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Abstract. Stress‑related mucosal disease (SRMD) is a 
common complication in patients in the intensive care unit 
(ICU). The aim of the present study was to investigate the 
possible mechanisms for the pathogenesis of SRMD. In total, 
38 patients with SRMD were enrolled from an ICU, as well as 
15 healthy volunteers. The disease severity of patients in ICU 
was evaluated using the Acute Physiology and Chronic Health 
Evaluation (APACHE) II score. Gastric mucosa with the 
most severe lesions were biopsied for hematoxylin and eosin 
staining and then assessed by pathological damage scoring. 
The serum levels of malondialdehyde (MDA), superoxide 
dismutase (SOD) and ischemic modified albumin (IMA) were 
also detected. In addition, claudin‑3 and inducible nitric oxide 
(NO) synthase (iNOS) in the gastric mucosa were assessed 
by western blotting and immunohistochemistry. The average 
APACHE II score of the patients with SRMD was significantly 
higher compared with the controls. Moreover, the levels of 
MDA (4.74±2.89 nmol/ml) and IMA (93.61±10.78 U/ml) in 
patients with SRMD were significantly higher compared with 
the controls (P<0.001), while those of SOD (89.66±12.85 U/ml) 
in the patients with SRMD were significantly lower compared 
with the controls (P<0.001). Furthermore, compared with the 
control, iNOS expression was significantly higher (P=0.034), 
while the expression of claudin‑3 was significantly lower in 
patients with SRMD (P<0.001). The results indicated that 
APACHE  II  score was positively correlated with patho‑
logical damage score (r=0.639, P<0.001) and levels of MDA 
(r=0.743, P<0.001), but negatively correlated with the level of 
SOD (r=‑0.392, P=0.015). In addition, MDA was positively 

correlated with IMA (r=0.380, P=0.018), but negatively corre‑
lated with claudin‑3 (r=‑0.377, P=0.020). Therefore, it was 
speculated that oxidative stress may play an important role in 
the pathogenesis of SRMD, and NO levels and cell membrane 
permeability are altered during this process.

Introduction

Stress‑related mucosal disease (SRMD) is a common 
complication in patients of the intensive care unit (ICU) (1). 
Moreover, endoscopic examination within 72  h of ICU 
admission shows that 75‑100% of patients who are critically 
ill display lesions and 1‑6% patients in ICU have bleeding 
in the upper gastrointestinal mucosa (2). The pathological 
stage of SRMD is related to disease severity of patients in 
ICU (3), thus, the more severe the condition, the higher the 
pathological damage score. Furthermore, disease severity 
of patients in ICU is evaluated using the Acute Physiolog
y and Chronic Health Evaluation (APACHE) II score (4). 
As one of the primary applied scoring systems in ICU, the 
APACHE II score is widely used in the assessment of various 
critical illnesses, including disease severity, treatment and 
prognosis (5).

Oxidative stress, ischemia‑reperfusion injury, endog‑
enous nitric oxide (NO) and reduced mucosal blood flow 
are causative factors of SRMD (6). However, the underlying 
mechanisms of SRMD are not fully understood. Oxidative 
stress is the state when there is an imbalance between reac‑
tive oxygen species (ROS) and the activity and availability of 
antioxidants (7). Moreover, assessment of oxidative stress can 
be achieved mainly via the following two parameters: i) level 
of malondialdehyde (MDA), which is used as an indicator of 
lipid peroxidation (8); and ii) activity of superoxide dismutase 
(SOD), which reflects antioxidant capacity (9). The first stage 
of ROS‑mediated cell damage is peroxidation of the cell 
membrane matrix; in particular, lipid peroxidation (9,10). In 
the lipid peroxidation process, a polar group is inserted into the 
lipid molecule and is settled in the lipid bilayer (9). Therefore, 
the cell membrane becomes hydrophobic and permeable (9). 
Furthermore, the products of lipid peroxidation, such as 
MDA, react with the amines of the cell membrane proteins 
to produce a Schiff base, so that the cell membrane becomes 
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stiffer (9,11). Therefore, the level of MDA is used to evaluate 
ROS‑induced damage in various organs and tissues (11).

Ischemic modified albumin (IMA), which can be induced 
by oxidative stress, increases within and outside of the heart 
when ischemia‑reperfusion injury occurs (12). Therefore, it is a 
candidate marker in the assessment of myocardial ischemia, and 
has also been identified as a marker of oxidative stress (13,14).

