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INTRODUCTION
Inflammatory bowel disease (IBD) is one of the most common 

inflammatory digestive diseases and is prevalent worldwide. 
It is caused by the interaction of genetic and environmental 
factors affecting the immune system, which in turn affects 
the gastrointestinal tract. However, the pathogenesis of this 

disease remains poorly understood [1]. IBD is a chronic disease 
characterized by inflammation of the intestine and relapsing 
and remitting of mucosal damage. Common symptoms include 
diarrhea, nausea, abdominal pain, fatigue, rectal bleeding, 
and weight loss [2]. IBD is primarily categorized into Crohn 
disease and ulcerative colitis (UC). Although Crohn disease 
and UC have similar symptoms, some differences exist. Both 
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Purpose: We aimed to investigate the protective effect of sigma 1 receptor agonist and antagonist, PRE084 and BD1047, 
respectively, on 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis in mice. 
Methods: Thirty male ICR mice were randomly divided into 5 groups: control, 50% ethanol, colitis, PRE084 + colitis, and 
combined (PRE084 + BD1047 + colitis). Colitis was induced by intrarectal administration of TNBS. PRE084 and BD1047 
were injected daily, starting 3 days before colitis induction. Distal colon tissue was excised for histopathological evaluation, 
and levels of glutathione (GSH), superoxide dismutase (SOD), myeloperoxidase (MPO), and lipid peroxidation were 
determined. 
Results: Colitis caused weight loss, mucosal damage, upregulation of tumor necrosis factor-α, interleukin (IL)-1β, IL-
6, MPO, and thiobarbituric acid reactive substance activities, and downregulation of GSH and SOD activities. These 
changes caused by TNBS-induced colitis were significantly ameliorated by PRE084 pretreatment. However, the combined 
pretreatment with BD1047 significantly attenuated the protective effect of PRE084, thereby reverting to the colitis-induced 
state. 
Conclusion: We conclude that the sigma 1 receptor agonist PRE084 exhibits significant protective effects against TNBS-
induced colitis, which appears to be at least partly mediated by the inhibition of inflammation and oxidative stress, and 
enhancement of antioxidant properties. Collectively, these results suggest that PRE084 might be an effective drug for the 
treatment of ulcerative colitis.
[Ann Surg Treat Res 2022;103(3):160-168]
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diseases can occur in adolescents and adults and are almost 
equally prevalent in men and women [3]. Currently, IBD is one 
of the most prevalent digestive diseases in developed countries 
such as the United States and Western European countries. In 
contrast, its prevalence is lower in South America and Eastern 
Europe [3]. However, owing to the adoption of the Western diet 
and lifestyle, the incidence and prevalence of IBD are increasing 
worldwide, including in Korea. During the 8 years between 
2009 and 2016, the prevalence of IBD in Korea has increased by 
about 1.87 times [4]. 

UC lesions are characterized by localized inflammation 
in the mucosal and submucosal layers, as well as chronic 
intestinal inflammation that starts in the rectum and 
continually spreads to the rest of the colon, frequently affecting 
the appendix [5]. The characteristic clinical symptoms of UC 
include abdominal pain, rectal bleeding, and diarrhea, which 
can progress from mild to severe. Persistent UC eventually 
leads to the development of colorectal cancer. Currently, the 
pathogenesis of UC is poorly understood. Several categories 
of therapeutics, such as anti-inf lammatory drugs and 
immunosuppressants, have improved life expectancy in 
patients with UC; however, effective therapies are still limited, 
and disease relapse is common [6,7]. Therefore, developing an 
effective therapeutic agent to manage UC would have clinical 
significance. Understanding UC pathogenesis can provide 
vital information for the development of new therapies. 
Many experimental models have been established to study 
UC. Among them, 2,4,6-trinitrobenzene sulfonic acid (TNBS)–
induced colitis mimics many of the cellular and humoral 
immune characteristics of human UC [8]. This model has been 
proven valuable in studying and evaluating the effectiveness of 
therapeutics and is, therefore, widely used [9].

