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By 
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March 2016 

 

 

Chairman :  Prof. Patimah Ismail, PhD 

Faculty :  Medicine and Health Sciences 

 

 

Type 2 diabetes mellitus (DM2) is a major chronic disease with high morbidity, 

mortality, and economic burden on public health. The term “endothelial dysfunction” 

refers to the inability of the endothelium to properly maintain vascular homeostasis. 

Substantial clinical and experimental evidence suggests that endothelial dysfunction 

occurs in T2DM patient, in both the resistance and conduit vessels of the peripheral 

circulation as well as in the coronary circulation. Endothelial dysfunction could be the 

mechanism in explaining the strong association observed between atherosclerotic 

cardiovascular disease (CVD) and type 2 diabetes mellitus. It has also been shown that 

patients with prediabetic conditions, such as impaired fasting glucose and impaired 

glucose tolerance, are at increased risk of cardiovascular disease as well. The first step 

of the adverse sequence of events that leads to the atherosclerotic process is thought to 

be endothelial dysfunction. Many genes have already been reported to be related to 

endothelial dysfunction in type 2 diabetes and prediabetic patients [e.g. endothelial 

nitric oxide synthase (eNOS) ], but the identification of more genes is always a field of 

further investigation because of the potential finding of new targets for prevention of 

CVD in type 2 diabetes patients. The aim of this study was to evaluate the expression 

of a set of genes in peripheral blood associated with endothelial dysfunction in patients 

with type 2 diabetes mellitus and in those with impaired fasting glycaemia and 

impaired glucose tolerance (prediabetic patients), trying to find out the relationship 

between expression of this set of genes and these two pathological conditions. 45 

subjects (22 men, 23 women), with a mean age of 48.9 ±5.71 years, were included in 

the study. We have recruited the participants after evaluation of fasting glucose and 

glucose tolerance and HbA1c. According to the results of fasting glucose, glucose 

tolerance and HbA1c, the participants were divided into three age-matched groups: 

group 1: diabetes, defined as fasting plasma glucose ≥ 126mg/dl or 2–h plasma glucose 

≥ 200mg/dl and HbA1c ≥6.5 (n=15), group 2: Pre-diabetes, defined as fasting plasma 

glucose between 110 to 125 mg/dL or IGT 2h post-oral glucose load (75g) between 

140mg/dl and 200mg/d and HbA1c between 5.7% to 6.4% (n=15),  and group 3 

(control group): healthy individuals with normal fasting plasma glucose and normal 

glucose tolerance (n=15). In patients with type 2 diabetes, we found 59 genes with 

increased expression. Decreased expression was observed for 4 genes. In pre-diabetes 
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patients, 2 genes were seen to be significantly down-regulated and 49 genes were 

significantly up-regulated. Our results indicate that diabetic and pre-diabetic condition 

may contribute to endothelial dysfunction by disrupting the expression of genes 

involved in the regulation of endothelial function. 
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Kencing manis jenis 2 (DM2) merupakan penyakit kronik utama dengan morbiditi, 

mortaliti, dan beban ekonomi yang tinggi ke atas kesihatan awam.  Istilah "disfungsi 

endotelial" merujuk kepada ketidakupayaan endotelium untuk mengekalkan 

homeostasis vaskular dengan betul.  Bukti klinikal dan eksperimen yang cukup banyak 

menunjukkan bahawa disfungsi endotelial berlaku kepada pesakit T2DM, terdapat 

rintangan di dalam kedua-dua saluran pembuluh peredaran periferi dan juga dalam 

peredaran koronari.  Disfungsi endotelial diperhatikan boleh menjadi mekanisme yang 

menjelaskan perkaitan yang kuat di antara penyakit aterosklerotik kardiovaskular 

(CVD) dan kencing manis jenis 2.  Penyakit ini juga telah menunjukkan bahawa 

pesakit yang menghidap kencing manis peringkat awal, seperti glukosa berlapar terjejas 

dan toleransi glukosa terjejas, turut mempunyai risiko peningkatan penyakit 

kardiovaskular.  Langkah awal urutan perkembangan yang berlawanan membawa 

kepada proses aterosklerotik yang dianggap sebagai disfungsi endotelial. Banyak gen 

yang telah dilaporkan berkaitan dengan disfungsi endotelial bagi pesakit kencing manis 

jenis 2 dan pesakit kencing manis peringkat awal [contohnya Endotelial Nitrik Oksida 

Sintesis (eNOS)], tetapi bagi mengenal pasti lebih banyak gen, kajian lanjut di 

lapangan sering dijalankan kerana potensi dapatan sasaran baru untuk pencegahan 

penyakit CVD bagi pesakit kencing manis jenis 2. Tujuan kajian ini adalah untuk 

menilai ekspresi satu set gen dalam pereferi darah yang berkait dengan disfungsi 

endotelial pada pesakit kencing manis jenis 2 dan pada pesakit yang mengalami 

glycaemia berlapar terjejas dan toleransi glukosa terjejas (pesakit kencing manis 

peringkat awal), dan berusaha untuk mengetahui hubungan antara ekspresi set gen ini 

dan kedua-dua keadaan patologi tersebut.  Seramai 45 pesakit (22 lelaki, 23 wanita), 

umur purata 48.9 ±5.71 tahun, telah dilibatkan dalam kajian ini.  Kami memilih peserta 

selepas penilaian glukosa berlapar dan toleransi glukosa dan HbA1c.  Berdasarkan 

kepada hasil penilaian glukosa berlapar, toleransi glukosa dan HbA1c, para peserta 

dibahagikan kepada tiga kumpulan umur yang dipadankan: Kumpulan 1: kencing 

manis, ditakrifkan sebagai plasma glukosa berlapar ≥ 126mg/dl atau 2-h plasma 

glukosa ≥200mg/dl dan HbA1c ≥6.5 (n = 15), kumpulan 2: Pesakit kencing manis 

peringkat  awal, ditakrifkan sebagai plasma glukosa berlapar antara 110 hingga 

125mg/dl atau IGT 2h beban glukosa bedah oral (75g) antara 140mg/dl dan 200mg/d 
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dan HbA1c antara 5.7% hingga 6.4% (n = 15), dan kumpulan 3 (kumpulan kawalan): 

individu yang sihat memiliki plasma glukosa berlapar normal dan  toleransi glukosa 

normal (n = 15). Pada pesakit kencing manis jenis 2, kami mendapati 59 gen dengan 

ekspresi meningkat. Ekspresi menurun diperhatikan untuk 4 gen. Bagi pesakit-pesakit 

kencing manis peringkat awal, kami mendapati 49 gen dengan ekspresi meningkat. 

Ekspresi menurun diperhatikan untuk 2 gen. Keputusan kami menunjukkan bahawa 

keadaan kencing manis dan kencing manis peringkat awal boleh menyebabkan 

disfungsi endotelial melalui gangguan ekspresi gen yang terlibat dalam peraturan 

fungsi endotelial. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Research Background  

 

 

Diabetes is a group of metabolic diseases that are characterized by glucose level, 

chronically elevated above the normal range. Undiagnosed, or poorly controlled, it can 

lead to complications such as blindness, renal insufficiency, stroke, and amputation of 

extremities. Diabetes is associated with a decrease in life expectancy (Malecki, 2005). 

There are several distinct types of diabetes, but two most common types are type 1 

diabetes and type 2 diabetes (T2DM), of which type 2 diabetes constitutes more than 

90% of cases of diabetes. The worldwide prevalence of diabetes has been dramatically 

increasing, particularly in developing countries like India. Current estimates of diabetes 

suggest that 285 million of the world’s adult population (6.4%) is suffering from 

diabetes. India has 50.8 million and China has 43.2 million diabetics. The largest age 

group involved is 40–59 years. By 2030 it is projected that 438 million of the world’s 

adult population (7.8%) will be diabetics with major chunk from India and China. The 

largest age group affected will be between 60 and 79 years. T2DM is caused by 

complex interactions between adverse environmental factors and certain genetic 

factors. Several risk factors, including common, easily measurable phenotypic features 

(such as obesity, hypertension, low HDL cholesterol levels, elevated triglyceride levels 

and impaired fasting glucose) as well as parental history of diabetes are already used 

efficiently to predict the development of T2DM (Kota, Meher, Jammula, Kota, & 

Modi, 2012). According to the American Diabetes Association (ADA), the term ‘pre-

diabetes’ is defined as a metabolic clinical condition able to predispose affected 

individual to a future development of diabetes (American Diabetes Association, 2014). 

The endothelium, which is originally considered to be simply a physical barrier 

between the blood and vascular wall, is now recognized as the most important 

component of normal vascular homeostasis, because it serves to maintain the 

anticoagulant, antiplatelet, and fibrinolytic phenotypes of vascular cells (J. Xu & Zou, 

2009). The term endothelial dysfunction refers to a condition in which the endothelium 

loses its physiological properties: the tendency to promote vasodilation, fibrinolysis 

and antiaggregation (Avogaro, Fadini, Gallo, Pagnin, & de Kreutzenberg, 2006). 

