Fish oil:

Ray Peat PhD

Some of the same institutions and people who now promote fish oil were equally sure about the essentiality of linoleic acid and linolenic acid just 20 years ago. As the word got out that those oils are simply toxic, they decided to change the subject. It didn’t take them long to realize that anything which isn’t linoleic acid, when compared experimentally with linoleic acid, is going to look good. When Europe’s great seal die-off was shown to be from toxins in their fish diet, our press said no more about the late seals. Fish fat will naturally have some oily vitamins in it, which are good, but the seals showed that the toxins outweigh the benefits. The leaky gut thing is another topic they don’t want to discuss.

At 12:18 PM 10/28/2003 +1300, you wrote:

>Ray:

>This fish oil thing is so universal that I’m beginning to wonder if maybe there could be >a shred of truth to itall. I know you’ve indicated that fish oils especially, have a very high capacity for rancidity and consequent free radical activity. >Yet, the Townsend Letter and Mercola are rampant with their praise of fish oils and >their omega-3 wonders. My colleagues and patients question my denial of much value amidst so much clamor >about their almost miraculous biological activity. Is the cancer causing element being suppressed? And is fish oil that big a $$$ spinner? What am I missing here? >EarlEarl Conroy >waiorama@ihug.co.nz >Phone / Fax: 643 526-8827

Vopr Pitan. 1995;(1):7-11.  

[Effects of dietary fat on permeability of the protective intestinal barrier to macromolecules in experimental anaphylaxis] [Article in Russian]

Gmoshinskii IV, Ermekpaeva RA, Lysikov IuA, Kulakova SN, Mazo VK, Morozov IA. Wistar rats were sensitized with hen egg ovalbumin (OVA) intraperitoneally and were fed with diets that contained 12% fish oil (FO) or sunflower oil for 3 weeks with a purpose to study the influence of dietary fat source on the macromolecular permeability of small intestine in systemic anaphylaxis. 29 days later the systemic anaphylaxis was challenged by i.v. administration of OVA. This reaction was aggravated in animals fed with FO this being supported by morphofunctional changes pattern in small intestine. The deleterious effect on intestinal protective barrier efficiency against polyethyleneglycol 4000 macromolecules was noticed in rats fed with FO containing large amounts of n-3 PUFA. It’s suggested that the prevention of deleterious effect of FO is possible by increase of dietary antioxidative factors consumption that might be taken into consideration during some kinds of dietary treatment.

Nippon Shokakibyo Gakkai Zasshi. 1995 Jun;92(6):932-8.  [Effect of EPA-rich fat emulsion on the permeability of the rat intestinal mucosa] [Article in Japanese] Shimizu N. 4th Department of Internal Medicine, Tokyo Medical College. TR8030 (TR) which was EPA (omega-3 fatty acid)-rich fat emulsion and Intralipos (IL) which contained much omega-6 fatty acids were administered intraperitoneally to rats to evaluate their effects on the intestinal mucosa by determining changes in the fatty acid composition of mucosal phospholipid, intra- and intercellular intestinal mucosal permeability, and thickness of the unstirred water layer, one of the intestinal defense functions. The content of EPA in the intestinal mucosa was higher in the TR group than in the control group, and there was a change in intercellular permeability. The unstirred water layer was thinner in the TR group than in the IL group. Based on the results presented, it may be concluded that EPA-rich emulsion affects the fatty acid composition of intestinal mucosa phospholipid, mucosal intercellular permeability, and mucosal defense function.

Int J Pharm. 2000 Apr 5;198(2):147-56.  

