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ABSTRACT
Objective: Treatment of inflammatory bowel disease (IBD) usually involves medical therapy. For this reason, it is recommended to seek 
alternative treatment methods such as nutritional therapy. The aim of the study is to evaluate the effects of probiotics and omega-3 fatty acids 
on total oxidant and total antioxidant levels in an experimental colitis model.

Methods: Mice were randomly divided into five groups (n= 10/group) as healthy group, colitis group, group treated with probiotics (VSL#3), group 
treated with omega-3 (w-3), and group treated with both probiotics and omega-3. To induce experimental colitis, 200 mg/kg dinitrobenzene 
sulfonic acid (DNBS) + 30% ethanol combination was rectally administered to anesthetized mice. Total oxidant (TOS) and total antioxidant (TAS) 
levels were measured at the tissue level.

Results: Lower concentrations of TOS were observed in the probiotics groups (2.11±0.23 mmol H2O2 Eq/L), probiotics+omega-3 (2.56±1.18 
mmol H2O2 Eq/L), and omega-3 (3.02±1.88 mmol H2O2 Eq/L) groups compared to the colitis group (3.11±0.91 mmol H2O2 Eq/L) (p>0.05). 
Higher TOS and TAS level were observed in the control colitis group compared to other groups; however, the differences were not statistically 
significant.

Conclusion: Our findings showed that TAS and TOS levels were positively affected by the use of probiotic supplements in IBD. It was determined 
that using w-3 alone was ineffective in decreasing TOS levels. Studies with higher dosages and longer treatment periods are needed to better 
observe the effects of nutritional supplements on TOS and TAS parameters in inflammatory bowel diseases.
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The Effect of Probiotic and Omega-3 Supplements on Total 
Oxidant and Total Antioxidant Levels in Experimental Colitis

1. INTRODUCTION

Inflammatory bowel disease (IBD) is a systemic disease with 
an unknown etiology, believed to arise from the interaction 
between genetic, environmental and intestinal immune 
factors (1). It is suggested that IBD is caused by an imbalance 
between pro-oxidant and antioxidant mechanisms (2). 
Excessive production of oxygen-derived free radicals 
creates a negative effect on various biological systems (3). 
Inflammation is directly related to oxidative stress. Conditions 
such as the increase in the production of free radicals, the 
inefficacy of the antioxidant defense system cause oxidative 
stress by disturbing this balance (4,5). Oxidative stress is 
defined as a condition that causes damage to the organism 
as a result of the deterioration of the balance between 

oxidants and antioxidants. It can also occur as a result of an 
increase in the amount of reactive hydrogen and nitrogen 
species (RONS) formed by the activation of phagocytic cells. 
(6,7). Substances produced by oxidative damage are defined 
as oxidative stress markers. Malondialdehyde (MDA), the 
final product of lipid peroxidation, is one of these substances 
(8,9). Lipid peroxidation caused by hydroxyl and superoxide 
radicals is the key reaction that damages the intestinal mucosa 
(10). Various animal models and human studies reveal an 
inverse relationship between antioxidant (AOX) enzyme 
(11,12) and MDA levels (13). There are many markers used 
for the evaluation of oxidative stress and antioxidant status 
(14). However, measuring these markers separately is both 
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time-consuming and expensive (15). Consequently, in recent 
years total oxidant level (TOS) (16) and total antioxidant level 
(TAS) have been measured (17).

Treatment of inflammatory bowel disease (IBD) usually 
involves medical therapy and aggressive therapeutic 
applications are recommended to control inflammation 
(18). The drugs used can pose a risk to the patient as it can 
trigger the development of opportunistic infections (19). As 
a result, it is recommended to seek alternative treatment 
methods such as nutritional therapy or nutritional support 
(20). Probiotics are living microorganisms that have a health 
benefit to the host when taken in sufficient amounts. It 
was shown that probiotics, especially bifidobacteria, affect 
cytokine release and reduce mucosal inflammation in IBD 
animal models (21,22). It is known that w-3 fatty acids, 
which are among long-chain fatty acids, have strong anti-
inflammatory properties (20). The aim of this study is to 
evaluate the effects of probiotics and w-3 fatty acids on total 
oxidant and total antioxidant levels in an experimental colitis 
model.

