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Insulin resistance (IR) occurs when there is an impaired response to 

insulin-dependent glucose regulation in the body. Hallmarks for insulin resistance 

include persistent hyperinsulinaemia and hyperglycaemia. In this present study, we 

are able to understand how insulin resistance occur in the molecular pathway because 

most studies are focusing on factors that cause insulin resistance such as diet and 

exercise rather than more in depth work. The objectives of this study were to 

investigate the changes in insulin sensitivity, body fat accretion and circulating leptin 

level in the body due to different ratio of n-6 and n-3 polyunsaturated fatty acids 

(PUFAs) supplementation. The histological changes in the liver will also be 

determined. The roles and expression levels of the relevant genes involved in fat 

metabolism such as peroxisome proliferator-activated receptor, (PPAR), selected 

adipokines and glucose transporters were examined in the rat model. At the end of 

the study, the rats were also examined to determine if there is any plausible link 

between cognitive ability, insulin resistance and dietary fatty acid supplementation in 

the test subjects. 

 

Male Sprague Dawley rats were used in this feeding trial which lasted more than 24 

weeks. The animals were fed either a diet fortified with additional 10 % of fat made 

up primarily of either n-3 PUFA from Menhaden oil (MCD), n-6 PUFA from soybean 

oil (SCD), saturated butter fat (BCD) or an unsupplemented base diet (CD). Plasma 

insulin, glucose and the relevant adipokine levels were monitored at week 0, 10 and 

22 of the experiment to determine the onset of insulin resistance. Liver histology 

examination was performed to determine the possible pathologies associated with 

long-term fat supplementation. Muscle and liver tissue samples were also sampled to 

determine the level of PPAR, tumor necrosis factor (TNF)- , glucose transporter 

(GLUT) 1 and GLUT4 gene expressions. The expression of the glucose transporter 
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and selected biomarkers of insulin resistance was evaluated by real-time reverse 

transcription polymerase chain reaction method. The study was capped with 

cognitive ability evaluation of the rats using the Morris Water Maze. 

 

Results indicated that high n-3 PUFA supplementation in MCD rats delayed the onset 

of IR. MCD rats also had lower fat mass and fat percentage in the body, and 

moderate levels of leptin compared to other groups. This was due to the positive 

correlation between fat mass and leptin secretion. In BCD rats, they exhibited insulin 

resistance characteristic with high glucose and insulin level. This was due to the high 

saturated fat accumulation in their body. Other than that, PPARα and PPARγ genes 

were lowly expressed, as well as negligible levels of GLUT4 and GLUT1 readings in 

the liver and muscle cells. However, TNF-α gene expression were significantly 

higher in the insulin resistant BCD group, but much lower among the MCD and SCD 

groups. In addition the, the liver section of the BCD group showed lipid vacuolation 

in and between the hepatocytes. This will lead to the pathogenesis of liver pathology. 

The profound effects of dietary fatty acids on the functions of the central nervous 

system during cognition, memory and learning ability was evident in this study. 

Animals that were supplemented with saturated fats which were insulin resistant at 

this stage fared poorly in the Morris Water Maze Test. Contrastingly, non-insulin 

resistant animals from the MCD group fed with n-3 PUFA and normal animals from 

the CD group performed significantly better. In conclusion, this study demonstrated 

that high n-3 PUFA dietary fats delayed the onset of insulin resistance and reduces 

body fat accretion. Furthermore, it also highlights the high expression of PPARα, 

PPARγ, GLUT1 and GLUT4 genes while reducing the pro-inflammatory gene 

(TNF-α). High n-3 PUFA also exerts protective effect in the brain to enhance spatial 

learning and cognitive performance.  
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Kerintangan insulin (IR) berlaku apabila terdapat kepincangan gerak balas terhadap 

proses pengawalaturan glukosa yang dikawal selia oleh insulin. Ciri-ciri kerintangan 

insulin adalah hiperinsulinemia dan hiperglisemia. Kerintangan insulin kerap berlaku 

beberapa tahun sebelum kemunculan Diabetes Mellitus Jenis II (T2DM). Di dalam 

kajian ini, kita dapat memahami bagaiman kerintangan insulin berlaku pada tahap 

molekular kerana kebanyakan kajian sebelum ini hanya memberi tumpuan kepada 

faktor-faktor yang menyebabkan kerintangan insulin seperti menerusi diet dan 

senaman. Objektif kajian ini ialah untuk memerhatikan perubahan pada insulin 

sensitivi, pengumpulan lemak badan dan tahap pengedaran leptin di dalam badan 

disebabkan oleh perbezaan nisbah n-6 dan n-3 asid lemak poli tak tepu. Perubahan 

histologi di hati juga akan ditentukan. Peranan dan tahap ekspresi gen yang terlibat 

dalam metabolisme lemak seperti peroksisom proliferator-diaktifkan penerima 

(PPAR), adipokin yang dipilih dan pengangkutan glukosa diperiksa dalam model 

tikus. Pada akhir kajian, tikus juga telah diperiksa untuk menentukan sama ada 

terdapat hubungan yang munasabah antara keupayaan kognitif, rintangan insulin dan 

akibat suplementasi asid lemak dalam tikus kajian. 

 

Tikus Sprague Dawley jantan telah digunakan dalam eksperimen pemakanan ini 

yang telah mengambil masa 24 minggu. Tikus diberi makan diet yang ditambah 

dengan 10 % lemak tambahan yang terdiri sama ada daripada lemak yang 

majoritinya asid lemak n-3 dari minyak Menhaden (kumpulan MCD), asid lemak n-6 

dari minyak kacang soya (kumpulan SCD), asid lemak tepu dari mentega (kumpulan 

BCD), dan kumpulan kawalan (CD) yang tidak ditambah lemak tambahan. Tahap 

insulin, glukosa, dan adipokin terpilih dalam plasma telah diukur dalam minggu 0, 10 

dan 22 untuk menentukan kemunculan fenomena kerintangan insulin. Kajian 

histology hati telah dibuat untuk menentukan perubahan patologi pada hati akibat 

suplementasi lemak yang berterusan. Tisu otot dan hati turut diambil untuk 
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mengukur tahap ekspresi gen PPAR, TNF𝛼, GLUT1 dan GLUT4. Ekspresi 

pengangkut glukosa dan penanda-bio untuk kerintangan insulin telah diukur 

menggunakan teknik RT-PCR. Keupayaan kognitif pada tikus ini turut dinilai 

menggunakan teknik pagar sesat Morris. 

 

Keputusan menunjukkan bahawa suplementasi n-3 PUFA yang tinggi pada tikus 

MCD melambatkan permulaan IR. Tikus MCD juga mempunyai pengumpulan lemak 

dan peratusan lemak yang lebih rendah dalam badan, dan tahap leptin  juga 

sederhana berbanding dengan kumpulan lain. Ini disebabkan oleh korelasi positif 

antara jumlah lemak badan dan rembesan leptin. Pada tikus BCD, mereka 

menunjukkan ciri-ciri rintangan insulin seperti tahap glukosa dan insulin yang tinggi. 

Ini disebabkan oleh pengumpulan lemak tepu yang tinggi di dalam badan mereka. 

Selain daripada itu, expresi gen PPARα dan PPARγ berada pada tahap yang rendah, 

manakala tahap expresi GLUT4 dan GLUT1 pula berada pada tahap yang boleh 

diabaikan. Tetapi, expresi gen TNF-α adalah lebih tinggi pada kumpulan BCD 

manakala kimpulan MCD dan SCD jauh lebih rendah. Selain itu, histologi hati 

kumpulan BCD menunjukkan vakoulasi lipid dalam dan di antara hepatosit. Ini akan 

membawa kepada patogenesis patologi hati. Kesan mendalam pemakanan asid lemak 

terhadap fungsi sistem saraf pusat dalam kognisi, ingatan dan pembelajaran adalah 

terbukti dalam kajian ini. Haiwan yang disuplementasi dengan lemak tepu yang 

mempunyai kerintangan insulin akan mempunyai perfomasi yang lebih lemah. 

Manakala, haiwan yang tidak mempunyai kerintangan insulin dari kumpulan MCD 

yang disuplementasi dengan n-3 PUFA dan haiwan biasa dari kumpulan CD 

mempunyai performasi jauh lebi baik. Kesimpulannya, kajian ini menunjukkan 

bahawa suplementsai n-3 PUFA yang tinggi akan melambatkan permulaan 

kerintangan insulin dan mengurangkan pertambahan lemak badan. Tambahan pula, ia 

juga menyebabkan expresi gen PPARα, PPARγ, GLUT1 dan GLUT4 yang tinggi. Di 

samping itu, mengurangkan expresi gen pro-radang (TNF-α). Suplementsai n-3 

PUFA yang tinggi juga memberikan kesan perlindungan kepada otak untuk 

mempertingkatkan pembelajaran dan prestasi kognitif. 
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CHAPTER 1 

INTRODUCTION 

 

Insulin resistance has received more attention recently not only because it precludes 

type-2 diabetes (T2D) but also as a predictor of increased risk for cardiovascular 

disease such as coronary heart disease and hypertension. The coexistence of these 

diseases has been known as metabolic syndrome and an estimated 250 million people 

worldwide will be affected by T2D by the year 2020. Even though the primary 

factors causing this disease are still unknown, there is an indication that insulin 

resistance played a vital part in the development of these metabolic diseases. This is 

due to evidence showing the relationship between insulin resistance and T2D. The 

state of insulin resistance is achieved when normal insulin production does not 

commensurate with the insulin response by the body. Hence, any defect of the insulin 

signalling pathway can in fact lead to insulin resistance.  

 

Generally, the public has misconception that insulin resistance only happens to those 

who are overweight, or those with high levels of sugar intake. In reality, insulin 

resistant can also happen to normal weighted person of any age group. Insulin 

resistance can be prevented and even reversed by changing to a healthy lifestyle by 

eating healthy and incorporating an exercise regime.  

 

Insulin resistance is on the rise because of the poor dietary balance and lack of 

physical activities among affluent societies of the 21
st
 century. Early human societies 

at the dawn of time focused in hunting and gathering food and this simple act 

comprises of two key elements: obtaining whole foods straight from the environment 

and exercising hard in the process of gathering food. In modern society, ready 

availability of foods led to reduced physical movements. Modern process foods had 

lesser nutritional value and most contained highly refined carbohydrate, 

preservatives, pesticides, trans-fats, toxins and high sugar level which becomes 

factors that contribute to insulin resistance (Draznin, 2003). 

 

Insulin resistance is an important sign pointing to the dysregulation of glucose 

metabolism. A 2006 survey showed that there are more than 371 million people 

worldwide affected by diabetes of which in Malaysia, about 1.2 million adults aged 

from 30 years and above was affected. From this number, about 98% Malaysians 

with diabetes suffer from T2D (Wan Nazaimoon et al., 2013). Approximately 1 in 3 

Malaysians are suffering from, or at risk of being diabetic. This number continued to 

increase from year to year as shown by the survey done by The 2011 National Health 

& Morbidity Survey (NHMS). It is estimated that by 2020, Malaysia will have 

approximately 4.5 million people with diabetes. In the first report from NHMS in 

year 1986, the results showed that 6.3% of the population aged 30 and above were 

suffering from diabetes. Ten years later in 1996, the percentage rose to 8.3 and in 

2006 to 14.9%. Recently in year 2011, the number increased to 20.8%. This is an 

alarming situation with the proposition of population with diabetes increase 
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exponentially. In the United States, 25.8 million people or about 8.3% of the United 

States population suffers from diabetes (Centers for Disease Control and Prevention, 

2011). Type-2 diabetes typically develops after the age of 30 and the risk increases 

with age. It is not obvious until the patient is been treated for one of its serious 

complications.  

 

The onset of insulin resistance can be prevented or reversed by understanding the 

role of insulin in modulating the uptake of glucose in the body. This is because 

insulin plays a role in directing the cells to take in glucose from bloodstream and 

excess glucose intake will be stored as glycogen. It is crucial to understand the roles 

of dietary factors, such as fatty acids and their inter-relationships with insulin 

resistance. The findings will be invaluable as these will potentially elucidate how 

body fats and body composition play their role in the regulation of blood glucose, as 

well as understanding the potential changes in the liver when insulin resistance sets 

in. The current study was capped with a segment investigating whether insulin 

resistance had any plausible link to cognition and spatial memory as the brain is very 

much dependent on glucose as a primary fuel source. 

 

Hypothesis 

It was postulated that the increased presence of omega-3 polyunsaturated fatty acid 

(n-3 PUFA) in the body will reduce fat accretion and subsequently reduce the leptin 

level in the body. Futhermore, incorporating n-3 PUFA will increase membrane 

fluidity and this consequently improves insulin sensitivity. It is also further 

hypothesised that diets high in n-3 PUFA will result in the up-regulation of PPAR 

activities, and facilitated GLUT expression on cellular membrane, leading to better 

glucose sensitivity despite higher dietary fat intake. The net effects of these 

developments will be the delayed onset of insulin resistance. Cognitive performance 

and spatial memory was not hypothesised to be affected by insulin resistance within 

the framework of this study. 

 

Research objectives  

1. To determine the associated changes in insulin sensitivity, changes in body 

fat accretion and circulating leptin levels due to n-6 and n-3 PUFA 

supplementation. 

2. To determine the histological changes in liver associated with insulin 

resistance, and as a result of dietary intervention.  

3. To investigate the effects of dietary fatty acid intake on TNF-α, PPAR-α and 

PPAR-γ gene expression in the onset of insulin resistance. 

4. To examine the effects of different dietary fatty acid intake on the expression 

of GLUT1 and GLUT4 on cellular membranes. 

5. To determine the effects of n-6 and n-3 PUFA supplementation through 

dietary intervention on cognitive performance and spatial memory learning in 

the rat model. 



© C
OPYRIG

HT U
PM

107 
 

REFERENCES 

 

Abdollahi, M., Zuki, A.B., Goh, Y.M., Rezaeizadeh, A. and Noordin, M.M. 2011. 

Effects of Momordica charantia  on pancreatic histopathological changes 

associated with streptozotocin-induced diabetes in neonatal rats. Histology and 

Histopathology 26(1): 13-21. 

 

Abdul-Ghani, M.A. and DeFronzo, R.A. 2010. Pathogenesis of Insulin Resistance in 

Skeletal Muscle. Journal of Biomedicine and Biotechnology 2010: 19. 

 

Adiels, M., Olofsson, S.O., Taskinen, M.R. and Boren, J. 2008. Overproduction of Very 

Low–Density Lipoproteins Is the Hallmark of the Dyslipidemia in the Metabolic 

Syndrome Arteriosclerosis, Thrombosis, and Vascular Biology. American Heart 

Association 28: 1225-1236. 

 

Ahima, R. and Flier, J.S. 2000. Adipose tissue as an endocrine organ. Trends in 

Endocrinology and Metabolism 11: 327-332. 

 

Ahren, B. and Pacini, G. 2004. Importance of quantifying insulin secretion in relation to 

insulin sensitivity to accurately assess beta cell function in clinical studies. 

European Journal of Endocrinology 150: 97-104. 

Ahren, B., Mansson, S., Gingerich, R.L. and Havel, P.J. 1997. Regulation of plasma 

leptin in mice: influence of age, high-fat diet, and fasting. American Journal of 

Physiology Regulatory, Integrative and Comparative Physiology 273: R113-

R120. 

 

Alihaud, G., Massiera, F., Weill, P., Legrand, P., Alessandri, J.M. and Guesnet, P. 2006.  

Temporal changes in dietary fats: role of n-6 polyunsaturated fatty acids in 

excessive adipose tissue development and relationship to obesity. Progress in 

Lipid Research 45(3): 203-236. 

 

Alexaki, V.I., Notas, G., Pelekanou, V., Kampa, M., Valkanou, M., Theodoropolous, P., 

Stathopolous, E.N., Tsapis, A. and Castanas, E. 2009. Adipocytes as immune 

cells: differential expression of TWEAK, BAFF, and APRIL and their receptors 

(Fn14, BAFF-R, TACI, and BCMA) at different stages of normal and 

pathological adipose tissue development. Journal of Immunology 183: 5948-

5956. 

 

Alfaia, C.M., Ribeiro, V.S., Lourenco, M.R., Quaresma, M.A., Martins, S.I., Portugal, 

A.P., Fontes, C.M., Bessa, R.J., Castro, M.L. and Prates, J.A. 2006. Fatty acid 

composition, conjugated linoleic acid isomers and cholesterol in beef from 

crossbred bullocks intensively produced and from Alentejana purebred bullocks 

reared according to Carnalentejana-PDO specifications. Meat Science 72: 425- 

436. 



© C
OPYRIG

HT U
PM

108 
 

 

Al-Hasani, H., and Joost, H.G. 2005. Nutrition-/diet-induced changes in gene expression 

in white adipose tissue. Best Practice and Research Clinical Endocrinology and 

Metabolism 19: 589-603. 

 

Angulo, P. 2002. Medical progress: nonalcoholic fatty liver disease. The New England 

Journal of Medicine 346(16): 1221-1231. 

 

Aronoff, S.L. 2004. Glucose metabolism and regulation: beyond insulin and glucagon. 

Diabetes Spectrum 17(3): 183-189. 

 

Ascaso, J.F., Pardo, S., Real, J.T., Lorente, R.I., Priego, A. and Carmena, R. 2003. 

Diagnosing insulin resistance by simple quantitative methods in subjects with 

normal glucose metabolism. Diabetes Care 26(12): 3320-3325. 

 

Athinarayanan, S. and Liu, W. 2012. Non-alcoholic fatty liver disease: current 

perspectives and future direction in disease pathogenesis, treatment and 

diagnosis. Medical Chemistry 2: E104. 

 

Auwerx, J. 1999. PPARγ, the ultimate thrifty gene. Diabetologia 42: 1033–1049. 

 

Awazawa, M., Ueki, K., Inabe, K., Yamauchi, T., Kubota, N., Kaneko, K., Kobayashi, 

M., Iwane, A., Sasako, T., Okazaki, Y., Ohsuqi, M., Takamoto, I., Yamashita, S., 

Asahara, H., Akira, S., Kasuga, M. and Kadowaki, T. 2011. Adiponection 

enhances insulin sensitivity by increasing hepatic IRS-2 expression via a 

macrophage-derived IL-6-dependent pathway. Cell Metabolism 13(4): 401-412. 

