
 

60 

 

REFERENCES 

1. Fung TT, Rimm EB, Spiegelman D, Rifai N, Tofler GH, Willett WC, et al. 

Association between dietary patterns and plasma biomarkers of obesity and 

cardiovascular disease risk. Am J Clin Nutr. 2001;73(1):61-7. 

2. Barnes AS. Obesity and Sedentary Lifestyles: Risk for Cardiovascular Disease in 

Women. Tex Heart Inst J. 2012;39(2):224-7. 

3. Teodoro JS, Varela AT, Rolo AP, Palmeira CM. High-fat and obesogenic diets: 

current and future strategies to fight obesity and diabetes. Genes Nutr. 

2014;9(4):406. 

4. Wadden TA, Webb VL, Moran CH, Bailer BA. Lifestyle Modification for 

Obesity: New Developments in Diet, Physical Activity, and Behavior Therapy. 

Circulation. 2012;125(9):1157-70. 

5. Craft S, Watson GS. Insulin and neurodegenerative disease: shared and specific 

mechanisms. Lancet Neurol. 2004;3(3):169-78. 

6. Greenwood CE, Winocur G. High-fat diets, insulin resistance and declining 

cognitive function. Neurobiol Aging. 2005;26 Suppl 1:42-5. 

7. Pintana H, Apaijai N, Pratchayasakul W, Chattipakorn N, Chattipakorn SC. 

Effects of metformin on learning and memory behaviors and brain mitochondrial 

functions in high fat diet induced insulin resistant rats. Life Sci. 2012;91(11-

12):409-14. 

8. Pratchayasakul W, Chattipakorn N, Chattipakorn SC. Effects of estrogen in 

preventing neuronal insulin resistance in hippocampus of obese rats are different 

between genders. Life Sci. 2011;89(19-20):702-7. 

9. Pratchayasakul W, Kerdphoo S, Petsophonsakul P, Pongchaidecha A, 

Chattipakorn N, Chattipakorn SC. Effects of high-fat diet on insulin receptor 



 

61 

 

function in rat hippocampus and the level of neuronal corticosterone. Life Sci. 

2011;88(13-14):619-27. 

10. Alonso A, Gonzalez C. Relationship between non-genomic actions of estrogens 

and insulin resistace. Infect Disord Drug Targets. 2008;8(1):48-51. 

11. Lizcano F, Guzmán G. Estrogen Deficiency and the Origin of Obesity during 

Menopause. Biomed Res Int. 2014;2014. 

12. Park YM, Rector RS, Thyfault JP, Zidon TM, Padilla J, Welly RJ, et al. Effects 

of ovariectomy and intrinsic aerobic capacity on tissue-specific insulin sensitivity. 

Am J Physiol Endocrinol Metab. 2016;310(3):E190-9. 

13. Siri PW, Ginsberg HN. Ovariectomy leads to increased insulin resistance in 

human apolipoprotein B transgenic mice lacking brown adipose tissue. 

Metabolism. 2003;52(6):659-61. 

14. Bredemann TM, McMahon LL. 17beta Estradiol increases resilience and 

improves hippocampal synaptic function in helpless ovariectomized rats. 

Psychoneuroendocrinology. 2014;42:77-88. 

15. Dougherty BJ, Kopp ES, Watters JJ. Nongenomic Actions of 17-beta Estradiol 

Restore Respiratory Neuroplasticity in Young Ovariectomized Female Rats. The 

J Neurosci. 2017;37(28):6648-60. 

16. Inagaki T, Kaneko N, Zukin RS, Castillo PE, Etgen AM. Estradiol attenuates 

ischemia-induced death of hippocampal neurons and enhances synaptic 

transmission in aged, long-term hormone-deprived female rats. PLoS One. 

2012;7(6):e38018. 

17. Smith CC, McMahon LL. Estrogen-induced increase in the magnitude of long-

term potentiation occurs only when the ratio of NMDA transmission to AMPA 

transmission is increased. J Neurosci. 2005;25(34):7780-91. 

18. Pratchayasakul W, Sa-Nguanmoo P, Sivasinprasasn S, Pintana H, Tawinvisan R, 

Sripetchwandee J, et al. Obesity accelerates cognitive decline by aggravating 



 

62 

 

mitochondrial dysfunction, insulin resistance and synaptic dysfunction under 

estrogen-deprived conditions. Horm Behav 2015;72:68-77. 

19. Blažetić S, Labak I, Viljetić B, Balog M, Vari SG, Krivošíková Z, et al. Effects 

of high fat diet, ovariectomy, and physical activity on leptin receptor expression 

in rat brain and white fat tissue. Croat Med J. 2014;55(3):228-38. 

20. Bailey CH, Bartsch D, Kandel ER. Toward a molecular definition of long-term 

memory storage. Proc Natl Acad Sci U S A. 1996;93(24):13445-52. 

21. Dew ITZ, Cabeza R. The porous boundaries between explicit and implicit 

memory: behavioral and neural evidence. Ann N Y Acad Sci. 2011;1224:174-90. 

22. Vorhees CV, Williams MT. Morris water maze: procedures for assessing spatial 

and related forms of learning and memory. Nat Protoc. 2006;1(2):848-58. 

23. Antunes M, Biala G. The novel object recognition memory: neurobiology, test 

procedure, and its modifications. Cogn Process. 2012;13(2):93-110. 

