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Excessive n-6 polyunsaturated fatty acids (PUFA) and inadequate n-3 PUFA 

have been associated with enhanced risks for developing ulcerative colitis (UC). 

In rodent models, n-3 PUFAs have been shown to either attenuate or exacerbate 

colitis in different studies. However, little information is available concerning the 

in vivo effects of these fatty acids on proinflammatory mediators. The aim of this 

study was to examine the effect of fish and corn oils mixture (FO/CO) on dextran 

sulfate sodium (DSS)-induced colitis in rats. Anti-inflammatory activity was 

assessed by colonic myeloperoxidase (MPO) and serum alkaline phosphatase 

(ALP) activities. Expression of inflammatory related mediators (iNOS, NF-κB 

and STAT-3) and cytokines (TNF-α and IL-10) in serum were assessed. Our 

results demonstrated that FO/CO mixture has anti-inflammatory properties by the 

reduced ALP and MPO activities. In addition, administration of FO/CO mixture 

for four weeks resulted in a decrease of inflammatory mediators; iNOS, NF-κB 

and STAT-3 accompanied with an increase of IL-10 level. Histopathological 

finding supported the obtained biochemical data. Therefore, administration of 

FO/CO mixture exerts the anti-inflammatory activity in rat model of DSS-

induced colitis by inhibiting TNF-α, iNOS, STAT-3 and NF-κB pathway 

associated with enhancement of IL-10. 

Keywords: 
Ulcerative colitis; 

FO/CO oils mixture; 

TNF-α; 

IL-10; 

NF-κB; 

STAT-3. 

Introduction 

Ulcerative colitis (UC) is a subtype of the inflammatory 

bowel diseases (IBD) that affect gastrointestinal tract. 

UC causes chronic and remitting inflammation mainly in 

the mucosa and submucosal layer of the colon and 

rectum. The disease is characterized by impairment in 

intestinal integrity, accompanied by increase in 

inflammatory cells infiltration with increased production 

of pro-inflammatory mediators that are associated in 

further inflammation that may developed in long chronic 

cases into colon rectal cancer 
[1]

. The exact mechanism 

of disease pathogenesis is not fully elucidated yet, as 

many factors are associated, thus, it is thought to be a 

multifactorial disease, which make it difficult to found a 

strong specific treatment for it 
[2]

. 

Increasing attention has been given to the role of diet 

and the increasing intake of n-6 polyunsaturated fatty 

acids (PUFA) in the modern diet to the increased 

incidence of the disease, the unbalanced ratio of (n-6: n-

3) that has been found in modern diet has been linked to 

be  one  of  the  factors  that  increased  the  risk  of  the  

 inflammatory diseases including UC 
[3]

. 

It was reported that fish oil is rich in omega 3 fatty acids 

(n-3 FA) that exert a potent anti-inflammatory and 

antioxidant effect via reduction of pro-inflammatory 

mediators; tumor necrosis factor alpha (TNF-α); 

myeloperoxidase (MPO) and inducible nitric oxide 

synthase (iNOS); as well as down regulating the 

expression of the transcription factors, nuclear factor 

kappa-B (NF-κB) and signal transducer and activating 

transcription (STAT-3). Unlike fish oil, corn oil is rich in 

omega 6 fatty acids (n-6 FA) that is highly found in 

modern diet, which plays a pro- inflammatory role in 

many inflammatory diseases 
[4]

. 

Therefore, the present study was conducted to elucidate 

the intestinal anti-inflammatory mechanism of corn oil, 

with fish oil– derived (n-3) PUFA in ratio 1: 2.5 

respectively, in the DSS model of rat colitis; an 

experimental model of intestinal inflammation that has 

some histological and biochemical features of the human 

disease 
[5]

. Special attention was paid to the effects 

exerted by these lipid manipulations on the production of 

some of the mediators involved in the inflammatory 

response.  
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Materials and methods 

Chemicals and reagents 

Fish oil (FO) (density = 0.93 g/ml at 25 °C), corn oil 

(CO) (density = 0.9 g/ml at 25 °C) and dextran sulphate 

sodium (DSS) (average molecular weight >500,000) 

were obtained from Sigma Chemical Co., Nasr City, 

Cairo, Egypt. All other chemicals and reagents used in 

this study were of analytical grade. 

