
INTRODUCTION 
Crohn’s disease (CD) and ulcerative colitis (UC) are chronic 
inflammatory conditions that affect the gastrointestinal tract. 
They are often referred to as inflammatory bowel diseases. 
They are prevalent in developing countries and have an 
increased risk of developing colorectal cancer.1-3

The development of chronic and recurrent gastrointestinal 
tract inflammation known as UC is characterized by the loss of 
the colon’s mucosal layer. This damage, which usually begins 
at the rectum, continues to affect the small intestine and, 
eventually the bowel wall. The other factors that contribute to 
this inflammation are the lack of proper function of immune 
system and the alteration of microbiota. The most common 
symptoms of UC include abdominal pain, chronic diarrhea, and 
bloody stool. It can also trigger weight loss.4-6 Various factors 
such as the environment and the genetic factors that affect the 
immune system can also contribute to the development of UC. 
These factors can also decrease the body’s antioxidant system’s 
capacity and increase free radical production, including 
reactive oxygen species (ROS).7,8

Dextran sodium sulfate (DSS) is a type of chemical that can be 
used in animal models to induce the development and severity 
of colitis. It is a polysaccharide that is soluble in water and has 
a variable molecular weight from 5 to 1400 kDa. The most 
severe form of the disease, can be caused by the administration 
of up to 40–50 kDa in drinking water.9

The mechanism by which DSS induces inflammation is not 
clear. One possible explanation is that the damage to the lining 
of the large intestine allows the release of pro-inflammatory 
substances into the tissue beneath it.10 An interaction between 
the immune system and the pathogenic microorganisms could 
also cause it. This interaction can trigger an inflammatory 
response and alter the function of the colonic system.11-13 

In the treatment of patients with inflammatory bowel 
disease, such as UC, various anti-inflammatory medications are 
commonly used. These include steroids, aminosalicylates, and 
glucocorticoids. In severe cases, immune suppressants such as 
cyclosporine A are also commonly used.14,15 Different lines of 
treatment for patients with UC, such as immunosuppressive 
drugs and antibiotics, can also have negative effects when 
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used for a long-term treatment that limits their effectiveness. 
Because of their limited side effects, food derivatives have 
been integrated into the UC treatment.16-18 

A type of fatty acid compound called cinnamic acid is 
made up of an acrylic acid group and a phenyl ring in trans-
geometry. This aromatic compound has low toxicity and is 
an active moiety (a Michael acceptor)that can be used in the 
development of cancer drugs.19 It can also be found in various 
other plants, such as ginseng and Chinese cinnamon. It can 
help protect against harmful effects of ultraviolet radiation 
and prevent the spread of pathogens. It also contributes to the 
development of the plant.20,21 The term “cinnamon” refers to 
several cinnamomum species’ sweet and spicy flavors. It can 
also be used as a food ingredient and improve its flavor. Its 
ability to remove bad breath has also been noted. It can also 
help improve the liver’s ability to generate glucose. Its extract 
can also be used to treat various conditions.22-24

In Chinese medicine, cinnamon has been traditionally 
used to treat various conditions, such as inflammation and 
blood circulation disturbances. It can also help lower the 
risk of various diseases. It has been shown that it can have 
various pharmacological properties, such as antiulcerogenic, 
anti-inflammatory, and antimicrobial.25,26Aside from these, 
cinnamon can also help treat neuroinflammation and lower the 
risk of atherosclerosis. It can also help lower the blood pressure 
and cholesterol levels.27,28

In obese rats, cinnamon can decrease their bodyweight and 
prevent angiotensin-converting enzyme activity in serum. It 
can also help lower the risk of colon cancer. It can also treat 
various conditions, such as inflammation and blood circulation 
disturbances.29,30 The coagulant effect of cinnamon can prevent 
bleeding. It can also help increase the blood circulation in the 
uterus and improve tissue regeneration. It can also be used as a 
tooth powder to treat various conditions, such as bad breath.31-33

