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ABSTRACT 

Diabetes complications represents a major healthcare burden associated with the treatment of 

diabetes. Despite advances in new therapies for controlling hyperglycemia, the burden associated with 

diabetic complications remains high, especially in relation to cardiovascular and renal complications. It 

is a global burden due to the various evidence which shows it can develop to metabolic disorders when 

this group of disease is not properly managed. Although the duration of diabetes mellitus influences the 

development of complications, it is known that some patients are more susceptible to complications than 

others. Patients with diabetes have an approximately two- to fourfold increased risk of coronary heart 

diseases. Neuropathic pain is the most common chronic complication of diabetes mellitus. The 

mechanisms involved in the development of diabetic neuropathy include changes in the blood vessels 

that supply the peripheral nerves; metabolic disorders, such as the enhanced activation of the polyol 

pathway; myo-inositol depletion; and increased non-enzymatic glycation. The DAG-PKC pathway 

contributes to vascular function in many ways such as the regulation of endothelial permeability, 

vasoconstriction, extracellular matrix synthesis/turnover, cell growth, angiogenesis, cytokine activation, 

and leukocyte adhesion. Hyperglycemia has been shown to be the major risk factor responsible for the 

development and progression of microvascular complications of diabetes. The potential severity of 

increasing prevalence rate of diabetes in developing countries may be translated into severe economic 

burden, high morbidity and mortality rates that will surpass the ravages. 
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1.  INTRODUCTION 

 

Diabetes mellitus (DM) is a group of metabolic disorders characterized by a chronic 

hyperglycemic condition resulting from defects in insulin secretion, insulin action or both. 

Permanent neonatal diabetes is caused by glucokinase deficiency, and is an inborn error of the 

glucose-insulin signaling pathway (Njolstad et al., 2003). The prevalence of diabetes is 

increasing rapidly worldwide and the World Health Organization has predicted that by 2030 

the number of adults with diabetes would have almost doubled worldwide, from 177 million in 

2000 to 370 million. Experts project that the incidence of diabetes is set to soar by 64% by 

2025, meaning that a staggering 53.1 million citizens will be affected by the disease (Rowley 

and Bezold 2012). The estimated worldwide prevalence of diabetes among adults in 2010 was 

285 million (6.4%) and this value is predicted to rise to around 439 million (7.7%) by 2030 

(Shaw et al., 2010). There are two main types of diabetes mellitus:  

i) Type 1 diabetes, also called insulin dependent diabetes mellitus (IDDM), which is caused by 

lack of insulin secretion by beta cells of the pancreas and  

ii) Type 2 diabetes, also called non-insulin dependent diabetes mellitus (NIDDM), which is 

caused by decreased sensitivity of target tissues to insulin. In both types of DM, metabolism of 

all the main foodstuffs is altered. The basic effect of insulin lacks or insulin resistance on 

glucose metabolism is to prevent the efficient uptake and utilization of glucose by most cells of 

the body, except those of the brain (Guyton and Hall, 2006). As a result of this, blood glucose 

concentration increases, cell utilization of glucose falls increasingly lower and utilization of 

fats and proteins increases (Guyton and Hall, 2006). 

The development of diabetic complications is a major cause of morbidity and mortality 

and is an ever-increasing burden to healthcare authorities in both developed and developing 

nations. DM is a syndrome of chronic hyperglycemia due relative insulin deficiency, resistance 

or both. If the mortality of diabetics is examined closely it is obvious that only 1% of diabetics 

die in coma, while the majority suffer from and die of complications developed in DM. Thus, 

rational therapy needs an understanding of the development of complications. The pathogenesis 

of diabetic complications is a complex process in which the α-oxoaldehydes are of special 

importance. Although the duration of diabetes mellitus influences the development of 

complications, it is known that some patients are more susceptible to complications than others. 

The genetic influence on the development of complications occurring in diabetes mellitus was 

suggested a long time ago. Moreover, a relationship has been described between the glyoxalase 

genotypes and diabetic complications. The function of glyoxalases is to eliminate α-

oxoaldehydes (mainly methylglyoxal). The present view of the development of possible 

complications in diabetes mellitus follows the sequence of events ending up with the 

pathological role of α-oxoaldehydes and their elimination (Stumvoll et al., 2005). The 

complications of diabetes mellitus damage involve many types of tissue including nerves, skin, 

retina, kidney, heart, and brain. The most common pathologies of microvessel complications 

occurs in the diabetic retina and kidney. Macrovascular diseases occur in the large peripheral 

arteries, the vascular abnormalities of diabetes can alter all the important functions vascular 
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complications including nutrient delivery, defense against foreign agents, homeostasis, and 

repair of injury. 