 

Babcock. T., Helton, W.S. and Espat, N.J. 2000. Eicosapentaenoic acid (EPA): an 

antiinflammatory omega-3 fat with potential clinical 

applications. Nutrition 16: 1116-1118. 

 

Baer, D.J., Judd, J.T., Clevidence, B.A. and Tracy, R.P. 2004. Dietary fatty acids affect 

plasma markers of inflammation in healthy men fed controlled diets: a 

randomized crossover study. The American Journal of Clinical Nutrition 79: 

969-973.  

 

Bagga, D., Wang, L., Farias-Eisner, R., Glaspy, J.A. and Reddy, S.T. 2003. Differential 

effects of prostaglandin derived from omega-6 and omega-3 polyunsaturated 

fatty acids on COX-2 expression and IL-6 secretion. Proceedings of the National 

Academy of Science USA 100(4): 1751-1756. 

 

Baillie, R.., Takada, R., Nakamura, M. and Clarke, S. 1999. Coordinate induction of 

peroxisomal acyl-CoA oxidase and UCP-3 by dietary fishoil: A mechanism for 

decreased body fat deposition. Prostaglandins, Leukotrienes and Essential Fatty 

Acids 60: 351-356. 

 



© C
OPYRIG

HT U
PM

109 
 

Bano, G. 2013. Glucose homeostasis, obesity and diabetes. Best Practice & Research 

Clinical Obstetrics & Gynaecology 27(5): 715-726. 

 

Barak, Y., Nelson, M.C., Ong, E.S., Jones, Y.Z., Ruiz-Lozano, P., Chien, K.R., Koder, 

A., Evans, R.M. 1999. PPARγ is required for placental, cardiac, and adipose 

tissue development. Moelcular Cell 4: 585-595. 

 

Barr, V.A., Malide, D., Zarnowski, M.J., Taylor, S.I. and Cushman, S.W. 1997. Insulin 

stimulates both leptin secretion and production by rat white adipose tissue. 

Endocrinology 138: 4463-4472. 

 

Barzilai, N., Banerjee, S., Hawkins, M., Chen, W. and Rossetti, L. 1998. Caloric 

restriction reverses hepatic insulin resistance in aging rats by decreasing visceral 

fat. The Journal of Clinical Investigation 101: 1353-1361. 

 

Barzilai, N., She, L., Liu, L., Wang, J., Hu, M., Vuguin, P. and Rossetti, L. 1999. 

Decreased visceral adiposity accounts for leptin’s effect on hepatic but not 

peripheral insulin action. American Journal of Physiology 277: E291-E298. 

 

Bas, O., Songur, A., Sahin, O., Mollaoglu, H., Ozen, O.A. and Yaman, M. 2007. The 

protective effect of fish n-3 fatty acids on cerebral ischemia in rat hippocampus. 

Neurochemistry International 50: 548-554. 

 

Basiotis, P.P., Carlson, A., Gerrior, S.A., Juan, W.Y. and Lino, M. 2002. The Healthy 

Eating Index: 1999–2000. United States Department of Agriculture, Center for 

Nutrition Policy and Promotion: Washington, DC. 

 

Bates, S.H. and Myers, M.G. Jr. 2003. The role of leptin receptor signaling in feeding 

and neuroendocrine function. Trends in Endocrinology and Metabolism 14: 447-

452. 

 

Behme, M.T. 1996. Dietary fish oil enhances insulin sensitivity in miniature pigs. 

Journal of Nutrition 126:1549-1553. 

 

Beilfuss, J., Berg, V., Sneve, M., Jorde, R. and Kamycheva, E. 2012. Effects of a 1-year 

supplementation with cholecalciferol on interleukin-6, tumor necrosis factor-

alpha and insulin resistance in overweight and obese subjects. Cytokine 60(3): 

870-874. 

 

Bell, K.S., Schmitz-Peiffer, C., Lim-Fraser, M., Biden, T.J., Cooney, G.J. and Kraegen, 

E.W. 2000. Acute reversal of lipid-induced muscle insulin resistance is 

associated with rapid alteration in PKCu localization. American Journal of 

Physiology 279: E1196-E1201. 

 



© C
OPYRIG

HT U
PM

110 
 

Belzung, F., Raclot, T. and Groscolas, R. 1993. Fish oil n-3 fatty acids selectively limit 

the hypertrophy of abdominal fat depots in growing rats fed high-fat 

diets. American Journal of Physiology 264: R1111-R1118. 

 

Benatti, P., Peluso, G., Nicolai, R., Calvani, M. 2004. Polyunsaturated fatty acids: 

biochemical, nutritional and epigenetic properties. The Journal of American 

College of Nutrition 23: 281-302. 

 

Bhoraskar, A. 2006. Nutrition in prediabetes. Journal of the Indian Medical Association 

103:  596-599. 

 

Bingham, E.M., Hopkins, D., Smith, D., Pernet, A., Hallett, W., Reed, L., Marsden, P.K. 

and Amiel, S.A. 2002. The role of insulin in human brain glucose metabolism: 

an 18fluoro-deoxyglucose positron emission tomography study. Diabetes 51: 

3384-3390. 

 

Blanchet, C., Lucas, M., Julien, P., Morin, R., Gingras, S and Dewailly, E. 2005. Fatty 

acid composition of wild and farmed Atlantic salmon (Salmo salar) and rainbow 

trout (Oncorhynchus mykiss). Lipids 40(5): 529-531. 

 

Boden, G., Cheung, P., Stein, T.P., Kresge, K. and Mozzoli, M. 2002. FFA cause 

hepatic insulin resistance by inhibiting insulin suppression of 

glycogenolysis. American Journal of Physiology 283: E12-E19.  

 

Boghossian, S., Dube, M.G., Torto, R., Kalra, P.S. and Kalra, S.P. 2006. Hypothalamic 

clamp on insulin release by leptin transgene expression. Peptides 27: 3245-5324. 

 

Boghossian, S., Lecklin, A.H., Torto, R., Kalra, P.S. and Kalra S.P. 2005. Suppression 

of fat deposition for the life time of rodents with gene therapy. Peptides 26: 

1512-1519. 

 

Bouret, S.G. 2009. Early life origins of obesity: role of hypothalamic programming. 

Journal of Pediatric Gastroenterology and Nutrition 48(1): S31-S38. 

 

Brennan, C.L., Hoeing, M. and Ferguson, D.C. 2004. GLUT4 but not GLUT1 

expression decreases early in the development of feline obesity. Domestic 

Animal Endocrinology 26(4): 291-301. 

 

Brunt, E.M., Janney, C.G., Di Bisceglie, A.M., Neuschwander-Tetri, B.A. and Bacon, 

B.R. 1999. Nonalcoholic steatohepatitis: a proposal for grading and staging the 

histological lesions. American Journal of Gastroenterology 94(9): 2467-2474. 

 

Brunt, E.M. 2004. Nonalcoholic steatohepatitis. Seminars in Liver Disease 24(1): 3-20. 

 

Burdge, G.C. and Calder, P.C. 2006. Dietary α-linolenic acid and health-related 

outcomes: a metabolic perspective. Nutrition Research Reviews 19(1): 26-52. 



© C
OPYRIG

HT U
PM

111 
 

 

Burguera, B., Couce, M.E., Long, J., Lamsam, J., Laakso, K., Jensen, M.D., Parisi, J.E 

and Lloyd, R.V. 2000. The long form of the leptin receptor (OB-Rb) is widely 

expressed in the human brain. Neuroendocrinology 71: 187-195. 

 

Buse, J.B., Polonsky, K.S. and Burant, C.F. 2008. Type 2 diabetes mellitus. In Williams 

Textbook of Endocrinology, 11th ed., eds. H.M. Kronenberg, S. Melmed, K.S. 

Polonsky, and P.R. Larsen, Ch. 30. Philadelphia: Saunders. 

 

Calder, P. 2012. Mechanisms of action of n-3 fatty acids. The Journal of Nutrition 

142(3): 5925-5995. 

 

Calderon, F. and Kim, H.Y. 2004. Docosahexaenoic acid promotes neurite growth in 

hippocampal neurons. Journal of Neurochemistry 90: 979-988.  

 

Cao, D., Xue, R., Xu, J. and Liu, Z. 2005. Effects of docosahexaenoic acid on the 

survival and neurite outgrowth of rat cortical neurons in primary cultures. The 

Journal of Nutritional Biochemistry 16: 538-546. 

 

Cao, Y.L., Wang, Y.X., Wang, D.F. and Meng, X. 2008. Correlation between omental 

TNF alpha and plasma PAI-I in obesity subjects. Journal of Cardiology 128(3): 

399-405. 

 

Carey, D.G., Jenkins, A.B., Campbell, L.V., Freund, J. and Chisholm, D.J. 1996. 

Abdominal fat and insulin resistance in normal and overweight women: direct 

measurements reveal a strong relationship in subjects as both low and high risk 

of NIDDM. Diabetes 45(5): 633-638. 

 

Carpentier, Y.A., Portois, L. and Malaisse, W.J. 2006. n-3 fatty acids and the metabolic 

syndrome. American Journal of Clinical Nutrition 83: 1499S-1504S. 

 

Carr, D.B., Utzschneider, K.M., Hull, R.L., Kodama, K., Retzlaff, B.M., Brunzell, J.D., 

Shofer, J.B., Fish, B.E., Knopp, R.H. and Kahn, S.E. 2004. Intra-abdominal fat is 

a major determinant of the National Cholesterol Education Program Adult 

Treatment Panel III criteria for the metabolic syndrome. Diabetes 53: 2087–2094. 

 

Castello, A., Rodriguez-Manzaneque, J.C., Camps, M. Perez-Castillo, A. Testar, A. 

Palacı´n, M. Santos, A. and Zorzano, A. 1994. Perinatal hypothyroidism impairs 

the normal transition of Glut-4 and Glut-1 glucose transporters from fetal to 

neonatal levels in heart and brown adipose tissue. Evidence for tissue specific 

regulation of Glut-4 expression by thyroid hormone. The Journal of Biological 

Chemistry 269: 5905-5912. 

 

Caughey, G.E., Mantzioris, E., Gibson, R.A., Cleland, L.G. and James, M.J. 1996. The 

effect on human tumor necrosis factor alpha and interleukin 1 beta production of 

http://www.ncbi.nlm.nih.gov/pubmed/8604658
http://www.ncbi.nlm.nih.gov/pubmed/8604658


© C
OPYRIG

HT U
PM

112 
 

diets enriched in n-3 fatty acids from vegetable oil or fish oil. American Journal 

of Clinical Nutrition 63(1): 116-122. 

 

Ceddia, R.B., Koistinen, H.A., Zierath, J.R. and Sweeney, G. 2002. Analysis of 

paradoxical observations on the association between leptin and insulin resistance. 

FASEB Journal 16: 1163–1176. 

 

Centers for Disease Control and Prevention. 2011. National diabetes fact sheet: national 

estimates and general information on diabetes and prediabetes in the United 

States, 2011. Department of Health and Human Services,Centers for Disease 

Control and Prevention. Atlanta, GA. 

 

Chawla, A., Repa, J.J., Evans, R.M. and Mangelsdorf, D.J. 2001. Nuclear receptors and 

lipid physiology: opening the X-files. Science 294: 1866-1870. 

 

Chen, X. and Hess, S. 2008. Adipose proteome analysis: focus on mediators of insulin 

resistance. Expert Review of Proteomics 5(6): 827-839. 

 

Chen, Q.I. and Pekala, P.H. 2000. Tumor necrosis factor-alpha induced insulin 

resistance in adiposities. PSEBM 223: 128-135. 

 

Chen, W.J. and Yeh, S.L. 2003. Effects of fish oil in parenteral nutrition. Nutrition 19(3): 

275-279. 

 

Cheng, Z., Tseng, Y. and White, M.F. 2010. Insulin signaling meets mitochondria in 

metabolism. Trends in Endocrinology and Metabolism 21: 589-598. 

 

Cheung, A.T. Wang, J. Ree, D. Kolls, J.K. and Bryer-Ash, M. 2000. Tumor necrosis 

factor-R induces hepatic insulin resistance in obese zucker (fa/fa) rats via 

interaction of leukocyte antigen-related tyrosine phosphatase with focal adhesion 

kinase. Diabetes 49: 810-819. 

 

Chinookoswong, N., Wang, J.L. and Shi, Z.Q. 1999. Leptin restores euglycemia and 

normalizes glucose turnover in insulin-deficient diabetes in the rat. Diabetes 48: 

1487-1492. 

 

Christie, W.W. 1982. A simple procedure for rapid transmethylation of glycerolipids 

and cholesteryl esters. Journal of Lipid Research 23: 1072 -1075. 

Cholerton, B., Baker, L.D. and Craft, S. 2013. Insulin, cognition and dementia. 

European Journal of Pharmacology 719: 170-179. 

Clamp, A.G., Ladha, S., Clark, D.C., Grimble, R.F. and Lund, E.K. 1997. The influence 

of dietary lipids on the composition and membrane fluidity of rat hepatocyte 

plasma membrane. Lipids 32: 179-184. 

 

http://www.ncbi.nlm.nih.gov/pubmed/8604658


© C
OPYRIG

HT U
PM

113 
 

Clemmensen, C., Chabenne, J., Finan, B., Sullivan, L., Fischer, K., Kuchler, D., Sehrer, 

L., Ograjsek, T., Hofmann, S., Schriever, S.S., Pfluger, P.T., Pinkstaff, 

J., Tschöp, M.H., Dimarchi, R. and Müller, T.D. 2013. GLP-1/glucagon co-

agonism restores leptin responsiveness in obese mice chronically maintained on 

an obesogenic diet. Diabetes 63(4): 1422-1427. 

 

Colberg, S.R., Albright, A.L., Blissmer, B.J., Braun, B., Chasan-Taber, L., Fernhall, B., 

Regensteiner, J.G., Rubin, R.R. and Sigal, R.J. 2010. Exercise and type 2 

diabetes: American College of Sports Medicine and the American Diabetes 

Association: joint position statement. Exercise and type 2 diabetes. Medicine and 

Science in Sports and Exercise 42(12): 2282-2303. 

 

Combs, T.P., Wagner, J.A., Berger, J., Doebber, T., Wang, W.J., Zhang, B.B., Tanen, 

M., Berg, A.H., O'Rahilly, S., Savage, D.B., Chatterjee, K., Weiss, S., Larson, 

P.J., Gottesdiener, K.M., Gertz, B.J., Charron, M.J., Scherer, P.E. and Moller, 

D.E. 2002. Induction of adipocyte complement-related protein of 30 kilodaltons 

by PPARgamma agonists: a potential mechanism of insulin sensitization. 

Endocrinology 143: 998-1007. 

 

Cook, H.W. 1996. Chapter 5 Fatty acid desaturation and chain elongation in eukaryotes. 

New Comprehensive Biochemistry 31: 129-152. 

 

Coppack, S.W. 2001. Pro-inflammatory cytokines and adipose tissue. Proceedings of 

Nutrion Society 60: 349-356. 

 

Coppack, S.W., Jensen, M.D. and Miles, J.M. 1994. In vivo regulation of lipolysis in 

humans. Journal of Lipid Research 35: 177-193. 

 

Coppari, R., Ichinose, M., Lee, C.E., Pullen, A.E., Kenny, C.D., McGovern, R.A., Tang, 

V.,  Liu, S.M., Ludwig, T., Chua, S.C. Jr., Lowell, B.B. and Elmquist, J.K. 2005. 

The hypothalamic arcuate nucleus: a key site for mediating leptin's effects on 

glucose homeostasis and locomotor activity. Cell Metabolism 1: 63-72. 

 

Couillard, C., Mauriège, P., Imbeault, P., Prud'homme, D., Nadeau, A., Tremblay, 

A., Bouchard, C. and Després, J.P. 2000. Hyperleptinemia is more closely 

associated with adipose cell hypertrophy than with adipose tissue hyperplasia. 

International Journal of Obesity and Related Metabolic Disorders 24: 782-788. 

 

Cox, K.L., Burke, V., Morton, A.R., Beilin, L.J. and Puddey, I.B. 2004. Independent 

and additive effects of energy restriction and exercise on glucose and insulin 

concentrations in sedentary overweight men. The American Journal of Clinical 

Nutrition 80: 308-316. 

Craft, S., Asthana, S., Cook, D.G., Baker, L.D., Cherrier, M., Purganan, K., Wait, C., 

Petrova, A., Latendresse, S., Watson, G.S., Newcomer, J.W., Schellenberg, G.D. 

and Krohn, A.J. 2003. Insulin dose-response effects on memory and plasma 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ograjsek%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Hofmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Schriever%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Pfluger%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Pinkstaff%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Pinkstaff%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsch%C3%B6p%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=Dimarchi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%BCller%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=24379349
http://www.ncbi.nlm.nih.gov/pubmed/24379349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=Combs%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Wagner%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Berger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Doebber%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Berg%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Rahilly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Savage%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Chatterjee%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Weiss%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Larson%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Larson%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Gottesdiener%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Gertz%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Charron%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Scherer%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Moller%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Moller%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=11861525
http://www.ncbi.nlm.nih.gov/pubmed?term=Couillard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Mauri%C3%A8ge%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Imbeault%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Prud%27homme%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Nadeau%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Tremblay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Tremblay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Bouchard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10878687
http://www.ncbi.nlm.nih.gov/pubmed?term=Despr%C3%A9s%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10878687


© C
OPYRIG

HT U
PM

114 
 

amyloid precursor protein in Alzheimer's disease: interactions with 

apolipoprotein E genotype. Psychoneuroendocrinology 28: 809-822. 

 

Cushman, S.W. and Wardzala, L.J. 1980. Potential mechanism of insulin action on 

glucose transport in the isolated rat adipose cell. The Jounrnal of Biological 

Chemistry 255(10): 4758-4762. 