Endothelial dysfunction plays a critical role in the development of diabetic 

vasculopathy, which is associated with reduced NO bioavailability resulting from ROS 

overproduction, lipid peroxidation, and increased generation of adhesion molecules 

(W. T. Wong, Wong, Tian, & Huang, 2010). Several evidences indicate that pre-

diabetes conditions may be associated with an increased cardiovascular risk profile of 

individuals (Ciccone et al., 2014). Ying Su et al. considered 30 patients with IFG, 38 

with IGT, 46 with normal glucose tolerance, and 44 with T2DM and they confirmed 

that endothelial dysfunction, an early marker of macrovascular disease, is present in 

subjects with pre-diabetes, indicating endothelial damage in these stages (Su et al., 

2008). 
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1.2 Statements of Problem 

 

 

The prevalence of diabetes, constituted chiefly by type 2 diabetes (T2D), is a global 

public health threat. Asian countries contribute to more than 60% of the world’s 

diabetic population as the prevalence of diabetes is increasing in these countries. The 

prevalence among adults aged 20-70 years is expected to rise from 285 million in 2010 

to 438 million by the year 2030. While T2D poses a huge economic burden to all 

nations, developing countries bear the highest burden since more than 80% of cases 

occur in these countries. Prevalence estimates of diabetes and impaired glucose 

tolerance (IGT) are high in all Asian countries and are expected to increase further in 

the next two decades. The present trend indicates that more than 60% of the world’s 

diabetic population will be in Asia (Guo, He, Zhang, & Walton, 2012). Malaysia has 

one of the world's highest number of diabetes cases among its population with 2.6 

million registered patients (Kearney, Whelton, Reynolds, Whelton, & He, 2004). The 

total estimated cost of diagnosed diabetes in 2012 is $245 billion, including $176 

billion in direct medical costs and $69 billion in reduced productivity. This figure 

represents a 41 percent increase over a five-year period ($174 billion in 2007 dollars) 

(American Diabetes Association, 2013). Micro- and macro-vascular dysfunctions are 

the major causes of morbidity and mortality in patients with diabetes mellitus (W. T. 

Wong et al., 2010). Type 2 diabetes is characterized by a two- to fourfold increased 

risk of cardiovascular disease. It has also been shown that patients with pre-diabetic 

conditions, such as impaired fasting glucose and impaired glucose tolerance, are at 

increased risk of cardiovascular disease as well (Kirpichnikov & Sowers, 2001). Pre-

diabetic condition is a further expression of incipient atherosclerosis development. The 

synergy between a systemic inflammatory condition and the presence of high blood 

glucose concentrations are able to impair vascular endothelium in its function, thus 

predisposing to atherosclerotic lesions (Ciccone et al., 2014). The first step of the 

adverse sequence of events that leads to the atherosclerotic process is thought to be 

endothelial dysfunction (Avogaro et al., 2006). 

 

 

According to the above studies, diabetes and pre-diabetes are costly diseases with high 

prevalence worldwide, mostly Asian countries including Malaysia. It has also been 

shown that patients with type 2 diabetes and patients with pre-diabetes are at increased 

risk of cardiovascular disease, and endothelial dysfunction is thought to be the most 

important event that leads to the atherosclerotic process and cardiovascular disease. 

Therefore, research on expression of endothelial cells-related genes in type 2 diabetes 

and pre-diabetes patients seems to be important in prevention of atherosclerosis and 

cardiovascular disease in these metabolic disorders. 

 

1.3 Hypothesis: 

 

H1: The rate of expression of genes regulating the endothelial cells function, is related 

to endothelial dysfunction in type 2 diabetes patients. 
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H2: The amount of expression of genes regulating the endothelial cells function, is 

related to endothelial dysfunction in pre-diabetic condition. 

 

1.4 Objectives:  

 

General Objective: 

 

To determine the expression of genes related to endothelial cells function in peripheral 

blood of patients with type 2 diabetes, and pre-diabetic patients.  

 

Specific Objectives: 

 

1. To compare the expression level of seven groups of genes – angiogenesis, 

vasoconstriction & vasodilation, inflammatory response, apoptosis, cell adhesion, 

coagulation, platelet activation – which are related to endothelial cells function, 

between type 2 diabetes patients and control. 

 

2. To compare the expression level of seven groups of genes – angiogenesis, 

vasoconstriction & vasodilation, inflammatory response, apoptosis, cell adhesion, 

coagulation, platelet activation – which are related to endothelial cells function, 

between pre-diabetes patients and control. 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

62 

 

REFERENCES 

 

Addabbo, F., Montagnani, M., & Goligorsky, M. S. (2009). Mitochondria and Reactive 

Oxygen Species. Hypertension, 53(6), 885-892. doi: 

10.1161/HYPERTENSIONAHA.109.130054 

Adeghate, E., Schattner, P., & Dunn, E. (2006). An update on the etiology and 

epidemiology of diabetes mellitus. Ann N Y Acad Sci, 1084, 1-29. doi: 

10.1196/annals.1372.029 

Alexander, J. S., & Elrod, J. W. (2002). Extracellular matrix, junctional integrity and 

matrix metalloproteinase interactions in endothelial permeability regulation. J 

Anat, 200(6), 561-574.  

Ali, O., Tan, T. T., Sakinah, O., Khalid, B. A., Wu, L. L., & Ng, M. L. (1993). 

Prevalence of NIDDM and impaired glucose tolerance in aborigines and 

Malays in Malaysia and their relationship to sociodemographic, health, and 

nutritional factors. Diabetes Care, 16(1), 68-75.  

Alsaigh, T., Pocock, E. S., Bergan, J. J., & Schmid-Schonbein, G. W. (2011). Acute 

venous occlusion enhances matrix metalloprotease activity: Implications on 

endothelial dysfunction. Microvasc Res, 81(1), 108-116. doi: 

10.1016/j.mvr.2010.09.010 

American Diabetes Association. (2013). Economic Costs of Diabetes in the U.S. in 

2012. Diabetes Care, 36(4), 1033-1046. doi: 10.2337/dc12-2625 

American Diabetes Association. (2014). Diagnosis and classification of diabetes 

mellitus. Diabetes Care, 37 Suppl 1, S81-90. doi: 10.2337/dc14-S081 

Arikawa, E., Quellhorst, G., Han, Y., Pan, H., & Yang, J. (2011). RT2 Profiler™ PCR 

Arrays: Pathway-focused gene expression profiling with qRT-PCR. SA 

Biosciences Technical Article, 11.  

Aso, Y., Fujiwara, Y., Tayama, K., Takebayashi, K., Inukai, T., & Takemura, Y. 

(2000). Relationship between soluble thrombomodulin in plasma and 

coagulation or fibrinolysis in type 2 diabetes. Clin Chim Acta, 301(1-2), 135-

145.  

Avogaro, A., Fadini, G. P., Gallo, A., Pagnin, E., & de Kreutzenberg, S. (2006). 

Endothelial dysfunction in type 2 diabetes mellitus. Nutr Metab Cardiovasc 

Dis, 16 Suppl 1, S39-45. doi: 10.1016/j.numecd.2005.10.015 

Bagi, Z., Erdei, N., Toth, A., Li, W., Hintze, T. H., Koller, A., & Kaley, G. (2005). 

Type 2 diabetic mice have increased arteriolar tone and blood pressure: 

enhanced release of COX-2-derived constrictor prostaglandins. Arterioscler 

Thromb Vasc Biol, 25(8), 1610-1616. doi: 

10.1161/01.ATV.0000172688.26838.9f 

Bakker, W., Eringa, E. C., Sipkema, P., & van Hinsbergh, V. W. (2009). Endothelial 

dysfunction and diabetes: roles of hyperglycemia, impaired insulin signaling 

and obesity. Cell Tissue Res, 335(1), 165-189. doi: 10.1007/s00441-008-0685-

6 

Balletshofer, B. M., Rittig, K., Enderle, M. D., Volk, A., Maerker, E., Jacob, S., . . . 

Haring, H. U. (2000). Endothelial dysfunction is detectable in young 

normotensive first-degree relatives of subjects with type 2 diabetes in 

association with insulin resistance. Circulation, 101(15), 1780-1784.  

Banerjee, M., & Vats, P. (2014). Reactive metabolites and antioxidant gene 

polymorphisms in type 2 diabetes mellitus. Indian Journal of Human 

Genetics, 20(1), 10-19. doi: 10.4103/0971-6866.132747 

Bansal, S., Chawla, D., Siddarth, M., Banerjee, B. D., Madhu, S. V., & Tripathi, A. K. 

(2013). A study on serum advanced glycation end products and its association 



© C
OPYRIG

HT U
PM

63 

 

with oxidative stress and paraoxonase activity in type 2 diabetic patients with 

vascular complications. Clinical Biochemistry, 46(1–2), 109-114. doi: 

http://dx.doi.org/10.1016/j.clinbiochem.2012.10.019 

Bayraktutan, U. (2002). Free radicals, diabetes and endothelial dysfunction. Diabetes, 

Obesity and Metabolism, 4(4), 224-238. doi: 10.1046/j.1463-

1326.2002.00184.x 

Beckman, J. A., Creager, M. A., & Libby, P. (2002). Diabetes and atherosclerosis: 

epidemiology, pathophysiology, and management. Jama, 287(19), 2570-2581.  

Beckman, J. A., Goldfine, A. B., Gordon, M. B., Garrett, L. A., & Creager, M. A. 

(2002). Inhibition of protein kinase Cbeta prevents impaired endothelium-

dependent vasodilation caused by hyperglycemia in humans. Circ Res, 90(1), 

107-111.  

Bonora, E., Kiechl, S., Willeit, J., Oberhollenzer, F., Egger, G., Targher, G., . . . 

Muggeo, M. (1998). Prevalence of insulin resistance in metabolic disorders: 

the Bruneck Study. Diabetes, 47(10), 1643-1649.  

Brizzi, M. F., Garbarino, G., Rossi, P. R., Pagliardi, G. L., Arduino, C., Avanzi, G. C., 

& Pegoraro, L. (1993). Interleukin 3 stimulates proliferation and triggers 

endothelial-leukocyte adhesion molecule 1 gene activation of human 

endothelial cells. J Clin Invest, 91(6), 2887-2892. doi: 10.1172/jci116534 

Brownlee, M. (2001). Biochemistry and molecular cell biology of diabetic 

complications. Nature, 414(6865), 813-820.  

Bullard, K. M., Saydah, S. H., Imperatore, G., Cowie, C. C., Gregg, E. W., Geiss, L. S., 

. . . Caspersen, C. J. (2013). Secular changes in U.S. Prediabetes prevalence 

defined by hemoglobin A1c and fasting plasma glucose: National Health and 

Nutrition Examination Surveys, 1999-2010. Diabetes Care, 36(8), 2286-2293. 

doi: 10.2337/dc12-2563 

Burtea, C., Laurent, S., Murariu, O., Rattat, D., Toubeau, G., Verbruggen, A., . . . 