In vivo effects of highly purified docosahexaenoic acid on rectal insulin absorption. Onuki Y, Morishita M, Takayama K, Tokiwa S, Chiba Y, Isowa K, Nagai T. Department of Pharmaceutics, Hoshi University, Ebara 2-4-41, Shinagawa-ku, Tokyo, Japan. The purpose of this study was to evaluate the effectiveness and the toxicity of polyunsaturated fatty acid, such as oleic acid, eicosapentaenoic acid (DHA), as potential absorption enhancer for rectal delivery of insulin, using a water-in-oil-in water (W/O/W) multiple emulsion. In a single administration study, rectal insulin absorption was enhanced markedly, and marked hypoglycemia was induced by the emulsion incorporating various fatty acids in an insulin dose-related fashion. The pharmacological availability of the emulsion incorporating 2% oleic acid, EPA and DHA was approximately 7.7, 11.0 and 25.4%, respectively. The insulin absorption enhancement effect was not increased in proportion to the amount of DHA in the emulsion, the mean T(max) value of the serum glucose-time curve could be extended to twice that of the emulsion without PF 127. In a multiple administration study, the mean AUC(glucose) values of the emulsion incorporating DHA showed almost the same value on the first and the tenth day. From the morphological appearance of the mucosal surface, the emulsion incorporating DHA induced no or little mucosal damage. Our findings demonstrated that DHA has a strong insulin permeability enhancement effect and little toxicity. Thus, DHA is an attractive candidate as an absorption enhancer for intestinal delivery of insulin.

Clin Nutr. 2001 Aug;20(4):351-9.  

Effect of eicosapentaenoic acid (EPA) on tight junction permeability in intestinal monolayer cells. Usami M, Muraki K, Iwamoto M, Ohata A, Matsushita E, Miki A. Faculty of Health Science, Kobe University School of Medicine, Kobe, Japan. The purpose of this study is to evaluate the effect of C18 and C20 long chain fatty acids on tight junction permeability in a model of intestinal epithelium. METHODS: Confluent Caco-2 cells on porous filters with double chamber system were used to measure fluorescein sulfonic acid (FS) permeability and transepithelial electrical resistance (TEER). Lactate dehydrogenase release and ultrastructure were evaluated.  Effect of 200 microM eicosapentaenoic acid (EPA, C20:5 n-3), arachidonic acid (AA, C20: 4 n-6), alpha-linoleic acid (ALA, C18: 3 n-3), linoleic acid (LA, C18: 2 n-6), or oleic acid (OA, C18: 1 n-9) enrichment in the culture medium during 24 hours were compared. The effect of the cyclooxygenase inhibitor, indomethacin, lipoxygenase inhibitors, NDGA or AA861, and antioxidant, BHT, was evaluated as a mechanism to change tight junction permeability. RESULTS: Caco-2 cells formed polarized columnar epithelial cells with densely packed microvilli and well developed junctional complexes. Addition of EPA enhanced FS permeability to 3.0+/-1.6-fold and lowered TEER to 0.59+/-1.2-fold vs. control with concentration dependency without cell injury (P<0.01-0.05). OA, AA or LA did not change, but ALA enhanced tight junction permeability. Indomethacin and AA861 normalized the changes mediated by EPA. CONCLUSIONS: EPA affects tight junction permeability in intestinal monolayer cells specifically and concentration dependently via cyclooxygenase and lipoxygenase products.  Copyright 2001 Harcourt Publishers Ltd.

Arch Toxicol 1997;71(9):563-74 

Impaired cellular immune response in rats exposed perinatally to Baltic Sea herring oil or 2,3,7,8-TCDD.

Ross PS, de Swart RL, van der Vliet H, Willemsen L, de Klerk A, van Amerongen G, Groen J, Brouwer A, Schipholt I, Morse DC, van Loveren H, Osterhaus AD, Vos JG Seal Rehabilitation and Research Centre, Pieterburen, The Netherlands. While the immunotoxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been well established, the effects of complex environmental mixtures of polyhalogenated aromatic hydrocarbons (PHAHs) are poorly understood. Many PHAHs, including the polychlorinated-biphenyls (PCBs), -dibenzofurans (PCDFs), and dibenzo-p-dioxins (PCDDs), possess ‘dioxin-like’ activities, and accumulate in the aquatic food chain. Organisms occupying high trophic levels may therefore be exposed to concentrations which may present an immunotoxic risk. In this study, pregnant PVG rats were administered a daily oral dose of 1 ml of the following during pregnancy and lactation:

