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Abstract

Celastrol is well known for its anti-inflammatory and anti-cancer effects. In this study, the efficacy 

of celastrol against dextran sulfate sodium (DSS)-induced inflammatory bowel disease (IBD) in 

mice was established and the mechanism was investigated using lipidomics. Celastrol treatment 

significantly alleviated DSS-induced colitis in mice, as revealed by the body weight, colon length, 

scores of rectal bleeding and diarrhea, serum TNF-α level, and histological analysis results. 

Lipidomics analysis based on UPLC/MS revealed characteristic changes in the metabolic profiles 

of the colitis mice, with altered levels of lipid markers associated with IBD, including LPC18 : 0, 

LPC18 : 1, LPC18 : 2, sphingomyelin (SM), and increased LPC18 : 0/LPC18 : 1 and LPC18 : 0/

LPC18 : 2 ratios. For the celastrol-treated colitis mice, however, levels of the above lipid markers 

were restored, together with recovered saturated LPC/unsaturated LPC ratios. Accordingly, using 

GC–MS analysis, increased stearic acid (C18 : 0)/oleic acid (C18 : 1) and stearic acid (C18 : 0)/

linoleic acid (C18 : 2) ratios were observed in colitis mice, which were later recovered after 

celastrol treatment. Quantitative real-time PCR analysis revealed that the liver expression of 

stearoyl-coenzyme A desaturase 1 (SCD1), the key enzyme controlling the desaturation of 

saturated fatty acid, was dramatically inhibited in IBD mice, and was obviously recovered after 

celastrol treatment. These results suggest that the increased saturated LPC/unsaturated LPC (and 

saturated fatty acid/unsaturated fatty acid) ratios associated with SCD1 down-regulation could be 

regarded as biomarkers of colitis, and celastrol alleviates DSS-induced colitis partially via up-

regulation of SCD1, restoring the altered balance between stearic acid- and oleic acid-derived lipid 
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species, which plays an important role in alleviating colitis. In all, this study provided the 

scientific basis for further development of celastrol in treating IBD.

1 Introduction

Inflammatory bowel disease (IBD) is a gastrointestinal tract disorder that mainly includes 

two phenotypes, namely Crohn’s disease (CD) and ulcerative colitis (UC). With the 

improvement of living standard, the incidence rate and the prevalence rate of IBD are 

increasingly high, especially in European and American countries.1,2 China, however, has 

the highest incidence rate of IBD in Asia.3 Moreover, with similar symptoms to irritable 

bowel syndrome (IBS), IBD is apt to be misdiagnosed.4,5 Currently the pathogenesis of IBD 

is still unclear, and a multitude of factors may have effects on IBD, such as environmental 

factors, infectious microbes, genetic susceptibility, and a dysregulated immune system.6–8

Nonsteroidal and steroidal anti-inflammatory drugs, immunosuppressants and 

immunomodulators are commonly used for the treatment of IBD. However, adverse 

reactions of these drugs were obvious and notable.9,10 For example, nonsteroidal anti-

inflammatory drugs (NSAIDs) may produce some complications including intestinal 

strictures, enteropathy with anemia and the loss of protein, macroscopically inflammatory 

changes such as erosions and ulceration, aggravated diverticulosis, and recurrences of 

ulcerative colitis.11 Therefore, the safety of NSAIDs for treating IBD has been questioned.12 

Adverse reactions of anti-TNF agents are hypersensitive reactions, skin manifestations, 

arthralgia, cytopenia, heart failure and autoimmune liver injury.13 Therefore, the research 

and development of new effective drugs for treating IBD is an area of great interest.

Celastrol, an active ingredient extracted from Trypterygium wilfordii Hook F., is well known 

for its anti-inflammatory and anti-cancer effects.14,15 In recent years, celastrol has been 

reported to suppress IBD.16,17 For example, celastrol was reported to improve experimental 

colitis in IL-10 deficient mice by up-regulating autophagy via the PI3K/Akt/mTOR 

signaling pathway.16 Others reported that celastrol improved dextran sulfate sodium (DSS)-

induced colitis via modulating oxidative stress, inflammatory cytokines and intestinal 

homeostasis.17 Celastrol was also reported to inhibit the secretion of proinflammatory 

cytokines including IL-1β, TNF-α, IL-6, and IL-8 in inflammatory human colonic biopsies.
18 However, these reported molecular targets may be involved in many signaling pathways,
19 hence further investigation is still required to explore the specific mechanisms and targets 

of celastrol in treating colitis.