24. Wang F, Song YF, Yin J, Liu ZH, Mo XD, Wang DG, et al. Spatial memory 

impairment is associated with hippocampal insulin signals in ovariectomized rats. 

PLoS One. 2014;9(8):e104450. 

25. Bastos CP, Pereira LM, Ferreira-Vieira TH, Drumond LE, Massensini AR, 

Moraes MF, et al. Object recognition memory deficit and depressive-like behavior 

caused by chronic ovariectomy can be transitorialy recovered by the acute 

activation of hippocampal estrogen receptors. Psychoneuroendocrinology. 

2015;57:14-25. 

26. Fonseca CS, Gusmao ID, Raslan AC, Monteiro BM, Massensini AR, Moraes MF, 

et al. Object recognition memory and temporal lobe activation after delayed 

estrogen replacement therapy. Neurobiol Learn Mem. 2013;101:19-25. 

27. Buettner R, Scholmerich J, Bollheimer LC. High-fat diets: modeling the 

metabolic disorders of human obesity in rodents. Obesity (Silver Spring). 

2007;15(4):798-808. 



 

63 

 

28. McNay DEG, Speakman JR. High fat diet causes rebound weight gain. Mol 

Metab. 2013;2(2):103-8. 

29. Wulan SN, Schrauwen-Hinderling VB, Westerterp KR, Plasqui G. Liver fat 

accumulation in response to overfeeding with a high-fat diet: a comparison 

between South Asian and Caucasian men. Nutr Metab (Lond). 2015;12:18. 

30. Mlinar B, Marc J, Janez A, Pfeifer M. Molecular mechanisms of insulin resistance 

and associated diseases. Clin Chim Acta. 2007;375(1-2):20-35. 

31. Alwahsh SM, Dwyer BJ, Forbes S, Thiel DH, Lewis PJ, Ramadori G. Insulin 

Production and Resistance in Different Models of Diet-Induced Obesity and 

Metabolic Syndrome. Int J Mol Sci. 2017;18(2). 

32. Castro AVB, Kolka CM, Kim SP, Bergman RN. Obesity, insulin resistance and 

comorbidities – Mechanisms of association. Arq Bras Endocrinol Metabol. 

2014;58(6):600-9. 

33. Nandi A, Kitamura Y, Kahn CR, Accili D. Mouse models of insulin resistance. 

Physiol Rev. 2004;84(2):623-47. 

34. Kim B, Feldman EL. Insulin resistance in the nervous system. Trends Endocrinol 

Metab. 2012;23(3):133-41. 

35. Zhuang XF, Zhao MM, Weng CL, Sun NL. Adipocytokines: a bridge connecting 

obesity and insulin resistance. Med Hypotheses. 2009;73(6):981-5. 

36. Wolf G. Role of fatty acids in the development of insulin resistance and type 2 

diabetes mellitus. Nutr Rev. 2008;66(10):597-600. 

37. Qatanani M, Lazar MA. Mechanisms of obesity-associated insulin resistance: 

many choices on the menu. Genes Dev. 2007;21(12):1443-55. 

38. Shi Y, Cheng D. Beyond triglyceride synthesis: the dynamic functional roles of 

MGAT and DGAT enzymes in energy metabolism. Am J Physiol Endocrinol 

Metab. 2009;297(1):E10. 

39. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin 

Invest. 2006;116(7):1793-801. 



 

64 

 

40. Koh KK, Han SH, Quon MJ. Inflammatory Markers and the Metabolic Syndrome: 

Insights From Therapeutic Interventions. J Am Coll Cardiol. 2005;46(11):1978-

85. 

41. Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic switch in 

adipose tissue macrophage polarization. J Clin Invest. 2007;117(1):175-84. 

42. Yamagishi SI, Edelstein D, Du XL, Kaneda Y, Guzman M, Brownlee M. Leptin 

induces mitochondrial superoxide production and monocyte chemoattractant 

protein-1 expression in aortic endothelial cells by increasing fatty acid oxidation 

via protein kinase A. J Biol Chem. 2001;276(27):25096-100. 

43. Evans JL, Goldfine ID, Maddux BA, Grodsky GM. Are oxidative stress-activated 

signaling pathways mediators of insulin resistance and beta-cell dysfunction? 

Diabetes. 2003;52(1):1-8. 

44. Biessels GJ, van der Heide LP, Kamal A, Bleys RL, Gispen WH. Ageing and 

diabetes: implications for brain function. Eur J Pharmacol. 2002;441(1-2):1-14. 

45. Craft S, Peskind E, Schwartz MW, Schellenberg GD, Raskind M, Porte D, Jr. 

Cerebrospinal fluid and plasma insulin levels in Alzheimer's disease: relationship 

to severity of dementia and apolipoprotein E genotype. Neurology. 

1998;50(1):164-8. 

46. Frolich L, Blum-Degen D, Bernstein HG, Engelsberger S, Humrich J, Laufer S, 

et al. Brain insulin and insulin receptors in aging and sporadic Alzheimer's 

disease. J Neural Transm (Vienna). 1998;105(4-5):423-38. 

47. Gispen WH, Biessels GJ. Cognition and synaptic plasticity in diabetes mellitus. 

Trends Neurosci. 2000;23(11):542-9. 

