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The need as indicated by stakeholders: The Problem: Americans are unlikely to achieve the proposed dietary recommendations of increased long chain n-3 polyunsaturated fatty acids (PUFA) by increasing fish consumption, AHA Dietary Guidelines Revision 2000 (1). For example, there is no evidence that the public would modify their dietary patterns to include a suggested four servings of fatty fish weekly and the supply of fatty fish is insufficient to meet these proposed recommendations. Therefore, agricultural-based sources of n-3 PUFA must be investigated as an alternative means of achieving equivalent health benefits (health promotion/disease prevention).  However, the family of n-3 PUFA comprises a heterogeneous group of fatty acids with potentially diverse health-related functions that remains to be investigated.  The overall goal of this application is to determine the effectiveness of agricultural-based n-3 PUFA as compared to marine-based n-3 PUFA to promote health and prevent disease and identify agricultural and marine sources of n-3 PUFA to meet new dietary guidelines.

This project addresses the “highest priority research” objectives as defined by the Agricultural Research, Extension and Education reform Act of 1998. This project also addresses Goal 3, Objective 3.1 (to optimize the health of consumers by improving the quality of diets, the quality of food, and the number of food choices) and Objective 3.2 (to promote health, safety, and access to quality health care) of the CSREES Strategic Plan. This project addresses three Food and Nutrition research priorities identified by the North Central Regional Association (NCRA) in Appendix A-1 of the NCRA manual, and as such, its focus on Food and Nutrition is among the highest priorities.  The three priority research objectives to be addressed by NC-167 include:  

Priority Research Objective 1: Expand our understanding of the relationship between diet, health, and disease prevention with particular focus on dietary lipids. 

Priority Research Objective 2: Elucidate health benefits associated with functional properties of food constituents.
Dietary guidelines for fat intakes were originally based on the formulae that predicted the impact of polyunsaturated fatty acids (PUFA), saturated fatty acids (SFA) and monounsaturated fatty acid (MUFA) on serum cholesterol levels as the cardinal biomarker of cardiovascular disease (CVD) risk  (1). There has been an evolution in the dietary guidelines over the 1988-2000 period, which recognizes that while PUFA are associated with a reduction in serum cholesterol and CVD risk, not all PUFA are created equal with regards to their beneficial effects. For example, excessive consumption of n-6 PUFA is not without detrimental effects (1-3). The 2000 Revision of the American Heart Association (AHA) dietary guidelines (1) has abandoned the nutrient-based 
PUFA recommendation in favor of food-based 
recommendations of unsaturated fat consumption from fish, vegetables, legumes and nuts. These new guidelines emphasize 
that n-3 PUFA confer benefits over and above those attributable to improved serum lipid profiles. Despite this, 
consumers are unaware as to how much n-3 PUFA should be consumed, either in terms of absolute amounts, the forms of dietary n-3 PUFA, or the importance of the dietary n-3/n-6 ratio. Furthermore, consumers are unaware that different forms of dietary PUFA have differing health benefits based on their ability to impact the functional tissue long chain n-3 PUFAs, eicosapentaenoic (EPA) and docosahexaenoic acids (DHA). 

Priority Research Objective 3: Design effective nutrition education programs and delivery methods that modify human behavior such that individuals, including those most at risk, choose healthier diets.

This project will enable construction of a profile that will delineate the practices used by nutrition professionals to improve consumers’ n-3 intake. By profiling the n-3 counseling practices of registered dietitians, a snapshot of practitioner perceived effectiveness of altered dietary n-3 intake can be formed for conditions including but not limited to cardiovascular disease, stroke, arthritis symptoms, autoimmune disorders, neurological functions, cancer, pregnancy and birth outcomes.

Then, utilizing the profile components, effective, theory-driven nutrition education programs and intervention strategies, including delivery methods, will be developed for nutrition professionals with possible adaptation for other health professions.  Ultimately, this targeted nutrition education will result in improved n-3 intakes in consumers.

Importance of the work:  Recommended n-3 intakes will be published for the first time by the Food and Nutrition Board, National Academy of Sciences, in 2002 and are likely to be well above current intakes. Nutrition professionals will need valid resources to implement the recommendations.  Development of sound, food-based nutrition resources will 1) demonstrate the role of agricultural products in increasing n-3 intake to maintain health, 2) promote food, rather than supplement-based sources of n-3 fatty acids, and 3) ensure dissemination of accurate science-based information about n-3 fatty acids and health for health professionals and their clients. Members of NC-167 will focus their efforts on identifying both the dietary n-3 forms and amounts that confer health promotion/disease prevention benefits.

NC-167 maintains the focus of its predecessor projects in delineating the impact of dietary PUFA on the health of the US population with an emphasis on identifying the health benefits of the various dietary forms of n-3 PUFA, and the amounts of n-3 PUFA, as a means of establishing guidelines that will aid in setting human recommendations. NC-167 scientists were among the first to recognize that diets formulated with n-6 PUFA-rich corn oil or safflower oil resulted in markedly elevated eicosanoid formation, particularly 2-series prostaglandins (PG) and 4-series leukotrienes (LT) while 3-series PGs and 5-series LTs were depressed (LA, CO, OH, IA, TN Stations). NC-167 scientists have shown that aberrant eicosanoid production with high n-6 PUFA inhibits bone formation (IN, CO), and that n-3 PUFA moderates bone resorption and promotes bone formation. The NC-167 group was among the first to report that high n-6 PUFA diets promote tumor growth (IA, WI, MN, TN) and that n-3 PUFA inhibited tumor proliferation (TN, MN).  Other consequences of high n-6 PUFA diets elucidated by the NC-167 group include increased low density lipoprotein (LDL) oxidation (NC), increased cytokine production and alterations in immune function (MO) and decreased receptor binding affinity and tissue sensitivity to insulin affecting energy metabolism (MI). NC-167 studies have shown that increased n-3 PUFA can decrease triglyceride rich lipoproteins and CVD risk (CA, NE and TN
). Recent studies (CO) have found elevations of n-6 PUFA in blood lipids of women delivering prematurely and increased n-3 PUFA decreased 
biomarkers of premature delivery (CO, IN). Infertility is associated with high n-6 PUFA diets, and n-3 PUFA consumption increases egg release into the oviduct (WY). 