Muller, R. N. (2008). Molecular imaging of αvβ3 integrin expression in 

atherosclerotic plaques with a mimetic of RGD peptide grafted to Gd-DTPA. 

Cardiovascular research.  

Buse, M. G. (2006). Hexosamines, insulin resistance and the complications of diabetes: 

current status. American journal of physiology. Endocrinology and 

metabolism, 290(1), E1-E8. doi: 10.1152/ajpendo.00329.2005 

Caballero, A. E., Arora, S., Saouaf, R., Lim, S. C., Smakowski, P., Park, J. Y., . . . 

Veves, A. (1999). Microvascular and macrovascular reactivity is reduced in 

subjects at risk for type 2 diabetes. Diabetes, 48(9), 1856-1862.  

Cade, W. T. (2008). Diabetes-related microvascular and macrovascular diseases in the 

physical therapy setting. Phys Ther, 88(11), 1322-1335. doi: 

10.2522/ptj.20080008 

Calles-Escandon, J., & Cipolla, M. (2001). Diabetes and endothelial dysfunction: a 

clinical perspective. Endocr Rev, 22(1), 36-52. doi: 10.1210/edrv.22.1.0417 

Cameron, N. E., Cotter, M. A., Robertson, S., & Cox, D. (1992). Muscle and nerve 

dysfunction in rats with experimental galactosaemia. Exp Physiol, 77(1), 89-

108.  

Candido, R., Bernardi, S., & Allen, T. J. (2009). Linking diabetes and atherosclerosis.  

Canivell, S., & Gomis, R. (2014). Diagnosis and classification of autoimmune diabetes 

mellitus. Autoimmun Rev, 13(4-5), 403-407. doi: 10.1016/j.autrev.2014.01.020 

Ceriello, A. (2003). New insights on oxidative stress and diabetic complications may 

lead to a "causal" antioxidant therapy. Diabetes Care, 26(5), 1589-1596.  

Ceriello, A. (2010). Point: postprandial glucose levels are a clinically important 

treatment target. Diabetes Care, 33(8), 1905-1907. doi: 10.2337/dc10-0634 

http://dx.doi.org/10.1016/j.clinbiochem.2012.10.019


© C
OPYRIG

HT U
PM

64 

 

Chakravarthy, U., Hayes, R. G., Stitt, A. W., McAuley, E., & Archer, D. B. (1998). 

Constitutive nitric oxide synthase expression in retinal vascular endothelial 

cells is suppressed by high glucose and advanced glycation end products. 

Diabetes, 47(6), 945-952.  

Chan, J. C., Malik, V., Jia, W., Kadowaki, T., Yajnik, C. S., Yoon, K. H., & Hu, F. B. 

(2009). Diabetes in Asia: epidemiology, risk factors, and pathophysiology. 

Jama, 301(20), 2129-2140. doi: 10.1001/jama.2009.726 

Chawla, D., Bansal, S., Banerjee, B. D., Madhu, S. V., Kalra, O. P., & Tripathi, A. K. 

(2014). Role of advanced glycation end product (AGE)-induced receptor 

(RAGE) expression in diabetic vascular complications. Microvascular 

Research, 95(0), 1-6. doi: http://dx.doi.org/10.1016/j.mvr.2014.06.010 

Chen, S., Khan, Z. A., Cukiernik, M., & Chakrabarti, S. (2003). Differential activation 

of NF-kappa B and AP-1 in increased fibronectin synthesis in target organs of 

diabetic complications. Am J Physiol Endocrinol Metab, 284(6), E1089-1097. 

doi: 10.1152/ajpendo.00540.2002 

Chen, Y. Q., Su, M., Walia, R. R., Hao, Q., Covington, J. W., & Vaughan, D. E. 

(1998). Sp1 sites mediate activation of the plasminogen activator inhibitor-1 

promoter by glucose in vascular smooth muscle cells. J Biol Chem, 273(14), 

8225-8231.  

Ciccone, M. M., Scicchitano, P., Cameli, M., Cecere, A., Cortese, F., Dentamaro, I., . . 

. Modesti, P. A. (2014). Endothelial function in pre-diabetes, diabetes and 

diabetic cardiomyopathy: a review. J Diabetes Metab, 5(364), 2.  

Cifarelli, V., Geng, X., Styche, A., Lakomy, R., Trucco, M., & Luppi, P. (2011). C-

peptide reduces high-glucose-induced apoptosis of endothelial cells and 

decreases NAD(P)H-oxidase reactive oxygen species generation in human 

aortic endothelial cells. Diabetologia, 54(10), 2702-2712. doi: 

10.1007/s00125-011-2251-0 

Cipollone, F., Mezzetti, A., Fazia, M. L., Cuccurullo, C., Iezzi, A., Ucchino, S., . . . 

Stafforini, D. M. (2005). Association between 5-lipoxygenase expression and 

plaque instability in humans. Arterioscler Thromb Vasc Biol, 25(8), 1665-

1670. doi: 10.1161/01.ATV.0000172632.96987.2d 

Cosentino, F., Eto, M., De Paolis, P., van der Loo, B., Bachschmid, M., Ullrich, V., . . . 

Luscher, T. F. (2003). High glucose causes upregulation of cyclooxygenase-2 

and alters prostanoid profile in human endothelial cells: role of protein kinase 

C and reactive oxygen species. Circulation, 107(7), 1017-1023.  

Cotter, M. A., Cameron, N. E., & Robertson, S. (1992). Polyol pathway-mediated 

changes in cardiac muscle contractile properties: studies in streptozotocin-

diabetic and galactose-fed rats. Exp Physiol, 77(6), 829-838.  

Cotter, M. A., Jack, A. M., & Cameron, N. E. (2002). Effects of the protein kinase C 

beta inhibitor LY333531 on neural and vascular function in rats with 

streptozotocin-induced diabetes. Clin Sci (Lond), 103(3), 311-321. doi: 

10.1042/ 

Cusi, K., Maezono, K., Osman, A., Pendergrass, M., Patti, M. E., Pratipanawatr, T., . . . 

Mandarino, L. J. (2000). Insulin resistance differentially affects the PI 3-

kinase– and MAP kinase–mediated signaling in human muscle. Journal of 

Clinical Investigation, 105(3), 311-320.  

D'Adamo, E., & Caprio, S. (2011). Type 2 diabetes in youth: epidemiology and 

pathophysiology. Diabetes Care, 34 Suppl 2, S161-165. doi: 10.2337/dc11-

s212 

http://dx.doi.org/10.1016/j.mvr.2014.06.010


© C
OPYRIG

HT U
PM

65 

 

Dagher, Z., Park, Y. S., Asnaghi, V., Hoehn, T., Gerhardinger, C., & Lorenzi, M. 

(2004). Studies of rat and human retinas predict a role for the polyol pathway 

in human diabetic retinopathy. Diabetes, 53(9), 2404-2411.  

de Carvalho Vidigal, F., Guedes Cocate, P., Goncalves Pereira, L., & de Cassia 

Goncalves Alfenas, R. (2012). The role of hyperglycemia in the induction of 

oxidative stress and inflammatory process. Nutr Hosp, 27(5), 1391-1398. doi: 

10.3305/nh.2012.27.5.5917 

de la Sierra, A., & Larrousse, M. (2010). Endothelial dysfunction is associated with 

increased levels of biomarkers in essential hypertension. J Hum Hypertens, 

24(6), 373-379.  

De Vriese, A. S., Verbeuren, T. J., Van de Voorde, J., Lameire, N. H., & Vanhoutte, P. 

M. (2000). Endothelial dysfunction in diabetes. British Journal of 

Pharmacology, 130(5), 963-974. doi: 10.1038/sj.bjp.0703393 

Death, A. K., Fisher, E. J., McGrath, K. C. Y., & Yue, D. K. (2003). High glucose 

alters matrix metalloproteinase expression in two key vascular cells: potential 

impact on atherosclerosis in diabetes. Atherosclerosis, 168(2), 263-269. doi: 

http://dx.doi.org/10.1016/S0021-9150(03)00140-0 

DeFronzo, R. A. (2004). Pathogenesis of type 2 diabetes mellitus. Med Clin North Am, 

88(4), 787-835, ix. doi: 10.1016/j.mcna.2004.04.013 

Derosa, G., D'Angelo, A., Tinelli, C., Devangelio, E., Consoli, A., Miccoli, R., . . . 

Cicero, A. F. (2007). Evaluation of metalloproteinase 2 and 9 levels and their 

inhibitors in diabetic and healthy subjects. Diabetes Metab, 33(2), 129-134. 

doi: 10.1016/j.diabet.2006.11.008 

Dimaio, T. A., Wang, S., Huang, Q., Scheef, E. A., Sorenson, C. M., & Sheibani, N. 

(2008). Attenuation of retinal vascular development and neovascularization in 

PECAM-1-deficient mice. Dev Biol, 315(1), 72-88. doi: 

10.1016/j.ydbio.2007.12.008 

Ding, H., Aljofan, M., & Triggle, C. R. (2007). Oxidative stress and increased eNOS 

and NADPH oxidase expression in mouse microvessel endothelial cells. 

Journal of cellular physiology, 212(3), 682-689. doi: 10.1002/jcp.21063 

Diogo, C. V., Suski, J. M., Lebiedzinska, M., Karkucinska-Wieckowska, A., Wojtala, 

A., Pronicki, M., . . . Wieckowski, M. R. (2013). Cardiac mitochondrial 

dysfunction during hyperglycemia--the role of oxidative stress and p66Shc 

signaling. Int J Biochem Cell Biol, 45(1), 114-122. doi: 

10.1016/j.biocel.2012.07.004 

Dosi, R., Acharya, D., & Patell, R. (2012). Endothelial dysfunction in a cohort of 

Indian patients with type-2 diabetes mellitus. Journal, Indian Academy of 

Clinical Medicine, 12(3), 206-209.  