Multiple factors, including cytokines, reactive oxygen species 
(ROS) overproduction, and massive neutrophil infiltration, can 
cause UC by damaging the intestinal mucosa [10-13]. Mucosal 
inflammation and ulceration in UC are caused by activated 
cells of the immune system. T lymphocytes of the intestinal-
associated immune system produce large amounts of cytokines, 
leading to mucosal damage in patients with UC. Cytokines 
and inflammatory mediators that play significant roles in 
the development and persistence of mucosal inflammation 
include tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, 
IL-12, and IL-23 [11]. Therefore, the study of cytokines is vital in 
understanding UC pathogenesis.

Several studies conducted to explore UC pathogenesis 
have suggested that the potential pathogenic mechanisms 
include the generation of oxygen-derived free radicals such as 
superoxide anions, lipid peroxides, and neutrophil infiltration 
[12-14]. Hydrogen peroxide (H2O2) is produced by every cell in 
the body and plays important physiological roles in cellular 
processes but can cause disease when produced in excess [14]. 

Lipid peroxidation is known to be involved in the pathogenesis 
of UC [15]. Antioxidant agents such as vitamin E, catechin, 
and astaxanthin, are also known to inhibit lipid peroxidation 
products and consequently reduce mucosal inflammation 
in patients with IBD [16,17]. The protective effect of these 
antioxidant enzymes strongly indicates the involvement of 
ROS in UC development. Neutrophil infiltration is positively 
correlated with UC development; this infiltration into intestinal 
tissue can be monitored by measuring myeloperoxidase 
(MPO) activity. Neutrophils activate immune cells primarily 
by generating chemokines and cytokines. They migrate to the 
inflammation site and reduce inflammation upon stimulation; 
however, continuous activation and overproduction of 
neutrophils cause inflammatory diseases, including UC [13].

Sigma receptors are classified into 2 types, namely sigma-1 
and sigma-2. The activation of the sigma-1 receptor in 
neurodegenerative diseases is known to have a neuroprotective 
effect; however, the role of the sigma-2 receptor remains 
unknown [18]. Sigma-1 receptor is a transmembrane protein 
that functions as a chaperone and a pathological mediator. 
When activated by ligand binding, it increases the antioxidant 
activity in cells and relieves inflammation by acting on 
intracellular ion channels and activating protein kinases. 
The sigma-1 receptor also has neuroprotective effects [19,20]. 
Recently, the sigma-1 receptor has been used to treat pain 
caused by enteritis and reportedly exerts anti-inflammatory 
effects through antioxidant action in UC [19,21]. We presumed 
that the protective effect of sigma-1 receptor agonist PRE084 in 
UC might be because of the activation of antioxidant signaling 
pathways. However, little is known about the action mechanism 
of the sigma-1 receptor. Thus, we examined the protective 
effect(s) of the sigma-1 receptor on TNBS-induced colitis in mice 
and elucidated its anti-inflammatory action mechanism.

METHODS
The experimental colitis protocol (No. CKU-2020-3) was 

approved by the Institutional Animal Care and Use Committee 
of Catholic Kwandong University. All the experimental protocols 
were performed in accordance with the guidelines of care and 
use of laboratory animals prepared by the National Institute of 
Health. 

Animals
A total of 30 male ICR mice weighing 25–30 g (supplied 

by SamtakoBio, Osan, Korea) were used in the experiments. 
The animals were acclimatized for 14 days under a controlled 
temperature of 22°C ± 2°C, a 12-hour light/dark cycle (lights on 
from 8:00 to 20:00 hours), and free access to food and water. 
The mice were randomly divided into 5 groups (6 mice/group): 
(1) control group (normal mice treated with normal saline); 
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(2) ethanol group (normal mice treated with 50% ethanol); (3) 
TNBS-induced colitis group; (4) TNBS + PRE084 group; and (5) 
TNBS + PRE084 + BD1047 group. 