Alterations in the eating pattern of Americans have resulted in a markedly increased use of processed plant fats and oils in comparison to animal fats. PUFAs comprised approximately 7% of energy intake of US diets during the period 1987-1991 (4-6). Linoleic acid ( LA, n-6 PUFA) is the predominant PUFA in the American food supply and the average daily consumption between 1987 and 1991 was approximately 13 g/day, providing 84-89% of the total PUFA energy consumed (4,5). Thus, approximately 6% of daily energy is provided by n-6 LA acid alone. In contrast, the intake of n-3 PUFA during the 1987-1991 time period was approximately 1.6 g/day, providing approximately 0.7% of daily calories. (4-6). The major contributor to n-3 PUFA intake is (-linolenic acid (LnA, 1.4 g/day, 0.6% of daily calories) with 0.1-0.2 g/day (0.05-0.1% daily calories) provided as EPA plus DHA, the functional long-chain n-3 PUFAs (4-6). Despite its high LA content, soybean oil is the major dietary source of LnA (6), but 50% is processed by hydrogenation for use in margarines, shortenings, and frying fats with increased trans fatty acid content and drastically reduced n-3 PUFA (7). The role of soybean oil as the major dietary source of n-3 PUFA in the US food supply is threatened by efforts to develop low n-3 PUFA cultivars in order to circumvent hydrogenation and assuage consumer concerns about dietary trans fatty acids (5,6,8). The conversion of dietary LnA acid to EPA and DHA, the functional n-3 PUFA in tissues, is dependent on both the amount of LnA and the dietary n-3/n-6 ratio (9). As emphasized previously, the optimal level of dietary n-6 PUFA, for wellness factors other than serum cholesterol, has yet to be determined. Work by NC-167 scientists has shown that there are threshold levels of n-6 PUFA with increased risks for coronary thrombosis, cancer proliferation, immunosuppression, bone loss, infertility, premature delivery and perinatal health, and modest supplements of n-3 PUFA can reverse many of the detrimental effects of elevated n-6 PUFA consumption. 

A crucial, and unanswered, question is whether dietary LnA acid can support tissue EPA and DHA levels at which health outcomes are improved. Evidence indicates that the current US dietary n-6/n-3 ratio of 11-12.5:1 does not allow for sufficient conversion of LnA to optimal tissue levels of EPA and DHA (6,9). The dietary n-6/n-3 ratio has remained largely unchanged over the past 40 years (10-12) and is considerably higher than the suggested optimal ratio of 2.3:1 (6). This has led to recommendations that US fish consumption be increased to approximately 4 servings of fatty fish per week in order that preformed dietary EPA and DHA intakes – the functional tissue forms of n-3 PUFAs - meet the proposed daily goal of 0.65 g EPA plus DHA (13). Americans are unlikely to achieve the proposed dietary recommendations of long-chain n-3 PUFA by increasing fish consumption. There is no evidence that the public would modify their dietary patterns to include a suggested four servings of fatty fish weekly (6) and there is concern that the supply of fatty fish is insufficient to meet these proposed recommendations. The Food and Drug Administration has recently cautioned consumers to limit fish consumption because of concern with environmental heavy metal and pesticide contamination. Thus
, the investigation of agricultural-based sources of dietary n-3 PUFA as alternatives to marine based n-3 PUFA for achieving health promotion and disease prevention benefits in the US population is crucial. While no single station has the expertise to investigate all the n-3 PUFA linked wellness outcomes, the expertise of the NC-167 Committee ensures that our search for an appropriate dietary n-3 PUFA intake, both form, amount, and useful consumer information will focus on major health outcomes such as CVD, cancer, bone diseases, prematurity and perinatal health, emphasized in the Health People 2010 Report (14). 

Consequences if not done:  Without this research, the scientific rationale supporting the levels and types of dietary n-3 PUFA needed to reduce risk of chronic diseases, such as cancer inflammatory and cardiovascular diseases, will remain a matter of interpretation. This is important because of the prevalence of these diseases in the American population and their serious impact on the healthcare economy. It is imperative that we not lump all the n-3 fatty acids together with the assumption that they have similar biological properties.  

Equally, it is a mistake to assume that it is sufficient to recommend more fish in the diet with little hope that these recommendations are achievable. The most effective methods to implement dietary behavior change are being rigorously studied, particularly in relation to reducing total fat intake.  However, these educational theories have not been applied to the area of n-3 fatty acid intake and without this data success is questionable.  In addition, education to increase intake of n-3 fatty acids is further complicated because it contradicts previous nutrition communications recommending dietary fat reduction.  

Therefore, without these studies, n-3 PUFA as a tool for the health promotion and disease prevention will remain an interesting curiosity to the biomedical community.  There is a need to determine “how much and what type” will result in a predictable outcomes and how to educate and motivate the public to achieve these desired outcomes.

Technical feasibility of the research:  The scientists that make up the technical committee on NC-167 are the leading authorities in their respective disciplines as it relates to the biological impact of dietary n-3 fatty acids. A review of annual reports and their publication record provides the basis for this statement. The methods outlined in this proposal are standard procedures developed and perfected by each of the investigators.  As a result, each member provides a unique perspective to the problem, when seamlessly blended, will result in definitive answers.  This applies to the natural as well as the social science portions of the proposal.  For example, regarding the nutrition education component, this project is feasible because information will be sought from nutrition professionals who are highly organized into state and local districts.  They meet on a regular basis and seek continuing education opportunities to maintain credentials.  Specialized practice among nutrition professionals is common, thereby enabling us to identify practices specific to the diseases of interest.  Development of an educational intervention is possible because members of the NC-167 regional project possess n-3 fatty acid expertise and nutrition education experience, assuring scientific validity for both content and delivery components.   

Advantages for doing the work as a multistate effort: The NC-167 Research Project addresses the role of dietary n-3 PUFA in the promotion of health.  No single station has the expertise or resources to investigate all the components needed to establish health driven guidelines for n-3 intakes.  We will leverage our collective results into an integrative recommendation outlining the types and levels of n-3 fatty acids and their potential outcomes.  We will use this information in conjunction with the nutrition education component as a means to increase n-3 PUFA consumption by Americans and to insure that the amount and types of n-3 PUFA are biologically meaningful.  To accomplish this, data have to be generated using different levels and types of n-3 PUFA under a variety of experimental conditions with multiple clinical and biochemical endpoints involving conditions such as cardiovascular disease  (TN, NC, CO), cancer (TN, MN), inflammation (MI, MO), diabetes (WY, MI, ND), reproductive issues (CO, WY) and bone metabolism (IN, CO).  Similarly, a multistate effort (as directed by CO, KS, NE, NJ) makes it more technically feasible to have a large enough sample size of nutrition professionals for the nutrition education component.  Intake of foods containing n-3 PUFA may vary by geographic locations, cultural background and demographic characteristics. A multistate effort provides the opportunity to address issues related to demographics, geography and ethnic diversity.  Another advantage is the availability of a broad scope of technical and educational expertise for use in designing the intervention.  A multistate effort will result in a larger sample size for the intervention.  This will mean greater feedback on the nutrition education intervention practices and the ability to make statistically relevant group comparisons.  This vigorous feedback will increase the likelihood that nutrition education programs designed to increase n-3 PUFA intake will be efficacious.   

