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Abstract 
 

In this study, we analyzed the anti-inflammatory and antioxidant effects of ethyl pyruvate 
(EP) in an experimental colitis model. Seventeen Wistar Albino rats were divided into three 
groups: The sham group (n=3), in which no colitis was induced; the EP (n=7) and normal 
saline (NS) (n=7) group, in which colitis was induced. In EP and NS groups, 50 mg/kg of EP 
or NS was administered subcutaneously for 7 days. Weight changes in the rats were 
observed throughout the study. All rats were sacrificed on the seventh day. The injury in the 
resected distal colons was scored histopathologically and tissue malonyl dialdehyde (MDA) 
levels were measured. The injury scores of the NS group were found to be higher than those 
of the Sham group, whereas the scores were lower in the EP-administered group in 
comparison with both Sham and NS groups (p=0.002 and p=0.003, respectively). Although 
tissue MDA levels in the EP group were lower than that in the NS group, the difference was 
not significant. Although there was an apparent weight increase in the EP group compared 
with the NS group, it was not found to be statistically significant. The histopathological data 
indicated that EP reduced inflammatory injury in ra ts with colitis. 
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Introduction 

 
Colitis, characterized by intestinal inflammation and 
changes in bowel functions, is an inflammatory process 
involving colonic mucosa. Inflammatory bowel disease 
(IBD), leading to colitis, is a chronic progressive disease, 
which involves the gastrointestinal system, and is 
accompanied by unexplained morbidity and mortality. 
IBD not only causes symptoms of decreasing quality of 
life, such as chronic abdominal pain, hemorrhagic 
diarrhea, and fever, but also increases the risk of cancer, 
significantly. In addition, it leads to socioeconomic 
problems throughout the world because of work force 
losses and treatment costs. The characteristics of IBD are 
inflammation and tissue destruction, and clinical features 
and morphological changes develop as a result of the 
activation of inflammatory cells, in particular neutrophils 

and lymphocytes. Although many surgical and medical 
treatment protocols are available, new options for 
treatment are still being sought out [1]. The basic goal of 
medical treatment is to attenuate the severity of the 
disease by means of suppressing the inflammatory 
response [2]. 

 
In recent years, some studies have been carried out to 
highlight the importance of the nuclear factor-κβ (NF-κβ)-
mediated intracellular signal transmission in inflamma-
tion, and blocking this pathway has been shown to 
alleviate the inflammatory response and therefore IBD [3-
6]. Ethyl pyruvate (EP), the aliphatic ester of pyruvate, is 
a molecule produced endogenously by the glycolytic 
pathway. In the literature, EP has been reported to exert 
anti-inflammatory and antioxidant effects by blocking the 
NF-κβ transmission system. In cells stimulated with 
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various stimuli (ischemia, cytokines, growth factors, etc.), 
cytoplasmic NF-κβ is carried to the cell nucleus, where it 
binds to the DNA and thereby interacts with various 
genes. This factor plays a significant role in congenital 
and acquired immunity, inflammation, bone formation, 
and cancer pathogenesis [7]. 
 
In this study, the objective was to investigate the anti-
inflammatory and antioxidant effects of EP in an 
experimental colitis model induced in Wistar albino rats.  
 
Material and Methods 
 
Study Groups 
Seventeen adult male Wistar albino rats (200-250 g), bred 
using conventional methods, were used in this study. The 
rats were caged under standard environmental conditions 
(room temperature [22º C ± 1º C], humidity 50-70%, 
photoperiod 12 hours of light, 12 hours of darkness) and 
supplied with standard feed and water. The study was 
conducted with the approval of the local board of ethics in 
compliance with ethical rules (Ethics Committee 
Approval Number: 62/2008). The groups, comprised of 
randomly selected experimental animals, were formed as 
follows: 
 

1. Sham Group (n=3): No colitis was induced in this 
group, normal saline (NS) was administered rectally 
and no treatment protocol was applied. 
2. Colitis + NS Group (n=7): In this group, after 
induction of colitis, a daily dose of 50 mg/kg NS was 
administered subcutaneously for 7-days.  
3. Colitis + EP Group (n=7): After induction of 
colitis, a daily dose of 50 mg/kg EP was administered 
subcutaneously for 7-days, in this group [8]. 