NO plays an important role in the regulation of various 
cellular functions, including those of the gastrointestinal 
tract  (15). In addition, NO is synthesized from L‑arginine 
via NO synthase (NOS), including constitutive NOS (cNOS) 
and inducible NOS (iNOS)  (16). cNOS, includes neuronal 
NOS and endothelial NOS, which produce small amounts 
of NO that act as a neurotransmitter and vasodilator, respec‑
tively (16). However, iNOS produces larger amounts of NO 
and is only expressed during inflammation (17). It has been 
previously reported that NO plays biphasic roles in the ulcero‑
genic response of the gastric mucosa (18,19). Previous studies 
have also shown that ischemia‑reperfusion injury is often 
accompanied by inflammation, and iNOS can be expressed by 
inflammatory cells (16,20,21).

The claudin family of tight junction proteins plays an impor‑
tant role in regulating epithelial paracellular permeability (22). 
In vitro experiments by Hashimoto et al (23) revealed that the 
expression of claudin‑3 in the gastric epithelium is reduced by 
H2O2, a type of ROS. However, the relationship between oxida‑
tive stress and claudin‑3 expression in gastric mucosal cells of 
patients with SRMD has not been reported.

Although the pathogenesis of SRMD has been examined in 
animal models and in vitro, to the best of our knowledge there 
have been no studies conducted in patients. Therefore, in the 
present study, patients from ICU were enrolled and the roles 
of oxidative stress, iNOS and claudin‑3 in the pathogenesis of 
SRMD were investigated.

Materials and methods

Ethical statement. The study was carried out in Central 
Hospital of Tai'an (Tai'an, China), from January 2015 to May 
2017, and was approved by the Institutional Ethics Committee 
of Tai'an Central Hospital. All subjects provided their informed 
consent. The study was registered at www.clinicaltrials.gov 
(registration no. NCT03200158).

Patients and volunteers. In total, 38 patients in ICU with 
SRMD were enrolled within 72 h after hospitalization. These 
SRMD patients included 20 males and 18 females, with an 
average age of 47.61±6.28  years. All patients were diag‑
nosed by gastroscopy and had gastric mucosal lesion under 
gastroscopy. Patients with gastric cancer, esophageal cancer or 
history of taking Aspirin were excluded. In total, 15 age and 
sex matched healthy volunteers (8 females and 7 males; mean 
age, 47.0±5.58 years) were recruited as controls.

APACHE II score. The APACHE  II  score was completed 
within 24 h after ICU admission. The APACHE II scoring 
system includes 12 physiological parameters (with each item 
0‑4 points and a total of 0‑60 points), chronic disease health 
status (2‑5 points) and age (0‑6 points); the total score is 
0‑71 points (5).

Sample collection. Gastric mucosa and blood samples of 
subjects were collected within 72  h after hospitalization. 
Biopsy gastric mucosal tissues of each individual were taken 
from four different areas of the most prominent erosion area 
of gastric mucosa during gastroscopy or the normal gastric 
antrum (for healthy controls). Peripheral venous blood samples 
(6 ml) were collected from each individual. The serum was 
collected after centrifugation at 1,000 x g at 4˚C for 15 min.

Pathological damage score. Gastric mucosal tissues were 
fixed with 10% formalin at room temperature for 24 h and 
routinely paraffin embedded, sliced at 3‑µm and stained with 
hematoxylin and eosin (H&E; 60 and 90 sec, respectively), 
at room temperature according to routine procedure. The 
degree of pathological damage was scored according to the 
Masuda criteria (24) with a slight modification: i) 0, superficial 
epithelial cells were intact and arranged well; ii) 1, surface 
epithelium was damaged and the neutrophils were infiltrated; 
iii) 2, upper mucosa was congested or edematous; iv) 3, cells 
were interrupted, the middle or lower layer of the membrane 
was congested, with edema or bleeding; v) 4, upper mucosal 
gland structure was disordered or necrotic; and vi) 5, deep 
necrosis or ulceration. The mean score of five slides was 
calculated as the pathological damage score of each patient.

Serum MDA, SOD and IMA measurement. Serum MDA 
was detected using the MDA assay kit (cat.  no.  A003‑1; 
Nanjing Jiancheng Bioengineering Institute) as previously 
described (25).