Induction of colitis
Colitis was induced by intrarectal administration of 100 µL 

of 50-mg/mL TNBS in 50% ethanol solution, as described by 
Kiesler et al. [9]. This dose of TNBS was found to reproducibly 
induce colitis without mortality in the pilot experiments. 
Before the intrarectal injection of 50% ethanol or TNBS solution, 
the mice were fasted for 24 hours and lightly anesthetized with 
sodium pentobarbital (50 mg/kg) via intraperitoneal injection. 
A plastic, flexible catheter equipped with a 1-mL syringe was 
lubricated and inserted 4 cm into the rectum. In order to 
prevent the leakage of TNBS solution, the mice were held in 
a head-down position for 30 minutes after the injection. The 
body weight and health status of mice were monitored daily. 
Starting from 3 days prior to the injection of TNBS, PRE084 
(sigma-1 receptor agonist, 0.5 mg/kg, dissolved in 2% dimethyl 
sulfoxide) or PRE084 (0.5 mg/kg) + BD1047 (sigma-1 receptor 
antagonist, 0.1 mg/kg) were injected intraperitoneally every day. 
No death was observed during the model development. All mice 
were sacrificed 3 days after intrarectal administration of TNBS. 
At the end of the experiment, all mice were fasted for 24 hours, 
weighed, and sacrificed. The distal colon was removed, gently 
opened along the antimesenteric border, rinsed in phosphate 
buffer solution (PBS), weighed, and divided into 3 sections. 
One section was immediately fixed in 10% paraformaldehyde 
solution for histological analysis. The other 2 sections were 
frozen in liquid nitrogen and stored at −80°C to assess the 
cytokine levels, MPO activity, and thiobarbituric acid reactive 
substance (TBARS) assay.

Assessment of body weight and macroscopic score
Body weight was measured on days 0 and 3. Macroscopic 

scoring of colonic ulceration and inflammation was performed 
according to the protocol described by Min et al. [22]. The 
scores were as follows: 0 = no ulcer and no inflammation; 1 
= no ulceration and local hyperemia; 2 = ulceration without 
hyperemia; 3 = ulceration and inflammation at only 1 site; 4 = 
2 or more sites of ulceration and inflammation; 5 = ulceration 
extending more than 2 cm. Three independent experiments 
were performed to obtain the assessment score, and the average 
of the 3 scores was used as the macroscopic score. 

Histological analysis 
After macroscopic analysis, a small portion of each colon 

was fixed in 10% formalin solution for 24 hours. Colon tissue 
sections were dehydrated with graded ethanol concentrations, 
passed through xylene, and embedded in paraffin. The paraffin 
sections (5 mm thick) were stained with H&E, and the severity 

of colitis was assessed.

Cytokine assays
The levels of TNF-α, IL-1β, and IL-6 in the colon supernatant 

were determined using mouse cytokine-specific ELISA kits, 
according to the respective manufacturer’s instructions. For 
this purpose, colon tissue samples were homogenized in 0.3-mL 
PBS/10-mg tissue at pH 7.2 and centrifuged at 3,000 ×g for 20 
minutes at 4°C. Aliquots (100 µL) of the supernatants were then 
used for the assays. All samples were analyzed in triplicate and 
normalized to the total protein content of the sample. Tissue 
TNF-α and IL-1β levels were expressed in pg/mL.

Glutathione, superoxide dismutase, and 
myeloperoxidase assays
Glutathione (GSH), superoxide dismutase (SOD), and MPO 

activities in the colon supernatant were determined using 
the respective ELISA kits, according to the manufacturer’s 
instructions. Briefly, colon tissues were homogenized and 
centrifuged at 18,000 ×g for 20 minutes at 4°C to obtain the 
supernatant. GSH activity was measured using a 0.01 mol/
L solution of 5,5’-dithiobis (2-nitrobenzoic acid) in methanol 
and Tris buffer (0.2 mol/L, pH = 8.2). The absorbance of the 
supernatant was measured at 412 nm, and GSH activity was 
expressed as U/mg protein in the wet tissues.

SOD activity in the colonic tissue supernatants was assessed 
using a SOD assay kit. This protocol uses xanthine and 
xanthine oxidase to generate superoxide radicals, which can 
react with p-iodonitrotetrazolium violet to form a red formazan 
dye. The dye intensity can be measured spectrophotometrically 
at 505 nm. The assay medium contained 0.01-M phosphate 
buffer (pH 6.8), 3-cyclohexylamino-1-propanesulfonic acid 
(CAPS) buffer solution (pH 10.2, 50-mM CAPS, 0.94-mM EDTA, 
saturated NaOH), substrate solution (0.05-mM xanthine, 
0.025-mM iodonitrotetrazolium chloride), and 80-µL xanthine 
oxidase. SOD activity was expressed as U/mg protein in the wet 
tissues.

