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Abstract: Recent studies have demonstrated that wheat peptides protected rats against 
non-steroidal anti-inflammatory drugs-induced small intestinal epithelial cells damage, but 
the mechanism of action is unclear. In the present study, an indomethacin-induced oxidative 
stress model was used to investigate the effect of wheat peptides on the nuclear 
factor-κB(NF-κB)-inducible nitric oxide synthase-nitric oxide signal pathway in intestinal 
epithelial cells-6 cells. IEC-6 cells were treated with wheat peptides (0, 125, 500 and  
2000 mg/L) for 24 h, followed by 90 mg/L indomethacin for 12 h. Wheat peptides 
significantly attenuated the indomethacin-induced decrease in superoxide dismutase and 
glutathione peroxidase activity. Wheat peptides at 2000 mg/L markedly decreased the 
expression of the NF-κB in response to indomethacin-induced oxidative stress. This study 
demonstrated that the addition of wheat peptides to a culture medium significantly inhibited 
the indomethacin-induced release of malondialdehyde and nitrogen monoxide, and 
increased antioxidant enzyme activity in IEC-6 cells, thereby providing a possible 
explanation for the protective effect proposed for wheat peptides in the prevention of 
indomethacin-induced oxidative stress in small intestinal epithelial cells. 
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1. Introduction 

Traditional non-steroidal anti-inflammatory drugs (NSAIDs) like aspirin and indomethacin are 
widely used for the relief of pain and inflammation. However, their use is limited by their 
gastrointestinal toxicity [1,2]. NSAIDs promote reactive oxygen species (ROS) production. It has  
been proposed that NSAID-mediated gastrointestinal lesions involve the uncoupling of oxidative 
phosphorylation and inhibition of the electron transport chain causing incomplete reduction of oxygen. 
Indomethacin, a potent NSAID, was found to bind to a site near complex I and ubiquinone to generate 
ROS [3,4]. ROS can damage cellular lipids, proteins, and DNA leading to oxidative stress [5]. ROS can 
damage mitochondrial aconitase, which leads to the release of iron from its iron-sulfur cluster. This free 
iron reacts with H2O2, producing hydroxyl radical, which amplifies the oxidative stress [6]. Oxidative 
stress-induced functional loss is well correlated with the severity of small intestinal mucosal  
lesions [7,8]. NF-κB plays a central role in the induction of small intestinal mucosal cell damage during 
NSAID-induced oxidative stress. It has been documented that NF-κB has been identified as a 
transcription factor regulated by the intracellular redox status, which is activated by oxidative stress and 
induces the expression of a variety of proteins such as inducible nitric oxide synthase (iNOS) and 
cyclo-oxygenase-2 (COX-2) in small intestinal mucosal cells during NSAID treatment [9,10]. 

Wheat peptides belong to a family of biologically active peptide derived from wheat protein. These 
peptides have been found to act as antioxidant agonists under in vivo and in vitro conditions [11,12]. So 
antioxidant therapy would be a realistic approach to prevent NSAID-induced oxidative damage. 

Our last thesis showed that the treatment with wheat peptides could cause potential effects on 
epithelial cell of small intestine by decreasing in oxidative stress conditions in rats [13], but its 
mechanism was unclear. 

Presented here, the aims of this study were to investigate whether management with wheat peptides 
has any potential effects and possible signal pathway in small intestinal epithelial cell of NSAID-induced 
oxidative damage. 

2. Materials and Methods 

2.1. Materials 

Indomethacin and 3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were from Sigma 
Chemical Co. (St. Louis, MO, USA). Fetal bovine serum (FBS) was from ICN Biomedicals Inc.  
(Costa Mesa, CA, USA). Dulbecco’s modified Eagles medium (DMEM) were from GIBCO BRL 
(Rockville, MD, USA). All other chemicals were the highest purity available in the market. 

Wheat peptides were obtained from China National Research Institute of Food & Fermentation 
Industries, Beijing, China. The molecular weight was 140–1000 Da, which was obtained by the protease 
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hydrolysis method. These peptides from 140 to 1000 Da account for 92% of the total weight of all the 
prepared peptides. Wheat peptides in this study almost included 3–6 amino-acid residues [14]. 

2.2. Cell Culture 

IEC-6 cells (rat jejunal crypt cell line) were purchased from Institute of Zoology, Chinese Academy 
of Sciences (Kunming, China) and cultured in Dulbecco’s modified Eagle medium High Glucose 
(DMEM), supplemented with 10% fetal bovine serum (FBS), 100 IU/mL penicillin, and 100 IU/mL 
streptomycin in a humidified incubator at 95% relative humidity and 5% CO2 at 37 °C. 