MATERIALS AND METHODS

Ethics
Ethics approval for this study was obtained from the Ethics 
Committee of Baghdad University–College of pharmacology.
Chemicals and Kit
The chemical that was used in this work includes, diethyl 
ether (ROMAN pure chemistry, UK), formaldehyde 37% 
(Sinopharm chemical reagent Co., Ltd/China), dextran sodium 
sulfate (Med ChemExpress), poloxamer188 from (Thermo 
fisher scientific), cinnamic Acid(SIGMA-ALDRICH/ China), 
buffer solution (EuroClone S.p.A, Italy), distal water,  mouse 
catalase (CAT) activity assays kit (Elabscience, China),  
mouse malondialdehyde (MDA) colorimetric assay kit (TBA 
Method) (Elabscience, China),  mouse total superoxide 
dismutase (T-SOD) activity assay kit (Hydroxylamine Method) 
(Elabscience, China).
Animals
Forty adult male albino mice (aged 8 weeks) were included 
in this study, with weights ranging from 24–31 g. Mice were 
kept in standard conditions of temperature, day/night cycle, 

with free access to the standard diet. Dextran sodium sulfate 
dissolved in drinking water for seven days has been used to 
induce UC.
Experimental Protocol
Forty mice were divided into 4 groups, each group composed 
of 8 mice, as the following:
•	 Group I (Control group): Eight mice received distilling 

water and poloxamer (the suspending agent) suspension 
by oral gavage for 7 days.

•	 Group II (Model group): Eight mice received a suspension 
of distilling water and poloxamer (the suspending agent) by 
Oral gavage for 7 days. In addition to the administration 
of 3% DSS with drinking water during the seven days.

•	 Group III (cinnamic acid-model group): Eight mice 
received a suspension of 25 mg/kg of cinnamic acid by 
Oral gavage for 7 days. In addition to the administration 
of 3% DSS with drinking water during the seven days.

•	 Group IV (cinnamic acid-model group): Eight mice received 
an oral gavage suspension of 50 mg/kg of cinnamic acid 
for 7 days. In addition to the administration of 3% DSS 
with drinking water during the seven days.

•	 Group V (cinnamic acid-treated group): Eight mice 
received an oral gavage suspension of 50 mg/kg of 
cinnamic acid for 7 days. 
The administration of cinnamic acid was done by oral route 

at the same time during the 7 days (9:00 am). Euthanization was 
done in the morning on the 8th day by using diethyl ether. Eight 
mice were sacrificed by cervical dislocation after anesthesia. 
Preparation of DSS Working Solution
The 3% solution of DSS was prepared daily by dissolving 1.68 
g of DSS in 56 mL distilled water (DW).
Preparation of Cinnamic acid Working Solution
For a dose of 50 mg of cinnamic acid, the stock solution was 
prepared as suspension with 100 mg of poloxamer.34 The 
solution was then given to each mouse for seven day. A dose 
of 50 mg/kg (about 0.1 mL of the solution according to animal 
weight) was given orally by using a 1-mL syringe for each 
mouse for seven consecutive days.35

For a dose of 25 mg of cinnamic acid, the stock solution 
was prepared by as suspension with 100 mg of poloxamer. The 
solution was then given to each mouse for seven day. A dose 
of 25 mg/kg (about 0.1 mL of the solution according to animal 
weight) was given orally by using 1mL syringe for each mouse 
for seven consecutive days.
Isolation of the Colon
After euthanization on the 8th day, the colon was isolated and 
divided into three parts: the middle part was used for tissue 
homogenate to examine Antioxidant parameters, and the distal 
part was used for histopathological analysis. 
Preparation of Colon Homogenate
The colon (distal part) has been washed and isolated using 
chilled phosphate buffer saline solution (PBS, pH 7.4) at 4 C 
to remove debris and excess blood. It was then weighed and 
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dried with filter paper. Each 100 mg of tissue was then placed 
in an Eppendorf tube containing 0.9 mL of chilled PBS.

