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Background: More and more burn survivors were suffering from varying degrees of 
damage to the intestinal barrier. Dexmedetomidine (Dex) was frequently used as sedative 
in more cases, but it was found to have repair effect on intestinal barrier dysfunction recently. 
This study aimed to explore the potential specific targets of Dex in intestinal barrier repair in 
burn rats model.
Methods: Male adult SD rats were used to establish 40% TBSA III degree scald model in 
our study. The samples were divided into four groups: burn rats (Burn), burn rats with Dex 
medication (Burn-Dex), sham rats (Sham) and sham rats with Dex medication (Sham-Dex). 
And plasma FITC-dextran and diamine oxidase (DAO) were detected to determine the 
intestinal permeability. Differentially expressed proteins were further adopted to protein– 
protein interaction network analysis, Gene Ontology analysis (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway analysis.
Results: It showed that 40% TBSA III degree scald model was successfully constructed. 
And plasma FITC-dextran and DAO decreased significantly after Dex administration. 
Additionally, differentially expressed genes Psmb10, Psmb7 among the experimental groups 
were screened, which were significantly enriched in proteasome and other several pathways.
Conclusion: The results above suggested that Q4KM35 and Q9JHW0, which are encoded 
by Psmb10 and Psmb7, respectively, are two possible protein targets of Dex in intestinal 
barrier repair.
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Introduction
A recent report by the World Health Organization estimates that burns will cause 
180,000 deaths each year.1,2 What is more worrying is that burn survivors often 
suffer from varying degrees of damage to the intestinal barrier,3 whose development 
is usually associated with complex factors including stress, ischemia, hypoxia, 
ischemia-reperfusion injury, proinflammatory cytokines, etc.3–6 As we all know, 
intestinal barrier could prevent bacteria and endotoxin from translocating to other 
distant organs.7–9 The burn patients with intestinal barrier dysfunction usually 
almost lose this function and are at higher risk for bacterial translocation, sepsis, 
and even mortality.10,11 Thus, it will be of great significance if we could find 
specific drugs and screen specific biomarkers for intestinal barrier repair in burnt 
patients.
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Dexmedetomidine (Dex) is frequently used as seda-
tive and anxiolytic, and has increasingly been studied for 
potential analgesic properties.12,13 In clinical treatments, 
besides used for the postoperative period and ICUs,14 

Dex has been also demonstrated to reduce inflammation 
and to have protective effects of ischemia/reperfusion 
injury.15 Regarding the Dex mechanisms of action, 
a research showed that the reducing inflammation in 
sepsis may be involved in the α2A adrenoceptors in the 
astrocytes by Dex treatment.16 In intestinal mucosa and 
muscles, Dex may attenuate the surgical stress and the 
microcirculatory blood flow intensity.17,18 As the research 
continues to expand, in some studies, researchers found 
that intestinal barrier function of burn injuries with Dex 
has been repaired to a certain extent compared with the 
one without Dex.19 Actually, in endotoxemic rats, Dex 
has been reported that it can reduce intestinal epithelial 
cell death and tight junction damage, which may contri-
bute to septic patient therapy.19,20 A recent study found 
that Dex had positive anti-apoptotic and anti- 
inflammatory effects in intestinal tissue.21 However, 
there is no further research about the possible molecular 
targets of Dex in the intestinal repair, which limits the 
application of Dex in the repair of intestinal barrier. 
Therefore, it is necessary to screen specific targets of 
Dex in intestinal repair.

Based on the above background, via physiological indi-
cators and proteomics analysis, we here purposed to explore 
the potential specific targets of Dex and its underlying possi-
ble mechanisms in intestinal barrier repair in burn rats model.

Materials and Methods
Ethics Approval
Our study has been approved by the Animal Ethical and 
Welfare of Tianjin Medical University (Tianjin, China) 
(ethic code: SYXK (Tianjin): 2019–0004). All animal 
experiments were conducted in accordance with the guide-
lines by the Chinese legislation on the ethical use and care of 
laboratory animals. In China the guidelines are called the 
Animal Management Regulations and the Guidelines on the 
Kind Treatment of Laboratory Animals ([2006] No. 398).

Sample Information and Sprague-Dawley 
Model
Healthy and clean male adult SD rats were used for our 
study, weighing 250–300 g, 8–12 weeks old. They were 

purchased from Huafukang Bioscience Company (licence 
number SCXK 2019–0008; Beijing, China).