MPO activity served as a marker of neutrophil infiltration 
into the inflamed colonic mucosa. Colon tissues were 
homogenized in a potassium phosphate buffer (pH 6.0) 
containing 0.3% hexadecyl trimethyl ammonium bromide to 
inhibit the pseudoperoxidase activity of hemoglobin, as well 
as to solubilize membrane-bound MPO. The homogenate 
was sonicated for 10 seconds in 3 freeze-thaw cycles on ice. 
The homogenate was then centrifuged to obtain supernatant 
(18,000 ×g for 20 minutes at 4°C). The supernatant was used 
to determine MPO activity using an ELISA kit. Potassium 
phosphate buffer (pH 6.0, 618 µL) containing 0.5-mM 
O-dianisidine dihydrochloride and 0.05% hydrogen peroxide 
was added to 125 µL of the supernatant. Absorbance at 450 nm 
was measured at room temperature (25°C). MPO from human 
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leukocytes was used as a standard for the assay. MPO activity 
was expressed as U/mg protein in the wet tissues.

Determination of thiobarbituric acid reactive 
substance levels
Colon tissues were homogenized in 5 volumes of ice-cold 

1.15% sodium chloride. The colon homogenate was centrifuged 
at 3,000 ×g for 10 minutes at 4°C. A 945-µL volume of the 
resulting supernatant was added to 5 µL of the test compound, 
followed by the addition of 50-µL FeSO4. The mixture was 
then incubated at 37°C for 1 hour. The reaction was stopped by 
adding 200 µL of 35% perchloric acid (HClO4), and the mixture 
was then centrifuged at 3,000 ×g for 10 minutes. A 500-µL 
aliquot of the supernatant was heated with 500-µL TBARS, 750-
µL PBS, and 100 µL sodium dodecyl sulfate for 60 minutes at 
100°C. After cooling, an equivalent amount of n-butanol was 
added, and the tube was shaken vigorously for 1 minute and 
then centrifuged for 10 minutes at 4,000 ×g. The absorbance 
was measured spectrophotometrically at 532 nm. The tissue 
levels of TBARS were calculated from a standard curve plotted 
using different concentrations of 1,1,3,3-tetraethoxypropane 
and expressed as micromoles per gram of tissue (µM/g protein).

Chemicals
All the chemicals and drugs were of the highest purity and 

were commercially available. TNBS was purchased from Tokyo 
Kasei (Tokyo, Japan). PRE084 and (N-[2-(3,4-dichlorophenyl)
ethyl]-N-methyl-2-(dimethylamino) ethylamine) (BD1047) were 
purchased from Tocris Bioscience (Minneapolis, MN, USA). 
TNF-α, IL-1β, and IL-6 cytokine ELISA kits were purchased from 
Invitrogen (Waltham, MA, USA). GSH peroxidase, and SOD, 
MPO, and TBARS ELISA kits were purchased from Cayman 

Chemical (Ann Arbor, MI, USA). PRE084 was dissolved in 2% 
dimethyl sulfoxide (final concentration, 0.05%). 

Data analysis
All data are represented as means ± standard deviation. One-

way analysis of variance followed by Dunn (post-hoc) test was 
performed to compare the differences between drug-treated 
groups. The number of preparations sampled from separate 
animals is indicated by n. A P-value of <0.05 was considered 
statistically significant. Statistical analyses were performed 
using GraphPad Prism (GraphPad Software Inc., San Diego, CA, 
USA).

