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Abstract

Background: Statins are approved for cholesterol reduction and may also be beneficial in the management of inflammatory diseases. 
Another essential pleiotropic effect of β-hydroxy β-methylglutaryl-CoA (HMG-CoA) reductase inhibitors is their anti-inflammatory 
properties. Statins lower C-reactive protein (CRP) levels while also inhibiting inflammatory mediators like tumor necrosis factor-
alpha and interleukins including interleukin-6 (IL-6). Objective: The purpose of this study was to determine the relationship between 
the severity index and other inflammatory markers in animals with colitis and to investigate the possible effects of atorvastatin 
on disease activity index and the inflammatory markers in experimentally induced colitis. Materials and Methods: Mice were given 
acetic acid to induce colitis. For 7 days, mice were divided into four groups (control group, induction group, standard group treated 
with prednisolone, and atorvastatin-treated group) and monitored daily for weight loss, feces consistency, and rectum bleeding for 
measuring the disease activity index. At last, we killed the animals and took blood samples for IL-6. Results: Acetic acid caused 
significant colonic inflammatory response and shrinking, as well as a reduction in body weight. The use of atorvastatin to treat acetic 
acid-induced colitis resulted in weight-loss recovery and decrease in expression concentration of IL-6 in the treated group compared 
with the colitis group when using in high dose. Conclusion: These findings indicate that atorvastatin preserves intestinal integrity in 
colitis, most likely by modifying the Th cell-mediated immune response independently of innate immunity.

Keywords: Atorvastatin, inflammatory bowel disease, interleukin-6 factor, mice, the disease activity index, ulcerative colitis

Introduction
Inflammatory bowel disease (IBD) refers to a group of 
disorders that have a propensity for persistent relapsing-
remitting inflammation of the large intestine.[1,2]

Progressive inflammatory intestinal disease known as 
“inflammatory bowel disease” is characterized by colon 
tissue ulceration, increased colon epithelial permeability, 
and significant leukocyte infiltration.[3]

Crohn’s disease (CD) and ulcerative colitis (UC), the two 
primary forms of IBD, have different histological and 
clinical characteristics.[4,5]

Inflammation of the gastrointestinal tract (GIT) can 
affect any portion of the GIT, from the mouth to the anus, 
whereas CD mostly causes inflammation of the colon 
in UC. A chronic IBD called UC causes ulceration and 
swelling of the rectum that can reach the cecum.[6,7]

Because UC patients frequently undergo a relapsing and 
remitting illness course, the aim of treatment was to induce 
and sustain long-term remission.[6,8] This clinical course 
occurs either spontaneously or in response to treatment,[9] 
as a result, evaluations of new treatments for UC also 
take into account assessments of the symptoms and more 
accurate markers of the underlying disease process, such 
as endoscopy. Clinical trials in UC require both these 
disease activity (total Mayo score) and endoscopy.[6,10] UC 
is caused by a variety of pathogenic factors, including 
genetic predisposition, environmental factors, microbial 
factors, immunological factors, and cytokines.
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Several drug classes are used to treat UC. These include 
corticosteroids, immunomodulators, calcineurin inhibitors, 
aminosalicylic acid agents, prebiotics, probiotics, and 
antibiotic therapy.[11] Statin also possesses antioxidant and anti-
inflammatory properties. The most often given medications 
worldwide are statins. The primary and secondary prevention 
of cardiovascular illnesses as well as the treatment of 
hypercholesterolemia are indications for their usage.[12,13] Based 
on their immunomodulatory properties, statins may have 
impacts beyond decreasing cholesterol levels.[12] Statins have 
previously been shown to reduce oral steroids used during the 
acute phase of IBD, as well as the disease activity index (DAI) 
and inflammatory mediators in IBD patients.[14] Other research 
has linked statins to a lower risk of developing new-onset IBD, 
increasing the likelihood that these medications also have anti-
inflammatory properties and control molecules required for 
immunomodulation. The synthesis of interleukin-6 (IL-6) and 
inducible nitric oxide synthetase by microglia and astrocytes 
was discovered to be inhibited by statin.[15]

Materials and Methods

Experimental animals
The Experimental Animal Center provided 40 healthy adult 
male albino-Wister mice weighing (25–30 g) for this study 
(Baghdad, Iraq). They were housed in standard plastic cages 
in the animal house under good conditions, including a 
room temperature of 23°C, a relative humidity of 55%, and 
a 12-h light/dark cycle. Mice were fed standard chow food 
with free access to water for 1 week prior to the experiment.

