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    Causes of diabetes are so complex but type II diabetes is directly linked with obesity at any time of your age particularly if you have excessive fats around your tummy. Obesity triggers your body’s metabolism which causes fat tissues to release fats into your blood that directly affect insulin response and make you insulin sensitive- that’s why obesity causes prediabetes. In order to understand this complex pathological disorder in our body and thereafter solutions to surpass this challenge, volume 7 of our eBook series is dedicated to cutting-edge articles on Diabetes or Obesity. The update can be found in the first chapter of this present volume that non-enzymatic glycation of proteins, lipids, and fatty acids speeds up due to persistent hyperglycemia and eventually causes associated secondary complications in diabetes.




    The authors in the second chapter describe the current strategies of new drugs for diabetes management. For example, the development of novel therapeutic groups such as amylin analogs, incretin mimetics, GIP analogs, active peroxisome proliferator receptors, and dipeptidyl peptidase-4 inhibitors and as well as bioactive compounds from herbs.




    The third chapter of this series deals with the debatable topic of using aspartame for T2D patients. More research is still needed to establish the pathological role of aspartame use in T2D.




    Chapter four of this volume covers the research to investigate the psychological characteristics and adherence of children and adolescents with Type 2 diabetes. A joint venture of the Faculty of Medicine and Faculty of Arts has developed that mapping mental health and various therapeutic procedures, as well as their positive and negative effects, are of paramount importance for both diabetes and obesity.




    The fifth chapter of this volume is about the clinical trials of new-generation anti-diabetic and lipid-lowering agents that also have simultaneously cardioprotective effects.




    The sixth chapter of this volume describes that the kidneys are a vulnerable target of diabesity. In this chapter, the epidemiology, pathophysiology, and treatment of diabesity–induced kidney disease are discussed. The special focus on the therapeutic targets and pharmacological management of diabesity-related kidney diseases is described herein.




    I hope that the current volume of this series will provide updated information about the recent developments in Diabetes & Obesity treatment for interested researchers and pharmaceutical scientists. I would like to thank the editorial staff, particularly Mr. Mahmood Alam (Director Publications) and Ms. Asma Ahmed (Senior Manager Publications) for their dedicated efforts and the hard work.
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      Abstract




      In diabetes mellitus (DM), non-enzymatic glycation of proteins, lipids, and fatty acids is accelerated due to persistent hyperglycemia and plays an important role in diabetes and its associated secondary complications. Glycation has the potential to alter the biological, structural, and functional properties of macromolecules. Glycated products (early and late) are both involved in provoking the immune-regulatory cells and generating autoantibodies in diabetic patients. More precisely, human serum albumin is the most abundant protein in circulation involved in glycation. Glycated albumin may accumulate in the body tissues of diabetic patients and participate in its secondary complications. This chapter compiles the studies focused on changes in the secondary and tertiary structure of proteins upon glucosylation. Various in-vitro and in-vivo approaches involved in investigating such changes are systematically reviewed. Besides, the potential role of glycated albumin in the pathogenesis of diabetes mellitus, as well as its applicability as a diagnostic marker in the progression of the disease, is also highlighted.
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      Introduction




      Diabetes mellitus (DM) is a metabolic disorder resulting from defects in insulin secretion and/ or action Author, or both. It is characterized by hyperglycemia, polydipsia, glucosuria, and polyuria. In type 1 diabetes, there is a complete absence of insulin, which affects the metabolism of proteins, carbohydrates, and fats. It is a very common autoimmune disease nowadays, afflicting millions of people in India and worldwide also. The disease occurs as a consequence of the organ-specific immune destruction of insulin-producing beta cells within the




      pancreas. However, type 2 diabetes mellitus is the result of the inability of islet beta cells to produce adequate insulin and has become an epidemic. The global prevalence of diabetes in 2011 was 366 million; however, by 2030, it is expected to reach 552 million [1]. Type 2 diabetes mellitus is highly prevalent and accounts for 90–95% of cases. In 21st century, diabetes will be a huge burden due to its increasing global prevalence and higher frequency of chronic complications (nephropathy, retinopathy, neuropathy, and cardiovascular disease), affecting various tissues, difficulty in controlling the disease, and its high cost. During diabetes, persistent hyperglycaemia leads to non-enzymatic glycation of various proteins such as haemoglobin, proteins of the erythrocyte membrane, insulin, human serum albumin (HSA), high and low-density lipoproteins, IgM, IgG, collagen, and histones [2, 3]. Proteins are glycated when glucose is chemically bound to amino groups of proteins without the help of an enzyme, which many structural and conformational changes in protein and proceeds to various micro and macro complications in diabetic patients [4].