Likely impacts from successful completion of the work:  Biomarkers will be identified thereby enabling successful educational interventions to be documented.  Effective educational programs that increase nutrition practitioner n-3 PUFA counseling will increase consumption of food-based sources of n-3 fatty acids to improve the quality of life and help reduce diseases, such as heart disease and cancer.  The resulting economic impacts include decreasing healthcare costs and those related to an increased need for production of agriculture-based n-3 fatty acid sources, such as flaxseed, stearadonic (SDA)-containing vegetable oils and n-3 enriched animal products. The potential for negative health and economic consequences of excessive and unsafe n-3 supplementation practices will be reduced.  

Related Current and Previous Work:

NC-167 members searched the literature in preparation for writing this section of the proposal. In addition, Dr. Melvin M. Mathias (USDA, CSREES) searched the CRIS database with a focus on polyunsaturated fatty acid, n-3 and n-6 fatty acids, linoleic and linolenic acids and fish oil. Of the sixty eight USDA CRIS projects identified in this search, twenty four were conducted by NC 167 investigators and seven NC 167 scientists were supported by competitive USDA funding. In addition, the ARS supports five laboratory groups in this area. 

Landmark studies in the 1950s and 1960s identified SFA and PUFA as the dietary component with the greatest influence on CVD. The dietary emphasis on grouping fatty acids into classes, SFA, MUFA and PUFA, based on their cardiovascular effects has overlooked the importance of PUFA classes on many other aspects of wellness.

Dietary intakes and nutrition education intervention:  Studies of Midwest populations show that intakes of n-3 fatty acids are low, particularly among at-risk groups. The mean omega-3 fatty acid consumption in women with a history of breast cancer was 610 mg/day (85% LnA, 5% EPA, 10 % DHA)(15). In a separate study, women of childbearing age (n=67) consumed 590 mg/d of n-3 fatty acids. Demographic characteristics of income and education were associated with variation in n-3 fatty acid intake with higher intakes associated with lower income and higher education levels.  The highest intake documented was 890 mg/d for women with a bachelor degree or higher and the lowest intakes (390 mg/d) were in women with a high school education or lower (16).  A third study documented consumption of n-3 fatty acids in low-income pregnant women (n=30). N-3 fatty acid intake was 1.06 g/day (alpha linolenic 93%, EPA; 2%, and DHA 5%) (17).

In a population of  SEQ CHAPTER \h \r 1hypercholesterolemic individuals (n=25) where total fat consumption was low (21.5% of energy), n-3 fatty acid intake was 620 mg/d, approximately 0.3 % of calories (18).  In another population, physically active adults (n=13) with a much higher energy intake (3015 ± 161 kcals/day), fat intake was 22 percent of energy and total n-3 fatty acids intake was 887 mg/day, which is approximately 0.26 % of calories. The n-6:n-3 ratio in the diet was 11.1 (19). The proposed project will address the identified problems through the development of effective nutrition educational interventions that will ultimately lead to increased n-3 fatty acid intakes.  A theory-driven educational intervention is necessary for an effective nutrition education program  (20).  Some nutrition education interventions are based on only one educational theory, such as the transtheoretical stage of change  (21) or Social Cognitive Theory (22). An eclectic approach for theory utilization in health education has been recommended (20). Development of a nutrition education intervention requires knowledge of current practice.  A survey of British dietitians to determine dietetic practices related to secondary prevention of myocardial infarction revealed that 45 percent of the 138 respondents gave dietary advice to increase oily fish intake (23). A similar study in America has not been reported and the medical nutrition therapy protocol for hyperlipidemia developed by the American Dietetic Association does not address the topic of n-3 fat intake (24). Comparative nutrition education research in The Netherlands, which included an aim for increased fish consumption, revealed the need to devise special materials to effect change rather than relying on general information encouraging a healthy diet (25).

Role of n-3/n-6 PUFA in Cardiovascular Disease:  Cardiovascular disease (CVD) remains the leading cause of death in the United States and accounts for the major portion of health care costs (14). Both dietary and pharmacological approaches to lowering blood cholesterol and LDL cholesterol have been exhaustively investigated. Early studies identified n-6 LA as the major LDL-C lowering PUFA in US diets, but many studies have shown that when consumed in amounts sufficient to lower LDL-C, LA also lowers cardioprotective HDL-C. The prevailing concept that LA has unique hypocholesterolemic and cardioprotective effects has been challenged by studies showing populations consuming n-3 PUFA rich diets also had a much lower incidence of heart disease, and that n-3 PUFA also conferred additional cardioprotective benefits (27,27). The pronounced effect of n-3 PUFA on hyperlipidemia is well documented in studies where its effects are compared to both SFA and n-6 rich vegetable oil PUFA (26-30). N-3 PUFA has shown to reduce plasma triglycerides, postprandial lipemia, remnant concentrations and to inhibit triglyceride, apolipoprotein B48 and B100 synthesis in intestines and liver (18,27,28,31-33). In contrast to LA rich diets, dietary n-3 PUFA raises HDL-C (27) Dietary n-3 PUFA also prevents CVD through other diverse mechanisms such as arrhythmia prevention, inhibition of cytokine and mitogen production, increased endothelial-derived nitric oxide production, and reductions in proinflammatory eicosanoids (26,34). Several recent clinical studies have emphasized the importance of n-3 PUFA in reducing cardiovascular disease. (35-37).  

Oxidized LDL accumulation by macrophage scavenger receptors leads to endothelial disruption as the first stage of hyperlipemia mediated atherogenesis (38-40). This has lead to the concern that despite their favorable effects on lipid profiles, diets relatively high in n-3 PUFA could increase in vivo oxidation and the oxidative susceptibility of LDL, thereby negating some of their cardioprotective effects. However, these studies are contradictory (41-45). In addition, LDL oxidative susceptibility studies have not resulted in support of the idea that the higher the degree of unsaturation of dietary PUFA, the greater the susceptibility of LDL to oxidation (46). In a recent human study by NC Station, postmenopausal women were provided diets rich in oleic, LA or fish oil containing both EPA and DHA. Plasma free F2-isoprostanes and malondialdehyde were lower after fish oil supplementation compared to the high LA diet. While thiobarbituric acid reactive substances were higher in the fish oil group, maximal rates of formation and concentrations of LDL phospholipid and cholesteryl ester hydroperoxides were lower. Taken together, the results suggest fish oil supplementation does not increase overall in vivo oxidation or oxidation of LDL ex vivo. Consequently, health benefits related to increased fish consumption do not appear to be offset by increased in vivo oxidation or LDL oxidative susceptibility.  Further studies are needed to define the impact of n-3 PUFA, both dietary forms and amounts, on LDL oxidative susceptibility and cardioprotection. 

