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Objective. .is study is aimed to reveal the possible mechanisms of artemisinin in the treatment of ulcerative colitis (UC) through
bioinformatics analysis and experimental verification in UC model rats.Methods. Firstly, we searched two microarray data of the
Gene Expression Omnibus (GEO) database to explore the differentially expressed genes (DEGs) between UC samples and normal
samples. .en, we selected DEGs for gene ontology (GO) function enrichment analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis..e acute UCmodel of rats was established by using 3.5% dextran sulfate sodium
(DSS) for 10 days to verify the core pathway. Finally, we evaluated the therapeutic effect of artemisinin at the molecular level and
used metabonomics to study the endogenous metabolites in the rat serum. Results. We screened in the GEO database and selected
two eligible microarray datasets, GSE36807 and GSE9452. We performed GO function and KEGG pathway enrichment analyses
of DEGs and found that these DEGs were mainly enriched in the inflammatory response, immune response, and IL-17 and NF-κB
signaling pathways. Finally, we verified the IL-17 signaling pathway and key cytokines, and ELISA and immunohistochemical
results showed that artemisinin could downregulate the expression of proinflammatory cytokines such as IL-1β and IL-17 in the
IL-17 signaling pathway and upregulate the expression of the anti-inflammatory cytokine PPAR-c. Metabolomics analysis showed
that 33 differential metabolites were identified in the artemisinin group (AG) compared to the model group (MG). Differential
metabolites were mainly involved in alanine, aspartate, and glutamate metabolism and synthesis and degradation of ketone
bodies. Conclusion. In this study, we found that artemisinin can significantly inhibit the inflammatory response in UC rats and
regulate metabolites and related metabolic pathways. .is study provides a foundation for further research on the mechanism of
artemisinin in the treatment of UC.

1. Introduction

Ulcerative colitis (UC) is a chronic nonspecific intestinal
inflammation characterized by abdominal pain, diarrhea,
and blood in the stool [1]. .e pathogenesis of UC is not
completely clarified and may be related to immune, envi-
ronmental, and genetic factors. .e anti-UC drugs mainly
include 5-aminosalicylic acid, hormones, immunosuppres-
sive agents, etc. But UC cannot be cured completely and

greater side effects were left in UC patients [2]. With the
development of industrialization and urbanization, the
number of diagnosed UC patients in China has increased
sharply, with 1.2 cases per 100,000 people, and this number
is still increasing [3]. About half of UC is classified as a
chronic recurrent disease [4]. .e long course and recurrent
episodes often afflict the mental and psychological state of
patients, and the prolonged course also leads to an increased
risk of colorectal cancer [5].
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.e exact pathogenesis of UC is unknown. Studies have
shown that bioinformatics technology can help us under-
stand the pathogenesis of UC more clearly by identifying
different genes in UC microarray data [6, 7].

Compared with chemical drugs, traditional Chinese
medicines have the advantage of fewer side effects, and
currently attract researchers’ attention to the treatment of
gastrointestinal diseases [8]. Artemisinin is a semiterpene
lactone compound, which has been listed by the World
Health Organization as a first-line drug for the treatment of
malaria [9]. In addition to antimalarial, artemisinin also has
anti-inflammatory, antibacterial, antitumor, antifibrosis,
and immune regulation effects [10]. Studies have found that
artemisinin can treat immune diseases by inducing the
production of regulatory T cells and inhibiting the phos-
phorylation of AKT [11], and it can play an anti-inflam-
matory role by inhibiting the activation of NLRP3
inflammasome [12]. According to reports, artemisinin can
ameliorate inflammation-driven lymphangiogenesis via
VEGF-C/VEGFR-3 signaling pathway [13], and it can also
induce the expression of CYP3A by activating PXR [14],
thereby preventing inflammatory bowel disease. .e treat-
ment of artemisinin in immune and inflammatory diseases
inspired us to explore the treatment of ulcerative colitis.

In recent years, metabolomics is widely used to discover
the pathogenesis of diseases and the potential mechanism of
action of drugs [15]. Metabolomics is a discipline that si-
multaneously qualitatively and quantitatively analyzes all
low-molecular-weight metabolites of a certain organism or
cell in a specific physiological period, and it can more ac-
curately reflect the state of the biological system of small
molecule metabolites in the treatment process from the
overall level, which conforms to the holistic, dynamic, and
dialectical views of Chinese medicine [16–18]. It has been
confirmed that UC will cause metabolic disorders [19].
However, there are few studies on the metabolic changes of
artemisinin in the treatment of UC. .erefore, it is mean-
ingful to study whether artemisinin can reduce colon in-
flammation by reversing metabolism.

In this study, we applied two datasets from the Gene
Expression Omnibus (GEO) database to identify the dif-
ferentially expressed genes (DEGs) of UC and performed
gene ontology (GO) functional and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses
on DEGs. .en, we constructed an acute UC model induced
by dextran sulfate sodium (DSS) and verified the core
pathways. Finally, we evaluated the therapeutic effect of
artemisinin at themolecular level and usedmetabonomics to
study the endogenous metabolites in the rat serum. .e
therapeutic effect of artemisinin on UC is provided on a
theoretical basis.