Metabolomics, in a holistic way, provides an efficient tool for investigating the mechanism 

of action of new drugs and identifying their potential therapeutic targets using biofluids 

(serum/plasma, urine), tissues, or other biological extracts.20,21 In our previous study, the 

anti-cancer effects of celastrol on human cervical cancer cells were investigated using a gas 

chromatography–mass spectrometry (GC–MS) based metabolomic approach, and several 

significant metabolites involved in energy, amino acid and nucleic acid metabolism were 

revealed, which were believed to be closely related to the therapeutic efficacy of celastrol.22 

This work provides valuable information on the systemic effects of celastrol to further 
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illustrate its anti-cancer mechanism. However, there have been no metabolomics 

investigations into the effect of celastrol on IBD.

A number of disrupted pathways in IBD have been revealed by metabolomics investigations, 

including amino acid metabolism, the methionine–homocysteine cycle, the TCA cycle, uric 

acid metabolism, fatty acid metabolism, and purine metabolism.23–31 Recently, using a 

lipidomics approach, significant alterations in lipid metabolism, mainly sphingomyelin (SM) 

and ceramide (CER) metabolism, were revealed in IBD mice.25 Since lipids have emerged 

as important signaling molecules regulating many cell functions including inflammatory 

responses, in this study, lipidomics based on ultraperformance liquid chromatography/mass 

spectrometry (UPLC–MS) was employed to investigate the efficacy of celastrol on DSS-

induced IBD mice, to help elucidate the mechanisms of celastrol against colitis.

2 Materials and methods

2.1 Chemicals and reagents

Lipid markers were obtained from Avanti Polar Lipids (Alabaster, AL). All the authentic 

standards were purchased from Sigma-Aldrich (St. Louis, MO, US). Methanol, isopropanol 

and acetonitrile were purchased from TEDIA (Fairfield, OH, USA). Dextran sulfate sodium 

(DSS) was purchased from MP Biomedicals (Solon, OH, USA) (MW = 36000–50000).

2.2 Mice and treatments

All animal treatments in this study were approved by the Administrative Committee of 

Experimental Animal Care and Use of the Second Military Medical University (SMMU), 

and were in accordance with National Institute of Health guidelines on the ethical use of 

animals. Six- to 8-week-old male C57BL/6J mice were purchased from Shanghai Slac 

Laboratory Animal Co. Ltd (Shanghai, China) and were housed under standard conditions 

maintained at 25 ± 1 °C and 55 ± 5% humidity with a light/dark cycle of 12 h. All mice 

were acclimatized for one week prior to the study. Colitis was induced by adding DSS to the 

drinking water (3%, wt/vol) for 7 days. All mice were divided into four groups (n = 5 for 

each group) and had free access to the standard diet: (1) control group: the mice had free 

access to drinking water; (2) colitis group: the mice were given 3% DSS in drinking water 

for 7 days; (3) mesalazine (positive control drug) group: the mice were given 3% DSS in 

drinking water and were simultaneously treated with mesalazine (100 mg kg−1) once a day 

(by gavage) for 7 days; and (4) celastrol group: the mice were given 3% DSS in drinking 

water and were simultaneously treated with celastrol (1 mg kg−1) once a day (by gavage) for 

7 days. The mice were fasted for 12 h before operation. Serum samples were collected 

through retro-orbital bleeding. On day 7 liver and colon tissues were harvested immediately 

following CO2 euthanization. All serum, liver and colon samples were stored at −80 °C 

before analysis.