2. METHODS

2.1. General Plan of the Study

In this study, BALB/c mouse (n=50, aged 6-8 weeks) with 
weights ranging from 20-30 g were used. The mice were given 
ad libitum fresh drinking water and standard laboratory chow, 
in a room where the temperature was 21±2oC’. Their natural 
night-day cycle was protected. Mice were randomly divided 
into five groups (n= 10/group) as healthy (non-colitis) group, 
colitis group, group treated with probiotics (colitis induced 
mice treated with probiotics), group treated with omega-3 
(colitis induced mice treated with w-3), group treated with 
probiotics+omega-3 (colitis induced mice treated with both 
probiotics and w-3). Some of the mice died during the study 
due to diarrhea, aspiration, etc. Analysis was conducted on 29 
remaining mice. Ethical Committee approval was taken from 
Istanbul Medipol University Animal Experiments Local Ethical 
Committee dated 05/12/2014, numbered 38328770/83.

2.2. Experimental Colitis Model

The mice were not given any food, they were only given free 
access to water 24 hours before the experiment. Anesthesia 
was intraperitoneally injected at a dose of 80 mg/kg 
ketamine hydrochloride (Ketalar, Parke Davis ve Eczacibasi, 
Istanbul) and 10 mg/kg xylazine hydrochloride (Rompun, 
Bayer HealthCare). A mixture of 2-6 mg (200 mg/kg) of 
dinitrobenzene sulfonic acid (DNBS)+30% ethanol was given 
rectally to mice under anesthesia to create experimental 
colitis, except for the healthy group (23). Phosphate-buffered 
saline (PBS) was given to the healthy group under the same 
conditions. Figure 1 shows the protocol of DNBS-induced 
colitis.

2.3. Nutritional Supplementation

Ten days after colitis induction, the groups received 
probiotics, w-3, probiotic plus w-3 , or PBS alone (control 
non-colitis and control colitis groups) for ten days (day 14-
23). The VSL#3 probiotic mixture was prepared daily for ten 
days, dissolved in 200 mL drinking water and administered 
intragastrically to the probiotic and probiotic plus w-3 
groups. VSL#3 is a mixture of one billion CFU of freeze-dried 
probiotics in one capsule, consisting of eight bacterial strains 
including three strains of bifidobacteria (B longum, B infantis, 
and B breve), four strains of lactobacilli (L acidophilus, L 
paracasei, L delbrueckii subsp. bulgaricus, and L plantarum), 
and Streptococcus salivarius subsp. thermophilus (Sigma-Tau 
Pharmaceuticals (Gaithersburg, MD, USA). Additionally, mice 
in the w-3 and probiotic plus w-3 groups received a 300 mg/
kg dose of w-3 fatty acids intragastrically for ten days. The 
w-3 is a soft gel form of w-3 containing 504 mg EPA and 378 
mg DHA per capsule (Omega 950, Solgar, Turkey, Inc).

2.4. Collection of Samples

Mice were sacrificed by cervical dislocation, the rectum was 
removed with median laparotomy and gently cleaned with 
normal saline. The longitudinally divided colon segment was 
maintained at – 80oC for determination of total oxidant and 
total antioxidant levels.

2.5. Tissue Homogenization

Colon material, obtained by the sacrification of experimental 
animals, was weighed, and RIPA (Santa Cruz) solution was 
added per sample for lysis at 2 times the mass observed 
in the weighing; the added RIPA solution also contains a 
protease inhibitor cocktail. In the next stage, the tissues were 
subjected to mechanical decomposition manually on the ice. 
Then samples were centrifuged for 30 minutes at 14,000 rpm 
at +4°C, and supernatants were collected.

