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PREMESSA: Certamente validi e molto significativi sono gli studi su popolazioni diabetiche  relative al rischio cardiovascolare,  ispessimento delle placche carotidee,  flusso arterioso post-prandiale.  

Esperienze personali e di alcuni medici con i quali collaboriamo hanno evidenziato che in taluni pazienti con diabete sia di tipo 2 ma anche tipo 1, la  somministrazione di circa 3-5 gr di ALA-w3 e di circa 4-6 gr di LA-w6/die è accompagnata con un netto miglioramento del controllo glicemico. 

La letteratura a tal proposito è ancora scarna, ma i risultati preliminari fanno ben sperare di poter definire un protocollo che possa essere d’aiuto alla maggioranza dei Diabetici. Una delle ipotesi è che gli w-3 aumentando la fluidità di membrana favoriscano il processo di endocitosi del glucosio .

Un’incoraggiante indicazione ci proviene anche da uno studio di FINNEGAN et al., Am J Clin Nutr 2003;77:783–95 nel quale il gruppo di pazienti che hanno ottenuto la maggiore riduzione del picco glicemico (-14.0 24.5%)  e lipidico (-6.88 15.9%)  post-prandiale è stato quello che consumava 4,5 gr di ALA-w3, che ha anche riportato una riduzione dell’insulina (-11.3 6.53%)  e della glicemia (-1.6 ± 1.3%) a digiuno. Lo studio ha però i seguenti limiti: gruppi poco numerosi di pazienti (n=17-31), consumo elevato di Omega-6, che riduce l’effetto degli Omega 3 , pazienti dislipidemici non diabetici.

	Prostaglandins Leukot Essent Fatty Acids. 2005 May;72(5):343-50.
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A defect in the activity of Delta6 and Delta5 desaturases may be a factor predisposing to the development of insulin resistance syndrome.

Das UN.

UND Life Sciences, 1083 Main Street, Walpole, MA 02081, USA. undurti@hotmail.com

GLUT-4 (glucose transporter) receptor, tumor necrosis factor-alpha (TNF-alpha), interleukins-6 (IL-6), daf-genes and PPARs (peroxisomal proliferation activator receptors) play a role in the development of insulin resistance syndrome and associated conditions. But, the exact interaction between these molecules/factors and the mechanism(s) by which they produce insulin resistance syndrome is not clear. 

I propose that a defect in the activity of the enzymes Delta6 and Delta5 desaturases that are essential for the formation of long chain metabolites of essential fatty acids, linoleic acid and alpha-linolenic acid, is a factor in the development of insulin resistance syndrome. 

Long chain polyunsaturated fatty acids (LCPUFAs) increase cell membrane fluidity and enhance the number of insulin receptors and the affinity of insulin to its receptors; suppress TNF-alpha, IL-6, macrophage migration inhibitory factor (MIF) and leptin synthesis; increase the number of GLUT-4 receptors, serve as endogenous ligands of PPARs, modify lipolysis, and regulate the balance between pro- and anti-oxidants, and thus, play a critical role in the pathogenesis of insulin resistance.

 In the nematode, Caenorhabditis elegans, the protein encoded by daf-2 is 35% identical to the human insulin receptor; daf-7 codes a transforming growth factor-beta (TGF-beta) type signal and daf-16 enhances superoxide dismutase (SOD) expression. Melatonin has anti-oxidant actions similar to daf-16, TGF-beta and SOD. 

Calorie restriction enhances the activity of Delta6 and Delta5 desaturases, melatonin production, decreases daf-2 signaling, free radical generation, and augments anti-oxidant defenses that may explain the beneficial effect of diet control in the management of obesity, insulin resistance, and type II diabetes mellitus. 

These evidences suggest that the activities of Delta6 and Delta5 enzymes play a critical role in the expression and regulation of GLUT-4, TNF-alpha, IL-6, MIF, daf-genes, melatonin, and leptin by modulating the synthesis and tissue concentrations of LCPUFAs. Caloric restriction delays ageing by activating Sir 2 deacetylase in yeast, and expression of Sir 2 (SIRT1) in human cells. Both insulin and insulin-like growth factor-1 (IGF-1) attenuated this response. SIRT1 sequesters the proapoptotic factor Bax, prevents stress-induced apoptosis of cells, and thus, prolongs survival. In addition, SIRT1 repressed PPAR-gamma, and overexpression of SIRT1 attenuated adipogenesis, and upregulation of SIRT in differentiated fat cells triggered lipolysis and loss of fat, events that are known to attenuate insulin resistance and prolong life span. It remains to be seen whether LCPUFAs have a regulatory role in SIRT1 expression and control Sir 2 deacetylase activity. Thus, calorie restriction or reduced food intake has a role not only in the pathobiology of insulin resistance, but also in other associated conditions such as obesity, type II diabetes mellitus, ageing, and longevity.
	Reprod Nutr Dev. 2004 May-Jun;44(3):289-99.
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N-3 long chain polyunsaturated fatty acids: a nutritional tool to prevent insulin resistance associated to type 2 diabetes and obesity?