 

Dalamaga, M., Papadavid, E., Basios, G., Vaggopoulos, V., Rigopoulos, D., Kassanos, 

D. and Trakakis, E. 2013. Ovarian SAHA syndrome is associated with a more 

insulin-resistant profile and represents an independent risk factor for glucose 

abnormalities in women with polycystic ovary syndrome: a prospective 

controlled study. Journal of the American Academy of Dermatology 69(6): 922-

930.  

 

Dandona, P., Aljada, A. and Bandyopadhyay, A. 2004. Inflammation: The link between 

insulin resistance, obesity and diabetes. Trends in Immunology 25: 4-7. 

 

Das, U.N. 1999. GLUT-4, tumour necrosis factor, essential fatty acids and daf-genes 

and their role in glucose homeostasis, insulin resistance, non-insulin dependent 

diabetes mellitus, and longevity. Journal of Association of Physicians of India 

47(4): 431-435. 

 

Das, U.N. 2006. Essential fatty acids – a review. Current Pharmaceutical Biotechnology 

7: 467-482. 

 

Das, U.N. 2003. Can memory be improved? A discussion on the role of ras, GABA, 

acetylcholine, NO, insulin, TNF-a, and long-chain polyunsaturated fatty acids in 

memory formation and consolidation. Brain and Development 25: 251-261. 

 

Dauncey, M.J. and Bicknell, R.J. 1999. Nutrition and neurodevelopment: mechanisms 

of developmental dysfunction and disease in later life. Nutrion Research 

Reviews 12(2): 231-253. 

 

de Pablos, R.M., Villaran, R.F., Arguelles, S., Herrera, A.J., Venero, J.L., Ayala, A. 

2006. Stress increases vulnerability to inflammation in the rat prefrontal cortex. 

Journal of Neuroscience 26: 5709-5719. 

 

De Santa, L. Olalla, M., S´achez Muniz, F.J. and Vaquero, M.P. 2009. N-3 fatty acids in 

glucosemetabolism and insulin sensitivity. Nutricion Hospitalaria 24(2): 113-127. 

 

DeFronzo, R.A.,  Jacot, E.,  Jequier, E.,  Maeder, E., Wahren, J. and Felber, J.P. 1981. 

The effect of insulin on the disposal of intravenous glucose: results from indirect 

calorimetry and hepatic and femoral venous catheterization. Diabetes 30: 1000-

1007. 

 



© C
OPYRIG

HT U
PM

115 
 

DeFronzo, R.A., Bonadonna, R.C. and Ferrannini, E. 1992. Pathogenesis of NIDDM. A 

balanced overview. Diabetes Care 15: 318-368. 

 

DeFronzo, R.A. and Ferrannini, E. 1991. Insulin resistance: a multifaceted syndrome 

responsible for NIDDM, obesity, hypertension, dyslipidemia, and atherosclerotic 

cardiovascular disease. Diabetes Care 14: 173-194. 

 

Delarue, J., LeFoll, C., Corporeau, C. and Lucas, D. 2004. N-3 long chain 

polyunsaturated fatty acids: a nutritional tool to prevent insulin resistance 

associated to type 2 diabetes and obesity? Reproduction, Nutrition, Development 

44: 289-299. 

 

den Boer, M., Voshol, P.J., Kuipers, F., Havekes, L.M. and Romijn, J.A. 2004. Hepatic 

steatosis: a mediator of the metabolic syndrome. Lessons from animal 

models.Arteriosclerosis, Thrombosis, and Vascular Biology 24: 644-649. 

 

Despres, J.P. 1993. Abdominal obesity as important component of insulin-resistance 

syndrome. Nutrition 9: 452-459. 

 

Despres, J.P. and Lemieux, I. 2006. Abdominal obesity and metabolic syndrome. 

Nature 444: 881-887. 

 

Desvergne, B. and Wahli, W. 1999. Peroxisome proliferator-activated receptors: nuclear 

control of metabolism. Endocrinology Review 20: 649-688. 

 

Deutch, B., Dyerberg, J., Pedersen, H.S., Asmund, G., Møller, P. and Hansen, J.C. 2007. 

Traditional and modern Greenlandic food. Dietary composition, nutrients and 

contaminats. Dietary composition and contaminants in north Greenland, in the 

1970s and Science of the Total Environment 384: 106-119.  

 

Dib, S.A. 2006. Insulin resistance and metabolic syndrome in type 1 diabetes mellitus. 

Arquivos Brasileiros de Endocrinologia & Metabologia 2(50): 250-263.  

 

Din, J.N., Newby, D.E. and Flapan, A.D. 2004. Omega 3 fatty acids and cardiovascular 

disease—fishing for a natural treatment. BMJ 328: 30-35. 

 

Dore, S., Kar, S., Rowe, W. and Quirion, R. 1997. Distribution and levels of 125I-IGF1, 

125I-IGF2 and 125I-insulin receptor binding sites in the hippocampus of aged 

memory-unimpaired and -impaired rats. Neuroscience 80: 1033-1040. 

 

Draznin, B. 2003. The Draznin Plan. In The Protein Power Lifeplan, eds. M.R. Eades, 

and M.D. Eades, New York: Oxford University Press, Inc. 

 

Dugani, C.B. and Klip, A. 2005. Glucose Transporter 4: cycling, compartments and 

controversies. EMBO reports 6(12): 1137-1142. 

 



© C
OPYRIG

HT U
PM

116 
 

Dupont, J.L. 1998. Fats and oils. In Encyclopedia of Human Nutrition, eds. M.J. Sadler, 

J.J. Strain,  and B. Caballero, 2: 719-721, London: Academic Press. 

 

Dusserre, E., Moulin, P. and Vidal, H. 2000. Differences in mRNA expression of the 

proteins secreted by the adipocytes in human subcutaneous and visceral adipose 

tissues. Biochimica et Biophysica Acta 1500: 88-96. 

 

Dyar, K.A., Ciciliot, S., Wright, L.E., Bienso, R.S., Tagliazucchi, G.M., Patel, V.R., 

Forcato, M., Paz, M.I.P., Gudiksen, A., Solagna, F., Albiero, M., Moretti, I., 

Eckel-Mahan, K.L., Baldi, P., Sassone-Corsi, P., Rizzuto, R., Bicciato, S., 

Pilegaard, H., Blaauw, B. and Schiaffino, S. 2013. Muscle insulin sensitivity and 

glucose metabolism are controlled by the intrinsic muscle clock. Molecular 

Metabolism 3(1): 29-41. 

 

Eaton, S.B., Konner, M.J. and Cordain, L. 2010. Diet-dependent acid load, Paleolithic 

nutrition, and evolutionary health promotion.  American Journal of 

ClinicalNutrition 91(2): 295-297. 

 

El Bacha, T., Luz, M. and Da Poian, A. 2010. Dynamic Adaptation of Nutrient 

Utilization in Humans. Nature Education 3(9): 8. 

 

El-Haschimi, K., Pierroz, D.D., Hileman, S.M., Bjørbaek, C. and Flier, J.S. 2000. Two 

defects contribute to hypothalamic leptin resistance in mice with diet-induced 

obesity. Journal of Clinical Investigation 105: 1827-1832. 

 

Elmquist, J.K., Elias, C.F. and Saper, C.B. 1999. From lesions to leptin: hypothalamic 

control of food intake and body weight. Neuron 22: 221-232. 

 

Enes, P., Sanchez-Gurmaches, J., Navarro, I., Gutierrez, J. and Oliva-Teles, A. 2010. 

Role of insulin and IGF-I on the regulation of glucose metabolism in European 

sea bass (Dicentrarchus labrax) fed with different dietary carbohydrate levels. 

Comparative Biochemistry and Physiology Part A: Molecular & Integrative 

Physiology 157(4): 346-353. 

Enslen, M., Milon, H. and Malnoe, A. 1991. Effect of low intake of n-3 fatty acids 

during development on brain phospholipid fatty acid composition and 

exploratory behavior in rats. Lipids 26: 203-208. 

Escher, P., Braissant, O., Basu-Modak, S., Michalik, L. and Wahli, W. 2001. Rat PPARs: 

Quantitative analysis in adult rat tissues and regulation in fasting and refeeding. 

Endocrinology 142: 4195-4202. 

 

Fan, C.N., Liu, X.L., Shen, W.W., Deckelbaum, R.J. and Qi, K.M. 2011. The 

Regulation of Leptin, Leptin Receptor and Pro-opiomelanocortin Expression by 

N-3 PUFAs in Diet-Induced Obese Mice Is Not Related to the Methylation of 

Their Promoters. Nutrition & Metabolism 8: 31. 

 



© C
OPYRIG

HT U
PM

117 
 

Farmer, S.R. 2006. Transcriptional control of adipocyte formation. Cell Metabolism 4: 

263-273. 

 

Farooqi, I.S., Matarese, G., Lord, G.M., Keogh, J.M., Lawrence, E., Agwu, C., Sanna, 

V., Jebb, S.A., Perna, F., Fontana, S., Lechler, R.I., DePaoli, A.M. and O,Rahilly, 

S. 2002. Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and 

neuroendocrine/metabolic dysfunction of human congenital leptin deficiency. 

Journal of Clinical Investigation 110: 1093-1103. 

Farr, S.A., Yamada, K.A., Butterfield, D.A., Abdul, H.M., Xu, L., Miller, N.E., Banks, 

W.A. and Morley, J.E. 2008. Obesity and hypertriglyceridemia produce 

cognitive impairment. Endocrinology 149(5): 2628-2636. 

Fei, H., Okano, H.J., Li, C., Lee, G.H., Zhao, C., Darnell, R. and Friedman, J.M. 1997. 

Anatomic localization of alternatively spliced leptin receptors (Ob-R) in mouse 

brain and other tissues. Proceedings of the National Academy of Sciences USA 

94: 7001-7005. 

 

Fernandez, A.Z. 2008. Peroxisome proliferator-activated receptors in the modulation of 

the immune/inflammatory response in atherosclerosis. PPAR Research 2008: 

285842. 

 

Ferrario, C.M. and Strawn, W.B. 2006. Role of rennin-angiotensin-Aldosterone system 

and proinflammatory mediators in cardiovascular disease. American Journal of 

Cardiology 98: 121-128. 

 

Field, C.J., Ryan, E.A., Thomson, A.B.R. and Clandinin, M.T. 1988. Dietary fat and the 

diabetic state alter insulin binding and the fatty acyl composition of the 

adipocyte plasma membrane. Biochemical Journal 253: 417-424. 

 

Fievet, C., Fruchart, J.C. and Staels, B. 2006. PPARalpha and PPARgamma dual 

agonists for the treatment of type 2 diabetes and the metabolic 

syndrome. Current Opinion in Pharmacology 6: 606-614.  

 

Figueiras, M., Olivan, M., Busquets, S., Lopez-Soriano, F.J. and Argiles, J.M. 2010. 

Effects of eicopentaenoic acid (EPA) treatment on insulin sensitivity in an 

animal model of diabetes: Improvement of the inflammatory status. Obesity 19: 

362-369. 

 

Fischer, R.M. and Sjogren, P. 2006. Fatty acid composition in relation to the metabolic 

syndrome and associated cardiovascular risk factors. Scandinavian Journal of 

Food and Nutrition. 50(52): 114-120. 

 

Fischer, Y., Thomas, J., Sevilla, L., Munoz, P., Becker, C., Holman, G.D., Kozka, I.J., 

Palacin, M., Testar, X., Kammermeier, H. and Zorzano, A. 1997. Insulin-

induced recruitment of glucose transporters Glut-4 and Glut-1 in isolated rat 



© C
OPYRIG

HT U
PM

118 
 

cardiac myocytes. Evidence for the existence of different intracellular Glut-4 

vesicle populations. Journal of Biological Chemistry 272: 7085-7092. 

 

Flachs, P., Rossmeisl, M., Bryhn, M. and Kopecky, J. 2009. Cellular and molecular 

effects of n-3 polyunsaturated fatty acids on adipose tissue biology and 

metabolism. Clinical Science 116(1): 1-16. 

 

Folch, J., Lees, M. and Sloan-Stanley, G.H. 1957. A simple method for the isolation and 

purification of total lipids from animal tissues. Journal of Biological Chemistry 

226: 497-509. 

Forbes, A.B., Warren, M., Upjohn, M., Jackson, B., Jones, J., Charlier, J. and Fox, M.T. 

2009. Association between blood gastrin, ghrelin, leptin, pepsinogen and 

Ostertagia ostertagi antibody concentrations and voluntary feed intake in calves 

exposed to a trickle infection with O. Ostertagi. Veterinary Parasitology 162(3-4): 

295-305. 

 

Forman, B.M., Chen, J. and Evans. R.M. 1997. Hypolipidemic drugs, polyunsaturated 

fatty acids, and eicosanoids are ligands for peroxisome proliferator-activated 

receptors alpha and delta. Proceedings of the National Academy of Sciences 

USA 94(9): 4312-4317. 

 

Francis, F., Koulakoff, A., Boucher, D., Chafey, P., Schaar, B., Vinet, M.C.,  Friocourt, 

G., McDonnell, N., Reiner, O., Kahn, A., McConnell, S.K., Berwald-Netter, 

Y., Denoulet, P. and Chelly, J. 1999. Doublecortin is a developmentally 

regulated, microtubule-associated protein expressed in migrating and 

differentiating neurons. Neuron 23: 247-256. 

 

Fried, S.K., Bunkin, D.A. and Greenberg, A.S. 1998. Omental and subcutaneous adipose 

tissues of obese subjects release interleukin-6: depot difference and regulation by 

glucocorticoid. Journal of Clinical Endocrinology and Metabolism 83: 847-850. 

 

Friedman, J.M. and Halaas, J.L. 1998. Leptin and the regulation of body weight in 

mammals. Nature 395: 763-770. 

 

Fukaya, T., Gondaira, T., Kashiyae, Y., Kotani, S., Ishikura, Y., Fujikawa, S., Kiso, Y. 

and Sakakibara, M. 2007. Arachidonic acid preserves hippocampal neuron 

membrane fluidity in senescent rats. Neurobiology of Aging 28: 1179-1186. 

 

Gabriely, I., Ma, X.H., Yang, X.M., Atzmon, G,. Rajala, M.W., Berg, A.H., Scherer, P., 

Rossetti, L. and Barzilai, N. 2002. Removal of visceral fat prevents insulin 

resistance and glucose intolerance of aging: an adipokine-mediated process? 

Diabetes 51: 2951-2958. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Friocourt%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Friocourt%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=McDonnell%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Reiner%20O%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Kahn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=McConnell%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Berwald-Netter%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Berwald-Netter%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Denoulet%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10399932
http://www.ncbi.nlm.nih.gov/pubmed?term=Chelly%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10399932


© C
OPYRIG

HT U
PM

119 
 

Gaíva, M.H.G., Couto, R.C., Oyama, L.M., Couto, G.E.C., Silveria, V.L.F., Roberio, B. 

and Nascimento, C.M.O. 2001. Polyunsaturated fatty acid-rich diets: effect on 

adipose tissue metabolism in rats. British Journal of Nutrition 86: 371. 

 

Garg,  A. 1996. Insulin resistance in the pathogenesis of dyslipidemia.  Diabetes Care  

19: 387–389.Gibbs, E. M. Stocks, J. L. Mccoid,  S.C. Stuckenbrok, H.A. Pressin, 

J. E. Stevenson, R.W. Milici, A.J. and Mcneish, J.D. 1995. Glycemic 

improvement in diabetic db/db mice by overexpression of the human insulin-

regulatable glucose transporter. Journal of Clinical Investigation 94: 1512-1518. 

 

Gazzah, N., Gharib, A., Croset, M., Bobillier, P., Lagarde, M. amd Sarda, N. 1995. 

Decrease of brain phospholipid synthesis in free-moving n-3 fatty acid deficient 

rats. Journal of Neurochemistry 64: 908-918. 

Geleijnse, J.M., Giltay, E.J., Grobbee, D.E., Donders, A.R.T and Kok, F.J. 2002. Blood 

pressure response to fish oil supplementation: metaregression analysis of 

randomized trials. Journal of Hypertension 20: 1493-1499. 

 

Ghibaudi, L., Cook, J., Farley, C., van Heek, M. and Hwa, J.J. 2002. Fat intake affects 

adiposity, comorbidity factors, and energy metabolism of sprague-dawley rats. 

Obesity Research 10(9): 956-963. 

Gibbs, E.M., Stocks, J.L., Mccoid,  S.C., Stuckenbrok, H.A., Pressin, J.E., Stevenson, 

R.W. Milici, A.J. and Mcneish, J.D. 1995. Glycemic improvement in diabetic 

db/db mice by overexpression of the human insulin-regulatable glucose 

transporter. Journal of Clinical Investigation 94: 1512-1518. 

 

Ginsberg, H.N., Zhang, Y.L. and Hernandez-Ono, A. 2006. Metabolic syndrome: focus 

on dyslipidemia. Obesity (Silver Spring) 14: 41S-49S. 

 

Gnudi, L., Tozzo, E., Shepherd, P., Bliss, J. and Kahn, B. 1995. High level 

overexpression of glucose transporter-4 driven by an adipose specific promoter 

is maintained in transgenic mice on a high fat diet, but does not prevent impaired 

glucose tolerance. Endocrinology 136: 995-1002. 

 

Gold, P. 2005. Glucose and age-related changes in memory. Neurobiology of Aging 26S: 

S60-S64. 

 

Gomez-Pinilla, F. 2008. Brain foods: the effects of nutrients on brain function. Nature 

Reviews Neuroscience  9: 568-578. 

 

González Deschamps, E., Palmeros Exsome, C., Villanueva Sánchez, J., Torres Flores, 

B., Bastida, S., Vaquero, M.P. and Sánchez-Muniz, F.J. 2007. Metabolic 

syndrome prevalence and its association with the body mass index in university 

students. Medicina Clinica 129(20): 766-769. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ghibaudi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12226145
http://www.ncbi.nlm.nih.gov/pubmed?term=Cook%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12226145
http://www.ncbi.nlm.nih.gov/pubmed?term=Farley%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12226145
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Heek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12226145
http://www.ncbi.nlm.nih.gov/pubmed?term=Hwa%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=12226145


© C
OPYRIG

HT U
PM

120 
 

Gottlicher, M., Demoz, A., Svensson, D., Tollet, P., Berge, R.K. and Gustafsson, J.A. 