48. Hoyer S. Is sporadic Alzheimer disease the brain type of non-insulin dependent 

diabetes mellitus? A challenging hypothesis. J Neural Transm (Vienna). 

1998;105(4-5):415-22. 



 

65 

 

49. Kalmijn S, Feskens EJ, Launer LJ, Kromhout D. Polyunsaturated fatty acids, 

antioxidants, and cognitive function in very old men. Am J Epidemiol. 

1997;145(1):33-41. 

50. Morris MC, Evans DA, Bienias JL, Tangney CC, Wilson RS. Dietary fat intake 

and 6-year cognitive change in an older biracial community population. 

Neurology. 2004;62(9):1573-9. 

51. Ortega RM, Requejo AM, Andres P, Lopez-Sobaler AM, Quintas ME, Redondo 

MR, et al. Dietary intake and cognitive function in a group of elderly people. Am 

J Clin Nutr. 1997;66(4):803-9. 

52. Xiang Q, Zhang J, Li CY, Wang Y, Zeng MJ, Cai ZX, et al. Insulin resistance-

induced hyperglycemia decreased the activation of Akt/CREB in hippocampus 

neurons: Molecular evidence for mechanism of diabetes-induced cognitive 

dysfunction. Neuropeptides. 2015;54:9-15. 

53. Dunwiddie T, Lynch G. Long-term potentiation and depression of synaptic 

responses in the rat hippocampus: localization and frequency dependency. J 

Physiol. 1978;276:353-67. 

54. Malenka RC, Nicoll RA. Long-term potentiation--a decade of progress? Science. 

1999;285(5435):1870-4. 

55. Artola A, Brocher S, Singer W. Different voltage-dependent thresholds for 

inducing long-term depression and long-term potentiation in slices of rat visual 

cortex. Nature. 1990;347(6288):69-72. 

56. Ngezahayo A, Schachner M, Artola A. Synaptic Activity Modulates the Induction 

of Bidirectional Synaptic Changes in Adult Mouse Hippocampus. J Neurosci. 

2000;20(7):2451. 

57. Sa-nguanmoo P, Tanajak P, Kerdphoo S, Jaiwongkam T, Pratchayasakul W, 

Chattipakorn N, et al. SGLT2-inhibitor and DPP-4 inhibitor improve brain 

function via attenuating mitochondrial dysfunction, insulin resistance, 

inflammation, and apoptosis in HFD-induced obese rats. Toxicol Appl 

Pharmacol. 2017;333(Supplement C):43-50. 



 

66 

 

58. Mielke JG, Taghibiglou C, Liu L, Zhang Y, Jia Z, Adeli K, et al. A biochemical 

and functional characterization of diet-induced brain insulin resistance. J 

Neurochem. 2005;93(6):1568-78. 

59. Zierath JR, Livingston JN, Thorne A, Bolinder J, Reynisdottir S, Lonnqvist F, et 

al. Regional difference in insulin inhibition of non-esterified fatty acid release 

from human adipocytes: relation to insulin receptor phosphorylation and 

intracellular signalling through the insulin receptor substrate-1 pathway. 

Diabetologia. 1998;41(11):1343-54. 

60. Stranahan AM, Norman ED, Lee K, Cutler RG, Telljohann RS, Egan JM, et al. 

Diet-induced insulin resistance impairs hippocampal synaptic plasticity and 

cognition in middle-aged rats. Hippocampus. 2008;18(11):1085-8. 

61. Winocur G, Greenwood CE. Studies of the effects of high fat diets on cognitive 

function in a rat model. Neurobiology of aging. 2005;26 Suppl 1:46-9. 

62. Molteni R, Barnard RJ, Ying Z, Roberts CK, Gomez-Pinilla F. A high-fat, refined 

sugar diet reduces hippocampal brain-derived neurotrophic factor, neuronal 

plasticity, and learning. Neuroscience. 2002;112(4):803-14. 

63. Solfrizzi V, Panza F, Capurso A. The role of diet in cognitive decline. J Neural 

Transm (Vienna). 2003;110(1):95-110. 

64. Kalmijn S, van Boxtel MP, Ocke M, Verschuren WM, Kromhout D, Launer LJ. 

Dietary intake of fatty acids and fish in relation to cognitive performance at 

middle age. Neurology. 2004;62(2):275-80. 

65. Kim J, Wei Y, Sowers JR. Role of Mitochondrial Dysfunction in Insulin 

Resistance. Circ Res. 2008;102(4):401-14. 

66. Ricquier D, Bouillaud F. Mitochondrial uncoupling proteins: from mitochondria 

to the regulation of energy balance. J Physiol. 2000;529(Pt 1):3-10. 

67. Onyango IG, Lu J, Rodova M, Lezi E, Crafter AB, Swerdlow RH. Regulation of 

neuron mitochondrial biogenesis and relevance to brain health. Biochim Biophys 

Acta. 2010;1802(1):228-34. 



 

67 

 

68. Wang CH, Wang CC, Wei YH. Mitochondrial dysfunction in insulin insensitivity: 

implication of mitochondrial role in type 2 diabetes. Ann N Y Acad Sci. 

2010;1201:157-65. 

69. Bonnard C. Mitochondrial dysfunction results from oxidative stress in the skeletal 

muscle of diet-induced insulin-resistant mice. 2008;118(2):789-800. 