Delarue J, LeFoll C, Corporeau C, Lucas D.

EA-948 Oxylipides, Faculte de Medecine, 29200 Brest, France. jacques.delarue@univ-brest.fr

n-3 long chain polyunsaturated fatty acids (n-3 LC-PUFA), mainly eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6 n-3), are present in mammal tissues both from endogenous synthesis from desaturation and elongation of 18:3 n-3 and/or from dietary origin (marine products and fish oils).

 In rodents in vivo, n-3 LC-PUFA have a protective effect against high fat diet induced insulin resistance. Such an effect is explained at the molecular level by the prevention of many alterations of insulin signaling induced by a high fat diet. 

Indeed, the protective effect of n-3 LC-PUFA results from the following: (a) the prevention of the decrease of phosphatidyl inositol 3' kinase (PI3 kinase) activity and of the depletion of the glucose transporter protein GLUT4 in the muscle; (b) the prevention of the decreased expression of GLUT4 in adipose tissue. In addition, n-3 LC-PUFA inhibit both the activity and expression of liver glucose-6-phosphatase which could explain the protective effect with respect to the excessive hepatic glucose output induced by a high fat diet. n-3 LC-PUFA also decrease muscle intramyofibrillar triglycerides and liver steatosis. This last effect results on the one hand, from a decreased expression of lipogenesis enzymes and of delta 9 desaturase (via a depleting effect on sterol response element binding protein 1c (SREBP-1c). On the other hand, n-3 LC-PUFA stimulate fatty acid oxidation in the liver (via the activation of peroxisome proliferator activated receptor alpha (PPAR-alpha)).

 In patients with type 2 diabetes, fish oil dietary supplementation fails to reverse insulin resistance for unclear reasons, but systematically decreases plasma triglycerides. 

Conversely, in healthy humans, fish oil has many physiological effects. Indeed, fish oil reduces insulin response to oral glucose without altering the glycaemic response, abolishes extraggression at times of mental stress, decreases the activation of sympathetic activity during mental stress and also decreases plasma triglycerides. These effects are encouraging in the perspective of prevention of insulin resistance but further clinical and basic studies must be designed to confirm and complete our knowledge in this field.
	Clin Chim Acta. 2005 Apr;354(1-2):195-9. Epub 2005 Jan 11.
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Long-chain omega6 polyunsaturated fatty acids in erythrocyte phospholipids are associated with insulin resistance in non-obese type 2 diabetics.

Rodriguez Y, Christophe AB.

Department of Physiology and Biochemistry, Institute of Nutrition and Food Hygiene, Havana, Cuba.

BACKGROUND: Associations have been described between insulin action and long-chain omega6 polyunsaturated fatty acids in skeletal muscle and erythrocytes of healthy individuals. We evaluated whether there was an association between insulin resistance and long-chain omega6 polyunsaturated fatty acids in erythrocyte phospholipids of type 2 diabetics. METHODS: Erythrocyte phospholipid fatty acid composition was determined in 43 adult non-obese type 2 diabetics. Insulin resistance was estimated by the HOMA mathematical approximations. Individual omega6 fatty acids and the sum of long-chain omega6 polyunsaturated fatty acids were correlated with insulin resistance. The same association was assessed for fatty acid product/precursor ratios taken as measures of Delta5 desaturase, Delta6 desaturase and their combined action. 

RESULTS: Except for 18:2omega6, 20:2omega6 and 20:3omega6, the individual omega6 fatty acids tested and the sum of long-chain omega6 polyunsaturated fatty acids correlated negatively with insulin resistance at p<0.005. 

Likewise, a negative correlation was found for the combined action of Delta5 and Delta6 desaturases (p<0.005). 

CONCLUSIONS: Our results indicate that formation of long-chain omega6 fatty acids from 18:2omega6 by desaturation-elongation is impaired under insulin resistant conditions and reduced desaturase activities may be involved. 

In view of our results, we hypothesize that in insulin resistant conditions, insulin-mediated activation of Delta5 and Delta6 desaturases may not occur.
	Biochim Biophys Acta. 2005 Mar 21;1733(1):67-75.
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Substituting dietary linoleic acid with alpha-linolenic acid improves insulin sensitivity in sucrose fed rats.