2. Materials and Methods

2.1. Bioinformatics Analysis

2.1.1. Data Resource. We searched in the GEO database
(http://www.ncbi.nlm.nih.gov/geo/) and collected the gene
expression data of GSE36807 and GSE9452 in colon mucosal

tissues from healthy individuals and UC patients. Micro-
array data included in GSE36807 and GSE9452 were ob-
tained from GPL570-55999 platforms. GSE36807 included 7
healthy human colon tissue samples and 15 UC patients’
colon tissue samples. GSE9452 included 5 healthy human
colon tissue samples and 21 UC patients’ colon tissue
samples.

2.1.2. Data Preprocessing. .e R language packages “Affy”
and “affyPLM” were applied for background correction and
normalization of the raw data. .en, according to the
platform annotation information, each probe ID was con-
verted into a gene ID. Subsequently, gene IDs were con-
verted into gene symbols and saved. .e R software “limma”
package was used to screen DEGs between patients with UC
and healthy human colon tissues, and the DEGs data of the
intersection between the two were visualized with online
software Venn diagram.

2.1.3. Gene Ontology and KEGG Pathway Enrichment
Analyses. Both GO and KEGG enrichment analyses of the
DEGs were performed using the R package clusterProfiler
(version 4.0.3). .e results of the analysis were expressed in
the form of bar graphs and bubble graphs.

2.2. Experimental Verification

2.2.1. Drugs and Reagents. DSS was purchased from Meilun
Biotechnology Co., Ltd. (Dalian, China). Mesalazine was
purchased from Losan Pharma GmbH (Freiburg im
Breisgau, Germany). Artemisinin was purchased from TCI
Development Co., Ltd. (Shanghai, China). ELISA kits for IL-
1β, IL-13, IL-33, and ST2 were purchased from Jiangsu
Enzyme Immune Industrial Co., Ltd. (Jiangsu, China).
ELISA kit for IL-17 was purchased from Shanghai Senxiong
Technology Industry Co., Ltd. (Shanghai, China). ELISA kit
for IL-23 was purchased from Shanghai XiTang Biological
Technology Co., Ltd., (Shanghai, China).

2.2.2. Animal. A total of 40 SPF male Wistar rats (age, 8
weeks; weight, 200± 20g) were provided by the Animal
Experiment Center of Hebei Medical University. All rats
were kept in a special pathogen-free (SPF) room at a
temperature of 23–25°C, in a 12-hour light and 12-hour dark
cycle. .ey had free access to water and food and accli-
matized for one week to enter the experiment. .is ex-
periment was approved by the Ethics Committee and
Animal Experiment Committee of Hebei Academy of Tra-
ditional Chinese Medicine.

2.2.3. Experimental Design. DSS was used to induce the
acute UC model. According to the random number table
method, 40 rats were divided into a normal group (NG,
n� 10) and a control group (n� 30). .e NG rats were given
normal drinking water, and the control group rats were
given 3.5% DSS solution for 10 consecutive days to establish
acute UC model rats. After 10 days, 3 rats were selected
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randomly and sacrificed from the control group for path-
ological evaluation. Pathological changes such as congestion,
edema, erosion, and ulcer appeared in the colon tissue,
indicating that the model was successful. .ree rats died
during the modeling period..e successful control rats were
randomly divided into three groups, model group (MG,
n� 8), western medicine group (WG, n� 8), and artemisinin
group (AG, n� 8). .e WG was administered with 0.315 g/
kg/d of mesalazine suspension, and AG was administered
with 100mg/kg/d of artemisinin suspension. NG and MG
were given the same dose of 0.9% saline. After 14 days of
treatment, the rats were fasted for 24 hours. Rats were in-
jected intraperitoneally with 1% sodium pentobarbital
(50mg/kg).

2.2.4. Disease Activity Index (DAI). According to the DAI
scoring standard established by Murano et al. [20], DAI �

(weight loss score + stool trait score + stool blood score)/3
(Table 1).

2.2.5. Histopathological Evaluation. For hematoxylin-eosin
(HE) staining, the paraffin sections of colon tissue that have
been fixed and sectioned were soaked in xylene for dew-
axing, hydrated in absolute ethanol, soaked in different
gradients of ethanol, fully stained with hematoxylin staining
solution, rinsed with distilled water, differentiated with
hydrochloric acid and ethanol, rinsed with double distilled
water, fully immersed in eosin staining solution, dehydrated
with different gradients of ethanol, immersed in xylene, air
dried, sealed with neutral gum, and observed under a
microscope.

2.2.6. Immunohistochemistry. According to the immuno-
histochemical process, the contents of NF-κB and PPAR-c in
colon tissue were detected. .e colon tissue sections were
deparaffinized and hydrated, washed three times with PBS
buffer, and then boiled with 0.01M sodium citrate buffer for
antigen retrieval. Endogenous peroxidase and biotin were
inactivated with 3% hydrogen peroxide. Sections were
blocked with 5% BSA, rabbit antirat NF-κB polyclonal
antibody and rabbit antirat PPAR-c polyclonal antibody
were incubated overnight at 4°C, and secondary antibodies
(1:500; Abcam, MA, US) at room temperature for 1 hour.
Analysis was performed using the HMIAS-2000 imaging
system, and NF-κB and PPAR-c positive areas were ob-
served under a microscope (Olympus, Tokyo, Japan).