 

 

2.  ANALYSIS AND RESULT 

Genetics of cardiovascular complications in Diabetes  

Patients with diabetes have an approximately two- to fourfold increased risk of coronary 

heart diseases (Laakso, 2010). In a recent meta-analysis, the association between diabetes and 

incident cardiovascular disease was most notable for peripheral artery disease, ischemic stroke, 

stable angina, heart failure and coronary heart disease (Shah, 2015). In the United Kingdom 

Prospective Diabetes Study, clinical risk factors associated with the development of coronary 

heart disease in diabetes were elevated low-density lipoprotein cholesterol, reduced high 

density lipoprotein (HDL) cholesterol, elevated triglyceride, glycated hemoglobin, systolic 

blood pressure, fasting blood glucose and smoking (Shah et al., 2015). Although hyperglycemia 

plays an important role in the development of vascular complications in patients with both type 

1 and type 2 diabetes, recent insights from clinical trials suggest a different risk–benefit ratio 

with regard to the role of intensive glucose lowering and the prevention of cardiovascular 

complications.  

 
Figure 1. The key role of genetics and epigenetics in modulating the pathogenesis of diabetic 

cardiovascular and renal complications. 

Source: (Ronald, 2016). 
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In the Diabetes Control and Complications Trial/Epidemiology of Diabetic Interventions 

and Complications study carried out in patients with type 1 diabetes mellitus, intensive glucose 

lowering was associated with a reduction in cardiovascular events in the post-trial follow-up 

period (Nathan et al., 2008).  

Meta-analysis of glucose-lowering trials in type 2 diabetes suggested a small reduction in 

coronary heart disease with intensive glucose lowering, and the beneficial effects of glucose 

lowering on coronary heart disease might only emerge after a prolonged period of follow up 

(Holman et al., 2008). Multidisciplinary approaches targeting multiple cardio-metabolic risk 

factors have been shown to reduce the development of cardiovascular complications (Gaede et 

al., 2008). Hence, early identification of at-risk individuals and implementation of early 

multifactorial risk factors management might be required to reduce the burden associated with 

coronary heart disease in diabetes. 

The above illustration (Figure 1) explains the key role of genetics and epigenetics in 

modulating the pathogenesis of diabetic cardiovascular and renal complications. Although 

hyperglycemia is the hallmark metabolic abnormality in type 1 diabetes, the metabolic milieu 

in type 2 diabetes is characterized by hyperglycemia and insulin resistance, often with 

coexisting hyperlipidemia and hypertension, advanced glycation end-products(AGE), platelet-

derived growth factor(PDGF); RAS, renin–angiotensin system, vascular endothelial growth 

factor(VEGF). 

 

Pathophysiological aspects of diabetic nephropathy 

Diabetes involves functional and structural kidney alterations that induce proteinuria at 

variable magnitudes, ranging from micrograms to several grams per day. Diabetic 

nephropathy(DN) is accompanied by persistent albumin urinary excretion or microalbuminuria, 

which is defined as the loss of urinary albumin ranging from 20 to 199 μg/min or 30 to 299 

mg/d on two different occasions and when the albumin/creatinine ratio is 30-299 mg/g in an 

isolated urine sample (Tuttle et al., 2014). In type 1 diabetes, albumin urinary excretion should 

be quantified on an annual basis, from the fifth year following diagnosis onwards; in type 2 

diabetes, given the difficulty to accurately state its onset, measurement is preferable from the 

moment the disease is diagnosed (Gonzalez et al., 2013). In one study, the prevalence of 

microalbuminuria in patients with type 2 diabetes was 24.9% after a ten-year follow-up, but 

30% of patients with type 2 diabetes and no micro-albuminuria developed diabetic nephropathy. 

 

Anatomical and pathophysiological aspects of diabetic nephropathy 

Diabetes involves functional and structural kidney alterations that induce proteinuria at 

variable magnitudes, ranging from micrograms to several grams per day (Tuttle et al., 2014). 