Ghafoorunissa, Ibrahim A, Natarajan S.

Department of Biochemistry, National Institute of Nutrition, Indian Council of Medical Research, Jamai Osmania P.O., Hyderabad-500 007, A.P., India. ghafoorunissanin@yahoo.com

This study describes the effect of substituting dietary linoleic acid (18:2 n-6) with alpha-linolenic acid (18:3 n-3) on sucrose-induced insulin resistance (IR). Wistar NIN male weanling rats were fed casein based diet containing 22 energy percent (en%) fat with approximately 6, 9 and 7 en% saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) respectively for 3 months. IR was induced by replacing starch (ST) with sucrose (SU). Blends of groundnut, palmolein, and linseed oil in different proportions furnished the following levels of 18:3 n-3 (g/100 g diet) and 18:2 n-6/18:3 n-3 ratios respectively: ST-220 (0.014, 220), SU-220 (0.014, 220), SU-50 (0.06, 50), SU-10 (0.27, 10) and SU-2 (1.1, 2). The results showed IR in the sucrose fed group (SU-220) as evidenced by increase in fasting plasma insulin and area under the curve (AUC) of insulin in response to oral glucose load. In SU-220, the increase in adipocyte plasma membrane cholesterol/phospholipid ratio was associated with a decrease in fluidity, insulin stimulated glucose transport, antilipolytic effect of insulin and increase in basal and norepinephrine stimulated lipolysis in adipocytes. In SU-50, sucrose induced alterations in adipocyte lipolysis and antilipolysis were normalized. However, in SU-2, partial corrections in plasma insulin, AUC of insulin and adipocyte insulin stimulated glucose transport were observed. Further, plasma triglycerides and cholesterol decreased in SU-2. In diaphragm phospholipids, the observed dose dependent increase in long chain (LC) n-3 PUFA was associated with a decrease in LC-n-6 PUFA but insulin stimulated glucose transport increased only in SU-2. Thus, this study shows that the substitution of one-third of dietary 18:2 n-6 with 18:3 n-3 (SU-2) results in lowered blood lipid levels and increases peripheral insulin sensitivity, possibly due to the resulting high LCn-3 PUFA levels in target tissues of insulin action. These findings suggest a role for 18:3 n-3 in the prevention of insulin resistant states. The current recommendation to increase 18:3 n-3 intake for reducing cardiovascular risk may also be beneficial for preventing IR in humans.

	DNA Cell Biol. 2004 Aug;23(8):519-26.
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Polyunsaturated fatty acids are FXR ligands and differentially regulate expression of FXR targets.

Zhao A, Yu J, Lew JL, Huang L, Wright SD, Cui J.

Department of Cardiovascular Diseases, Merck Research Laboratories, Rahway, New Jersey 07065, USA.

Polyunsaturated fatty acids (PUFAs) have been previously reported as agonists of peroxisome proliferatoractivated receptor and antagonists of the liver X receptor.

The activities on these two nuclear receptors have been attributed to their beneficial effects such as improvement of dyslipidemia and insulin sensitivity and decrease of hepatic lipogenesis.

Here we report that PUFAs are ligands of farnesoid X receptor (FXR), a nuclear receptor for bile acids.

 In a conventional FXR binding assay, arachidonic acid (AA, 20:4), docosahexaenoic acid (DA, 22:6), and linolenic acid (LA, 18:3) had an affinity of 2.6, 1.5, and 3.5 microM, respectively.

 In a cell-free coactivator association assay, AA, DA, and LA decreased FXR agonist-induced FXR activation with IC(50)s ranging from 0.9 to 4.7 microM.

 In HepG2 cells, PUFAs regulated the expression of two FXR targets, BSEP and kininogen, in an opposite fashion, although both genes were transactivated by FXR. 

All three PUFAs dose-dependently enhanced FXR agonist-induced BSEP expression but decreased FXR agonist-induced human kininogen mRNA.

 Saturated fatty acids such as stearic acid (SA, 18:0) and palmitic acid (PA, 16:0) did not bind to FXR and did not change BSEP or kininogen expression. 

The pattern of BSEP and kininogen regulation by PUFAs is closely similar to that of the guggulsterone, previously reported as a selective bile acid receptor modulator. 

Our results suggest that PUFAs may belong to the same class of FXR ligands as guggulsterone, and that the selective regulation of FXR targets may contribute to the beneficial effects of PUFAs in lipid metabolism.

	Am J Physiol Endocrinol Metab. 2004 Aug;287(2):E358-65. Epub 2004 Apr 13.
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Differential effect of saturated and polyunsaturated fatty acids on hepatic glucose metabolism in humans.

Clore JN, Stillman JS, Li J, O'Keefe SJ, Levy JR.