2.2.7. Serum Sample Preparation. .e anesthetized rat was
placed on the operating table, of which 3–5ml of blood was
taken from the heart. Blood specimens were collected and
centrifuged at 3000r/min at 4°C for 15min. .en, separated
serum samples were stored in −80°C refrigerator until
testing.

2.2.8. Biochemical Analysis. .e levels of IL-1β, IL-17, IL-23,
IL-13, IL-33, and ST2 were measured by ELISA kit.

2.2.9. Metabolite Extraction. All serum samples were
melted at 4°C, 100 μL serum was accurately pipetted into a
2mL centrifuge tube, 100 μL internal standard mixture and
400 μL methanol (−20°C) were added, vortexed for 1min;
centrifuged at 12000 rpm and 4°C for 10min, and 500 μL of
the supernatant was placed in a 2ml centrifuge tube and
concentrated and dried in vacuo. About 150 μL of 80%
methanol solution was reconstituted, and after mixing,
centrifuged at 12000 rpm and 4°C for 10min, and the
supernatant was taken as the sample to be tested. About
20 µL is taken from each sample to be tested and mixed into
a QC sample, and the remaining samples were used for LC-
MS testing.

2.2.10. Liquid Chromatography-Mass Spectrometry (LC-MS)
Analysis. Chromatographic separation was performed on a
.ermo Vanquish system with an ACQUITY UPLC® HSS
T3 (150× 2.1mm, 1.8 µm, Waters) column maintained at
40°C. .e autosampler temperature was maintained at 8°C.
.e analyte was gradient eluted with 0.1% formic acid
aqueous solution (A1) and 0.1% formic acid acetonitrile (B1)
or 5mM ammonium formate aqueous solution (A3) and
acetonitrile (B3) at a flow rate of 0.25mL/min. .e gradient
elution program was 0–1min, 2% B1/B3; 1–9min, 2%–50%
B1/B3; 9–12min, 50%–98% B1/B3; 12–13.5min, 98% B1/B3;
13.5–14min, 98%–2% B1/B3; 14–20min, 2% B1-positive
mode (14–17min, 2% B3-negative mode).

Using the .ermo Q Exactive mass spectrometer, the
ESI-MSn experiments were performed in positive and
negative modes with the spray voltage of 3.8 kV and −2.5 kV,
respectively. Sheath gas and auxiliary gas were set at 30 and
10 arbitrary units, respectively. .e capillary temperature
was 325°C, the full scan was carried out with a resolution of
70,000, and the scanning range was m/z 81–1,000. Data-
dependent acquisition (DDA) MS/MS experiments were
acquired with an HCD scan, and the normalized collision
energy was 30 eV. Dynamic exclusion was performed to
remove unnecessary MS/MS information.

2.2.11. Metabolite Identification and Statistical Analysis.
.e obtained original data were converted to mzXML
format (xcms input file format) by Proteowizard software
(v3.0.8789). R’s XCMS package (v3.3.2) was used for peaks
identification, peaks filtration, and peaks alignment. .e
main parameters were bw� 2, ppm� 15, peakwidth� c(5,
30), mzwid� 0.015, mzdiff� 0.01, and method� centWave.
.e peak areas of data of different magnitudes were nor-
malized in batches. In order to obtain more reliable and
intuitive results, the data were performed unit variance

Table 1: .e standard of DAI score.

Score Decline in body weight (%) Stool Hematochezia
0 Naught Normal Negative
1 1–5 — —
2 5–10 Semi-loose BLD (+)
3 10–15 — —
4 >15 Loose Bloody eye
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scaling (UV) before multivariate statistical analysis. Prin-
cipal component analysis (PCA), partial least-squares dis-
criminant analysis (PLS-DA), and orthogonal partial least-
squares discriminant analysis (OPLS-DA) were used to
analyze all sample compounds. Metabolites with p value ≤
0.05 ＋ VIP ≥1; p value ≤ 0.05 ＋ fold_change ≥1.5 or
≤0.667; one-way ANOVA p value ≤ 0.05 and VIP ≥1; two-
way ANOVA p value ≤ 0.05 were considered differential
metabolites. .e identification of metabolites was first
confirmed by the exact molecular weight of the metabolite
(molecular weight error <15 ppm), then the fragment in-
formation was obtained according to the MS/MS model and
annotated in the Metlin (http://metlin.scripps.edu) and
MoNA (https://mona.fiehnlab.ucdavis.edu//) databases to
obtain accurate metabolite information. Significantly altered
metabolite data were performed using MetaboAnalyst
(https://www.metaboanalyst.ca) for metabolic pathway
analysis. HMDB (Human Metabolome Database, http://
www. hmdh. ca) and KEGG (Kyoto Encyclopedia of Genes
and Genomes, https://http://www.kegg.jp) were used to
annotate differential metabolism and enrich related meta-
bolic pathways.

