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1. Introduction 

 Polyunsaturated fatty acids, referred to as “Essential fatty acids” (EFAs) for animals and humans, are present in 

the diet. These EFAs include Linoleic acid (omega-6 fatty acid) and alpha-linolenic acid (omega-3 fatty acid). Dietary 

EFAs are sub-classified as omega-6 (ω-6) or omega-3 (ω-3) fatty acids (FAs) on the basis of omega end first double bond 

location in their carbon chains [1]. Linoleic acid is a ω-6 fatty acid and alpha-linolenic acid (ALA) is a ω-3 fatty acid. 

These FAs lead to eicosanoic acids formation ending up in generation of prostaglandins, lipoxins, leukotrienes and 

thromboxanes. Essential fatty acids are converted into harmful trans-fatty acids during hydrogenation. The main ω-3 FAs 

include eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and ALA. ALA is the most common ω-3 FAs in all 

Western diets. It is found in vegetable oils, leafy vegetables, and in some animal fat. The human body uses ALA for energy, 

while conversion into EPA and DHA occurs in the liver is on a small scale. 

The ancient populations consumed equal amounts of ω-6 and ω-3 FAs and less saturated fat, than the present-day 

affluent developed world [2-3]. In the developed countries diet is high in ω-6 FAs with ratio of ω-6 FAs to ω-3 FAs being 

20–30:1. There is decreased fish consumption in these populations [4]. High amounts of ω-6 FAs increases concentrations 

of arachidonic acid (AA) metabolic products, specifically hydroxy fatty acids, leukotrienes, prostaglandins and 

thromboxanes. These contribute to excessive cell proliferation, allergies, inflammatory disorders, atherosclerosis and 

thrombosis in blood vessels
 
[4]

.
 These side effects of ω-6 FAs are counteracted by ω-3 FAs by increasing the concentrations 

of prostaglandin I3 and decreasing thromboxane A2, and prostaglandin E2[4]. In addition, ω-3 FAs suppress interleukin (IL) 

1β, IL-6 and tumor necrosis factor α (TNF-α) [5]. The aim of this review was to determine the potential benefits and role if 

any of ω-3 FAs treatment in patients with IBS.  

 

2. Literature Review 

We conducted a search using “Omega 3 fatty acids supplementation” on the PubMed, Scopus, and databases (e.g. 

MEDLINE, CINAHL, EMBASE, and Science Citation Index Expanded) from 1966 to December, 2015.  The reviewers 

independently screened all full-text publications and abstracts. The details abstracted from publications included study 
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design, sample size, patient population, country, etc. We also checked the bibliographic references of textbooks and 

reviews and editorials. Eligible studies were published in English, conducted in different world populations and considered 

ω-3 FAs for treatment of IBS.  

2.1 Benefits of Omega-3 fatty acids  

Omega-6 FAs are proinflammatory contained in vegetable oils and meat while ω-3 FAs have potential health 

benefits. Dietary supplementation with ω-3 FAs has been demonstrated to elicit effects ranging from a decrease in blood 

pressure, anti-arrhythmic, anti-thrombotic, and is also known to decrease inflammation in inflammatory bowel disease, 

asthma and rheumatoid arthritis.  Increased consumption of cooking oils high in ω-6 FAs has increased the ratio of ω-6 to 

ω-3 FAs from 1:1 in the early diet of the human to 10:1. The biological role of ω-3 FAs contributed to a low rate of 

coronary heart disease (CHD) in Japanese as well as in Greenland populations [6-7]
.
  Fish regularly consumed by these 

populations is rich in ω-3 FAs. A high fish intake was associated with a low risk of mortality from CHD in studies 

originating from Netherlands [8], Sweden [9] and USA [10]. The benefits of dietary consumption of ω-3 FAs have been 

demonstrated in CHD [11-12], dyslipidemia [13], atherosclerosis [14], hypertension [15], metabolic disorders [16-17], 

vascular reactivity [18], obesity [19]
,
 inflammatory diseases [20-21] neurological/ neuropsychiatric disorders [22], renal 

pathologies [23]
,
 osteoporosis [24], eye diseases[ 25] and pregnancy[ 26]. Current recommendation is to have a low ω-6: 

ω-3 ratio and an increased amount of dietary ω-3 FAs [27-28]
.
 When this ratio was reduced, it improved the lipid profiles 

in the age group of 45–70 years in United Kingdom diet study. It did not influence lipase activity, insulin sensitivity, and 

hemostasis risk factors [29-30]
.
  Omega-6 FAs proinflammatory effect is attributed to its metabolites [2]. The membrane 

phospholipids of the blood inflammatory cells have abundant AA compared to the ω-3 EPA and DHA [3-6]. The ω-6 FAs 

shift plays a role in several diseases including IBS [7-8]. Globally, there is more stress on disease prevention, and ω-3 FAs 

is of interest for healthcare practitioners worldwide.  