2.3 Colitis evaluation

Body weights of the mice were recorded at the same time every day. Diarrhea, rectal 

bleeding, and bloody stool daily were assessed and reported as a score from 0 to 4 according 

to the disease activity index.32 The histological examination of the colon tissue was 
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performed by blinded analysis and the severity of colon damage was determined by a routine 

hematoxylin and eosin (H&E)-stained section according to the morphological criteria 

described previously.32,33

2.4 Metabolomics analysis

2.4.1 Sample preparation.—For serum lipidomics analysis 20 μl serum were mixed 

with 4-fold chloroform/methanol (2 : 1 v/v) solution containing 2 μM LPC17 : 0, PC17 : 0, 

SM17 : 0 and CER17 : 0 as internal standards. The mixed solution was vortexed for 30 s and 

then allowed to stand for 5 min at room temperature. The mixture was centrifuged at 10 000 

rpm for 10 min, then the lower organic phase was collected and evaporated at room 

temperature under vacuum, and the residue was dissolved in chloroform/methanol (2 : 1 

v/v), followed by diluting with isopropanol : acetonitrile :H2O (2 : 1 : 1) before UPLC–MS 

analysis. For tissue lipidomics analysis, approximately 30 mg weighted tissues were 

homogenized with 14-fold methanol : H2O (4 : 3) solution and then 350 μl of the 

supernatant was mixed with 400 μl chloroform containing 2 μM LPC17: 0, PC17 : 0, SM17: 

0 and CER17 : 0 as internal standards. The mixed solution was vortexed for 30 min at room 

temperature, and then centrifuged at 13 000 rpm for 20 min, and the lower organic phase 

was collected and evaporated at room temperature under vacuum. The residue was 

suspended with 100 μl chloroform:methanol (1 : 1) solution and then diluted with 

isopropanol : acetonitrile : H2O (2 : 1 : 1) solution before injection. Quality control (QC) 

samples were prepared by pooling equal volumes of each analyzed sample.

2.4.2 UPLC–MS analysis.—Ultra-performance liquid chromatography-quadrupole/

time-of-flight mass spectrometry (Agilent Technologies 6538 UHD Accurate-Mass Q-TOF 

LC-MS and 1290 Infinity) was used for lipidomics analysis. An Waters Acquity CSH C18 

column (1.7 μm particle size, 2.1 × 100 mm, Waters, Milford, MA, USA) was used as the 

stationary phase at 50 °C. Analysis conditions of UPLC : mobile phase A is acetonitrile/

water (6/4) with 10 mM ammonium acetate and 0.1% formic acid; mobile phase B is 90% 

isopropanol/acetonitrile (9/1) with 10 mM ammonium acetate and 0.1% formic acid and 

10% water. Gradient elution conditions were initially 30% B to 40% B at 3 min, and 43% B 

at 4 min and then were increased to 50% B at 6 min, to 53% B at 10 min, to 70% B at 12 

min and to 99% B at 18 min before returning to initial conditions at 18.5 min with 

equilibration for 2 additional minutes for next injection. The flow rate was 0.3 ml min−1.

2.4.3 Data processing and multivariate data analysis.—Chromatographic and 

spectral data were deconvoluted using XCMSOnline (https://xcmsonline.scripps.edu/), from 

which a multivariate data matrix of sample identity, ion identity (retention time and m/z), 

and ion abundance was generated through centroiding, deisotoping, filtering, peak 

recognition, and integration. The variables presenting in at least 80% of the groups were 

kept. The intensity of each ion was calculated by normalizing the single ion counts vs. the 

total ion counts in the whole chromatogram. The data matrix was further exported into 

SIMCA-P11 software (Umetrics, Kinnelon, NJ) and then transformed by mean-centering 

and pareto scaling. Statistical models including principal component analysis (PCA) and 

partial least squares-discriminant analysis (PLS-DA) were established to represent the major 

latent variables in the data matrix. The goodness of the fit and prediction ability of the 
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models were validated from cumulative R2Y and Q2 values. Permutation tests were 

performed to further confirm the models.

2.4.4 Biomarker identification and quantitation.—The differentiating ions among 

various groups were obtained using a statistically significant threshold of variable influence 

on projection (VIP) values from the PLS-DA model and two-tailed Student’s t test on the 

normalized raw data at the univariate analysis level, where the ions with VIP values larger 

than 1.5 and P-values less than 0.05 were selected. The potential biomarkers were then 

identified by comparing with the authentic standards based on their MS/MS fragmentation 

patterns and retention times. Concentrations of the metabolites were determined using 

multiple reaction-monitoring mass spectrometry based on standard curves using authentic 

standards.