(1) oil extracted from herring caught in the relatively uncontaminated Atlantic Ocean; (2) oil extracted from herring caught in the contaminated Blastic Sea; or (3) the Atlantic herring oil extract spiked with 2,3,7,8-TCDD. The daily intakes of aryl hydrocarbon (Ah)-receptor dependent toxic equivalents (TEQ) for mothers were 0.3 in the Atlantic group, 2.1 in the Baltic group, and 134 ng/kg body wt. in the 2,3,7,8-TCDD positive control group. Immune function and host resistance to rat cytomegalovirus (RCMV) were assessed in offspring aged 11, 25, 46 or 59 days. Rat pups in the positive control TCDD-spiked group exhibited immunosuppression characterized by reduced thymus weight and cellularity, reduced thymocyte and splenocyte proliferative responses to T-dependent mitogens in vitro, reduced virus-associated natural killer (NK) cell and specific antibody responses. While less pronounced, a similar pattern of effects was observed in the rat pups exposed only to the Baltic Sea herring oil. These immunotoxic effects were transient in both exposure groups, with a time-related recovery in immune function possibly due to the half-life of TCDD in rats and the waning exposure levels in the rapidly growing pups. We previously demonstrated that the same Baltic Sea herring led to impaired natural killer cell and T-lymphocyte function in harbour seals during the course of a long-term captive feeding study. The collective results of these studies in rats and seals indicate the immunotoxic potential of environmental mixtures at current levels in the aquatic environment, and suggest that the developing immune system of young mammals may be at particular risk. 

Proc Natl Acad Sci U S A  1990 Nov;87(22):8845-9 

Incorporation of marine lipids into mitochondrial membranes increases susceptibility to damage by calcium and reactive oxygen species: evidence for enhanced activation of phospholipase A2 in mitochondria enriched with n-3 fatty acids. Malis CD, Weber PC, Leaf A, Bonventre JV. Medical Services, Masschusetts General Hospital, Boston 02114. Experiments were designed to evaluate the susceptibility of mitochondrial membranes enriched with n-3 fatty acids to damage by Ca2+ and reactive oxygen species. Fatty acid content and respiratory function were assessed in renal cortical mitochondria isolated from fish-oil- and beef-tallow-fed rats. Dietary fish oils were readily incorporated into mitochondrial membranes. After exposure to Ca2+ and reactive oxygen species, mitochondria enriched in n-3 fatty acids, and using pyruvate and malate as substrates, had significantly greater changes in state 3 and uncoupled respirations, when compared with mitochondria from rats fed beef tallow.  Mitochondrial site 1 (NADH coenzyme Q reductase) activity was reduced to 45 and 85% of control values in fish-oil- and beef-tallow-fed groups, respectively. Exposure to Ca2+ and reactive oxygen species enhance the release of polyunsaturated fatty acids enriched at the sn-2 position of phospholipids from mitochondria of fish-oil-fed rats when compared with similarly treated mitochondria of beef-tallow-fed rats. This release of fatty acids was partially inhibited by dibucaine, the phospholipase A2 inhibitor, which we have previously shown to protect mitochondria against damage associated with Ca2+ and reactive oxygen species. The results indicate that phospholipase A2 is activated in mitochondria exposed to Ca2+ and reactive oxygen species and is responsible, at least in part, for the impairment of respiratory function. Phospholipase A2 activity and mitochondrial damage are enhanced when mitochondrial membranes are enriched with n-3 fatty acids.

Nutr Cancer  1984;6(4):220-8 

Statistical analyses on the pattern of food consumption and digestive-tract cancers in Japan. Hara N, Sakata K, Nagai M, Fujita Y, Hashimoto T, Yanagawa H. The relationships between areal differences in mortality from six digestive-tract cancers and consumption of selected foods in 46 of the 47 Japanese prefectures (Okinawa being excluded) were analyzed. Statistical analyses disclosed that the groups of foods positively associated with cancer death were as follows: for esophageal cancer, pork, oil, popular-grade sake, and green tea; for stomach cancer, fresh fish, salted or dried fish, salt, and special-grade sake; for colon cancer, bread, milk, butter, margarine, ketchup, beer, and salted or dried fish; for rectal cancer, fresh fish, salted or dried fish, salt, and popular-grade sake; for cancer of the biliary passages, pork, popular-grade sake, and green tea; and for pancreatic cancer, oil, mayonnaise, fresh fish, and salted or dried fish. These results are based on statistical analyses. Further epidemiological analyses are required to find a biological causal relationship.