Atherosclerosis has many of the attributes of an inflammatory disease, particularly in its early stages as monocytes/macrophages are activated (40). Inducible cyclooxygenase (COX-2) is over-expressed in sites of inflammation and in many tumor tissues (47). Activation of Toll-like receptor 4, the lipopolysaccharide receptor of macrophages, induces nuclear factor kappa B (NF(B) activation and COX-2 expression. Recent work has shown that SFAs, but not unsaturated FAs, induce NF(B activation and COX-2 expression in macrophages, and unsaturated FAs inhibit the COX-2 expression caused by SFAs (48). These results represent a novel, and important mechanism by which free fatty acids can activate monocytes/macrophages and COX-2 expression. Since free fatty acid pools are influenced by the type of dietary fat consumed, these results suggest a direct modulation of inflammation by dietary fat choices that may influence signaling pathways involved in CVD and tumor proliferation (48). Further studies on n-3 and n-6 PUFA, forms of n-3 PUFA and n-6/n-3 ratios are planned to delineate the inflammatory response to dietary fat choices.

AHA guidelines (1) recognize that in some individuals making food choices of high carbohydrate diets in order to reduce fat intakes can induce high circulating triglycerides that may contribute to CVD. Hypertriglyceridemia is often associated with decreased HDL-C, particularly in the cluster of metabolic risk factors collectively known as Metabolic Syndrome (Syndrome X, central body obesity) (49). Consumption of n-3 enriched eggs (300 mg LnA and 100 mg DHA per egg) by hypercholesterolemic individuals fed a low fat, low saturated fat diet decreased triglycerides by 16% and was without effect on HDL-C (18). Feeding fish oil diets to triglyceridemic subjects significantly depressed postprandial apoB100 and apo B48, very low density lipoprotein (VLDL), triglycerides and increased large, less atherogenic, LDL particles (33). The results of these studies suggest that dietary preformed long chain n-3 fatty acids may have cardioprotective effects not evident with LnA acid feeding. These studies point to the need to delineate the apparent differences in LnA and other agriculture based n-3 PUFA versus EPA/DHA on triglyceridemia, HDL-C levels and cardioprotection. 

The consumption of high fat diets has been associated with the development of insulin resistance. Insulin resistance is associated with increased CVD, hypertension, dyslipoproteinemia, glucose intolerance and with obesity - the cluster of metabolic alteration described as Metabolic Syndrome (49). Preliminary evidence (MI Station) suggests that n-3 PUFA may prevent the development of insulin resistance. Mice fed n-3 PUFA (fish oil) had lower plasma insulin concentrations than mice fed a diet enriched in n-6 PUFA (corn oil).  Islets from mice fed the n-3 and n-6 PUFA diets secreted similar amounts of insulin in response to glucose and acetylcholine. It appears that the beneficial effects of dietary n-3 PUFA on insulin action involve changes in peripheral sensitivity to insulin rather than changes in regulation of insulin secretion per se (50,51). These results emphasize the need for studies of long chain n-3 PUFA versus LnA and other agricultural based PUFA in the management of hypertriglyceridemia and insulin resistance.

Roles of n-3 and n-6 PUFA in cancer:  Cancer is the second most common cause of death in the US (14). Colon cancer has the fourth most common incidence and second highest mortality rate of cancers in the United States. Diet, particularly dietary fat, has been implicated in explaining differences in international incidence rates.  Fish oils, rich in n-3 fatty acids, have chemoprotective properties against colon cancer. In a study of 24 European countries, an inverse association between colorectal cancer mortality and current fish intake has been noted (52). In carcinogen-treated animals, high fish oil diets reduce the number of colon tumors (53,54) when fed solely in the initiation phase or in the postinitiation phase (55). 

Feeding a 10% flaxseed oil (56% of fatty acids as LnA) diet reduced mammary tumor growth and metastasis in mice (56). Feeding a 1.8% flaxseed oil diet to mice reduced the tumor volume of established mammary tumors, but new tumor volume was unaffected (57). In rats treated with dimethylhydrazine, there was an 18% colon tumor incidence in animals fed 10% perilla oil (58% of fatty acids as LnA) diets compared to 47% and 41% tumor incidence, respectively, in animals fed 10% safflower or soybean oil diets (58). The number of aberrant crypt foci, a measure of precancerous lesions, in N-methyl-N-nitrosourea treated rats decreased in a linear fashion as diet perilla oil was increased from 0% to 12% (59,60). Preliminary studies (MN Station) have shown feeding 11% flax oil diets to rats significantly reduced aberrant crypts only when fed before and during carcinogen administration, i.e. the initiation phase of carcinogenesis, but not when this diet was fed during both the initiation and post-initiation phases. This suggests that LnA may alter initiation effects, such as reducing carcinogen activation or enhancing DNA repair, but at later stages may actually tend to promote the development of colon cancer.

Supplementation of n-3 LnA to a diet formulated to mimic a Western-type diet had no effect on tumorigenesis in mice that spontaneously develop intestinal tumors, but the more highly unsaturated n-3 fatty acids, stearadonic acid (SDA), EPA and DHA, significantly reduced tumor load by ~50% (61). The n-6 fatty acids LA, (-linolenic acid (GLA) and AA had no effect on intestinal tumorigenesis, but supplementation of AA to EPA-containing diets rescued regressing tumors (61-63).  Tumor inhibition appear to require antagonism of AA, and fatty acids with the greatest ability to antagonize AA (n-3 PUFA with 4 or more double bonds) may have the greatest impact on reducing intestinal tumor load (61,62,64-69). COX-2-derived PGE2 is important for activating downstream growth factors, such as vascular endothelial growth factor (VEGF), and that the initial up-regulation of COX-2 by tumor stromal cells inaugurates this signaling pathway.  These studies suggest that the types of dietary n-3 PUFA most effective in tumor suppression are those that reduce PGE2 formation, either by reducing tissue AA content, down-regulating COX-2 expression or inhibiting COX-2 activity. Further studies are planned to determine the optimal n-3 PUFA for intestinal cancer inhibition. Hepatic tumorogenesis induced by fumonisin B1 increases hepatic PGE2 and PGF2( production and decreases natural killer cell activity. Feeding a 7% or 14% fish oil diet (menhaden oil) suppressed carcinogenesis and this suppression of was not explained by reductions in PGE2 alone (70,71). The results suggest that n-3 PUFA may act by altering natural killer cell activity (70). 