3. Results

3.1. Results of Bioinformatics Analysis

3.1.1. Core Differential Genes. According to the screening
conditions, the GSE36807 database contained a total of 484
DEGs, including 109 upregulated genes and 375 down-
regulated genes; the GSE9452 database contained 581 DEGs,
including 173 upregulated genes and 408 downregulated
genes. Venn software (version 2.1.0) was used to generate
Venn diagrams of overlapping DEGs in 2 databases
(Figure 1(a)), including 32 upregulated genes and 138
downregulated genes (Table S1).

3.1.2. GO and KEGGEnrichment Analyses. GO function and
KEGG pathway enrichment analyses were performed on 170
common DEGs using R language software. GO function
enrichment analysis includes the biological process (BP),
cellular component (CC), and molecular function (MF).

According to the adjustment order of P value from
small to large, the first 15 items were selected for analysis.
Among them, BP was mainly related to functions such as
leukocyte migration, humoral immune response, and cell
response to lipopolysaccharide; CC was mainly associated
with the extracellular matrix, cytoplasmic vesicle lumen,
and collagen-containing extracellular matrix; MF mainly
related to the chemokine activity, cytokine activity, G
protein-coupled receptor binding, and other functions
(Figure 1(b)). A total of 32 signal pathways were obtained
through KEGG enrichment analysis (adjusted p< 0.01).
.e data were screened according to the P value, and the
first 20 entries were selected for enrichment analysis,
including the IL-17 signal pathway, NF-κB signal path-
way, and chemokine signal pathway (Figure 1(c) and
Table S2).

3.2. Results of Experimental Verification

3.2.1. Artemisinin Can Significantly Reduce Colon Injury and
Disease Activity in UC. In order to explore the effect of
artemisinin on the histological changes of DSS-induced
UC model rats, we used HE staining to observe the rat
colon tissue. As shown in Figure 2(a), the morphology of
the colon of the rats in the NG was normal, the glands
were neatly arranged, the crypts were normal, and there
were no inflammatory cell infiltration, congestion, and
edema. In the MG, the structure of the colonic mucosa was
damaged obviously, the crypt structure was disordered,
the goblet cells were reduced, the neutrophils were
infiltrated, and there were crypt abscesses. After the in-
tervention of mesalazine and artemisinin, the colon
mucosa of the rats was relatively complete, the glands
were arranged regularly, and there were slight congestion,
edema, and inflammatory cell infiltration.

Compared with the NG, the DAI score of rats in the MG
increased significantly, and after the intervention of arte-
misinin, the DAI score decreased significantly (Figure 2(b)).
.e above results indicated that artemisinin can significantly
reduce colon injury and disease activity in UC rats.

3.2.2. Artemisinin Downregulated Proinflammatory Cyto-
kines and Upregulated Anti-Inflammatory Cytokine in the IL-
17 Signaling Pathway. In order to verify the effect of
artemisinin on inflammation in UC rats, we selected the IL-
17 signaling pathway and key cytokines for detection. .e
ELISA results showed that compared with the NG, the levels
of serum IL-1β, IL-17, IL-23, IL-13, IL-33, and ST2 in the
MG were significantly increased (P< 0.05). However, arte-
misinin treatment significantly decreased the expression
levels of them in UC rats (Figure 3).

.e results of immunohistochemistry showed that the
expression level of PPAR-c in the MG was significantly
downregulated than that in the NG, and artemisinin ad-
ministration significantly increased the expression level of
PPAR-c (Figures 4(a) and 4(c)). Different from this result,
the expression level of NF-κB in the MG was significantly
upregulated than that in the NG, and artemisinin admin-
istration significantly reduced the expression level of NF-κB
(Figures 4(b) and 4(d)). .ese results indicated that arte-
misinin may inhibit the colonic inflammatory response in
UC rats.

3.2.3. Liquid Chromatography-Mass Spectrometry (LC-MS)
Method Verification. To obtain reliable and high-quality
metabolomics data, we carried out quality control (QC) and
quality assurance (QA). As shown in Figures 5(a) and 5(b),
the PCA score plot showed that the QC samples were
clustered together, which indicated that the data were re-
liable and reproducible.

3.2.4. Multivariate Statistical Analysis of Metabolites of
Artemisinin in the Treatment of UC. In order to study the
effect of artemisinin on the metabolic profile of UC rats’
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serum samples, we used PCA and PLS-DA for pattern
recognition of the metabolite profiles in NG, MG, WG, and
AG serum samples. .e PCA score chart was established. In
the positive and negative ion modes, the NG and the MG
were significantly separated, indicating that DSS-induced
UC rats had significant changes in physiology and meta-
bolism (Figures 5(c) and 5(d)). .e MG was significantly
different from the AG (Figures 5(e) and 5(f)). It indicated
that the overall metabolism of rats after the intervention of
artemisinin was significantly different from that of the MG.

.e OPLS-DA supervised pattern recognition method
was employed to identify the different metabolites between
each group. In the PLS-DA permutation experiment plots
(Figure 5), the results of R2 and Q2 values generated by any
random permutation on the left were lower than the origin
on the right, which proved that the model had not been
excessively fitting, and the results had high reliability.