Preparation of drugs
Solutions of atorvastatin were freshly prepared in a 
sterile condition prior to administration each day of the 
experiment by dissolving their powders in distilled water.

Induction of colitis
Mice that had fasted for 24 h were briefly given a light 
chloroform anesthesia. The tip of a 6-Eng. catheter was 
then cautiously placed into the colon at a distance of 4 cm 
from the anus. A solution of 2 mL of acetic acid (4%, v/v) in 
0.9% sterile water was injected for 30 s into the colon’s lumen 
to induce colitis. This was done to stop the intracolonic 
infusion from leaking. Using the same method, mice were 
given 0.9% saline alone in normal control tests.[16]

Experimental protocol
After acclimatization, mice were randomly divided into 
four groups (n = 10/group) and were given a single daily 
dose of the following for 10 consecutive days (3  days 
before induction and 7 days after induction of acetic acid-
induced colitis):

Group I (normal control group): received normal saline 
(2 mL/day) rectally.[17]

Group II (colitis control group): received only 4% v/v 
acetic acid rectally.[16,18]

Group III (positive control group): received prednisolone 
(1 mg/kg/day) orally.[19,20]

Group IV (high-dose atorvastatin group): received 
atorvastatin (50 mg/kg/day) orally.[21,22]

On the 4th day of the experiment, all animals (except 
group 1) were given acetic acid (4% v/v) intrarectally for 
the induction of colitis.

So at end of the study, the mice were sacrificed after 24 h 
of starvation by an overdose of chloroform inhalation, 
the colon was removed, and the abdomen was quickly 
dissected. Then blood samples were taken from each 
mouse’s heart, and serum was prepared and stored at 
−80°C to measure biochemical parameters.

Assessment of colitis severity
The disease activity index
The disease was clinically assessed using scores for body 
weight loss (0 = weight gain or no loss, 1 = 1%-5% decrease, 
2 = 6%-10% decrease, 3 = 11%-15% decrease, and 4 = more 
than 15% decrease), feces consistency (0 = normal, 2 = loose 
feces, and 4 = diarrhea), and rectum bleeding (0 = normal, 
2 = mild bleeding, and 4 = severe bleeding). The total DIA 
scores were combined to arrive at the calculation. Normal 
stool consisted of well-formed pellets, loose stool consisted 
of pasty stools that did not stick to the anus, and diarrhea 
consisted of liquid stools that adhered to the anus.[23,24]

Interleukin-6
The IL-6 levels in the tissues were determined using an 
enzyme-linked immune-sorbent assay (ELISA) kit and 
the instructions provided by the manufacturer.[25,26]

Statistical analysis
To summarize, analyze, and present the data, the Statistical 
Package for Social Science 23 software program was used 
(Microsoft  Iraq). We used the mean and standard deviation 
of quantitative (numerical) variables. To investigate the 
difference in the mean of quantitative variables between 
groups, a one-way analysis of variance (ANOVA) was 
used, followed by a post hoc least significant difference 
test to assess the mean difference within groups. P values 
of less than 0.05 were considered significant.[27]

Results

Clinical parameters
High dose of atorvastatin treatment produce significant 
decreased in DAI when  compared colitis group. Colon weight 
/length ratio was highly  significant decreased with high dose 
atorvastatin treatment as compared with colitis group.