RESULTS

Effects of PRE084 and BD1047 on body weight and 
macroscopic scores
The changes in the body weight changes were calculated 

by subtracting the values at the beginning of TNBS-colitis 
induction (day 0) from that on the day of sacrifice (day 3) (Fig. 
1A). A slight increase in body weight was observed in the 
normal and ethanol-treated groups. Compared to that in the 
normal group, the mean body weight of the TNBS-colitis group 
was significantly decreased (+2.3 g vs. −0.85 g, P < 0.05). 
Compared to that in the TNBS-colitis group, a significant body 
weight gain was noted in the PRE084 treatment group (1.2 ± 0.2 
g, P = 0.05) (Fig. 1A). The weight loss in the TNBS group, which 
was partially recovered by PRE084 pretreatment, returned 
to almost the original level after the BD1047 + PRE084 co-
treatment (2.1 ± 0.3 g, P = 0.05) (Fig. 1A).

The macroscopic score was significantly higher in the TNBS-
colitis group than in the ethanol group, significantly decreased 
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Fig. 1. Effects of PRE084 and BD1047 pretreatment on weight gain (A) and macroscopic score (B) of each group of mice 
in 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis model. PRE084 showed protective effects on weight loss and 
significant improvement of macroscopic score. Six mice were used in each group. *P < 0.05 significantly different from TNBS-
induced colitis group. TNBS, TNBS-induced colitis group; PRE084, PRE084 pretreatment group; PRE084 + BD1047, PRE084 
and BD1047 pretreatment group. 
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after PRE084 pretreatment, and was restored to the original 
level by co-treatment with BD1047 and PRE084 (Fig. 1B).

Histological changes caused by PRE084 and 
BD1047
In the histological analysis, the colon section of the normal 

(control) group exhibited a typical structure with normal 
submucosal and muscular layers and a regular crypt structure 
of the mucosa (Fig. 2A). Treatment with 50% ethanol only 
slightly damaged the intestinal mucosa (Fig. 2B). In contrast, in 
the TNBS-treated group, inflammation caused local loss of the 

crypt and superficial epithelium, along with epithelial cell loss 
in the crypt area reaching the submucosal layer, edema, and 
severe hemorrhage of the intestinal mucosa. The superficial 
area was extensively damaged, and an enlarged colon was 
observed (Fig. 2C). PRE084 pretreatment significantly reduced 
TNBS-induced damage to the intestinal mucosa, and epithelium 
partially recovered from the loss of crypts and inflammation 
(Fig. 2D). Co-treatment with BD1047 and PRE084 attenuated the 
protective effect of PRE084, and the level of damage was similar 
to that of the TNBS-treated group (Fig. 2E).

A B C D E
200 m�

200 m� 200 m� 200 m� 200 m�

Fig. 2. Effects of PRE084 and BD1047 pretreatment on the microscopic changes of colonic mucosa in mice in TNBS-induced 
colitis model. Photomicrographs of H&E staining of colonic mucosa (×200). Six mice were used in each group. (A) Control, 
(B) 50% ethanol, (C) TNBS, (D) PRE084 + TNBS, and (E) PRE084 + BD1047 + TNBS. TNBS-induced colitis group (C) shows 
severe mucosal layer destruction, infiltration of inflammatory cells, and cryptic damage. PRE084 pretreatment group (D) 
shows relatively intact surface epithelia and cryptal glands compared with the TNBS-colitis group (C). PRE084 + BD1047 
pretreatment group (E) shows the degree of damage to the mucosal layer was similar to that observed in TNBS-induced colitis 
group (C). TNBS, 2,4,6-trinitrobenzene sulfonic acid. 
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Fig. 3. Effects of PRE084 and BD1047 pretreatment on the levels of TNF-α (A), IL-1β (B), and IL-6 (C) of each group of mice 
in TNBS-induced colitis model. (A) control, (B) 50% ethanol-treated group, (C) TNBS-induced colitis group, (D) PRE084 + 
BD1047 pretreatment group, (E) PRE084+ DB1047 pretreatment group, respectively. Six mice were used in each group. Data 
represent mean ± standard deviation; *P < 0.05 TNBS vs. TNBS + treatment. TNBS, 2,4,6-trinitrobenzene sulfonic acid; TNF, 
tumor necrosis factor; IL, interleukin. 
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Effects of PRE084 and BD1047 on inflammatory 
cytokines
As shown in Fig. 3, the levels of TNF-α, IL-1β, and IL-6 in the 