After anesthesia with 10 g/L pentobarbital sodium 
intraperitoneal injection (40 mg/kg), using a super tem-
perature-controlled scald instrument, scald to cause injury 
on the rats back at 92°C for 18s to establish 40% TBSA III 
degree scald model (confirmed by pathological section of 
skin tissue, called burn).

Experimental Setting
The samples were divided into four groups: burn rats 
(Burn), burn rats with Dex medication (Burn-Dex), sham 
rats (Sham) and sham rats with Dex medication (Sham- 
Dex), and there are 8 replicates in each group.

Rats in all groups were administered 0.9% normal 
saline (2 mL/kg/h) for 3h. Subsequently, rats in the Sham- 
Dex group and the Burn-Dex group were injected with 
Dex (5 μg/kg/h) for 4 h,19,22 and rats in the Sham group 
and the Burn group were administered the identical dose 
of 0.9% normal saline by continuous infusion.

Histological Analysis
Intestine tissue about 1cm from the cecum was harvested 
after withdrawal 6h. Subsequently, the sample was fixed, 
paraffin-embedded, sectioned, deparaffinized, dehydrated 
and stained with hematoxylin and eosin as the previous 
methods.23 Histological analysis of intestine was quanti-
fied by Chiu’s score.24

Measurement of Fluorescein 
Isothiocyanate (FITC) Concentration in 
Plasma
Rats were anesthetized, whose ileum was ligated about 
10cm from the terminal, and then 1mL fluorescein- 
labeled glucose of isothiocyanate (FITC-dextran, 10mg/ 
mL, Sigma, U.S) was injected into the intestinal lumen. 
After abdominal closure for 30 min, abdominal aortic 
blood was extracted and the FITC-dextran was detected 
to evaluate the permeability of intestinal.

Measurement of Diamine Oxidase (DAO) 
Concentration in Plasma
Blood of rat was taken from the abdominal aorta after 
anesthesia, plasma was obtained by centrifugation at the 
condition of 4°C, 3500g for 10 min. Concentration of 
DAO was measured by Elisa kit (Wuhan Mskbio 
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Bioengineering Institute, China,) accordance with the 
instructions provided by the manufacturer.

Sample Preparation for LC-MS/MS
The protein was extracted from the sample using SDT 
lysis solution (4% (w/v) SDS, 100mM Tris-HCl (pH7.6), 
0.1M DTT), and BCA method was used for protein quan-
tification. Peptide fragment was obtained by Filter Aided 
Proteome Preparation (FASP),25 then desalted, lyophilized 
and redissolved in 40 μL 0.1% formic acid solution.

LC-MS/MS Analysis
Samples were separated by Easy n-LC. Solution A was 
0.1% formic acid aqueous solution, and Solution B was 
0.1% formic acid acetonitrile aqueous solution (84% acet-
onitrile). The column was maintained with 95% solution 
A, and pretreated samples were automatically loaded to 
the loading column (Thermo Scientific Acclaim 
PepMap100, 100μm*2cm, nanoViper C18), and then sepa-
rated by the analytical column (Thermo scientific EASY 
column, 10cm, ID75μm, 3μm, C18-A2). The flow rate was 
300 nL/min.

The samples were separated by chromatography and 
analyzed by Q-EXactive mass spectrometer. Quantification 
of peptides was identified by MaxQuant software (version 
1.5.3.17).

Differential Expression Protein Analysis
Differential expression analysis was based on the limma26 

function package of the R language (version 3.5.2, the 
same below), and use the absolute value of the logarithmic 
conversion differential expression multiple (Log2FC) and 
FDR ≤0.05 as the standard to screen differential expres-
sion proteins between Burn-Dex vs Burn, Burn vs Sham, 
Sham-Dex vs Sham.

Protein–Protein Interaction (PPI) 
Network Analysis and Enrichment 
Analysis
The STRING database is a database for analyzing and 
predicting protein functional connections and interactions. 
We use STRING27 (https://string-db.org/, version 11.0) to 
analyze the protein functional connections and protein 
interactions. Taking protein names as input files, the 
STRING database was also used to perform GO, KEGG, 
and Reactome enrichment analysis. When FDR<0.05, it is 
significantly enriched.

Statistical Analysis
Differences in each groups were performed by Kruskal– 
Wallis rank-sum test, with p <0.05 as threshold. Statistical 
analysis was conducted by R software version 3.5.2. All 
data were presented as mean ± SD.