1993. Structural and metabolic requirements for activators of the peroxisome 

proliferator-activated receptor. Biochemical Pharmacology 46(12): 2177-2184. 

 

Greenberg, A.S. and McDaniel, M.L. 2002. Identifying the links between obesity, 

insulin resistance and β-cell function: potential role of adipocyte-derived 

cytokines in the pathogenesis of type 2 diabetes. European Journal of Clinical 

Investigation 32(3): 24-34. 

 

Guerre-Millo, M., Gervois, P., Raspe, E., Madsen, L., Poulain, P., Derudas, B., Herbert, 

J.M., Winegar, D.A., Willson, T.M., Fruchart, J.C., Berge, R.K. and Staels, B. 

2000. Peroxisome proliferator-activated receptor alpha activators improve 

insulin sensitivity and reduce adiposity. Journal of Biological Chemistry 275: 

16638-16642. 

Guerrero-Berroa, E. Schmeidler, J. and Beeri, M.S. 2014. Neuropathology of type 2 

diabetes: a short review on insulin related mechanisms. European 

Neuropsychopharmacology.  

 

Guo, L.L., Pan, Y. and Jin, H.M. 2009. Adiponectin is positively associated with insulin 

resistance in subjects with type 2 diabetic nephropathy and effects of angiotensin 

II type 1 receptor blocker losartan. Nephrology Dialysis Transplantation 24(6): 

1876-1883. 

Hainault, I., Carolotti, M., Hajduch, E., Guichard, C. and Lavau, M. 1993. Fish oil in a 

high lard diet prevents obesity, hyperlipidemia and adipocyte resistance in rats. 

Annals of the New York Academy of Sciences 683: 98-101. 

Hajjar, T., Goh, Y.M., Rajion, M.A., Vidyadaran, S., Othman, F., Farjam, A.S. and 

Ebrahimi, M. 2012. Omega 3 polyunsaturated fatty acid improves spatial 

learning and hippocampal Peroxisome Proliferator Activated Receptors (PPARα 

and PPARγ) gene expression in rats. BMC Neuroscience 13(1): 109. 

 

Hamm, J.K., el Jack, A.K., Pilch, P.F. and Farmer, S.R. 1999. Role of PPAR gamma in 

regulating adipocyte differentiation and insulin-responsive glucose 

uptake. Annals of the New York Academy of Sciences 892: 134-145.  

 

Hammarstedt, A, Graham, T.E. and Kahn, B.B. 2012. Adipose tissue dysregulation and 

reduced insulin sensitivity in non-obese individuals with enlarged abdominal 

adipose cells. Diabetology and Metabolic Syndrome 4: 42. 

 

Han, Y.P., Nien, Y.D. and Garner, W.L. 2002. Tumor necrosis factor-alpha-induced 

proleolytic activation of pro-matrix metalloproteinase-9 by human skin is 

controlled by down-regulating tissue inhibitor of metalloproteinase-1 and 

mediated by tissue-associated chymotrypson-like proteinase. Journal of 

Biological Chemistry 277: 27319-27327. 

 

http://www.ncbi.nlm.nih.gov/pubmed/8352478
http://www.ncbi.nlm.nih.gov/pubmed/8352478
http://www.ncbi.nlm.nih.gov/pubmed/8352478


© C
OPYRIG

HT U
PM

121 
 

Hancock, C.R., Han, D.H., Chen, M., Terada, S., Yasuda, T., Wright, D.C. and Holloszy, 

J.O. 2008. High-fat diets cause insulin resistance despite an increase in muscle 

mitochondria. Proceedings of the National Academy of Sciences USA 105: 

7815-7820. 

 

Hansen, P.A., Nolte, L.A., Chen, M.M. and Holloszy, J.O. 1998. Increased GLUT-

4translocation mediates enhanced insulin sensitivity of muscle glucose transport 

after exercise. Journal of Applied Physiology 85: 1218-1222. 

 

Harris, W.S., Hustvedt, B.E., Hagen, E., Green, M.H., Lu, G. and Drevon, C.A. 1997. 

N-3 fatty acids and chylomicron metabolism in the rat. Journal of Lipid Research 

38: 503-515. 

 

Harris, R.B., Zhou, J., Redmann, S.M., Smagin, G.N., Smith, S.R., Rodgers, E. and 

Zachwieja, J.J. 1998. A leptin dose-response study in obese (ob/ob) and lean (+/?) 

mice. Endocrinology 139: 8-19. 

 

Harvey, J. and Ashford, M.L. 2003. Leptin in the CNS: much more than satiety signal. 

Neuropharmacology 44(7): 845-854. 

 

Hasegawa, T., Oizumi, K., Yoshiko, Y., Tanne, K., Maeda, N. and Aubin, J.E. 2008. 

The PPAR gamma-selective ligand BRL-49653 differentially regulates the fate 

choices of rat calvaria versus rat bone marrow stromal cell populations. BMC 

Development Biology 8: 71. 

 

Hashimoto, M., Hossain, S., Tanabe, Y., Kawashima, A., Harada, T., Yano, T., 

Mizuguchi, K. and Shido, O. 2009. The protective effect of dietary 

eicosapentaenoic acid against impairment of spatial cognition learning ability in 

rats infused with amyloid (1-40).  The Journal of Nutritional Biochemistry 20: 

965-973. 

 

Hasselmo, M.E. 1999. Neuromodulation: acetylcholine and memory consolidation. 

Trends in Cognitive Sciences 3: 351-359. 

 

Havel, P.J., Kasim-Karakas, S., Mueller, W., Johnson, P.R., Gingerich, R.L. and Stern, 

J.S. 1996 Relationship of plasma leptin to plasma insulin and adiposity in normal 

weight and overweight women: effects of dietary fat content and sustained 

weight loss. Journal of Clinical Endocrinology and Metabolism 81: 4406-4413. 

 

Havel, P.J. 2004. Update on adipocyte hormones regulatin of energy balance and 

carbohydarate/lipid metabolism. Diabetes 53(1): S143-S151. 

 

Havel, P.J. 1998. Leptin production and action: relevance to energy balance in humans. 

American Journal of Clinical Nutrition 67: 355-356. 

 



© C
OPYRIG

HT U
PM

122 
 

Havel, P.J., Townsend, R., Chaump, L. and Teff, K. 1999. High-fat meals reduce 24-h 

circulating leptin concentrations in women. Diabetes 48: 334-341. 

 

Havel, P.J. 2002. Control of energy homeostasis and insulin action by adipocyte 

hormones: leptin, acylation stimulating protein, and adiponectin. Current 

Opinion in Lipidology 13(1): 51-59. 

 

Haynes, W.G., Sivitz, W.I., Morgan, D.A., Walsh, S.A. and Mark, A.L. 1997. 

Sympathetic and cardiorenal actions of leptin. Hypertension 30: 619-623. 

He, W., Barak, Y., Hevener, A., Olson, P., Liao, D., Le, J., Nelson, M., Ong, E., Olefsky, 

J.M. and  Evans, R.M. 2003. Adipose-specific peroxisome proliferator-activated 

receptor gamma knockout causes insulin resistance in fat and liver but not in 

muscle. Proceedings of the National Academy of Sciences USA 100: 15712-

15717. 

 

Henke, B. R. 2004. Peroxisomal proliferator-activated receptor gamma (PPARg) ligands 

and their therapeutic utility. Progress in Medicinal Chemistry 42: 1-53. 

 

Hensler, M., Bardova, K., Jilkova, Z.M., Wahli, W., Meztger, D., Chambon, P., 

Kopecky, J. and Flachs, P. 2011. The inhibition of fat cell proliferation by n-3 

fatty caids in dietary obese mice. Lipid Health Disease 10: 128. 

 

Herman, M.A. and Kahn, B.B. 2006. Glucose transport and sensing in the maintenance 

of glucose homeostasis and metabolic harmony. Journal of Clinical  

Investigation 116: 1767-1775. 

 

Hermsdorff, H.H., Zulet, M.A., Pucahu, B. and Martinez, J.A. 2010. Fruit and vegetable 

consumption and proinflammatory gene expression from peripheral blood 

mononuclear cells in young adults: a translational study. Nutrition and 

Metabolism 7: 42. 

 

Herrera, E. 2008. Metabolismo del tejido adiposo y sensibilidad insulínica en la 

gestación. In Genética, nutrición y enfermedad. Consejo Superior de 

Investigaciones Científicas, ed. M.P. Vaquero, 147-156.Madrid: Instituto Tomás 

Pascual Sanz, Edimsa. 

 

Hevener, A.L., He, W., Barak, Y., Le, J., Bandyopadhyay, G., Olson, P., Wilkes, J., 

Evans, R.M., Olefsky, J. 2003. Muscle-specific Pparg deletion causes insulin 

resistance. Nature Medicine 9: 1491-1497. 

 

Hibbeln, J.R., Nieminen, L.R., Blasbalg, T.L., Riggs, J.A. and Lands, W.E. 2006. 

Healthy intakes of n-3 and n-6 fatty acids: estimations considering worldwide 

diversity. American Journal of Clinical Nutrition 83: 1483S-1493S. 



© C
OPYRIG

HT U
PM

123 
 

Hichami, A., Datiche, F. and Ullah, S. 2007. Olfactory discrimination ability and brain 

expression of c-Fos , Gir and Glut1 mRNA are altered in n − 3 fatty acid-

depleted rats. Behavioural Brain Research 184: 1-10. 

Hill, J.O. 2006. Understanding and addressing the epidemic of obesity: an energy 

balance perspective. Endocrine Reviews 27: 750-761. 

 

Himaya, A., Fantino, M., Antoine, J.M., Brondel, L. and Louis-Silvestre, J. 1997. 

Satiety power of dietary fat: a new appraisal. American Journal of Clinical 

Nutrition 65: 1410. 

 

Højlund, K. 2014. Metabolism and insulin signaling in common metabolic disorders and 

inherited insulin resistance. Danish Medical Journal 61(7): B4890. 

 

Holub, B.J. 2002. Clinical nutrition: 4. Omega-3 fatty acids in cardiovascular care. 

Canadian Medical Association Journal 166: 608-615. 

 

Horrocks, L.A. and Yeo, Y.K. 1999. Health benefits of docosahexaenoic acid (DHA). 

Pharmacological Research 40: 211-225. 

 

Hotamisligil, G.S. 1994. Tumor necrosis factor alpha inhibits signaling from the insulin 

receptor. Proceedings of the National Academy of Sciences USA 91: 4854-4858. 

 

Hotamisligil, G.S. 2000. Molecular mechanisms of insulin resistance and the role of 

adipocytes. International Journal of Obesity, and Related Metabolic Disorder 

24(4): S23-S27. 

 

Hotamisligil, G.S., Arner, P., Caro, J.F., Atkinson, R.L. and Spiegelman, B.M. 1995. 

Increased adipose tissue expression of tumor necrosis factor-α in human obesity 

and insulin resistance. Journal of Clinical Investigation 95: 2409-2415. 

 

Hotamisligil, G.S., Peraldi, P., Budavari, A., Ellis, R., White, M.F. and Spiegelman, 

B.M. 1996. IRS-1 mediated inhibition of insulin receptor tyrosine kinase activity 

in TNF-α-and obesity-induced insulin resistance. Science 271: 665-668. 

 

Hoyer, S. 1990. Brain glucose and energy metabolism during normal aging. Aging 2: 

245. 

 

Hribal, M.L., Oriente, F. and Accili, D. 2002. Mouse models of insulin resistance. 

American Journal of Physiology Endocrinology and Metabolism 84(2): 623-647. 

 

Hübscher, S.G. 2006. Histological assessment of non-alcoholic fatty liver 

disease. Histopathology 49(5): 450-465. 

 

Huerta-Leidenz, N.O., Cross, H.R., Luntt, D.K., Pelton, L.S., Savell, J.W. and Smith, 

S.B. 1991. Growth, carcass traits, and fatty acid profiles of adipose tissues from 

steers fed whole cottonseed. Journal of Animal Science 69: 3665-3672. 



© C
OPYRIG

HT U
PM

124 
 

Hwang, D. 2000. Fatty acids and immune responses—a new perspective in searching for 

clues to mechanism. Annul Reviews of Nutrition 20: 431-456. 

 

Hyun, C.K., Kim, E.D., Flowers, M.T., Liu, X., Kim, E., Strable, M. and Ntambi, J.M. 

2010. Adipose-specific deletion of stearoyl-CoA desaturase 1 up-regulates the 

glucose transporter GLUT1 in adipose tissue. Biochemical and Biophysical 

Research Communications 399(4): 480-486. 

 

Ibrahim, A., Mbodji, K., Hassan, A., Aziz, M., Boukhettala, N., Coëffier, M., Savoye, 

G., Déchelotte, P. and Marion-Letellier, R. 2011. Anti-inflammatory and anti-

angiogenic effect of long chain n-3 polyunsaturated fatty acids in intestinal 

microvascular endothelium. Clinical Nutrition 30(5): 678-687. 

 

Ibrahim, M.M. 2010. Subcutaneous and visceral adipose tissue: structural and functional 

differences. Obesity Reviews 11: 11-18. 

 

Igarashi, M., Ma, K., Gao, F., Kim, H.W., Greenstein, D., Rapoport, S.I. and Rao, J.S. 

2010. Brain lipid concentrations in bipolar disorder. Journal of Physchiatric 

Research 44: 177-182. 

 

Ikemoto, S., Thompson, K.S., Takahashi, M., Itakura,  H., Lane, M.D. and Ezaki, O. 

1995. High fat diet-induced hyperglycemia: prevention by low level expression 

of a glucose transporter (GLUT4) minigene in transgenic mice. Proceedings of 

the National Academy of Sciences USA 92: 3096-3099. 

 

Innis, S.M. 2008. Dietary omega 3 fatty acids and the developing brain. Review 

Literature Arts Americas 1237: 35-43. 

 

Jensen, M.D. 2006. Adipose tissue as an endocrine organ: implications of its distribution 

on free fatty acid metabolism. European Heart Journal Supplements B13-B19. 

 

Jéquier, E. 2002. Leptin signaling, adiposity, and energy balance. Annals of the New 

York Academy of Sciences 967: 379-388. 

 

Jørgensen, M.E., Borch-Johnsen, K. and Bjerregaard, P. 2006. Lifestyle modifies 

obesity-associated risk of cardiovascular disease in a genetically homogeneous 

population. American Journal of Clinical Nutrition 84: 29-36.  

 

Jump, D.B. 2002. The biochemistry of n-3 polyunsaturated fatty acids Journal of 

Biological Chemistry 277: 8755-8758. 

 

Jump, D.B. and Clarke, S.D. 1999. Regulation of gene expression by dietary fat. Annual 

Review of Nutrition 19: 63-90. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hyun%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Flowers%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Strable%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://www.ncbi.nlm.nih.gov/pubmed?term=Ntambi%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20655875
http://ezproxy.upm.edu.my:2056/science/journal/0006291X
http://ezproxy.upm.edu.my:2056/science/journal/0006291X
http://ezproxy.upm.edu.my:2056/science/journal/0006291X/399/4
http://www.ncbi.nlm.nih.gov/pubmed?term=Ibrahim%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Mbodji%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Hassan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Aziz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Boukhettala%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Co%C3%ABffier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Savoye%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Savoye%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%A9chelotte%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://www.ncbi.nlm.nih.gov/pubmed?term=Marion-Letellier%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21632157
http://eurheartjsupp.oxfordjournals.org/content/8/suppl_B/B13.short
http://eurheartjsupp.oxfordjournals.org/content/8/suppl_B/B13.short


© C
OPYRIG

HT U
PM

125 
 

Jump, D.B., Botolin, D., Wang, Y., Xu, J., Demeure, O. and Christian, B. 2008. 

Docosahexaenoic acid (DHA) and hepatic gene transcription. Chemistry and 

Physics of Lipids 153(1): 3-13. 

 

Kadowaki, T., Yamauchi, T., Kubota, N., Hara, K., Ueki, K. and Tobe, K. 2006. 

Adiponectin and adiponectin receptors in insulin resistance, diabetes, and the 

metabolic syndrome. Journal of Clinical Investigation 116: 1784-1792. 

 

Kahn, B.B. 1996. Glucose transport: pivotal step in insulin action. Diabetes 45: 1644-

1654. 

 

Kahn, B.B. and Flier, J.S. 2000. Obesity and insulin resistance. The Journal of Clinical 

Investigation 106: 473-481. 

 

Kahn, B.B., Alquier, T., Carling, D. and Hardie, D.G. 2005. AMP-activated protein 

kinase: ancient energy gauge provides clues to modern understanding of 

metabolism. Cell Metabolism 1: 15-25. 

 

Kalupahana, N.S. Claycombe, K.J. and Moustaid-Moussa, N. 2011. (n-3) Fatty acids 

alleviate adipose tissue inflammation and insulin resistance: mechanistic insights. 

Advances in Nutrition 2: 304-316. 

 

Kalupahana, N.S., Claycombe, K., Newman, S.J., Stewart, T., Siriwardhana, N., 

Matthan, N., Lichtenstein, A.H. and Moustaid-Moussa, N. 

2010. Eicosapentaenoic acid prevents and reverses insulin resistance in high-fat 

diet-induced obese mice via modulation of adipose tissue inflammation. Journal 

of Nutrition 140: 1915-1922. 

 

Kandror, K.V., Pilch, P.F. 1996.  GLUT4-containing vesicles in rat adipocytes as a 

tissue-specific recycling compartment. Cell and Development Biology 7: 269-

278. 

 

Kanoski, S.E., Meisel, R.L., Mullins, A.J. and Davidson, T.L. 2007. The effects of 

energy-rich diets on discrimination reversal learning and on BDNF in the 

hippocampus and prefrontal cortex of the rat. Behavioural Brain Research 182(1): 

57-66.  

 

Kawakita, E., Hashimoto, M. and Shido, O. 2006. Docosahexaenoic acid promotes 

neurogenesis in vitro and in vivo. Neuroscience 139: 991-997. 