.e results of OPLS-DA analysis showed that the NG
and the MG were significantly separated under the positive

and negative ion modes, indicating that the metabolism of
DSS-induced model rats had significantly changed com-
pared with healthy rats (Figures 6(a) and 6(b))..eNG,MG,
and AGwere significantly separated, and the AGwas located
between the NG and the MG, indicating that after the
treatment of artemisinin, the metabolism of DSS-induced
model rats tended to improve to a normal state (Figures 6(e)
and 6(f)).

3.2.5. Identification of Potential Biomarkers. .e VIP value
and p value were applied to show the importance of me-
tabolites. VIP>1 and p< 0.05 were used as the criteria to
screen differential metabolites. Compared with the NG,
there were 17 metabolites significantly increased in the
MG, mainly including pyrrolidonecarboxylic acid,
L-malic acid, L-carnitine, isocitric acid, indoleglycerol
phosphate, dethiobiotin, gluconic acid, and phenylacetic
acid, and 16 metabolites were significantly reduced,

GSE36807 GSE9452

411
(45.9%)

170
(19%)

314
(35.1%)

(a)

�e Top 15 Enriched GO Terms
calcium-dependent protein binding

receptor regulator activity
signaling receptor activator activity

receptor ligand activity
cytokine receptor binding
Toll-like receptor binding

glycosaminoglycan binding
oligosaccharide binding

antigen binding
peptidoglycan binding

cytokine activity
G protein-coupled receptor binding
CXCR chemokine receptor binding

chemokine activity
chemokine receptor binding

collagen trimer
secretory granule membrane

blood microparticle
secretory granule lumen

collagen-containing extracellular matrix
vesicle lumen

cytoplasmic vesicle lumen
extracellular matrix
side of membrance

external side of plasma membrane
cellular response to lipopolysaccharide

cell chemotaxis
response to bacteriym

antimicrobial humoral immune response mediated by antimicrobial peptide
response to lipopolysaccharide

leukocyte chemotaxis
response to molecule of bacterial origin

myeloid leukocyte migration
granulocyte chemotaxis

antimicrobial humoral response
neutrophil chemotaxis
granulocyte migration

humoral immune response
neutrophil migration
leukocyte migration

0 10 20 30
Num of Genes

Category
BP
CC
MFG

o 
te

rm

(b)
Viral protein interaction with cytokine and cytokine receptor

Viral myocarditis

Transcriptional misregulation in cancer

Toll-like receptor signaling pathway

Staphylococcus aureus infection

Rheumatoid arthritis

Pertussis

NOD-like receptor signaling pathway

NF-kappa B signaling pathway

Malaria

Lipid and atherosclerosis

Leukocyte transendothelial migration

Leishmaniasis

Legionellosis

IL-17 signaling pathway

Cytokine-cytokine receptor interaction

Complement and coagulation cascades

Chemokine signaling pathway

Amoebiasis

African trypanosomiasis

4 8 12 16
richFactor

10
-1 * log10(PValue)

Count
5
10
15

8
6

4

Pa
th

w
ay

s

(c)

Figure 1: Identification of DEGs in two databases (GSE36807 and GSE9452) and GO analysis and KEGG pathway analysis of DEGs in UC.
(a) Venn diagram between the common targets of two microarray data. (b) GO function analysis of intersection DEGs (top 15). (c) KEGG
pathway bubble diagram of the intersection DEGs (top 20).
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mainly including jasmonic acid, homovanillin, gentisic
acid, pyrimidodiazepine, cysteine-S-sulfate, 1H-indole-
3-acetamide, 5-methylcytosine, and p-aminobenzoic
acid. After the intervention of artemisinin, these bio-
markers showed a significant reversal (Table 2).

3.2.6. Metabolic Pathway Analysis. Metabolic pathways of
potential biomarkers identified in UC rats were analyzed
using KEGG and MetPA databases. .e impact value> 0.1
was considered as a significant difference. We imported the
above 33 metabolites related to the occurrence of UC into

the MetPA database to explore the potential pathways of
artemisinin in the treatment of UC. .e results showed that
artemisinin treatment of UC was mainly related to four
metabolic pathways: renal cell carcinoma, alanine, aspartate,
and glutamate metabolism, synthesis and degradation of
ketone bodies, and central carbon metabolism in cancer
(Figure 7 and Table S3). Among these pathways, alanine,
aspartate, and glutamate metabolism, and synthesis and
degradation of ketone bodies were related to the develop-
ment of UC. .e above results indicated that artemisinin
changed these biomarkers and relatedmetabolic pathways to
play a therapeutic effect on UC.
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Figure 3: Effects of artemisinin on IL-17 signaling pathway and serum inflammatory factor expression in UC rats (n� 8 or 10). (a) IL-1β
levels. (b) IL-17 levels. (c) IL-23 levels. (d) IL-13 levels. (e) IL-33 levels. (f ) ST-2 levels. ∗P< 0.05. ∗∗P< 0.01 vs MG. ΔP< 0.05 vs WG.
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Figure 2: Artemisinin attenuates colonic inflammation induced by DSS. (a) HE staining (×200) of colon tissue in each group. (b) Disease
activity index (DAI) in each group. NG: normal group; MG: model group; WG: western medicine group; AG: artemisinin group. ∗∗P< 0.05
vs NG. ##P< 0.01 vs MG.
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Figure 4: .e effect of artemisinin on the expression of PPAR-c (a) and NF-κB (b) by immunohistochemistry (n� 8 or 10). Quantitative
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4. Discussion