      

        Non-enzymatic Glycation




        Prof. Louis Camille Maillard gave Millard reaction after his own studies describing the brown colour formed while heating carbohydrate and amine mixtures. It was first described during the early 20th century. Non-enzymatic glycation is a common chemical modification that involves the condensation of a carbohydrate's aldehyde group with either the epsilon group of lysine, hydroxylysine, side chains of arginine, cysteine, and histidine residues [5] or the alpha-amino group of a protein's N terminal amino acid [6]. Only open forms of sugars react with proteins, and a labile aldimine (Schiff base) is formed in a few hours by attaching protein amino group with sugar via nucleophilic attack. This product is reversible and can go back to glucose and protein again, or it can form ketoamine, which is slightly reversible. Further, this can undergo intermolecular rearrangement through acid_base catalysis to form 1_amino_1_deoxy fructose (fructosamine), a more stable early glycated product named amadori product in a few days. Both Schiff base and amadori products in vivo predominantly exist in the cyclic form [7]. Further, the stable amadori product gradually evolves to a heterogeneous population of fluorescent adducts with new cross-links, which are called advanced glycation end products (AGEs) by irreversible chemical reactions involving oxidation and fragmentation [8] (Fig. 1). Thus, by subsequent degradation of amadori products and the fragmentation of Schiff base, alpha dicarbonyl compounds and alpha-keto aldehydes formed, respectively (Fig. 2) [9]. Throughout the 1980s and 1990s, a large body of evidence has implicated that AGEs are mediators of various complications of diabetes and aging. The AGEs also interact with various AGE receptors as RAGEs and stimulate signaling pathways that are important to cause long_term complications in diabetic patients.
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Fig. (1))


        Non-enzymatic glycation of protein by glucose and production of early and late glycation product. [Source; (Km Neelofar et al, 2015).
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Fig. (2))


        Amadori adduct fate (Km Neelofar et al, 2015).

      




      

        Non-enzymatic Glycation in Diabetes




        Recent studies demonstrate that non-enzymatic glycation is accelerated during hyperglycemia, and its products are aggressively involved in the pathogenesis of diabetes. In diabetes, persistent hyperglycemia leads to non-enzymatic glycation of various proteins such as hemoglobin, proteins of the erythrocyte membrane, insulin, IgG, IgM, human serum albumin, high and low-density lipoproteins, collagen, and histones. Non-enzymatic glycation is also found in normal conditions, but in diabetes, it is increased [10]. Glycated serum proteins consider a marker for hyperglycaemia in diabetes mellitus. Our research studies have shown that early glycation products induced significant changes in albumin structure and function [11]. Glycated proteins are involved in disease pathogenesis by generating free radicals [12]. In prolonged chronic hyperglycemia, the production of free radicals through auto-oxidation of aldehyde group of glucose has enhanced. Non-enzymatic glycation of protein leads to an increase in the flux of glucose through the polyol pathway [13]. Reactive oxygen species (ROS) cause extensive deterioration in protein structure and form neo-epitopes. This new form contributes to its immunogenic potential in diabetic patients and its associated complications [14, 15]. Glucose or small residues are covalently attached with autologous proteins and other biomolecules that can generate conjugates which are efficient to induce an immune response in the host cells. Fabrication of specific glucose-derived adducts on biomacromolecules could function in a manner to form autoantibodies in diabetic patients amadori-albumin is an independent and potent trigger of molecular mediators’ contributory to diabetic secondary complications. McCance et al. reported an independent association of Amadori adduct with diabetic nephropathy and diabetic retinopathy [16]. Animal studies demonstrated that elevated amadori-albumin promotes a generalized vasculopathy [17] and has been implicated in the development of diabetic nephropathy [18] and retinopathy [19]. Furthermore, amadori-albumin has been reported to be localized in glomeruli of diabetic nephropathy patients [20]. In addition, various intracellular and extracellular glycated proteins have potential roles in diabetes and its complications (Table 1). Studies have shown that early and advanced glycated adducts have an important role in the development of various diabetic complications such as nephropathy, neuropathy, retinopathy, and cardiovascular diseases.




        

          Table 1 Role of the glycated adduct in diabetes (Km Neelofar et al., 2015).