TNBS group were significantly higher than those in the control 
or 50% ethanol groups. Furthermore, in the group co-treated 
with PRE084 and BD1047, cytokine levels were similar to those 
in the TNBS group. Compared to that in the 50% ethanol group, 
TNF-α, IL-1β, and IL-6C increased by 2.9-fold, 3.1-fold, and 4.8-
fold, respectively, in the TNBS-treated group. TNBS-induced 
increase in cytokine levels was reduced by 47% for TNF-α, 37% 
for IL-1β, and 46% for IL-6, after pretreatment with PRE084. In 
the PRE084 + BD1047 group, the levels of TNF-α, IL-1β, and 
IL-6 that were reduced by PRE084 were restored to 96%, 105%, 
and 87% of those of the TNBS group, respectively.

Effects of PRE084 and BD1047 on GSH, SOD, and 
MPO activities
As shown in Fig. 4A and B, the levels of GSH and SOD in the 

TNBS group were significantly lower than those in the control 
or 50% ethanol groups. However, MPO activity was significantly 
higher in the TNBS group (Fig. 4C). Compared to that in the 
50% ethanol group, GSH levels decreased from 24.3 ± 4.1 U/mg 
to 15.6 ± 2.8 U/mg protein (P < 0.05), and SOD levels decreased 
from 15.3 ± 2.4 U/mg to 6.5 ± 1.1 U/mg protein (P < 0.05) in 
the TNBS-treated group. GSH level which was significantly 
decreased in the TNBS group were partially restored in the 
PRE084 group (21.8 ± 4.4), but decreased again in the PRE084 
+ BD1047 group to levels similar to those in the TNBS group (17.4 
± 3.7), though it was not significant. The SOD level decreased 

in the TNBS group was significantly restored in the PRE084 
group (12.4 ± 1.9, P < 0.05), and was again reduced in the 
PRE084 + BD1047 group (7.7 ± 1.1, P < 0.05). MPO activity was 
used as a measure of TNBS-induced inflammation. Compared 
to that in the 50% ethanol group, the MPO activity in the TNBS 
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group was significantly higher (5.7 ± 1.0 U/mg protein vs. 33.6 
± 6.2 U/mg protein, P < 0.05) (Fig. 4C). Compared to that in the 
TNBS group, the PRE084 group had a significantly lower MPO 
activity of 20.4  4.1 U/mg protein (P < 0.05), which was restored 
to 35.9 ± 7.3 (P < 0.05) in the PRE084 + BD1047 group. 

Effects of PRE084 and BD1047 on TBARS levels 
The TBARS levels of the colon homogenates were measured 

to obtain an estimate of lipid peroxidation, which is known 
to be associated with UC. As shown in Fig. 5, TNBS treatment 
significantly increased the production of TBARS compared 
to that in the control group (4.85 ± 0.7 µmol/g to 13.44 ± 2.3 
µmol/g protein, P < 0.05). No significant difference in TBARS 
levels was observed between the control and the 50% ethanol 
groups. Compared to TBARS levels in the TNBS group, those in 
the PRE084 group were significantly lower at 8.23 ± 1.1 µM/
g protein (P < 0.05), and were significantly restored in the 
PRE084 + BD1047 group to 13.1 ± 1.2 µmol/g protein (P < 0.05).

DISCUSSION
Our study suggests that colitis induced by TNBS is 

significantly inhibited by the sigma 1 receptor agonist PRE084, 
and this protective effect is significantly reduced by the sigma-1 
receptor antagonist BD1047. The major findings of this study 
are as follows: (1) the UC severity induced with intrarectal 
administration of TNBS was higher than that with ethanol 
alone; (2) PRE084 significantly reduced the size of UC lesions, 
the levels of proinflammatory cytokines, MPO and TBARS 
activities; however, it significantly increased the levels of GSH 
and SOD; (3) the protective effect of PRE084 was significantly 
attenuated by co-treatment with BD1047, and the severity of 
TNBS-induced UC reverted to the original diseased state. 