In recent years, with the development of industrialization,
the incidence of UC has shown a significant upward trend in
the world [21]. Although studies have shown that multiple
factors such as genetics, immunity, environment, and

intestinal microecology may lead to the occurrence of UC,
the specific mechanism of UC is still unclear [22, 23]. Due to
the complexity of the pathogenesis of UC and the lack of
specific biomarkers, it greatly increases the medical burden
and physical and mental discomfort of patients [24]. Bio-
informatics methods can help us study and understand the

60 1.0
0.8
0.6
0.4
0.2
0.0

0.0 0.2

R2=(0.0, 0.98), Q2=(0.0, 0.31)

0.4 0.6
Similarity(y, yperm)

0.8 1.0

-0.2

40
20

0
-20
-40
-60

-50 0 50
T score [1] (13.1%)

OPLS-DA Score Plot

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (8
.6

%
)

N M R2 Q2

(a)

1.0

0.5

0.0

-0.5

-150 0.0 0.2 0.4 0.6 0.8 1.0-100 -50 0 50 100 150

R2=(0.0, 0.93), Q2=(0.0, 0.1)

Similarity(y, yperm)

100

50

0

-50

-100

T score [1] (17.5%)

OPLS-DA Score Plot

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (1
0.

3%
)

N M R2 Q2

(b)

1.0

0.5

0.0

-0.5

R2=(0.0, 0.98), Q2=(0.0, 0.33)

0.0 0.2 0.4 0.6
Similarity(y, yperm)

0.8 1.0-50-100 0 50 100
T score [1] (22.8%)

OPLS-DA Score Plot
60
40
20

0
-20
-40
-60

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (8
.3

%
)

M A R2 Q2

(c)

1.0
0.5
0.0

-0.5
-1.0
-1.5
-2.0

R2=(0.0, 0.91), Q2=(0.0, -0.13)

0.0 0.2 0.4 0.6 0.8 1.0
Similarity(y, yperm)

-150-100-50 0 50 100 150
T score [1] (23.7%)

OPLS-DA Score Plot

100

50

0

-50

-100

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (1
0.

1%
)

M A R2 Q2

(d)

1.0

0.5

0.0

-0.5

R2=(0.0, 0.87), Q2=(0.0, -0.01)

0.0 0.2 0.4 0.6
Similarity(y, yperm)

0.8 1.0-50 0 50
T score [1] (16.8%)

OPLS-DA Score Plot
60
40
20

0
-20
-40
-60

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (9
.9

%
)

M NA R2 Q2

(e)

1.0

0.5

0.0

-0.5

-1.0

R2=(0.0, 0.79), Q2=(0.0, -0.4)

0.0 0.2 0.4 0.6 0.8 1.0
Similarity(y, yperm)

-100 -50 0 50 100
T score [1] (17.9%)

OPLS-DA Score Plot

50

0

-50

O
rt

ho
go

na
l T

 sc
or

e [
1]

 (8
.8

%
)

M NA R2 Q2

(f )

Figure 6: .e OPLS-DA score plots and PLS-DA’s 100 times permutation tests: (a) NG vs MG scores in positive ion mode; (b) NG vs MG
scores in negative ion mode; (c) MG vs AG scores in positive ion mode; (d) MG vs AG scores in negative ion mode; (e) NG, MG and AG
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Table 2: Statistical analysis of potential metabolites of ulcerative colitis rats intervened by artemisinin.