The risk of developing chronic kidney disease is related to albumin urinary excretion, and early 

treatment with renin-angiotenin-aldosterone system (RAAS) inhibitors is important due to the 

beneficial renal and systemic effects (Gonzalez et al., 2013). Diabetic nephropathy is 

accompanied by persistent albumin urinary excretion or microalbuminuria, which is defined as 

the loss of urinary albumin ranging from 20 to 199 μg/min or 30 to 299 mg/d on two different 

occasions and when the albumin/creatinine ratio is 30-299 mg/g in an isolated urine sample. 

From the pathologic point of view, type 1 and type 2 diabetes induce common kidney lesions. 

These lesions were characterized in type 1 diabetes. In type 2 diabetes, the kidney histology 

and course have special features, associated with co morbidities such as hypertension, vascular 
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diseases, ageing and obesity (Tuttle et al., 2014). Five years after diabetes diagnosis, there is 

hyperfiltration, microalbuminuria, glomerulomegaly, glomerular basal membrane (GBM) 

thickening and alteration of podocytes. Subsequently, the extracellular matrix (ECM) is 

deposited in the mesangium. Approximately ten years later, proteinuria and hypertension are 

evident, and GF becomes progressively impaired (Ruggenenti et al., 1998). Within a period of 

20 to 25 years, sclerosis is advanced, there is tubulointerstitial fibrosis and CKD progresses to 

end-stage phases (Ekinci et al., 2013). 

 

The role of Vascular endothelial growth factor (VEGF)-A in diabetic nephropathy 

VEGF-A is a potent angiogenic factor related to normal and pathological angiogenesis. 

It promotes the proliferation, differentiation and migration of endothelial cells; it induces 

vasodilation and increases vascular permeability (Tufro and Veron, 2014). It plays an important 

role in kidney development; in the adult kidney, it is secreted by podocytes and is essential for 

the maintenance of the GFB. It acts through tyrosine-kinase receptors, which are known as 

VEGF receptor 1 and 2 (VEGFR1 and 2) (Tufro and Veron, 2014). VEGFR2 is expressed in 

endothelial cells and podocytes; it is related to the most important signals of VEGF-A1 (Tufro 

and Veron, 2014). Two co-receptors called neuropilins 1 and 2 amplify the VEGFR2 signal 

(Tufro and Veron, 2014).  

There is evidence that glucose directly and indirectly stimulates VEGF-A expression in 

podocytes through angiotensin II and TGF-Beta (Campbell et al., 2011). Glucose plays a very 

important role in diabetic nephropathy pathophysiogenesis. In a 30-year follow-up study, 

proteinuria, glomerular filtration and hypertension showed an improvement in patients with 

type 1 diabetes when there was better glycaemic control (De Boer., 2014). With a higher control 

of hyperglycemia, Hyperglycemia increases renin and angiotensinogen expression in mesangial 

cells (Campbell et al., 2011). Mesangial cells and podocytes synthesize angiotensin II and 

express angiotensin receptors (Campbell et al., 2011). The increase in angiotensin II stimulates 

the expression of TGF-Beta, VEGF-A, connective tissue growth factor (CTGF), interleukin 6 

and chemoattractant protein for monocytes-1 inducing expansion of the ECM and podocyte 

apoptosis (Campbell et al., 2011). 

 

VEGF-A relationships with insulin receptors, nephrin and ROS in Diabetic Nephropathy 

(DN) 

In DN, glomeruli with different lesion degrees coexist with VEGF-A expression and its 

signaling cascade have been related to glomerular changes. In biopsies of patients with diabetic 

nephropathy, there has been evidence of a higher VEGF expression in the glomeruli with 

lesions due to diabetes than in intact glomeruli. However, VEGF-bound receptor expression 

was seen to be elevated in glomeruli with mild lesions and decreased in glomeruli with 

moderate or severe compromise. A similar behavior was observed with phosphorylation of 

serine/threonine protein kinase, a protein located in the VEGF signaling cascade, which 

suggested that other factors would modulate VEGF/VEGFR activity. Furthermore, oxidative 

stress secondary to hyperglycemia may modify glycocalyx, increase ROS and advanced 

glycation end products, and alter the endothelium. In addition, protein kinase C (PKC) 

glomerular activation was associated with mesangial expansion, GBM thickening, endothelial 

dysfunction, cytokine and TGF-Beta activation (Tufro and Veron, 2014). Hyperglycaemia 

alters nephrin phosphorylation in diabetic rats and cultured podocytes exposed to high 
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concentrations of glucose. The increase in glucose and diabetes would cause higher podocyte 

apoptosis and endothelial dysfunction, partly due to a higher activation of mitogen-activated 

protein kinase and SRc homology-2-domain-containing phosphatase-1 (SHP-1) 

overexpression. 