TNBS at concentrations of 50–150 mg/kg has been widely 
used to induce acute colitis in mice. In a preliminary 
experiment for selecting the concentration and time for 
acute mild colitis, 25 mg, 50 mg, and 100 mg/kg of TNBS 
were applied, and weight loss, severity of inflammation, and 
mortality rate were investigated after 24, 48, 72, and 120 hours. 
When 25 mg/kg of TNBS was applied, weight loss and severity 
of inflammation were rarely observed even after 72 and 120 
hours. When 50 mg/kg of TNBS was applied, weight loss 
and severity of inflammation gradually increased over time, 
reaching a peak value after 72 hours, and thereafter, there was 
a tendency to recover. When 100 mg/kg of TNBS was applied, 
the mortality rate was about 20%, and weight loss and severity 
of inflammation almost reached a peak after 24 hours, and 
thereafter, there was a tendency to gradually recover time-
dependently. Therefore, in this study, TNBS at a concentration 
of 50 mg/kg was selected to induce mild acute colitis, and the 
protective effect of PRE084 was investigated by selecting the 

time of 72 hours after induction for colitis.
UC is an inflammatory gastrointestinal tract disease with 

an increasing incidence worldwide. It is characterized by 
disruption of the epithelial barrier and intestinal homeostasis, 
tends to progress to malignancy, and poses a serious threat to 
patients owing to its increased recurrence [7]. The effects of 
well-established treatments such as steroids, sulfasalazine, and 
immunosuppressants are unsatisfactory. Various side effects 
and frequent recurrences even after remission occur during 
long-term treatment. Therefore, there is a strong demand for 
developing effective therapeutic agents for treating UC. Several 
experimental models have been developed to study UC. 
Among them, the TNBS-induced UC model is characterized by 
inflammation of the mucosal epithelium, and histopathological 
and immunological changes in it are similar to those of human 
UC. Since the model has excellent reproducibility and reliability, 
it was used in this study to evaluate the protective action of 
sigma-1 receptors. Therefore, the protective effect of PRE084 
and the inhibitory effect of BD1047 were evaluated using the 
TNBS-induced colitis model in this study. 

Sigma-1 receptors act as chaperones, and in response to 
ligand binding, they activate intracellular ion channels and 
protein kinases in neurodegenerative diseases, thereby 
increasing antioxidant activity and alleviating inflammation, 
leading to neuroprotective effects [19,20]. Sigma-1 receptors 
are mainly distributed in the mucosa and submucosal plexus 
of the intestinal tract. An activated sigma-1 receptor exerts a 
protective effect on the gastrointestinal mucosa by increasing 
alkaline secretion [23,24]. Sigma-1 receptor agonists have been 
used to relieve enteritis-associated abdominal pain and have 
recently been used to alleviate abdominal pain in patients with 
cholera [25]. Therefore, activating the sigma-1 receptor in the UC 
model shows an anti-inflammatory effect through antioxidant 
activity, suggesting a new therapeutic avenue for UC; however, 
the mechanism of action is still unknown. In the macroscopic 
and histological analyses in the present study, administration of 
TNBS to induce UC resulted in significant weight loss, increased 
disease activity index (DAI), intestinal bleeding, mucosal 
edema, epithelial cell loss, and inflammatory cell infiltration. 
Furthermore, weight loss, increase in DAI, UC size, and degree 
of mucosal damage were significantly reduced by PRE084 
pretreatment, and this reduction was reversed by co-treatment 
with BD1047. These results are consistent with those of other 
studies showing that sigma-1 receptor activation significantly 
reduced TNBS-induced inflammation. This protective effect 
was inhibited by co-treatment with BD1063 and fluvoxamine 
[21,26].

Cytokines are produced by gut-associated immune cells and 
regulate acute and chronic inflammatory responses at both 
local and systemic levels as well as the intestinal mucosal 
barrier. In a previous study using TNBS-induced UC, activated 
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macrophages accumulated in the colonic mucosa, promoting 
the overproduction of many proinflammatory cytokines 
such as TNF-α, IL-1β, and IL-6, and inhibiting the production 
of the anti-inflammatory cytokine IL-10, leading to mucosal 
damage and ulceration [9,10]. The severity of colitis is positively 
correlated with the levels of cytokines in patients with UC [27]. 
In the present study, the levels of TNF-α, IL-1β, and IL-6 in the 
TNBS group were significantly higher compared to those in the 
control and 50% ethanol groups. The colitis-inducing effect of 
TNBS was significantly reduced by PRE084 pretreatment, and 
the colitis-inhibitory effect of PRE084 was mostly attenuated 
by co-administration with BD1047. These results are consistent 
with the finding that sigma-1 receptor activation reduces the 
production of TNF-α, IL-1β, and IL-6, thereby significantly 
reducing inflammation and sepsis caused by TNBS. This 
strongly suggests that sigma-1 receptor activation could be used 
to ameliorate the cytokine storm observed in patients with 
coronavirus disease 2019 [25].