2.2 Omega-3 fatty acids in gastrointestinal disorders 

Omega-3 FAs dietary supplementation reduced disease activity in active ulcerative colitis and there was an 

increase in weight [31]. However, a meta-analysis did not find ω-3 FAs maintaining a remission [32]. In contrast, another 

study in Crohn’s disease patients found ω-3 FAs in enteric-coated capsules safe and effective for maintaining remission 

[33]
.
 A large randomized study did not show any benefit [34]. In a cohort study involving fish consumption as a dietary 

source of ω-3 FAs reduced colorectal cancer risk [35]. Subjects with celiac disease (CD) after 1 year of remission were 

shown to have low levels of PUFA [36], so dietary ω-3 FAs supplements may be of help.  

2.2.1 Irritable bowel syndrome 

IBS is a functional symptom complex present in 10% of the world population and is characterized by abdominal 

pain or bloating associated with altered bowel movement in the absence of morphological and histological changes [37]. It 

represents a complex interplay of several factors including gut microbiota and low-grade inflammation [38]
.
 A 

modification of the gut microbiota is present in IBS patients with an imbalance of Firmicutes/Bacteroidetes ratio [39]. In 

an individual patient, these factors interact to generate symptoms with an increase in mucosal permeability and a low-grade 

inflammation of the colonic mucosa [40-41]. In IBS, an imbalance of cytokines is observed with proinflammatory TNF-α 

exceeding anti-inflammatory IL-10[42]. This was significantly demonstrated in female IBS patients compared to controls 

[42].  

        Patients with IBS often adopt variety of dietary precautions to reduce their symptoms, which usually have no 

scientific basis. Having said that, IBS symptoms may be caused or exacerbated by dietary components and a diet that is 

restricted in fermentable, and poorly absorbed carbohydrates is beneficial [43]. Insoluble fiber may aggravate symptoms. 

An increased intake of soluble fiber improves symptoms of IBS constipation subtype. Prebiotic fibers found in fruits, 

vegetables e.g., onions and garlic have not been adequately tested. The usefulness of probiotics such as live-culture yogurt 

is not recognized. In clinical practice, it is difficult to ascertain that a patient's symptoms are related to diet. Several 

methods are often used including a modified exclusion diet or stepwise reintroduction of foods. There is a recent trend to 

design diet for IBS that has low content of fermentable oligosaccharides, disaccharides, monosaccharides and polyols 

(FODMAPs). Since their ingestion is associated with intestinal distention and excess gas production, their reduction in diet 

may improve functional gastrointestinal symptoms.  

2.3 Effect of ω-3 FAs on prostaglandin and cytokine production 

Clarke, et al hypothesized that inflammation in IBS was due to the increase in ω-6 compared to ω-3 FAs that 

resulted in increased AA derived active metabolites [44]. They measured plasma PUFA profile and analyzed total plasma 

content of ω-6, ω-3, and their ratio, AA, PGE2 and Leukotriene B4 (LTB4).They found altered circulating AA and their 

metabolites were significantly elevated in all IBS subgroups [45]. Another study related possible gender differences in 

PUFA profiles to sex hormones [46]. The increase in AA in mild, moderate, or severe IBS was non-significant.  There was 

no association between FAs levels and IBS symptoms. The elevated AA levels in IBS cohort were associated with 

significant elevations of PGE2 and Leukotriene B4 (LTB4). LTB4 is involved in inflammation, as it is a potent neutrophil 
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chemoattractant leading to reactive oxygen species formation and liberation of lysosomal enzymes [47]. Serum PGE2 

concentrations were elevated in the diarrhoea dominant-IBS subtype, whereas LTB4 levels were equally increased in all 

IBS subtypes. The source of elevated IL-6 levels in IBS has not been identified [48-49]. PGE2 is known to cause elevation 

of IL-6 levels by activating COX-2 enzyme [50-51]. The altered biological cascade may lead to the abnormal basal IL-6 

profile in IBS following long standing high PGE2 level [44]. However, PGE2 level did not have an antiinflammatory effect 

on IL-6[52]. PUFA derived AA metabolites also have functional consequence on intestinal barrier function [53]. Elevated 

PGE2 levels may have a role in altered GIT motility [54]. As circulating PGE2 crosses the blood brain barrier, the brain-

gut axis and the enteric nervous system can be affected [55]. In IBS, an increase in number of immune cells in the gut 

indicates immune activation [56-57]. LTB4 activated morphological and functional changes in the mast cells and also 

acted as a chemoattractant for their progenitors in IBS [58-60]. Changes in prostaglandin levels may impact the brain-gut 

axis via their effect on hypothalamic-pituitary-adrenal-axis secretory activity [55]. These could influence several aspects 

including motility, secretion, nociception, cytoprotection, etc., of the gastrointestinal tract [61-62]. Arachidonic acid and its 

metabolites may also contribute to the IBS associated physiological changes and symptomatology. Clark et al described 

increases in the AA levels with a shift toward the ω-3 PUFA. This change is difficult to explain and do not agree with other 

disorders with elevated immune parameters [63-64]. 