 

Relationship between angiopoietins and VEGF-A in Diabetic Nephropathy 

Angiopoietins, which are growth factors involved in angiogenesis, have been related to 

DN (Tufro and Veron, 2014). Plasma levels of angiopoietin-2 are high in diabetic humans and 

mice, thus altering the angiopoietin-1/angiopoietin-2 ratio. Diabetic mice with lower 

angiopoietin 1 levels showed aberrant angiogenesis, hyperfiltration, glomerulomegaly and 

albuminuria, accompanied by VEGF-A and phosphorylated VEGFR2 overexpression. 

Alterations caused by reduced angiopoietin 1 were seen to be partially prevented by restoring 

its expression in podocytes of transgenic mice. These experiments show the importance of 

angiopoietins and their relationship with VEGF-A in DN pathophysiogenesis. 

 

Role of the hexosamine biosynthetic pathway in Diabetic Nephropathy 

The hexosamine biosynthetic pathway has been hypothesized to be involved in the 

development of insulin resistance and diabetic vascular complications. In particular, it was 

demonstrated that hyperglycemia-induced production of transforming growth factor-b (TGF-

b1), a prosclerotic cytokine causally involved in the development of diabetic nephropathy. 

Several lines of evidence indicate that TGF-b1 induction is mediated by the hexosamine 

pathway. In cultured mesangial cells, high glucose levels induce TGF-b1 production (Erwin 

and Cora, 2000). This effect is eliminated by inhibition of glutamine: fructose-6-phosphate 

amidotransferase (GFAT), the rate-limiting enzyme of this pathway. Furthermore, stable 

overexpression of GFAT increased levels of TGF-b1 protein, mRNA, and promoter activity. 

Inasmuch as stimulation or inhibition of GFAT increased or decreased high glucose-stimulated 

activity of protein kinase C (PKC), respectively, the observed effects appear to be transduced 

by protein kinase C (Erwin and Cora, 2000).  

In similar experiments, involvement of the hexosamine pathway in hyperglycemia-

induced production of cytokines (TGFa) and basic fibroblast growth factor (bFGF) was 

demonstrated in vascular smooth muscle cells. These studies also revealed a rapid increase in 

glutamine: fructose-6-phosphate amidotransferase activity by treatment with agents that 

elevated levels of cyclic adenosine (Kim et al., 1989), mono-phosphate (cAMP), thus indicating 

that GFAT activity is tightly regulated by cAMP-dependent phosphorylation. Using immune-

histochemistry and in hybridization, high expression of glutamine: fructose-6-phosphate 

amidotransferase (GFAT) was found in human adipocytes, skeletal muscle, vascular smooth 

muscle cells, and renal tubular epithelial cells, whereas glomerular cells remained essentially 

unstained. However, significant staining occurred in glomerular cells of patients with diabetic 

nephropathy. Current data indicate that the flux through the hexosamine pathway, regulated by 

GFAT, may be causally involved in the development of diabetic vascular disease, particularly 

diabetic nephropathy. 

During development of diabetic nephropathy, the renal arterioles, tubules, interstitium, 

and particularly the glomeruli undergo structural changes that include hyalinosis of arteriolar 

wall, thickening of the glomerular and tubular basement membranes, and extension of the 

mesangial matrix (Fioretto et al., 1995). Quantitative morphometric studies have shown that 
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the changes most closely related to the decline in renal function in type 1 and type 2 diabetes 

derived from an increase in mesangial matrix (Osterb et al., 1993). Figure 2 shows the 

hexosamine biosynthetic pathway. 

 

 
 

Figure 2. The hexosamine biosynthetic pathway 

Source: (Erwin and Cora, 2000). 

