kruskal-Wallis test was used. P-values <0.05 were 
considered statistically significant. 

 
Results 

 
Candidate targets and PPI network construction 

A total of 100 potential targets for irisin were 
identified from the Swiss target prediction database by 
uploading the 2D structure of irisin (Fig. 1A). Also, 1,893 

UC-related targets were obtained from the Gene Cards 
and DisGeNET databases after eliminating duplicates. 
Interestingly, after Venn diagram analysis, we found that 
51 irisin-related targets were included in the UC 
(Fig. 1B), Table S1). Additionally, the above targets were 
used to construct a PPI network with the String database. 
The PPI network included 51 nodes and 293 edges 
(Fig. 1C, Table S2). Then, the network was imported into 
Cytoscape software and analyzed with the Network 
Analyzer tool (Fig. 1D). A thicker edge indicated a higher 
combined score, while a deeper node color and larger size 
indicated a higher degree of interaction. 

 
 GO enrichment analyses 

To investigate the potential mechanism of irisin 
action on UC, GO enrichment analysis was performed on 
51 cross-targets using the DAVID database 
(https://david.ncifcrf. gov). GO analyzes the target gene 
function at three levels: cellular component (CC), 
molecular function (MF), and biological process (BP). 
Finally, based on a P-value of < 0.05, the top  
20 significantly enriched BP, CC, and MF terms were 
selected to construct a bar graph (Fig. 1E). As shown in 
Fig. 1E (Table S3), the BP domain was mainly enriched 
in the categories of response to xenobiotic stimulus, 
response to drug, negative regulation of gene expression, 
angiogenesis, positive regulation of ERK1 and ERK2 
cascade, and positive regulation of MAPK cascade. The 
CC domain was mainly enriched in the categories of the 
plasma membrane, cytosol, cytoplasm, extracellular 
region, extracellular space, and extracellular exosome. 
The MF domain was mainly enriched in the categories of 
zinc ion binding, protein kinase activity, enzyme binding 
endopeptidase activity, and serine-type endopeptidase 
activity.  

 
C-T network analysis 

The top 10 hub targets of the PPI network were 
identified using the EPC algorithm of the cytoHubba 
plugin of Cytoscape software. In general, the hub targets 
ranked from highest to lowest were MAP kinase p38 
alpha (MAPK14), Arachidonate 5-lipoxygenase 
(ALOX5), and Thymidine phosphorylase (TYMP), 
Transforming protein p21/H-Ras-1 (HRAS) and 
Peroxisome proliferator-activated receptor gamma 
(PPARγ) (Fig. 1F, Table S4). A chemical-target-specific 
phenotypic network map was constructed using 
Cytoscape software to demonstrate the relationship 
between irisin and UC.  

Ma_TableS1.pdf
Ma_TableS2.pdf
Ma_TableS3.pdf
Ma_TableS4.pdf
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Fig. 1. Candidate targets and PPI network construction. A) The structure of irisin. B) A Venn map shows the targets that irisin 
intersects with UC. C) The PPI networks. D) Import the CSV format result file of PPI into Cytoscape 3.9.1 for visualization. High-degree 
nodes are larger and closer to red, while low-degree nodes are smaller and closer to yellow. E) GO enrichment analysis. The Y-axis 
shows the enriched count and the X-axis shows significantly enriched GO terms of the intersectional targets. F) Component-target 
network of irisin. 
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Docking results analysis 

According to the PPI and Cytoscape analyses, 
two candidate target proteins, including PPAR γ (PDB 
ID: 2znq) and MAPK14 (PDB ID: 5eti), were conducted 
molecular docking with irisin. The docking score 
represents the stability of the protein and compound the 
lower the score, the stronger the bond. The results 
revealed that PPAR γ interacted with irisin, as shown in 
Fig. 2 A,B). As shown in Fig. 2A, the structure of 
quercetin could interact with ARG415, LYS212, and 

ASP210 through 1 hydrogen bond, respectively. The 
results indicated that MAPK14 interacted with irisin, as 
shown in Fig. 2 C,D), the structure of irisin could form 
one hydrogen bond with ALA306, and HIS312, 
respectively. A lower docking score represents a more 
stable binding of the protein and compound [41]. The 
energy of PPAR γ and MAPK14 docking irisin was  
(1.32 kcal/mol) and (-0.33 kcal/mol), respectively, and 
the results indicated that irisin has a good binding activity 
to PPAR γ and MAPK14. 