Roles of n-3 and n-6 PUFA in inflammation: Approximately 25% of children in the Western world experience wheezing at some point in their life, with over 10 million individuals being screened annually for asthma.  It appears that the 50% of the asthmatic population that achieves a benefit with fish oil ingestion does so by altering their leukotriene (LT) profile by elevating 5-series LT and reducing 4-series LT (72).  Recent work has shown that EPA and DHA administration can reduce in vivo interleukin (IL)-12 and interferon-gamma (INF() production during an infectious challenge in mice (73-75). The current view for how fatty acids affect the immune system is centered around the ability of n-3 PUFA to diminish cytokine production and secondarily to alter eicosanoid production.  For example, the consumption of fish oil has been found to decrease either ex vivo production of or circulating levels of several pro-inflammatory cytokines, such as interleukin (IL)-1, IL-6 and tumor necrosis factor (TNF) in patients with inflammatory disease and cancer (75).  However, recent work with laboratory animals has shown that EPA and DHA administration can reduce IL-12 and interferon-gamma (IFN() production during an infection (73).  The net effect of high n-3 PUFA intake on these mice is impaired bacterial clearance and reduced survival upon challenge with the food-borne pathogen Listeria monocytogenes (76).  These effects on the immune system point to the need to determine the optimal n-3 PUFA intakes for health promotion while monitoring the potential adverse effects on infectious disease resistance.

Roles of n-3 and n-6 PUFA in bone formation:  Nearly 20% of people over 50 years of age suffer from osteoporosis with over 1.5 million fractures per year attributable to this skeletal disease (14). Health care costs for osteoporosis and bone fractures were estimated at $13.8 billion per year in 1996 (14). Skeletal biology is controlled by cells of the bone microenvironment through the actions of PGs and cytokines involved in the local regulation of bone metabolism, and the actions of specific dietary PUFA have been described that impact skeletal metabolism (77,78). N-3 PUFA modulate eicosanoid biosynthesis in numerous tissues and cell types, alter signal transduction, and influence gene expression and is linked to increased bone formation in growing rats and osteoblastic activity in cell culture (79,80). Ex vivo PGE2 production was higher in rats given a diet high in n-6 PUFA (n-6/n-3 = 7.3) and serum IGF-I concentration was suppressed compared with those in the high n-3 PUFA treatment (n-6/n-3 = 1.8) and rats fed diets high in n-6 PUFA had a lower ash weight/mm bone length in humeri compared with those fed n-3 PUFA (81). These findings suggest that excessive consumption of n-6 PUFA could have a negative effect on bone metabolism by increasing  PGE2 mediated bone resorption. PGE2 production in rat bone organ culture was significantly reduced by diets providing a lower dietary ratio of n-6/n-3 fatty acids (n-6/n-3 = 1.2 ~ 2.6) compared with a higher ratio (n-6/n-3 = 10 ~ 24) (82). Serum bone-specific alkaline phosphatase activity was greater in rats given a diet high in n-3 fatty acids (82). The results suggest n-3 PUFA inhibits bone resorption and favors bone formation. n-3 PUFA supplements may help maintain bone mineral content after menopause in women, and n-3 PUFA rich diets may aid in the building and maintenance  of a healthy skeleton in the US population. Studies are planned to determine the optimal form and amount of n-3 PUFA needed for skeletal health and bone mass maintenance. 

Roles on n-3 and n-6 PUFA in perinatal health:  Birth weight and gestational age at birth are critical determinants of infant morbidity and mortality. Preterm birth resulting in low birth weight (LBW) comprises 6-10% of infant births and causes many health problems in LBW infants (83). Short gestation and LBW account for 20% of neonatal deaths (14).  Supplementation with long-chain n-3 PUFA  increases the length of gestation in animals and humans. DHA infusion increases time to delivery in betamethasone induced preterm labor in pregnant ewes (84).  Fish oil supplementation increases gestational length in pregnant rats (85-87), with changes in PG production in reproductive tissues (86,87).  In humans, supplementation with fish oil has been shown to increase the length of gestation (88-90) and to decrease the preterm delivery rate in high-risk pregnancies from 33% to 21% (91).  Women who delivered prematurely have markedly elevated red blood (RBC) cell n-6 fatty acids, AA and LA, with depressed n-3 fatty acids, particularly DHA, and a 9-fold elevation of RBC n-6 docosapentaenoic acid (DPA), an indicator of n-3 deficiency (92). The dietary n6:n3 fatty acid ratio and the amount of long-chain n-3 PUFA may regulate uterine contraction through modulation of AA metabolism. DHA competes with AA for incorporation into membrane phospholipid (93,61) and can be retroconverted to n-3 EPA (94) which competes with AA for COX resulting in decreased 2-series PGs production (61) and, if provided in sufficiently high amounts, synthesis of the less potent 3-series PGs and 5-series LTs. Dietary DHA depress serum MMP-2 and proMMP-9 levels in pregnant rats at 20 days gestation (95). MMPs have been implicated in idiopathic premature rupture of membranes and in cervical maturation (ripening) that occurs at delivery. MMP production is increased by elevated PGE2, and DHA suppressed both PGF2( and PGE2 in reproductive tissues (95). 

There has been an increase in reproductive infertility in women consuming typical Western diets.  Rat studies conducted over the past six years indicate that egg release into the oviduct can be altered with modifications of dietary fats.  N-3 PUFA consumption has repeatedly been shown to increase egg release up to 1.4-fold (96) with progressive reductions in dietary n-6 PUFA resulting in an increase in egg release until a critical minimal level is attained at which point egg release is suppressed. Furthermore, LnA appears to be equally as potent as long chain n-3 PUFA in enhancing egg release and altering ovary eicosanoid synthesis. Preliminary studies (Wyoming Station) in Alaskan natives who consume high levels of fish products indicate that ovulation, as assessed by number of children born as twins or triplets, is increased with n-3 PUFA ingestion.  Suppressed fecundity impacts over 8 million women in the US annually.  This research indicates that increased n-3 PUFA intake may be a means of improving reproductive success in Western populations.

Objectives:

The problem that needs to be addressed is that Americans are unlikely to achieve newly proposed dietary recommendations for increased consumption of long-chain n-3 PUFA by eating more fish.  Therefore, agriculture-based sources of n-3 PUFA must be considered as viable alternatives.  

The overall goal of this project is to identify and evaluate agricultural and marine sources of n-3 PUFA to meet the new dietary guidelines for optimal health and the reduction in the risk of disease throughout the life cycle.

The following objectives are proposed to achieve our overall goal:

Objective #1:  Evaluate the effect of different n-3 fatty acids, both form (source) and amount, on tissue functions and correlate these effects with changes in putative biomarkers relevant to health promotion and disease prevention.

Objective #2:  Experimental diets used in animal studies will examine dietary levels of n-3 PUFA that are achievable in human diets, based on human equivalent amounts (allometric scaling) in rodent models.

Objective #3:  Develop effective means for translating research knowledge about n-3 PUFA into consumer food choices.

Experimental Designs and Methods

All of the experiments proposed utilize approaches, techniques, and data analyses that have been previously subjected to peer review by independent agencies such as USDA, NIH, NCI, and other non-government funding agencies such as AICR and industry.  Additionally, the publication record in peer-reviewed journals is extensive for each of the Station Representatives, indicating that the methods to be used in these experiments are routinely performed in the laboratories of the respective scientists. As such, we will be emphasizing experimental designs in this text and refer the reviewers to the publications of the scientists involved for a detailed explanation of the analytical methods to be employed. 