2.6. Determination of Antioxidant Capacity and Oxidative 
Stress

TAS and TOS levels of colon tissue homogenates were 
automatically measured by using the Chromate Manager 
4300 (Palm City, USA) analyzer. Absorbance levels of dianicidyl 
radicals formed as a result of the Fenton reaction were 
determined in TAS measurement. The antioxidant effect in 
the samples was then calculated for Trolox equivalent (mmol 
equiv/L) (Rel Assay Diagnostics, Gaziantep, Turkey). In TOS 
measurement, in the presence of oxidants, the absorbance 
caused by the ferric ions that consist of the ferrous iono-
dianicide complex was determined. Calibration was carried 
out with hydrogen peroxide, and TOS levels were determined 
as mmol H2O2 Eq/L (Rel Assay Diagnostics, Gaziantep, Turkey).
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2.7. Statistical analysis

Quantitative data obtained from mice were tabulated by 
calculating their mean (mean) and standard deviations (SD). 
Qualitative data was given as number (n). The distributions 
of the groups were evaluated by one-sample Kolmogorov-
Smirnov test from non-parametric tests. Groups that showed 
normal distribution were evaluated with one-way ANOVA 
(post hoc Tukey’s HSD test for binary comparisons). Statistical 
analyses were carried out using the SPSS 15.0 package 
program, p<0.05 expressed statistical significance.

3. RESULTS

As shown in Table 1, lower concentrations of TOS (p>0.05) 
were observed in the probiotics (2.11±0.23 mmol H2O2 
Eq/L), probiotics+w-3 (2.56±1.18 mmol H2O2 Eq/L), and w-3 
(3.02±1.88 mmol H2O2 Eq/L) groups compared to the colitis 
group (3.11±0.91 mmol H2O2 Eq/L). The lowest TAS level was 
determined in the probiotic group (1.49±0.32 mmol H2O2 
Eq/L). Higher TOS and TAS level were observed in the control 
colitis group compared to the other groups. However, the 
differences were not statistically significant.

Table 1. TOS and TAS levels of different groups

TOS TAS

(mmol H2O2 Eq/L) (mmolTrolox Eq/L)
Mean± SD Mean± SD

Healthy Group (n=6) 2.89±1.04 1.53±0.55

Colitis Group (n=6) 3.11±0.91 1.92±0.48

Probiotics Group (n=5) 2.11±0.23 1.49±0.32

Omega-3 Group (n=6) 3.02±1.88 1.85±0.33

Probiotic+Omega-3 Group (n=6) 2.56±1.18 1.50±0.43
p† 0.101 0.264

TOS: total oxidant status, TAS: total antioxidant status, mmol: millimole, 
H2O2: Hydrogen Peroxide, Eq: equivalent, L: Litre

4. DISCUSSION

Oxidative stress occurs as a result of excessive oxidant 
radical formation or due to the lack of antioxidant defense 
molecules and has an active role in the pathogenesis of IBD 
(24,25). An increase in MDA tissue level indicates an increase 
in free oxygen radicals (26). In this study, we found the 
highest TOS level and the lowest TAS level in the colitis group. 
Similarly, it has been reported that serum TOS levels increase 
in experimental colitis models (14,27). One study reported 
that TOS was significantly reduced in IBD patients compared 
to healthy controls (25). Probiotics suppress bacterial 
translocation and reduce the number of enterobacteria and 
enterococci in the ileum and cecum. In a study examining 
the protective properties of kefir in an experimental colitis 
model created in rats, it was found that the group receiving 
kefir had statistically significant lower MDA levels compared 