2.4.5 Data analysis.—Data are expressed as mean ± SD. Statistical analysis was 

performed using Prism 5.0 (GraphPad Software, San Diego, CA) via two-tailed Student’s t-
test or Mann–Whitney test to evaluate the significance of differences between the groups 

where necessary. A P-value below 0.05 was considered statistically significant.

2.5 ELISA analysis

A commercially available mouse tumor necrosis factor α (TNF-α) ELISA Kit (JRDUN 

Biotechnology, Shanghai, China) was used to determine serum TNF-α levels in the mice. A 

Pierce BCA Protein Assay Kit (Thermo Scientific) was used to normalize the absorbance 

values from each ELISA.

2.6 RNA analysis

The TRIzol reagent (Invitrogen) was used to extract RNA. cDNA generated from 1 μg total 

RNA using the SuperScript II Reverse Transcriptase kit (Invitrogen) was used for 

quantitative real-time PCR (qPCR). Primers were designed for qPCR using Primer Express 

software (Applied Biosystems, Foster City, CA), and sequences are available upon request. 

qPCRs were carried out using SYBR green PCR master mix (Applied Biosystems) in an 

ABI Prism 7900HT Sequence Detection System (Applied Biosystems). Values were 

quantified using the comparative threshold cycle method, and samples were normalized to β-

actin.

3 Results

3.1 Celastrol attenuates DSS-induced colitis

Administration of 3% DSS in drinking water to rodents has been widely used as an 

experimental animal model of IBD.32,33 The symptoms and histopathological characteristics 

of colitis induced by DSS are similar to human UC. In the present study, compared with the 

normal control group, the colitis mice had significantly lower body weight (Fig. 1A), and 

other obvious inflammatory signs of colitis, such as shorter colon length, rectal bleeding, 

and diarrhea (Fig. 1B–D). After celastrol treatment, however, the colitis mice had increased 

body weight, longer colon lengths, and decreased rectal bleeding and diarrhea scores 

compared to the untreated colitis group (Fig. 1). According to ELISA results, the serum 
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TNF-α level was up-regulated in DSS-treated mice, and then significantly decreased in 

celastrol-treated colitis mice (Fig. 2). Histological analysis further confirmed severe 

inflammation with loss of crypts and surface epithelia in the colitis group, which was later 

attenuated after celastrol treatment (Fig. 3). These indicate that celastrol significantly 

reduced DSS-induced colitis, at a considerably low dosage (1 mg kg−1).

3.2 Lipidomics of celastrol treated-colitis mice

Lipidomics analysis was performed on serum and colon samples of the mice. PLS-DA, a 

supervised classification method based on PLS (a regression technique), was employed for 

data analysis. In the scores plot, the celastrol-treated colitis group was separated from the 

colitis group and the mesalazine-treated colitis group (Fig. 4), in accordance with the 

phenotypes as shown in Fig. 1–3. Based on PLS-DA models discriminating the control and 

colitis mice, significantly altered ions with the VIP values above 1.5 and P values less than 

0.05 were revealed, which were later identified as lipid metabolite markers including 

LPC18 : 1, LPC18 : 2, SM(d18 : 1/16 : 0), and SM(d18 : 1/18 : 0) using MS/MS and 

commercial standards (Table 1).

3.3 Quantitation of the significant metabolites

Next, levels of the above metabolite markers together with LPC18 : 0 (stearoyl-LPC), a 

saturated LPC (m/z = 524.3724 at 4.74 min), were quantitated based on standard curves 

using authentic standards. Compared to the control group, two unsaturated LPCs, namely 

LPC18 : 1 (oleoyl-LPC) and LPC18 : 2 (linoleoyl-LPC), were significantly decreased in 

serum and colon samples of colitis mice; whereas LPC18 : 0 was slightly increased in the 

colon samples of colitis mice (Fig. 5). As saturated LPCs can promote the release of 

proinflammatory cytokines in vivo and exacerbate the pathological signs of inflammation,
34–38 while unsaturated LPCs are potentially protective with anti-inflammatory benefits for 

diseases associated with inflammation,39 the perturbance of IBD on these lipids coincided 

the inflammatory phenotypes in colitis mice. Accordingly, compared to the control mice, 

increased LPC18 : 0/LPC18 : 1 and LPC18 : 0/LPC18 : 2 ratios were observed in the colitis 

mice (Fig. 6), which were consistent with previous findings,40 and could be regarded as 

symbols of colitis.