 

Kelley, D.E., Thaete, F.L., Troost, F., Huwe, T. and Goodpaster, B.H. 2000. 

Subdivisions of subcutaneous abdominal adipose tissue and insulin resistance. 

American Journal of Physiology 278: E941-948. 

 

Kennedy, A., Martinez, K., Chuang, C.C., LaPoint, K. and McIntosh, M. 

2009. Saturated fatty acid-mediated inflammation and insulin resistance in 



© C
OPYRIG

HT U
PM

126 
 

adipose tissue: mechanisms of action and implications. Journal of Nutrition 139: 

1-4. 

 

Kern, W., Peters, A.. Fruehwald-Schultes, B., Deininger, E., Born, J. and Fehm, H.L. 

2001. Improving influence of insulin on cognitive functions in humans. 

Neuroendocrinology 74: 270. 

 

 Kern, P.A., Saghizadeh, M., Ong, J.M., Bosch, R.J., Deem, R. and Simsolo, R.B. 1995. 

The expression of tumor necrosis factor in human adipose tissueregulation by 

obesity, weight loss, and relationship to lipoprotein lipase. Journal of Clinical 

Investigation 95: 2111-2119. 

 

Kersten, S., Seydoux, J., Peters, J.M., Gonzalez, F.J., Desvergne, B. and Wahli, W. 1999. 

Peroxisome proliferator–activated receptor α mediates the adaptive response to 

fasting. Journal of Clinical Investigation 103: 1489-1498. 

 

Kesner, R.P., Lee, I. and Gilbert P. 2004. A behavioral assessment of hippocampal 

function based on a subregional analysis. Annual Review of Neuroscience 12: 

333-351. 

 

Kieffer, T.J. and Habener, J.F. 2000. The adipoinsular axis: effects of leptin on 

pancreatic beta-cells. American  Journal of Physiology and Endocrinology 

Metabolism 278: E1-E14. 

 

Kim, J., Li, Y. and Watkins, B.A. 2012. Fat to treat fat: emerging relationship between 

dietary PUFA, endocannabinoids, and obesity. Prostagladins and Other Lipid 

Mediators 104-105: 32-41. 

 

Kim, J.Y., Nolte, L.A., Hansen, P.A., Han, D.H., Ferguson, K., Thompson, P.A. and 

Hooloszy, J.O. 2000. High-fat diet-induced muscle insulin resistance: 

relationship to visceral fat mass. American Journal of Physiology 279: R2057-

R2065. 

 

Kim, H. and Ahn, Y. 2004. Role of peroxisome proliferator-activated receptor-γ in the 

glucose-sensing apparatus of liver and β-cells. Diabetes 53(1): S60-S65. 

 

Kim, H.Y., Akbar, M., Lau, A. and Edsall, L. 2000. Inhibition of neuronal apoptosis by 

docosahexaenoic acid (22:6n-3). Role of phosphatidylserine in antiapoptotic 

effect. Journal of Biological Chemistry 275: 35215-35223. 

 

Kimura, S., Tomita, M., Froguel, P. and Kadowaki, T. 2001. The fat-derived hormone 

adiponectin reverses insulin resistance associated with both lipoatrophy and 

obesity. Nature Medicine 7: 941-946. 

 

Kliewer, S.A., Sundseth, S.S., Jones, S.A., Brown, P.J., Wisely, G.B., Koble, C.S., 

Devchand, P., Wahli, W., Willson, T.M., Lenhard, J.M. and Lehmann, J.M. 1997.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kern%20PA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saghizadeh%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ong%20JM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch%20RJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deem%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simsolo%20RB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23466458
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23466458
http://www.ncbi.nlm.nih.gov/pubmed?term=Watkins%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=23466458
http://www.ncbi.nlm.nih.gov/pubmed/23466458


© C
OPYRIG

HT U
PM

127 
 

Fatty acids and eicosanoids regulate gene expression through direct interactions 

with peroxisome proliferator-activated receptors alpha and gamma. Proceedings 

of the National Academy of Sciences USA 94: 4318-4323. 

 

Koh, K.K., Han, S.H. and Quon, M.J. 2005. Inflammatory markers and the metabolic 

syndrome; insight from therapeutic interventions. Journal of the American 

College of Cardiology 46: 1978-1985. 

 

Kopf, S.R. and C.M. Baratti. 1999. Effects of posttraining administration of insulin on 

retention of a habituation response in mice: participation of a central cholinergic 

mechanism. Neurobiology of Learning and Memory 71: 50-61. 

 

Krey, G., Braissant, O., L’Horset, F., Kalkhoven, E., Perroud, M., Parker, M.G. and 

Wahli, W. 1997. Fatty acids, eicosanoids, and hypolipidemic agents identified as 

ligands of peroxisome proliferator-activated receptors by coactivator-dependent 

receptor ligand assay. Molecular Endocrinology 11: 779-791. 

 

Kristiansen O.P. and Mandrup-Poulsen, T. 2005. Interleukin-6 and diabetes. Diabetes 54: 

S114-S124. 

 

Krook, A., Wallberg-Henriksson, H. and Zierath, J.R. 2004. Sending the signal: 

molecular mechanisms regulating glucose uptake. Medicine and Science Sports 

and Exercise 36: 1212-1217. 

 

Kubota, N., Terauchi, Y., Miki, H., Tamemoto, H., Yamauchi, T., Komeda, K., Satoh, 

S., Nakano, R., Ishii, C. and Sugiyama, T. 1999. PPAR gamma mediates high-fat 

diet-induced adipocyte hypertrophy and insulin resistance. Molecular Cell 4: 

597-609. 

 

Kuratko, C.N. and Salem, N. Jr. 2009. Biomarkers of DHA status. Prostaglandins, 

Leukotrienes and Essential Fatty Acids 81(2–3): 111-118.  

Laaksonen, D.E., Niskanen, L., Lakka, H.M., Lakka, T.A. and Uusitupa, M. 2004. 

Epidemiology and treatment of the metabolic syndrome. Annals of Medicine 36: 

332-346. 

 

Lafontan, M. 2013. Adipose tissue and adipocyte dysregulation. Diabetes and 

Metabolism 40(1): 16-28. 

 

Lagathu, C., Bastard, J.P., Auclair, M., Maachi, M., Capeau, J. and Caron, M. 2003. 

Chronic interleukin-6 (IL-6) treatment increased IL-6 secretion and induced 

insulin resistance in adipocyte: prevention by rosiglitazone. Biochemical and 

Biophysical Research Communications 311: 372-379. 

 



© C
OPYRIG

HT U
PM

128 
 

Lam, T.K., van de Werve, G. and Giacca, A. 2003. Free fatty acids increase basal 

hepatic glucose production and induce hepatic insulin resistance at different sites. 

American Journal of Physiology and Endocrinoly and Metabolism 284(2): E281-

E290. 

 

Lang, C.H., Dobrescu, C. and Bagby, G.J. 1992. Tumor necrosis factor impairs insulin 

action on peripheral glucose disposal and hepatic glucose output. Endocrinology 

130: 43-52. 

 

Lardinois, C. K. 1987. The role of omega 3 fatty acids on insulin secretion and insulin 

sensitivity. Medical Hypotheses 24: 243-248. 

 

LaRosa, P.C., Miner, J., Xia, Y., Zhou, Y., Kachman, S. and Fromm, M.E. 2006. Trans-

10, cis-12 conjugated linoleic acid causes inflammation and delipidation of white 

adipose tissue in mice: a microarray and histological analysis. Physiological 

Genomics 27: 282-294. 

 

Lebovitz, M.D. and Mary Ann Banerji, M.D. 2005. Visceral adiposity is causally related 

to insulin resistance. FACP Diabetes Care 28(9): 2322-2325. 

 

Lee, C.G., Fujimoto, W.Y., Brunzell, J.D., Kahn, S.E., McNeely, M.J., Leonetti, D.L. 

and Boyko, E.J. 2010. Intra-abdominal fat accumulation is greatest at younger 

ages in Japanese-American adults. Diabetes Research and Clinical Practice 89: 

58-64. 

 

Lee, C.H., Olson, P. and Evans, R. M. 2003. Minireview: lipid metabolism, metabolic 

diseases, and peroxisome proliferator-activated receptors. Endocrinology 144: 

2201-2207. 

 

Leone, T.C., Weinheimer, C.J. and Kelly, D. P. 1999. A critical role for the peroxisome 

proliferator-activated α (PPARα) in the cellular fasting response: The PPARα-

null mouse as a model of fatty acid oxidation disorders. Proceedings of the 

National Academy of Sciences USA 96: 7473-7478. 

 

Li, D. 2003. Omega-3 fatty acids and non-communicable diseases. Chinese Medicinal 

Journal (English) 116 (3): 453-458. 

 

Li J.J., Surini, M., Catsicas, S., Kawashima, E. and Bouras, C. 1995. Age-dependent 

accumulation of advanced glycosylation end products in human neurons. 

Neurobiology of Aging 16: 69. 

 

Lichtenstein, A.H. and Schwab, U.S. 2000. Relationship of dietary fat to glucose 

metabolism. Atherosclerosis 150: 227-243. 

Lillioja, S., Mott, D.M., Zawadzki, J.K., Young, A.A., Abbott, W.G. and Bogardus, C. 

1986. Glucose storage is a major determinant of in vivo "insulin resistance" in 



© C
OPYRIG

HT U
PM

129 
 

subjects with normal glucose tolerance. Journal of Clinical Endocrinology and 

Metabolism 62: 922-927.   

 

Linseisen, J., Welch, A.A., Ocke, M., Amiano, P., Agnoli, C., Ferrari, P., Sonestedt, 

E., Chajès, V., Bueno-de-Mesquita, H.B., Kaaks, R., Weikert, C., Dorronsoro, 

M., Rodríguez, L., Ermini, I., Mattiello, A., van der Schouw, Y.T., Manjer, 

J., Nilsson, S., Jenab, M., Lund, E., Brustad, M., Halkjaer, J., Jakobsen, 

M.U., Khaw, K.T., Crowe, F., Georgila, C., Misirli, G., Niravong, M., Touvier, 

M., Bingham, S., Riboli, E., Slimani, N. 2009. Dietary fat intake in the European 

prospective investigation into cancer and nutrition: results from the 24-h dietary 

recalls. European Journal of Clinical Nutrition 63(4): S61- S80. 

 

Liou, S.S., Liu, I.M., Hsu, J.H., Wu, Y.C., Hsu, S.F. and Chen, J.T. 2002. Release of 

acetylcholine by Die-Huang-Wan to enhance insulin secretion for lowering 

plasma glucose in Wistar rats. Autonomic Neuroscience: Basic and Clinical 100: 

21-26. 

Lopaschuk, G.D., Ussher, J.R., Folmes, C.D., Jaswal, J.S. and Stanley, W.C. 

2010. Myocardial fatty acid metabolism in health and disease. Physiological 

Review 90: 207-258. 

 

Luo, J.S., Rizkalla, W., Boillot, J., Alamowitch, C., Chaib, H., Bruzzo, F., Desplanque, 

N., Dalix, A.M., Durand, G. and Slama, G. 1996. Dietary (n-3) polyunsaturated 

fatty acids improve adipocyte insulin action and glucose metabolism in insulin 

resistant rats: Relation to membrane fatty acids. Journal of Nutrition 126: 1951-

1958. 

 

 Macaulay, K., Doble, B.W., Patel, S.,  Hansotia, T., Sinclair, E.M., Drucker, D.J., Nagy, 

A. and Woodgett, J.R. 2007. Glycogen synthase kinase 3alpha-specific 

regulation of murine hepatic glycogen metabolism. Cell Metabolism 6: 329-337. 

 

Madge, L.A. and Pober, J.S. 2001. TNF signaling in vascular endothelial 

cells. Experimental and Molecular Pathology 70: 317-325. 

 

Madsen, L., Petersen, R.K. and Kristiansen, K. 2005. Regulation of adipocyte 

differentiation and function by polyunsaturated fatty acids. Biochimica et 

Biophysica Acta 1740 (2): 266-286. 

 

Maeda, N., Takahashi, M., Funahashi, T., Kihara, S., Nishizawa, H., Kishida, K., 

Nagaretami, H., Matsuda, M., Komuro, R., Ouchi, N., Kuriyama, H., Hotta, 

K., Nakamura, T., Shimomura, I. and Matsuzawa, Y. 2001. PPARgamma 

ligands increase expression and plasma concentrations of adiponectin, an 

adipose-derived protein. Diabetes 50: 2094-2099. 

 

Mager, D.R., Mazurak, V., Rodriguez-Dimitrescu, C., Vine, D., Jetha, M., Ball, G. 

and Yap, J. 2013. A meal high in saturated fat evokes postprandial dyslipemia, 

http://www.ncbi.nlm.nih.gov/pubmed?term=Amiano%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Agnoli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferrari%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Sonestedt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Sonestedt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaj%C3%A8s%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Bueno-de-Mesquita%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaaks%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Weikert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Dorronsoro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Dorronsoro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Ermini%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Mattiello%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20der%20Schouw%20YT%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Manjer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Manjer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Nilsson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenab%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Lund%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Brustad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Halkjaer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Jakobsen%20MU%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Jakobsen%20MU%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Khaw%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Crowe%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Georgila%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Misirli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Niravong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Touvier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Touvier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Bingham%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Riboli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Slimani%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19888281
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansotia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinclair%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Drucker%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Woodgett%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=17908561
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Komuro%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Ouchi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuriyama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Hotta%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Hotta%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimomura%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuzawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11522676
http://www.ncbi.nlm.nih.gov/pubmed?term=Mager%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazurak%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodriguez-Dimitrescu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Vine%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Jetha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Ball%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Yap%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23223552


© C
OPYRIG

HT U
PM

130 
 

hyperinsulinemia, and altered lipoprotein expression in obese children with and 

without nonalcoholic fatty liver disease. Journal of Parental and Enteral Nutrition 

37(4): 517-528.  

Magistretti, P.J. 2006. Neuron-glia metabolic coupling and plasticity. Journal of 

Experimental Biology 209: 2304. 

 

Magne, J., Mariotti, F., Fischer, R., Mathe, V., Tome, D. and Huneau, J.F. 2010. Early 

postprandial low-grade inflammation after high-fat meal in healthy rats: possible 

involvement of visceral adipose tissue. The Journal of Nutritional 

Biochemistry 21: 550-555. 

 

Magnusson, I., Rothman, D.L., Katz, L.D., Shulman, R.G. and Shulman, G.I. 1992. 

Increased rate of gluconeogenesis in type II diabetes mellitus. A 13C nuclear 

magnetic resonance study. Journal of Clinical Investigation 90: 1323-1327. 

 

Mangelsdorf, D.J., Thummel, C., Beato, M., Herrlich, P., Schütz, G., Umesono, 

K., Blumberg, B., Kastner, P., Mark, M., Chambon, P. and Evans, R.M. 1995. 

The nuclear receptor superfamily: the second decade. Cell  83(6): 835-839. 

Manson, J., Skerrett, P. Greenland, P. and VanItallie, T. 2004. The Escalating 

Pandemics of Obesity and Sedentary Lifestyle. Archives of Internal Medicine 

14(3): 249-258. 

 

Marette, A., Richardson, J.M., Ramlal, T., Balon, T.W., Vranic, M., Pessin, J.E. and 

Klip, A. 1993. Abundance, localization, and insulin induced translocation of 

glucose transporters in red and white muscle. American Journal of Physiology- 

Cell Physiology 263: C443-C452. 

 

Martens, F.M.A.C., Rabelink, T.J., Roodt, J.op’t, de Koning, E.J.P. and Visseren, F.L.J. 

2006. Tumor necrosis factor-alpha induces endothelial dysfunction in diabetic 

adults, an effect reversible by the PPAR-gamma agonist pioglitazone. European 

Heart Journal 27: 1605-1609. 

 

Masuzaki, H., Ogawa, Y., Hosoda, K., Kawada, T., Fushiki, T. and Nakao, K. 1995. 

Augmented expression of the obese gene in the adipose tissue from rats fed high-

fat diet. Biochemica et Biophysica Research Community 216: 355-358. 

 

McEwen, B.S. and Reagan, L. 2004. Glucose transporter expression in the central 

nervous system: Relationship to synaptic function. European Journal of 

Pharmacology 90: 13-24. 

 

McGarry, J.D. 1992. What if Minkowski had been ageusic? An alternative angle on 

diabetes. Science 258: 766-770. 

 

http://www.ncbi.nlm.nih.gov/pubmed/23223552
http://www.ncbi.nlm.nih.gov/pubmed?term=Mangelsdorf%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Thummel%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Beato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrlich%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%BCtz%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Umesono%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Umesono%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Blumberg%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Kastner%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Mark%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Chambon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed?term=Evans%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=8521507
http://www.ncbi.nlm.nih.gov/pubmed/8521507


© C
OPYRIG

HT U
PM

131 
 

McNay, E.C. and Gold, P.E. 2002. Food for thought: Fluctuations in brain extracellular 

glucose provide insight into the mechanisms of memory modulation. Cognitive 

and Behavioural Neuroscience Reviews 1: 264-280. 

 

McPherson, R. and Jones, P.H. 2003. The metabolic syndrome and type 2 diabetes: role 

of the adipocyte. Current Opinion in Lipidology 14: 549-553. 

 

Meydani, S.N., Endres, S., Woods, M.M., Goldin, B.R., Soo, C., Morrill-Labrode, A., 

Dinarello, C. and Gorbach, S.L. 1991. Oral n-3 fatty acid supplementation 

suppresses cytokine production and lymphocyte proliferation: comparison 

between young and older women. Journal of Nutrition 121: 547-555. 

 

Meyer, B.J., Mann, N.J., Lewis, J.L., Milligan, G.C., Sinclair, A.J. and Howe, P.R. 2003. 

Dietary intakes and food sources of omega-6 and omega-3 polyunsaturated fatty 

acids. Lipids 38: 391-398. 

 

Miles, P.D.G., Barack, Y., He, W., Evans, R.M. and Olefsky, J.M. 2000. Improve 

insulin sensitivity in mice heterozygous for PPAR- γ deficiency. Journal of 

Clinical Investigation 105(3): 287-292. 