Drzewoski, J., Sliwinska, A., Przybylowska, K., Sliwinski, T., Kasznicki, J., Zurawska-

Klis, M., . . . Majsterek, I. (2008). Gene polymorphisms and antigen levels of 

matrix metalloproteinase-1 in type 2 diabetes mellitus coexisting with 

coronary heart disease. Kardiol Pol, 66(10), 1042-1048; discussion 1049.  

Du, X. L., Edelstein, D., Dimmeler, S., Ju, Q., Sui, C., & Brownlee, M. (2001). 

Hyperglycemia inhibits endothelial nitric oxide synthase activity by 

posttranslational modification at the Akt site. J Clin Invest, 108(9), 1341-

1348. doi: 10.1172/jci11235 

Du, X. L., Edelstein, D., Rossetti, L., Fantus, I. G., Goldberg, H., Ziyadeh, F., . . . 

Brownlee, M. (2000). Hyperglycemia-induced mitochondrial superoxide 

overproduction activates the hexosamine pathway and induces plasminogen 

activator inhibitor-1 expression by increasing Sp1 glycosylation. Proc Natl 

Acad Sci U S A, 97(22), 12222-12226. doi: 10.1073/pnas.97.22.12222 

http://dx.doi.org/10.1016/S0021-9150(03)00140-0


© C
OPYRIG

HT U
PM

66 

 

Eriksson, J. W. (2007). Metabolic stress in insulin's target cells leads to ROS 

accumulation - a hypothetical common pathway causing insulin resistance. 

FEBS Lett, 581(19), 3734-3742. doi: 10.1016/j.febslet.2007.06.044 

Evcimen, N. D., & King, G. L. (2007). The role of protein kinase C activation and the 

vascular complications of diabetes. Pharmacological research, 55(6), 498-

510.  

Ewing, M. M., de Vries, M. R., Nordzell, M., Pettersson, K., de Boer, H. C., van 

Zonneveld, A. J., . . . Quax, P. H. (2011). Annexin A5 therapy attenuates 

vascular inflammation and remodeling and improves endothelial function in 

mice. Arterioscler Thromb Vasc Biol, 31(1), 95-101. doi: 

10.1161/atvbaha.110.216747 

Faerch, K., & Vistisen, D. (2014). Prevalence of diabetes in Chinese adults. Jama, 

311(2), 200. doi: 10.1001/jama.2013.283127 

Falkenberg, M., Tom, C., DeYoung, M. B., Wen, S., Linnemann, R., & Dichek, D. A. 

(2002). Increased expression of urokinase during atherosclerotic lesion 

development causes arterial constriction and lumen loss, and accelerates lesion 

growth. Proceedings of the National Academy of Sciences, 99(16), 10665-

10670.  

Fantus, I. G., Goldberg, H., Whiteside, C., & Topic, D. (2006). The Hexosamine 

Biosynthesis Pathway. In P. Cortes & C. Mogensen (Eds.), The Diabetic 

Kidney (pp. 117-133): Humana Press. 

Federici, M., Menghini, R., Mauriello, A., Hribal, M. L., Ferrelli, F., Lauro, D., . . . 

Lauro, R. (2002). Insulin-dependent activation of endothelial nitric oxide 

synthase is impaired by O-linked glycosylation modification of signaling 

proteins in human coronary endothelial cells. Circulation, 106(4), 466-472.  

Federici, M., Pandolfi, A., De Filippis, E. A., Pellegrini, G., Menghini, R., Lauro, D., . . 

. Consoli, A. (2004). G972R IRS-1 variant impairs insulin regulation of 

endothelial nitric oxide synthase in cultured human endothelial cells. 

Circulation, 109(3), 399-405. doi: 10.1161/01.cir.0000109498.77895.6f 

Félétou, M. (2011). The endothelium: Part 1: multiple functions of the endothelial 

cells—focus on endothelium-derived vasoactive mediators.  

Fernández-Velasco, M., Ruiz-Hurtado, G., Gómez, A. M., & Rueda, A. (2014). Ca2+ 

handling alterations and vascular dysfunction in diabetes. Cell Calcium, 56(5), 

397-407. doi: http://dx.doi.org/10.1016/j.ceca.2014.08.007 

Folsom, A. R., Aleksic, N., Park, E., Salomaa, V., Juneja, H., & Wu, K. K. (2001). 

Prospective study of fibrinolytic factors and incident coronary heart disease: 

the Atherosclerosis Risk in Communities (ARIC) Study. Arterioscler Thromb 

Vasc Biol, 21(4), 611-617.  

Forster, H. G., ter Wee, P. M., Hohman, T. C., & Epstein, M. (1996). Impairment of 

afferent arteriolar myogenic responsiveness in the galactose-fed rat is 

prevented by tolrestat. Diabetologia, 39(8), 907-914.  

Gerich, J. E. (2002). Is reduced first-phase insulin release the earliest detectable 

abnormality in individuals destined to develop type 2 diabetes? Diabetes, 51 

Suppl 1, S117-121.  

Giacco, F., & Brownlee, M. (2010). Oxidative stress and diabetic complications. Circ 

Res, 107(9), 1058-1070. doi: 10.1161/CIRCRESAHA.110.223545 

Gogg, S., Smith, U., & Jansson, P. A. (2009). Increased MAPK activation and impaired 

insulin signaling in subcutaneous microvascular endothelial cells in type 2 

diabetes: the role of endothelin-1. Diabetes, 58(10), 2238-2245. doi: 

10.2337/db08-0961 

http://dx.doi.org/10.1016/j.ceca.2014.08.007


© C
OPYRIG

HT U
PM

67 

 

Gradinaru, D., Borsa, C., Ionescu, C., & Margina, D. (2013). Advanced oxidative and 

glycoxidative protein damage markers in the elderly with type 2 diabetes. 

Journal of proteomics, 92, 313-322. doi: 10.1016/j.jprot.2013.03.034 

Grassi, D., Desideri, G., Necozione, S., Ruggieri, F., Blumberg, J. B., Stornello, M., & 

Ferri, C. (2012). Protective effects of flavanol-rich dark chocolate on 

endothelial function and wave reflection during acute hyperglycemia. 

Hypertension, 60(3), 827-832. doi: 10.1161/hypertensionaha.112.193995 

Guariguata, L., Whiting, D. R., Hambleton, I., Beagley, J., Linnenkamp, U., & Shaw, J. 

E. (2014). Global estimates of diabetes prevalence for 2013 and projections 

for 2035. Diabetes Res Clin Pract, 103(2), 137-149. doi: 

http://dx.doi.org/10.1016/j.diabres.2013.11.002 

Guo, F., He, D., Zhang, W., & Walton, R. G. (2012). Trends in prevalence, awareness, 

management, and control of hypertension among United States adults, 1999 to 

2010. J Am Coll Cardiol, 60(7), 599-606. doi: 10.1016/j.jacc.2012.04.026 

Guzik, T. J., Mussa, S., Gastaldi, D., Sadowski, J., Ratnatunga, C., Pillai, R., & 

Channon, K. M. (2002). Mechanisms of increased vascular superoxide 

production in human diabetes mellitus: role of NAD(P)H oxidase and 

endothelial nitric oxide synthase. Circulation, 105(14), 1656-1662.  

 

 

Hadi, H. A. R., & Suwaidi, J. A. (2007). Endothelial dysfunction in diabetes mellitus. 

Vascular Health and Risk Management, 3(6), 853-876.  

Haffner, S. M., Lehto, S., Ronnemaa, T., Pyorala, K., & Laakso, M. (1998). Mortality 

from coronary heart disease in subjects with type 2 diabetes and in nondiabetic 

subjects with and without prior myocardial infarction. N Engl J Med, 339(4), 

229-234. doi: 10.1056/nejm199807233390404 

Hamburg, N. M., Larson, M. G., Vita, J. A., Vasan, R. S., Keyes, M. J., Widlansky, M. 

E., . . . Meigs, J. B. (2008). Metabolic syndrome, insulin resistance, and 

brachial artery vasodilator function in Framingham Offspring participants 

without clinical evidence of cardiovascular disease. Am J Cardiol, 101(1), 82-

88.  

Hamilton, S. J., Chew, G. T., & Watts, G. F. (2007). Therapeutic regulation of 

endothelial dysfunction in type 2 diabetes mellitus. Diab Vasc Dis Res, 4(2), 

89-102. doi: 10.3132/dvdr.2007.026 

Hart, G. W., Housley, M. P., & Slawson, C. (2007). Cycling of O-linked [beta]-N-

acetylglucosamine on nucleocytoplasmic proteins. Nature, 446(7139), 1017-

1022.  

Henquin, J. C., Ishiyama, N., Nenquin, M., Ravier, M. A., & Jonas, J. C. (2002). 

Signals and pools underlying biphasic insulin secretion. Diabetes, 51 Suppl 1, 

S60-67.  

Henriksen, J. E., Alford, F., Handberg, A., Vaag, A., Ward, G. M., Kalfas, A., & Beck-

Nielsen, H. (1994). Increased glucose effectiveness in normoglycemic but 

insulin-resistant relatives of patients with non-insulin-dependent diabetes 

mellitus. A novel compensatory mechanism. J Clin Invest, 94(3), 1196-1204. 

doi: 10.1172/jci117436 

Herman, W. H., & Zimmet, P. (2012). Type 2 diabetes: an epidemic requiring global 

attention and urgent action. Diabetes Care, 35(5), 943-944. doi: 

10.2337/dc12-0298 

Hink, U., Li, H., Mollnau, H., Oelze, M., Matheis, E., Hartmann, M., . . . Munzel, T. 

(2001). Mechanisms underlying endothelial dysfunction in diabetes mellitus. 