2.3. Cell Survival Assays 

Cell survival was assessed by using the 3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT). IEC-6 cells were plated and incubated in a 96-well plate for 3 days. Then various concentrations 
of indomethacin (0, 5.625, 11.25, 22.5, 45, and 90 mg/L) were added to the wells. After 12 h, 20 µL of 
the MTT solution (0.5 mg/mL PBS) was added to each well, and the cells were incubated for 4 h at  
37 °C. Then 100 µL of dimethyl sulfoxide (DMSO) were added and thoroughly mixed. Optical density 
at 490 nm was measured using a microplate reader. For comparative purpose, the data were converted to 
percentage of control. 

IEC-6 cells were plated and incubated for 2 days in a 96-well plate. Then various concentrations of 
wheat peptides (0, 125, 500 and 2000 mg/L) were added to the wells. After 24 h, 90 mg/L indomethacin 
was added to each well. After 12 h, 20 µL of the MTT solution (0.5 mg/mL PBS) was added to each 
well, and the cells were incubated for 4 h at 37 °C. Then 100 µL of dimethyl sulfoxide (DMSO) were 
added and thoroughly mixed. Optical density at 490 nm was measured using a microplate reader. For 
comparative purposes, the data were converted to percentage of control. 

2.4. Treatment 

IEC-6 cells were grown in six-well plates (1 × 106 cells/well) for 2 days and treated with 0, 125, 500 
or 2000 mg/L wheat peptides or vehicle for 24 h. After this, 90 mg/L indomethacin was added to each 
well for 12 h (Table 1). Following the incubation period, the cells were harvested. 

Table 1. Treatment of the wheat peptides and indomethacin in IEC-6 cells. 

 Control M Control L M H 
Wheat peptides (mg/L), 24 h 0 0 125 500 2000 
Indomethacin (mg/L), 12 h  0 90 90 90 90 

L = Low dose wheat peptides treated (125 mg/L); M = moderate dose wheat peptides treated (500 mg/L);  
H = High dose wheat peptides treated (2000 mg/L). 

2.5. Assays of MDA, SOD, GPx, Catalase in the Supernatant of IEC-6 Cells 

Superoxide Dismutase (SOD), Glutathione peroxidase (GPx), catalase (CAT) activity and 
malondialdehyde (MDA) concentration were determined using commercial kits that had been purchased 
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from the Nanjing Jiancheng Bioengineering Institute (Nanjing, China), following the manufacturer’s 
instructions. 

2.6. Western Blot Analysis 

IEC-6 cells, cultured on six-well plates, were washed twice in 2 mL ice-cold phosphate buffer saline 
(PBS), and the cells were collected into an eppendorf tube (gently scraped by a rubber policeman) and 
centrifuged at 1000 rpm for 5 min at 4 °C. Cell membranes were lysed by incubating on ice for 30 min 
with lysis buffer (Beyotime, Nantong, China). The supernatants were collected by centrifugation at 1500 
rpm for 10 min at 4 °C, protein concentration was determined by bicinchoninic acid (BCA) assay and 
stored at −70 °C until used. 

Cellular proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto Poly(vinylidene fluoride) transfer membranes (Millipore, Bedford, 
MA, USA). Membranes were blocked for 3 h with 5% non-fat milk in TBST and then incubated 
overnight with a rabbit polyclonal antibody against NF-κB p65 (dilution 1:1500, Santa Cruz, CA, USA). 
After washing with Tris Buffer Solution Tween (TBST) for three times, membranes were incubated with 
horseradish peroxidase-conjugated secondary antibodies for 1 h at room temperature (dilution 1:5000, 
Boster Co., Wuhan, China). The signal was detected by Electro-Chemi-Luminescence (ECL) 
superSignalTM West Pico substrate (Pierce, Rockford, IL, USA). Mouse anti-Lamin B1 monoclonal 
antibody (Bioworld Technology Inc., Nanjing, China) was used as the loading control, and NF-κB p65 
protein expression was normalized to Lamin B1. 

2.7. Assays of iNOS, NO in the Supernatant of IEC-6 Cells 

The inducible nitric oxide synthase (iNOS) activity was determined using an enzyme linked 
immunosorbent assay (ELISA) kit that had been purchased from Science Biotechnology Co. Ltd. 
(Yantai, China), following the manufacturer’s instructions. 

The nitric oxide (NO) concentration was determined using commercial kits that had been purchased 
from the Applygen Technologies (Beijing, China), following the manufacturer’s instructions. 

2.8. Statistical Analyses 

All experiments were carried out in triplicate, and the data were presented as the mean ± standard 
error (SEM). Differences considered significant at p < 0.05 were determined by t-test for independent 
samples or one-way analysis of variance (ANOVA) performed using statistical software SPSS13.0 
(StatSoft, Tulsa, OK, USA). 