The increased ratio between stearoyl-LPC and oleoyl-LPC in colitis mice may be related to 

down-regulated liver stearoyl-coenzyme A desaturase 1 (SCD1), which resembles the 

phenotype of SCD1 null mice with deficient SCD1.41 SCD1 is the key enzyme controlling 

the desaturation of saturated fatty acid (SFA) to generate monounsaturated fatty acid 

(MUFA), after which saturated fatty acid (e.g. stearic acid C18 : 0) and monounsaturated 

fatty acid (e.g. oleic acid C18 : 1) participate in LPC metabolic balance through a series of 

reactions.40,42,43 To explore whether the above involved fatty acids had altered levels in 

colitis mice, we then determined their serum levels using GC/MS as described by Patterson 

et al. with slight modifications44 (for a typical chromatogram see Fig. S1, ESI†). As 

expected, serum unsaturated fatty acids (oleic acid C18 : 1 and linoleic acid C18 : 2) were 

decreased in the colitis mice compared to the control group, and C18 : 0/C18 : 1 and C18 : 

†Electronic supplementary information (ESI) available. See DOI : 10.1039/c5mb00864f
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0/C18 : 2 ratios were obviously increased (Fig. S2, ESI†), supporting our lipidomics 

findings and in accordance with previous reports.45 Taken together, as the rate-limiting 

enzyme in the synthesis of monounsaturated fatty acids from saturated fatty acid, the down 

regulation of SCD1 induced by DSS could therefore exacerbate colitis. Hence, SCD1 may 

serve as a potential target for the intervention or the treatment of inflammatory diseases 

including IBD.40

After celastrol treatment, compared with the colitis group, LPC18 : 1 and LPC18 : 2 levels 

were increased in celastrol-treated colitis mice (Fig. 5); and the ratios of LPC18 : 0/LPC18 : 

1 and LPC18 : 0/LPC18 : 2 were decreased, which, however, were not observed in the 

mesalazine-treated colitis group (Fig. 6). Accordingly, increased levels of unsaturated fatty 

acids (C18 : 1 and C18 : 2) were observed after celastrol treatment, together with restored 

C18 : 0/C18 : 1 and C18 : 0/C18 : 2 ratios (Fig. S2, ESI†). These results implied a possible 

correlation between celastrol treatment and SCD1 up-regulation in alleviating colitis. 

Besides, the increased levels of SM, e.g. serum levels of SM(d18 : 1/16 : 0) and SM(d18 : 

1/18 : 0) in the DSS-treated group, were consistent with a previous study,25 which were also 

restored after celastrol treatment (Fig. 5).

3.4 Analysis of SCD1 mRNA expression

Compared to the control group, the expression of Scd1 mRNA in liver was markedly 

decreased in colitis mice, consistent with a previous report.40 Decreased expression of Scd1 
mRNA in colon was also observed, in accordance with the dramatically declined SCD1 

expression in liver where SCD1 is highly expressed43 (Fig. 7). After celastrol treatment, 

however, up-regulation of Scd1 mRNA expression was observed in both colon and liver of 

colitis mice, in accordance with the alleviated pathological symptoms of colitis for this 

group, as shown in Fig. 1–3. Though in liver, celastrol treatment did not recover the SCD1 

expression to as high as the normal level, it did significantly increase the SCD1 levels of the 

colitis mice compared to the DSS-only mice. Our lipidomics findings that celastrol treatment 

decreased the ratios of saturated/unsaturated LPCs and those of saturated/unsaturated fatty 

acids were quite supportive of these qPCR observations.