to the group that did not receive kefir (28). The effect of B. 
infantis strain was examined in rats with colitis; it was found 
that the MDA level was significantly lower compared to the 
colitis group that did not receive probiotic support (29). 
In accordance with our study, Mane J et al. (30) showed 
that the group supported by probiotics had lower level of 
oxidative stress. Some studies have found that probiotic 
supplementation did not affect oxidative stress level (31,32) 
just like w-3 supplementation (33). Morampudi et al. (34) 
reported that w-3 supplementation reduces oxidative stress. 
In a meta-analysis on inflammatory bowel diseases, the 
contribution of w-3 supplementation to the oxidation state 
was controversial. The same meta-analysis reported that 
w-3 fatty acids were safe but ineffective for the remission of 
ulcerative colitis (UC) and Crohn’s disease (33). In this study, 
the highest and lowest TOS levels were determined in colitis 
and probiotic + omega-3 groups, respectively. Decreased TOS 
levels in groups receiving probiotic supplements showed that 
probiotics have an important role in oxidant capacity. The use 
of w-3 together with a probiotic supplement was found to be 
more effective than using w-3 alone in reducing TOS levels.

Oxidative stress causes damage by affecting biomolecules and 
organs in the organism. In normal physiological conditions, 
there is a balance between oxidant and antioxidant 
mechanisms (24). It was reported that antioxidant enzyme 
activities (catalase, glutathione, peroxidase, etc.) and 
glutathione levels, one of the endogenous antioxidants, were 
decreased in IBD (35). Decreased antioxidant enzyme levels 
were also observed in previous studies with IBD patients 
(10,36). Studies showed that TAS was significantly reduced 
in IBD patients compared to healthy controls (25,37). On the 
contrary, D’Odorico et. al (38) stated that individuals with 
the disease had higher antioxidant enzyme levels compared 
to healthy individuals. In this study, similar to the study 
of D’Odorico et. al (38) it was determined that the colitis 
group had the highest TAS level (p=0.264). It is thought 
that the reason for the high level of TAS in the colitis group 
was increased functioning of cellular antioxidant systems 
resulting in increased oxidant production.

Probiotics and w-3 are among the current treatment 
choices for IBD. It has been reported that probiotics have 
anti-inflammatory effects in the gut (39,40) and increase 
antioxidant capacity (39) but there is no sufficient evidence 
for w-3 fatty acids (41,42). In our study, TAS levels were found 
to be higher in groups that received probiotic or omega-3 
supplements compared to the healthy group. The TAS 
level of the w-3 group was higher compared to the healthy 
group, but the difference was not statistically significant. 
Similar to our study, in a study examining the effects of 
omega supplementation on antioxidant enzyme levels in 
inflammatory bowel diseases, it was reported that the patient 
group had higher antioxidant enzyme levels compared to the 
healthy control group but the difference was not statistically 
significant (43). Initially, we thought that the lowest TAS level 
would be in the colitis group but on the contrary, the highest 
TAS level was found in this group. This suggests that both the 
dose used and the duration of support may be insufficient 
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in the supplementation groups. In this study, we measured 
TOS to determine oxidant capacity and TAS to determine 
antioxidant capacity using intestinal tissues. However one 
of the limitations of our study was that oxidative damage 
markers and antioxidant molecules were not determined to 
evaluate oxidative stress and antioxidant status.

5. CONCLUSION

It has been suggested that probiotics are effective in 
decreasing total oxidant capacity and w-3 in increasing 
total antioxidant capacity. The use of w-3 together with a 
probiotic supplement was found to be more effective than 
w-3 use alone in reducing TOS levels. In addition, it has been 
observed that the combined use of omega and probiotic 
supplements is more effective in increasing TAS levels than 
using omega or probiotics alone. Studies with higher dosages 
and longer treatment periods are required for IBD to observe 
the effects on TOS and TAS parameters better. It seems that 
the immune cells, oxidant, and antioxidant systems of IBD 
patients have not been evaluated in detail in the literature. 
These mechanisms have not yet been clearly resolved and 
more research is needed. We suggest that it would be useful 
to examine the status of TAS and TOS together with oxidative 
damage markers and antioxidant molecules in future studies.
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