Circ Res, 88(2), E14-22.  

http://dx.doi.org/10.1016/j.diabres.2013.11.002


© C
OPYRIG

HT U
PM

68 

 

Hirose, A., Tanikawa, T., Mori, H., Okada, Y., & Tanaka, Y. (2010). Advanced 

glycation end products increase endothelial permeability through the 

RAGE/Rho signaling pathway. FEBS Letters, 584(1), 61-66. doi: 

http://dx.doi.org/10.1016/j.febslet.2009.11.082 

Hoshiyama, M., Li, B., Yao, J., Harada, T., Morioka, T., & Oite, T. (2003). Effect of 

high glucose on nitric oxide production and endothelial nitric oxide synthase 

protein expression in human glomerular endothelial cells. Nephron Exp 

Nephrol, 95(2), e62-68. doi: 73673 

Huang, A. L., & Vita, J. A. (2006). Effects of systemic inflammation on endothelium-

dependent vasodilation. Trends Cardiovasc Med, 16(1), 15-20. doi: 

10.1016/j.tcm.2005.10.002 

Huang, Y., Liu, X. Q., Rall, S. C., Jr., Taylor, J. M., von Eckardstein, A., Assmann, G., 

& Mahley, R. W. (1998). Overexpression and accumulation of apolipoprotein 

E as a cause of hypertriglyceridemia. J Biol Chem, 273(41), 26388-26393.  

Hussain, A., Claussen, B., Ramachandran, A., & Williams, R. (2007). Prevention of 

type 2 diabetes: a review. Diabetes Res Clin Pract, 76(3), 317-326. doi: 

10.1016/j.diabres.2006.09.020 

Inoguchi, T., Battan, R., Handler, E., Sportsman, J. R., Heath, W., & King, G. L. 

(1992). Preferential elevation of protein kinase C isoform beta II and 

diacylglycerol levels in the aorta and heart of diabetic rats: differential 

reversibility to glycemic control by islet cell transplantation. Proc Natl Acad 

Sci U S A, 89(22), 11059-11063.  

Inoguchi, T., Li, P., Umeda, F., Yu, H. Y., Kakimoto, M., Imamura, M., . . . Nawata, H. 

(2000). High glucose level and free fatty acid stimulate reactive oxygen 

species production through protein kinase C--dependent activation of 

NAD(P)H oxidase in cultured vascular cells. Diabetes, 49(11), 1939-1945.  

Kanters, S. D., Banga, J. D., Algra, A., Frijns, R. C., Beutler, J. J., & Fijnheer, R. 

(2001). Plasma levels of cellular fibronectin in diabetes. Diabetes Care, 24(2), 

323-327.  

Kassab, A., & Piwowar, A. (2012). Cell oxidant stress delivery and cell dysfunction 

onset in type 2 diabetes. Biochimie, 94(9), 1837-1848. doi: 

http://dx.doi.org/10.1016/j.biochi.2012.01.020 

Kearney, P. M., Whelton, M., Reynolds, K., Whelton, P. K., & He, J. (2004). 

Worldwide prevalence of hypertension: a systematic review. J Hypertens, 

22(1), 11-19.  

Kenichi, M., Masanobu, M., Takehiko, K., Shoko, T., Akira, F., Katsushige, A., . . . 

Shigeru, K. (2004). Renal synthesis of urokinase type-plasminogen activator, 

its receptor, and plasminogen activator inhibitor-1 in diabetic nephropathy in 

rats: modulation by angiotensin-converting-enzyme inhibitor. J Lab Clin Med, 

144(2), 69-77. doi: 10.1016/j.lab.2004.04.002 

Khew-Goodall, Y., Butcher, C. M., Litwin, M. S., Newlands, S., Korpelainen, E. I., 

Noack, L. M., . . . Vadas, M. A. (1996). Chronic expression of P-selectin on 

endothelial cells stimulated by the T-cell cytokine, interleukin-3. Blood, 87(4), 

1432-1438.  

Kienast, J., Padro, T., Steins, M., Li, C. X., Schmid, K. W., Hammel, D., . . . van de 

Loo, J. C. (1998). Relation of urokinase-type plasminogen activator 

expression to presence and severity of atherosclerotic lesions in human 

coronary arteries. Thromb Haemost, 79(3), 579-586.  

Kikuchi, Y., Imakiire, T., Hyodo, T., Kushiyama, T., Higashi, K., Hyodo, N., . . . 

Miura, S. (2005). Advanced glycation end-product induces fractalkine gene 

http://dx.doi.org/10.1016/j.febslet.2009.11.082
http://dx.doi.org/10.1016/j.biochi.2012.01.020


© C
OPYRIG

HT U
PM

69 

 

upregulation in normal rat glomeruli. Nephrol Dial Transplant, 20(12), 2690-

2696. doi: 10.1093/ndt/gfi232 

Kim, J. A., Montagnani, M., Koh, K. K., & Quon, M. J. (2006). Reciprocal 

relationships between insulin resistance and endothelial dysfunction: 

molecular and pathophysiological mechanisms. Circulation, 113(15), 1888-

1904. doi: 10.1161/circulationaha.105.563213 

Kirpichnikov, D., & Sowers, J. R. (2001). Diabetes mellitus and diabetes-associated 

vascular disease. Trends Endocrinol Metab, 12(5), 225-230.  

Kizub, I. V., Klymenko, K. I., & Soloviev, A. I. (2014). Protein kinase C in enhanced 

vascular tone in diabetes mellitus. Int J Cardiol, 174(2), 230-242. doi: 

10.1016/j.ijcard.2014.04.117 

Kohei, K. (2010). Pathophysiology of type 2 diabetes and its treatment policy. Jpn Med 

Assoc, 53, 41-46.  

Kolluru, G. K., Bir, S. C., & Kevil, C. G. (2012). Endothelial dysfunction and diabetes: 

effects on angiogenesis, vascular remodeling, and wound healing. 

International journal of vascular medicine, 2012.  

Korpelainen, E. I., Gamble, J. R., Smith, W. B., Goodall, G. J., Qiyu, S., Woodcock, J. 

M., . . . Lopez, A. F. (1993). The receptor for interleukin 3 is selectively 

induced in human endothelial cells by tumor necrosis factor alpha and 

potentiates interleukin 8 secretion and neutrophil transmigration. Proc Natl 

Acad Sci U S A, 90(23), 11137-11141.  

Korshunov, S. S., Skulachev, V. P., & Starkov, A. A. (1997). High protonic potential 

actuates a mechanism of production of reactive oxygen species in 

mitochondria. FEBS Letters, 416(1), 15-18.  

Kota, S. K., Meher, L. K., Jammula, S., Kota, S. K., & Modi, K. D. (2012). Genetics of 

type 2 diabetes mellitus and other specific types of diabetes; its role in 

treatment modalities. Diabetes & Metabolic Syndrome: Clinical Research & 

Reviews, 6(1), 54-58. doi: http://dx.doi.org/10.1016/j.dsx.2012.05.014 

Kouroedov, A., Eto, M., Joch, H., Volpe, M., Lüscher, T. F., & Cosentino, F. (2004). 

Selective inhibition of protein kinase Cβ2 prevents acute effects of high 

glucose on vascular cell adhesion molecule-1 expression in human endothelial 

cells. Circulation, 110(1), 91-96.  

Kowluru, R. A. (2010). Role of matrix metalloproteinase-9 in the development of 

diabetic retinopathy and its regulation by H-Ras. Invest Ophthalmol Vis Sci, 

51(8), 4320-4326. doi: 10.1167/iovs.09-4851 

Kuboki, K., Jiang, Z. Y., Takahara, N., Ha, S. W., Igarashi, M., Yamauchi, T., . . . 

King, G. L. (2000). Regulation of endothelial constitutive nitric oxide 

synthase gene expression in endothelial cells and in vivo : a specific vascular 

action of insulin. Circulation, 101(6), 676-681.  

Kumar, A., Bharti, S. K., & Kumar, A. (2014). Type 2 Diabetes Mellitus: The 

Concerned Complications and Target Organs. Apollo Medicine, 11(3), 161-

166. doi: http://dx.doi.org/10.1016/j.apme.2014.01.009 

Laughlin, M. H., Newcomer, S. C., & Bender, S. B. (2008). Importance of 

hemodynamic forces as signals for exercise-induced changes in endothelial 

cell phenotype. Journal of Applied Physiology, 104(3), 588-600.  

Leiva, E., Mujica, V., Orrego, R., Prieto, M., & Arredondo, M. (2005). Apolipoprotein 

E polymorphism in type 2 diabetic patients of Talca, Chile. Diabetes Res Clin 

Pract, 68(3), 244-249. doi: 10.1016/j.diabres.2004.09.017 

Li, L., Crockett, E., Wang, D. H., Galligan, J. J., Fink, G. D., & Chen, A. F. (2002). 

Gene transfer of endothelial NO synthase and manganese superoxide 

dismutase on arterial vascular cell adhesion molecule-1 expression and 

http://dx.doi.org/10.1016/j.dsx.2012.05.014
http://dx.doi.org/10.1016/j.apme.2014.01.009


© C
OPYRIG

HT U
PM

70 

 

superoxide production in deoxycorticosterone acetate-salt hypertension. 

Arterioscler Thromb Vasc Biol, 22(2), 249-255.  

Lu, X., Bean, J. S., Kassab, G. S., & Rekhter, M. D. (2011). Protein kinase C inhibition 

ameliorates functional endothelial insulin resistance and vascular smooth 

muscle cell hypersensitivity to insulin in diabetic hypertensive rats. 

Cardiovasc Diabetol, 10, 48. doi: 10.1186/1475-2840-10-48 

Ma, H., Zhang, H. F., Yu, L., Zhang, Q. J., Li, J., Huo, J. H., . . . Gao, F. (2006). 