4 Discussion

Celastrol has long been known for its anti-inflammatory and anti-cancer effects.14,15 In 

recent years, celastrol was reported to ameliorate murine colitis via modulating oxidative 

stress, inflammatory cytokines and intestinal homeostasis,17 and improve experimental 

colitis in IL-10 deficient mice via the inhibition of the Akt/mTOR pathway.16 This study 

confirmed that celastrol can significantly reduce DSS-induced colitis, as revealed by body 

weight, colon length, scores of rectal bleeding and diarrhea, serum TNF-α level, and 

histological analysis results.

Currently several molecular targets of celastrol have been reported, such as TNF-α, NF-κB, 

COX-2, VEGF, Hsp90, and Akt/mTOR signaling.46–52 For example, celastrol was shown to 

inhibit the expression of the inflammatory cytokine IL-6 through the NF-kB-dependent 

pathway in prostate carcinoma cells.53 Celastrol was also found to induce rapid degradation 

of CIP2A (cancerous inhibitor of protein phosphatase 2A) in non-small-cell lung cancer 
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cells by directly binding CIP2A protein and promoting CIP2A-CHIP (Hsp70-interacting 

protein) interaction.54 Another report indicated that celastrol showed anti-cancer effects on 

human triple negative breast cancer through the PI3k/Akt/mTOR axis.55 Celastrol was also 

reported to exert inhibitory effects on platelets, which contribute to inflammatory events.56 

In all, though there are quite a few studies aiming to reveal the molecular targets of celastrol, 

its specific mechanism and targets in ameliorating colitis are largely unclear.

Metabolomics seeks to characterize the metabolic profile of a biological system. The 

identities and concentrations of the downstream metabolites are the products of 

biomolecular processes and can hence provide biochemical signatures for exploring drug 

efficacy and toxicity.20,57,58 Lipidomics is a metabolomic platform that specifically focuses 

on lipid species and plays an essential role in defining the biochemical mechanisms of lipid-

related disease processes through identifying alterations in cellular lipid metabolism, 

trafficking, and homeostasis.59–61 In some reports, lipidomics has revealed a potential link 

between lipid profiling and colitis.23,25,40,62,63 In the present study, the levels of two 

unsaturated LPCs were significantly decreased whereas one saturated LPC was slightly 

increased in colon of colitis mice, and LPC18 : 0/LPC18 : 1 and LPC18 : 0/LPC18 : 2 ratios 

were increased for this group. Some SMs, such as SM(d18 : 1/16 : 0) and SM(d18 : 1/18 : 

0), were found to have increased levels in colitis mice, consistent with previous findings.25 

The perturbation of colitis on LPC and SM metabolism were later recovered after celastrol 

treatment. This illustrates the efficacy of celastrol in treating colitis via the intervention of 

LPC and SM metabolism.

In this study, Scd1 mRNA expression in liver of colitis mice was dramatically inhibited 

compared to the control mice, consistent with a previous report.40 As the sole enzyme 

responsible for the biogenesis of MUFA from SFA, SCD1 plays an important role in the 

homeostasis of MUFA and SFA.42 Our GC–MS quantitative analysis revealed decreased 

unsaturated fatty acids as well as increased SFA/MUFA ratios in colitis mice; accordingly, 

lipidomics analysis revealed increased saturated LPC/unsaturated LPC ratios in colitis mice. 

These were all recovered after celastrol treatment. As alterations in the balance of SFA and 

MUFA in lipids can influence a wide array of cellular functions, and celastrol treatment 

partially recovered Scd1 mRNA expression in colitis mice, our results thus reflect a possible 

correlation between celastrol and SCD1 regulation in treating IBD. Moreover, the 

intervention of celastrol upon alteration of SFA and MUFA levels in colitis mice may also be 

related to its antioxidative effect, which still awaits further study.64

SCD1 is regarded as an important enzyme in inflammatory progress40 and has been 

implicated in the regulation of adipocyte inflammation, macrophage inflammation, myocyte, 

and endothelial cell function in distinct cell types.65 As far as colitis is concerned, a previous 

metabolomics study revealed that down-regulation of liver SCD1 could accelerate colitis in 

mice;40 another study on colonic mucosa from patients with active UC revealed a markedly 

declined SCD1 gene expression compared to remission UC and healthy control groups.66 

According to our qPCR analysis and consistent with the previous reports, the expression of 