 
Induction of Colitis in the animals 
After 12 hours of starving, the rats were anesthetized on 
the day of the experiment with a combination of ketamine 
(35 mg/kg) and xylazine (5 mg/kg). Distal colitis was 
induced by rectal administration of 2 mL of 6% acetic 
acid [9]. After inducing colitis, weight changes in the rats 
were monitored on the 1st, 4th, and the 7th day. At the end 
of Day 7, all animals were sacrificed with a lethal dose of 
anesthetic, the abdomen was opened through a midline 
incision, and an 8 cm segment of the distal colon was 
resected [10]. 
 
Histopathological Analysis 
A 2 cm segment of the resected distal colon was kept in 
10% formaldehyde for histopathological analysis. After 
routine tissue follow-up, the tissues were embedded in 
paraffin blocks. Thin slices (4 µm sections) were stained 
with hematoxylin-eosin and analyzed blindly by two 
researchers under light microscopy. In order to evaluate 
the inflammation, the degree of the injury was scaled 

between 0-3; 0 = no inflammation, 1 = increase in the 
number of mucosal, submucosal, or transmural 
lymphocytes/neutrophils, 2 = increase in the number of 
mucosal lymphocytes and neutrophils; and 3 = regenera-
tion of crypts, erosion, ulcers, and mucosa [11]. 

 
Malonyldialdehyde (MDA) Analysis 
Following the homogenization and extraction of the distal 
colon segments, the supernatants were transferred into 
sample dishes for high-performance liquid chromatography 
(HPLC). Analyses were done using a Shimadzu-VP series 
HPLC system (Shimadzu Scientific Instruments Inc., 
Columbia, MD). The instrument is composed of an LC-
10ADVP pump, SCL 10AVP system control unit, RF-
10AXL fluorescence detector, SPD-10AVP visible/UV 
light detector, SIL-10ADVP autoinjector, CTO-10ASVP 
column oven, and FCV-10AVP gradient mixer. MDA 
levels of the tissue samples were calculated according to a 
standard calibration curve, with 1,1,3,3-tetraethoxypropane 
used as the standard. Tissue MDA levels were expressed in 
millimole MDA/mg protein (12). 
 
Statistical Analysis 
The nonparametric Mann Whitney U test was used for 
comparison of the groups.  
 
Results 
 
Weight Changes in Rats 
The weight increase in the EP group on the first, fourth, 
and seventh days of colitis was greater when compared 
with that of the NS group, however there was no 
significant difference between the groups (p>0.05). On the 
other hand, the weights of the rats in the EP and NS groups 
(in which colitis had been induced), decreased by the end 
of the third day, then started to increase by the fourth day 
and went beyond the baseline by the seventh day. 
 
During the first three days of colitis, diarrhea was seen in 
the EP and NS groups. The rats were observed to squat 
down in a humped position to help relieve abdominal pain. 
Frequent defecation and extremely watery stool were 
observed in the NS group. 
 
Histopathological Findings 
There was no macroscopic change in the distal colon 
segments of the sham group, whereas mucosal ulcerations 
were seen in the colitis-induced groups (Figure 1). 

 
Afterwards, the specimens were evaluated microscopi-
cally, and the injury scores were graded.  There was no 
injury in the sham group, but significant epithelium loss 
and ulceration, as well as an increase in the number of 
mucosal, submucosal, and transmural lymphocytes/-
neutrophils were observed in the NS group. However, 
although the numbers of mucosal and submucosal lym-
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phocytes/neutrophils were increased, less epithelium loss 
and ulceration were observed in the EP group. 

 
Compared with the sham group, the injury scores in the 
NS group were found to be higher. Whereas, the injury 
scores in the EP-administered group were lower when 
compared with both the sham and the NS groups 
(p=0.002 and p=0.003) (Figure 2). 
 

Tissue MDA levels 
In order to evaluate oxidative stress in the distal colon 
segments, MDA levels were measured. The average MDA 
levels in the NS and EP groups were found to be higher 
than that in the sham group (Figure 3). Although the MDA 
levels in the EP group were lower than those in the NS 
group, the difference was not statistically significant 
(p=0.65'. 

 

 
 

Figure 1. Light microscope images of the distal colon segments (40x). 1;Sham group, 2; NS group 3; EP group 
(Black arrow; edema, white arrow; inflammatory cells ,    ; epithelium loss ▲; expanded glandula intestinalis) 

  

 
 
Figure 2. Injury scoring of distal colon segments for each 
of the groups.  
 

 
 
Figure 3. MDA levels in distal colon segments. 
 