Results
Intestinal Injury Model Successfully 
Constructed
As shown in HE-stained intestine tissues, intact villi 
without obvious abnormality in the rats of Sham and 
Sham-Dex group (Figure 1A and B), and no significant 
difference between them. However, the histopathologic 
results showed that intestine tissues were seriously 
damaged in Burn group, which was scattered bleeding, 
decrease of villi tissue and goblet cells, as well as inflam-
matory cells infiltration (Figure 1C). Moreover, compared 
with Burn group, the histological destructiveness was 
released in Burn-Dex group, inflammatory cells 
decreased, and intestinal tissue slightly damaged 
(Figure 1D). In addition, as shown in the Figure 1E and 
Table S1, the Chiu’s score markedly increased in Burn (P 
< 0.001) and Burn-Dex group (P < 0.001), meanwhile, 
the score was notably alleviated in the Burn-Dex group 
(P < 0.001).

Effect of Dex on Intestinal Repair in 
Burned Rats
The intestinal permeability was determined level of FITC- 
dextran concentration after withdrawal 6h, compared with 
Sham and Sham-Dex group, the FITC-dextran concentra-
tion of Burn (P < 0.001) and Burn-Dex group (P < 0.001) 
was significantly increased, while the level of FITC- 
dextran in Sham and Sham-Dex group basically the same 
(P > 0.05). Besides, the FITC-dextran in Burn was 
obviously higher than Burn-Dex (P < 0.001) (Figure 2A 
and Table S2).

DAO was a functional enzyme in intestines. The trend of 
DAO level in each group was similar to that of FITC-dextran 
in each group. There was no significant difference in DAO 
concentration (P > 0.05). After withdrawal 6h, DAO in Burn 
(P < 0.001) and Burn-Dex group (P < 0.001) was distinctly 
higher than that in Sham and Sham-Dex group (Figure 2B 
and Table S2). These results revealed that the DEX could 
reduce the intestinal barrier dysfunction after burn injury.
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Differential Expression Proteins
Besides the detection of the above physiological indica-
tors, then we further analyzed the differentially expressed 
proteins in various experimental groups. Compared with 
Burn, there are 7 differentially expressed proteins in Burn- 
Dex, including 3 up-regulated proteins and 4 down- 

regulated proteins (Figure 3A). The expression levels of 
the differentially expressed proteins are significantly dif-
ferent between groups (Figure 3B). There are 13 differen-
tially expressed proteins between the Burn and the Sham, 
including 10 up-regulated proteins and 3 down-regulated 
proteins (Figure 3C). The expression levels of the 

Figure 1 Histological examination of distal ileum. (A) Sham group. (B) Sham-Dex group. (C) Burn group. (D) Burn-Dex group. (E) Intestinal Chiu’s score of each group. 
***P < 0.001, vs Sham group. ###P < 0.001, vs Burn group. Scale bar = 100μm.
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differentially expressed proteins are significantly different 
between groups (Figure 3D). There are 7 differentially 
expressed proteins between the Sham-Dex and the Sham, 
including 6 up-regulated proteins and 1 down-regulated 
protein (Figure 3E). The expression levels of differentially 
expressed proteins were significantly different between 
groups (Figure 3F).

Results of Function Enrichment Analysis
We believe that proteins meet the following conditions 
may be the possible targets of Dex: a.) differentially 
express in Burn-Dex and Burn, b.) differentially express 
in Burn and Sham, c.) do not differentially express in 
Sham-Dex and Sham. There are 4 proteins that satisfied 
all of the above conditions, they are Q4KM35, Q9JHW0, 
A0A0G2K896 and A0A0H2UHM7, the corresponding rat 
GeneSymbols are respectively Psmb10, Psmb7, 
RGD1310507 and LOC100909441.

To further understand the potential biological functions 
of the differentially expressed proteins and the possible 
pathways they participate in, we annotated them using GO 
and KEGG database. They were significantly enriched in 
the three GO terms: proteolysis involved in cellular protein 
catabolic process, proteasome core complex and threo-
nine-type endopeptidase activity (Table 1). Meanwhile, 
they were also significantly enriched in 49 pathways 
such as Proteasome, among which the most significant 
top 10 pathways are shown in Table 2, and the detailed 
results are shown in Table S3.