2.4 Dietary PUFA 

In a previous study, an increased ratio of ω-6: ω-3 was associated with particular cytokine genotypes [65]. 

However, dietary habits of IBS cohort was not considered, hence these changes could be attributed to the dietary restriction 

in consumption of fatty acids. These dietary alterations would have an anti-inflammatory outcome [65]. IBS is not less 

common in Japan and other countries with high fish consumption compared to in Western countries [66]. This suggests that 

dietary factors alone were insufficient to counteract the input of the AA metabolic pathways. The phospholipase A2 (PLA2) 

released AA from the cell membranes and its activity also need further investigation [67]. Mead acid, an indicator of 

essential fatty acids (EFA) deficiency, is often increased when there is a decrease in the EFA 68. The proportions of Mead 

acid were not increased in IBS vs control indicating a normal level of linoleic and alpha-linolenic EFA [69].  

2.5 Gender 

As described before, in female IBS patients the PUFA profile shows increased AA levels in the clinical setting 

[44].  Gender differences in PUFA profiles may exist [44,45,69]. Any gender differences in PUFA profile may be related to 

sex hormones. However, in none of these studies dietary habit of the subjects with IBS was presented that could be 

responsible for alterations in pro-inflammatory markers [46]. The IL-6 may represent a biomarker of IBS that should be 

compared to the current symptom-based diagnostic scheme. 

2.6 PUFA for the treatment of IBS 

Several symptomatic treatment regimens attempt to relieve symptoms, using dietary soluble fiber, psychotherapy 

and medications targeting various symptoms. One should also consider including PUFA. In IBS, the relative deficiency in 

PUFA promote saturated and monounsaturated fatty acids that makes a case of dietary PUFA supplementation [70]. 

2.7 Impaired EFA metabolism 

Poor dietary intake, malabsorption and impaired EFA metabolism could lead to deficiency of PUFA. These are 

derivatives of long chain polyunsaturated fatty acids (LCPUFA) [71-72]. In IBS subjects decrease in both AA/linoleic acid 

and docosahexaenoic acid/alpha-linolenic acid ratios reflected their reduced biosynthesis and may be due to intestinal 

malabsorption of PUFA [73]. EFA deficiency is not uncommonly seen in malabsorption, catabolic illness, etc.[74]. 

 

3. Animal studies 

There is no evidence that ω-3 FAs treatment has any efficacy in IBS treatment. In animal model of post stress 

visceral hypersensitivity associated with mast cell activation was not reversed by LCPUFA [75].  ω-3 FAs activated nuclear 

peroxisome proliferator-activated receptor g (PPARG). This negatively regulated inflammatory cytokine production via 

interference with transcription factors activation [76]. The PPARG agonists reduced the production and release of 

histamine by mast cells [77-78]. The reversal of post stress visceral hypersensitivity has also been demonstrated with 

histamine-1 receptor antagonists (Ebastine)[ 79].There are previous animal experimentation and clinical trial that studied 

the mast cell stabilizer (Ketotifen, Doxantrazole) use in IBS [79-81].  LCPUFAs modulated mast cell mediator release [82-

84]. Doxantrazole [85] and Ebastine [80] successfully reversed post-stress visceral hypersensitivity in animal model. 

However, it was not achieved with ω-3 FAs treatment. Celinski et al [86] showed rosiglitazone suppressed inflammatory 

response and proinflammatory cytokines in dextran sodium sulphate colitis. Some reported inhibition of mast cell release 

of cytokines and inflammatory mediators [83-84, 87] while others report augmentation [88-89].  
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4. Conclusion 

Omega-3 fatty acids are required in the diet for healthy nutritional state. It is important to exclude EFA 

malabsorption when treating IBS. The therapeutic of ω-3 FAs use in IBS demands more investigation and clarification. 

Any claims of ω-3 FAs efficacy in IBS should be regarded with caution.      

 

Acknowledgement: This research was not funded by any grant  

 

Conflict-of-interest: None 

 

References 

[1] Schaefer E.J. Lipoproteins, nutrition, and heart disease. Am. J. Clin. Nutr 2002; 75: 191-212.  

[2] Mayes P.A. and K. M. Botham. Metabolism of unsaturated fatty acids & eicosanoids. In: Murray R.K., D. K. Granner, 

and P. A. et al., eds. Harper’s illustrated biochemistry 26
th 

ed. Columbus, OH: McGraw-Hill. 2003. pp: 192–196. 