Vasculoprotective effect of insulin in the ischemic/reperfused canine heart: 

role of Akt-stimulated NO production. Cardiovasc Res, 69(1), 57-65. doi: 

10.1016/j.cardiores.2005.08.019 

Mainous, A. G., 3rd, Tanner, R. J., Baker, R., Zayas, C. E., & Harle, C. A. (2014). 

Prevalence of prediabetes in England from 2003 to 2011: population-based, 

cross-sectional study. BMJ Open, 4(6), e005002. doi: 10.1136/bmjopen-2014-

005002 

Malecki, M. T. (2005). Genetics of type 2 diabetes mellitus. Diabetes Res Clin Pract, 

68, Supplement 1(0), S10-S21. doi: 

http://dx.doi.org/10.1016/j.diabres.2005.03.003 

Matsumoto, T., Ishida, K., Nakayama, N., Kobayashi, T., & Kamata, K. (2009). 

Involvement of NO and MEK/ERK pathway in enhancement of endothelin-1-

induced mesenteric artery contraction in later-stage type 2 diabetic Goto-

Kakizaki rat. Am J Physiol Heart Circ Physiol, 296(5), H1388-1397. doi: 

10.1152/ajpheart.00043.2009 

McVeigh, G. E., Brennan, G. M., Johnston, G. D., McDermott, B. J., McGrath, L. T., 

Henry, W. R., . . . Hayes, J. R. (1992). Impaired endothelium-dependent and 

independent vasodilation in patients with type 2 (non-insulin-dependent) 

diabetes mellitus. Diabetologia, 35(8), 771-776.  

Mehta, N. N., Sheetz, M., Price, K., Comiskey, L., Amrutia, S., Iqbal, N., . . . Reilly, 

M. P. (2009). Selective PKC beta inhibition with ruboxistaurin and endothelial 

function in type-2 diabetes mellitus. Cardiovasc Drugs Ther, 23(1), 17-24. 

doi: 10.1007/s10557-008-6144-5 

Michiels, C. (2003). Endothelial cell functions. Journal of cellular physiology, 196(3), 

430-443.  

Mizutani, M., Kern, T. S., & Lorenzi, M. (1996). Accelerated death of retinal 

microvascular cells in human and experimental diabetic retinopathy. J Clin 

Invest, 97(12), 2883-2890. doi: 10.1172/jci118746 

Moore, R., Hawley, A., Sigler, R., Farris, D., Wrobleski, S., Ramacciotti, E., & Myers, 

D. (2009). Tissue Inhibitor of Metalloproteinase-1 is an Early Marker of 

Acute Endothelial Dysfunction in a Rodent Model of Venous Oxidative 

Injury. Annals of Vascular Surgery, 23(4), 498-505. doi: 

http://dx.doi.org/10.1016/j.avsg.2009.03.005 

Morigi, M., Angioletti, S., Imberti, B., Donadelli, R., Micheletti, G., Figliuzzi, M., . . . 

Remuzzi, G. (1998). Leukocyte-endothelial interaction is augmented by high 

glucose concentrations and hyperglycemia in a NF-kB-dependent fashion. 

Journal of Clinical Investigation, 101(9), 1905-1915.  

Movva, L. R., Ho, D. K., Corbet, E. F., & Leung, W. K. (2014). Type-2 diabetes 

mellitus, metabolic control, serum inflammatory factors, lifestyle, and 

periodontal status. Journal of Dental Sciences, 9(1), 1-9.  

Muniyappa, R., & Sowers, J. R. (2013). Role of insulin resistance in endothelial 

dysfunction. Rev Endocr Metab Disord, 14(1), 5-12. doi: 10.1007/s11154-

012-9229-1 

http://dx.doi.org/10.1016/j.diabres.2005.03.003
http://dx.doi.org/10.1016/j.avsg.2009.03.005


© C
OPYRIG

HT U
PM

71 

 

Nangle, M. R., Cotter, M. A., & Cameron, N. E. (2003). Protein kinase C beta 

inhibition and aorta and corpus cavernosum function in streptozotocin-diabetic 

mice. Eur J Pharmacol, 475(1-3), 99-106.  

Ning, A., Cui, J., Maberley, D., Ma, P., & Matsubara, J. (2008). Expression of integrins 

in human proliferative diabetic retinopathy membranes. Canadian Journal of 

Ophthalmology/Journal Canadien d'Ophtalmologie, 43(6), 683-688.  

Nishikawa, T., Edelstein, D., Du, X. L., Yamagishi, S., Matsumura, T., Kaneda, Y., . . . 

Brownlee, M. (2000). Normalizing mitochondrial superoxide production 

blocks three pathways of hyperglycaemic damage. Nature, 404(6779), 787-

790. doi: 10.1038/35008121 

Nolan, C. J., Damm, P., & Prentki, M. (2011). Type 2 diabetes across generations: 

from pathophysiology to prevention and management. Lancet, 378(9786), 

169-181. doi: 10.1016/s0140-6736(11)60614-4 

Nomiyama, T., Igarashi, Y., Taka, H., Mineki, R., Uchida, T., Ogihara, T., . . . Watada, 

H. (2004). Reduction of insulin-stimulated glucose uptake by peroxynitrite is 

concurrent with tyrosine nitration of insulin receptor substrate-1. Biochemical 

and Biophysical Research Communications, 320(3), 639-647. doi: 

http://dx.doi.org/10.1016/j.bbrc.2004.06.019 

Okon, E. B., Chung, A. W., Rauniyar, P., Padilla, E., Tejerina, T., McManus, B. M., . . 

. van Breemen, C. (2005). Compromised arterial function in human type 2 

diabetic patients. Diabetes, 54(8), 2415-2423.  

Okouchi, M., Okayama, N., Imai, S., Omi, H., Shimizu, M., Fukutomi, T., & Itoh, M. 

(2002). High insulin enhances neutrophil transendothelial migration through 

increasing surface expression of platelet endothelial cell adhesion molecule-1 

via activation of mitogen activated protein kinase. Diabetologia, 45(10), 1449-

1456. doi: 10.1007/s00125-002-0902-x 

Olukman, M., Orhan, C. E., Celenk, F. G., & Ulker, S. (2010). Apocynin restores 

endothelial dysfunction in streptozotocin diabetic rats through regulation of 

nitric oxide synthase and NADPH oxidase expressions. J Diabetes 

Complications, 24(6), 415-423. doi: 10.1016/j.jdiacomp.2010.02.001 

Park, K., Gross, M., Lee, D.-H., Holvoet, P., Himes, J. H., Shikany, J. M., & Jacobs, D. 

R. (2009). Oxidative Stress and Insulin Resistance: The Coronary Artery Risk 

Development in Young Adults study. Diabetes Care, 32(7), 1302-1307. doi: 

10.2337/dc09-0259 

Peppa, M., & Vlassara, H. (2005). Advanced glycation end products and diabetic 

complications: a general overview. Hormones (Athens), 4(1), 28-37.  

Perticone, F., Sciacqua, A., Scozzafava, A., Ventura, G., Laratta, E., Pujia, A., . . . 

Sesti, G. (2004). Impaired endothelial function in never-treated hypertensive 

subjects carrying the Arg972 polymorphism in the insulin receptor substrate-1 

gene. J Clin Endocrinol Metab, 89(7), 3606-3609. doi: 10.1210/jc.2003-

032161 

Pfeiffer, A., Middelberg-Bisping, K., Drewes, C., & Schatz, H. (1996). Elevated 

plasma levels of transforming growth factor-beta 1 in NIDDM. Diabetes Care, 

19(10), 1113-1117.  

Pieper, G. M. (1997). Activation of nuclear factor-κB in cultured endothelial cells by 

increased glucose concentration: prevention by calphostin C. J Cardiovasc 

Pharmacol, 30(4), 528-532.  

Quagliaro, L., Piconi, L., Assaloni, R., Martinelli, L., Motz, E., & Ceriello, A. (2003). 

Intermittent high glucose enhances apoptosis related to oxidative stress in 

human umbilical vein endothelial cells the role of protein kinase C and NAD 

(P) H-oxidase activation. Diabetes, 52(11), 2795-2804.  

http://dx.doi.org/10.1016/j.bbrc.2004.06.019


© C
OPYRIG

HT U
PM

72 

 

Rajecki, M., Pajunen, P., Jousilahti, P., Rasi, V., Vahtera, E., & Salomaa, V. (2005). 

Hemostatic factors as predictors of stroke and cardiovascular diseases: the 

FINRISK '92 Hemostasis Study. Blood Coagul Fibrinolysis, 16(2), 119-124.  

Ramachandran, A., Ma, R. C. W., & Snehalatha, C. (2010). Diabetes in Asia. The 

Lancet, 375(9712), 408-418.  

Rampal, S., Rampal, L., Rahmat, R., Zain, A. M., Yap, Y. G., Mohamed, M., & Taha, 

M. (2010). Variation in the prevalence, awareness, and control of diabetes in a 

multiethnic population: a nationwide population study in Malaysia. Asia Pac J 

Public Health, 22(2), 194-202. doi: 10.1177/1010539509334816 

Randriamboavonjy, V., Pistrosch, F., Bolck, B., Schwinger, R. H., Dixit, M., 

Badenhoop, K., . . . Fleming, I. (2008). Platelet sarcoplasmic endoplasmic 

reticulum Ca2+-ATPase and mu-calpain activity are altered in type 2 diabetes 

mellitus and restored by rosiglitazone. Circulation, 117(1), 52-60. doi: 

10.1161/circulationaha.107.719807 

Rask-Madsen, C., & King, G. L. (2007). Mechanisms of disease: endothelial 

dysfunction in insulin resistance and diabetes. Nature Clinical Practice 

Endocrinology & Metabolism, 3(1), 46-56.  

Rask-Madsen, C., Li, Q., Freund, B., Feather, D., Abramov, R., Wu, I. H., . . . King, G. 