Animals 

Pathogen-free adult male Swiss albino rats weighing 

200±20g obtained from the Nile Pharmaceutical Co., 

Cairo, Egypt, were housed in standard plastic cages. The 

rats were naïve to DSS and fish oil/corn oil. Rodents were 

maintained with free access to standard laboratory pellet 

chow and water ad libitum. Rats were kept in the 

laboratory under controlled conditions of temperature 

(27±2
0
C) and humidity (60±5%) with 12h light/12h dark 

cycles in well ventilated cages. All the experimental 

procedures were carried out according to the principles and 

guidelines of the Ethics Committee of the National 

Research Centre conformed to “Guide for the care and use 

of laboratory animals” for the use and welfare of 

experimental animals, published by the US National 

Institutes of Health (NIH publication No. 85–23, 1996). 

Experimental design 

The rats were acclimatized for 7 days and then separated 

into four groups each of six rats. 

Groups are: group (1):control group, group (2) DSS group, 

rats fed 5% (w/v) DSS in their drinking water for 8 days, 

according to Stucchi et al., 
[6]

, group (3): FO/CO group, 

the animals of this group were given FO/CO mixture in 

ratio 2.5:1 for four weeks (0.5 ml of FO/CO 

mixture/day/rat) by oral gavage, group (4): DSS + FO/CO 

group, rats were fed 5% (w/v) DSS as in group 2 then 

orally administrated FO/CO mixture as in group (3). At the 

end of the experiment, the rats, which were food deprived 

for 24 h, were anesthetized by light ether. Thoracotomy, 

cardiac puncture and exsanguination were then performed. 

Blood samples were collected and serum were separated 

and stored at -20C
0
 pending analyses. A midline abdominal 

incision was performed in each animal and colon were 

collected terminally from rats in different groups, flushed 

with sterile phosphate-buffered saline and dried carefully. 

Biochemical assays 

Alkaline phosphatase (ALP) activity in serum was 

determined as described by Young et al. 
[7]

, using a kit 

purchased from Biometra Co. (Egypt). Colonic 

myeloperoxidase enzyme (MPO) was detected through 

colorimetric assay by Northwest NWLS (USA) 

according to Kettle and Winterbourn 
[8]

. Levels of 

tumor necrosis factor α (TNF-α) and interleukin 10 (IL-

10) in distal colon were determined by using the 

corresponding ELISA kit following protocols provided 

by the manufacturers Boster (USA). 

Western immunoblotting  
Colon tissue proteins were extracted using TRIzol 

reagent, and protein concentrations were quantified by 

Bradford method 
[9]

. Twenty µg of protein per lane were 

separated  with  10%  SDS-PAGE  and  transferred  onto 

 PVDA membranes. The membranes were incubated at 

room temperature for 2 h with blocking solution 

comprised of 5% nonfat dried milk in 10 mM Tris-Cl, 

pH 7.5, 100 mM NaCl, and 0.1% Tween 20, then 

incubated overnight at 4°C with the primary antibodies 

towards ERK and PI3K with β-actin as loading control. 

After washing three times in 10 mM Tris-Cl, pH 7.5, 100 

mM NaCl, and 0.1% Tween 20, membranes were 

incubated with the secondary monoclonal antibodies 

conjugated to horseradish peroxidase at room 

temperature for 2 h, and then membranes were washed 

four times with the same washing buffer. Mmembranes 

were developed and visualized by chemiluminescence 

using Amersham detection kit according to the 

manufacturer’s protocols, then exposed to X-ray film. 

Primary and secondary antibodies were purchased from 

Cell Signaling Technologies, USA. Quantification of 

STAT-3 protein was performed by densitometric 

analysis of the autoradiograms using a scanning laser 

densitometer (Biomed Instrument Inc., USA). Results 

were expressed as arbitrary units after normalization for 

β-actin. 