[3] Eaton S. B. and M. Konner. Paleolithic nutrition. A consideration of its nature and current implications. N. Engl. J. 

Med. 1985; 312: 283-289.  

[4] Simopoulos A.P. Essential fatty acids in health and chronic disease. Am. J. Clin. Nutr. 1999; 70(3 Suppl): 560S–69S.  

[5] Simopoulos A.P. The omega-6/omega-3 fatty acid ratio, genetic variation, and cardiovascular disease. Asia. Pac. J. 

Clin. Nutr 2008; 17:131–134.  

[6] Bang H.O., J. Dyerberg and H. M. Sinclair. The composition of the Eskimo food in North Western Greenland. Am. J. 

Clin. Nutr 1980; 33: 2657–2661.  

[7] Kagawa Y., M. Nishizawa, M. Suzuki, T. Miyatake and T. Hamamoto et al. Eicosapolyenoic acids of serum lipids of 

Japanese islanders with low incidence of cardiovascular diseases. J. Nutr. Sci. Vitaminol, 1982; 28: 441–453. 

[8] Kromhout D., E. B. Bosschieter and C. de Lezenne Coulander. The inverse relation between fish consumption and 20-

year mortality from coronary heart disease. N. Engl. J. Med. 1985; 312:1205–1209.  

[9] Norell S.E., A. Ahlbom, M. Feychting and N.L. Pedersen. Fish consumption and mortality from coronary heart 

disease. Br. Med. J. (Clin Res Ed). , 1986; 293: 426.  

[10] Daviglus M.L., J. Stamler, A.J. Orencia, A.R. Dyer, and K. Liu., et al. Fish Consumption and the 30-year risk of fatal 

myocardial infarction. N. Engl. J. Med. 1997; 336: 1046-1053.  

[11] Leaf A., C.M. Albert, M. Josephson, D. Steinhaus and Kluger J, et al. Fatty Acid Antiarrhythmia Trial Investigators. 

Prevention of fatal arrhythmias in high-risk subjects by fish oil n-3 fatty acid intake. Circulation 2005; 112: 2762–

2768.  

[12] Harris W.S., K. J. Reid, S.A. Sands and J. A. Spertus. Blood omega-3 and trans fatty acids in Middle Aged acute 

coronary syndrome patients. Am. J. Cardiol. 2007; 99: 154–158. 

[13] Lovegrove J.A., S. S. Lovegrove, S.V. Lesauvage, L. M. Brady and N. Saini et al. Moderate fish-oil supplementation 

reverses low-platelet, long-chain n-3 polyunsaturated fatty acid status and reduces plasma triacylglycerol 

concentrations in British Indo-Asians. Am. J. Clin. Nutr. 2004; 79: 974–982.  

[14] Erkkila A. T., A.H. Lichtenstein, D. Mozaffarian and D.M. Herrington. Fish intake is associated with a reduced 

progression of coronary artery atherosclerosis in postmenopausal women with coronary artery disease. Am. J. Clin. 

Nutr. 2004; 80: 626–632.  

[15] Toft I., K. H. Bønaa, O.C. Ingebretsen and T. Jenssen. Effects of n-3 polyunsaturated fatty -acids on glucose 

homeostasis and blood pressure in essential hypertension. A randomized, controlled trial. Ann. Intern. Med. 1995; 123: 

911–918.  

[16] Kabir M., G. Skurnik, N. Naour, V. Pechtner, and E. Meugnier., et al. Treatment for 2 month with n 3 polyunsaturated 

fatty acids reduces adiposity and some atherogenic factors but does not improve insulin sensitivity in women with type 

2 diabetes: a randomized controlled study. Am. J. Clin. Nutr. 2007; 86: 1670–1679.  

[17] Esposito K., R. Marfella, M. Ciotola, C. Di Palo, and F. Giugliano, et al. Effect of a mediterranean-style diet on 

endothelial dysfunction and markers of vascular inflammation in the metabolic syndrome: a randomized trial. JAMA. 

2004; 292: 1440–1446.  

[18] Morgan, D.R., L. J. Dixon, C.G. Hanratty, N. El-Sherbeeny, and P. B. Hamilton, et al., Effects of dietary omega-3 

fatty acid supplementation on endothelium-dependent vasodilation in patients with chronic heart failure. Am. J. 

Cardiol. 2006; 97: 547–551. 

[19] Mori T.A., D. Q. Bao, V. Burke, I.B. Puddey, and G. F. Watts et al., Dietary fish as a major component of a weight-

loss diet: effect on serum lipids, glucose, and insulin metabolism in overweight hypertensive subjects. Am. J. Clin. 

Nutr. 1999; 70: 817–825.  