          

            

              

                	Early and Advanced Glycated Protein



                	As a Causative Agent in Diabetes Mellitus

              


            



            

              

                	Human serum albumin



                	Type 1 and type 2 diabetes with retinopathy and nephropathy

              




              

                	Collagen



                	Diabetic retinopathy

              




              

                	Immunoglobulins (IgG, IgA, IgM)



                	Type 1 and type 2 diabetes with nephropathy

              




              

                	Plasma Proteins



                	Type 2 diabetes

              




              

                	Low-density lipoproteins



                	Diabetic atherosclerosis

              




              

                	Histone



                	Diabetes

              


            

          




        


      




      

        Human Serum Albumin




        Albumin is the most abundant and largest protein among all serum proteins in human [21]. HSA is mainly synthesized in the liver and presents 50% of the normal individual’s plasma protein with a normal concentration of 30–50 g/l. Albumin plays an important role in physiological, pharmacological, and other functions [22]. It is also involved in the binding and transport capacities of fatty acids, hormones, drugs, and metabolites, the defensive role of oxidative stress, and oncotic pressure regulation. It regulates microvascular permeability and has anti_thrombotic, anti_inflammatory, antioxidation activity. Structurally, albumin is a single-chain globular protein with 585 amino acids involving 1 tryptophan, 1 free cysteine, 59 lysine, and other amino acids. In crystal structure view, HSA looks like a heart-shaped molecule that is divided into three domains [4]. HSA is non enzymatically attached to the glucose molecules and forms glycated-HSA (Fig. 3). HSA is a lysine-rich protein, and some specific lysine residues are involved in non-enzymatic glycation [9, 11]. Lysine, arginine, and cysteine residues have high nucleophile properties, so they are subjected to glycation mostly.
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Fig. (3))


        Albumin binds with glucose form glycated albumin. (Km Neelofar et al, 2017).



        In HSA, Lysine-525 is considered the prime site for glycation, and it is involved 30% of the overall glycation [15]. For instance, there are other three main sites (Lys-351, Lys-475, and Arg-117) that carbohydrates could bind to HSA. HSA may protect other serum proteins from glycation in the initial stages of diabetes [16]. Arg-410 is also an important site for glycation [17]. Arg-114, Arg-160, Arg-186, Arg-218, and Arg-428 are also involved in glycation [18]. Cys-34 also plays an important role in the glycation process because of its thiol group, which is a powerful nucleophile. Methylglyoxal reacts with this thiol group and forms AGEs such as S-carboxymethyl cysteine (CMC) [19]. In-vivo studies have demonstrated that the proportion of glycated albumin in healthy subjects is in the range of 1- 10% [20], compared with diabetic individuals [21]. Glycation efficiency depends on the nature and the polymerization of the carbohydrate involved in the process. As an example, ribose induces a faster glycation process with albumin than glucose and forms amyloid-like products [22]. The process of glycation is very important, especially in diabetes and its related complications. It can modify/change the structural and functional properties of intra and extracellular protein and serum proteins. Our studies have shown that early glycation induced significant structural changes in HSA correspond to glucose concentrations upon early glycation [11]. Furthermore, Arif et al. reported the highly immunogenic potential of glycated albumin due to the generation of neo_epitopes [23].


      




      

        Albumin Structure Upon Glycation




        Non-enzymatic glycation is one of the underlying modifications that can change protein’s primary, secondary and tertiary structure [24, 25]. The glycation of protein induces several structural modifications [26] that can be determine by UV and fluorescence spectroscopy [27-30], radiolabelling [31, 32], colorimetric assays [33], circular dichroism [30, 34], and NMR spectroscopy [35]. In addition, other advanced techniques like immunoassays [31, 36], electrophoresis [37], high-performance liquid chromatography (HPLC) [38-40], and dynamic light scattering (DLS) [41] have provided information on the total glycation levels or on the number of specific AGEs that are present within albumin. Some of these approaches again include the prior isolation of glycation-induced modified albumin by methods such as boronate affinity chromatography [42-44]. More detailed information on glycation-induced modifications has been obtained by using mass spectrometry. Moreover, to locate and identify glycation sites in albumin, liquid chromatography-mass spectrometry (LC-MS) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) have been used [45-50].