The colon tissue was homogenized using a machine known 
as a homogenizer at speed three. After it was placed in an ice-
filled beaker, the tissue was kept cold to prevent it from melting. 
The homogenate was then centrifuged at a temperature of 
4℃ and 3,000 rpm for 20 minutes. The supernatant was then 
isolated using a micropipette and stored at -20℃ until the day 
of analysis.
Histopathological Examination of Colon Tissue
The distal colon was isolated and washed with normal saline. 
Tissue fixation was done by immersing the colon tissue in 
10% formalin followed by a water bath. The colon was then 
dehydrated using increasing consecutive strengths of ethanol 
each 1-minute. The colon was then cleaned with xylene to 
eliminate alcohol and to provide the colon with some degree 
of transparency, then, the tissue was saturated with paraffin 
wax, heated, and blocked by pouring in embedded models. 
Blocks were cut by microtone into 5 μm, thick sections, washed 
in water bath, tissue was left in the oven for dewaxing, then 
stained with hematoxylin and eosin, and then examined using 
a light microscope by a pathologist.36 
Measurement of Various Colon Injury Related 
Parameters

Quantitative Analysis of Total SOD
The paper presents the concept of the colorimetric method, 
a method of analysis involving the production of superoxide 
anion free radical (O2•-) by the xanthine and the xanthine 
oxidase reaction systems. Under the reaction of a developer, 
the O2•- oxidizes to form nitrite and turns purple. When the 
samples are analyzed with SOD, the superoxide anion free 
radical can be prevented using a spectrophotometer with a 
detection range of 4.7–166 U/mL.37

Quantitative Analysis of MDA
The kit included in this paper shows the level of lipid peroxidation 
and cellular damage that can be reflected in the content of 
the MDA. Through the use of the colorimetric method, the 
content of the MDA can be analyzed and detected. In the case 
of the lipid peroxide, the MDA can react with thiobarbituric 
acid and produce a red compound with an absorption 
peak of 532 nm. This compound can be produced using 
a spectrophotometer with a detection range of 0.38 to 133.33.38

Quantitative Analysis of CAT
The purpose of the colorimetric method is to analyze the 
reaction that occurs when catalase breaks down H2O2. After 
the ammonium molybdate has been used, the residual H2O2 
reacts with ammonium molybdate to generate yellow complex. 
The activity of the CAT can be calculated by the output of the 
yellow complex, which is 405 nm, using a spectrophotometer 
with a detection range: 0.27–155.4 U/mL”.39

Statistical Analysis
The data were analyzed using IBM SPSS statistics v25, means 
of groups were compared using one-way ANOVA followed by 

Post hoc (Tukey). All data are expressed as mean ± standard 
deviation SD and were considered as significant when the 
p-value < 0.05.

RESULTS
The effect of cinnamic acid administration on antioxidant 
markers in colon tissue homogenate for DSS-induced ulcerative 
colitis in mice is presented in Table 1 and Figures 1-3, which 
showed a significant decrease (p < 0.05) in total SOD levels, 
catalase level and significantly increased (p < 0.05) MDA level 
after DSS administration as compared with the distilled water 
control group. The pretreatment with cinnamic acid at a dose 
of 50mg/kg produced a significant increase (p < 0.05) in total 
SOD level, CAT level, and a significant reduction in MDA 
level as compared with the DSS model group. Furthermore, 
pretreatment with cinnamic acid 25 mg/kg also produce a 
significant reduction (p < 0.05) in total SOD levels, CAT levels, 
and a significant reduction in MDA levels as compared to the 
DSS model group.
Histopathology
Regarding the histological assessment of colon tissue for DSS-
induced UC in mice, histological examination with hematoxylin 
and eosin (H and E) stain, the pathological changes in the colon 
tissue samples were examined in a blinded manner under 
an electronic microscope at x40 magnification for epithelial 
injury and infiltration of inflammatory mast cells. Figure 4A 
illustrates that the control group section shows a very small 

Figure 2: Effect of cinnamic acid on MDA levels in colon tissue 
homogenate for DSS-induced UC in mice.