Procedures to address objectives 1 and 2:  N-3 PUFA are a group of structurally related lipids with 3, 4, 5 or 6 methylene-interrupted double bonds, all in the cis configuration. However, scientists of NC 167 have data that suggest n-3 fatty acids with less than 4 double bonds may be biologically inferior to their more highly unsaturated cousins (eg., those fatty acids with 4-6 double bonds). This is of great concern because the bulk of n-3 fatty acids in the typical diet have less than four double bonds, and these fats are found almost exclusively in vegetable oils. But there are a number of alternative sources of agricultural products that contain n-3 fatty acids with more than 3 double bonds (eg., stearadonic acid, SDA), including echium oil and a new genetically modified canola oil (14-25% SDA).  SDA has been shown to have equivalent biological efficacy as that of EPA and DHA and as such has been referred to as a “pro-EPA” compound (61), and therefore, it is important to determine whether a terrestrially-derived SDA is a viable alternative to LnA.  

A more subtle but equally important issue that needs to be addressed within the scope of the project is the issue of allometric scaling to human doses. This means determining doses that are used in animal diets that correspond to doses in the human diet. This is important because the levels of n-3 PUFA that are used in animal experiments are typically 20-100 times higher than what humans typically consume.  This approach will allow us to tease out the differential effects of the various n-3 PUFA under more physiologically relevant conditions. Therefore, a series of experiments will be designed to directly compare the effects of n-3 PUFA with various unsaturation indexes, viz., LnA (3 double bonds) versus SDA (4 double bonds), EPA (5 double bonds) and/or DHA (6 double bonds) on a variety of health-related biochemical and physiological endpoints.

The general experimental parameters will be focusing on human achievable doses with regards to form and amount. Currently, the US diet contains ~1.6 grams/day of n-3 fatty acids of which 90% is in the form of LnA and 10% as long chain n-3 PUFA. These amounts, on an energy basis (en%), are equivalent to 0.6en% and 0.1en%, respectively. Translation of these amounts to the rodent diet, as the % of energy, will provide the framework for dosing in rodents. Therefore, the human equivalent dose of LnA in a rodent diet would also be 0.6en% (or 0.3% by weight). Since the human diet can vary, we will expand our upper achievable dose of total n-3 PUFA intake by 3 fold to 2.0en%, a reasonable and achievable dietary modification. Therefore the experimental approaches will include the following:

1. Investigate the form of n-3 PUFA.  At current n-3 intakes, what would be the effect if all of the dietary n-3 PUFA were in the form of long chain n-3 PUFA as compared to LnA?  Therefore, the comparison would be LnA versus SDA, EPA or DHA at doses relevant to current human consumption (6). 

2. Investigate the amount of n-3 PUFA intake. The current recommendations are to increase n-3 PUFA intake but there is uncertainty as to what these values should be (1,6). Therefore, what would be the impact if increases in the amount of n-3 PUFA occurred primarily with LnA as opposed to SDA, EPA or DHA? 

The US17 diet or the AIN76/AIN93G diets will serve as the base diets. The US17 diet (Dyets Inc, New Brunswick, NJ) was formulated to mimic a typical Western diet with regards to macronutrient distribution (proteins, carbohydrates and lipids) and fatty acid composition (61). Substitutions of specific oils can be used to achieve the desired forms and amounts of dietary n-3 PUFA, eg., flaxseed, linseed, perilla, SDA-enriched canola, canola, fish and echium oils. 

N-3 Fatty Acids and Cancer:  Two Stations (TN, MN) will coordinate efforts to assess the efficacy of dietary n-3 PUFA on risk of colorectal cancer.  TN will directly compare the effects of all the major n-3 PUFA, viz., LnA, SDA, EPA, DHA, on intestinal tumorigenesis in the ApcMin/+ mouse model.  ApcMin/+ mice carry a germ line mutation in the Apc gene and defects in this gene occur in ~80% of all human colorectal cancers, making this a good model for early stages of intestinal tumorigenesis.  These animals will be fed the US17 diet supplemented with the respective fatty acid ethyl esters at a level of 2 en% using the neutral fatty acid oleic acid as a control.  Tumors and adjacent normal appearing intestines will undergo standard histological examination to quantify levels of mitosis and apoptosis.  Fatty acid and PGE2 and 6-keto-PGF1( analyses will be performed on portions of the intestines and tumors.  This study will be able to directly compare n-3 PUFA containing 3, 4, 5,and 6 double bonds, including the plant oil-derived “pro-EPA” compound SDA.  In addition, follow-up studies will evaluate the effect of form and amount of dietary n-3 fatty acids on plasma/erythrocytes phospholipid fatty acid composition using levels of n-3 fatty acids that are relevant to human consumption. In conjunction with these studies, MN will be evaluating the risk of colon cancer using a chemically-induced colonic tumorigenesis model.  1,2-Dimethylhydrazine (DMH) will be administered to rats, once per week for 2 weeks (15mg/kg body weight), to induce aberrant crypt foci (ACF) formation, a preneoplastic lesion used as a marker of early carcinogenesis.  During that time and for the next seven weeks, the animals will be fed diets containing two doses of LnA in the form of soybean and flaxseed oils and these will be compared to diets containing equivalent amounts of SDA or fish oil (EPA+DHA).  This study is designed to evaluate the risk of developing ACF, changes in DNA damage in colonic mucosa, and correlate changes in serum and colonic levels of secondary bile acids (promoters of colonic carcinogenesis) using different forms of dietary n-3 PUFA.

 SEQ CHAPTER \h \r 1N-3 PUFA and Reproduction and Perinatal Health:  WY station will examine the effect of differing dietary n-3 PUFA on rodent ovulation when fed at physiologically relevant levels and the effect on PGE2 and PGF2 production and egg release.  When fed at elevated levels LnA and fish oils (EPA and DHA) enhance ovulation in rats 1.4-fold.  However, while it can be anticipated what the effect of SDA at elevated levels in the diet would have in this system, it has yet to be examined.  Thus, diets containing elevated SDA will be compared with diets enriched in LnA, EPA and DHA independently.  CO station will examine the expression of matrix metalloproteinases (MMP)-1, MMP-2 and MMP-9 in pregnant rat serum, uterus and placenta in response to dietary fatty acids (LnA, SDA, EPA, DHA) as influenced by changes in the production of uterine and placental PGE2 and PGF2. MMP are crucial in membrane rupture and cervical maturation processes that control the duration of pregnancy. Since uterine COX-2 expression governs the increase in PGE2 and PGF2seen at delivery, we will examine uterine and placental COX-2 expression and activity in response to SDA, EPA and DHA diets in comparison to LnA diets. CO station will also examine dietary SDA, EPA and DHA fed to pregnant rat dams and the regional brain phospholipid LCn-3PUFA accumulation and learning ability (Morris water maze testing) in the offspring of these dams, in comparison to diets providing LnA. The crucial time(s) for brain phospholipid LCn-3PUFA accumulation (in utero, weaning) will be examined by cross-fostering experiments and interpreted in relation to the diet n-3 fatty acid and the rat pup learning outcome.