 

 

Insulin Secretion from the pancreatic beta cell 

The physiological regulation of insulin secretion from the pancreatic β-cells is now fairly 

well understood. Exocytosis of insulin granules requires an increase in intracellular calcium 

that (at least in the case of glucose-induced insulin secretion) results almost entirely from 

calcium influx through plasmalemmal voltage-gated calcium channels (Figure 3AB). Their 

opening is controlled by the ATP-sensitive potassium (KATP) channel, which plays a pivotal 

role in insulin secretion by linking cell metabolism to the membrane potential. At low plasma 

glucose levels, this channel is open and K+ efflux through the open pore keeps the membrane 

hyperpolarized, preventing electrical activity, calcium channel opening, calcium influx, and 

insulin secretion. An increase in plasma glucose leads to increased glucose uptake and 

metabolism by the β cell and thus to a rise in metabolically generated ATP and a concomitant 

fall in MgADP. These changes in adenine nucleotide concentrations close KATP channels, 

thereby initiating electrical activity, calcium influx, and insulin secretion.  
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Figure 3(A). Stimulus-secretion coupling in cuman β cells 

 

 
 Source: (Frances and Patrik, 2012). 

 

Figure 3(B). Ca2+-channel clustering and extent of (Ca2+) I domains before and after long-

term free fatty acid exposure. secretory granules (SG). 
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Sulphonylurea drugs, such as glibenclamide, also stimulate insulin secretion by closing 

KATP channels, but they do so by binding directly to the channel, thus bypassing the metabolic 

steps.  

These drugs have been used for almost 60 years to treat Type 2 diabetes mellitus and, 

more recently, certain monogenic forms of diabetes. The below diagrams shows the method of 

secretion of insulin from the pancreatic beta cells. 

Glucose metabolism also has effects downstream of KATPchannel closure and calcium 

influx that result in amplification of insulin secretion. Glucose is almost unique among nutrients 

in that it has the capacity to initiate insulin secretion. Other fuels such as amino acids and fatty 

acids enhance glucose-induced insulin secretion but generally have little stimulatory effect on 

their own.  

As a consequence, insulin secretion is dependent on glucose metabolism. Hormones and 

neurotransmitters also modulate insulin secretion, primarily by influencing the release 

competence of the insulin granules without elevating intracellular calcium.  

Current interest is focused on glucagon-like peptide-1 (GLP-1), which is released from 

gut L-cells in response to the presence of glucose and other nutrients in the gut lumen and 

potentiates insulin secretion. It stimulates β cell production of intracellular cAMP, which acts 

by PKA-dependent and PKA-independent mechanisms to amplify granule exocytosis, as well 

as by enhancing KATP-channel closure, β cell electrical activity, and calcium release from 

intracellular stores (Leech et al., 2011). Most of these effects manifest only at elevated plasma 

glucose levels, thus accounting for the glucose dependence of GLP-1-potentiated insulin 

secretion. Release of incretin hormones in the gut, such as GLP-1 and GIP, explains why an 

oral glucose challenge produces a much larger stimulation of insulin secretion than an 

intravenous glucose challenge. 

The PKA-independent effects of incretins are mediated by the cAMP-sensing protein 

Epac2 (also known as cAMP-GEFII). Recently, Epac2 was also shown to be a target of 

sulphonylureas (Zhang et al., 2009); it remains to be determined whether this effect contributes 

(together with its effect on the KATP channel) to the stimulation of insulin secretion by these 

drugs, but there is some evidence that sulphonylureas enhance exocytosis in β cells. Just as 

activation of PKA or PKC (e.g. in response to acetylcholine) enhances Ca2+-dependent 

exocytosis without further elevation of intracellular calcium, other agents (such as adrenaline 

and somatostatin) inhibit glucose stimulated insulin secretion even when intracellular calcium 

is elevated, possibly by activating the protein phosphatase calcineurin (Yang et al., 2008).  

 

Oxidative stress mediated advanced glycated end product effects 

Reactive oxygen species (ROS) are incriminated in diabetes mellitus pathogenesis. These 

free radicals are formed through non-enzymatic glycation reactions, through mitochondrial 

electron transport chain dysfunctions or through activation of hexosamines in the presence of 

hyperglycemia (Brownlee, 2005).  

Oxidative stress and the consequent activation of inflammatory and apoptotic processes 

are involved in pancreatic cell dysfunction in type 1 diabetes patients. An antioxidative 

treatment could protect insulin producing cells. In the case of type 2 diabetes, ROS are 

considered as major risk factors for developing micro and macrovascular complications.  