 
 

 
 
Fig. 2. The docking model of irisin with PPARγ and MAPK14 respectively. A) The action model of PPARγ with irisin. B) Binding pocket 
construction of PPARγ with irisin. C) The action model of MAPK14 with irisin. D) Binding pocket construction of MAPK14 with irisin. The 
hydrogen bonds were indicated by dashed lines and the length was added around the lines. 

 
Irisin protected LPS-induced cell injury  

We first plated RAW264.7 macrophages into  
96-well plates, added different concentrations of LPS  
(0, 100, 500, 1000, 2000 ng/mL), and used an MTT assay 
to measure cell viability after 24 hours. LPS decreased 
cell viability in a dose-dependent manner compared to the 
control group. LPS significantly increased the percentage 

of apoptotic macrophages at a dose of 1000ng/ml 
(P<0.01) (Fig. 3A). The elevated percentage of apoptotic 
macrophages was reversed by pretreatment with irisin at 
the concentration of 400ng/ml (P<0.01) (Fig. 3B). This 
observation was consistent with flow cytometry results 
and allowed us to comprehensively assess overall cell 
viability (Fig. 3C). 
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Irisin changed the morphology of macrophages 
To study the impact of irisin on the cell 

morphology of RAW264.7 macrophages, we observed 
the alteration of cell morphology under an optical 
microscope after being treated with medium, irisin, or 

LPS respectively. After 24h culture, the cell morphology 
changed significantly. The original shape of RAW264.7 
was round. After LPS treatment, the cells were severely 
differentiated, and irisin pretreatment could improve the 
cell shape (Fig. 3D). 

 
 

 
Fig. 3. Irisin protected RAW264.7 from LPS-induced cell injury. An MTT assay showed RAW264.7 cells viability at different 
concentrations of LPS. B) Protective effects of irisin pretreatment on LPS-stimulated macrophage RAW 264.7 cells. Irisin pretreatment 
reverses the cell injury induced by LPS. C) Protective of irisin pretreatment on LPS-induced apoptotic of macrophage. RAW264.7 
macrophages were divided into four groups, treated with culture medium, irisin (400 ng/ml), and LPS (1000 ng/ml) alone for 24h, after 
pretreatment with irisin for 12h, LPS was added for 12h, described in the “Materials and Methods” section. The total percentage of 
apoptosis is equal to the percentage of early apoptosis (Q2) plus the percentage of late apoptosis (Q3). Representative images from 
flow cytometry. D) The effect of irisin or LPS on the morphology of RAW264.7 macrophages. Cells were cultured with a) medium,  
b) irisin (400ng/ml), or c) LPS (1000ng/ml), respectively, or d) cells were pretreated with irisin for 12 hours, and then LPS was added. 
The cell morphology was determined using an optical microscope (400 ×). Data presented as mean ±SE (n=3). ** P< 0.01,  
*** P< 0.001. Control, medium; Irisin, 400ng/ml irisin; LPS, 1000 ng/ml LPS; Irisin + LPS: after pretreatment with irisin (400 ng/ml) for 
12h, LPS (1000 ng/ml) was added for 12h. 

 

a) b) c) d) 
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Irisin inhibited LPS-induced change of protein 

As shown in Fig.4 A,B), irisin or LPS alone 
didn’t change the expression of ERK, and AKT. Irisin 
pretreatment significantly abolished LPS-induced 
phosphorylation of ERK (P<0.0001) and also reduced 
phosphorylation of AKT (P<0.001). However, the 
expression of PPAR α (P<0.001) and PPAR γ 
(P<0.0001) were increased in the irisin group (Fig. 4C). 
 