70. Sparks LM, Xie H, Koza RA, Mynatt R, Hulver MW, Bray GA, et al. A high-fat 

diet coordinately downregulates genes required for mitochondrial oxidative 

phosphorylation in skeletal muscle. Diabetes. 2005;54(7):1926-33. 

71. Moreira PI, Santos MS, Seica R, Oliveira CR. Brain mitochondrial dysfunction 

as a link between Alzheimer's disease and diabetes. J Neurol Sci. 2007;257(1-

2):206-14. 

72. Pintana H, Apaijai N, Chattipakorn N, Chattipakorn SC. DPP-4 inhibitors 

improve cognition and brain mitochondrial function of insulin-resistant rats. J 

Endocrinol. 2013;218(1):1-11. 

73. Pipatpiboon N, Pintana H, Pratchayasakul W, Chattipakorn N, Chattipakorn SC. 

DPP4-inhibitor improves neuronal insulin receptor function, brain mitochondrial 

function and cognitive function in rats with insulin resistance induced by high-fat 

diet consumption. Eur J Neurosci. 2013;37(5):839-49. 

74. Moraes JC, Coope A, Morari J, Cintra DE, Roman EA, Pauli JR, et al. High-fat 

diet induces apoptosis of hypothalamic neurons. PLoS One. 2009;4(4):e5045. 

75. Guo YJ, Wang SH, Yuan Y, Li FF, Ye KP, Huang Y, et al. Vulnerability for 

apoptosis in the hippocampal dentate gyrus of STZ-induced diabetic rats with 

cognitive impairment. J Endocrinol Invest. 2014;37(1):87-96. 

76. Lu J, Wu DM, Zheng ZH, Zheng YL, Hu B, Zhang ZF. Troxerutin protects against 

high cholesterol-induced cognitive deficits in mice. Brain. 2011;134(Pt 3):783-

97. 



 

68 

 

77. Pinto BA, Melo TM, Flister KF, Franca LM, Kajihara D, Tanaka LY, et al. Early 

and sustained exposure to high-sucrose diet triggers hippocampal ER stress in 

young rats. Metabolic brain disease. 2016;31(4):917-27. 

78. Kang EB, Koo JH, Jang YC, Yang CH, Lee Y, Cosio-Lima LM, et al. 

Neuroprotective Effects of Endurance Exercise Against High-Fat Diet-Induced 

Hippocampal Neuroinflammation. J Neuroendocrinol. 2016;28(5). 

79. Sa-nguanmoo P, Tanajak P, Kerdphoo S, Satjaritanun P, Wang X, Liang G, et al. 

FGF21 improves cognition by restored synaptic plasticity, dendritic spine density, 

brain mitochondrial function and cell apoptosis in obese-insulin resistant male 

rats. Horm Behav. 2016;85(Supplement C):86-95. 

80. Brem A-K, Ran K, Pascual-Leone A. Learning and memory. Handb Clin Neurol. 

2013;116:693-737. 

81. Bird CM, Burgess N. The hippocampus and memory: insights from spatial 

processing. Nat Rev Neurosci. 2008;9(3):182-94. 

82. Rosenzweig MR, Bennett EL, Colombo PJ, Lee DW, Serrano PA. Short-term, 

intermediate-term, and long-term memories. Behav Brain Res. 1993;57(2):193-8. 

83. Okano H, Hirano T, Balaban E. Learning and memory. Proc Natl Acad Sci U S 

A. 2000;97(23):12403-4. 

84. Turpin NA, Levin MF, Feldman AG. Implicit learning and generalization of 

stretch response modulation in humans. J Neurophysiol. 2016;115(6):3186-94. 

85. Kleynen M, Braun SM, Rasquin SMC, Bleijlevens MHC, Lexis MAS, Halfens J, 

et al. Multidisciplinary Views on Applying Explicit and Implicit Motor Learning 

in Practice: An International Survey. PLOS ONE. 2015;10(8):e0135522. 

86. Mullally SL, Maguire EA. Learning to remember: The early ontogeny of episodic 

memory. Dev Cogn Neurosci. 2014;9:12-29. 

87. Bocarsly ME, Fasolino M, Kane GA, LaMarca EA, Kirschen GW, Karatsoreos 

IN, et al. Obesity diminishes synaptic markers, alters microglial morphology, and 

impairs cognitive function. Proc Natl Acad Sci U S A. 2015;112(51):15731-6. 



 

69 

 

88. Chunchai T, Samniang B, Sripetchwandee J, Pintana H, Pongkan W, Kumfu S, et 

al. Vagus Nerve Stimulation Exerts the Neuroprotective Effects in Obese-Insulin 

Resistant Rats, Leading to the Improvement of Cognitive Function. Sci Rep. 

2016;6:26866. 

89. Gainey SJ, Kwakwa KA, Bray JK, Pillote MM, Tir VL, Towers AE, et al. Short-

Term High-Fat Diet (HFD) Induced Anxiety-Like Behaviors and Cognitive 

Impairment Are Improved with Treatment by Glyburide. Front Behav Neurosci. 

2016;10. 

90. Soares E, Prediger RD, Nunes S, Castro AA, Viana SD, Lemos C, et al. Spatial 

memory impairments in a prediabetic rat model. Neuroscience. 2013;250:565-77. 