Division of Endocrinology and Metabolism, Virginia Commonwealth University, Richmond, Virginia 2329, USA. clore@hsc.vcu.edu

Prolonged infusions of lipid and heparin that achieve high physiological free fatty acid (FFA) concentrations inhibit hepatic (and peripheral) insulin sensitivity in humans. These infusions are composed largely of polyunsaturated fatty acids (PUFA; linoleic and linolenic). 

It is not known whether fatty acid composition per se affects hepatic glucose metabolism in humans.

 To address this issue, we examined the impact of enteral infusions of either palm oil (48% palmitic, 35% oleic, and 8% linoleic acids) or safflower oil (6% palmitic, 12% oleic, 74% linoleic acids) in 14 obese nondiabetic subjects. (2)H(2)O was administered to determine the contribution of gluconeogenesis to endogenous glucose production (EGP), and a primed continuous infusion of [6,6-(2)H]glucose was administered to assess glucose appearance. As a result of the lipid infusions, plasma FFA concentrations increased significantly in both the palm oil (507.5 +/- 47.4 to 939.3 +/- 61.3 micromol/l, P < 0.01) and safflower oil (588.2.0 +/- 43.0 to 857.8 +/- 68.7 micromol/l, P < 0.01) groups after 4 h. EGP was similar at baseline (12.4 +/- 1.8 vs. 11.2 +/- 1.0 micromol x kg FFM(-1) x min(-1)). 

During a somatostatin-insulin clamp, the glucose infusion rate was significantly lower (AUC glucose infusion rate 195.8 +/- 50.7 vs. 377.8 +/- 38.0 micromol/kg FFM, P < 0.01), and rates of EGP were significantly higher (10.7 +/- 1.4 vs. 6.5 +/- 1.5 micromol x kg FFM(-1) x min(-1), P < 0.01) after palm oil compared with safflower oil, respectively. Baseline rates of gluconeogenesis and glycogenolysis were also similar. However, after lipid infusion, rates of glycogenolysis were suppressed by safflower oil but not by palm oil. Thus these studies demonstrate, for the first time in humans, a differential effect of saturated fatty acids and PUFA on hepatic glucose metabolism.

	Prostaglandins Leukot Essent Fatty Acids. 2003 Feb;68(2):151-62.
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Hormonal modulation of delta6 and delta5 desaturases: case of diabetes.

Brenner RR.

Instituto de Investigaciones Bioquimicas de La Plata, CONICET-UNLP, Facultad de Ciencias Medicas, Universidad Nacional de La Plata, calles 60 y 120, 1900-La Plata, Argentina. rbrenner@atlas.med.unlp.edu.ar

Animal biosynthesis of high polyunsaturated fatty acids from linoleic, alpha-linolenic and oleic acids is mainly modulated by the delta6 and delta5 desaturases through dietary and hormonal stimulated mechanisms. From hormones, only insulin activates both enzymes. In experimental diabetes mellitus type-1, the depressed delta6 desaturase is restored by insulin stimulation of the gene expression of its mRNA. However, cAMP or cycloheximide injection prevents this effect. The depression of delta6 and delta5 desaturases in diabetes is rapidly correlated by lower contents of arachidonic acid and higher contents of linoleic in almost all the tissues except brain. However, docosahexaenoic n-3 acid enhancement, mainly in liver phospholipids, is not explained yet. In experimental non-insulin dependent diabetes, the effect upon the delta6 and delta5 desaturases is not clear.

 From all other hormones glucagon, adrenaline, glucocorticoids, mineralocorticoids, oestriol, oestradiol, testosterone and ACTH depress both desaturases, and a few hormones: progesterone, cortexolone and pregnanediol are inactive.
	Lipids. 2003 Aug;38(8):827-32.
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Hepatic delta9, delta6, and delta5 desaturations in non-insulin-dependent diabetes mellitus eSS rats.

Montanaro MA, Rimoldi OJ, Igal RA, Montenegro S, Tarres MC, Martinez SM, Brenner RR.

Instituto de Investigaciones Bioquimicas de La Plata, Universidad Nacional de La Plata-Consejo Nacional de Investigaciones Cientificas y Tecnicas, Facultad de Ciencias Medicas, UNLP, La Plata, Argentina.