 

Minaker, K.L. 2007. Common clinical sequelae of aging. In: Medicine, 23rd ed., eds. L. 

Goldman, and D. Ausiello, Chap. 23, Philadelphia, Pa: Saunders Elsevier. 

 

Minokoshi, Y., Kim, Y.B., Peroni, O.D., Fryer, L.G., Müller, C., Carling, D. and Kahn, 

B.B. 2002. Leptin stimulates fatty-acid oxidation by activating AMP-activated 

protein kinase. Nature 415: 339-343. 

 

Mohamed-Ali, V., Pinkney, J.H. and Coppack, S.W. 1998. Adipose tissue as an 

endocrine and paracrine organ. International Journal of Obesity and Related 

Metabolic Disorder 22: 1145-1158. 

 

Mohrhauer, H., Christiansen, K., Gan, M.V., Deubig, M. and Holman, R.T. 1967. Chain 

elongation of linoleic acid and its inhibition by other fatty acids in vitro. Journal 

of Biological Chemistry 242: 4507-4514. 

 

Moller, D.E. and Flier, J.S. 1991. Insulin resistance - mechanisms, syndromes, and 

implications. The New England Journal of Medicine 325: 938-948. 

 

Molteni, R., Barnard, R.J., Ying, Z., Roberts, C.K. and Gomez-Pinilla, F. 2002. A high-

fat, refined sugar diet reduces hippocampal brain-derived neurotrophic factor, 

neuronal plasticity, and learning. Neuroscience  112(4): 803-814. 

 

Montessuit, C., Rosenblatt-Velin, N., Papageorgiou, I., Campos, L., Pellieux, C., Palma, 

T. and Lerch, R. 2004. Regulation of glucose transporter expression in cardiac 

myocytes: p38 MAPK is a strong inducer of GLUT4. Cardiovascular Research 

64: 94-104. 



© C
OPYRIG

HT U
PM

132 
 

 

Moreno-Aliaga, M.J., Stanhope, K.L. and Havel, P.J.  2001. Transcriptional regulation 

of the leptin promoter by insulin-stimulated glucose metabolism in 3T3-L1 

adipocytes. Biochemica et Biophysica Research Community 283: 544-548. 

 

Mori, T.A., Burke, V., Puddey, I.B., Watts, G.F., O’Neal, D.N., Best, J.D. and Beilin, 

L.J. 2000. Purified eicosapentaenoic and docosahexaenoic acids have differential 

effects on serum lipids and lipoproteins, LDL particle size, glucose, and insulin 

in mildly hyperlipidemic men. American Journal of Clinical Nutrition 71: 1085-

1094. 

 

Morioka, T., Asilmaz, E., Hu, J., Dishinger, J.F., Kurpad, A.J., Elias, C.F., Li, H., 

Elmquist, J.K., Kennedy, R.T. and Kulkarni, R.N. 2007. Disruption of leptin 

receptor expression in the pancreas directly affects beta cell growth and function 

in mice. Journal of Clinical Investigation 117: 2860-2868. 

 

Morris, R.G., Garrud, P., Rawlins, J.N. and O'Keefe, J. 1982. Place navigation impaired 

in rats with hippocampal lesions. Nature 297: 681-683. 

Morris, R.G.M. 2008. Morris Water Maze. Scholarpedia 3(8): 6315. 

 

Mueckler, M. 1994. Facilitative glucose transporters. European Journal of Biochemistry 

219: 713-725. 

 

Mueller, W.M., Gregoire, F.M., Stanhope, K.L., Mobbs, C.V., Mizuno, T.M., Warden, 

C.H., Stern, J.S. and Havel, P.J. 1998. Evidence that glucose metabolism 

regulates leptin secretion from cultured rat adipocytes. Endocrinology 139: 551-

558. 

Mueller, W.M., Stanhope, K.L., Gregoire, F., Evans, J.L. and Havel, P.J. 2000. Effects 

of metformin and vanadium on leptin secretion from cultured rat adipocytes. 

Obesity Research 8: 530-539. 

 

Muoio, D.M., Dohn, G.L., Tapscott, E.B. and Coleman, R.A. 1999. Leptin opposes 

insulin;s effects on fatty acids partitioning in muscles isolated from obese ob/ob 

mice. American Journal of Physiology 276: E913-E921. 

 

Muoio, D.M., Dohn, G.L., Fiedorek, F.T.J., Tapscott, E.B. and Coleman, R.A. 1997. 

Leptin directly alters lipid partitioning in skeletal muscle. Diabetes 46: 1360-

1363. 

 

Murthy, M., Hamilton, J., Greiner, R.S., Moriguchi, T., Salem, N. and Kim, H.Y. 2002. 

Differential effects of n-3 fatty acid deficiency on phospholipid molecular 

species composition in the rat hippocampus. Journal of Lipid Research 43: 611-

617. 



© C
OPYRIG

HT U
PM

133 
 

Nanjo, A., Kanazawa, A., Sato, K., Banno, F. and Fujimoto, K. 1999. Depletion of 

dietary n-3 fatty acid affects the level of cyclic AMP in rat hippocampus. Journal 

of Nutritional Science and Vitaminology 45: 633-641. 

Napier, J.A., Sayanova, O., Qi, B. and Lazarus, C.M. 2004. Progress toward the 

production of long-chain polyunsaturated fatty acids in transgenic plants. Lipids 

39(11): 1067-1075. 

 

Neschen, S., Moore, I., Regittnig, W., Yu, C.L., Wang, Y., Pypaert, M., Petersen, K.F. 

and Shulman, G.I. 2002. Contrasting effects of fish oil and safflower oil on 

hepatic peroxisomal and tissue lipid content. American Journal of Physiology- 

Endocrinology and Metabolism 282(2): E395-E401. 

 

Neumann, A., Norberg, M., Schoffer, O., Norstrom, F., Johansson, I., Klug, S.J. and 

Lindholm, L. 2013. Risk equations for the development of worsened glucose 

status and type 2 diabetes mellitus in a Swedish intervention program. BMC 

Public Health 13: 1014. 

 

Niswender, K.D. and Magnuson, M.A. 2007. Obesity and the beta cell: lessons from 

leptin. Journal of Clinical Investigation 117: 2753-2756. 

 

Noble, J.M., Manly, J.J., SChupf, N., Tang, M.X. and Luchsinger, J.A., 2012. Type 2 

Diabetes and etnic disparities in cognitive impairment. Ethnicity and Disease 22. 

 

Nugent, C., Prins, J.B., Whitehead, J.P., Wentworth, J.M., Chatterjee, V.K. and 

O’Rahilly, S. 2001. Arachidonic acid stimulates glucose uptake in 3T3-L1 

adipocytes by increasing GLUT1 and GLUT4 levels at the plasma membrane. 

Evidence for involvement of lipoxygenase metabolites and peroxisome 

proliferator-activated receptor gamma. Journal of Biological Chemistry 276(12): 

9149-9157. 

 

O’Brien, R. M. and Granner, D. K. 1996. Regulation of gene expression by insulin. 

Physiological Reviews 76: 1109-1161. 

 

Oakes, N.D., Cooney, G.J., Camilleri, S., Chisholm, D.J. and Kraegen, E.W. 1997. 

Mechanisms of liver and muscle insulin resistance induced by chronic high-fat 

feeding. Diabetes 46: 1768-1774. 

 

Odrowaz-Sypniewska, G. 2007. Markers of pro-inflammatory and pro-thrombotic state 

in the diagnosis of metabolic syndrome. Advances in Medical Science 52: 246-

250. 

Oh, M.K., Winn, J. and Poordad, F. 2008. Review article: diagnosis and treatment of 

non-alcoholic fatty liver disease. Alimentary Pharmacology and Therapeutics 

28(5): 503-522. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Odrowaz-Sypniewska%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18217426
http://www.ncbi.nlm.nih.gov/pubmed/18217426


© C
OPYRIG

HT U
PM

134 
 

Okuno, M., Kajiwara, K., Imai, S., Kobayashi, T., Honma, N., Maki, T.,  Suruga, 

K., Goda, T., Takase, S., Muto, Y. and Moriwaki, H. 1997. Perilla oil prevents 

the excessive growth of visceral adipose tissue in rats by down-regulating 

adipocyte differentiation. Journal of Nutrition 127: 1752-1757. 

 

Olefsky, J.M. and Glass, C.K. 2010. Macrophages, inflammation, and insulin resistance. 

Annual Review of Pyhsiology 72: 219-246. 

 

Osei, K. 1999.  Insulin resistance and systemic hypertension.  American Journal of 

Cardiology 84: 33J-36J. 

 

Oudart, H., Groscolas, R., Calgari, C., Nibbelink, M., Leray, C., Le Maho, Y. and Malan, 

A. 1997. Brown fat thermogenesis in rats fed high-fat diets enriched with n-3 

polyunsaturated fatty acids. International Journal of Obesity and Related 

Metabolic Disorder 21: 955. 

 

Pakala, R., Kuchulakanti, P., Rha, S.W., Cheneau, E., Baffour, R. and Waksman R. 

2004. Peroxisome proliferator-activated receptor gamma: its role in metabolic 

syndrome. Cardiovascular Radiation Medicine 5(2): 97-103. 

 

Pan, D.A., Hulbert, A.J. and Storlien, L.H. 1994. Dietary fats membrane phospholipids 

and obesity. Journal of Nutrition 124: 1555-1565. 

 

Park, C.R., Seeley, R.J., Craft, S. and Woods, S.C. 2000. Intracerebroventricular insulin 

enhances memory in a passive-avoidance task. Physiology and Behavior 68: 509. 

 

Parrish, C.C., Pathy, D.A. and Angel A. 1990. Dietary fish oils limit adipose tissue 

hypertrophy in rats. Metabolism 39: 217-219.  

 

Patel, P. and Abate, N. 2013. Role of Subcutaneous Adipose Tissue in the Pathogenesis 

of Insulin Resistance. Journal of Obesity 2013: 489187.  

 

Pelleymounter, M.A., Cullen, M.J., Baker, M.B., Hecht, R., Winters, D., Boone, T. and 

Collins, F. 1995. Effects of the obese gene product on body weight regulation in 

ob/ob mice. Science 269: 540-543. 

 

Peraldi, P., Xu, M. and Spiegelman, B.M. 1997. Thiazolidinediones block tumor 

necrosis factor-alpha-induced inhibition of insulin signaling. Journal of Clinical 

Investigation 100: 1863-1869. 

 

Perseghin, G., Petersen, K. and Shulman, G.I. 2003. Cellular mechanism of insulin 

resistance: potential links with inflammation. International Journal of Obesity 27: 

S6-S11. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Suruga%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Suruga%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Goda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Takase%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Muto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Moriwaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9278555
http://www.ncbi.nlm.nih.gov/pubmed?term=Nibbelink%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9368817
http://www.ncbi.nlm.nih.gov/pubmed?term=Leray%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9368817
http://www.ncbi.nlm.nih.gov/pubmed?term=Le%20Maho%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9368817
http://www.ncbi.nlm.nih.gov/pubmed?term=Malan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9368817
http://www.ncbi.nlm.nih.gov/pubmed?term=Malan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9368817


© C
OPYRIG

HT U
PM

135 
 

Petersen, K.F., Hendler, R., Price, T.B., Perseghin, G., Rothman, D.L., Held, N., 

Amatruda, J. and Shulman, G.I. 1998. 13C/31P NMR studies on the mechanism 

of insulin resistance in obesity. Diabetes 47: 381-386. 

 

Peth, J.A., Kinnick, T.R., Youngblood, E.B., Tritschler, H.J. and Henriksen, E.J. 2000. 

Effects of a unique conjugate of α-lipoic acid and γ-linolenic acid on insulin 

action in obese Zucker rats. American Journal of Physiology- Regulatory, 

Integrative and Comparative Physiology 278: R453-R459. 

Peyron-Caso, E., Fluteau-Nadler, S., Kabir, M., Guerre-Millo, M., Quignard-Boulange, 

A., Slama, G. and Rizkalla, S.W. 2002. Regulation of glucose transport and 

transporter 4 (Glut-4) in muscle and adipocytes of sucrose-fed rats: effects of n-3 

poly and monounsaturated fatty acids. Hormone and Metabolic Research 34(7): 

360-366. 

 

Pfaffl, M.W. 2001. A new mathematical model for relative quantification in real-time 

RT–PCR. Nucleic Acids Research 29(9): 2002-2007. 

 

Piernas, C. and Popkin, B.M. 2010. Trends in snacking among U.S. children. Health 

Affairs (Millwood) 29: 398-404. 

 

Pilly, P.K. and Grossberg, S. 2012. How do spatial learning and memory occur in the 

brain? Coordinated learning of entorhinal grid cells and hippocampal place cells. 

Journal of Cognitive Neuroscience 24(5): 1031-1054. 

 

Pittas, A., Nandini, A. and Greenberg, A. 2004. Adipocytokines and insulin resistance. 

Journal of Clinical Endocrinology and Metabolism 89: 447-452. 

 

Poirier, H., Shapiro, J.S., Kim, R.J. and Lazar, M.A. 2006. Nutritional supplementation 

with trans-10, cis-12-conjugated linoleic acid induces inflammation of white 

adipose tissue. Diabetes 55: 1634-1641. 

 

Portillo, M.P., Villaro, J.M., Torres, M.I. and Macarulla, M.T. 2000. In vivo lipolysis in 

adipose tissue from two anatomical locations measured by microdialysis. Life 

Science 67: 437-445. 

 

Poulos, S.P., Hausman, D.B. and Hausman, G.J. 2009. The development and endocrine 

functions of adipose tissue. Molecular and Cellular Endocrinology 323(1): 20-34. 

 

Prentice, A.M., Rayco-Solon, P. and Moore, S.E. Insights from the developing world: 

thrifty genotypes and thrifty phenotypes. Proceedings of the Nutrition Society 64: 

153-161. 

Puigserver, P. and Spiegelman, B.M. 2003. Peroxisome proliferator-activated receptor-

gamma coactivator 1 alpha (PGC-1 alpha): transcriptional coactivator and 

metabolic regulator. Endocrine Reviews 24: 78-90. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rizkalla%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=12189582


© C
OPYRIG

HT U
PM

136 
 

Rabe, K., Lehrke, M., Parhofer, K.G. and Broedl, U.C. 2008. Adipokines and insulin 

resistance. Molecular Medicine 14(11-12): 741-751.  

 

Raclot, T., Groscolas, R., Langin, D. and Ferre, P. 1997. Site-specific regulation of gene 

expression by n-3 polyunsaturated fatty acids in rat white adipose tissues. 

Journal of Lipid Research 38: 1963-1972. 

 

Rafalson, L., Pham, T.H., Willi, S.M., Marcus, M., Jessup, A. and Baranowski, T. 2013. 

The association between acanthosis nigricans and dysglycemia in an ethnically 

diverse group of eighth grade students. Obesity 21:  E328-E333. 

 

Ragolia, L. and Begum, N. 1998. Protein phosphatase-1 and insulin action. Molecular 

and Cellular Biochemistry 182: 49-58. 

 

Rajion, M A. 1985. Essential fatty acid metabolism in the fetal and newborn lamb, Ph.D. 

Thesis, The University of Melbourne, Australia. 

 

Randle, P.J., Garland, P.B., Hales, C.N. and Newsholme, E.A. 1963. The glucose fatty-

acid cycle. Its role in insulin sensitivity and the metabolic disturbances of 

diabetes mellitus. Lancet 1: 785-789. 

 

Rangwala, S.M.,  Rich, A.S., Rhoades, B., Shapiro, J.S., Obici, S., Rossetti, L. 

and Lazar, M.A. 2004. Abnormal glucose homeostasis due to chronic 

hyperresistinemia. Diabetes 53: 1937-1941. 

 

Rasmussen, O., Lausyus, F.F., Christiansen, C., Thomsen, C. and Hermansen, K. 1996. 

Differential effects of saturated and monounsaturated fat on blood glucose and 

insulin responses in subjects with non-insulin-dependent diabetes mellitus. 

American Journal of Clinical Nutrition 63: 249-253. 

 

Ravussin, E. and Smith, S.R. 2002. Increased fat intake, impaired fat oxidation, and 

failure of fat cell proliferation result in ectopic fat storage, insulin resistance, and 

type 2 diabetes mellitus. Annals of the New York Academy of Sciences 967: 

363-378. 

 

Reaven, G.M. 2003. The insulin resistance syndrome. Current Atherosclerosis Reports 5: 

364-371. 

 

Reaven, G. M. 1994. Syndrome X: 6 years later. Journal of Internal Medicine 736: 13-

22. 

 

Reaven, G.M. 1988.  Banting lecture: role of insulin resistance in human disease. 

Diabetes 37: 1595-1607.  

 

Ren. D., Collingwood, T.N., Rebar, E.J., Wolffe, A.P. and Camp, H.S. 2002. 

PPARgamma knockdown by engineered transcription factors: Exogenous 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rich%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=15189975
http://www.ncbi.nlm.nih.gov/pubmed?term=Rhoades%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15189975
http://www.ncbi.nlm.nih.gov/pubmed?term=Shapiro%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15189975
http://www.ncbi.nlm.nih.gov/pubmed?term=Obici%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15189975
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossetti%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15189975
http://www.ncbi.nlm.nih.gov/pubmed?term=Lazar%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=15189975


© C
OPYRIG

HT U
PM

137 
 

PPARgamma2 but not PPARgamma1 reactivates adipogenesis. Genes and 

Development 16: 27-32. 

 

Report of the Expert Committee on the Diagnosis and Classification of Diabetes 

Mellitus. 1997.  Diabetes Care 20: 1183-1197. 

 

Reynisdottir, S., Ellerfeldt, K., Wahrenberg, H., Lithell, H. and Arner, P. 1994. Multiple 

lipolysis defects in the insulin resistance (metabolic) syndrome. Journal of 

Clinical Investigation 93: 2590-2599. 

