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Abstract 

 
Background and purpose: Inflammatory bowel disease (IBD) is a chronic gastrointestinal disease 
characterized by the inflammation of the intestine. The available medicinal treatments for IBD are not 
efficacious enough since they exert various adverse effects. Therefore, the search for new therapeutic agents 
should be continued. The present study aimed to assess the anti-inflammatory effects of pregabalin on acetic 
acid-induced colitis in rats. 
Experimental approach: Using 2 mL of 3% acetic acid solution, colitis was intra-rectally induced in rats. 
Animals were randomly divided into 6 groups including the normal group, colitis control group, pregabalin 
treatment groups (30, 50, and 100 mg/kg; i.p., respectively), and dexamethasone treatment group                     
(1 mg/kg; i.p.). Macroscopic, microscopic, and biochemical (myeloperoxidase, tumor necrosis factor-alpha, 
interleukin-6, and interleukin-1 beta) examinations were used to evaluate the efficacy of pregabalin in the 
inflamed colon. 
Findings/Results: All the applied doses of pregabalin significantly decreased the severity of macroscopic and 
microscopic colonic damages including ulcer severity, ulcer area, percentage of necrosis, and total colitis index 
compared to the colitis control group. These results were confirmed by the reduced colonic concentration of 
tumor necrosis factor-alpha, interleukin-6, interleukin-1 beta, and myeloperoxidase activity. 
Conclusion and implications: Results of this study indicated that pregabalin administration has beneficial 
effects upon the treatment of experimental colitis, which might be partly due to its anti-inflammatory 
properties. 
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INTRODUCTION 

 
Inflammatory bowel disease (IBD) 

including Crohn’s disease and ulcerative colitis 
(UC) causes chronic relapsing intestinal 
inflammation. Patients with IBD are                      
at an increased risk of colorectal cancer 
secondary to long-standing gastrointestinal 
(GI) inflammation (1). Although the etiology of 
IBD remains unclear, the disease is likely to 
result from an imbalance of the GI normal flora, 
over-stimulation of the GI immune system, and 

environmental factors (2). Previous literature 
has revealed disturbances in the regulation of 
both production and liberation of pro-
inflammatory cytokines such as tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-6), and 
IL-1β can gradually lead to the inflammation 
associated with IBD and cause ulceration of the 
GI tract, as well as dysentery, abdominal pain, 
hyperthermia, and weight loss (2).  
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Medicinal treatments show no proven 
effective cures and a high incidence of adverse 
effects in the treatment of IBD (3). Therefore, it 
is important to develop new medicines effective 
in treating the disease. 

Gamma-aminobutyric acid (GABA), mainly 
recognized as a crucial inhibitory 
neurotransmitter, is widely liberated in the 
central nervous system (4). GABA has an 
important role in the regulation of motility, 
secretion, and immunity of the GI tract and 
exists in endocrine-like cells of the GI system 
and neurons of the myenteric plexus. Thus, 
activities of an endocrine mediator are also 
expected from GABA (4). 

There is evidence to suggest that GABA 
serves a crucial role in regulating the 
“neuroimmune dialogue” between the mucosal 
immune system and nervous system of                   
GI in IBD (5). Reduced serum levels of                    
GABA in the colonic mucosa of patients                   
with IBD indicate a relationship between 
GABA and the pathogenesis of the disease (6). 
It seems that the inflammation and ulceration of 
the GI wall at least partly might be preventable 
by targeting the neuroimmune dialogue 
between the immune system of the intestine and 
GABA (6). 

Understanding the pathophysiology of IBD 
is essential and therefore various experimental 
IBD models have been developed to resemble 
the inflammatory condition of the GI tract 
during IBD. Acetic acid-induced colitis can 
mimic human UC due to an excessive increase 
in the liberation of pro-inflammatory cytokines 
and oxygen-derived free radicals (7). 

Pregabalin belongs to a new generation of 
anti-epileptic drugs called gabapentinoids and 
has many clinical indications including 
treatment of partial seizures, alleviating 
fibromyalgia, and neuropathic pain (8). 
Although pregabalin is structurally similar to 
GABA, neither does it bind to GABA receptors 
nor has any effects on its reuptake. It is believed 
that gabapentinoids bind to alpha 2 delta (α2δ) 
voltage-gated calcium channels (9) and by 
regulating the influx of calcium into nerve 
terminals, the liberation of various 
neurotransmitters such as glutamate, GABA, 
serotonin, noradrenaline, and substance P is 
modulated (10,11). 