Effect of on cytokines (IL6)
High dose of atorvastatin  treatment produce highly 
significant decrease  expression concentration of (IL-6) as 
compared to colitis group.
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Discussion

Effect of acetic acid on colonic mucosa in mice
Excessive oxidative stress, increased microvascular 
permeability, sustained immunocyte infiltration, and 
increased inflammatory mediator output were all major 
causative factors in the initiation of human UC in this 
animal model. As a result, it is appropriate for studying 
UC pathogenesis and evaluating novel therapeutic options 
for this disease.[28,29]

Acetic acid caused an increase in mean DAI in the 
untreated colitis rats. Our findings were in agreement with 
other previous results elevation DAI scores in the colitis 
group evidenced by reduce body weight, decrease in food 
intake, and increase in diarrhea with or without blood.[30]

Our findings support the work by Bertevello et  al.[31] 
who described the increased level of expression of pro-
inflammatory cytokine (IL-6), and these outcomes 
support the concept of the efficacy of this model in 
reproducing observations made on UC in humans, where 
the increase of these pro-inflammatory cytokines is related 
to disease severity.[32] In addition, their presence in UC had 
previously been linked to colonic inflammation. IL-6 is 
important in the pathogenesis of UC because it stimulates 
neutrophil infiltration and chemotaxis, resulting in tissue 
necrosis and destruction. It can also produce different 
mediators that are responsible for severe inflammation, 
which contributes to the development of UC.[33,34]

All of this proved that the level of IL-6 in UC was 
significantly elevated, and it can also produce various 
mediators responsible for severe inflammation, which 
contributes to the development of UC.[35]

Effect of atorvastatin in acetic acid-induced colitis in mice
Our findings showed that atorvastatin significantly 
reduced the severity of murine colitis as measured by body 

weight loss, diarrhea, and rectal bleeding, all of which 
resulted in a lower DAI.[21,36]

Treatment with atorvastatin significantly reduced IL-17 
levels, as we also saw with IL-6 (a critical cytokine). 
IL-17 is a pro-inflammatory cytokine that stimulates 
the production of a variety of pro-inflammatory 
cytokines, including IL-6, by fibroblasts, endothelial cells, 
macrophages, and epithelial cells.[22,37]

Effect of prednisolone in acetic acid-induced colitis in mice
The prednisolone was significant decrease DAI score 
by more lowering (weight loss, rectal bleeding, and 
diarrhea).[38] A loose stool was observed in the induction 
group on day 3 and had returned to normal by day 6.[39] 
Prednisolone treatment was effective in lowering levels of 
pro-inflammatory mediators such as IL-6. When IL-6 was 
used instead of UC, the mediator levels were significantly 
repaired [Figures 1 and 2].[35,40]

Conclusion
In summary, atorvastatin’s anti-inflammatory and 
antioxidant properties have been shown to effectively 
treat acetic acid-induced colitis in mice. Biochemical 
parameters like cytokine (IL-6) have a positive correlation 
with DAI [Table 1-3].
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Figure 1: Disease activity index (DAI) score in control and study groups. Comparison between means of DAI in all groups (N = 10), **P < 0.01, 
SD: standard deviation
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Figure 2: Interleukins-6 (IL-6) concentration  in control and study groups. Comparison between means of IL-6 in all groups (N = 10), **P < 0.01, 
SD: standard deviation

Table  1: Compares clinical and biochemical parameters 
between healthy controls and acetic acid-induced colitis 
groups.

Variable Acetic acid-induced colitis 
group 

Healthy control 
group 

P value 

DIA 9.89 ± 0.5 0.00 ± 0.0 <0.01**

IL-6 79.15 ± 7 27 ± 2 <0.01**
**More significantly increase

Table 2: compares clinical and biochemical parameters in 
the acetic acid-induced colitis and atorvastatin groups.

Variable Acetic acid-induced  
colitis group 

Atorvastatin group P value 

DIA 9.89 ± 0.5 2.1 ± 0.4 <0.01**

IL-6 79.15 ± 7 32 ± 2 <0.01**
**More significantly increase

Table  3: Compares clinical and biochemical parameters 
between the acetic acid-induced colitis and prednisolone 
groups.

Variable Acetic acid-induced colitis 
group 

Prednisolone 
group 

P value 

DIA 9.89 ± 0.5 2.7 ± 0.0 <0.01**

IL-6 79.15 ± 7 30 ± 4.9 <0.01**
**More significantly increase
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