Figure 1: Effect of cinnamic acid on total sod levels in colon tissue 
homogenate for DSS-induced UC in mice.
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number of inflammatory cells. At model DSS group section 
(Figure 4B) shows severe inflammatory cell infiltration, intact 
surface epithelium, colonic crypts, stroma, and submucosa 
in the control group contrary to branched crypts, cryptitis, 

decreased numbers of crypts and goblet cells, infiltration 
of inflammatory cells, and extensive submucosal. DSS with 
cinnamic acid 25 mg/kg group (Figure 4D) section showing 
mild inflammatory cells infiltration, and slight sloughing of 
surface mucosal epithelium. At (DSS + cinnamic acid 50 mg/kg)  
group (Figure 4C) section look like normal. Cinnamic acid 
50 mg/kg only treatment section (Figure 4E) shows mild 
inflammatory cells infiltration. 

DISCUSSION
Cinnamic acid has been investigated for its possible beneficial 
effect on the colon and more specifically in the treatment of UC. 
As it was found its effect in the reduction of oxidative stress 
and epithelial cell damage prevention during the UC by either 
inhibition of lipid oxidation or their scavenging effect on free 
radicals such as superoxide anion.40,41

The induction of inflammation in the colon of animals has 
been used as an effective approach for studying the causes of 
IBD and developing new drugs. The sulfated polysaccharide 
DSS can disturb the epithelial cell barrier by affecting DNA 
replication, inhibiting epithelial cell overgrowth, activation of 
macrophages, increasing the release of cytokines, and breaking 
the balance of gut microflora.42

The activation of Th1 in acute phase of DSS-induced colitis 
is usually followed by activation of Th2 in the chronic phase. 
The tissue damage caused by this disease was mainly due 
to the presence of large amounts of IL-6 and TNF- α.43 The 
pathological changes caused by this condition are similar to 
those seen in humans UC.42,43

Until now, no studies have been performed to determine 
the protective effect of cinnamic acid on DSS-induced UC. The 
colon morphological analysis of our experiment showed that 
the development of UC induced by DSS administration had 
been attenuated by cinnamic acid administration, assuming 
its antioxidant. Besides, biochemical analyzes were carried 
out to support the clinical study.

The immunological response caused by free radicals 
and the environment-induced damage are the main factors 
contributing to UC’s development, in addition to genetic and 
oxidative stress. Other studies also suggest that the damaging 
effects of oxidative stress on the intestine play a major role and 
lead to UC’s development.44 As a result, effective Antioxidant 
therapy will be an important way to treat UC.45,46 As a 
substance, SOD is known to be an effective antioxidant. It can 

Figure 3: Effect of cinnamic acid on catalase levels in colon tissue 
homogenate for DSS-induced UC in mice.

Figure 4: Effect of cinnamic acid-induced pathological colon changes. 
Red arrow: mucosa. Black arrow: sloughing of tissue (UC).

(a) (b) 

 

(c) (d)

(e)

Table 1: Effect of cinnamic acid administration on antioxidant markers in colon tissue homogenate for DSS-induced UC in mice

Group Level of total SOD (U/mg protein) Level of MDA (nmol/mg protein) Level of catalase (U/mg 
protein)

Control group (n=8) 73.71± 8.16 184.25 ± 65.66 71.43 ± 8.52
DSS group (n=8) 18.49 ± 9.18* 413.65 ± 74.83 * 27.03 ± 18.54 *

DSS group + cinnamic acid 50 mg/kg (n=8) 76.17 ± 16.75 # 280.52 ± 84.98 # 73.33 ± 12.94 #