Serum IMA was measured by the ischemia modified albumin 
detection kit (https://www.reebio.com/products/product‑i328.
html; Ningbo Ruiyuan Biological Technology Co., Ltd.). The 
serum was treated with 5.0 mmol/l cobalt oxide at 37˚C for 
3‑5 min, and serum albumin combined with the cobalt ions 
and the absorbance value at 405  nm (A1) was measured 
using automatic biochemical analyzer (Cobas® 8000; Roche 
Diagnostics). Subsequently, 2.8 mmol/l chromogenic agent 
(at 37˚C for 5 min) was added to the residual cobalt ions to 
produce a reddish brown product and the absorbance value 
at 510  nm (A2) were measured. The serum IMA content 
was calculated using the following formula: IMA concen‑
tration (U/ml)=(A2‑A1)/ΔA calibration x IMA calibrator 
concentration.

The activity of SOD was determined using a SOD 
detection kit [http://www.co‑health.com.cn/content /
nr_fy.jsp?code=hyyksw_cpzx_cpml; Co‑Health (Beijing) 
Laboratories Co., Ltd.;]. After incubation with 10 mmol/l 
reagent 1 at  37˚C for 5  min, the absorbance value (A1 
405 nm) was measured before 20 mmol/l reagent 2 (at 37˚C 
for 5 min) was added and the absorbance value (A2 510 nm) 
were measured. SOD concentration in the serum sample was 
calculated according to that in a standard substance, whose 
SOD concentration was known, with the following formula: 
SOD concentration (U/ml)=(A2‑A1)/ΔA calibration x SOD 
calibrator concentration.

Immunohistochemistry. Measurement of iNOS in gastric 
mucosa was carried out by immunohistochemistry. The 
biopsy specimens were fixed with 10% formalin at room 
temperature for 24  h and routinely processed in paraffin 
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and cut into 5‑µm sections. The paraffin sections were then 
dewaxed and washed with PBS, and 50 µl 0.3% H2O2 solution 
was added and incubated at room temperature for 10 min to 
block endogenous peroxidase activity. Subsequently, sections 
were incubated with 50  µl non‑immunized animal serum 
(OriGene Technologies, Inc.) for 10 min at room temperature 
before 50 µl rabbit anti‑human anti‑iNOS polyclonal antibody 
(cat. no. ab53769; 1:200; Abcam) was added and incubated 
overnight at 4˚C. After washing with PBS, the sections were 
incubated with 50 µl biotin‑labeled goat anti‑rabbit secondary 
antibodies (1:1,000; cat. no. TA130016; OriGene Technologies, 
Inc.) at room temperature for 15 min. After washing again, 
50 µl peroxidase‑labeled streptavidin (cat.  no. SP Kit‑D1; 
Fuzhou Maixin Biotechnology Development Co., Ltd.) was 
added and incubated at room temperature for 15 mi, following 
which 100 µl freshly prepared 3'3' diaminobenzidine solu‑
tion was added at room temperature and color developed for 
3‑10 min. Sections were routinely stained with hematoxylin at 
room temperature for 1 min, followed by regular dehydration, 
made transparent and mounted with neutral gum. Microscopic 
observation was performed with light microscopy at x400 
magnification (Eclipse Ci‑L; Nikon Corporation).

Image‑Pro Plus 6.0 software (Media Cybernetics, Inc.) was 
used to select the brownish yellow color as a uniform standard 
for determining the positive staining of all images. Each image 
was analyzed to determine the average optical density.

Western blotting. Tissue was first lysed using RIPA buffer 
(cat. no. R0010; Beijing Solarbio Science & Technology Co., 
Ltd.). The protein concentration of the mucosal samples was 
detected by bicinchoninic acid assay (Beijing Solarbio Science 
& Technology Co., Ltd.). An equal amount of protein (40 µg) of 
each sample was loaded onto 12% polyacrylamide gels for elec‑
trophoresis and then transferred to a PVDF membrane. After 
blocking at 25˚C with 5% fat‑free milk for 1‑2 h, the membranes 
were incubated with anti‑claudin‑3 antibody (cat. no. ab15102; 
1:200; Abcam) and β‑actin (1:5,000; cat.  no.  66009‑1‑lg; 
ProteinTech Group, Inc.) at 4˚C overnight. After incubation 
at 25˚C with horseradish peroxidase‑conjugated secondary 
antibody (cat. no. SA00001‑2, dilution 1:2,000; ProteinTech 
Group, Inc.) for 2 h, the membranes were visualized by Mini 
Chemi 610 electrochemiluminescence (Beijing Sage Creation 
Science Co., Ltd.) and the gray value was analyzed using Lane 
ID software 5.0 (Beijing Sage Creation Science Co, Ltd.).