Oxidative stress, caused by excessive production of free 
radicals and reactive metabolites such as superoxide, nitric 
oxide, hydroxyl radical, and hydrogen peroxide, is one of the 
leading causes of many digestive diseases, including ulcers 
and UC. Currently, the TBARS levels, an indicator of cellular 
oxidative damage, increase when the levels of endogenous 
antioxidants such as GSH, SOD, and catalase are significantly 
reduced, and the oxidation of lipids and proteins is induced 
by submucosal infiltration of neutrophils. Inflamed colonic 
mucosa promotes oxidative stress through the generation 
of ROS, which in turn induces lipid peroxidation, resulting 
in neutrophil infiltration and a substantial increase in MPO 
activity. This phenomenon has a significant effect on tissue 
damage and mucosal dysfunction [28]. Neutrophil infiltration 
is one of the most prominent histological features of inflamed 
colonic tissue, and MPO catalyzes the formation of cytotoxic 
oxidizing agents such as hydrogen peroxide. In addition, a 
correlation reportedly exists between increased ROS production 
and disease activity at the site of inflammation in patients with 
UC. UC has been shown to be inhibited by a drug that prevents 
ROS production [12]. In this study, TNBS significantly decreased 
the levels of GSH and SOD compared to those in the control 
group. Pretreatment with PRE084 remarkably reversed this 
decrease, and BD1047, in turn, attenuated the effect of PRE084. 
GSH and SOD are potent antioxidants that protect mucous 
membranes from oxidative stress. The results of our study are 
consistent with those of a previous study showing that sigma-1 
receptor agonist administration reduces oxidative stress by 
increasing the production of GSH and SOD, thereby inhibiting 
UC, and that this antioxidant effect is reduced by sigma-1 
receptor antagonists [20,21]. These results show that PRE084 
inhibits TNBS-induced oxidative stress in mice. 

UC sharply increases ROS levels, which aggravates the 

damage to colonic tissue and significantly increases the levels 
of lipid peroxidation products. In this study, we monitored 
MPO activity mainly found in neutrophils and indicated 
inflammatory cell infiltration and tissue damage as an indicator 
of ROS levels. Neutrophil infiltration into the inflamed mucosa 
is one of the features of UC and is characterized by an increase 
in MPO activity in the inflamed tissue. Peroxidation of lipids 
in the cell membrane because of oxidative stress destroys 
the integrity of the intestinal mucosal barrier and activates 
cytokines, increasing TBARS levels in the intestinal mucosa [29]. 
In the present study, TNBS treatment significantly increased 
MPO and TBARS activities compared to those in the control 
group. PRE084 pretreatment significantly inhibited this effect 
of TNBS, and the inhibitory effect of PRE084 was in turn 
attenuated by treatment with BD1047. The reduction of colonic 
MPO and TBARS levels and absence of cellular infiltration by 
PRE084 pretreatment indicated that PRE084 has antioxidant 
and anti-inflammatory properties that can contribute to the 
prevention of TNBS-induced colitis through the activation of 
sigma-1 receptors in colonic tissue. 

In summary, the present study revealed that PRE084 
significantly reduces NBS-induced colitis in mice which is 
caused by an increase in the protective mechanism of the 
colon mucosa. Activating the sigma-1 receptor by PRE084 
reduces the levels of proinflammatory cytokines, improves the 
functions of antioxidant and anti-lipid peroxidation factors, 
and relieves colitis symptoms by restoring the function of the 
intestinal mucosal barrier. The findings of this in vitro study 
might therefore serve as a basis and reference for future clinical 
research.
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