Discussion 
 
Inflammatory bowel diseases such as Crohn's disease, 
ulcerative colitis, and indeterminate colitis are generally 
seen at young ages. They are among the diseases for 
which prevalence is gradually increasing in Western 
societies. Although the etiology underlying IBDs is still 
not precisely known, significant progress has been 
achieved in this field, with the description of certain 
pathological mechanisms and some rare environmental 
factors, and with the identification of the affected genes 
[13-15]. IBD has a course of flare-up and remission 
periods. Aminosalicylates, corticosteroids, immunosupp-
ressive agents, and anti-tumor necrosis factor- α (TNF-α) 
drugs are medications used in the treatment of these 
diseases [16-18]. In recent years, together with the 
explanation of the role of cytokines in pathogenesis, 
agents like anti-adhesion molecules, anti-interleukin (IL)-
12/23, and anti-IL-6R have been included in the treatment 
[19]. In case of complications and lack of response to 
medical treatment, surgery is indicated. 
 
In IBDs, mucosal immunity in the bowel is impaired due 
to the distortion of the fragile balance between pro-
inflammatory and anti-inflammatory cytokines. For this 
reason, immunobiological treatments targeting TNF, 
leukocyte adhesion, Th1 polarization, T cell activation, 
and NF-κβ are gaining importance [3]. NF-κβ is a generic 
term for a family of transcription factors with diverse 
physiological functions. They are formed by dimerization 
of Rel proteins; Rel A (p65), c-Rel, Rel B, p50, and p52 
[4]. Impairment of NF-κβ regulation leads to 
inflammatory and autoimmune diseases, septic shock, 
viral infections, and immune system disorders. 
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Pyruvate is an important metabolic derivative and an 
important scavenger of reactive oxygen radicals and 
hydrogen peroxide. It induces anti-inflammatory effects 
through NF-κβ inhibition. As pyruvate is not stable in 
aqueous solutions, its aliphatic ester EP has been utilized 
in many studies, and has also been shown to exert anti-
inflammatory effects [20]. Yang et al. reported that EP 
treatment reduced the levels of pro-inflammatory 
transcription factors, NF-κβ, NO synthetase, 
cyclooxygenase-2 (COX-2), IL-6, and TNF-α in liver, 
colon, and small intestine tissues in hemorrhagic shock 
models [21]. Furthermore, Cai et al. stated that EP, which 
blocks proinflammatory mediators such as TNF and high-
mobility group protein B1 (HMGB-1), contributed to 
survival in sepsis and hemorrhage models [22]. It has also 
been suggested that, in rats undergoing cecal ligation and 
puncture, EP reduces bacterial translocation, and therefore 
the risk of sepsis, and acts as an immunological barrier in 
the small intestine [23]. 
 
In light of the studies mentioned above, we used 
histopathological and biochemical data to investigate anti-
inflammatory and antioxidant effects of EP on the bowel 
mucosa in an experimental colitis model. According to a 
similar study in the literature, among IL–10-/- C57BL6 
deficient rats with chronic colitis, the histological scoring 
of rats with systemically administered EP improved by 
50%, and IL12 p40 levels in the colonic tissue were found 
to be significantly lower [11]. In our study, however, 
instead of trinitrobenzene sulfonic acid, acetic acid was 
used to induce colitis in rats. The colitis model was 
validated by both histopathological data and the 
observation of abdominal pain and diarrhea, which are 
clinical symptoms of IBD, in the rats. In the literature, the 
effects of EP on tissues with colitis have been determined 
not only through histopathological data, but also by 
measuring inflammatory mediators in the tissue. In our 
study, the antioxidant features of EP were analyzed by 
measuring tissue MDA levels, and colitis induction and 
changes observed in the colonic mucosa were scored 
histopathologically. Edema, inflammatory cell 
proliferation, epithelium loss, and transmural 
inflammation were more apparent in the NS group than in 
the EP group, and the difference between the groups was 
found to be statistically significant. Although the average 
MDA levels of the EP group were lower than that of the 
NS group, this difference was not statistically significant. 
In order to ascertain whether EP lowers the oxidative 
stress, additional studies should be carried out that include 
more subjects and investigate different parameters 
indicating oxidative stress. 
 
In conclusion, this study, on the basis of histopathological 
data, shows that EP reduces inflammatory injury in an 
experimental rat colitis model. Considering the 
antioxidant effects reported in the literature, EP might be 
a useful agent for the treatment and/or attenuation of the 

symptoms of inflammatory bowel diseases. However, 
more studies are required be done in this field. 
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