Statistical analysis. SPSS 16.0 software (IBM Corp.) was used 
for statistical analysis. Data are presented as the mean ± SD. An 
independent sample t‑test was used for comparisons between 
two groups. Measurement data were analyzed by linear 
correlation analysis (Pearson's rank correlation test) after the 
normality test. Bonferroni's correction test was used when 
analyzing the correlation of multiple groups and the P‑value 
was denoted as P corrected (Pc). P<0.05 was considered to 
indicate a statistically significant difference.

Results

APACHE II scores and pathological damage scores. The 
APACHE score consists of four categories, including 
APACHE I, II, III and IV, among which APACHE II provides 
clinical values in prediction of hospital mortality, ICU, length 
of stay, resource utilization, cost‑effectiveness and necessities 
of receiving positive life support treatment  (5); the higher 
the score, the more severe the illness will be  (26). In the 
present study, the average APACHE II score of the patients 
was 14.87±5.6 points. Furthermore, the average pathological 
damage score of gastric mucosa was calculated by analyzing 
the H&E staining (Fig. 1). The score was 2.92±1.08 points in 
patients with SRMD, which was significantly higher compared 
with the control group (1.04±0.60; P<0.001; data not shown).

Comparison of serum indexes between patients and volun‑
teers. Serum indexes of oxidative stress in patients with 
SRMD were analyzed. It was found that the levels of MDA 
(4.74±2.89 nmol/ml) and IMA (93.61±10.78 U/ml) in patients 
with SRMD were significantly higher compared with the 
healthy controls (P<0.001; Table I). Furthermore, the levels 
of SOD (89.66±12.85 U/ml) in patients with SRMD were 
significantly lower than compared with the controls (P<0.001; 
Table I). Thus, these results suggest that the oxidative stress 
indexes of patients with SRMD were significantly higher, 
while the antioxidant index was significantly lower.

Comparison of mucosal indexes between patients and volun‑
teers. Next, the mucosal index was compared between patients 
and healthy controls. More positive staining was identified for 
iNOS in patients with SRMD compared with healthy controls 
(Fig. 2). In addition, the mean levels of iNOS in patients were 
significantly higher compared with the controls (Table II). 

Figure 1. Gastric mucosa from a patient with SRMD and healthy control. Hematoxylin and eosin staining. Magnification x100. Scale bar, 200 µm. SRMD, 
stress‑related mucosal disease.
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Furthermore, claudin‑3 expression in mucosal epithelium was 
measured by western blotting (Fig. 3A), and the mean expres‑
sion of claudin‑3 in patients was significantly lower compared 
with the controls (P<0.001; Fig. 3B; Table II).

Relationship of APACHE II score with pathological damage 
score, MDA and SOD. To study the relationship between 
disease progression and oxidative stress or mucosal damage, 
correlation analysis was performed. It was demonstrated that 

Figure 3. Western blot analysis of claudin‑3 in gastric mucosa. (A) Claudin‑3 and β‑actin were evaluated by western blotting. (B) Densitometric analysis of 
claudin‑3 expression normalized to β‑actin. *P<0.001 vs. control. SRMD, stress‑related mucosal disease.

Table Ⅰ. Comparison of serum index levels between patients and healthy controls.

Parameter	 Patients	 Controls	 t	 P‑value

MDA (nmol/ml)	 4.74±2.89	 0.55±0.34	 8.769	 <0.001
SOD (U/ml)	 89.66±12.85	 148.73±13.50	 ‑14.868	 <0.001
IMA (U/ml)	 93.61±10.78	 59.07±7.411	 11.358	 <0.001

MDA, malondialdehyde; SOD, superoxide dismutase; IMA, ischemic modified albumin.
 

Table II. Comparison of gastric mucosal index between patients and healthy controls.

Protein	 Patients	 Controls	 t	 P‑value

Claudin‑3 (gray value)	 0.12±0.050	 0.95±0.615	 ‑5.195	 <0.001
iNOS (average optical density)	 0.1183±0.0173	 0.0578±0.0031	 2.180	 0.034

iNOS, inducible nitric oxide synthase.
 