ROS disrupt transmission pathways between the insulin receptor and the glucose 

transport system, which leads to an onset in insulin resistance and are involved also in the 

inactivation of the two critical anti-atherosclerotic enzymes: endothelial nitric oxide and 
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prostacyclin synthase (Folli, 2011). ROS participate in the formation of advanced glycated end 

products (AGE), but also mediate AGE effects on target tissues. The connection between 

clinical complications of diabetes mellitus and oxidative stress arises from the formation of 

high doses of AGE in this metabolic disorder (Brownlee, 2005).  

AGE represent a heterogeneous class of compounds formed through non-enzymatic 

glycation, but also through protein and lipid oxidation. In the glycation reaction free amino 

group from a protein structure and reductive monosaccharide (e.g glucose) or several carbonyl 

compounds are involved. The glycation reaction is slow, reversible in the first stages and 

significant for slow turnover proteins (for example proteins composed in the structure of the 

lens). Glycation products, formed through the reaction between an aldehyde and a protein 

amino group, can be oxidized (for example by reactive oxygen species), thus generating 

advanced glycated end products (AGE).  

Examples of such products, identified in diabetes patients, are pentosidine, 

carboxymethyl lysine (CML), methylglyoxal and pyraline (Sheetz and King, 2002). The 

biochemical process of advanced glycation appears to be increased in diabetes patients, not only 

because of hyperglycemia and oxidative stress, but also because of high quantities of free fatty 

acids.  

AGE induces cross-linking processes in the structure of long lifespan proteins, such as 

collagen, modifying blood vessel structure. By binding to their specific receptors (RAGE), they 

activate intracellular signaling pathways which lead to cytokine production, responsible for the 

proinflammatory and prosclerotic effects (Inagaki et al., 2003).  

The below diagram (Figure 4) illustrates the initial oxidation of glucose with the 

formation of reactive dicarbonyl compounds which are later condensed with a proteic amino 

group represents another way of obtaining AGE. 

 
 

Figure 4. The initial oxidation of glucose with the formation of reactive dicarbonyl 

compounds which are later condensed with a proteic amino group represents  

another way of obtaining AGE. 
Source: (Inagaki, 2003). 
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General aspects of polyol pathway and aldose reductase, and their relationship to diabetic 

complications 

The polyol pathway 

The polyol pathway consists of two steps: non-phosphorylated glucose is first reduced to 

sorbitol by the enzyme, aldose reductase (AR) (alditol: NADP+ oxidoreductase (EC 1. 1. 1. 21) 

and the resulting sorbitol is then changed to fructose by sorbitol dehydrogenase (L-iditol: 

NAD+2-oxidoreductase (EC 1. 1. 1. 14). AR is one of a family of aldehyde reducing enzymes 

with a broad substrate specificity. (Cameron and Cotter, 1994). Under normal physiological 

conditions, glucose is converted to glucose- 6-phosphate by hexokinase. Saturation of 

hexokinase in the presence of excess glucose as occurs in the diabetic state results in the 

conversion of glucose to sorbitol by aldose reductase and then to fructose by sorbitol 

dehydrogenase (SDH).  

Under euglycemic conditions, the higher affinity of hexokinase for the glucose substrate 

ensures that very little sorbitol is formed. However, under hyperglycemic conditions, there is a 

considerable increase in intracellular sorbitol levels. Namely, aldose reductase has a high 

capacity and a low affinity for glucose, but sorbitol dehydrogenase (SDH) has a high affinity 

and a low capacity for sorbitol. Hence, glucose flux mediated by aldose reductase is very low 

in this pathway except during hyperglycemia, and sorbitol oxidation is relatively independent 

of the sorbitol concentration within the physiological range. The activity of this pathway in 

relation to glucose metabolism is only about 3% under normal conditions (Seino J.J, et al., 

2002). 

However, this activity increases 2-4 times in a concentration-dependent manner as the 

ambient glucose concentration rises above physiological levels. Thus, in response to 

hyperglycemia, sorbitol accumulates in complication-prone tissues that have a high capacity 

for polyol pathway enzymes and in which glucose entry is not rate-limiting for glycolysis or 

mediated by insulin. Once sorbitol has been produced, it does not easily diffuse across cell 

membranes (Wick and Cathcart, 1951). This intracellular accumulation of sorbitol may be a 

factor in the etiology of diabetic complications. 