91. Hajiluian G, Abbasalizad Farhangi M, Nameni G, Shahabi P, Megari-Abbasi M. 

Oxidative stress-induced cognitive impairment in obesity can be reversed by 

vitamin D administration in rats. Nutr Neurosci. 2017:1-9. 

92. Wang Z, Fan J, Wang J, Li Y, Xiao L, Duan D, et al. Protective effect of lycopene 

on high-fat diet-induced cognitive impairment in rats. Neurosci Lett. 

2016;627(Supplement C):185-91. 

93. Woodie L, Blythe S. The differential effects of high-fat and high-fructose diets on 

physiology and behavior in male rats. Nutr Neurosci. 2017:1-9. 

94. Rezvani-Kamran A, Salehi I, Shahidi S, Zarei M, Moradkhani S, Komaki A. 

Effects of the hydroalcoholic extract of Rosa damascena on learning and memory 

in male rats consuming a high-fat diet. Pharm Biol. 2017;55(1):2065-73. 

95. de Andrade AM, Fernandes MDC, de Fraga LS, Porawski M, Giovenardi M, 

Guedes RP. Omega-3 fatty acids revert high-fat diet-induced neuroinflammation 

but not recognition memory impairment in rats. Metab Brain Dis. 

2017;32(6):1871-81. 

96. Beilharz JE, Maniam J, Morris MJ. Short exposure to a diet rich in both fat and 

sugar or sugar alone impairs place, but not object recognition memory in rats. 

Brain Behav Immun. 2014;37:134-41. 



 

70 

 

97. Kamat A, Hinshelwood MM, Murry BA, Mendelson CR. Mechanisms in tissue-

specific regulation of estrogen biosynthesis in humans. Trends in endocrinology 

and metabolism: TEM. 2002;13(3):122-8. 

98. Kim JH, Cho HT, Kim YJ. The role of estrogen in adipose tissue metabolism: 

insights into glucose homeostasis regulation. Endocr J. 2014;61(11):1055-67. 

99. López M, Tena-Sempere M. Estrogens and the control of energy homeostasis: a 

brain perspective. Trends Endocrinol Metab.26(8):411-21. 

100. Proudler AJ, Felton CV, Stevenson JC. Ageing and the response of plasma 

insulin, glucose and C-peptide concentrations to intravenous glucose in 

postmenopausal women. Clin Sci (Lond). 1992;83(4):489-94. 

101. Strotmeyer ES, Steenkiste AR, Foley TP, Jr., Berga SL, Dorman JS. Menstrual 

cycle differences between women with type 1 diabetes and women without 

diabetes. Diabetes Care. 2003;26(4):1016-21. 

102. World Health Technical Report Series. Research on the Menopause in the 

1990's. Geneva, Switzerland: World Health Organization. 1996. 

103. Couse JF, Dixon D, Yates M, Moore AB, Ma L, Maas R, et al. Estrogen Receptor-

α Knockout Mice Exhibit Resistance to the Developmental Effects of Neonatal 

Diethylstilbestrol Exposure on the Female Reproductive Tract. Dev Biol. 

2001;238(2):224-38. 

104. Ngo Sock ET, Cote I, Mentor JS, Prud'homme D, Bergeron R, Lavoie JM. 

Ovariectomy stimulates hepatic fat and cholesterol accumulation in high-fat diet-

fed rats. Horm Metab Res. 2013;45(4):283-90. 

105. Palin SL, Kumar S, Sturdee DW, Barnett AH. HRT in women with diabetes--

review of the effects on glucose and lipid metabolism. Diabetes Res Clin Pract. 

2001;54(2):67-77. 

106. Bryzgalova G, Lundholm L, Portwood N, Gustafsson J, Khan A, Efendic S, et al. 

Mechanisms of antidiabetogenic and body weight-lowering effects of estrogen in 

high-fat diet-fed mice. Am J Physiol Endocrinol Metab. 2008;295(4):E904-12. 



 

71 

 

107. Godsland IF. Oestrogens and insulin secretion. Diabetologia. 2005;48(11):2213-

20. 

108. Salpeter SR, Walsh JM, Ormiston TM, Greyber E, Buckley NS, Salpeter EE. 

Meta-analysis: effect of hormone-replacement therapy on components of the 

metabolic syndrome in postmenopausal women. Diabetes Obes Metab. 

2006;8(5):538-54. 

109. Houssay BA, Foglia VG, Rodriguez RR. Production or prevention of some types 

of experimental diabetes by oestrogens or corticosteroids. Acta Endocrinol 

(Copenh). 1954;17(1-4):146-64. 

110. Louet JF, LeMay C, Mauvais-Jarvis F. Antidiabetic actions of estrogen: insight 

from human and genetic mouse models. Curr Atheroscler Rep. 2004;6(3):180-5. 

111. Gao J, He J, Shi X, Stefanovic-Racic M, Xu M, O’Doherty RM, et al. Sex-Specific 

Effect of Estrogen Sulfotransferase on Mouse Models of Type 2 Diabetes. 

Diabetes. 2012;61(6):1543-51. 