PPI Network and Screening Key Genes
In order to find the key genes more accurately, we used the 
STRING database to construct a PPI network for these 
four proteins (Q4KM35, Q9JHW0, A0A0G2K896 and 
A0A0H2UHM7), then screened interaction pairs with the 

minimum required interaction score >0.4 as the threshold. 
The PPI network is shown in Figure S1. In Figure S1, the 
node represents a gene, and the edge represents the inter-
action between them. As shown in Figure S1, we find that 
there is interaction between Psmb10 and Psmb7.

Discussion
In this study, we mainly explored the repair effect of Dex 
and Dex’s possible targets in intestinal barrier dysfunction 
after burns in rats. On the one hand, we detected that 
plasma FITC-dextran (fluorescein isothiocyanate-dextran) 
and plasma DAO (diamine oxidase) decreased signifi-
cantly after Dex administration. On the other hand, we 
also screened differentially expressed proteins Psmb10, 
Psmb7 among the experimental groups, which were sig-
nificantly enriched in Proteasome pathway.

Numerous animal and clinical studies have documen-
ted that the intestinal barrier was often broken down by 
severe burn injury,5,28 which was usually devastating blow 
for patients. Dexmedetomidine (Dex), besides used as 
sedative and anxiolytic,12 was explored in intestinal barrier 
repair.29 However, to the best of our knowledge, no pre-
vious study focused on the targets of Dex in intestinal 
barrier repair. We have found the possible targets of Dex 
in intestinal barrier repair, which should contribute to the 
understanding of its intestinal barrier repair function for 
burnt patients.

Firstly, we demonstrated that Dex indeed reduced 
intestinal permeability and repaired intestinal barrier in 
rats. It has been documented that impairments in the 
intestinal barrier manifest as intestinal permeability 
increasing.30–32 When the permeability of the intestine is 
abnormally increased, the DAO and FITC-dextran in the 
lumen will pass through the intestinal mucosa easily and 
go into the peripheral blood.33–36 Thus, they are now 

Figure 2 Plasma FITC-dextran and DAO concentration after withdrawal 6h. (A) FITC-dextran. (B) DAO. ***P < 0.001, vs Sham group. ###P < 0.001, vs Burn group.
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Figure 3 Differentially expressed protein analysis results. (A) The differentially expressed protein results of Burn-Dex vs Burn were displayed in volcano graph. The 
horizontal axis represents the differential expression multiples (Log2FC), and the vertical axis is −log10 (FDR). The blue dots are upregulated proteins, the red dots are 
downregulated proteins and the green dots are not significantly regulated proteins. (B) The differentially expressed protein results of Burn-Dex vs Burn were displayed in 
heat map. The horizontal axis represents the sample and the vertical axis represents different proteins. Red indicates high protein expression, and blue indicates low protein 
expression. (C and D) The differentially expressed protein results of Burn vs Sham were displayed in volcano graph and heat map. (E and F) The differentially expressed 
protein results of Sham-Dex vs Sham were displayed in volcano graph and heat map.
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usually used to show changes about intestinal 
permeability.37 In this study, we have successfully con-
structed an intestinal barrier dysfunction rats model 
through burns. The plasma DAO and plasma FITC- 
dextran in the Burn group decreased significantly after 
Dex administration, indicating that Dex could reduce the 
intestinal permeability. Our data were in line with a similar 
previous research, which demonstrated that Dex could 
attenuate intestinal microcirculatory dysfunction to protect 
the intestinal barrier.19 In addition, our results supplemen-
ted another aspect that Dex could also regulate the perme-
ability of the intestine to protect the intestinal barrier.

Besides the physiological indicators, we also per-
formed proteomics analysis in order to further understand 
the underlying mechanism of the Dex action in intestinal 
barrier repair. Then, we found four target proteins, 
Q4KM35, Q9JHW0, A0A0G2K896 and A0A0H2UHM7, 
which meet all our conditions below: a.) differentially 
express in Burn-Dex and Burn, b.) differentially express 
in Burn and Sham, c.) do not differentially express in 
Sham-Dex and Sham, which corresponding to the genes 
of Psmb10, Psmb7, RGD1310507 and LOC100909441. 
Until now, no studies to our knowledge have focused on 
the roles of these 4 genes in intestinal barrier repair.