Both diabetes mellitus type 1 and diabetes mellitus type 2 are widespread diseases that alter carbohydrate and lipid metabolism. e Stilmann-Salgado (eSS) rats are experimental animals that spontaneously evolve to a state similar to that of young people affected by non-insulin-dependent diabetes mellitus (NIDDM; type 2). Using 6-mon-old eSS rats that, according to the literature [Martinez, S.M., Tarres, M.C., Montenegro, S., Milo, R., Picena, J.C., Figueroa, N., and Rabasa, S.R. (1988) Spontaneous Diabetes in eSS Rats, Acta Diabetol. Lat. 25, 303-313], had already developed insulin resistance, we investigated the changes evoked on delta9, delta6, and delta5 liver desaturases. The abundance of mRNA and enzymatic activities were measured, as well as the FA composition of liver microsomal lipids. Compared to control rats, the mRNA content and activity of SCD-1 (stearoyl CoA-desaturase, isoform of the delta9 desaturase) were significantly higher, whereas the mRNA and activities of delta6 and delta5 desaturases were not significantly modified. Correspondingly, the proportion of 18:1n-9 and the ratios of 18:1n-9/18:0 and 16:1/16:0 in lipids were significantly increased, whereas the proportion of 20:4n-6 was unaltered. These effects were found while glycemia was constant or increased. The results are completely opposite those described in insulin-dependent diabetes mellitus (type 1), in which a depression of all the desaturases is found. They suggest that in eSS rats, the activities of the desaturases were not modified by an insulin-resistance effect. Moreover, we suggest that the enhancement of SCD-1 activity might be considered as another typical sign of the NIDDM syndrome, because it has also been found in other animal models of NIDDM, for example, the ones evoked by the sucrose-rich diet and in the Zucker rat.
Annals of the New York Academy of Sciences 967:329-335 (2002)
© 2002 New York Academy of Sciences 
Type of Dietary Fat and Insulin Resistance 

ANGELA A. RIVELLESE, CLAUDIA DE NATALE and STEFANIA LILLI 
Department of Clinical and Experimental Medicine, Federico II University Medical School, Napoli, Italy 
Address for correspondence: Angela A. Rivellese, Department of Clinical and Experimental Medicine, Federico II University Medical School, Via S. Pansini 5, 80131 Napoli, Italy. Voice: +39 081 746 2117; fax: +39 081 546 6152. 
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Ann. N.Y. Acad. Sci. 967: 329-335 (2002). 
Animal studies have already shown the possibility to modulate insulin action by changing not only the amount of total fat, but also the type of fat. In these studies, saturated fat significantly increased insulin resistance, long- and short-chain [image: image23.png]


3 fatty acids significantly improved it, whereas the effects of monounsaturated and [image: image24.png]


6 polyunsaturated fatty acids ranged somewhere in between the two. A recent multicenter study (the Kanwu study) on humans has shown that shifting from a diet rich in saturated fatty acids to one rich in monounsaturated fat improved insulin sensitivity in healthy people, while a moderate [image: image25.png]


3 supplementation did not affect it; this second finding confirms previous results in type 2 diabetic patients with hypertriglyceridemia. There are also other aspects of the metabolic syndrome that can be influenced by the different type of dietary fat, particularly blood pressure and lipid metabolism. With respect to blood pressure, the majority of studies show that [image: image26.png]


3 fatty acids are able to reduce blood pressure in hypertensive patients, but not in normotensive individuals; this result has been confirmed also by the Kanwu study, where no changes in blood pressure were seen after [image: image27.png]


3 supplementation in healthy people. On the other hand, in this study, the change from saturated to monounsaturated fatty acids was able to significantly reduce diastolic blood pressure. As to the lipid abnormalities more frequently present in the metabolic syndrome (i.e., hypertriglyceridemia and low HDL cholesterol), the main effects are related to [image: image28.png]


3 fatty acids, which surely reduce triglyceride levels, but at the same time increase LDL cholesterol. In conclusion, there is so far sound evidence in humans that the quality of dietary fat is able to influence insulin resistance and some of the related metabolic abnormalities. 

	Curr Atheroscler Rep. 2005 Sep;7(5):375-380.
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Extending the Cardiovascular Benefits of Omega-3 Fatty Acids.

Harris WS.

Lipid and Diabetes Research Center, Mid America Heart Institute, Saint Luke's Health System, 4401 Wornall Road, Kansas City, MO 64111, USA. wharris@saint-lukes.org.

The cardiovascular benefits of omega (n)-3 fatty acids (FA) become clearer with each passing year. Although useful in large doses for lowering serum triglyceride levels, the primary benefits are likely to arise from smaller, nutritional intakes of eicosapentaenoic acid (EPA) and docosahexanoic acid (DHA). Doses of less than 1 g/d appear to reduce risk for fatal coronary heart disease events, perhaps by stabilizing the myocardium and reducing risk for fatal arrhythmias. New evidence points to a possible benefit on atrial fibrillation, particularly in the immediate post-cardiac surgery setting. Studies in women with coronary heart disease now suggest that plaque progression may be slowed by increased intakes of oily fish, even in women with diabetes. The relative importance of the n-6 FA linoleic acid (LA), the short-chain n-3 FA alpha linolenic acid (ALA), and the long-chain n-3 FAs EPA and DHA is becoming clearer. If intakes of the latter are adequate (perhaps over 250 mg/d), then there appears to be little need to consume more ALA or less LA.