SCD1 mRNA in the liver was markedly decreased in colitis mice. After celastrol treatment, 

however, SCD1 expression was obviously recovered in colitis mice compared to the DSS-

only group. The present results not only confirmed the previous findings, but also indicated 
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that celastrol alleviated IBD possibly via the up-regulation of SCD1, thus supporting the 

view that SCD1 and its related lipid species may serve as potential targets for the 

intervention or treatment of inflammatory diseases.40 However, in which way celastrol 

correlates with SCD1, whether directly or indirectly, is still unknown, which is an interesting 

question beyond this lipidomics investigation. Therefore, further work is still needed to 

uncover the pathways by which SCD1 expression is recovered after celastrol treatment.

5 Conclusions

In this study, anti-inflammatory effects of celastrol on IBD were confirmed and its 

mechanism was demonstrated with the assistance of lipidomics. Celastrol likely intervenes 

the LPC and SM metabolism of colitis mice, partially by up-regulating SCD1 expression and 

restoring the altered balance between stearic acid- and oleic acid-derived lipid species 

against proinflammatory signaling. This is the first lipidomics report exploring the 

mechanism of celastrol in treating IBD, which provided the scientific basis for further 

development of celastrol in treating IBD.
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Abbreviations

DSS Dextran sulfate sodium

IBD Inflammatory bowel disease

PLS-DA Partial least squares-discriminant analysis

PCA Principal components analysis

SCD1 Stearoyl-coenzyme A desaturase 1

SM Sphingomyelin

CER Ceramide

LPC Lysophosphatidylcholine

PC Phosphatidylcholine

SFA Saturated fatty acid

MUFA Monounsaturated fatty acid

UPLC/MS Ultra performance liquid chromatography/mass spectrometry
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GC/MS Gas chromatography/mass spectrometry

qPCR Quantitative real-time PCR

TNF-α Tumor necrosis factor α
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Fig. 1. 
Evaluation of colitis. (A) Celastrol-treated colitis group (DSS + celastrol) had less body 

weight loss compared with the colitis group (DSS). (B) Comparison of the colon lengths of 

control (water), colitis (DSS), mesalazine-treated colitis (DSS + mesalazine), and celastrol-

treated colitis (DSS + celastrol) groups. (C and D) Diarrhea scores and rectal bleeding scores 

of the four groups. (n = 5 for each group, ++P < 0.01 and +P < 0.05, comparing colitis and 

control groups; **P < 0.01, comparing celastrol-treated colitis group and colitis group; ##P < 

0.01 and #P < 0.05, comparing mesalazine-treated colitis group and colitis group).
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Fig. 2. 
Serum TNF-α levels in the control, colitis, mesalazine-treated colitis group and celastrol-

treated colitis group using ELISA analysis. Data were expressed as mean ± SD. *P < 0.05.
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Fig. 3. 
(A–D) Representative images of hematoxylin and eosin-stained colon tissues from control, 

colitis, mesalazine-treated colitis and celastrol-treated colitis groups, respectively.
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Fig. 4. 
(A) Partial least squares-discriminant analysis (PLS-DA) of serum samples (with the 

cumulative R2X (0.82), R2Y (0.906), and Q2 (0.522)) for all the four examined groups. (B) 

Partial least squares-discriminant analysis (PLS-DA) of colon samples (with the cumulative 

R2X (0.907), R2Y (0.985), and Q2 (0.476)) for all the four examined groups.
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Fig. 5. 
Serum (A) and colon (B) SM and LPC levels in the four groups, i.e. control, colitis, 

mesalazine-treated and celastrol-treated colitis groups. Data were expressed as mean ± SD. 

*P < 0.05 and **P < 0.01.
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Fig. 6. 
Ratios of LPC18 : 0/LPC18 : 1 and LPC18 : 0/LPC18 : 2 in serum (A) and colon (B) 

samples of the mice. Data were expressed as mean ± SD. *P < 0.05 and **P < 0.01.
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Fig. 7. 
Real-time PCR measurement of Scd1 mRNA expression in the colon (A) and liver (B) of 

control, colitis, and celastrol-treated colitis groups. Data are represented as mean ± SD.
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