Javed Yakoob and Zaigham Abbas   Review Article 

IJPR Volume 6 Issue 08 (2016)  275 

[20] Matsuyama W., H. Mitsuyama, M. Watanabe, K. Oonakahara K, and I. Higashimoto, et al.  Effects of omega-3 

polyunsaturated fatty acids on inflammatory markers in COPD. Chest. 2005; 128: 3817–3827.  

[21] Galarraga B., M. Ho, H. M. Youssef , A. Hill and H. McMahon, et al. Cod liver oil (n-3 fatty acids) as an nonsteroidal 

anti-inflammatory drug sparing agent in rheumatoid arthritis. Rheumatology (Oxford) 2008; 47: 665–669.  

[22] Schaefer E.J., V. Bongard, A. S. Beiser, S. Lamon-Fava, and S.J. Robins, et al. Plasma phosphatidylcholine 

docosahexaenoic acid content and risk of dementia and Alzheimer disease: the Framingham Heart Study. Arch. 

Neurol., 2006; 63: 1545–1550.  

[23] Hogg R.J, I. Fitzgibbons, C. Atkins, N. Nardelli and R.C. Bay., Efficacy of omega-3 fatty acids in children and adults 

with IgA nephropathy is dosage-and size-dependent. Clin. J. Am. Soc. Nephrol 2006; 1:1167–1172.  

[24] Weiss L.A., E. Barrett-Connor and D. vonMu¨hlen. Ratio of n-6 to n-3 fatty acids and bone mineral density in older 

adults: the Rancho Bernardo Study. Am. J. Clin. Nutr. 2005; 81: 934–938.  

[25] Chong E.W., A.J. Kreis, T.Y. Wong, J.A. Simpson and R.H. Guymer. Dietary omega-3 fatty acid and fish intake in the 

primary prevention of age-related macular degeneration: a systematic review and meta-analysis. Arch. Ophthalmol. 

2008; 126: 826–833.  

[26] Koletzko B., E. Lien, C. Agostoni, H. Böhles and C. Campoy., et al. World Association of Perinatal Medicine Dietary 

Guidelines Working Group. The roles of long-chain polyunsaturated fatty acids in pregnancy, lactation and infancy: 

review of current knowledge and consensus recommendations. J. Perinat. Med. 2008; 36: 5–14. 

[27] Stanley J.C., R. L. Elsom, P. C. Calder, B.A. Griffin and W.S. Harris, et al. UK Food Standards Agency Workshop 

Report: the effects of the dietary n-6:n-3 fatty acid ratio on cardiovascular health. Br. J. Nutr 2007; 98:1305–1310.  

[28] Griffin B.A. How relevant is the ratio of dietary n-6 to n-3 polyunsaturated fatty acids to cardiovascular disease risk? 

Evidence from the OPTILIP study. Curr. Opin. Lipidol. 2008; 19:57–62.  

[29] Sanders T.A., F. Lewis, S. Slaughter, B.A. Griffin, and M. Griffin.,  et al. Effect of varying the ratio of n-6 to n-3 fatty 

acids by increasing the dietary intake of alpha-linolenic acid, eicosapentaenoic and docosahexaenoic acid, or both on 

fibrinogen and clotting factors VII and XII in persons aged 45–70 y: the OPTILIP study. Am. J. Clin. Nutr, 2006; 84: 

513–522.  

[30] Griffin M.D., T.A. Sanders, I.G. Davies, L.M. Morgan and D. J. Lewis, et al. Effects of altering the ratio of dietary n-6 

to n-3 fatty acids on insulin sensitivity, lipoprotein size, and postprandial lipemia in men and postmenopausal women 

aged 45–70 y: the OPTILIP Study. Am. J. Clin. Nutr. 2006; 84: 1290–1298.  

[31] Stenson W.F., D. Cort, J. Rodgers, R. Burakoff and K. DeSchryver-Kecskemeti., et al. Dietary supplementation with 

fish oil in ulcerative colitis. Ann. Intern. Med. 1992; 116: 609–614.  

[32] Turner, D., A.H. Steinhart and A. M. Griffiths., Omega 3 fatty acids (fish oil) for maintenance of remission in 

ulcerative colitis. Cochrane. Database. Syst. Rev. 2007; 3: CD006443.  

[33] Belluzzi, A., C. Brignola, M. Campieri, A. Pera, and S. Boschi, et al., Effect of an enteric-coated fish-oil preparation 

on relapses in Crohn’s disease. N. Engl. J. Med., 1996; 334: 1557–1560.  

[34] Feagan, B.G., W.J. Sandborn, U. Mittmann, S. Bar-Meir and G. D'Haens, et al. Omega-3 free fatty acids for the 

maintenance of remission in Crohn disease: the EPIC randomized controlled trials. JAMA. 2008; 299: 1690–1697.  