No. Differential metabolites Formula
MG vs NG AG vs MG

p value Up/down p value Up/down
1 (R)-3-hydroxybutyric acid C4H8O3 0.0067284 Down 0.023948675 Up
2 Jasmonic acid C12H18O3 0.001182325 Down 0.007405533 Up
3 Homovanillin C9H10O3 0.045589156 Down 0.000939106 Up
4 Gentisic acid C7H6O4 0.002915086 Down 0.001947528 Up
5 Pyrimidodiazepine C9H11N5O2 0.000862359 Down 0.001947528 Up
6 Cysteine-S-sulfate C3H7NO5S2 0.036795147 Down 0.003876041 Up
7 1H-indole-3-acetamide C10H10N2O 0.002915086 Down 0.010081694 Up
8 14,15-DiHETrE C20H34O4 0.008763529 Down 0.007405533 Up
9 5-methylcytosine C5H7N3O 0.000448668 Down 0.040568856 Up
10 p-aminobenzoic acid C7H7NO2 0.036795147 Down 0.031324131 Up
11 Maleic acid C4H4O4 0.045589156 Down 0.031324131 Up
12 L-aspartic acid C4H7NO4 0.002915086 Down 0.040568856 Up
13 3-methylthiopropionic acid C4H8O2S 0.011331976 Down 0.018129008 Up
14 L-proline C5H9NO2 0.014548024 Down 0.040568856 Up
15 Dimethyl sulfone C2H6O2S 0.018543313 Down 0.001947528 Up
16 L-methionine C5H11NO2S 0.023467646 Down 0.00538494 Up
17 Pyrrolidonecarboxylic acid C5H7NO3 0.000624338 Up 0.031324131 Down
18 L-malic acid C4H6O5 0.018543313 Up 0.000939106 Down
19 L-carnitine C7H16NO3 0.002173751 Up 0.023948675 Down
20 Isocitric acid C6H8O7 0.003880688 Up 0.002761604 Down
21 Indoleglycerol phosphate C11H14NO6P 0.000862359 Up 0.013587273 Down
22 Dethiobiotin C10H18N2O3 0.045589156 Up 0.000939106 Down
23 S-lactoylglutathione C13H21N3O8S 0.014548024 Up 0.002761604 Down
24 3-(3,4-dihydroxyphenyl)pyruvate C9H7O5 0.008763529 Up 0.031324131 Down
25 Gluconic acid C6H12O7 0.00512852 Up 0.00538494 Down
26 Phenylacetic acid C8H8O2 0.001609069 Up 0.001359376 Down
27 Creatinine C4H7N3O 0.023467646 Up 0.040568856 Down
28 D-glucose C6H12O6 0.018543313 Up 0.000409933 Down
29 .ymine C5H6N2O2 0.018543313 Up 0.000409933 Down
30 O-phosphoethanolamine C2H8NO4P 0.001182325 Up 0.001359376 Down
31 Deoxyuridine C9H12N2O5 0.0067284 Up 0.007405533 Down
32 Pimelic acid C7H12O4 0.00512852 Up 0.001947528 Down
33 6-ketoprostaglandin E1 C20H32O6 0.011331976 Up 0.013587273 Down
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Figure 7: Metabolic pathways involved in potential markers in plasma. (a) Renal cell carcinoma; (b) alanine, aspartate, and glutamate
metabolism; (c) synthesis and degradation of ketone bodies; (d) central carbon metabolism in cancer.
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underlying mechanism of UC more clearly. To find a so-
lution to this problem, we used the GEO database to screen
the datasets and verified the relevant targets.

.e GEO database is an international public repository
of high-throughput microarray and next-generation se-
quencing functional genome datasets submitted by the re-
search community [25]. We screened in the GEO database
and selected two eligible datasets, GSE36807 and GSE9452.
After data analysis, we got 170 overlapping DEGs, including
32 upregulated genes and 138 downregulated genes. .en,
we performed GO function and KEGG pathway enrichment
analyses on the common DEGs of the two groups of
microarray data and found that the pathogenesis of UC was
related to inflammation and immune response, mainly
enriched in IL-17 signaling pathway and NF-κB signaling
pathway, suggesting that inflammation and abnormal acti-
vation of the immune system may be the core features of the
pathogenesis of UC [26].

Based on the current data, we believed that the IL-17
signaling pathway is more likely to reflect the degree of
inflammation in DSS-induced colitis rats. .erefore, we
established a UC rat model and verified the IL-17 signaling
pathway and inflammation-related indicators.

.e IL-17 signaling pathway is one of the important
mechanisms affecting the occurrence and development of
UC. NF-κB plays a key pivotal role in the pathogenesis of
UC, and activated NF-κB can release various cytokines and
immune mediators including IL-17 and activate the IL-17
signaling pathway [27]. IL-17 is a specific effector secreted by
.17 cells, which has a strong inflammatory effect. It pro-
motes the production of IL-6, IL-1β, and other inflammatory
factors through recruitment, mobilization, and activation of
macrophages and neutrophil granulocytes and mediates
inflammatory invasion and tissue damage [28]. As a
proinflammatory factor, IL-23 is involved in the formation
and expansion of IL-17.When the IL-23/IL-17 inflammatory
axis is formed, the inflammatory response continues to
expand [29]. In addition, Peter et al. found that the IL-33/
ST2 axis can aggravate Dss-induced colitis and IL-33 can
specifically induce the activation of key pathogenic cytokines
including IL-17 and IL-13 and maintain and amplify the
inflammatory response of the IL-17 signaling pathway [30].
PPAR-c is a key receptor for 5-ASA and has a protective
effect on mucosal damage induced by the IL-17 signaling
pathway by suppressing the activation of NF-κB [31, 32]..e
experimental results showed that artemisinin inhibited the
expression of proinflammatory cytokines such as IL-17 and
IL-1β in the IL-17 signaling pathway and upregulated the
expression of PPAR-c, suggesting that artemisinin can al-
leviate the inflammatory immune response of UC rats.

Studies have reported that metabolomics may become an
important approach for the early diagnosis of UC and
provide a tool for exploring the metabolic regulation
mechanism of UC. .erefore, for further exploring the
therapeutic effect of artemisinin on UC, we used LC-MS to
analyze the serum metabolic profiles of DSS rats and arte-
misinin-treated rats. PCA and PLS-DA analyses showed that
33 different metabolites could be significantly distinguished
between artemisinin-treated and DSS-treated rats, mainly

involving amino acid metabolism, energy metabolism, and
other biochemical processes.