L. (2010). Loss of insulin signaling in vascular endothelial cells accelerates 

atherosclerosis in apolipoprotein E null mice. Cell metabolism, 11(5), 379-

389. doi: 10.1016/j.cmet.2010.03.013 

Rattan, V., Shen, Y., Sultana, C., Kumar, D., & Kalra, V. K. (1996). Glucose-induced 

transmigration of monocytes is linked to phosphorylation of PECAM-1 in 

cultured endothelial cells. Am J Physiol, 271(4 Pt 1), E711-717.  

Reynolds, A. R., Reynolds, L. E., Nagel, T. E., Lively, J. C., Robinson, S. D., Hicklin, 

D. J., . . . Hodivala-Dilke, K. M. (2004). Elevated Flk1 (vascular endothelial 

growth factor receptor 2) signaling mediates enhanced angiogenesis in β3-

integrin–deficient mice. Cancer Research, 64(23), 8643-8650.  

Roberts, A. C., & Porter, K. E. (2013). Cellular and molecular mechanisms of 

endothelial dysfunction in diabetes. Diab Vasc Dis Res, 10(6), 472-482. doi: 

10.1177/1479164113500680 

Rohwedder, I., Montanez, E., Beckmann, K., Bengtsson, E., Duner, P., Nilsson, J., . . . 

Fassler, R. (2012). Plasma fibronectin deficiency impedes atherosclerosis 

progression and fibrous cap formation. EMBO Mol Med, 4(7), 564-576. doi: 

10.1002/emmm.201200237 

Rolo, A. P., & Palmeira, C. M. (2006). Diabetes and mitochondrial function: Role of 

hyperglycemia and oxidative stress. Toxicology and Applied Pharmacology, 

212(2), 167-178. doi: http://dx.doi.org/10.1016/j.taap.2006.01.003 

Romao, I., & Roth, J. (2008). Genetic and Environmental Interactions in Obesity and 

Type 2 Diabetes. Journal of the American Dietetic Association, 108(4), S24-

S28. doi: 10.1016/j.jada.2008.01.022 

Roth, T., Podestá, F., Stepp, M. A., Boeri, D., & Lorenzi, M. (1993). Integrin 

overexpression induced by high glucose and by human diabetes: potential 

pathway to cell dysfunction in diabetic microangiopathy. Proc Natl Acad Sci 

U S A, 90(20), 9640-9644.  

Ruberg, F. L., Leopold, J. A., & Loscalzo, J. (2002). Atherothrombosis: plaque 

instability and thrombogenesis. Prog Cardiovasc Dis, 44(5), 381-394.  

Schafer, A., Schulz, C., Fraccarollo, D., Tas, P., Leutke, M., Eigenthaler, M., . . . 

Bauersachs, J. (2007). The CX3C chemokine fractalkine induces vascular 

dysfunction by generation of superoxide anions. Arterioscler Thromb Vasc 

Biol, 27(1), 55-62. doi: 10.1161/01.atv.0000251535.30191.60 

http://dx.doi.org/10.1016/j.taap.2006.01.003


© C
OPYRIG

HT U
PM

73 

 

Schalkwijk, C. G., & Stehouwer, C. D. (2005). Vascular complications in diabetes 

mellitus: the role of endothelial dysfunction. Clin Sci (Lond), 109(2), 143-159. 

doi: 10.1042/cs20050025 

Schulze, P. C., Yoshioka, J., Takahashi, T., He, Z., King, G. L., & Lee, R. T. (2004). 

Hyperglycemia promotes oxidative stress through inhibition of thioredoxin 

function by thioredoxin-interacting protein. J Biol Chem, 279(29), 30369-

30374. doi: 10.1074/jbc.M400549200 

Selvaraju, V., Joshi, M., Suresh, S., Sanchez, J. A., Maulik, N., & Maulik, G. (2012). 

Diabetes, oxidative stress, molecular mechanism, and cardiovascular disease--

an overview. Toxicol Mech Methods, 22(5), 330-335. doi: 

10.3109/15376516.2012.666648 

Sena, C. M., Pereira, A. M., & Seiça, R. (2013). Endothelial dysfunction — A major 

mediator of diabetic vascular disease. Biochimica et Biophysica Acta (BBA) - 

Molecular Basis of Disease, 1832(12), 2216-2231. doi: 

http://dx.doi.org/10.1016/j.bbadis.2013.08.006 

Sharma, V., & PL, S. (2013). Role of Different Molecular Pathways in the 

Development of Diabetes-Induced Nephropathy. J Diabetes Metab, S9(004). 

doi: 10.4172/2155-6156.S9-004 

Sigala, F., Vourliotakis, G., Georgopoulos, S., Kavantzas, N., Papalambros, E., 

Agapitos, M., & Bastounis, E. (2003). Vascular endothelial cadherin 

expression in human carotid atherosclerotic plaque and its relationship with 

plaque morphology and clinical data. Eur J Vasc Endovasc Surg, 26(5), 523-

528.  

Simpson, R. W., Shaw, J. E., & Zimmet, P. Z. (2003). The prevention of type 2 

diabetes--lifestyle change or pharmacotherapy? A challenge for the 21st 

century. Diabetes Res Clin Pract, 59(3), 165-180.  

Solowiej, A., Biswas, P., Graesser, D., & Madri, J. A. (2003). Lack of platelet 

endothelial cell adhesion molecule-1 attenuates foreign body inflammation 

because of decreased angiogenesis. Am J Pathol, 162(3), 953-962. doi: 

10.1016/s0002-9440(10)63890-4 

Song, K. H., Park, J., Park, J. H., Natarajan, R., & Ha, H. (2013). Fractalkine and its 

receptor mediate extracellular matrix accumulation in diabetic nephropathy in 

mice. Diabetologia, 56(7), 1661-1669. doi: 10.1007/s00125-013-2907-z 

 

Song, P., Wu, Y., Xu, J., Xie, Z., Dong, Y., Zhang, M., & Zou, M. H. (2007). Reactive 

nitrogen species induced by hyperglycemia suppresses Akt signaling and 

triggers apoptosis by upregulating phosphatase PTEN (phosphatase and tensin 

homologue deleted on chromosome 10) in an LKB1-dependent manner. 

Circulation, 116(14), 1585-1595. doi: 10.1161/circulationaha.107.716498 

Srinivasan, V., Sandhya, N., Sampathkumar, R., Farooq, S., Mohan, V., & 

Balasubramanyam, M. (2007). Glutamine fructose-6-phosphate 

amidotransferase (GFAT) gene expression and activity in patients with type 2 

diabetes: inter-relationships with hyperglycaemia and oxidative stress. Clin 

Biochem, 40(13-14), 952-957. doi: 10.1016/j.clinbiochem.2007.05.002 

Steinberg, H. O., Chaker, H., Leaming, R., Johnson, A., Brechtel, G., & Baron, A. D. 

(1996). Obesity/insulin resistance is associated with endothelial dysfunction. 

Implications for the syndrome of insulin resistance. J Clin Invest, 97(11), 

2601-2610. doi: 10.1172/jci118709 

Stevens, H. Y., Melchior, B., Bell, K. S., Yun, S., Yeh, J. C., & Frangos, J. A. (2008). 

PECAM-1 is a critical mediator of atherosclerosis. Dis Model Mech, 1(2-3), 

175-181; discussion 179. doi: 10.1242/dmm.000547 

http://dx.doi.org/10.1016/j.bbadis.2013.08.006


© C
OPYRIG

HT U
PM

74 

 

Stoynev, N., Dimova, I., Rukova, B., Hadjidekova, S., Nikolova, D., Toncheva, D., & 

Tankova, T. (2014). Gene expression in peripheral blood of patients with 

hypertension and patients with type 2 diabetes. J Cardiovasc Med 

(Hagerstown), 15(9), 702-709. doi: 10.2459/JCM.0b013e32835dbcc8 

Su, Y., Liu, X.-M., Sun, Y.-M., Wang, Y.-Y., Luan, Y., & Wu, Y. (2008). Endothelial 

Dysfunction in Impaired Fasting Glycemia, Impaired Glucose Tolerance, and 

Type 2 Diabetes Mellitus. The American Journal of Cardiology, 102(4), 497-

498. doi: http://dx.doi.org/10.1016/j.amjcard.2008.03.087 

Tabit, C. E., Chung, W. B., Hamburg, N. M., & Vita, J. A. (2010). Endothelial 

dysfunction in diabetes mellitus: molecular mechanisms and clinical 

implications. Rev Endocr Metab Disord, 11(1), 61-74. doi: 10.1007/s11154-

010-9134-4 

Takamura, T., Sakurai, M., Ota, T., Ando, H., Honda, M., & Kaneko, S. (2004). Genes 

for systemic vascular complications are differentially expressed in the livers of 

type 2 diabetic patients. Diabetologia, 47(4), 638-647. doi: 10.1007/s00125-

004-1366-y 

Tan, K. C., Chow, W. S., Ai, V. H., Metz, C., Bucala, R., & Lam, K. S. (2002). 

Advanced glycation end products and endothelial dysfunction in type 2 

diabetes. Diabetes Care, 25(6), 1055-1059.  

Taye, A., Saad, A. H., Kumar, A. H., & Morawietz, H. (2010). Effect of apocynin on 

NADPH oxidase-mediated oxidative stress-LOX-1-eNOS pathway in human 

endothelial cells exposed to high glucose. Eur J Pharmacol, 627(1-3), 42-48. 

doi: 10.1016/j.ejphar.2009.10.045 

Tesauro, M., & Cardillo, C. (2011). Obesity, blood vessels and metabolic syndrome. 

Acta Physiol (Oxf), 203(1), 279-286. doi: 10.1111/j.1748-1716.2011.02290.x 

Tesauro, M., Rizza, S., Iantorno, M., Campia, U., Cardillo, C., Lauro, D., . . . Quon, M. 

J. (2007). Vascular, metabolic, and inflammatory abnormalities in 

normoglycemic offspring of patients with type 2 diabetes mellitus. 