[35] Geelen, A., J.M. Schouten, C. Kamphuis, B. E. Stam and J. Burema, et al. Fish consumption, n-3 fatty acids, and 

colorectal cancer: a meta-analysis of prospective cohort studies. Am. J. Epidemiol. 2007; 166: 1116–1125.   

[36] Solakivi, T., K. Kaukinen, T. Kunnas, T. Lehtimäki and M. Mäki, et al., Serum fatty acid profile in celiac disease 

patients before and after a gluten-free diet. Scand. J. Gastroenterol. 2009; 44: 826-880.  

[37] Drossman, D.A. Introduction. The Rome Foundation and Rome III. Neurogastroenterol Motil. 2007; 19: 783-776.  

[38] Mayer, E.A. and K. Tillisch, The Brain-Gut Axis in Abdominal Pain Syndromes. Annu. Rev. Med. 2011; 62: 10.  

[39] Nourrisson, C., J. Scanzi, B. Pereira, C. NkoudMongo and I. Wawrzyniak, et al. Blastocystis is associated with 

decrease of fecal microbiota protective bacteria: comparative analysis between patients with irritable bowel syndrome 

and control subjects. PLoS. One. 2014; 9: e111868.  

[40] Akiho, H., E. Ihara and K. Nakamura. Low-grade inflammation plays a pivotal role in gastrointestinal dysfunction in 

irritable bowel syndrome. World. J. Gastrointest. Pathophysiol. 2010; 1: 97–105. 

[41] Piche, T., G. Barbara, P. Aubert, S. Bruley, and S. des Varannes, et al. Impaired intestinal barrier integrity in the colon 

of patients with irritable bowel syndrome: involvement of soluble mediators. Gut.  2009; 58: 196–201. 

[42] Bashashati, M., N. Rezaei, A. Shafieyoun, D. P. McKernan, and L. Chang, et al. Cytokine imbalance in irritable bowel 

syndrome: a systematic review and meta-analysis. Neurogastroenterol. Motil. 2014; 26: 1036-1048. 

[43] Hayes P. A, M.H. Fraher, E.M. Quigley, Irritable bowel syndrome: the role of food in pathogenesis and management. 

Gastroenterol. Hepatol. (N Y), 2014; 10:164-174.  



Javed Yakoob and Zaigham Abbas   Review Article 

IJPR Volume 6 Issue 08 (2016)  276 

[44] Clarke G., P. Fitzgerald, A.A. Hennessy, E.M. Cassidy and E. M. Quigley, et al. Marked elevations in pro-

inflammatory polyunsaturated fatty acid metabolites in females with irritable bowel syndrome. J. Lipid. Res. 2010; 51: 

1186-1192. 

[45] Kilkens T.O, A. Honig, M. Maes, R. Lousber and R. J. Brummer. Fatty acid profile and affective dysregulation in 

irritable bowel syndrome. Lipids. 2004; 39: 425–431.  

[46] Childs C.E., M. Romeu-Nadal, G.C. Burdge, P.C. Calder. Gender differences in the n-3 fatty acid content of tissues. 

Proc. Nutr. Soc 2008; 67: 19-27.  

[47] Cotran; Kumar, Collins. Robbins Pathologic Basis of Disease. Philadelphia: W.B Saunders Company.  

[48] Dinan T.G., E.M. Quigley, S.M. Ahmed, P. Scully, S. O'Brien, et al. Hypothalamic-pituitary-gut axis dysregulation in 

irritable bowel syndrome: plasma cytokines as a potential biomarker? Gastroenterology 2006; 130: 304-311.  

[49] Calder P.C. Polyunsaturated fatty acids, inflammatory processes and inflammatory bowel diseases. Mol. Nutr. Food. 

Res. 2008; 52: 885 –8 97. 

[50] Bagga D., L. Wang, R. Farias-Eisner, J.A. Glaspy. Differential effects of prostaglandin derived from omega-6 and 

omega-3 polyunsaturated fatty acids on COX-2 expression and IL-6 secretion. Proc. Natl. Acad. Sci. USA. 2003; 100: 

1751-1756.  

[51] Kobayashi N., R. J. Barnard, S. M. Henning, D. Elashoff, and S. T. Reddy, et al. Effect of altering dietary omega-

6/omega-3 fatty acid ratios on prostate cancer membrane composition, cyclooxygenase-2, and prostaglandin E2. Clin. 

Cancer. Res. 2006; 12: 4662-4670.  

[52] Miles E.A., E. Allen, and P. C. Calder. In vitro effects of eicosanoids derived from different 20-carbon Fatty acids on 

production of monocyte-derived cytokines in human whole blood cultures. Cytokine. 2002; 20: 215-223.  