        Secondary structure changes of glycated protein have been detected by Fourier transform infrared spectroscopy (FTIR). Gas chromatography-mass spectrometry (GCMS) has been utilized to investigate glycation at the N-terminus of glycated proteins [51]. To estimate the overall extent of molecular weight by glycation, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) has been used. Neelofar et al. reported early glycated product was formed when albumin was incubated with glucose by LCMS using commercial standard furosine [41]. The glycation process may have a variety of physiological effects on protein and other macromolecules. In-vitro, glucose-induced modification in protein is considered as an appropriate model to determine the structural and functional alterations relevant to diabetes mellitus [52]. Structural stability is the most important aspect in carrying out any protein's native functions. Modified protein can be involved in disease progression [53].


      




      

        Biological Properties of Albumin Upon Glycation




        Glycation can modify protein structural properties, and after this modification protein, functional properties may also be changed. This structural and functional modified albumin can be involved in diabetes-associated complications such as retinopathy, neuropathy nephropathy, and coronary artery disease [54]. The deleterious effects of glycated albumin have been highlighted in many research studies. These studies focused on the physiopathological association between glycated albumin and diabetic secondary complications [55]. Research studies have been proven that antioxidant property is strongly affected by non-enzymatic glycation [24, 37, 56]. An amadori-albumin causes lipid peroxidation by generating oxygen free radicals at the potential of Hydrogen 7 [57]. Non-enzymatic glycation of albumin reduces drug binding affinity and transport property [28]. It is reduced by 50% for bilirubin and 20% for long-chain fatty acid as compared to non-glycated HSA. Several in-vitro studies suggest that glycated albumin is also involved in platelet activation and aggregation [58, 59]. The pathogenic role of glycated albumin can also be observed in the glucose metabolism of adipocyte cells and skeletal muscle [60]. It has been found that in mouse adipocyte cell lines, glycated albumin triggers the production of intracellular reactive oxygen species that cause inhibition of glucose uptake, resulting in attenuation of adipocyte insulin sensitivity and microangiopathy [61]. Proteins such as Calnexin, a transmembrane protein, and nucleophosmin in monocyte play a role as receptors for early glycated albumin [62]. Amadori-albumin is transported across the renal glomerular capillaries by mesanglial and epithelial cells. This involvement of Amadori-albumin consequent increase in oxidative products that play a strong role in nephropathy development [63]. The role of Amadori-albumin is also reported in diabetic retinopathy [64]. Interaction of glycated albumin with its specific receptor, called RAGEs, affects cellular biology. A signal transduction activates by this interaction and form reactive oxygen species [65]. Cellular oxidative stress activates a cascade of intracellular signals involving MAP-kinase pathways and p21 ras. These pathways phosphorylate extracellular signal-regulated kinase (ERK) [66] and culminate in the activation of the NFkB transcription factor [67-73]. Most research studies have shown the role of AGEs in diabetes and associated vascular complications. But now, the role of Amadori proteins in diabetes pathogenesis comes under consideration [74]. Early glycation products contribute to the development of diabetic secondary complications [56, 75]. Amadori albumin, like AGEs, could upregulate the expression of various cellular signaling pathways via their receptors to activate NF-kB and AP-1 [69, 71, 76].


      




      

        Immunological Properties of Albumin Upon Glycation




        Early and advanced glycated products of serum proteins show their immunological potential. When the glycated product is injected into the experimental animals, it gives antibodies titre and triggers the immune system (Fig. 4). Glycation-modified proteins are immunologically active that can induce a substantial immune response. Such glycation-induced modifications may generate the neo-epitopes on the protein surface and become more immunogenic [77]. Many articles have reported that proteins become immunogenic upon glycation. When injected in experimental animals, glycation might change protein conformation results recognized as a foreign particle and give the antibodies titre [78, 79]. Various research reports have documented the presence of autoantibodies in sera of diabetic patients against glycated proteins [80]. Also, the presence of anti-glycated-albumin autoantibodies have been reported in diabetic patients with or without secondary complications [81].




        
[image: ]


Fig. (4))


        A Schematic illustration depicting immunogenic potential of Amadori -albumin to induce the generation of antibodies that have specificity for Amadori-albumin. (Km Neelofar et al., 2017).