	Diabetologia. 2005 Jan;48(1):113-22. Epub 2004 Dec 29.
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Acute effects of monounsaturated fatty acids with and without omega-3 fatty acids on vascular reactivity in individuals with type 2 diabetes.

West SG, Hecker KD, Mustad VA, Nicholson S, Schoemer SL, Wagner P, Hinderliter AL, Ulbrecht J, Ruey P, Kris-Etherton PM.

Department of Biobehavioral Health, The Pennsylvania State University, University Park, PA, USA.

AIMS/HYPOTHESIS: We examined the acute postprandial effects of meals containing unsaturated fatty acids on flow-mediated dilation (FMD) of the brachial artery and triacylglycerols in individuals with type 2 diabetes. We hypothesised that consumption of omega-3 fatty acids would enhance vascular function. Saturated fat reduces FMD for several hours, but there is inconsistent evidence about whether foods containing unsaturated fats impair FMD acutely. Little is known about the acute effects of omega-3 fatty acids on vascular reactivity. METHODS: We measured FMD before and 4 h after 3 test meals (50 g fat, 2,615 kJ) in 18 healthy adults with type 2 diabetes. The monounsaturated fatty acids (MUFA) meal contained 50 g fat from high oleic safflower and canola oils. Two additional meals were prepared by replacing 7% to 8% of MUFA with docosahexaenoic acid and eicosapentaenoic acid from sardine oil or alpha-linolenic acid from canola oil. RESULTS: In the sample as a whole, FMD was increased 17% at 4 h vs. the fasting baseline. After the MUFA meal, subjects with the largest increases in triacylglycerols had the largest FMD decreases. The opposite pattern was observed after meals containing docosahexaenoic acid and eicosapentaenoic acid or alpha-linolenic acid. In subjects with high fasting triacylglycerols, meals containing 3 to 5 g of omega-3 fatty acids increased FMD by 50% to 80% and MUFA alone had no significant effects on FMD. CONCLUSIONS/INTERPRETATION: Endothelium-dependent vasodilation was not impaired 4 h after meals containing predominantly unsaturated fatty acids. The fatty acid composition of the meal and the metabolic status of the individual determine the vascular effects of a high-fat meal.

Diabetes Care. 2004 Oct;27(10):2563-4.
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-Linolenic Acid–Containing Linseed Oil on Coagulation in Type 2 Diabetes 

Noriaki Tohgi, MD 
From the Department of Endocrinology and Metabolism, Kurume University School of Medicine, Kurume, Japan 
Address correspondence to Noriaki Tohgi, MD, Midori Hospital 359-1 Yuu-chou Kuga-gun, Yamaguchi 740-1404, Japan. E-mail: tohgi@nanwakai.jp [image: image35.png]



Blood coagulation in diabetes is known to be increased (1,2). Because levels of n-3 and n-6 polyunsaturated fatty acids (PUFAs) influence the parameters of blood coagulation, the aim of this study was to determine the effects of n-3 PUFA supplementation on coagulation and fibrinolytic factors in type 2 diabetic subjects. While it is not clear what the appropriate intake ratio of n-6 to n-3 PUFAs should be for diabetic subjects, it is known that the dietary intake ratio of n-6 to n-3 PUFAs is roughly 4:1 in Japanese subjects (3). 
Ten subjects (six women and four men, average age 59.6 years) with type 2 diabetes participated in this study as inpatients. Their average BMI and HbA1c values were 20.9 ± 3.8 kg/m2 and 10.8 ± 1.1%, respectively. Their daily energy intake during the course of the study was 1,490 ± 166 kcal. After 2 weeks on the control diet, our subjects were placed on a diet in which 5 g linseed oil was added (in salads, miso soup, etc., without heating) in exchange for 5 g cooking oil. The ratio of PUFAs to saturated fatty acids in the subjects’ prestudy and study diets were 1.2 and 1.6, respectively, while the ratios of n-6 to n-3 PUFAs in their prestudy and study diets were 3.6 and 1.5, respectively. Blood samples were collected before and 14 days after initiation of the study. Plasmin [image: image36.png]