Anticancer Res  1988 Mar-Apr;8(2):225-8 

In vivo and in vitro effects of fish-containing diets on colon tumour cells in rats. Fady C, Reisser D, Lagadec P, Pelletier H, Olsson NO, Jeannin JF. I.N.S.E.R.M. U.252, Faculty of Medicine, Dijon, France.  Polyunsaturated n-3 fatty acids, abundant in sea fish, can inhibit the growth of chemoinduced or transplanted mammary tumours in the rat. Since mammary and colonic cancers have both been linked to a high fat consumption, we studied the effect of 2 diets moderately (7% fish meal) or strongly (9% fish oil) enriched in fish fatty acids on the growth of colon cancer cells subcutaneously inoculated into syngeneic rats. The diets had no effect on the in vivo tumor growth and on the in vitro tumouricidal activity of peritoneal macrophages or splenic lymphocytes.

Toxicol Lett 1995 May;77(1-3):335-42

High consumption of fatty fish from the Baltic Sea is associated with changes in human lymphocyte subset levels. Hagmar L, Hallberg T, Leja M, Nilsson A, Schutz A. Department of Occupational and Environmental Medicine, University Hospital, Lund, Sweden. Fatty fish from the Baltic Sea accumulate immunotoxic persistent organochlorine compounds. In a previous study we found inverse correlations between such fish consumption and natural killer (NK) cell levels in a Swedish population. The present study concerns 68 Latvian subjects with high, low or intermediate fish consumption. High fish consumption correlated positively with B cell levels and CD4+/CD8+ ratios, but negatively with levels of cytotoxic (CD8+) T cells. Furthermore, NK cell levels correlated inversely with plasma selenium, one of several strong correlates with fish intake. A high fish diet includes a set of possible immunomodulating agents. It is presently not possible to pinpoint the cause for the observed subset deviations or to establish their possible biological importance.

: J Nutr 1988 Apr;118(4):425-6

Rapid autoxidation of fish oil in diets without added antioxidants.

Fritsche KL, Johnston PV

Department of Food Science, University of Illinois, Urbana 61801.  Feeding of purified diets containing fish oil without added antioxidant leads to rapid autoxidation of the oil and the possibility of artifactual results due to the feeding of autoxidation products. Purified diets containing menhaden oil without any added antioxidant deteriorate quickly.  Peroxide value of the diet is elevated 5- to 6-fold within 24 h and 12-fold within 48 h when exposed to air at room temperature. Addition of 0.02% t-butylhydroquinone to the fish oil prevents this deterioration for at least 72 h. Determination of fatty acid composition is not a sensitive indicator of diet integrity. Supplementation of fish oil diets with vitamin E to help protect against in vivo peroxidation is discussed.

70: J Nutr 1992 Nov;122(11):2190-5

Lipid peroxidation products are elevated in fish oil diets even in the presence of added antioxidants. Gonzalez MJ, Gray JI, Schemmel RA, Dugan L Jr, Welsch CW Department of Food Science and Human Nutrition, Michigan State University, East Lansing 48824. Purified corn and fish oil diets with different types and concentrations of antioxidants were evaluated for oxidation products. In addition, a determination of different organ and carcass oxidation product levels was performed. Peroxide value and thiobarbituric acid assays were performed on the diets immediately after mixing (0 h) and 24, 48 and 72 h after being fed to mice. The AIN-recommended level of antioxidant addition (butylated hydroxytoluene, 0.02 g/100 g oil) and even the addition of 100 times this level (2 g/100 g oil), although decreasing the level of oxidation products, failed to totally prevent oxidative deterioration in diets high in fish oil.  Furthermore, other antioxidants added in excess to the fish oil diets also failed to completely suppress oxidative deterioration of the diets and, in addition, when fed daily to mice for a period of 4 wk, caused an accumulation of lipid peroxidation products in certain organs (e.g., heart, skeletal muscle, mammary glands) and in the carcass. These results provide evidence that in the preparation of fish oil diets, the addition of antioxidants at the AIN-recommended level, or even levels substantially higher, does not completely suppress oxidative deterioration of experimental diets.