Metabolism, 56(3), 413-419. doi: 10.1016/j.metabol.2006.10.026 

Thum, T., Haverich, A., & Borlak, J. (2000). Cellular dedifferentiation of endothelium 

is linked to activation and silencing of certain nuclear transcription factors: 

implications for endothelial dysfunction and vascular biology. Faseb j, 14(5), 

740-751.  

Ting, H. H., Timimi, F. K., Boles, K. S., Creager, S. J., Ganz, P., & Creager, M. A. 

(1996). Vitamin C improves endothelium-dependent vasodilation in patients 

with non-insulin-dependent diabetes mellitus. Journal of Clinical 

Investigation, 97(1), 22.  

Tiwari, B. K., Pandey, K. B., Abidi, A. B., & Rizvi, S. I. (2013). Markers of Oxidative 

Stress during Diabetes Mellitus. Journal of Biomarkers, 2013, 8. doi: 

10.1155/2013/378790 

Tusié Luna, & Teresa, M. (2005). Genes and Type 2 Diabetes Mellitus. Archives of 

Medical Research, 36(3), 210-222. doi: 

http://dx.doi.org/10.1016/j.arcmed.2005.03.004 

van den Oever, I. A., Raterman, H. G., Nurmohamed, M. T., & Simsek, S. (2010). 

Endothelial dysfunction, inflammation, and apoptosis in diabetes mellitus. 

Mediators Inflamm, 2010, 792393. doi: 10.1155/2010/792393 

van Haeften, T. W. (2002). Early disturbances in insulin secretion in the development 

of type 2 diabetes mellitus. Mol Cell Endocrinol, 197(1-2), 197-204.  

von der Thusen, J. H., Kuiper, J., van Berkel, T. J., & Biessen, E. A. (2003). 

Interleukins in atherosclerosis: molecular pathways and therapeutic potential. 

Pharmacol Rev, 55(1), 133-166. doi: 10.1124/pr.55.1.5 

http://dx.doi.org/10.1016/j.amjcard.2008.03.087
http://dx.doi.org/10.1016/j.arcmed.2005.03.004


© C
OPYRIG

HT U
PM

75 

 

Wang, Y., Cheng, K. K., Lam, K. S., Wu, D., Wang, Y., Huang, Y., . . . Xu, A. (2011). 

APPL1 counteracts obesity-induced vascular insulin resistance and endothelial 

dysfunction by modulating the endothelial production of nitric oxide and 

endothelin-1 in mice. Diabetes, 60(11), 3044-3054. doi: 10.2337/db11-0666 

Weisensee, D., Bereiter-Hahn, J., Schoeppe, W., & Low-Friedrich, I. (1993). Effects of 

cytokines on the contractility of cultured cardiac myocytes. Int J 

Immunopharmacol, 15(5), 581-587.  

Williams, S. B., Cusco, J. A., Roddy, M.-A., Johnstone, M. T., & Creager, M. A. 

(1996). Impaired nitric oxide-mediated vasodilation in patients with non-

insulin-dependent diabetes mellitus. J Am Coll Cardiol, 27(3), 567-574.  

Williamson, J. R., Chang, K., Frangos, M., Hasan, K. S., Ido, Y., Kawamura, T., . . . 

Tilton, R. G. (1993). Hyperglycemic pseudohypoxia and diabetic 

complications. Diabetes, 42(6), 801-813.  

Wojta, J., Hoover, R. L., & Daniel, T. O. (1989). Vascular origin determines 

plasminogen activator expression in human endothelial cells. Renal 

endothelial cells produce large amounts of single chain urokinase type 

plasminogen activator. J Biol Chem, 264(5), 2846-2852.  

Wong, B. W., Wong, D., & McManus, B. M. (2002). Characterization of fractalkine 

(CX3CL1) and CX3CR1 in human coronary arteries with native 

atherosclerosis, diabetes mellitus, and transplant vascular disease. Cardiovasc 

Pathol, 11(6), 332-338.  

Wong, W. T., Wong, S. L., Tian, X. Y., & Huang, Y. (2010). Endothelial dysfunction: 

the common consequence in diabetes and hypertension. J Cardiovasc 

Pharmacol, 55(4), 300-307.  

Xu, J., & Zou, M.-H. (2009). Molecular Insights and Therapeutic Targets for Diabetic 

Endothelial Dysfunction. Circulation, 120(13), 1266-1286. doi: 

10.1161/CIRCULATIONAHA.108.835223 

Xu, Y., Wang, S., Feng, L., Zhu, Q., Xiang, P., & He, B. (2010). Blockade of PKC-

beta protects HUVEC from advanced glycation end products induced 

inflammation. International immunopharmacology, 10(12), 1552-1559. doi: 

http://dx.doi.org/10.1016/j.intimp.2010.09.006 

Yaghoubi, A. R., Kargar, F., & Khaki-Khatibi, F. (2016). Association of Fibronectin, 

Leptin and LDL-Oxide Serum Levels With Coronary Artery Disease in Non-

smoker and Non-diabetic Patients. Crescent Journal of Medical and 

Biological Sciences, 3(1), 23–27.  

Yang, Z., & Li, J.-C. (2008). Stimulation of endothelin-1 gene expression by insulin 

via phosphoinositide-3 kinase–glycogen synthase kinase-3β signaling in 

endothelial cells. Life Sciences, 82(9–10), 512-518. doi: 

http://dx.doi.org/10.1016/j.lfs.2007.12.005 

Yener, S., Comlekci, A., Akinci, B., Akan, P., Demir, T., Bayraktar, F., & Yesil, S. 

(2008). Serum transforming growth factor-beta 1 levels in normoalbuminuric 

and normotensive patients with type 2 diabetes. Effect of metformin and 

rosiglitazone. Hormones (Athens), 7(1), 70-76.  

Yildirim, N., Sahin, A., Erol, N., Kara, S., Uslu, S., & Topbas, S. (2008). The 

relationship between plasma MMP-9 and TIMP-2 levels and intraocular 

pressure elevation in diabetic patients after intravitreal triamcinolone 

injection. J Glaucoma, 17(4), 253-256. doi: 10.1097/IJG.0b013e31815c3a07 

Yoon, K. H., Lee, J. H., Kim, J. W., Cho, J. H., Choi, Y. H., Ko, S. H., . . . Son, H. Y. 

(2006). Epidemic obesity and type 2 diabetes in Asia. Lancet, 368(9548), 

1681-1688. doi: 10.1016/s0140-6736(06)69703-1 

http://dx.doi.org/10.1016/j.intimp.2010.09.006
http://dx.doi.org/10.1016/j.lfs.2007.12.005


© C
OPYRIG

HT U
PM

76 

 

Yu, Q., Gao, F., & Ma, X. L. (2011). Insulin says NO to cardiovascular disease. 

Cardiovasc Res, 89(3), 516-524. doi: 10.1093/cvr/cvq349 

Zaghloul, A., Al-Bukhari, T. A., Al-Pakistani, H. A., Shalaby, M., Halawani, S. H., 

Bajuaifer, N., & Teama, S. H. (2014). Soluble endothelial protein C receptor 

and high sensitivity C reactive protein levels as markers of endothelial 

dysfunction in patients with type 1 and type 2 diabetes mellitus: Their role in 

the prediction of vascular complications. Diabetes Res Clin Pract, 106(3), 

597-604. doi: 10.1016/j.diabres.2014.09.007 

Zeng, G., Nystrom, F. H., Ravichandran, L. V., Cong, L. N., Kirby, M., Mostowski, H., 

& Quon, M. J. (2000). Roles for insulin receptor, PI3-kinase, and Akt in 

insulin-signaling pathways related to production of nitric oxide in human 

vascular endothelial cells. Circulation, 101(13), 1539-1545.  

Zerón, H. M., Páez, A., Zapata, E., Massó, F., & Montaño, L. F. (2010). HUVECs from 

newborns with a strong family history of diabetes show increased apoptosis by 

flow cytometry with annexin V. Diabetes & Metabolic Syndrome: Clinical 

Research & Reviews, 4(3), 168-173. doi: 

http://dx.doi.org/10.1016/j.dsx.2010.05.013 

Zhang, H., Dellsperger, K., & Zhang, C. (2011). The link between metabolic 

abnormalities and endothelial dysfunction in type 2 diabetes: an update. Basic 

Research in Cardiology, 107(1), 1-11. doi: 10.1007/s00395-011-0237-1 

Zhang, J., Patel, J. M., Li, Y. D., & Block, E. R. (1997). Proinflammatory cytokines 

downregulate gene expression and activity of constitutive nitric oxide 

synthase in porcine pulmonary artery endothelial cells. Res Commun Mol 

Pathol Pharmacol, 96(1), 71-87.  

Zhang, L., Gong, D., Li, S., & Zhou, X. (2012). Meta-analysis of the effects of statin 

therapy on endothelial function in patients with diabetes mellitus. 

Atherosclerosis, 223(1), 78-85. doi: 10.1016/j.atherosclerosis.2012.01.031 

Zhou, Y. J., Wang, J. H., Li, L., Yang, H. W., Wen de, L., & He, Q. C. (2007). 

Expanding expression of the 5-lipoxygenase/leukotriene B4 pathway in 

atherosclerotic lesions of diabetic patients promotes plaque instability. 

Biochem Biophys Res Commun, 363(1), 30-36. doi: 

10.1016/j.bbrc.2007.08.134 

Zumbach, M., Hofmann, M., Borcea, V., Luther, T., Kotzsch, M., Muller, M., . . . 

Nawroth, P. P. (1997). Tissue factor antigen is elevated in patients with 

microvascular complications of diabetes mellitus. Exp Clin Endocrinol 

Diabetes, 105(4), 206-212. doi: 10.1055/s-0029-1211753 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1016/j.dsx.2010.05.013

	Binder1
	11
	COPY RIGHT
	dedicated
	Blank Page

	Pages from C1
	CHAPTER