Irisin decreased IL-12 and IL-23 levels induced by LPS 

We found that irisin can significantly decrease 
the elevated level of inflammatory factors in each group 

caused by LPS (Fig. 4D). There was no significant 
difference in IL‑12 and IL‑23 levels between the control 
(11.2±42.1 and 564.2±35.8pg/ml) and irisin (114.4±72.4 
and 628.9±77.1pg/ml, respectively) groups. However, the 
levels of IL-12 (224.7±168.0) and IL-23 
(917.5±42.69pg/ml) (P<0.05) were significantly 
increased in the LPS group compared with the control 
group. Irisin significantly reduced LPS-mediated 
upregulation of IL-12 (123.4±73.43pg/ml) and IL-23 
(579.8±82.2pg/ml) (P<0.05), but the decrease of IL-12 
was not significant. 

 
 

Fig. 4. RAW264.7 were 
treated with medium, irisin 
(400 ng/ml), or LPS (1000 ng/ 
ml) for 24h, respectively, or 
after pretreatment for 12h, 
LPS was added for 12h, and 
then were collected to 
determine the expression of 
ERK, pERK, AKT, pAKT, PPAR 
α, and PPAR γ by Western blot 
assay described as the 
“Materials and Methods” 
section.  
A) Influence of irisin and LPS 
on the protein expression 
levels of AKT, pAKT, and 
densitometric quantification 
normalized to GAPDH.  
B) Influence of irisin and LPS 
on the protein expression 
levels of ERK, pERK, and 
densitometric quantification 
normalized to GAPDH.  
C) Influence of irisin and LPS 
on the protein expression 
levels of PPAR α, PPAR γ and 
densitometric quantification 
normalized to GAPDH. 
D) for cytokine protein 
determination, RAW264.7 
were treated with medium, 
irisin (400ng/ml), and LPS 
(1000ng/ml) for 24h 
respectively, or after 
pretreatment with irisin for 
12h, LPS was added for 12h, 
then cell-free supernatants 
were collected and assessed 
for IL-12 and IL-23 production 
by ELISA. Data presented as 
mean ± SE (n=3). *P<0.05, 
*** P<0.001, **** P< 0.0001. 
Control, medium; Irisin, 
400ng/ml irisin; LPS, 1000 
ng/ml LPS; Irisin + LPS: after 
pretreatment with irisin  
(400 ng/ml) for 12h, LPS 
(1000 ng/ml) was added for 
12h. 
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Fig. 5. A) Zymosan Phagocytosis in RAW264.7 macrophage. 105 Macrophages were cultured in a medium, irisin (400ng/ml), and LPS 
(1000ng/ml) alone respectively, or pre-treated for 12 h with irisin, and then LPS were added for 12h. Phagocytosis was allowed to 
proceed for 30 min. For 30 min at 4 °C, cells were fixed with 4 % paraformaldehyde, followed by a PBS wash. Using a Nikon Eclipse 
Ti2-E microscope, the plate was analyzed using light microscopy at 400x magnification. B) Dead cell clearance by macrophages. For the 
dead cell clearance assay, macrophages were co-cultured with a cell tracker labeled (red) thymocytes. Over 90 % of cells become 
phosphatidylserine positive after incubation with 5 μM dexamethasone. C) scoring of thymocytes engulfed by macrophage. D) Apoptotic 
thymocytes (red) engulfed by macrophages. Data presented as mean ± SE (n=3). *P< 0.05. Control, medium; Irisin, 400 ng/ml irisin; 
LPS, 1000 ng/ml LPS; Irisin + LPS: after pretreatment with irisin (400 ng/ml) for 12h, LPS (1000 ng/ml) was added for 12h. 