 

Ristic Medic, D., Ristic, V., Arsic, A., Postic, M., Ristic, G., Blazencic Mladenovic, V. 

and Tepsoc, J. 2006 Effects of soybean D-LeciVita product on serum lipids and 

fatty acid composition in type 2 diabetic patients with hyperlipidemia. Nutrion, 

Metabolism and Cardiovascular Diseases 16(6): 395-404. 

 

Ritche, S.A. and Connell, J.M. 2006. The link between abdominal obesity, metabolic 

syndrome and cardiovascular disease. Nutrition, Metabolism and Cardiovascular 

Diseases 17(4): 319-326. 

 

Rodbell, M. 1964. Metabolism of isolated fat cells: I. Effects of hormones on glucose 

metabolism and lipolysis. Journal of Biological Chemistry 239: 375-380. 

 

Roden, M. 2004. How free fatty acids inhibit glucose utilization in human skeletal 

muscle. News in Physiological Sciences 19: 92-96. 

 

Ros, E. 2003. Dietary cis-monounsaturated fatty acids and metabolic control in type 2 

diabetes. American Journal of Clinical Nutrition 78: 617S-625S. 

 

Rosenzweig, J.L., Ferrannini, E., Grundy, S.M., Haffner, S.M., Heine, R.J., Horton, E.S., 

Kawamori, R. and Endocrine Society 2008. Primary prevention of 

cardiovascular disease and type 2 diabetes in patients at metabolic risk: An 

Endocrine Society Clinical Practice Guideline. Journal of Clinical 

Endocrinology and Metabolism 93(10): 3671-3689. 

 

Rothman, D.L., Shulman, R.G. and Shulman, G.I. 1992. 31P nuclear magnetic 

resonance measurements of muscle glucose-6-phosphate. Evidence for reduced 

insulin-dependent muscle glucose transport or phosphorylation activity in non-

insulin-dependent diabetes mellitus. Journal of Clinical Investigation 89: 1069-

1075. 

 

Rousseau, V., Becker, D.J., Ongemba, L.N., Rahier, J., Henquin, J.C. and Brichard, S.M. 

1997. Developmental and nutritional changes of ob and PPAR g2 gene 

expression in rat white adipose tissue. Biochemical Journal 321: 451-456. 

 

Rovito, D., Giordano, C., Vizza, D., Plastina, P., Barone, I., Casaburi, I., Lanzino, M., 

De Amicis, F., Sisci, D., Mauro, L., Aguila, S., Catalano, S., Bonofiglio, D. and 

http://www.ncbi.nlm.nih.gov/pubmed/16935698
http://www.ncbi.nlm.nih.gov/pubmed/16935698
http://www.ncbi.nlm.nih.gov/pubmed/16935698
http://www.ncbi.nlm.nih.gov/pubmed/16935698
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawamori%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18664543
http://www.ncbi.nlm.nih.gov/pubmed?term=Endocrine%20Society%5BCorporate%20Author%5D


© C
OPYRIG

HT U
PM

138 
 

Ando, S. 2013. Omega-3 PUFA ethanolamides DHEA and EPEA induce 

autophagy through PPARγ activation in MCF-7 breast cancer cells. Journal of 

Cellular Physiology 228(6): 1314-1322. 

 

Rudrappa, G., Aski, B.S. and Kashinath, R.T. 2012. Effect of membrane cholesterol on 

glucose uptake in diabetic erythrocytes. Global Journal of Medical Research 

12(9). 

 

Ruidavets, J.B., Bongard, V., Dallongeville, J., Arveiler, D., Ducimetière, P., Perret, 

B., Simon, C., Amouyel, P. and Ferrières, J. 2007. High consumptions of grain, 

fish, dairy products and combinations of these are associated with a low 

prevalence of metabolic syndrome. Journal of Epidemiology and Community 

Health 61(9): 810-817. 

 

Ruxton, C.H.S., Calder, P.C., Reed, S.C. and Simpson, M.J.A. 2005. The impact of 

long-chain n-3 polyunsaturated fatty acids on human health. Nutrition Research 

Reviews 18(1): 113-129. 

 

Ruzickova, J., Rossmeisl, M., Prazak, T., Flachs, P., Sponarova, J., Veck, M., Tvrzicka, 

E., Bryhn, M. and Kopecky, J. 2004. Omega-3 PUFA of marine origin limit diet-

induced obesity in mice by reducing cellularity of adipose tissue. Lipids 39: 

1177-1185. 

 

Saltiel, A.R. and Kahn, C.R. 2001. Insulin signalling and the regulation of glucose and 

lipid metabolism. Nature 414: 799-806. 

 

Samuel, V.T., Liu, Z.X., Qu, X., Elder, B.D., Bilz, S., Befroy, D., Romanelli, A.J. and 

Shulman, G.I. 2004. Mechanism of hepatic insulin resistance in non-alcoholic 

fatty liver disease. The Journal of Biological Chemistry 279: 32345-32353. 

 

Sánchez-Muniz, F.J. and Bastida, S. 2000. Biodisponibilidad de ácidos grasos. Reviews 

on Nutrition Practices 4: 48-64. 

 

Sánchez-Muniz, F.J. 2003. Metabolic and physiological effects of phy-tosterol 

consumption. In 

Bioavailability of Micronutrients and  Minor Dietary Compounds. Metabolic and

 Technological As- pects, eds, M.P. Vaquero, T. García-Arias, A. Carbajal, and 

F.J. Sánchez-Mu-niz FJ, 83-94, Kerala, India: Research Signpost. 

 

Sandeep, S., Gokulakrishnan, K., Deepa, M. and Mohan, V. 2011. Insulin resistance is 

associated with increased cardiovascular risk in Asian Indians with normal 

glucose tolerance- the Chennai Urban Rural Epidemiology Study (CURES-66). 

Journal of the Association of Physicians of India 59: 480-484. 

 

Santalucia, T., Boheler, K.R., Brand, N.J., Sahye, U., Fandos, C., Vinals, F., Ferre, J., 

Testar, X., Palacin, M. and Zorzano, A. 1999. Factors involved in GLUT-1 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ruidavets%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Bongard%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Dallongeville%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Arveiler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Ducimeti%C3%A8re%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Perret%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Perret%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Simon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Amouyel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17699537
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferri%C3%A8res%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17699537


© C
OPYRIG

HT U
PM

139 
 

glucose transporter gene transcription in cardiac muscle. Journal of Biological 

Chemistry 274: 17626-17634. 

 

Santalucia, T., Camps, M., Castello, A., Munoz, P., Nuel, A., Testar, X., Palacın, M. and 

Zorzano, A. 1992. Developmental regulation of Glut-1 (erythroid/HepG2) and 

Glut-4 (muscle/fat) glucose transporter expression in rat heart, skeletal muscle 

and brown adipose tissue. Endocrinology 130: 837-846. 

 

Sardesai, V.M. 1992. Nutritional role of polyunsaturated fatty acids. The Journal of 

Nutritional Biochemistry 3(4): 154-166. 
 

Sari, A. 2013. The relationship between leptin and fatty acid. Journal of Molecular 

Biomarker and Diagnosis 4:1. 

 

Satoh, H., Tsukamoto, K., Hashimoto, Y., Hashimoto, N., Togo, M., Hara, M., 

Maekawa, H., Isoo, N., Kimura, S. and Watanabe, T. 1999. Thiazolidinediones 

suppress endothelin-1 secretion from bovine vascular endothelial cells: a new 

possible role of PPARgamma on vascular endothelial function. Biochemical and 

Biophysical Research Communications  254(3): 757-763. 

  

Savage, D.B., Petersen, K.F. and Shulman, G.I. 2007. Disordered Lipid Metabolism and 

the Pathogenesis of Insulin Resistance. Physiological Reviews 87(2): 507-520. 

 

Schenk, S., Saberi, M. and Olefsky, J.M. 2008. Insulin sensitivity: modulation by 

nutrients and inflammation. Journal of Clinical Investigation 118: 2992-3002. 

 

Schmidhuber, J. 2007. The EU Diet–Evolution, Evaluation and Impacts of the CAP. 

Document presented at the WHO Forum on Trade and Healthy Food and Diets 

Montreal. 

 

Schmidt, M.I., Duncan, B.B., Sharrett, A.R., Lindberg, G., Savage, P.J., Offenbacher, S., 

Azambuja, M.I., Tracy, R.P. and Heiss, G. 1999. Markers of inflammation and 

prediction of diabetes mellitus in adults (Atherosclerosis Risk in Communities 

study): a cohort study. Lancet 353: 1649-1652. 

 

Schuit, F.C., Huypens, P., Heimberg, H. and Pipeleers, D.G. 2001. Glucose sensing in 

pancreatic beta-cells: a model for the study of other glucose-regulated cells in 

gut, pancreas, and hypothalamus. Diabetes 50: 1 -11. 

 

Schwartz, M.W., Figlewicz, D.F., Kahn, S.E., Baskin, D.G., Greenwood, M.R. and 

Porte Jr. D. 1990. Insulin binding to brain capillaries is reduced in genetically 

obese, hyperinsulinemic Zucker rats. Peptides 11: 467-472. 

 

Schwartz, M.W., Woods, S.C., Porte, D. Jr,. Seeley, R.J. and Baskin, D.G. 2000. Central 

nervous system control of food intake. Nature 404: 661-671. 

 



© C
OPYRIG

HT U
PM

140 
 

Selenscig, D., Rossi, A., Chicco, A. and Lombardo, Y.B. 2010. Increased leptin storage 

with altered leptin secretion from adipocytes of rats with sucrose induced 

dyslipidemia and insulin resistance: effect of dietary fish oil. Metabolism 59: 

787-795. 

 

Semenkovich, C.F. 2006. Insulin resistance and atherosclerosis. The Journal of Clinical 

Investigation. 116: 1813-1822. 

 

Seo, T., Blaner, W.S. and Deckelbaum, R.J. 2006. Omega-3 fatty acids: molecular 

approaches to optimal biological outcomes. Current Opinion in Lipidolology 16: 

11-18. 

 

Serhan, C.N., Hong, S. and Lu, Y. 2006. Lipid mediator informatics-lipidomics: novel 

pathways in mapping resolution. American Association of Pharmaceutical 

Scientists Journal 8: E284-E297. 

 

Sevilla, L., Guma, A., Enrique-Tarancon, G., Mora, S., Muñoz, P., Palacin, M., Testar, 

X. and Zorzano, A. 1997. Chronic high-fat feeding and middle-aging reduce in 

an additive fashion Glut 4 expression in skeletal muscle and adipose tissue. 

Biochemical and Biophysical Research Commununications 235: 89-93. 

 

Shafrir, E. and Raz, I. 2003. Diabetes: mellitus or lipids? Diabetologia 46: 433-440. 

 

Shahidi, F. and Wanasundara, J.P.D. 1998. Extraction and Analysis of Lipids. In  Food 

Lipids: Chemistry, Nutrition and Biotechnology, eds. C.C. Akoh, and D.B. Min, 

914, New York : Marcel Dekker Inc. 

Shanley, L.J., Irving, A.J., Rae, M.G., Ashford, M.L. and Harvey, J. 2002. Leptin 

inhibits rat hippocampal neurons via activation of large conductance calcium-

activated K+ channels. Nature Neuroscience 5: 299-300. 

Shimabukuro, M., Koyama, K., Chen, G., Wang, M.Y., Trieu, F., Lee Y., Newgard, C.B. 

and Unger, R.H. 1997. Direct antidiabetic effect of leptin through triglyceride 

depletion of tissues. Proceedings of the National Academy of Sciences USA 94: 

4637-4641. 

 

Shoelson, S.E.,  Lee, J. and Goldfine, A.B. 2006. Inflammation and insulin resistance. 

Journal of Clinical Investigation 116: 1793-1801. 

 

Shulman, G.I., Rothman, D.L., Jue, T., Stein, P., DeFronzo, R.A. and Shulman, R.G. 

1990. Quantitation of muscle glycogen synthesis in normal subjects and subjects 

with non-insulin-dependent diabetes by 13C nuclear magnetic resonance 

spectroscopy. The New England Journal of Medicine 322: 223-228. 

 

Sijben, J.W. and Calder, P.C. 2007. Differential immunomodulation with long-chain n-3 

PUFA in health and chronic disease. Proceedings of the Nutrition Society 66: 

237-259. 



© C
OPYRIG

HT U
PM

141 
 

 

Silveira, V.L.F., Limaos, E.A. and Nunes, D.W. 1995. Participation of the adrenal gland 

in the anti-inflammatory effect of polyunsaturated diets. Mediators of 

Inflammation 4: 359. 

 

Simopoulos, A. P. 1994. Is insulin resistance influenced by dietary linoleic acid and 

trans fatty acids? Free Radical Biology and Medicine 17(4): 367-372. 

 

Simopoulos, A. P. 2001. n-3 fatty acids and human health: defining strategies for public 

policy. Lipids 36: S83-S89. 

 

Simopoulos, A.P. 1991. Omega-3 fatty acids in health and disease and in growth and 

development. American Journal of Clinical Nutrition 54: 438-463. 

 

Simopoulos, A.P. 2002. The importance of the ratio of omega-6/omega-3 essential fatty 

acids. Biomedicine and Pharmacotherapy 56: 365-379. 

 

Siriwardhana, N., Kalupahana, N.S., Fletcher, S., Xin, W., Claycombe, K.J., Quignard-

Boulange, A., Zhao, L. and Saxton, A.M. 2012. n-3 and n-6 polyunsaturated 

fatty acids differentially regulate adipose angiotensinogen and other 

inflammatory adipokines in part via NF-kappaB-dependent mechanisms. Journal 

of Nutritional Biochemistry 23: 1661-1667. 

 

Skeberdis, V.A., Lan, J., Zheng, X., Zukin, R.S. and Bennett, M.V. 2001. Insulin 

promotes rapid delivery of N-methyl-d-aspartate receptors to the cell surface by 

exocytosis. Proceedings of the National Academy of Sciences USA 98: 3561-

3566. 

Soares, F.L., de Oliveira Matoso, R., Teixeira, L.G., Menezes, Z., Pereira, S.S., Alves, 

A.C., Batista, N.V., de Faria, A.M., Cara, D.C., Ferreira, A.V., Alvarez-Leite, J.I. 

2013. Gluten-free diet reduces adiposity, inflammation and insulin resistance 

associated with the induction of PPAR-alpha and PPAR-gamma expression. 

Journal of Nutritional Biochemistry 23(12): 1661-1667. 

Smith, U. 2002. Impaired (‘diabetic’) insulin signalling and action occur in fat cells long 

before glucose intolerance –is insulin resistance initiated in the adipose tissue? 

International Journal of Obesity and Related Metabolic Disorders. 26(7): 897-

904. 

Sowers, J.R. 2008. Endocrine functions of adipose tissue: focus on adiponectin. Clinical 

Cornerstone 9: 32-38. 

 

Spanswick, D., Smith, M.A., Groppi, V.E., Logan, S.D. and Ashford, M.L. 1997. Leptin 

inhibits hypothalamic neurons by activation of ATP-sensitive potassium 

channels. Nature 390(6659): 521-525. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Soares%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20Matoso%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Teixeira%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Menezes%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Alves%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Alves%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Batista%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Faria%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Cara%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/pubmed?term=Alvarez-Leite%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=23253599
http://www.ncbi.nlm.nih.gov/m/pubmed/23253599/?i=6&from=%22CARNITINE%22%20AND%20%22LEUKOCYTE%22
http://www.ncbi.nlm.nih.gov/m/pubmed/23253599/?i=6&from=%22CARNITINE%22%20AND%20%22LEUKOCYTE%22


© C
OPYRIG

HT U
PM

142 
 

 

Spiegelman, B.M. and Flier, J.S. 2001. Obesity and the regulation of energy balance. 

Cell 104: 531-543. 

 

Stachoń, M., Furstenberg, E. and Gromadzka-Ostrowska, J. 2006. Effects of high-fat 

diets on body composition, hypothalamus NPY, and plasma leptin and 

corticosterone levels in rats. Endocrine 30(1): 69-74. 

 

Steinberg, G. R. and Dyck, D. J. 2000. Development of leptin resistance in rat soleus 

muscle in response to hig-fat diets. American Journal of Physiology 279: E1374-

E1382. 

 

Stephens J.M. and Pekala P.H. 1991. Transcriptional repression of the C/EBP-alpha and 

GLUT4 genes in3T3-L1 adipocytes by tumor necrosis factor-alpha. Regulations 

is coordinate and independent of protein synthesis. Journal of Biological 

Chemistry 266: 21839-21845. 

 

Stephens, J.M., Lee, J. and Pilch, P.F. 1997. Tumor necrosis factor-alpha-induced 

insulin resistance in 3T3-L1 adipocytes is accompanied by a loss of insulin 

receptor substrate-1 and GLUT4 expression without a loss of insulin receptor-

mediated signal transduction. Journal of Biological Chemistry 272: 971-976. 

 

Stolk, R.P., Pols, H.A., Lamberts, S.W., de Jong, P.T., Hofman, A. and Grobbee. D.E. 

1997. Diabetes mellitus, impaired glucose tolerance, and hyperinsulinemia in an 

elderly population. The Rotterdam Study. American Journal of Epidemiology 

145: 24. 

 

Stolk, R.P., Breteler, M.M., Ott, A., Pols, H.A., Lamberts, S.W., Grobbee, D.E. and 

Hofman, A. 1997. Insulin and cognitive function in an elderly population. The 

Rotterdam Study. Diabetes Care 20: 792. 

 

Strobel, C., Jahreis, G. and Kuhnt, K. 2012. Survey of n-3 and n-6 polyunsaturated fatty 

acids in fish and fish products. Lipd in Health and Disease. 11: 144. 

 

Storlien, L.H., Baur, L.A., Kriketos, A.D., Pan, D.A., Cooney, G.J., Jenkins, A.B., 

Calvert, G.D. and Campbell, L.V. 1996. Dietary fats and insulin action. 

Diabetologia 39: 621-631. 

 

Storlien, L.H., Higgins, J.A., Thomas, T.C., Brown, M.A., Wang, H.Q., Huang, X.F. 

and Else, P.L. 2000. Diet composition and insulin action in animal models. 

British Journal of Nutrition 83: S85-S90. 