Figure 2. Immunohistochemistry analysis of inducible nitric oxide synthase in mucosal epithelium from healthy control and a patient with SRMD. 
Magnification x400. Scale bar, 50 µm. SRMD, stress‑related mucosal disease.
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the APACHE II score was moderately positively correlated 
with pathological damage score (r=0.639, P<0.001) and 
strongly positively correlated with MDA (r=0.743, P<0.001; 
Fig. 4A and B), and weakly negatively correlated with SOD 
(r=‑0.392, P=0.015; Fig. 4C; after Bonferroni's correction, 
Pc=0.016). Therefore, it was speculated that oxidative stress 
was increased with the severity of diseases.

Relationship of IMA with pathological damage score and 
MDA. To evaluate whether IMA can reflect the degree of gastric 
mucosal lesions, the relationship of IMA with pathological 
damage score and MDA was analyzed. It was demonstrated 
that IMA was not significantly correlated with pathological 

damage score (P=0.140; Fig. 5A). However, IMA was weakly 
positively correlated with MDA (r=0.380, P=0.018; Fig. 5B; 
after Bonferroni's correction, Pc=0.05/2=0.025). Collectively, 
the results indicated that IMA can reflect the degree of oxida‑
tive stress, but not the degree of stress in gastric mucosal 
lesions.

Relationship of iNOS with pathological damage score and 
MDA. By analyzing the relationship between mucosal iNOS 
and the mucosal damage or the oxidative stress index, it was 
indicated that iNOS was not significantly correlated with 
pathological damage score or MDA (P>0.05; Fig. 6A and B; 
after Bonferroni's correction, Pc=0.05/2=0.025).

Figure 4. Relationship of APACHE II score with PD score, MDA and SOD. Pearson's rank correlation test was performed for linear correlation analysis. 
Correlation of APACHE II score with (A) PD score, (B) MDA and (C) SOD. P‑value threshold after Bonferroni's correction <0.016. PD, pathological damage; 
SOD, superoxide dismutase; MDA, malondialdehyde; APACHE, Acute Physiology and Chronic Health Evaluation.

Figure 5. Relationship of IMA with PD score and MDA. Pearson's rank correlation test was performed for linear correlation analysis. Correlation of IMA 
with (A) PD score and (B) MDA. P‑value threshold after Bonferroni's correction <0.025. MDA, malondialdehyde; PD, pathological damage; IMA, ischemic 
modified albumin.

Figure 6. Relationship of iNOS with PD score and MDA. Pearson's rank correlation test was performed for linear correlation analysis. Correlation of iNOS 
with (A) PD score and (B) MDA. P‑value threshold after Bonferroni's correction <0.025. PD, pathological damage; MDA, malondialdehyde; iNOS, inducible 
nitric oxide synthase.
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Relationship of claudin‑3 with pathological damage score 
and MDA. The relationship between mucosal permeability 
and mucosal damage or oxidative stress was also investi‑
gated. It was identified that claudin‑3 was not significantly 
correlated with pathological damage score (P>0.05; Fig. 7A). 
However, claudin‑3 was weakly negatively correlated with 
MDA (r=‑0.377; P=0.020; Fig. 7B; after Bonferroni's correc‑
tion, Pc=0.05/2=0.025). Thus, it was speculated that mucosal 
permeability may be related to the degree of oxidative stress.

Discussion

In clinical practice, SRMD is usually observed in patients 
in ICU during gastroscopy (1). The present results suggested 
that the levels of MDA and IMA in the serum of patients with 
SRMD were significantly higher compared with the healthy 
controls. However, the level of SOD in the serum of patients 
with SRMD was significantly lower compared with the 
controls. Therefore, the results indicated that the antioxidant 
system could not compete with oxidative stress in patients with 
SRMD, and thus, it was speculated that oxidative stress may 
be important in the pathogenesis of SRMD.

MDA is currently the most widely used indicator for the 
detection of lipid peroxidation products and is often used to 
reflect the degree of oxidative stress (8). The present results 
identified significantly elevated MDA levels in patients with 
SRMD, suggesting that lipid peroxidation induced by ROS 
may be involved in the formation of gastric mucosal damage 
in patients with SRMD.

The activity and level of SOD reflects the antioxidant 
capacity  (9). IMA is also an indicator of oxidative stress. 
Moreover, IMA in the heart and other organs or tissues increases 
when oxidative stress is induced by ischemia‑reperfusion 
injury  (12,27,28). In the hypoxic state, the production of 
hydroxyl radicals of ROS leads to changes in the N‑terminus 
of albumin and loss of transport metal adhesion, which can 
produce IMA (29). In the present study, the lower mean value 
of SOD, as well as higher mean IMA levels in patients with 
SRMD collectively demonstrated that oxidative stress may be 
involved in the pathogenesis of SRMD.