 
 

LPS enhanced zymosan phagocytosis 
Phagocytosis is a basic immune response 

reflecting the immune status of the body [42]. Compared 
with the control group, the irisin-alone culture was 
unchanged, and its PI was 3.22±0.23. LPS treatment 
increased phagocytosis efficiency, with PI increasing 
from 2.68±0.06 in cells cultured in medium only to 
5.07±0.13 in cells cultured with LPS 1000ng/ml (P<0.05) 
(Fig. 5A). After LPS treatment, the uptake of the 
zymosan in macrophages was gradually increased, while 
after irisin pretreatment, its PI was 3.58±0.08 (P<0.05), 
which greatly reduced this effect. 

 

LPS enhanced cell clearance 
Over 90 % of cells become phosphatidylserine 

positive after incubation with 5μM dexamethasone. 
(Fig. 5B) The fluorescent-labeled apoptotic cells were 
engulfed by macrophages. Cells cultured in medium or 
irisin alone had little effect on apoptotic thymocyte 
ingestion (PI 0.94±0.02 and PI 1.03±0.04, respectively), 
whereas LPS significantly enhanced apoptotic thymocyte 
ingestion (PI 2.28±0.04) (P<0.05) (Fig. 5 C,D), irisin 
pretreatment alleviated ingestion (PI 1.12±0.05) 
(P<0.05). 

 
 



244   Ma et al.  Vol. 72 
 
 
Discussion  

 
Irisin is a myokine that has been widely explored 

in recent years. Numerous researches found that irisin 
plays a protective role in metabolic diseases such as 
diabetes and obesity, and insulin resistance [43-45], 
moreover, irisin has a role in nervous system disease, 
including neuronal injury[12], Alzheimer's disease [46], 
besides, irisin has anti-inflammatory properties in bone 
turnover changes [47], obese [23], gut [27]. Exercise can 
exert its anti-inflammatory effects through an anti-
inflammatory environment mediated by myokines [48]. 
The anti-inflammatory effects of exercise may be 
attributed to the release of irisin [2], which has been 
shown to attenuate the inflammatory response in a mouse 
model of UC by altering the intestinal microbiota [28]. 
The FNDC4 protein, which shares 57 % homology with 
FNDC5, is an anti-inflammatory factor in macrophages 
and ameliorates colitis in mice [25]. However, there is 
still little evidence to explain the effect of irisin on  
LPS-induced inflammation in vitro. Therefore, it is of 
great significance to study the anti-inflammatory 
mechanism of irisin. 

In the current study, network pharmacy analysis 
was used to explore the mechanisms underlying irisin 
eliminating the LPS-induced inflammation, and the 
results were experimentally verified in vitro using 
RAW264.7 macrophages. Overall, network 
pharmacology analysis identified 51 irisin-related targets 
included in the UC. Furthermore, the PPI network 
showed that the relationship between targets was 
intricate. By exploring the core targets of irisin in UC 
using the EPC algorithm, the top 5 central targets 
identified included MAPK14, ALOX5, TYMP, HRAS, 
and PPARγ. Among them, MAPK14, associated with the 
largest number of target nodes in the core PPI network, 
could be the most important target in irisin against UC. 
MAPK14 is closely associated with many chronic 
inflammatory conditions, including UC, which 
overproduces inflammatory mediators. Macrophage-
derived MAPK is thought to be involved in autophagic 
regulation and inflammatory responses[49]. In addition to 
MAPK14, we found that PPAR γ associated with more 
core ingredients in the PPI network. PPAR γ is a target 
for regulating pro-inflammatory cytokine expression by 
interfering with NF-κ B and activin-1 gene expression 
[50-52]. The agonist of PPAR γ plays an anti-
inflammatory role in several diseases [53]. In addition, 
voluntary exercise greatly increased the colonic 