[53] Willemsen L.E., M. E. Koetsier, M. Balvers, C. Beermann and B. Stahl. Polyunsaturated fatty acids support epithelial 

barrier integrity and reduce IL-4 mediated permeability in vitro. Eur. J. Nutr. 2008; 47: 183-191.  

[54] Eberhart C.E. and R.N. Dubois. Eicosanoids and the gastrointestinal tract. Gastroenterology. 1995; 109: 285 – 301.  

[55] Turnbull A.V., and C.L., Rivier. Regulation of the hypothalamic-pituitary-adrenal axis by cytokines: actions and 

mechanisms of action. Physiol. Rev 1999; 79: 1-71.  

[56] Spiller R.C. Role of infection in irritable bowel syndrome. J Gastroenterol, 2007; 42 (Suppl 17): 41 –4 7.  

[57] Spiller R.C., D. Jenkins, J. P. Thornley, J. M. Hebden and T. Wright, et al., Increased rectal mucosal enteroendocrine 

cells, T lymphocytes, and increased gut permeability following acute Campylobacter enteritis and in post-dysenteric 

irritable bowel syndrome. Gut. 2000; 47: 804 –11.  

[58] Funk C.D., Prostaglandins and leukotrienes: advances in eicosanoid biology. Science 2001; 294: 1871–1875.  

[59] Barbara G, Stanghellini V, De Giorgio R, Cremon C, and G.S. Cottrell. et al. Activated mast cells in proximity to 

colonic nerves correlate with abdominal pain in irritable bowel syndrome. Gastroenterology. 2004; 126: 693-702. 

[60] Weller CL, Collington SJ, Brown JK, Miller HR and A. Al-Kashi., et al. Leukotriene B4, an activation product of 

mast cells, is a chemoattractant for their progenitors. J. Exp. Med., 2005; 201: 1961-1971.  

[61] Dajani E.Z., T.G. Shahwan, and N.R. Dajani. Prostaglandins and brain-gut axis. J. Physiol. Pharmacol. 2003; 54: 155 

–164.  

[62] Miller S.B. Prostaglandins in health and disease: an overview. Semin. Arthritis. Rheum. 2006; 36: 37-49. 

[63] Dinan T., L. Siggins, P. Scully, S. O'Brien and P. Ross. Investigating the inflammatory phenotype of major 

depression: focus on cytokines and polyunsaturated fatty acids. J. Psychiatr. Res, 2009; 43: 471-476.  

[64] Guerreiro C.S., P. Ferreira, L. Tavares, P. M. Santos and M. Neves, et al. Fatty acids, IL6, and TNF-alpha 

polymorphisms: an example of nutrigenetics in Crohn’s disease. Am. J. Gastroenterol., 2009; 104: 2241 –2249. 

[65] Ferrucci L., A. Cherubini, S. Bandinelli, B. Bartali and A. Corsi, et al. Relationship of plasma polyunsaturated fatty 

acids to circulating inflammatory markers. J. Clin. Endocrinol. Metab 2006; 91: 439-446.  

[66] Drossman D.A., M. Camilleri, E.A. Mayer and W. E. Whitehead., AGA technical review on irritable bowel syndrome. 

Gastroenterology. 2002; 123: 2108-2131.  

[67] Yedgar S., Y. Cohen and D. Shoseyov. Control of phospholipase A2 activities for the treatment of inflammatory 

conditions. Biochim. Biophys. Acta., 2006; 1761: 1373 –82.  

[68] Siguel E.N., K. M. Chee, J. X. Gong and E. J. Schaefer., Criteria for essential fatty acid deficiency in plasma as 

assessed by capillary column gas-liquid chromatography. Clin. Chem. 1987; 33: 1869-1873. 

[69] Solakivi T., K. Kaukinen, T. Kunnas, T. Lehtimäki and M. Mäki et al. Serum fatty acid profile in subjects with 

irritable bowel syndrome. Scand. J. Gastroenterol. 2011; 46: 299-303.  

[70] Clarke G, Quigley EM, Cryan JF and T.G. Dinan. Irritable bowel syndrome: towards biomarker identification. Trends. 

Mol. Med. 2009; 15: 478-489.  

[71] Salem N. Jr, and C.D. Niebylski. The nervous system has an absolute molecular species       requirement for proper 

function. Mol. Membr. Biol. 1995; 12: 131-134.  



Javed Yakoob and Zaigham Abbas   Review Article 

IJPR Volume 6 Issue 08 (2016)  277 

[72] Aro A., Fatty acid composition of serum lipids: is this marker of fat intake still relevant for identifying metabolic and 

cardiovascular disorders? Nutr. Metab. Cardiovasc. Dis. 2003; 13: 253-255.  

[73] Plourde M. and S.C. Cunnane. Extremely limited synthesis of long chain polyunsaturates in adults: implications for 

their dietary essentiality and use as supplements. Appl. Physiol. Nutr. Metab. 2007; 32: 619-634.  