Moreover, it has been shown that pregabalin 
is capable of inhibiting the secretion of pro-
inflammatory cytokines, in vivo and in vitro, 
which may extend its immunomodulatory 
effect in neuroinflammatory conditions such as 
neuropathic pain conditions, fibromyalgia, and 
psychiatric disorders (12). To the best of our 
knowledge, no pharmacological studies have 
investigated the effects of pregabalin in IBD. 
This study was designed to evaluate the 
potential anti-inflammatory effect of pregabalin 
on an experimental model of colitis. 
 

MATERIALS AND METHODS 
 
Animals 

Male Wistar rats (250 ± 20 g, 12-week old) 
bred in the Animal House of Guilan University 
of Medical Sciences were used in the present 
study. The animals were classified into 6 groups 
and caged under standard housing conditions 
with a 12/12-h light/dark cycle at 22 ± 2 °C, 
with access to food and water ad libitum. The 
experimental protocols used in the study were 
approved by the Ethics Committee of Guilan 
University of Medical Sciences in accordance 
with the National Institute of Health Guide for 
the Care and Use of Laboratory Animals 
(Ethics No. IR.GUMS.REC.1398.063). 
 
Chemicals 

Pregabalin and dexamethasone were 
purchased from Iran Hormone Pharmaceutical 
Co. (Iran) and Sobhan Daru Co. (Iran), 
respectively. Formalin solution (35%), glacial 
acetic acid, and diethyl ether oxide produced by 
Merck (Darmstadt, Germany) were used. 
Colonic levels of proinflammatory cytokines 
were measured by enzyme-linked 
immunosorbent assay (ELISA) kits (ZellBio, 
GmbH, Germany). 
 
Treatment schedule 

After a random division of animals into six 
groups (n = 6), the animals were intra-rectally 
instilled with normal saline (normal group) or 
acetic acid 3% (colitis control group and 
treatment groups). Sterile 0.9% saline, 
dexamethasone (1 mg/kg), and pregabalin               
(30, 50, and 100 mg/kg) were administered 
intraperitoneally (i.p.) 24 h before the induction 
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of colitis and daily afterward to the colitis 
control group, the dexamethasone, and the 
pregabalin groups, respectively. The animals 
were sacrificed three days after the induction of 
colitis. Dosage selection was specified based on 
previous studies (13-15). 
 
Induction of colitis 

Each animal fasted for 36 h with free access 
to water. We used a method introduced by 
Mahdavi et al. to induce colitis (16). Animals 
were lightly anesthetized with ether. Then, a 
polyethylene catheter was inserted into the 
rectum, 8 cm distal to the anus, and colitis was 
induced by an intracolonic single instillation of 
2 mL of acetic acid 3% in normal saline (v/v). 
The normal group received an equivalent 
volume of normal saline. To avoid anal leakage, 
the animals were oriented head-down in a 
vertical position for 2-3 min and subsequently 
returned to their cages with free access to food 
and water. 
 
Macroscopic assessment 

Animals’ body weight and body weight loss 
percentages were assessed during the 
experiment. The animals were euthanized 72 h 
after colitis induction, and the abdomens were 
then opened. An 8-cm portion of the distal 
colon of each animal was removed and gently 
washed with normal saline. After weighing 
each segment, the weight/length ratio of each 
sample was calculated. Ulcer severity, the 
surface area of the ulcers, and the percentage of 
necrosis were determined as previously 
described by Motavallian Naeini et al. (17). The 
colon was then sectioned into 4 segments of 
which 3 were instantly frozen in liquid nitrogen 
for biochemical analysis and the other one was 
fixed in a 10% buffered formalin solution for 
histopathologic evaluation. 
 
Microscopic histopathologic assessment 

As mentioned earlier, one of the colonic 
segments was fixed in a 10% buffered formalin 
solution. After dehydrating each segment, we 
embedded it in paraffin and cut it into 4 μm-
thick portions. These portions were 
subsequently stained with hematoxylin and 
eosin (H&E) and analyzed by an experienced 
pathologist blinded to experimental groups. 

The total colitis index was calculated by 
summing 3 sub-scores (inflammation severity, 
inflammation extent, crypt damage) according 
to the criteria described by Cooper et al. (18) 
and Dieleman et al. (19) 
 
Evaluation of colonic myeloperoxidase 
activity 

According to the method introduced by 
Motavallian et al. (17), myeloperoxidase 
(MPO) activity was measured to evaluate the 
extent of neutrophil infiltration into colonic 
tissue during acetic acid-induced colon 
damage. Results were reported as changes in 
absorbance/min/mg of the wet tissue. 
  