3. Results 

3.1. Changes in Survival of IEC-6 Cells after Indomethacin Treatment 

As shown in Figure 1, indomethacin induced a dose-dependent decrease in survival ratio (5.625, 
11.25, 22.5, 45, and 90 mg/L). 
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3.2. Changes in Survival of IEC-6 Cells after Wheat Peptides Treatment 

As shown in Figure 2, indomethacin significantly reduced survival ratio of IEC-6 cells (p < 0.05), 
while the survival ratio of IEC-6 cells was markedly increased by wheat peptides (2000 mg/L). 

Figure 1. Effect of indomethacin on survival in IEC-6 cells; Data are presented as the  
means ± SE (n = 5). 
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Figure 2. Changes in the survival ratio of IEC-6 cells after wheat peptides treatment. IEC-6 
cells were pre-cultured in medium for 48 h, then treated with different doses of wheat 
peptides for 24 h, finally followed by indomethacin (90 mg/L) for 12 h. Data are presented as 
the means ± SE (n = 5); * p < 0.05 significantly different from the normal control groups;  
# p < 0.05 significantly different from the model groups (the indomethacin groups). 
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3.3. Changes in Antioxidant Activity and Malondialdehyde (MDA) Concentration of IEC-6 Cells after 
Wheat Peptides Treatment 

As shown in Table 2, indomethacin-induced decreases in SOD and GPx activity were markedly 
increased by wheat peptides compared to the model groups, while indomethacin-induced MDA 
concentration significantly increased in IEC-6 cells (p < 0.05). 

Table 2. Activities of enzymatic antioxidants such as superoxide dismutase (SOD), catalase 
and Glutathione peroxidase (GPx) and levels of malondialdehyde (MDA) of IEC-6 cells. 

 SOD(U/mL) Catalase (U/mL) GPx(U/mL) MDA(nmol/mL)
Control 20.97 ± 0.14 6.64 ± 0.55 65.32 ± 1.14 5.6 ± 0.56 

Model Control 17.09 ± 0.22 * 5.76 ± 0.48 * 65.32 ± 4.56 8.8 ± 0.91 * 
L 18.13 ± 0.18 5.67 ± 0.50 72.56 ± 0.57 # 7.6 ± 0.69 
M 17.38 ± 0.13 5.67 ± 0.51 71.35 ± 1.14 # 6.8 ± 0.56 
H 18.99 ± 0.22 # 5.95 ± 0.66 70.95 ± 0.57 # 6.4 ± 0.58 # 

Results are expressed as the mean ± S.D. (n = 3); * Significantly different from the control group (p < 0.05);  
# Significantly different from the model control group (p < 0.05). 

3.4. Changes in NF-κB-iNOS-NO of IEC-6 Cells after Wheat Peptides Treatment 

The level of NF-κB p65 was significantly higher in IEC-6 cells treated with 90 mg/L indomethacin 
than the control groups (p < 0.05). However, 2000 mg/L wheat peptides significantly decreased the level 
of p65 in IEC-6 cells (p < 0.05), compared with the model groups (Figure 3). 

Figure 3. Changes in the expression of NF-κB p65 of IEC-6 cells after wheat peptides 
treatment; IEC-6 cells were pre-cultured in medium for 48 h, then treated with different 
doses of wheat peptides for 24 h, finally followed by indomethacin (90 mg/L) for 12 h. Data 
are presented as the means ± SE (n = 3); A: 1 = Con, 2 = M Con, 3 = L, 4 = M, 5 = H;  
* p < 0.05 significantly different from the normal control groups; # p < 0.05 significantly 
different from the model groups. 
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As shown in Figures 4 and 5, indomethacin-induced increases in iNOS activity and NO concentration 
were markedly reduced by wheat peptides compared to the model groups. 

Figure 4. Changes in nitric oxide synthase (iNOS) activity of IEC-6 cells after wheat 
peptides treatment; IEC-6 cells were pre-cultured in medium for 48 h, then treated with 
different doses of wheat peptides for 24 h, finally followed by indomethacin (90 mg/L) for 
12 h. Data are presented as the means ± SE (n = 3); * p < 0.05 significantly different from the 
normal control groups; # p < 0.05 significantly different from the model groups (the 
indomethacin groups). 
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Figure 5. Changes in NO concentration of IEC-6 cells after wheat peptides treatment; IEC-6 
cells were pre-cultured in medium for 48 h, then treated with different doses of wheat 
peptides for 24 h, finally followed by indomethacin (90 mg/L) for 12 h. Data are presented as 
the means ± SE (n = 3); * p < 0.05 significantly different from the normal control groups;  
# p < 0.05 significantly different from the model groups (the indomethacin groups). 
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4. Discussion 