Previous studies have reported a correlation between 
disease severity and oxidative stress state. For example, 
Lorente  et  al  (30) revealed that the level of MDA in 
serum is associated with APACHE II  score. In addition, 
Satoh et al (31) showed significantly positive correlations 

between IMA and APACHE II score. The present results 
also suggested that APACHE II score was positively corre‑
lated with MDA, and negatively correlated with SOD, thus 
indicating that oxidative stress may be positively correlated 
with disease severity. Furthermore, there was a positive 
correlation between APACHE II score and mucosal patho‑
logical damage score. Collectively, the results demonstrated 
that oxidative stress may be an important aspect of the 
pathogenesis of SRMD.

NO vasodilatation, a basic gastric mucosal defense, 
provides blood to the mucosa to resist damage from gastric 
acid and pepsin  (32,33). However, the role of NO in the 
gastrointestinal tract is not just a defense mechanism, and 
previous studies (18,19) have revealed that NO may play a dual 
role in ischemia‑reperfusion‑induced mucosal damage (34). 
Furthermore, NO is increased in ischemia myocardial tissue 
following ischemia‑reperfusion (35). During ischemic tissue 
reperfusion, Ca2+ flows into the cells and the formation of 
oxygen free radicals may lead to ischemia‑reperfusion 
injury (36). Moreover, NO can react with oxygen radicals 
to yield peroxynitrite, which can cause tissue damage via 
lipid peroxidation (37). The present results suggested that the 
expression of iNOS in patients with SRMD was significantly 
higher compared with healthy volunteers. Therefore, it was 
speculated that ischemic hypoxic conditions are more severe 
in patients who are critically ill and that ischemia‑reper‑
fusion leads to higher iNOS expression in these patients, 
which induces the production of large amounts of NO. Thus, 
under oxidative stress, peroxynitrite produced by the reac‑
tion of ROS with NO directly damages tissues and leads to 
SRMD (17).

Based on the complexity of the pathogenesis of SRMD 
and the changes of claudin‑3 under oxidative stress  (23), 
the present study also investigated the effect of SRMD on 
claudin‑3 expression. It was identified that the expression 
of claudin‑3 in patients with SRMD was significantly lower 
compared with healthy controls, and claudin‑3 expression in 
patients was negatively correlated with MDA. As a type of 
ROS, H2O2 can remain in cells for a long time and act as a 
second messenger for a variety of physiological stimuli, such 
as inflammatory cytokines and growth factors (38). It has also 
been reported that H2O2 can activate cAMP‑dependent protein 
kinase, which can further phosphorylate claudin‑3 (39,40). 
Thus, it was speculated that H2O2 phosphorylates claudin‑3 by 
activating the cAMP‑dependent protein kinase, resulting in 

Figure 7. Relationship of claudin‑3 with PD score and MDA. Pearson's rank correlation test was performed for linear correlation analysis. Correlation of 
claudin‑3 with (A) PD score and (B) MDA. P‑value threshold after Bonferroni's correction <0.025. PD, pathological damage; MDA, malondialdehyde.
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a degradation of claudin‑3. Collectively, it was hypothesized 
that the pathogenesis of SRMD may be associated with the 
decrease in tight junction proteins and an increase in perme‑
ability due to the influence of ROS on claudin‑3, but its specific 
mechanism remains to be elucidated.

However, there were some limitations to the present 
study. First, the sample size was small. Moreover, the interval 
between the stress events and the sampling time was different, 
which may have led to bias. Third, psychological stress may be 
an important factor affecting the mucosal barrier in patients 
who are critically ill (41), but this factor was not included in 
this study due to practical difficulties.

In conclusion, the present results suggested that there was 
oxidative stress in patients who are critically ill with SRMD, 
and that the degree of oxidative stress may be related to 
disease severity of patients in ICU. Therefore, oxidative stress 
may be an important aspect of the pathogenesis of SRMD. 
However, oxidative stress may lead to SRMD via increased 
NO. Moreover, oxidative stress may increase the permeability 
of cell membrane by affecting claudin‑3 expression. Thus, 
future studies should focus on factors related to oxidative 
stress to identify sensitive indicators of SRMD and to avoid 
over‑medication for patients who are low‑risk.
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