Assessment of pro-inflammatory cytokines in 
colon 

The levels of TNF-α, IL-1β, and IL-6 of 
colon tissue were measured using ELISA 
assays as described previously by Nacife et al. 
(20). 
 
Statistical analysis 

The statistical analysis was carried out using 
the SPSS statistical package (version 17). 
Parametric data, expressed as mean ± SEM, 
were analyzed by one-way analysis of variance 
(ANOVA) followed by Tukey post hoc test. 
Furthermore, Non-parametric data, presented 
as median (range), was analyzed using the 
Kruskal-Wallis test and post hoc Mann-
Whitney U test. A P value < 0.05 was 
considered statistically significant. 
 

RESULTS 
 
Pregabalin reduces body weight loss 
percentage and colonic macroscopic injuries 
in experimental colitis 

While the mucosal appearance of the colon 
tissue remained quite intact in the normal 
group, there were severe macroscopic damages 
including inflammation, deep ulceration, 
necrosis, and thickened colon wall in the colitis 
control group. Moreover, after four days of 
induction of colitis, animals in the colitis 
control and the treatment groups lost a 
significant amount of weight, compared with 
the normal group. Although the same manner 
was observed in the treatment groups, 
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bodyweight loss percentage was significantly 
lower in dexamethasone- (1 mg/kg) and 
pregabalin- (30, 50, and 100 mg/kg) treated 
animals in comparison with the colitis control 
group (Table 1). In contrast to the colitis control 
group, there was a significant decrease in             
ulcer severity and ulcer area in dexamethasone- 
(1 mg/kg) and pregabalin- (30, 50, and 100 
mg/kg) treated rats. 

As depicted in Table 1, the colonic 
weight/length ratio in pregabalin groups was 
considerably diminished, in comparison with 
the colitis control group. As expected, colon 
samples of dexamethasone-treated rats 
demonstrated quite a low weight/length ratio as 
well. In addition, the calculated percentage of 
necrosis of the samples extracted from rats 
receiving pregabalin and dexamethasone was 
significantly lower than that in the colitis-
control group. 
 
Pregabalin reduces colonic microscopic 
injuries in experimental colitis 

As illustrated by Fig. 1, high transmural 
inflammation and/or diffuse necrosis and 
formation of granulomas and the infiltration of 
neutrophils into colon walls indicated extensive 
tissue damage in the acetic acid-control group. 
By contrast, colon mucosa remained intact and 
the architecture of epithelium did not exhibit 
any signs of distortion in the normal group. 
Treatment with dexamethasone and pregabalin 
exhibited a significant decrease in total colitis 

index (crypt damage, severity of inflammation, 
and extent of inflammation) of damaged colons, 
in comparison with that in the colitis control 
group (Table 1). Moreover, infiltration of 
inflammatory cells in lamina propria was 
reduced in the treatment groups and re-
epithelization of the mucosal layer was 
observed in the aforementioned groups. 
 
Pregabalin reduces MPO activity and 
proinflammatory cytokines levels in inflamed 
colonic tissues 

As shown in Table 2, the colitis control 
group showed a considerable increase in MPO 
activity compared to the normal group and this 
result was supported by the observed massive 
neutrophil infiltration in colon samples of the 
colitis control group. This parameter was 
significantly reduced in rats receiving 
dexamethasone or pregabalin. 

As can be observed in Table 2, the contents 
of TNF-α, IL-1β, and IL-6 significantly 
increased in the colitis control group, as 
compared with those of the normal group. 
Treatment with dexamethasone or pregabalin 
significantly reduced the content of TNF-α in 
the examined specimens. The level of IL-6 in 
the animals treated with dexamethasone and 
pregabalin was significantly reduced, as 
compared to the colitis control group. 
Moreover, treatment with dexamethasone and 
pregabalin caused a significant reduction in the 
content of IL-1β in colonic tissues.  

 
 

Table 1. Effects of pregabalin (30, 50, and 100 mg/kg, i.p.) on macroscopic and histologic parameters of acetic acid-
induced colitis in rats. All data are presented as means ± SEM (n = 6) and analyzed by ANOVA followed by Tukey 
post hoc test except for the data of ulcer severity which have been expressed as median (minimum-maximum values) 
and analyzed by Kruskal-Wallis non-parametric test 

Groups 
Colonic weight 
/length (g/cm) 

Body weight loss 
after 4 days (%) 

Ulcer 
severity 
(0-15) 

Total colitis 
index 
(0-10) 

Ulcer area 
(cm2) 

Necrosis 
(%) 