112. Karjalainen A, Paassilta M, Heikkinen J, Backstrom AC, Savolainen M, 

Kesaniemi YA. Effects of peroral and transdermal oestrogen replacement therapy 

on glucose and insulin metabolism. Clin Endocrinol (Oxf). 2001;54(2):165-73. 

113. Ryan AS, Nicklas BJ, Berman DM. Hormone replacement therapy, insulin 

sensitivity, and abdominal obesity in postmenopausal women. Diabetes Care. 

2002;25(1):127-33. 

114. Arevalo M-A, Azcoitia I, Garcia-Segura LM. The neuroprotective actions of 

oestradiol and oestrogen receptors. Nat Rev Neurosci. 2015;16(1):17-29. 

115. Abraham IM, Todman MG, Korach KS, Herbison AE. Critical in vivo roles for 

classical estrogen receptors in rapid estrogen actions on intracellular signaling in 

mouse brain. Endocrinology. 2004;145(7):3055-61. 

116. Bi R, Foy MR, Vouimba R-M, Thompson RF, Baudry M. Cyclic changes in 

estradiol regulate synaptic plasticity through the MAP kinase pathway. Proc Natl 

Acad Sci U S A. 2001;98(23):13391-5. 



 

72 

 

117. Zhao M, Ramaswamy B. Mechanisms and therapeutic advances in the 

management of endocrine-resistant breast cancer. World J Clin Oncol. 

2014;5(3):248-62. 

118. Jiang ZJ, Wang CY, Xie X, Yang JF, Huang JN, Cao ZP, et al. Schizandrin 

ameliorates ovariectomy-induced memory impairment, potentiates 

neurotransmission and exhibits antioxidant properties. Br J Pharmacol. 

2015;172(10):2479-92. 

119. Day M, Good M. Ovariectomy-induced disruption of long-term synaptic 

depression in the hippocampal CA1 region in vivo is attenuated with chronic 

estrogen replacement. Neurobiol Learn Mem. 2005;83(1):13-21. 

120. Zamani MR, Desmond NL, Levy WB. Estradiol Modulates Long-Term Synaptic 

Depression in Female Rat Hippocampus. J Neurophysiol. 2000;84(4):1800. 

121. Daniel JM, Fader AJ, Spencer AL, Dohanich GP. Estrogen enhances performance 

of female rats during acquisition of a radial arm maze. Horm Behav. 

1997;32(3):217-25. 

122. Gibbs RB. Estrogen replacement enhances acquisition of a spatial memory task 

and reduces deficits associated with hippocampal muscarinic receptor inhibition. 

Horm Behav. 1999;36(3):222-33. 

123. Sherwin BB. Estrogen and memory in women: how can we reconcile the findings? 

Horm Behav. 2005;47(3):371-5. 

124. Murphy DD, Segal M. Regulation of dendritic spine density in cultured rat 

hippocampal neurons by steroid hormones. J Neurosci. 1996;16(13):4059-68. 

125. Packard MG, Teather LA. Intra-hippocampal estradiol infusion enhances memory 

in ovariectomized rats. Neuroreport. 1997;8(14):3009-13. 

126. Cyr M, Ghribi O, Di Paolo T. Regional and selective effects of oestradiol and 

progesterone on NMDA and AMPA receptors in the rat brain. J Neuroendocrinol. 

2000;12(5):445-52. 



 

73 

 

127. Rudick CN, Woolley CS. Estrogen regulates functional inhibition of hippocampal 

CA1 pyramidal cells in the adult female rat. J Neurosci. 2001;21(17):6532-43. 

128. Pratchayasakul W, Chattipakorn N, Chattipakorn SC. Estrogen restores brain 

insulin sensitivity in ovariectomized non-obese rats, but not in ovariectomized 

obese rats. Metabolism. 2014;63(6):851-9. 

129. McCarthy MM. Estradiol and the developing brain. Physiol Rev. 2008;88(1):91-

124. 

130. Yazgan Y, Naziroglu M. Ovariectomy-Induced Mitochondrial Oxidative Stress, 

Apoptosis, and Calcium Ion Influx Through TRPA1, TRPM2, and TRPV1 Are 

Prevented by 17beta-Estradiol, Tamoxifen, and Raloxifene in the Hippocampus 

and Dorsal Root Ganglion of Rats. Mol Neurobiol. 2017;54(10):7620-38. 

131. Sales S, Ureshino RP, Pereira RTdS, Luna MSA, Pires de Oliveira M, Yamanouye 

N, et al. Effects of 17β-estradiol replacement on the apoptotic effects caused by 

ovariectomy in the rat hippocampus. Life Sci. 2010;86(21):832-8. 

132. Kim TW, Kim CS, Kim JY, Kim CJ, Seo JH. Combined exercise ameliorates 

ovariectomy-induced cognitive impairment by enhancing cell proliferation and 

suppressing apoptosis. Menopause (New York, NY). 2016;23(1):18-26. 

133. Azcoitia I, Arevalo MA, De Nicola AF, Garcia-Segura LM. Neuroprotective 

actions of estradiol revisited. Trends in endocrinology and metabolism: TEM. 

2011;22(12):467-73. 

134. Suzuki S, Brown CM, Wise PM. Neuroprotective effects of estrogens following 

ischemic stroke. Front Neuroendocrinol. 2009;30(2):201-11. 

135. Greendale GA, Derby CA, Maki PM. Perimenopause and Cognition. Obstet 

Gynecol Clin North Am. 2011;38(3):519-35. 