Hepatology 1997 Dec;26(6):1538-45 

Dietary saturated fatty acids down-regulate

cyclooxygenase-2 and tumor necrosis factor alfa and reverse fibrosis in alcohol-induced liver disease in the rat.  Nanji AA, Zakim D, Rahemtulla A, Daly T, Miao L, Zhao S, Khwaja S, Tahan SR, Dannenberg AJ Department of Pathology, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA 02215, USA. We investigated the potential of dietary saturated fatty acids to decrease endotoxemia and suppress expression of cyclooxygenase 2 (Cox-2) and tumor necrosis factor alpha (TNF-alpha) in established alcohol-induced liver injury. Six groups (five rats/group) of male Wistar rats were studied. Rats in group 1 were fed a fish oil-ethanol diet for 6 weeks. Rats in groups 2, 3, and 4 were fed fish oil and ethanol for 6 weeks. Ethanol administration was stopped at this time, and the rats were switched to isocaloric diets containing dextrose with fish oil (group 2), palm oil (group 3), or medium-chain triglycerides (group 4) as the source of fat for an additional 2 weeks.  Rats in groups 5 and 6 were fed fish oil-ethanol and fish oil-dextrose, respectively, for 8 weeks. Liver samples were analyzed for histopathology, lipid peroxidation, and levels of messenger RNA (mRNA) for Cox-2 and TNF-alpha. Concentrations of endotoxin were determined in plasma. The most severe inflammation and fibrosis were detected in groups 1 and 5, as were the highest levels of endotoxin, lipid peroxidation, and mRNA for Cox-2 and TNF-alpha. After ethanol was discontinued, there was minimal histological improvement in group 2 but near normalization of the histology, including regression of fibrosis, in groups 3 and 4.  Histological improvement was associated with decreased levels of endotoxin, lipid peroxidation, and reduced expression of Cox-2 and TNF-alpha. The data indicate that a diet enriched in saturated fatty acids (groups 3 and 4) effectively reverses alcohol-induced liver injury, including fibrosis. The therapeutic effects of saturated fatty acids may be explained, at least in part, by reduced endotoxemia and lipid peroxidation, which in turn result in decreased levels of TNF-alpha and Cox-2. 

Sci Total Environ 2000 Jul 20;257(1):17-28

Distribution of polychlorinated biphenyls in marine species from French Frigate Shoals, North Pacific Ocean. Miao XS, Swenson C, Woodward LA, Li QX Department of Molecular Biosciences and Biosystems Engineering, University of Hawaii, Honolulu 96822, USA. Polychlorinated biphenyls (PCBs) were analyzed in: sediment; coral (Porites evermanni); fish (Stegastes fasciolatus, Neoniphon sammara, Acanthurus triostegus and Mulloidichthys vanicolensis); crab (Grapsus tenuicrustatus); lobster (Panulirus marginatus); and eel (Conger cinereus, Gymnothoraxflavimarginatus, G. undulatus and G. meleagris) samples collected from Tern Island and the corresponding reference samples from Disappearing Island. The two islands are part of French Frigate Shoals, a national wildlife refuge in the North Pacific Ocean. The dominant congeners 118, 138 and 153 represent 22-25, 32-34, 12-39, 37-46 and 30-55% of the sum of PCBs in the coral, sediment, fish, crab and eel, respectively. In general, high trophic species such as eels were found to highly bioaccumulate PCBs. The total average PCB concentrations were as high as 96 and 29 microg/g dry wt. in eels and damselfish, respectively, from Tern Island. The localized behavior and high bioaccumulation potential for PCBs suggest that damselfish are an excellent species for monitoring PCBs in small areas in the ocean. The high average concentrations of the sum of PCBs in different food chain levels suggest that pollution source(s) are around Tern Island and possibly around Disappearing Island. Aroclor 1254 and its analogs are suspected sources responsible for PCBs in the samples.