2-plasmin inhibitor complex (PPI) level and plasminogen activator inhibitor-1 (PAI-1) activity in plasma was measured using a latex photometric immunoassay, while thrombin antithrombin III complex (TAT) level was measured using an enzyme-linked immunoassay. Differences in these parameters obtained at the start and end of the study were analyzed using a paired t test; values were considered to be significant if the P value was <0.05. Values are expressed as the mean ± SD. 
After 2 weeks on a linseed oil–supplemented diet, PPI level, PAI-1 activity, and TAT level fell significantly (0.72 ± 0.19 vs. 0.47 ± 0.14 µg/ml, P = 0.0009; 73.3 ± 37.5 vs. 51.6 ± 25.0 ng/ml, P = 0.02; and 9.6 ± 9.1 vs. 2.5 ± 1.1 ng/ml, P = 0.04; respectively). 
Boberg et al. (4) reported that PAI-1 activity was increased in type 2 diabetic subjects after supplementation of their diet with 10 g eicosapentaenoic acid. Kelly et al. (5) reported that a diet containing flaxseed oil (60% [image: image37.png]


-linolenic acid) did not alter indexes of blood coagulation, i.e., bleeding time, prothrombin time, and partial prothrombin time. Chan et al. (6) showed that altering the dietary n-6–to–n-3 PUFA ratio had no effect on bleeding time. Our results, on the other hand, showed that a diet-induced reduction in the n-6–to–n-3 PUFA ratio affected parameters of blood coagulation and fibrinolysis. Finally, Freese et al. (7) reported that supplemental [image: image38.png]


-linolenic acid from vegetable oil and eicosapentaenoic and docosahexaenic acids from a marine source had similar effects on hemostatic factors. In conclusion, our results showed that PPI level, PAI-1 activity, and TAT level were significantly reduced in type 2 diabetic subjects that had their n-6–to–n-3 PUFA ratio lowered by dietary means. 
	Cancer Epidemiol Biomarkers Prev. 2004 Oct;13(10):1646-50.
	Related Articles, [image: image39.png]


Links 




 
Metabolic syndrome and the risk of prostate cancer in Finnish men: a population-based study.

Laukkanen JA, Laaksonen DE, Niskanen L, Pukkala E, Hakkarainen A, Salonen JT.

Research Institute of Public Health, University of Kuopio, PO Box 1627, 70211, Finland. jariantero.laukkanen@uku.fi

OBJECTIVE: Individual components of metabolic syndrome have been linked to an increased risk for prostate cancers. We hypothesized that metabolic syndrome itself could confer an increased risk for incident prostate cancer. METHODS: The participants were a population-based sample of 1,880 men from eastern Finland without history of cancer or diabetes mellitus at baseline. RESULTS: The metabolic syndrome (WHO criteria) was present in 357 (19%) of subjects. During an average follow-up of 13 years, a total of 183 cancers occurred, of which 56 were due to prostate cancer. 

The metabolic syndrome at baseline was related to a 1.9-fold (95% confidence interval, 1.1-3.5) risk of prostate cancer after adjustment for age, alcohol consumption, physical fitness, and energy, fat, fiber, calcium, vitamin E, and alpha-linolenic acid intake. 

The association between metabolic syndrome and risk of prostate cancer was stronger among overweight and obese men with a body mass index > or = 27 kg/m2 (adjusted relative risk, 3.0; 95% confidence interval, 1.2-7.3) than in lighter men (relative risk, 1.8; 95% confidence interval, 0.7-4.7). CONCLUSIONS: Middle-aged men with the metabolic syndrome were more likely to develop prostate cancer in this prospective population-based study. This finding suggests that efforts to curb the epidemic of overweight and sedentary lifestyle and the accompanying metabolic syndrome may decrease the risk for prostate cancer
	Cytokine. 2004 Jun 7;26(5):195-201.
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Acute changes in dietary omega-3 fatty acid intake lowers soluble interleukin-6 receptor in healthy adult normal weight and overweight males.

Nelson TL, Hickey MS.

Human Performance Clinical/Research Laboratory, Department of Health and Exercise Science, Colorado State University, 220 Moby, Fort Collins, CO 80523, USA. tnelson@cahs.colostate.edu