Widespread use of NSAIDs in clinical settings to ameliorate pain and inflammation is accompanied 
by a range of negative side effects, most notably in the gastrointestinal tract [15]. Numerous mechanisms 
of action have been proposed to mediate the toxic effects of NSAIDs on GI epithelia [16], but of 
particular interest to our laboratory is oxidative stress by NSAIDs. Previously, there was an important 
observation in the case of oxidative stress mediated NSAIDs: our laboratory found that wheat peptides 
can exert antioxidant activity in vivo [13]. Therefore, we sought to determine if epithelia activity and 
NSAID-mediated oxidative stress were affected by treatment with wheat peptides in vitro, providing a 
possible physiological and molecular mechanism through which these wheat peptides inhibit oxidative 
stress in the GI tract. 

Oxidative stress plays an important role in small intestinal mucosal damage. In IEC-6 cells, 
mitochondria are the major source of ROS and also a sensitive target for ROS-mediated damage [17,18]. 
Increased generation of ROS causes oxidative stress and is responsible for small intestinal mucosal 
injury [19]. Previously, we reported that non-steroidal anti-inflammatory drugs induced small intestinal 
damage in rats over 2 h. Wheat peptides administration may be an effective tool for protecting small 
intestinal tissue against NSAID-induced small intestinal damage and oxidative stress. The MDA levels, 
which indicate lipid peroxidation of the membranes, were significantly increased after indomethacin 
treatment, which is closely related to cell damage [20]. To find out whether the protective activity of 
wheat peptides is mediated through its antioxidant action, MDA was measured in IEC-6 cells in the 
presence or absence of wheat peptides (Table 2). Our results indicated that indomethacin-induced 
oxidative stress was statistically decreased by wheat peptides. 

Preventive antioxidants such as SOD and catalase enzymes are the first line of defense against reactive 
oxygen species [21]. In our study, the administration of wheat peptides attenuated indomethacin-induced 
oxidative damage by increasing SOD activity. This indicates that wheat peptides protect the IEC-6 cells 
by preserving antioxidant enzyme activity in the mucosa exposed to damage. CAT is another enzymatic 
antioxidant predominantly present in peroxisomes and ameliorates the deleterious effect of hydrogen 
peroxide, which is produced by SOD, into water and non-reactive oxygen species [22,23]. It restrains the 
procreation of hydroxyl radical and protects the cells and tissues from oxidative damage. Glutathione 
(GSH) is an important constituent of intracellular protective mechanisms against a number of noxious 
stimuli, and it is known to be a major low molecular weight scavenger of free radicals in cytoplasm [24]. 
The GSH redox cycle catalyzed by the endogenous antioxidant enzyme GPx reduces H2O2. At the same 
time, the antioxidant activity of GPx is coupled with the oxidation of GSH to GSSG, which can 
subsequently be reduced by glutathione reductase with triphosphopyridine nucleotide (NADPH) as the 
reducing agent [25,26]. Our results indicated that GPx activity was statistically increased by wheat 
peptides. These results indicate that wheat peptides can increase antioxidant enzyme activities with good 
efficacy in IEC-6 cells. These results were consistent with the case of NSAIDs-induced oxidative stress 
in vivo. 

NF-κB has been identified as a transcription factor regulated by the intracellular redox status, which 
is activated by oxidative stress and induces the expression of a variety of proteins such as 
cyclooxygenase (COX)-2 and iNOS that function in the immunological and cellular detoxifying defense 
systems [27,28]. Another humoral factor that contributes to mucosal protection during inflammatory 
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reactions is nitric oxide (NO), which is produced by nitric oxide synthase (iNOS) in cells. However, 
when excessively produced, NO may react with superoxide anion radical, giving rise to the strong 
oxidant peroxynitrite and damaging functional tissues [29]. Therefore, a beneficial therapeutic strategy 
involves the inhibition of NF-κB-iNOS-NO signal pathway under oxidative stress condition. Our data 
shows significantly increased NO levels in IEC-6 cells under indomethacin-induced oxidative stress, 
which is consistent with the Nagai’s result [30]. Treatment with wheat peptides caused marked reduction 
in NO levels in IEC-6 cells. 

Finally, we can conclude that the treatment with wheat peptides may cause potential effects such  
as pronounced decreasing in stress condition and inhibiting NF-κB-iNOS-NO signal pathway in 
NSAID-induced oxidative damage. Our results may aid in the development of new methods for 
enhancing the health of the small intestine. 
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