Normal 0.09 ± 0.01 -2.63 ± 0.52 0 0 0 0 

Colitis control 0.27 ± 0.01 10.01 ± 0.87 11 (9-14) 9 ± 0.25 5.86 ± 0.33 53.3 ± 2.23 

Dexamethasone 0.19 ± 0.01** 5.13 ± 0.41** 4.5 (3-7)* 5.5 ± 0.84** 2.43 ± 0.4    ***  22.88 ± 6.03** 

Pregabalin (30 mg/kg) 0.21 ± 0.01* 6.47 ± 0.47 * 5.5 (4-8) 6.3 ± 0.61* 3.41 ± 0.54 * 31.65 ± 4.37* 

Pregabalin (50 mg/kg) 0.20 ± 0.01* 6.55 ± 0.86* 5 (3-7)* 6  ±  0.51* 2.94 ± 0.65 ** 28.98 ± 7.04** 

Pregabalin (100 mg/kg) 0.19 ± 0.01** 4.73 ± 1.22** 5 (3-7)* 5.6 ± 0.76** 2.60 ± 0.60 ** 26.66 ± 6.03** 

*P < 0.05, **P < 0.01, and ***P < 0.001 indicate significant difference compared to the colitis-control group. 
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Table 2. Colonic levels of Interleukins 6 and 1β, tumor necrosis factor α, and myeloperoxidase activity in rats   
with induced colitis after three consecutive days of the treatments quantified by ELISA. Data are presented as   
mean ± SEM, (n = 6). 

Group Interleukin 6 Interleukin 1β Tumor necrosis factor α Myeloperoxidase activity 

Normal 26.18 ± 1.69*** 3.73 ± 0.16*** 2.75 ± 0.2*** 1.21 ± 0.13*** 
Colitis control 78.96 ± 2.86 12.65 ± 0.34 6.00± 0.24 3.7 ± 0.24 
Dexamethasone 59.56 ± 2.8*** 9.71 ± 0.46*** 3.9 ± 0.17*** 2.03 ± 0.21*** 
Pregabalin (30 mg/kg) 64.88 ± 2.7** 10.58 ± 0.42* 4.5 ± 0.28** 2.44 ± 0.3** 
Pregabalin (50 mg/kg) 67.63 ± 2.13* 10.71 ± 0.47* 4.5 ± 0.25** 2.77 ± 0.13* 
Pregabalin (100 mg/kg)  59.68 ± 2.82*** 9.93 ± 0.53** 4.1 ± 0.30*** 2.07 ± 0.19*** 

*P < 0.05, **P < 0.01, and ***P < 0.001 indicate significant differences compared to the colitis-control group.  
 

 

 
 

Fig. 1. Microscopic presentation of the colon in acetic acid-induced colitis in rats (hematoxylin and eosin staining). (A) 
Normal group: normal mucus layer and crypts; (B) acetic acid control group: destruction of epithelium, architectural 
deformity of the crypts and infiltration of inflammatory cells; (C) dexamethasone (1 mg/kg): mild to moderate 
inflammation of mucosa and submucosa and mucosal inflammatory cell infiltrates; (D-F) pregabalin (30, 50, and                       
100 mg/kg, respectively): epithelial regeneration and reduction in the number of inflammatory cells in lamina propria. 
 

DISCUSSION 
 

In the present study, we demonstrated that 
administration of pregabalin in all of the doses 
(30, 50, and 100 mg/kg) produced noticeable 
anti-inflammatory effects on acetic acid-
induced colitis in the rats. Pregabalin acts by 
suppressing MPO activity and key pro-
inflammatory cytokines which are involved in 
the pathology of UC and improve 
morphological features such as macroscopic 
and microscopic lesion scores and wet weight 
length ratio during colitis.   

Recently, the need for realizing the 
pathophysiology of IBD has been increasing by 
using several experimental animal models of 
UC. Acetic acid-induced colitis in rats has 
widely been demonstrated to share similarities 
with human IBD regarding the involved 
inflammatory mediators and pathophysiology 
(7). Following intra-rectal administration, 
acetic acid decreases the integrity of the GI tract 
wall leading to transmural inflammation, 
ulceration, necrosis, and an increase in                   
its permeability. These consequences 
progressively lead to neutrophil infiltration, 
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activation of lipid peroxidase and 
cyclooxygenase pathways, and liberation of 
pro-inflammatory cytokines thus demonstrating 
the characteristics of human IBD (7). Recent 
investigations have intensely emphasized the 
critical role of inflammatory cytokines such as 
IL-6, IL-1β, and TNF-α in the pathogenesis of 
IBD and their downstream inflammatory 
cascade (2). The high level of cytokines in our 
animal model of colitis was in agreement with 
findings of the previous investigations 
exhibiting the high pro-inflammatory cytokines 
contents in experimental colitis. Furthermore, 
we demonstrated that MPO activity was 
increased after the induction of the colitis in 
rats, which is expected to be similar in                 
human colitis. 