Detection of inducible nitric oxide synthase and 

nuclear factor kappa B by quantitative real time PCR 

(qRT-PCR) 

1. RNA Isolation and Reverse Transcription 
To investigate the changes in mRNA expression for (NF-

κB) and inducible nitric oxide synthase (iNOS) 

according to Pfaffl 
[10]

, total RNA was isolated from 

100mg colon using TRIzol reagent in accordance to the 

manufacturer’s instructions (Life Technologies, USA). 

RNA integrity was confirmed by 1% agarose gel 

electrophoresis and stained with ethidium bromide. First 

strand ccomplementary DNA (cDNA) synthesis was 

performed with reverse transcriptase (Invitrogen) 

according to the manufacturer’s protocol using 1µg of 

total RNA as the template. 

2. Quantitative Real-time polymerase chain reaction 

(qRT-PCR) 
RT-PCRs were performed in a thermal cycler step one 

plus (Applied Biosystems, USA) using Sequence 

Detection Software (PE Biosystems, CA) according to 

Pfaffl 
[10]

. A reaction mixture of total volume 25μl 

consisting of 2X SYBR Green PCR Master Mix 

(Applied Biosystems), 900 nM of each primer and 2μL 

of cDNA. The sequences of PCR primer pairs used for 

each gene are as follows, NF-κB: Forward: F: 5’-

GCTTACGGTGGGATTGCATT-3’, Reverse: R:5’-

TTATGGTGCCATGGGTGATG-3’, iNOS: Forward: 5′-

GGG CCA CCT TTA TGT TTG TG-3′, Reverse: 5′-

CCG GTG GGT TTC TTC TTC TTG AA-3′, β-actin: 

Forward: 5′-ATG GGA GTT GCT GTT GAA GTC A-

3′, Reverse: 5′-CCG AGG GCC CAC TAA AGG-3′. The 

PCR thermal-cycling conditions included an initial step 

at 95°C for 5 min; 40 cycles at 95°C for 20s, 60°C for 

30s, and 72°C for 20s. Curve analysis was performed at 

the end of the reaction. The data were normalized using 

the β-actin gene that was amplified in each set of PCR 

experiments. 
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Relative expression of target mRNA was calculated 

using the comparative Ct method of Pfaffl 
[10]

. Each 

experiment was performed in triplicate in two 

independent experiments. 

Histopathological assessment 
Entire colons were stored in histology cassettes 

immersed in 10% neutral buffered formalin and fixed in 

10% formal saline for 24 hours. Washing was done in 

tape water then serial dilutions of alcohol (methyl, ethyl 

and absolute ethyl) were used for dehydration. 

Specimens were cleared in xylene and embedded in 

paraffin at 56 degree in hot air oven for 24 hours. 

Paraffin bees wax tissue blocks were prepared for 

sectioning at 4-micron thickness by slide microtome. 

The obtained tissue sections were collected on glass 

slides, deparaffinized and stained by hematoxylin and 

eosin (H&E) stain for routine examination through the 

light electric microscope. 

Statistical analyses 

All data were expressed as the mean ± SE. One-way 

analysis of  variance  (ANOVA)  with  Least  Significant  

 Difference (LSD) was used to test for differences in 

means of variables between groups. A probability of 

P<0.05 was considered significant. All data were 

analyzed by Statistical Package for Social Science 

(SPSS) version 20 for Windows (SPSS
® 

Chicago, IL, 

USA) software program. 

Results  

Biochemical analyses 
Treatment of animals with DSS induced ulcerative colitis 

throughout the significant increase in colonic activity of 

MPO, serum ALP activity and colonic TNF-α level with 

the concomitant significant decrease in the colonic IL-10 

level in comparison with both controls and FO/CO 

treated groups. Administration of FO/CO showed 

statistically significant improvement versus the colitis 

group (Fig. 1). 