Table 1 The Differentially Expressed Proteins Were Significantly Enriched in the Following Three GO Terms

ID Ontology GO.Term.Description FDR

GO:0051603 BP Proteolysis involved in cellular protein catabolic process <0.01
GO:0005839 CC Proteasome core complex <0.01

GO:0004298 MF Threonine-type endopeptidase activity <0.01

Table 2 The Top 10 Significantly Enriched Pathways

ID Ontology Pathway Description FDR

rno03050 KEGG Proteasome 0.000013

RNO- 
1169091

RCTM Activation of NF-kappaB in B cells 0.00096

RNO- 
1234176

RCTM Oxygen-dependent proline hydroxylation of Hypoxia-inducible Factor Alpha 0.00096

RNO- 
1236978

RCTM Cross-presentation of soluble exogenous antigens (endosomes) 0.00096

RNO- 
174084

RCTM Autodegradation of Cdh1 by Cdh1:APC/C 0.00096

RNO- 
174113

RCTM SCF-beta-TrCP mediated degradation of Emi1 0.00096

RNO- 
174154

RCTM APC/C:Cdc20 mediated degradation of Securin 0.00096

RNO- 
174178

RCTM APC/C:Cdh1 mediated degradation of Cdc20 and other APC/C:Cdh1 targeted proteins in late mitosis/ 
early G1

0.00096

RNO- 
174184

RCTM Cdc20:Phospho-APC/C mediated degradation of Cyclin A 0.00096

RNO- 
176408

RCTM Regulation of APC/C activators between G1/S and early anaphase 0.00096
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In order to further understand the possible mechanism 
behind Dex administration in intestinal barrier repair, we 
conducted an enrichment analysis. We found that 
RGD1310507 and LOC100909441 were not significantly 
enriched in any terms and pathways in GO and KEGG 
analysis, while Psmb7 and Psmb10 were significantly 
enriched in GO and KEGG analysis. The results showed 
that, after Dex administration, the differentially expressed 
genes were mainly enriched in the pathways related to the 
proteasome. Psmb10 and Psmb7 are significantly enriched 
in the three GO terms: proteolysis involved in cellular 
protein catabolic process, proteasome core complex and 
threonine-type endopeptidase activity. They are also sig-
nificantly enriched in 49 pathways such as proteasome, 
activation of NF-kappaB in B cells and so on. Thus, we 
pay more attention to Psmb10 and Psmb7.

Proteasome is a key regulator of inflammation.38 Under 
normal circumstances, the expression of the proteasome is 
generally low and can be induced under certain 
circumstances,38 and the dysfunction of the proteasome 
will cause various human diseases.39 Regarding Psmb10 
and Psmb7, they belong to Proteasome β subunits (PSMB) 
family. PSMB family, a component of the ubiquitin- 
proteasome system, has been documented to play an 
important role in inflammation, tumors and degenerative 
diseases.40,41

At present, there is almost no relevant research on 
Psmb10 and Psmb7 in the intestinal barrier, but in other 
diseases,40–44 there are researches demonstrated that high 
expression is often associated with negative clinical con-
ditions. It has been reported that high PSMB7 expression 
is an unfavourable prognostic marker in breast cancer.40 

And it has been evidenced that the inhibition of PSMB10 
could reduce the Angiotensin II–induced atrial 
fibrillation.41 Moreover, Ghouzali et al’s research has 
reported that intestinal hyperpermeability was blunted by 
intraperitoneal injection of selective proteasome inhibitor 
in rats.39 In addition, other studies suggest that proteasome 
inhibition prevented colitis in mice.43,45,46 As we all know, 
intestinal permeability is mainly regulated by a complex 
protein system that constitutes tight junctions (TJ).39 The 
decrease of tight junction proteins will lead to intestinal 
barrier disruption and hyperpermeability.3 Previous experi-
mental data indicated that down-regulation of occludin 
protein (an important member of tight junction) expression 
may be related to its increased degradation by the protea-
some system.47 Thus, based on the previous studies, we 
speculate that Dex may inhibit the activation of 

proteasome by reducing the expression of Psmb10 and 
Psmb7 to maintain the intestinal barrier.

Conclusions
In conclusion, we successfully constructed a burn-rat 
model and identified two possible protein targets of Dex 
in intestinal barrier repair, which are Q4KM35 and 
Q9JHW0 corresponding to genes Psmb10 and Psmb7, 
respectively. This will contribute to the better application 
of Dex in the repair of intestinal barrier dysfunction 
caused by burns. In the future, we will also further explore 
the functions of these proteins and genes to broaden our 
understanding of action of Dex.
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