 

Storlien, L.H., Kraegen, E.W., Chisholm, D.J., Ford, G.L., Bruce, D.G. and Pascoe, W.S. 

1987. Fish oil prevents insulin resistance induced by high-fat feeding in rats. 

Sciences 237: 885-888. 

 



© C
OPYRIG

HT U
PM

143 
 

Storlien, L.H., Pan, D.A., Kriketos, A.D. and Baur, L.A. 1993. High fat diet-induced 

insulin resistance. Lesson and implications from animal studies. Annals of the 

New York Academy of Sciences 82-90. 

 

Storlien, L.H., Jenkins, A.B., Chisholm, D.J., Pascoe, W.S., Khouri, S. and Kraegen, 

E.W. 1991. Influence of dietary fat composition on development of insulin 

resistance in rats: relationship to muscle triglyceride and omega-3 fatty acids in 

muscle phospholipid. Diabetes 40: 280-289. 

 

Stranahan, A.M. and Mattson, M.P. 2008. Impact of energy intake and expenditure on 

neuronal plasticity. Neuromolecular Medicine 10: 209-218.  

 

Stranahan, A.M., Arumugam, T.V., Cutler, R.G., Lee, K., Egan, J.M. and Mattson, M.P. 

2008. Diabetes impairs hippocampal function through glucocorticoid-mediated 

effects on new and mature neurons. Nature Neuroscience 11: 309. 

 

 

 

Subramanian, R.M., Asmawi, Z. and Sadikun, A. 2008. Effect of ethanolic extract of 

Andrographis Paniculata (Burm. F.) nees on a combination of fat fed diet and 

low dose streptozoctin induced chronic insulin resistance in rats. Diabetologia 39: 

621-631. 

Sydow, A., Jeugd, A., Zheng, F., Ahmed, T., Balschun, D., Petrova, O., Drexler, 

D., Zhou, L., Rune, G., Mandelkow, E., D'Hooge, R., Alzheimer, C. 

and Mandelkow, E.M. 2011. Tau-induced defects in synaptic plasticity, learning 

and memory are revisable in transgenic mice after switching off the toxic tau 

mutant. Neuroscience 12(7): 2511-2525. 

Takahashi, Y. and Takashi, I. 2000. Dietary n-3 fatty acids affect m-RNA level of 

brown adipose tissue uncoupling protein 1, and white adipose tissue leptin and 

glucose transporter 4 in the rat. British Journal of Nutrition 84: 175-184. 

 

Takeuchi, T., Fukumoto, Y. and Harada, E. 2002. Influence of a dietary n-3 fatty acid 

deficiency on the cerebral catecholamine contents, EEG and learning ability in 

rat. Behavioural Brain Research 131: 193-203. 

Taouis, M., Dagou, C., Ster, C., Durand, G., Pinault, M. and Delarue, J. 2002. N-3 

polyunsaturated fatty acids prevent the defect of insulin receptor signaling in 

muscle. American Journal of Physiology 282: E664-E671. 

 

Taskinen, M.R. 2003. Diabetic dyslipidaemia: from basic research to clinical practice. 

Diabetologia 46: 733-749. 

 

Tavazzi, L., Maggioni, A.P., Marchioli, R., Barlera, S., Franzosi, M.G., Latini, R., Lucci, 

D., Nicolosi, G.L., Porcu, M. and Tognoni, G. 2008. Effect of n-3 

polyunsaturated fatty acids in patients with chronic heart failure (the GISSI-HF 

http://www.ncbi.nlm.nih.gov/pubmed?term=Drexler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Drexler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Rune%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandelkow%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Hooge%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Alzheimer%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21325519
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandelkow%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=21325519


© C
OPYRIG

HT U
PM

144 
 

trial): a randomised, double-blind, placebo-controlled trial. Lancet 372: 1223-

1230. 

 

Teff, K.L., Elliott, S.S., Tschop, M., Kieffer, T.J., Rader, D., Heiman, M., Townsend, 

R.R., Keim, N.L., D’Alessio, D. and Havel, P.J. 2004. Dietary fructose reduces 

circulating insulin and leptin, attenuates postprandial suppression of ghrelin, and 

increases triglycerides in women. Journal of Clinical Endocrinology and 

Metabolism 89: 2963-2972. 

 

Tilley, S.L., Coffman, T.M. and Koller, B.H. 2001. Mixed messages: modulation of 

inflammation and immune responses by prostaglandins and thromboxanes. 

Journal of Clinical Investigation 108(1): 15-23. 

 

Trebble, T.M., Wootton, S.A., Miles, E.A., Mullee, M., Arden, N.K., Ballinger, A.B., 

Stroud, M.A., Burdge, G.C. and Calder, P.C. 2003. Prostaglandin E2 production 

and T cell function after fish-oil supplementation:response to antioxidant 

cosuplementation. American Journal of Clinical Nutirtion 78(3): 376-382. 

Tsigos, C., Kyrou, I., Chala, E., Tsapogas, P., Stavridis, J.C., Raptis, S.A. 

and Katsilambros, N. 1999. Circulating tumor necrosis factor alpha 

concentrations are higher in abdominal versus peripheral obesity. Metabolism, 

Clinical and Experimental 48: 1332-1335. 

 

Uauy, R. and Danqour, A.D. 2006. Nutrition in brain development and aging: role of 

essential fatty acids. Nutrition Reviews 64: 524-533. 

 

Ukropec, J., Reseland, J.E., Gasperikova, D., Demcakova, E., Madsen, L., Berge, R.K., 

Rustan, A.C., Klimes, I., Drevon, C.A. and Sebokova, E. 2003. The 

hypotriglyceridemic effect of dietary n-3 FA is associated with increased beta-

oxidation and reduced leptin expression. Lipids 38(10): 1023-1029. 

 

Unger, R.H. 2002.  Lipotoxic diseases. Annual Review of Medicine 53: 319-336. 

 

Unger, R.H. 2003. Lipid overload and overflow: metabolic trauma and the metabolic 

syndrome. Trends in Endocrinology and Metabolism 14: 398-403. 

 

US Department of Agriculture ARS. 2008. Nutrient Intake From Food: Mean Amounts 

Consumed Per Individual, One Day, 2005–2006. 

 

Uysal, K.T., Wiesbrock, S.M., Marino, M.W. and Hotamisligil, G.S. 1997. Protection 

from obesity-induced insulin resistance in mice lacking TNF-α function. Nature 

389: 610-614. 

 

van der Heide, L.P., Kamal, A., Artola, A., Gispen, W.H. and Ramakers, G.M. 2005. 

Insulin modulates hippocampal activity-dependent synaptic plasticity in a N-

methyl-D-aspartate receptor and phosphatidyl-inositol-3-kinase-dependent 

manner. Journal of Neurochemistry 94: 1158-1166. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kyrou%20I%5BAuthor%5D&cauthor=true&cauthor_uid=10535400
http://www.ncbi.nlm.nih.gov/pubmed?term=Chala%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10535400
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsapogas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10535400
http://www.ncbi.nlm.nih.gov/pubmed?term=Stavridis%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=10535400
http://www.ncbi.nlm.nih.gov/pubmed?term=Raptis%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10535400
http://www.ncbi.nlm.nih.gov/pubmed?term=Katsilambros%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10535400


© C
OPYRIG

HT U
PM

145 
 

  

Van Horik, J. and Emery, N.J. 2011. Evolution of cognition. Cognitive Science 2: 621-

633. 

 

Van Ness M. M. and Diehl. A. M. 1989. Is liver biopsy useful in the evaluation of 

patients with chronically elevated liver enzymes? Annals of Internal Medicine 

111(6): 473-478. 

 

Vannucci, S., Koehler-Stec, E., Kang, L., Reynolds, T., Clark, R. and Simpson, I. 1998. 

GluT4 glucose transporter expression in rodent brain: Effect of diabetes. Brain 

Research 797: 1-11. 

 

Vessby, B., Gustafsson, I.B., Boberg, J., Karlström, B., Lithell, H. and Werner, I. 1980. 

Substituting polyunsaturated for saturated fat as a single change in a Swedish 

diet: effects on serum lipoprotein metabolism and glucose tolerance in patients 

with hyperlipoproteinaemia. European Journal of Clinical Investigation 10: 193-

202. 

 

Vessby, B., Uusitupa, M., Hermansen, K., Riccardi, G., Rivellese, A.A., Tapsell, L.C., 

Nälsén, C., Berglund, L., Louheranta, A., Rasmussen, B.M., Calvert, 

G.D., Maffetone, A., Pedersen, E., Gustafsson, I.B. and Storlien, L.H. 2001. 

Substituting dietary saturated for monounsaturated fat impairs insulin sensitivity 

in healthy men and women: the KANWU study. Diabetología 44: 312-319. 

 

Vidal-Puig, A., Jimenez-Linan, M., Lowell, B.B., Hamann, A., Hu, E., Spiegelman, 

B.M., Flier, J.S. and Moller, D.E. 1996. Regulation of PPAR gamma gene 

expression by nutrition and obesity in rodents. Journal of Clinical 

Investigation 97: 2553-2561. 

 

Vorhees, C.V. and Williams, M.T. 2006. Morris water maze: procedures for assessing 

spatial and related forms of learning and memory. Nature Protocols 1(2): 848-

858. 

Wabitsch, M., Jensen, P.B., Blum, W.F., Christoffersen, C.T., Englaro, P., Heinze, E., 

Rascher, W., Teller, W., Tornqvist, H. and Hauner, H. 1996. Insulin and cortisol 

promote leptin production in cultured human fat cells. Diabetes 45: 1435-1438. 

 

Wainwright, P.E. and Colombo, J. 2006. Nutrition and the development of cognitive 

functions: interpretation of behavioral studies in animals and human infants. 

American Journal of Clinical Nutrition 84(5): 961-970. 

 

Waller, A.P., Huettner, L., Kohler, K. and Acombe, V.A. 2012. Novel link between 

inflammation and impaired glucose transport during equine insulin resistance. 

Veterinary Immunology and Immunopathology 149(3-4): 208-215. 

 

Wan Nazaimoon, W.M., Md Isa, S.H., Wan Mohamad, W.B., Khir, A.S., Kamaruddin, 

N.A., Kamarul, I.M., Mustafa, N., Ismail, I.S., Ali, O. and Khalid, B.A.K. 2013. 

http://www.ncbi.nlm.nih.gov/pubmed?term=N%C3%A4ls%C3%A9n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Berglund%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Louheranta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Rasmussen%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Calvert%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Calvert%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Maffetone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Pedersen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11317662
http://www.ncbi.nlm.nih.gov/pubmed?term=Gustafsson%20IB%5BAuthor%5D&cauthor=true&cauthor_uid=11317662


© C
OPYRIG

HT U
PM

146 
 

Prevalence of diabetes in Malaysia and usefulness of HbA1c as a diagnostic 

criterion. Diabetic Medicine 30(7): 825-828. 

 

Wang, H., Storlien, L.H. and Huang, X.F. 2002. Effects of dietary fat types on body 

fatness, leptin, and ARC leptin receptor, NPY, and AgRP mRNA expression. 

American Journal of Physiology- Endocrinology and Metabolism 282: E1352-

E1359. 

 

Wang, C. and Hu, S.M. 1991. Developmental regulation in the expression of rat heart 

glucose transporters. Biochemical and Biophysical Research Communications 

177: 1095-1100. 

 

Wang, J.L., Chinookoswong, N., Scully, S., Qi, M. and Shi, Z.Q. 1999. Differential 

effects of leptin in regulation of tissue glucose utilization in vivo. Endocrinology 

140: 2117-2124. 

 

Wasserman, D.H., Kang, L., Ayala, J.E., Fueger, P.T. and Lee-Young, R.S. 2011. The 

physiological regulation of glucose flux into muscle in vivo. Journal of 

Experimental Biology 214(2): 254-262. 

 

Watson, R.T. and Pessin, J. E. (2001). Intracellular organization of insulin signaling and 

GLUT4 translocation. Recent Progress in Hormone Research 56: 175-193. 

 

Wellen, K.E. and Hotamisligil, G.S. 2005. Inflammation, stress, and diabetes. Journal of 

Clinical Investigation 115: 1111-1119. 

 

Whelan, J. and Rust, C. 2006. Innovative dietary sources of n-3 fatty acids. Annual 

Review of Nutrition 26: 75-103. 

 

Wilkes, J.J., Bonen, A. and Bell, R.C. 1998. A modified high-fat diet induces insulin 

resistance in rat skeletal muscle but not adipocytes. American Journal of 

Physiology 275: E679-E686. 

 

Williams, K.W., Scott, M.M. and Elmquist, J.K. 2009. From observation to 

experimentation: leptin action in the mediobasal hypothalamus. American 

Journal of Clinical Nutrition 89: 985S-990S. 

 

Williams, M.J., Hunter, G.R., Kekes-Szabo, T., Trueth, M.S., Snyder, S., Berland, L. 

and Blandeau, T. 1996. Intra-abdominal adipose tissue cut-points related to 

elevated cardiovascular disease risk in women. International Journal of Obesity 

and Metabolic Disorder 20: 613-617. 

 

Wilson, P.W., Kannel, W.B. and Anderson, K.M. 1985. Lipids, glucose intolerance and 

vascular disease: the Framingham study. Monographs on Atherosclerosis 13: 1-

11. 

 



© C
OPYRIG

HT U
PM

147 
 

Winnicki, M., Somers, V.K., Accurso, V., Phillips, B.G., Puato, M., Palatini, P. and 

Pauletto, P. 2002. Fish-rich diet, leptin, and body mass. Circulation 106: 289-291. 

 

Yach, D., Stuckler, D. and Brownell, K.D. 2006. Epidemiologic and economic 

consequences of the global epidemics of obesity and diabetes. Nature 

Medicine 12: 62-66. 

 

Yamamoto, K.,  Itoh, T., Abe, D., Shimizu, M., Kanda, T., Koyama, T., Nishikawa, 

M., Tamai, T., Ooizumi, H. and Yamada, S. 2005. Identification of putative 

metabolites of docosahexaenoic acid as potent PPARgamma agonists and 

antidiabetic agents. Bioorganic and Medicinal Chemistry Letters 15(3): 517-522. 

 

Yamashima, T. 2007. A putative link of PUFA, GPR40 and adult-born hippocampal 

neurons for memory. Progress in Neurobiology 84(2): 105-115.  

 

Yang, G., Paschos, G., Curtis, A.M., Musiek, E.S., McLoughlin, S.C. and Fitzgerald, 

G.A. 2013. Knitting up the raveled sleave of care. Science Translational 

Medicine 5: 212. 

 

Ye, J.M., Iglesias, M.A., Watson, D.G., Ellis, B., Wood, L., Jensen, P.B., Sørensen, 

R.V., Larsen, P.J., Cooney, G.J., Wassermann, K. and Kraegen, E.W. 2003. 

PPARalpha /gamma ragaglitazar eliminates fatty liver and enhances insulin 

action in fat-fed rats in the absence of hepatomegaly. American Journal of 

Physiology- Endocrinology and Metabolism 284: E531-E540. 

 

Yogi, A., Callera, G.E., Antunes, T.T., Tostes, R.C. and Touyz, R.M. 2010. Vascular 

biology of magnesium and its transporters in hypertension. Magnesium Research 

23(4): S207-S215. 
 

Yorek, M., Leeney, E., Dunlap, J. and Ginsberg, B. 1989. Effect of fatty acid 

composition on insulin and IGF-I binding in retinoblastoma cells. Investigate 

Opthamology ad Visual Science 30: 2087-2092. 

 

Youdim, K.A., Martin, A. and Joseph, J.A. 2000. Essential fatty acids and the brain: 

possible health implications. International Journal of Development Neuroscience 

18: 383-399. 

 

Yu, W.H., Kimura, M., Walczewska, A., Karanth, S. and McCann, S.M. 1997. Role of 

leptin in hypothalamic-pituitary function. Proceedings of the National Academy 

of Sciences USA 94: 1023-1028. 

 

Zavaroni, I., Mazza, S., Dall'Aglio, E., Gasparini, P., Passeri, M. and Reaven, G.M. 

1992.  Prevalence of hyperinsulinaemia in patients with high blood 

pressure.  The Journal of Internal Medicine 231: 235-240. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Itoh%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Abe%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kanda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Koyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Ooizumi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15664804
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%B8rensen%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=12556350
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%B8rensen%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=12556350
http://www.ncbi.nlm.nih.gov/pubmed?term=Larsen%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=12556350
http://www.ncbi.nlm.nih.gov/pubmed?term=Cooney%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=12556350
http://www.ncbi.nlm.nih.gov/pubmed?term=Wassermann%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12556350
http://www.ncbi.nlm.nih.gov/pubmed?term=Kraegen%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=12556350


© C
OPYRIG

HT U
PM

148 
 

Zhao, S. M., Jia, L.W., Gao, P., Li, Q.R., Lu, X., Li, J.S. and Xu, G.W. 2008. Study on 

the effect of eicosapentaenoic acid on phospholipids composition in membrane 

microdomains of tight junctions of epithelial cells by liquid 

chromatography/electrospray mass spectrometry. Journal of Pharmaceutical and 

Biomedical Analysis 47: 343-350. 

 

Zhao, W.Q., Chen, H., Quon, M. and Alkon, D. 2004. Insulin and the insulin receptor in 

experimental models of learning and memory. European Journal of 

Pharmacology 490: 71-81. 

 

Zinman, B., Hanley, A.J., Harris, S.B., Kwan, J. and Fantus, I.G. 1999.Circulating 

tumor necrosis factor-α concentrations in a native Canadian population with high 

rates of type 2 diabetes mellitus. Journal of Clinical Endocrinology and 

Metabolism 84: 272-278. 

 

Zulet, M.A., Pucahu, B., Navarro, C., Marti, A. amd Martinex, J.A. 2007. Inflammatory 

biomarkers: the link between obesity and associated pathologies. Nutricion 

Hospitalaria 22: 511-527. 

  


	INFLUENCE OF DIETARY POLYUNSATURATED FATTY ACIDS ONGLUCOSE SENSITIVITY, INSULIN RESISTANCE AND COGNITIVEFUNCTION IN A RAT MODEL
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