N-3 PUFA and Inflammation, Immunity and Diabetes:  MO and MI stations will be evaluating the impact of n-3 PUFA on indices of inflammation/immune function. MO will examine the lymphocyte proliferation of splenocytes isolated from T-cell receptor transgenic mice fed a variety of n-3 PUFA (LnA, SDA, EPA, DHA) at physiologically relevant levels.  Immune cells will be stimulated to proliferate with various concentrations of ovalbumin peptide (OVA323-339) or Con A. Cells will be cultured in medium with autologous sera in order to maintain fatty acid profiles as they were in vivo and IL-2 concentrations will be measured. Pro-inflammatory cytokine production, IL-12, IFN and TNFwill be assessed in vivo following an i.p. injection with LPS or 106 c.f.u. Listeria monocytogenes, and ex vivo cytokine production will be assessed from splenic-derived dendritic cells and macrophages following treatment with zymosan (toll 2), LPS (toll 4), Listeria (toll 5), CpG DNA (toll 9) from diet manipulated mice. 

On the other hand, MI will address the problem of abnormalities in immune functions associated with individuals with non-insulin dependent diabetes mellitus (NIDDM). Patients with NIDDM have elevated levels of the inflammatory cytokines such as IL-6, TNF and C-reactive protein (CRP) (97,98). C57BL/6J-ob/ob leptin-deficient obese and lean control mice will be fed diets varying in n-3 fatty acids (LnA, SDA, EPA, DHA) at physiologically relevant levels, after which time, circulating levels of IL-6, IL-1, TNF( and CRP will be measured to determine the severity of systemic inflammation. Phagocytic capacity of peritoneal macrophages, proliferative response to mitogen in lymphocytes, and infection-induced natural killer (NK) cell activity will be determined. Levels of glucose uptake, insulin receptor substrates (IRSs), and IRS downstream signaling molecules such as phosphatidylinositol (PI) 3-kinase will be measured in macrophages/ lymphocytes collected from the n-3 treated animals. Protein-tyrosine phosphatases (PTPase) will be also measured as markers of insulin sensitivity in these immune cells. It is expected that dietary n-3 fatty acids will alter the sensitivity of the immune cells to insulin. 

In concert with these studies, ND and WY stations will further examine the impact of n-3 PUFA on insulin resistance/sensitivity. ND will assess the effect of the degree of unsaturation, fatty acid chain length among fatty acid families on the expression of insulin receptors and on insulin resistance in Zucker fa/fa rats. The dietary variations will include, but are not limited to, the direct comparison of LnA, SDA, EPA and DHA at levels that are achievable in the human diet.  At the beginning and end of each experiment, fasting blood concentrations of triacylglycerols, HDL-C, LDL-C, total cholesterol, insulin and peptide C will be determined.  After 12 and 24 weeks on the diets, the animals will be sacrificed and insulin receptor expression will be determined via RT-PCR in adipocytes, hepatocytes and myocytes.  The WY station will examine, insulin sensitivity in rats fed n-6 and n-3 PUFA (LnA, SDA, EPA, DHA) at levels that are realistically achievable in a typical Western diet. Animals will be evaluated using an insulin clamp to examine changes in peripheral levels of insulin.

N-3 PUFA and Bone Health:  IN station will examine dietary n-3 PUFA and its influence on bone health and osteoblast function. It is hypothesized that n-3 PUFA down regulate bone COX-2 activity and expression to improve osteoblast function in the presence of high LA or AA concentrations typical of the Western diet. Rats will be fed diets containing different n-3 PUFA (LnA, SDA, EPA/DHA) and n-6 PUFA (LA). Rat serum alkaline phosphatase and osteocalcin, biomarkers of bone formation, and ex vivo bone PGE2 production in rat tibia bone organ cultures will be determined. In each dietary group bone formation will be determined by quantitative bone histomorphometry. Experiments will also be conducted in MC3T3-E1 osteoblast-like cells to evaluate the actions of specific n-3 fatty acids on COX-2 expression. These experiments will also determine if fatty acids influence osteoblastic bone formation markers in cultures of MC3T3-E1 cells, genetic markers for osteoblast formation and activity, as well as osteoclast formation and osteoclastic resorptive activity using cultures of rat marrow stromal cells or calvarial cells.  Cells will be harvested for analysis of alkaline phosphatase activity and hydroxyproline content, and gene expression of type I-collagen, insulin like growth factor, and osteocalcin. The transcription factors to be investigated are the Cbfa1 osteoblast-expressed genes, and proteins (osteoclast differentiation factor and osteoprotegerin) involved in osteoblast differentiation will also be studied.
N-3 PUFA and Cardiovascular Disease:  CO and TN stations will examine platelet thromboxane (TX) A2 production and arterial prostacyclin PGI2 in collagen and thrombin challenged purified platelets and in angiotensin challenged cultured aortic tissue explants of rats fed physiologically relevant amounts of n-3 PUFA. We hypothesize that SDA and EPA/DHA containing diets, at physiologically relevant amounts, will suppress platelet TXA2 production without affecting arterial PGI2 formation and thus reduce cardiovascular disease risk. We further hypothesize that LnA containing diets, again fed at levels physiologically relevant to human diets, will not be as potent as the other n-3 PUFA sources. These experiments will also provide information on the biopotency of agriculturally based SDA compared to marine-derived EPA/DHA in cardioprotection.  NC station will conduct placebo-controlled, double-blind, clinical trial in postmenopausal women to examine the effects of n-3 PUFA on indices of plasma lipid oxidation and soluble adhesion molecule production. We hypothesize that n-3 PUFA enrichment of LDL does not increase LDL oxidation or negatively affect adhesion molecule production in this human population. The study will be conducted with postmenopausal women who routinely consume a low fat diet, approximately 30en% fat, who are on hormone replacement therapy (HRT). Subjects will receive placebo (LnA containing) and two doses of EPA/DHA as triglyceride from fish oil. Women will be randomly assigned to one of the three groups: a placebo, and two levels of fish oil (replacing the placebo). There will be a 2-week run-in interval before supplementation begins and a 5-week treatment period. The objectives are to determine if there is an EPA/DHA-dose dependence on (1) peroxyl-radical mediated LDL oxidation; (2) LDL composition with respect to lipids classes, antioxidants (vitamin E), and preformed lipid hydroperoxides; (3) production of soluble adhesion molecules (VCAM-1, ICAM-1, and E-selectin); and (4) cell death and viability of U-937 cells induced by EPA/DHA-enriched oxidized LDL. 
Procedures to address objective 3:  Four stations will be addressing Objective # 3 (CO, KS, NE, NJ) and will translate n-3 fatty acid research knowledge discovered from basic research into effective nutrition education programs for nutrition professionals in order to increase the consumption of n-3 PUFA with the highest biological value.  They plan to address this objective in three stages: (1) Development of Nutrition Education Intervention for Dietetic Professionals; (2) Implementation of the Intervention; and (3) Evaluation of Intervention Outcomes.  Stage 1 involves educational intervention development and will be completed by year 3. Current food behavior and dietetic practice patterns regarding n-3 fatty acids will be examined through surveys and interviews with dieticians participating in continuing professional education activities. Content and delivery aspects of a nutrition education intervention for nutrition professionals will be refined from information about current practices and resource use obtained from surveys and/or in-depth interviews of nutrition professionals. Practitioners working with cardiovascular, cancer and prenatal clients will be targeted. These findings will guide education intervention development (expert versus novice). Input may be sought from graphic and instructional designers. Stage 2 involves implementation of the intervention and will be completed by year 4. Based on nutrition professionals’ profile of practice, a theory-driven nutrition education intervention will be developed, pilot-tested and modified as needed. The intervention developed will be pilot-tested, modified as needed. The intervention will be implemented by partnering with Extension professionals and healthcare facilities. Including Extension invites broad participation. For example, in 2000, K-State Research and Extension agents made 248,128 contacts about food, nutrition, and health and safety issues. Stage 3 focuses on the evaluation of the intervention outcomes and will be completed in year 5. A matrix of evaluation strategies will be employed to assess the intervention and the outcomes from the intervention. Outcomes include changes in profile of practice, self-efficacy, outcome expectations, and personal practices of the nutritional professionals. Intervention assessment will include items such as need for incentives, acceptability, and time requirements. The evaluation will be framed according to practitioner characteristics such as knowledge level, geographic location, practice setting, and demographics.