        Glycated proteins worked as an antigen in experimental animals to induce antibodies. These antibodies is highly specific to their corresponding antigen [82]. The binding of induced antibodies against native as well as glycated forms of different proteins is determined by inhibition assay. As a result, these antibodies exhibited a variable degree of recognition for other glycated proteins. Therefore, these outcomes indicate that induced antibodies showed polyspecificity, which means they shared the common epitopes with glycated-albumin and glycated forms of different proteins [8, 83]. Moreover, anti -glycated- protein-IgG antibodies also showed native protein. It showed that all epitopes of native protein had not been changed into neo-epitopes upon glycation. Hence immunization with glycated-albumin may induce polyspecific antibodies, which can detect old and neo-epitopes.




        Further, the presence of autoantibodies against glycated proteins were found in the sera of type 1 as well as type 2 diabetic patients with or without secondary complications [84-86]. In our previous study, we reported the presence of autoantibodies in diabetic patients’ sera with chronic kidney disease against amadori-albumin [41]. Nadeem et al. (2013) reported the presence of autoantibodies against glycated-lysine residues in Type1 and Type2 diabetic patients [87]. Turner et al. (1997) documented islet cell autoimmunity in type2 diabetic patients with the detection of autoantibodies against glutamic acid decarboxylase (GAD) and islet cytoplasm [88, 89]. The role of these circulating autoantibodies in the pathogenesis of type2 diabetes is less understood. It may adversely disturb intracellular biochemical pathways. The presence of anti-glycated albumin autoantibodies diabetic patients’ sera proves that glycated-albumin is immunogenic and can elicit immune response [90, 91]. These autoantibody binds to glycated-albumin and form an immune complex that might be involved in the development of diabetes complications [92]. These complexes may accumulate in the tissues of various organs. In the tissues, they act like pathogenic factors and cause inflammation. However, the level by which inflammation reaction overlaps with autoimmunity is still not known. Now, the research should be focused on autoimmune involvement in type2 diabetes with humoral immune response and chronic inflammation. However, the researcher should focus on detecting the autoantibodies against serum glycated proteins in diabetes and other diseases patients. These autoantibodies can give a great way to diagnosis the disease at an early stage. However, more studies are needed in this direction.


      




      

        Glycated Albumin as a Diagnosis Marker




        Glycated hemoglobin (HbA1c) and blood glucose (BG) levels are the two main clinical parameters to diagnose diabetes [93]. BG level: short-term indicator reflects blood glucose level over a 24 hrs period. Although, HbA1c is known as the gold standard parameter to manage diabetes and its associated secondary complications. But it is also considered as the long-term standard parameter. HbA1c level reflects the glycemic state over the last 2 months due to erythrocytes having a long-term half-life (about 120 days). However, patients with blood-related complications give false HbA1c values. Patients who have iron deficiency, hemolytic anemia, and hemodialysis showed an invalid correlation to BG and HbA1c [94]. Thus, in such cases, hbA1c is not a suitable diagnosis marker as a control [95].




        Other types of diagnostic markers like non-protein markers exist, i.e., 1,5-anhydroglucitol (1,5-AG) and self-monitoring of blood glucose levels in the serum. Under the normal condition, glomeruli filtered 1,5-AG from the circulating blood, and renal tubules reabsorbed it completely. Because of the similar structure of 1,5- AG and glucose, they compete for reabsorption. As a result, blood glucose level (180 mg/dl) increases while 1,5 AG level decreases [96]. Though 1,5-AG shows postprandial excursions more correctly than HbA1c and Fructosamine, it does not reflect mean glucose level [97]. It provides information on hyperglycemic excursions [98].




        Hemoglobin A1c (HbA1c) and fructosamine (FA) are non-enzymatically glycated proteins that are used to monitor glycemic status in type 2 diabetic patients [99]. They have been commonly used as the primary glycemic control markers, but now glycated albumin (GA) has gained more attention as a new diabetic marker due to some superiority over HbA1c, fructosamine, and other markers. Therefore, to overcome the drawbacks of other markers and achieve a better glycemic status, a novel idea of using glycated albumin as an intermediate glycemic index has been developed (Table 2).