expression and activity of PPAR γ in HFD and control 
animals, and these beneficial effects induced by voluntary 
exercise were abolished by PPAR γ inhibitors [54]. 
Activation of PPAR γ has been demonstrated to inhibit 
colonic inflammation in UC or animal models of UC 
[55], which is mediated by the production of intestinal 
glucocorticoid [21]. The PPAR α signaling in the anti-
inflammatory activity of glucocorticoids modulated and 
improved the anti-inflammatory response in IBD murine 
[56]. There was a positive effect of rSj16 on  
DSS-induced colitis by diminishing pro-inflammatory 
cytokine production and upregulating immunoregulatory 
cytokine production [57], which was mediated by PPARα 
pathway inhibition. Studies have revealed that PPAR is 
increased at the mRNA level by irisin treatment [1]. In 
addition, molecular docking was performed to further 
validate the predicted results of the network 
pharmacological analysis. The docking results showed 
that irisin could combine well with MAPK14 and PPAR 
γ, respectively. This is consistent with our results 
showing that the expressions of PPARα and PPAR γ were 
decreased after LPS treatment, whereas the expression 
were increased after irisin pretreatment, indicating that 
irisin has a therapeutic effect on LPS-induced 
macrophage inflammation, which may be related to the 
increase in PPAR expression. 

Lipopolysaccharide (LPS) is a component of the 
outer membrane of gram-negative bacteria which 
provides a persistent inflammatory stimulus that produces 
proinflammatory cytokines [58]. LPS induces  
an inflammatory response and even death in RAW264.7 
macrophages [59]. The expression of IL-12 p70, IL-23, 
and IL-12 p40 was upregulated by LPS treatment [60]. 
Previous research has shown that the expression of IL-12 
and IL-23 is mediated by MAPK signaling pathways [61, 
62]. In our study, LPS increased the expression of IL-12 
p40 and IL-23, whereas irisin reversed this effect.  

PI3K-dependent AKT phosphorylation is  
an early event in UC inflammatory signaling [63, 64]. 
The PI3K/AKT signal transduction pathway is involved 
in reducing the release of cytokines, reducing the 
inflammatory response, and playing an important role in 
the occurrence and development of UC [65]. Irisin 
pretreatment significantly inhibited the phosphorylation 
of AKT and increased the expression of PPAR α and 
PPAR γ. Therefore, it is speculated that the therapeutic 
effect of irisin on inflammation may be related to the 
increased expressions of PPAR and PI3K/AKT.  

MAPK including the JNK, ERK, and p38 
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pathways, is a family of serine-threonine kinases 
involved in various cellular activities, including cell 
proliferation and apoptosis [66]. Targeting the MAPK 
signaling pathway may treat inflammatory diseases, as 
MAPK is active in the inflammatory response by 
regulating inflammatory cytokines [67]. Activity of the 
MAPK signaling pathway is considered to be one of the 
main factors leading to the release of cytokines and 
inflammatory mediators in ulcerative colitis [68]. 
MAPK/ERK and PI3K/AKT pathways are upregulated in 
ulcerative colitis-associated colon cancer [69]. Elevated  
pERK is observed in a DSS-induced mouse model of UC, 
suggesting that MAPK signaling is involved in the 
development of UC [70]. Activation of AKT and ERK 
enhances protective defenses against oxidative stress and 
inflammation in colitis [71]. This is consistent with our 
findings that the phosphorylation of ERK was decreased 
after pretreatment with irisin, suggesting that the 
therapeutic effect of irisin on LPS-induced macrophage 
inflammation may be associated with increased ERK 
expression. 

 
Conclusion 

 
The present study showed that irisin can 

modulate the activation of the MAPK pathway, as irisin 
pretreatment significantly inhibited the phosphorylation 
of ERK and AKT and increased the expression of PPAR 
α and PPAR γ. LPS promotes inflammation and apoptosis 
in macrophage RAW264.7, whereas irisin ameliorates 
this, as validated by flow cytometry and MTT. This study 
demonstrated that LPS induced inflammation in 
macrophages and that irisin had beneficial and anti-
inflammatory properties for the development of 
inflammation-related diseases. This effect may be 
mediated by the MAPK signaling pathway, and further 
research is needed to block the proteins associated with 
the signaling pathway.  
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