Amino acids play an important role in maintaining
intestinal health by acting as substrates for protein synthesis
in intestinal mucosal cells and modulators of metabolic
pathways [33]. Amino acid metabolism mainly affects the
material metabolism, energy supply, and intestinal mucosal
barrier of UC [34–36] and is also closely related to the
process of cell proliferation, differentiation, and apoptosis
[37]. Currently, amino acid supplementation has been ex-
plored as a treatment for UC [38, 39]. .is search found that
DSS-induced colitis rats had significant abnormalities in
amino acid metabolism, among which the contents of
L-aspartic acid, L-proline, and L-methionine were signifi-
cantly reduced. L-methionine is an essential amino acid, and
Roediger et al. found methionine has a protective effect on
sulfide-induced acute oxidative damage in rat colon cells
[40]. L-aspartic acid is the synthetic precursor of L-methi-
onine in the body and can be combined with various amino
acids to make active drugs such as fatigue recovery agents
[41–43]. In addition, Notararigo et al. reported that the levels
of L-proline and L-methionine in UC patients were sig-
nificantly lower than those in healthy controls, which were
related to the impaired intestinal mucosal barrier, intestinal
microbiota disturbance, and impaired absorption capacity in
UC patients [44]. Consistent with the above studies, we
showed that the rats in the DSS model group were emaci-
ated, lethargic, and significantly decreased in activity, which
may be related to the lower levels of L-aspartic acid and
L-methionine, reflecting the insufficient intestinal energy
absorption including essential amino acids [38, 45].
Moreover, differential metabolites were mainly involved in
alanine, aspartate, and glutamate metabolism. Hong et al.
reported that compound sophorae decoction can signifi-
cantly improve the symptoms of DSS-induced colitis by
modulating alanine, aspartate, and glutamate metabolism
[46]. .erefore, artemisinin might alleviate the inflamma-
tion in UC by alanine, aspartate, and glutamate metabolism.

Creatinine and L-carnitine are involved in the energy
supply of mammalian cells [47]. Creatine is an important
compound for energy storage and utilization [48], and
creatinine is the breakdown product of creatine phosphate in
muscles [47]. In this study, creatinine was significantly in-
creased in the MG, indicating that DSS-induced colitis rats
have a disordered energy supply. L-carnitine is involved in
the metabolism of most mammals, plants, and some bacteria
and plays a key role in lipid metabolism and β-oxidation,
and it is used to transport long-chain fatty acids into mi-
tochondria to be oxidized for energy production and is an
important part of muscle energy metabolism [49]. Studies
have reported that under the influence of oxidative stress
and weight loss in DSS-induced colitis, carnitine and cre-
atine typically increase during disease development, which
may reflect the overall stress state of the animals and further
indicates that ATP and fatty acids are required for energy
supply during UC [50, 51]. However, this situation was
reversed after artemisinin intervention, indicating that
artemisinin has positive effects on regulating stress response
and energy supply in UC rats.
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Synthesis and degradation of ketone bodies are other
important pathways for artemisinin to interfere with the
occurrence and development of UC. A previous study re-
ported that diet-induced ketolytic metabolism can signifi-
cantly reduce pain and inflammation [52]. Another study
demonstrated that increased ketogenesis can mitigate
TNFα-induced intestinal cells apoptosis and inflammation,
suggesting that ketogenesis has a protective role in TNFα-
induced intestinal pathology [53]. In this study, we showed
that artemisinin could alleviate the inflammatory response
in UC rats, indicating that artemisinin may play a role in
regulating the synthesis and degradation of ketone bodies in
UC rats.

In the present study, the expressions of glucose and
gluconic acid were upregulated in MG rats, suggesting that
DSS-induced colitis rats had an obvious disorder of glucose
metabolism, such as decreased glucose decomposition, en-
hanced gluconeogenesis, and weakened glycolysis. It was
reported that UC patients with high endoscopic activity
[UCEIS≥ 3] had significantly elevated glucose concentration
[38], and high glucose levels were also found in fecal extracts
and other biological specimens of UC patients [54]. .is
indicates that energy-related metabolites in the colon play an
important role in maintaining the balance of gut microbiota
and intestinal cells [55, 56], and the elevated glucose levels in
DSS model rats may be caused by the energy disturbance of
the host-microbiome system [57, 58]. Nevertheless, glucose
and gluconic acid decreased after artemisinin intervention,
demonstrating that the glycolysis pathway and energy
metabolism disorders in rats were improved.

5. Conclusion

In this study, we performed a bioinformatics approach to
identify DEGs in UC. In order to study the protective effect
of artemisinin on DSS-induced colitis, we conducted animal
experiments to verify the IL-17 signaling pathway, which is
mainly enriched in UC DEGs and preliminarily explored the
changes of endogenous metabolites in serum of UC rats after
artemisinin intervention. .ese results demonstrate that
artemisinin can regulate the balance of proinflammatory and
anti-inflammatory factors, degrade the inflammatory re-
sponse of UC, and adjust amino acid metabolism and
synthesis and degradation of ketone bodies, which are re-
lated to energy metabolism and antioxidant capacity. .is
study aimed to provide a potential new strategy for the
treatment of UC.
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