Exp Eye Res 1995 Mar;60(3):307-16

Effect of dietary fat on the response of the rat retina to chronic and acute light stress. Koutz CA, Wiegand RD, Rapp LM, Anderson RE Cullen Eye Institute, Baylor College of Medicine, Houston, TX 77030, USA. We designed an experiment to study the role of light history and polyunsaturated fatty acids (PUFA) on the susceptibility of the albino rat retina to light damage. Albino rats were born to dams that had been kept in either 1 lx or 250 lx cyclic light for 0-4 days prior to delivery and fed one of three diets containing either 10% (by weight) hydrogenated coconut oil (COC, no n-3 nor n-6 fatty acids), safflower oil (SAF, high n-6, < 0.1% n-3 fatty acids), or linseed oil (LIN, high n-3, low n-6 fatty acids). After weaning, the rats were maintained in the same light environment and fed the same diets for 9 weeks, at which time some were killed and their retinas processed for morphometric analysis. Animals raised in bright cyclic light had shorter ROS lengths and thinner outer nuclear layers (ONL) than rats raised in dim cyclic light. The LIN animals had a thinner ONL than animals of the SAF or COC groups. Rats from each diet and light rearing groups were exposed to constant illumination of 2000 lx for 24 hr, after which they and non-exposed controls were placed in 1 lx cyclic light for 10 days and analysed for changes in ONL thickness. In the 250 lx (bright; B) groups, there was no effect of acute light stress on ONL thickness, although both control and stressed LIN animals had a thinner ONL than the corresponding COC and SAF groups. However, in the rats raised in 1 lx cyclic light, acute stress resulted in significant retinal damage (i.e. decrease in ONL thickness) in the three diet groups combined. The superior region was damaged the most and the severity was dependent on diet, as evidenced by the LIN group having a greater reduction in ONL thickness than the SAF group after light stress. From these results we conclude that rats on diets high in n-3 fatty acids are more susceptible to photoreceptor cell loss than animals fed n-6 or no polyunsaturated fatty acids when raised in dim cyclic light. These results show that both diet and light history play a role in the susceptibility of the retina to acute and chronic effects of light and suggest a role for lipid peroxidation in retinal light damage.

Basic Life Sci 1988;49:283-9

Lipid peroxidation and retinal phototoxic degeneration.  Stephens RJ, Negi DS, Short SM, van Kuijk FJ, Dratz EA, Thomas DW Cell Biology Program, SRI International, Menlo Park, California 94025.

Diabetes Care. 1989 Apr;12(4):276-81.  

Elevated plasma glucose and lowered triglyceride levels from omega-3 fatty acid supplementation in type II diabetes. Friday KE, Childs MT, Tsunehara CH, Fujimoto WY, Bierman EL, Ensinck JW. Department of Medicine, University of Washington, Seattle. We studied the effect of omega-3 fatty acids (omega 3FA) on glucose homeostasis and lipoprotein levels in eight type II (non-insulin-dependent)-diabetic subjects ingesting 8 g/day omega 3FA for 8 wk as marine-lipid concentrate capsules. After omega 3FA supplementation, fasting plasma glucose levels increased 22% (P = .005) and meal-stimulated glucose increased 35% (P = .036). The percentage of glucose elevation correlated with percentage ideal body weight (r = .73, P = .04). No significant changes were seen in fasting or meal-stimulated plasma insulin, glucose disposal, or insulin-to-glucagon ratios.  Very-low-density lipoprotein cholesterol and triglyceride (TG) levels showed consistent reductions of 56% (P less than .001) and 42% (P less than .001), respectively, after omega 3FA supplementation. Total cholesterol levels decreased 7% (P less than .05) without alteration in low- or high-density lipoprotein cholesterol. Thus, omega 3FA supplementation at a dose of 8 g/day significantly improves plasma TG levels but increases fasting and meal-stimulated glucose concentrations in the type II diabetic patient not treated with insulin or sulfonylurea agents. Marine-lipid concentrate capsules supplying large amounts of omega 3FAs should be used cautiously in the type II diabetic patient.
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