136. Greendale GA, Wight RG, Huang MH, Avis N, Gold EB, Joffe H, et al. 

Menopause-associated symptoms and cognitive performance: results from the 

study of women's health across the nation. Am J Epidemiol. 2010;171(11):1214-

24. 



 

74 

 

137. Cheon S. Hippocampus-dependent Task Improves the Cognitive Function after 

Ovariectomy in Rats. Osong Public Health Res Perspect. 2017;8(3):227-34. 

138. Wu J, Zhu Y, Wu J. Effects of estrogen and estrogenic compounds on cognition 

in ovariectomized rats. Climacteric. 2008;11(3):212-20. 

139. Liu J, Lin H, Huang Y, Liu Y, Wang B, Su F. Cognitive effects of long-term 

dydrogesterone treatment used alone or with estrogen on rat menopausal models 

of different ages. Neuroscience. 2015;290(Supplement C):103-14. 

140. Luine VN, Richards ST, Wu VY, Beck KD. Estradiol enhances learning and 

memory in a spatial memory task and effects levels of monoaminergic 

neurotransmitters. Horm Behav. 1998;34(2):149-62. 

141. Heikkinen T, Puolivali J, Liu L, Rissanen A, Tanila H. Effects of ovariectomy and 

estrogen treatment on learning and hippocampal neurotransmitters in mice. Horm 

Behav. 2002;41(1):22-32. 

142. Inagaki T, Gautreaux C, Luine V. Acute Estrogen Treatment Facilitates 

Recognition Memory Consolidation and Alters Monoamine Levels in Memory-

Related Brain Areas. Horm Behav. 2010;58(3):415-26. 

143. Vedder LC, Smith CC, Flannigan AE, McMahon LL. Estradiol-induced increase 

in novel object recognition requires hippocampal NR2B-containing NMDA 

receptors. Hippocampus. 2013;23(1):108-15. 

144. Tuscher JJ, Szinte JS, Starrett JR, Krentzel AA, Fortress AM, Remage-Healey L, 

et al. Inhibition of local estrogen synthesis in the hippocampus impairs 

hippocampal memory consolidation in ovariectomized female mice. Horm Behav. 

2016;83:60-7. 

145. Fernandez SM, Lewis MC, Pechenino AS, Harburger LL, Orr PT, Gresack JE, et 

al. Estradiol-induced enhancement of object memory consolidation involves 

hippocampal extracellular signal-regulated kinase activation and membrane-

bound estrogen receptors. J Neurosci. 2008;28(35):8660-7. 



 

75 

 

146. Gresack JE, Frick KM. Effects of continuous and intermittent estrogen treatments 

on memory in aging female mice. Brain Res. 2006;1115(1):135-47. 

147. Mauvais-Jarvis F, Clegg DJ, Hevener AL. The role of estrogens in control of 

energy balance and glucose homeostasis. Endocr Rev. 2013;34(3):309-38. 

148. Funaki M. Saturated fatty acids and insulin resistance. J Med Invest. 2009;56(3-

4):88-92. 

149. Camporez JP, Jornayvaz FR, Lee HY, Kanda S, Guigni BA, Kahn M, et al. 

Cellular mechanism by which estradiol protects female ovariectomized mice from 

high-fat diet-induced hepatic and muscle insulin resistance. Endocrinology. 

2013;154(3):1021-8. 

150. Yonezawa R, Wada T, Matsumoto N, Morita M, Sawakawa K, Ishii Y, et al. 

Central versus peripheral impact of estradiol on the impaired glucose metabolism 

in ovariectomized mice on a high-fat diet. Am J Physiol Endocrinol Metab. 

2012;303(4):E445-56. 

151. Ludgero-Correia A, Jr., Aguila MB, Mandarim-de-Lacerda CA, Faria TS. Effects 

of high-fat diet on plasma lipids, adiposity, and inflammatory markers in 

ovariectomized C57BL/6 mice. Nutrition. 2012;28(3):316-23. 

152. Shen M, Kumar SP, Shi H. Estradiol regulates insulin signaling and inflammation 

in adipose tissue. Horm Mol Biol Clin Investig. 2014;17(2):99-107. 

153. Feigh M, Andreassen KV, Hjuler ST, Nielsen RH, Christiansen C, Henriksen K, 

et al. Oral salmon calcitonin protects against impaired fasting glycemia, glucose 

intolerance, and obesity induced by high-fat diet and ovariectomy in rats. 

Menopause (New York, NY). 2013;20(7):785-94. 

154. Miao Y, Ren J, Jiang L, Liu J, Jiang B, Zhang X. alpha-Lipoic acid attenuates 

obesity-associated hippocampal neuroinflammation and increases the levels of 

brain-derived neurotrophic factor in ovariectomized rats fed a high-fat diet. Int J 

Mol Med. 2013;32(5):1179-86. 



 

76 

 

155. Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P. Combination of high-

fat diet-fed and low-dose streptozotocin-treated rat: a model for type 2 diabetes 

and pharmacological screening. Pharmacol Res. 2005;52(4):313-20. 

156. Esqueda MED, Craig T, Hinojosa-Laborde C. Effect of Ovariectomy on Renal 

Estrogen Receptor-α and Estrogen Receptor-β in Young Salt-Sensitive and -

Resistant Rats. Hypertension. 2007;50(4):768-72. 