Western immunoblotting 

DSS treatment induced marked significant higher level 

of the signal transducer and activator of transcription-3: 

STAT-3. Administration of FO/CO showed statistically 

significant improvement versus the colitis group. 

 

 

 

  

  

Fig (1): ALP, MPO, IL-10 and TNF-α level in different groups compared with controls. Each column represents 

mean ±SE (n=6). 
a
 P<0.05 compared to control; 

b
 P<0.05 compared to colitis group. 
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STAT-3 

 

 

β-actin 

 

         Control                Colitis                 FO/CO       Colitis +FO/CO 

 

  

 

Fig (2): Western immunoblotting analysis of STAT-3 protein expression. Each bar represents mean ± SE; 
a
 P<0.05 

compared to control; 
b
 P<0.05 compared to DSS group. 

 

 

qRT-PCR for NF-κB and iNOS 

Expressions of NF-κb and iNOS genes were analyzed by 

RT-PCR. The transcript levels of NF-κB protein and 

iNOS genes were significantly higher in DSS-treated 

group (Fig. 3) in comparison with controls. In the 

treatments using FO/CO only, this transcript did not 

show any significant difference in the levels from 

controls. However, after treatment of colitis with 

FO/CO, the transcript level of these genes was 

significantly lower than that in the DSS-treated animals. 

Histopathology 

Colon tissues either for control or FO/CO rat groups 

showed no histopathological alteration and normal 

histological structure of the mucosa (Fig. 4A & C). 

Colon tissues with DSS treatment group showed 

massive numbers of inflammatory cells infiltration in 

the mucosa and underlying submucosa (Fig. 4B). In 

Colitis + FO/CO group, colon tissues showed few 

inflammatory cells infiltration in the lamina propria of 

the mucosal layer (Fig. 4D). 

Discussion 

The current study was conducted to understand the anti-

inflammatory action of FO/CO on the inflammatory 

mediators in DSS induced ulcerative colitis (UC). This 

colitis model is widely applied for screening of drugs for 

treatment of UC because of its high similarity to human 

UC; also DSS-induced colitis is one of the most suitable  

 experimental models 
[5]

. 

A previous study has demonstrated the importance of 

modulating the ɷ-6: ɷ-3 ratio to obtain beneficial effects 

rather than simply reducing ɷ-6 PUFA levels 
[11]

. The 

study conducted by Kansal et al. 
[12]

 has demonstrated 

that FO/CO (2.5:1) has better chemo-preventive efficacy 

as compared to FO/CO (1:1) in experimentally induced 

colon cancer. Accordingly, in the present study, we 

administrated FO/CO oils in ratio of 2.5:1 respectively in 

induced colitis. 

In this model of DSS induced colitis, intestinal 

inflammation has been proved biochemically by 

increasing in colonic MPO and serum ALP activities. 

MPO is an enzyme found in neutrophils and monocytes, 

its activity is considered as a marker of neutrophil 

infiltrations into the colon, upon activation, MPO is 

released and catalyzes the formation of potent oxidants 

that contribute to tissue damage 
[13]

. In consistent with 

reports by Barros et al. 
[14]

 and Nagib et al. 
[15]

, 

significant increase in MPO activity after DSS 

administration has been shown in this study, suggesting 

the recruitment of leukocytes. Similarly, ALP is an 

enzyme which has been used to determine the degree of 

injury and inflammation in intestinal tissues 
[16]

 also has 

been increased, a result related to the results of 

Camuesco et al. 
[11]

. 
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Inflammation was also assessed by measuring pro-

inflammatory mediators, such as inflammatory 

cytokines and chemokines that are further controlled by 

the activity of transcriptional factors. In UC, immune 

cells including T lymphocytes and macrophages secrete 

inflammatory cytokines in the inflammation site. These 

activated cells modulate the balance between pro- and 

anti-inflammatory cytokines. In the present study, DSS 

caused overproduction of mediators involved in 

intestinal inflammatory response TNF-α, iNOS and 

transcription factors (NF-κB and STAT-3) that 

contributed in exacerbation of inflammatory process, 

while inhibited production of anti-inflammatory 

mediator (IL-10) that control the inflammatory process. 