[74] Siguel E.N. and R.H. Lerman. Prevalence of essential fatty acid deficiency in patients with chronic gastrointestinal 

disorders. Metabolism 1996; 45: 12-23.  

[75] van Diest S.A., L. W. van den Elsen, A. J. Klok, O. Welting, and F.W. Hilbers et al. Dietary Marine n-3 PUFAs Do 

Not Affect Stress-Induced Visceral Hypersensitivity in a Rat Maternal Separation Model. J. Nutr. 2015; 145: 915-922.   

[76] Calder P.C. Mechanisms of action of (n-3) fatty acids. J. Nutr. 2012. 142: 5; 2S–99S.  

[77] Maeyama K., M. Emi and M. Tachibana, Nuclear receptors as targets for drug development: peroxisome proliferator-

activated receptor gamma in mast cells: its roles in proliferation and differentiation. J. Pharmacol. Sci. 2005; 97: 190–

194.  

[78] Tachibana M, K. Wada, K. Katayama, Y. Kamisaki and K. Maeyama, et al. Activation of peroxisome proliferator-

activated receptor gamma suppresses mast cell maturation involved in allergic diseases. Allergy. 2008; 63: 1136–1147.  

[79] Stanisor O. I., S. A. van Diest, Z. Yu, O. Welting, and N. Bekkali, et al. Stress-induced visceral hypersensitivity in 

maternally separated rats can be reversed by peripherally restricted histamine-1-receptor antagonists. PLoS. ONE. 

2013; 8: e66884.  

[80] Klooker T.K, B. Braak, K. E. Koopman, O. Welting and M. M. Wouters et al. The mast cell stabiliser ketotifen 

decreases visceral hypersensitivity and improves intestinal symptoms in patients with irritable bowel syndrome. Gut. 

2010; 59: 1213–1221. 

[81] van den Wijngaard R.M., T. K. Klooker, O. Welting, O. I. Stanisor and M. M. Wouters et al. Essential role for TRPV1 

in stress-induced (mast cell-dependent) colonic hypersensitivity in maternally separated rats. Neurogastroenterol. 

Motil. 2009; 21: 1107–1094. 

[82] Gueck T., A. Seidel and H. Fuhrmann, Effects of essential fatty acids on mediators of mast cells in culture. 

Prostaglandins. Leukot. Essent. Fatty. Acids, 2003; 68: 317–322. 

[83] Ishihara K., M. Murata, M. Kaneniwa, H. Saito and K. Shinohara, et al. Effect of tetracosahexaenoic acid on the 

content and release of histamine, and eicosanoid production in MC/9 mouse mast cell. Lipids. 1998; 33: 1107–1114.  

[84] van den Elsen L.W., Y. Nusse, M. Balvers, F. A. Redegeld and E. F. Knol, et al. N-3 Long-chain PUFA reduces 

allergy-related mediator release by human mast cells in vitro via inhibition of reactive oxygen species. Br. J. Nutr. 

2013; 109: 1821–1831.  

[85] van den Wijngaard R.M., O.I. Stanisor, S.A. van Diest, O. Welting, and M. M. Wouters, et al. Peripheral alpha-helical 

CRF (9–41) does not reverse stress-induced mast cell dependent visceral hypersensitivity in maternally separated rats. 

Neurogastroenterol. Motil. 2012; 24: 274–282.  

[86] Celinski K., T. Dworzanski, R. Fornal, A. Korolczuk, A. Madro and M. Slomka, Comparison of the anti-inflammatory 

and therapeutic actions of PPAR-gamma agonist’s rosiglitazone and troglitazone in experimental colitis. J. Physiol. 

Pharmacol., 2012; 63: 631–640.  

[87] Kawasaki M., M. Toyoda, R. Teshima, J. Sawada and Y. Saito Effect of alphalinolenic acid on the metabolism of 

omega-3 and omega-6 polyunsaturated fatty acids and histamine release in RBL-2H3 cells. Biol. Pharm. Bull. 1994; 

17: 1321–25. 

[88] Gueck T., A. Seidel and H. Fuhrmann. Consequences of eicosapentaenoic acid (n-3) and arachidonic acid (n-6) 

supplementation on mast cell mediators. J. Anim.  Physiol.  Anim.  Nutr. (Berl). 2004; 88: 259–265.  

[89] Yamada K, M. Mori, N. Matsuo, K. Shoji, T. Ueyama and M. Sugano. Effects of fatty acids on accumulation and 

secretion of histamine in RBL-2H3 cells and leukotriene release from peritoneal exudate cells isolated from Wistar 

rats. J. Nutr. Sci. Vitaminol. (Tokyo). 1996; 42: 301–311. 