 

AGE-Receptor (AGE-R) components 

Cell surface AGE-receptors (AGE-Rs) mediate endocytosis and degradation of AGE-

modified molecules, serving an important function in AGE catabolism and turnover. The same 

receptors as a group are also tied to signal transduction, reactive oxygen species (ROS) 

production, and release of cytokines and growth factors (Sugimoto et al., 2004). Several 

proteins are now included in this AGE ‘detoxification’ system, which is most prominent in 

mononuclear/macrophages, but also exists in endothelial, mesangial, neuronal, and other 

mesenchymal cells.  

Several proteins are now included in this AGE ‘detoxification’ system, which is most 

prominent in mononuclear/macrophages, but also exists in endothelial, mesangial, neuronal, 

and other mesenchymal cells. This protein corresponds to a 48 kD, type I integral membrane 

protein, with a typical short extracellular N-terminal domain, a single transmembrane segment, 

and a cytoplasmic C-terminal domain (Sugimoto et al., 2004). This molecule, found originally 

in the endoplasmic reticulum (ER) system, was thought to act as a stabilizing component of the 

oligosaccharyltransferase (OST) system, and was thus referred to as OST-48. 
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The role of protein kinase C activation in diabetic nephropathy 

Diabetic nephropathy is the leading cause of end-stage renal disease worldwide and an 

independent risk factor for all cause and cardiovascular mortalities in diabetic patients. New 

insights into the molecular mechanisms that underlie the development and progression of 

microvascular complications of diabetes including nephropathy are emerging rapidly from 

experimental and clinical studies. Chronic hyperglycemia is a major initiator of diabetic 

microvascular complications (Gonzalez, S. et al.,  2013).  

The DAG-PKC pathway contributes to vascular function in many ways such as the 

regulation of endothelial permeability, vasoconstriction, extracellular matrix 

synthesis/turnover, cell growth, angiogenesis, cytokine activation, and leukocyte adhesion. 

Hyperglycemia has been shown to be the major risk factor responsible for the development and 

progression of microvascular complications of diabetes (Brownlee, 2001). The Diabetes 

Control and Complications Trial in type I diabetes and the United Kingdom Prospective 

Diabetes Study in type II diabetes demonstrated that intensive blood glucose control 

successfully delayed the onset and retarded the progression of diabetic microvascular 

complications such as nephropathy, retinopathy, neuropathy, and cardiovascular pathologies. 

These data strongly suggested that hyperglycemia-induced metabolic factors are 

responsible for diabetic vascular complications. Multiple biochemical pathways have been 

proposed to explain the adverse effects of hyperglycemia. Activation of diacylglycerol (DAG)-

protein kinase C (PKC) pathway (Gonzalez, S. et al., 2013).  enhanced polyol pathway 

increased oxidative stress (Brownlee, 2001) and overproduction of advanced glycation end 

products have all been proposed as potential cellular mechanisms by which hyperglycemia 

induces diabetic vascular complications. 

 

 

3.  CONCLUSIONS 

 

The development of diabetes complications represents a major healthcare burden 

associated with the treatment of diabetes. Despite advances in new therapies for controlling 

hyperglycemia, the burden associated with diabetic complications remains high, especially in 

relation to cardiovascular and renal complications. Diabetes mellitus (DM) appears to be a 

global epidemic and increasingly a major non-communicable disease threatening both affluent 

and non-affluent society.  

More than 170 million people worldwide have diabetes, and this figure is projected to 

more than double by the year 2030, if the current trend is allowed to continue further.  It is 

incumbent on healthcare givers to provide early diabetic education regarding causes, 

management and preventive measures of diabetic complications. It is also evident the 

mechanisms (Polyol pathway, hexosamine biosynthetic pathway, Advanced glycated end 

products and protein kinase C pathway) all play a significant importance in the development of 

diabetic complications. 

The potential severity of increasing prevalence rate of diabetes on the African continent 

may be translated into severe economic burden, high morbidity and mortality rates that will 

surpass the ravages. Recent findings have shown a strong cross-linking between polyol pathway 

and glycation in the pathogenesis of diabetic complications. It is now clear that AR inhibitors 

may offer various benefits to patients with diabetic complications. However, more extensive 

efforts are needed for the evaluation of their effects. 
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