Many studies had demonstrated the role of IL-10 in 

maintenance of epithelial homeostasis. IL-10 is an 

immunoregulatory cytokine that influence both innate  

 
and cell-mediated immune response 

[17]
. 

An increase in transcription factor NF-κB activity that 

has been demonstrated in this study has been linked to 

increased levels of inducible nitric oxide synthase 

(iNOS) used as indicative parameter for increased level 

of oxidative stress. It is believed that iNOS levels 

increase during chronic inflammation as a consequence 

of oxidative stress process and the further release of 

reactive oxygen species (ROS). Continuous exposure to 

(ROS) may cause damage in the epithelial cells DNA, 

triggering the appearance of genetic mutations and 

initiating colorectal carcinogenesis 
[18]

. Previous studies 

also reported that TNF-α and iNOS increase during DSS 

treatment and during intestinal inflammation and this 

increase was thought to be associated to many symptoms 

of UC and may contribute to the damage occurring in 

mucosal and submucosal cells of intestine 
[17, 18]

. 
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             Control                             Colitis                          FO/CO                       Colitis +FO/CO 

Fig (3): Effect of FO/CO upon DSS- induced alteration in mRNA expression of NF-κb and iNOS expressed as 

relative quantification compared to the control group assigned a value of unity using quantitative RT-PCR analysis. 

Each bar represents mean ± SE. 
a 
P<0.05, 

b 
P<0.05 compared to DSS group. 
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(A) 

 
(B) 

 
(C) 

 
(D) 

Fig (4): Photomicrographs of colon specimens stained with haematoxylin and eosin showing: 

(A) The normal histological structure of the mucosa (mu) was recorded in normal rats. (B) Massive numbers of 

inflammatory cell infiltrations were detected in the mucosa and underlying submucosa in colitis rats. (C) No 

histological alteration in FO/CO administrated rats. (D) Few inflammatory cell infiltrations were noticed in the 

lamina propria of the mucosal layer in Colitis + FO/ CO. 

 

 

 

The role of STAT3 in intestinal inflammation is being 

supported by the fact that activated STAT3 has been 

found in human inflammatory bowel disease and animal 

colitis models 
[19]

.  High STAT3 activity and expression 

have been shown to correlate with disease activity in 

patients with IBD. Hence, there is a special interest in 

targeting STAT3 for the treatment of IBD 
[20]

. A study 

by Musso et al. 
[21]

 has proved that activated STAT3 is 

present in the mucosa of UC patients which indicate that 

it is critically involved in gut inflammation and may 

become a novel therapeutic target. Consistent with 

previous study 
[22]

, we observed an increased expression 

of STAT-3 in DSS-induced rats. 

On the other hand, in this study, administration of 

FO/CO mixture had showed an anti-inflammatory effect 

approved by significant decrease in activity of pro-

inflammatory markers; TNF-α, MPO and iNOS and 

inhibition  in  the  activity  of  NF-κB.  These   findings  

 are in agreement with a previous study reporting 

attenuation in inflammatory markers levels as an effect 

of fish oil in induced colitis model 
[23]

. The results also 

indicated the significant beneficial effect of FO/CO oils 

in association with reduced STAT3 activation in UC-

induced rats. One mechanism to explain the effect of n-3 

FA in mixture with n-6 FA is the competition role of fish 

oil that prevents conversion of arachidonic acid (AA) to 

pro-inflammatory eicosanoids by the cyclooxygenase or 

lipoxygenase enzymes when (EPA) and (DHA) replace 

(AA) and inhibit production of pro-inflammatory 

mediators 
[24]

.  

In conclusion, FO/CO oils significantly modulate MPO 

activity and reduce iNOS level. In addition, FO/CO oils 

decreased the secretion of proinflammatory cytokine; 

(TNF-α), and increased the secretion of anti-

inflammatory cytokine, (IL-10); FO/CO oils were also 

found to interrupt NF-κB and STAT-3 pathways. 

 

mu mu 
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