OBJECTIVE: To determine the effect of a short-term isocaloric exchange of alpha-linolenic acid (ALA, 18:3n3) for linoleic acid (LA, 18:2n6) on fasting levels of soluble interleukin-6 receptor (sIL6R), and soluble tumor necrosis factor-alpha receptors 1 and 2 (sTNFR1 and sTNFR2) in healthy normal weight and overweight/obese adult males. DESIGN: Four-day clinical intervention study with 0.5% or 5% of total energy from ALA. Fasting (10 h) blood samples were obtained on the morning of day 5 in both diet treatments to measure sTNFR1, sTNFR2, and sIL6R. SUBJECTS: Nine normal weight (BMI < 25 kg/m2) and seven overweight (BMI > or = 25 kg/m2) healthy males. RESULTS: Fasting sIL6R decreased significantly from the control (C) diet following four days on the high ALA isocaloric (ISO) diet in normal weight and overweight/obese subjects (normal weight: C = 34.89 +/- 3.17 ng/ml, ISO = 30.91 +/- 2.24 ng/ml, p < 0.05; overweight/obese: C = 38.19 +/- 3.92 ng/ml, ISO = 33.57 +/- 2.47 ng/ml, p , 0.05). The dietary intervention did not have a significant effect on fasting sTNFR1 or sTNFR2. 

CONCLUSIONS: The results suggest that an isocaloric exchange of ALA for LA can reduce fasting sIL6R concentration by approximately 11% after a four-day dietary intervention in both overweight/obese and normal weight subjects. The data also suggest that longer exposure to a similar diet may have the potential to reduce inflammatory burden and thus lower the risk of both cardiovascular disease as well as diabetes. Copyright 2004 Elsevier Ltd.
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Fat modification in the diabetes diet.

Julius U.

Institute and Policlinics of Clinical Metabolic Research, University Clinics Dresden, Dresden, Germany. julius@rcs.urz.tu-dresden.de

The modification of dietary fat in the diet of diabetic patients is of interest with respect to metabolic and other consequences of this modification. To begin with the data are reviewed for the use of monounsaturated fatty acids (MUFA) in the diabetes diet. Compared to a carbohydrate-rich diet, glucose concentrations are lower. Blood pressure was also found to be lower. There were no major differences with respect to lipid concentrations. HDL-cholesterol levels tended to be higher after a MUFA-rich diet. In type-1 diabetic patients, the number of circulating big VLDL particles was greater after a MUFA diet than after a carbohydrate-rich diet. Comparisons were also made between diets enriched with MUFA and with polyunsaturated fatty acids (PUFA). With respect to lipid concentrations, different groups observed different effects. While one group saw no differences in fasting lipids, they measured a higher remnant-like particle cholesterol after a diet enriched with MUFA. Another group found higher total and LDL-cholesterol levels after a PUFA-rich diet than after a MUFA-diet. In their study, fasting glucose, insulin and fasting chylomicrons and postprandial chylomicrons and VLDL were higher following the PUFA diet. A MUFA-rich diet increased endothelium-dependent flow-mediated dilatation in the superficial femoral artery. Alpha-linolenic acid appears to be a precursor of eicospentaenoic and docosahexaenoic fatty acids. As a diet rich in n-6 PUFA reduces this conversion, a n-6/n-3 PUFA ratio not exceeding 4 - 6 should be observed. No prospective data are available for alpha-linolenic acid in diabetic patients. 

The review summarizes the results of the Lyon Diet Heart Study and the Nurses' Health Study. Both studies saw a reduced cardiovascular risk associated with a higher intake of alpha-linolenic acid. 

Finally, data on the effects of fish oil are given. The latter has a clearly expressed triglyceride-lowering effect. Data with respect to glucose control are heterogeneous. Major studies did not find any influence in glucose concentrations. Hepatic glucose production and peripheral insulin sensitivity remained constant. Evidently, nerve function can be improved by fish oil. Data have been compiled comparing the effects of fish oil with those of olive oil, linseed oil and sunflower oil.
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Long-chain polyunsaturated fatty acids and chemically induced diabetes mellitus. Effect of omega-3 fatty acids.

Suresh Y, Das UN.

EFA Sciences LLC, Norwood, Massachusetts 02062, USA.

In a previous study, we showed that prior oral feeding of oils rich in omega-3 eicosapentaenoic acid and docosahexaenoic acid and omega-6 gamma-linolenic acid and arachidonic acid prevent the development of alloxan-induced diabetes mellitus in experimental animals. We also observed that 99% pure omega-6 fatty acids gamma-linolenic acid and arachidonic acid protect against chemically induced diabetes mellitus.

 Here we report the results of our studies with omega-3 fatty acids. Alloxan-induced in vitro cytotoxicity and apoptosis in an insulin-secreting rat insulinoma cell line, RIN, was prevented by prior exposure of these cells to alpha-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid. Prior oral supplementation with alpha-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid prevented alloxan-induced diabetes mellitus. alpha-Linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid not only attenuated chemical-induced diabetes mellitus but also restored the anti-oxidant status to normal range in various tissues. 

These results suggested that omega-3 fatty acids can abrogate chemically induced diabetes in experimental animals and attenuate the oxidant stress that occurs in diabetes mellitus.