Measurement of Progress and Results:

Outputs-Products of the Research:  

· Impact of dietary n-3 PUFA, form and amounts, on biomarkers of health promotion and disease prevention. 
· Increased understanding of evolving n-3 PUFA recommendations and guidelines. 
· Development of a food-based n-3 PUFA database for optimal health and disease prevention.
· Data on current n-3 intakes in diverse population groups. 
· Strategies to increase human n-3 PUFA intakes for optimal health and disease prevention.
· Development of materials for education and training of practicing nutrition professionals.
· Dissemination of data in peer-reviewed journals and scientific/professional meetings.
· Submission of competitive grant applications to USDA (NRI and IFAFS programs) and NIH 

Outcomes and Impacts:  
· Improved health of the US population.

· Decreased incidence of age-related and/or degenerative diseases.

· Education of clients by nutrition professional about health benefits of n-3 PUFA, both forms and amounts.

· Oil processors will be introduced to the concerns health professionals have about meeting n-3 PUFA guidelines.

· Stimulating the development of alternative sources of agriculturally-based LCn-3 PUFA.

· Stimulating the development and marketing of new and creative agriculturally-based food products containing LCn-3 PUFA.

· Enhanced awareness by the medical community of the benefits n-3 PUFA consumption.

Milestones:

· Collection of data to be used as preliminary data for competitive grant submissions.

· Submission of competitive grant applications to USADA and NIH.

· Objective #3 is addressed in three consecutively dependent stages: (1) Development of Nutrition Education Intervention; (2) Implementation of the Intervention; and (3) Evaluation of Outcomes.
Projected Participation:  See Attachments
Outreach Plan:  Discussed in Objective #3.  Objective 3 is, in total, an out-reach plan. A chart describing information flow, basic science to application, with a time line is included in Attachments.
Organization and Governance:   The Committee, comprising scientists from each participating station, the Regional Administrative Advisor and the CSREES representative will be organized and governed as specified in the North Central Regional Association (NCRA) governance guidelines:

Authorization:

N-3 Polyunsaturated fatty acids and Human Health and Disease

_______________________________________________

/s/ J. Ian Gray, Michigan State, Administrative Advisor, 7/9/02

_______________________________________________

/s/ Daryl Lund, Executive Director, NCRA

_______________________________________________

CSREES 
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1. Flow of information –Science to application

2. Project leaders and areas of specialization

3.
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Project Leaders and Areas of Specialization

State

Leader


Area of Specialization

___________________________________________________________________

Colorado
Kenneth Allen


eicosanoids, cardiovascular disease

prematurity, perinatal health



Jennifer Anderson

nutrition education research and design

Indiana

Bruce Watkins


eicosanoids, lipids and bone metabolism

Kansas

Barbara Lohse Knous

nutrition education, intervention

Michigan
Kate Claycombe

diabetes, immune function, inflammation

Minnesota
Dan Gallaher


lipids and colon carcinogenesis

Missouri
Kevin Fritsche


lipids, inflammation and immunity

Nebraska
Nancy Lewis


human studies, intervention, education

New Jersey
Debra Palmer Keenan

nutrition education and behavior

N. Carolina
Rosemary Wander

human studies, eicosanoids, oxidative







stress, cardiovascular disease

N. Dakota
Mary Hadley


diabetes

Tennessee
Jay Whelan


cancer, cardiovascular disease, eicosanoids

Wyoming
Shane Broughton

eicosanoids, fertility, diabetes

Regional Administrative Advisor: 

Ian Gray, Michigan

CSREES Representative: 


Melvin Mathias, Washington DC
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Resource:  SY= scientist year; PY = professional year, ie graduate students; 

TY = technical year; X = participating.
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�PAGE \# "'Page: '#'�'"  �Page: 1���food-based 


�PAGE \# "'Page: '#'�'"  �Page: 1���emphasize


�PAGE \# "'Page: '#'�'"  �Page: 1���consumers are unaware  (To me phrasing such as There is or There are, It is are passive and in writing a justification we want to be active in the wording, just my viewpoint—I am sure all write differently.)


�PAGE \# "'Page: '#'�'"  �Page: 1���I think the abbreviation is NE???


�PAGE \# "'Page: '#'�'"  �Page: 1���does this (decrease) imply causation, also I don’t quite follow what you mean by this line.  Also is increased infertility better noted as decreased fertility or was the research really about infertility?  


�PAGE \# "'Page: '#'�'"  �Page: 1���I think the information Nancy emailed you regarding the importance of the work and the related, current, and previous work fits here.  And the line could be changed to say, Thus, the investigation …..  in the US population  devising educational strategies to relay this information to consumers are crucial.  
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