DSSgroup+cinnamicacid 25 mg/kg (n=8) 100.90 ± 21.43 # 266.080 ± 86.35# 89.21 ± 20.13 #

cinnamic acid 50 mg/kg (n=8) 72.42 ± 17.05 181.87 ± 29.96 70.50 ± 13.16
Each value is presented in (mean ± SD). * is significantly different compared with the control group (p<0.05). # is significantly different compared 
with the DSS group (p<0.05).
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help the body remove free radicals from the environment and 
prevent them from wreaking further damage.47

In this study, the administration of DSS to the mouse 
resulted in UC evidenced by a significant increase in MDA 
level while causing a significant decrease in total SOD and 
CAT level which induced ulcerative colitis as compared to 
the control group. 

The overproduction of ROS by ulcers has been linked to 
various diseases, such as atherosclerosis and cancer. This can 
also lead to colonic inflammation. In addition, the nitrogen 
species that are commonly used to attack DNA and tissue 
proteins can also lead to lipid peroxidation, which can affect 
antioxidant cellular capabilities.48-50 The main components 
of an antioxidant defense against the production of ROS are 
either enzymatic like the SOD, glutathione peroxidase (GPx), 
and the CAT or non-enzymatic like glutathione.51   

This study used DSS solution to induce UC as the DSS 
causes predominant tissue injury. In the comparison of the 
colonic tissue in the control group and the DSS induction group, 
MDA levels were elevated in the DSS induction group, as a 
result, the DSS solution was causing an increase in MDA due 
to oxidative stress in colonic tissue. MDA is the toxic product 
of lipid peroxidation secreted due to the toxic effects of active 
free oxygen radicals. It reflects the level of lipid peroxidation 
in the tissue; therefore, it is commonly used as a marker of lipid 
peroxidation.52 Elevated MDA levels and lipid peroxidation 
in IBD and DSS induction groups have also been reported in 
other studies similar to this study.53-55

The properties of cinnamic acid as an antioxidant have 
been determined by its ability to inhibit the production of lipid 
oxidation and its scavenging activities against free radicals, 
such as superoxide anion.40,56 The present study showed that 
cinnamic acid ameliorated the UC induced by DSS, evidenced 
by a significant decrease in the level of MDA level while 
causing a significant increase in total SOD and CAT levels. 

“There are three mechanisms for antioxidant properties 
are reported in cinnamic acid during free radical scavenging. 
The first one involves a hydrogen atom being abstracted from 
the antioxidant by the radical. The second step involves the 
formation of a radical cation ArOH+_through the transfer 
of an electron to the free radical from the antioxidant and 
the deprotonation yielding ArO radical and ROH. In the 
last step, the phenolic compound is deprotonated and there 
is an electron transfer from the phenoxide anion to RO to 
yield phenoxyl radicals”.57 Studies have shown that the 
development of oxidative stress is caused by the imbalance 
between the prooxidant and the antioxidant systems toward 
the prooxidant system due to the excessive production of free 
oxygen radicals.58

SOD and CAT are other antioxidant markers that were 
measured in this study. Their levels decreased in the DSS 
induction group compared to the other groups. Both are 
endogenous antioxidants,59 that protect cells from cytotoxic 
free oxygen radicals. “SOD is an important enzymatic 
antioxidant that plays a part in converting oxygen radicals into 

H2O2. H2O2 is subsequently detoxified by CAT and is converted 
into H2O and O2 molecules. Oxidative damage can be caused 
due to the release of ROS in IBD that disrupts the antioxidant 
system during mucosal inflammation. Decreased antioxidant 
levels have been revealed in patients with UC”.60,61

The findings of this study support the idea that the injury 
caused by the presence of ROS in the tissue of patients with 
UC is a mechanism by which the antioxidant system weakens. 
It also shows that it significantly increases lipid peroxidation 
in the tissue.62

The study revealed that the treatment with cinnamic acid 
significantly decreased the levels of DSS-associated oxidative 
stress. This finding supports the idea that the use of this 
substance could be used as a potential therapy for patients 
with UC.
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