Pregabalin, as a gabapentinoid, was initially 
developed as adjunctive therapy in partial 
seizures but now is widely used in the treatment 
of neuropathies ascribed to diabetes, injuries of 
the spinal cord, and herpes simplex infection 
(8). Pregabalin attenuates inflammation by 
suppressing the action of pro-inflammatory 
cytokines (12), limiting the damages after 
oxidative stress (21), and inhibiting neutrophil 
recruitment (22). In a study performed by 
Yamaguchi et al. the concentrations of IL-6 and 
IL-8 were diminished in human glioblastoma 
cells following the administration of 
pregabalin, by the regulation of substance                    
P (SP)‑mediated neurokinin‑1 receptor 
(NK1R) response. The latter is the consequence 
of inhibition of nuclear factor kappa B (NF-κB) 
and p38 mitogen-activated protein kinase due to 
the decreased liberation of SP (23). In addition, 
Abu-rish et al. demonstrated the peripheral 
anti-inflammatory properties of pregabalin on 
cytokine secretion and spleen inflammation in 
lipopolysaccharide/concanavalin A-induced 
murine models of inflammation (12). Although 
Diop et al. noted the antiallodynic activity                   
of pregabalin in trinitrobenzene sulfonic                 
acid-induced colonic allodynia, they reported 
that subcutaneous injection of pregabalin at                     
200 mg/kg did not decrease MPO activity in the 
inflamed colon (24). In contrast to their 
findings, our results showed that even the lower 
doses of pregabalin significantly decreased 
neutrophil infiltration in experimental colitis. It 
seems that different pharmacokinetic properties 

of pregabalin following i.p. and subcutaneous 
routes of administration might be responsible 
for the different results.     

The N-methyl-D-aspartate receptor 
(NMDA) is an ion channel protein in nerve cells 
that binds to glutamate. These receptors                 
have also been proven to be present in the 
enteric nervous system (25). In addition, 
overexpression of NMDA receptors has been 
demonstrated following colonic inflammation 
(26). By binding to these receptors, glutamate 
results in reactive oxygen species 
accumulation, NF-κB activation and 
augmented levels of pro-inflammatory 
cytokines such as TNF-α and IL-1β (27). 
NMDA receptor antagonist therapy 
successfully normalizes the microcirculation 
and bowel movements in experimental colitis 
(28). Kato et al. reported that pregabalin 
treatment can attenuate NMDA receptor-
mediated synaptic transmission in                 
neuropathic mice (29). Considering the 
inhibitory effect of pregabalin in the                
release of glutamate and its effect on                   
NMDA receptors, it seems that pregabalin 
might be able to attenuate experimental colitis, 
at least partly through its effect on NMDA 
receptors signaling pathways. 

Cyclooxygenase-2 overexpression has been 
reported previously in the inflamed, non-
dysplastic mucosa in IBD patients (30,31). 
Pregabalin, through inhibition of NF-κB and its 
target genes such as cyclooxygenase-2, 
decreases vascular permeability, leukocyte 
recruitment, and release of pro-inflammatory 
cytokines (32). Based on the aforementioned 
studies, it seems that several mechanisms might 
be involved in the anti-inflammatory properties 
of pregabalin; nevertheless, further 
investigations are required to explain the 
precise pathways.   

Although acetic acid is a reliable model of 
induction of colitis which mimics the 
pathological characteristics of human IBD, 
some limitations like the involvement of non-
specific immunity lie in the model (7). Thus, 
further research is required to evaluate the 
effects of this drug following a longer period of 
experiment and other routes of administration 
in both acute and chronic animal models                   
of colitis. 
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CONCLUSION 
 

In conclusion, the findings of this study 
confirmed that pregabalin has a profitable effect 
in the treatment of experimental colitis at least 
partly through reducing pro-inflammatory 
cytokines and MPO activity. The anti-
inflammatory activity of pregabalin in an 
experimental model of UC corroborates 
findings concerning the clinical efficacy of the 
drug as an analgesic agent in patients with acute 
inflammatory pain and visceral hypersensitivity 
in IBS (33). Due to the low incidence of the 
adverse effect of pregabalin, it is expected that 
pregabalin might be beneficial in the therapy of 
human colitis. However, further research is 
needed to evaluate the efficacy of this drug in 
patients with IBD. 
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