157. De la Monte SM. Insulin resistance and Alzheimer’s disease. BMB Rep. 

2009;42(8):475-81. 

158. Thambisetty M, Jeffrey Metter E, Yang A, Dolan H, Marano C, Zonderman AB, 

et al. Glucose intolerance, insulin resistance, and pathological features of 

Alzheimer disease in the Baltimore Longitudinal Study of Aging. JAMA Neurol. 

2013;70(9):1167-72. 

159. Arakawa H. Age dependent effects of space limitation and social tension on open-

field behavior in male rats. Physiol Behav. 2005;84(3):429-36. 

160. Jurdak N, Kanarek RB. Sucrose-induced obesity impairs novel object recognition 

learning in young rats. Physiol Behav. 2009;96(1):1-5. 

161. Farr SA, Yamada KA, Butterfield DA, Abdul HM, Xu L, Miller NE, et al. Obesity 

and Hypertriglyceridemia Produce Cognitive Impairment. Endocrinology. 

2008;149(5):2628-36. 

162. Morrison CD, Pistell PJ, Ingram DK, Johnson WD, Liu Y, Fernandez-Kim SO, et 

al. High fat diet increases hippocampal oxidative stress and cognitive impairment 

in aged mice: implications for decreased Nrf2 signaling. J Neurochem. 

2010;114(6):1581-9. 

163. Chambers RA, Potenza MN, Hoffman RE, Miranker W. Simulated 

Apoptosis/Neurogenesis Regulates Learning and Memory Capabilities of 

Adaptive Neural Networks. Neuropsychopharmacology. 2003;29:747. 



 

77 

 

164. Sherstnev VV, Yurasov VV, Storozheva ZI, Gruden’ MA, Yakovleva NE. 

Biochemical markers of apoptosis in different parts of the brain during learning. 

Neurosci Behav Physiol. 2006;36(9):915-9. 

165. Frick KM, Kim J, Tuscher JJ, Fortress AM. Sex steroid hormones matter for 

learning and memory: estrogenic regulation of hippocampal function in male and 

female rodents. Learn Mem. 2015;22(9):472-93. 

166. Lynch MA. Long-term potentiation and memory. Physiol Rev. 2004;84(1):87-

136. 

167. Morris RG. Long-term potentiation and memory. Philos Trans R Soc Lond B Biol 

Sci. 2003;358(1432):643-7. 

168. Iwasa T, Matsuzaki T, Yano K, Irahara M. The effects of ovariectomy and lifelong 

high-fat diet consumption on body weight, appetite, and lifespan in female rats. 

Horm Behav. 2017;97:25-30. 

169. Bian C, Zhu H, Zhao Y, Cai W, Zhang J. Intriguing Roles of Hippocampus-

Synthesized 17β-Estradiol in the Modulation of Hippocampal Synaptic Plasticity. 

J Mol Neurosci. 2014;54(2):271-81. 

170. Fester L, Prange-Kiel J, Jarry H, Rune GM. Estrogen synthesis in the 

hippocampus. Cell Tissue Res. 2011;345(3):285-94. 

171. Foy MR, Baudry M, Brinton RD, Thompson RF. Estrogen and Hippocampal 

Plasticity in Rodent Models. J Alzheimers Dis. 2008;15(4):589. 

172. Moosmann B, Behl C. The antioxidant neuroprotective effects of estrogens and 

phenolic compounds are independent from their estrogenic properties. Proc Natl 

Acad Sci U S A. 1999;96(16):8867-72. 

173. Razmara A, Duckles SP, Krause DN, Procaccio V. Estrogen suppresses brain 

mitochondrial oxidative stress in female and male rats. Brain Res. 2007;1176:71-

81. 

174. Cersosimo MG, Benarroch EE. Estrogen actions in the nervous system. 

Complexity and clinical implications. 2015;85(3):263-73. 



 

78 

 

175. Liu F, Day M, Muñiz LC, Bitran D, Arias R, Revilla-Sanchez R, et al. Activation 

of estrogen receptor-β regulates hippocampal synaptic plasticity and improves 

memory. Nature Neurosci. 2008;11:334. 

176. Zadran S, Qin Q, Bi X, Zadran H, Kim Y, Foy MR, et al. 17-β-Estradiol increases 

neuronal excitability through MAP kinase-induced calpain activation. Proc Natl 

Acad Sci U S A. 2009;106(51):21936-41. 

177. Graves AR, Moore SJ, Bloss EB, Mensh BD, Kath WL, Spruston N. Hippocampal 

pyramidal neurons comprise two distinct cell types that are countermodulated by 

metabotropic receptors. Neuron. 2012;76(4):776-89. 

178. Spruston N. Pyramidal neurons: dendritic structure and synaptic integration. Nat 

Rev Neurosci. 2008;9:206. 

179. Perlman WR, Tomaskovic-Crook E, Montague DM, Webster MJ, Rubinow DR, 

Kleinman JE, et al. Alteration in Estrogen Receptor α mRNA Levels in Frontal 

Cortex and Hippocampus of Patients with Major Mental Illness. Biol Psychiatry. 

2005;58(10):812-24. 

 

 

 

 

 

 

 

 

 