        

          Table 2 Classification of glycemic markers.
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        Fructosamine is also similar to glycated albumin, reflecting the glycemic level over 2–3 weeks, but fructosamine refers to all glycated serum proteins, including GA. Like hemoglobin, fructosamine is not influenced by hemoglobin-related disease but is strongly affected by the concentration of proteins in serum and low molecular weight molecules present in plasma-like hemoglobin, bilirubin, and uric acid, etc. At the same time, GA is not affected by other proteins concentrations [100, 101]. GA consists shorter half-life of 21 days as compared to haemoglobin. So, it can be considered as a shorter-term glycemic marker as a control for diabetic patients. GA level could not be easily affected by abnormal haemoglobin metabolism [10] and by the lifespan of red blood cells (RBS). The advantage of GA considered as a marker is founded on two facts. First, non-enzymatic glycation of serum albumin is approximately 9 times more than haemoglobin. Secondly, the glycation of albumin occurs ten times more quickly than haemoglobin [32]. All these factors make GA, a good additional diagnostic marker for assessing glycemic control in type1 and type2 diabetes [102]. In many research studies, GA is recommended as an optional marker for glycemic control in hemodialysis patients or gestational diabetes [103] and Alzheimer’s disease [104] and diabetes-related complications, including retinopathy [105], nephropathy [106]. It is also documented that glomerular filtration rate (GFR) is negatively connected with HbA1c concentration, and it can change the association of HbA1c with mean glucose, whereas GA values are unaffected. So, GA might be a better glycemic marker for diabetic patients with renal impairment. To detect hyperglycemic status, GA has been shown to be superior to fructosamine alone [107, 108] with the Oral Glucose Tolerance Test (OGTT) as the diagnostic standard [109, 110]. Moreover, from the diagnostic point of view, the GA/HbA1c ratio is very useful for detecting patients with postprandial hyperglycemia or large glycemic excursion [111]. With all these concerns, GA could be used as a short-term glycemic marker as a control. But there are some limitations with GA also. Like, in thyroid dysfunction, nephrotic syndrome, or liver cirrhosis in which the amounts of albumin are affected, glycated albumin level is not a suitable indicator in these cases [112]. Similarly, glycated albumin could be influenced by other conditions, such as body mass index (BMI). Therefore, combined detection of HbA1C and GA may improve the efficacy of diagnosis and improvement of a novel therapeutic potential.


      




      

        Glycated Albumin Measurements




        The American Diabetes Association (ADA) and the European Association Diabetes Study (EASD) recommend “patient-centered” management of glycemic control in patients with Type 2 Diabetes Mellitus (T2DM) and the selection only of biomarkers, such as GA, that reflect the individual health status of the diabetic patient, maintaining the balance between risks and benefits [113]. GA levels are measured as a ratio of total glycated amino acid concentration to albumin concentration. In the old literature, various colorimetric assays were used for the quantification of GA, such as thiobarbituric acid and bromcresol green assays [114]. But these assays have now been replaced by nitroblue tetrazolium (NBT) assay [115] and 2-keto-glucose with hydrazine [116]. Presently GA concentration is also measured with several methods, including ion-exchange chromatography, affinity chromatography and high-performance liquid chromatography (HPLC), immunoassay, enzyme-linked immunosorbent assay (ELISA), enzyme-linked boronate immunoassay, and electrochemical methods.




        Recently, an innovative and very promising electrochemical immunoassay has also been developed using nanozymes. This assay shows good linearity and a lower limit of detection [117]. Interestingly, another method that has been recently analyzed is an enzymatic method that shows good analytical performance (Lucic ® GA-L kit, Asahi Kasei Pharma Corporation, Tokyo, Japan). This method is a GA-L kit, Asahi Kasei Pharma Corporation, Tokyo, Japan). This is based on the elimination of endogenous glycated amino acids and peroxides involving the enzymes ketamine oxidase and peroxidase. The glycated albumin is then hydrolyzed by an albumin-specific proteinase and then oxidized by a ketamine oxidase. The hydrogen peroxide produced is then measured quantitatively by the classic colorimetric method of Trinder. Meanwhile, in parallel, the concentration of albumin is measured by the bromocresol violet method, allowing the results to be expressed as the ratio between GA and total albumin [118]. The result of GA is provided as a percentage (GA%) of total albumin. The GA Upper Reference Limit (URL) of 14.5% (95% CI: 14.3–14.7) has been established in Caucasian healthy subjects [5].




        Despite the possible benefits of GA, the lack of normal reference data on GA might limit its use as a diagnostic marker for diabetic patients. A study has established that the reference interval of GA in the Japanese population was 12.3–16.9%, and Hiramatsu et al. reported (2012) that in healthy Japanese pregnant women, a reference range of GA is 11.5-15.7% [119]. On the other hand, a Chinese research study reported a GA value of 17.1% to be an optimal cut-off in the Chinese population for the diagnosis of diabetes. In the United States, many laboratories used affinity chromatography to state reference values for GA in the range of 0.6–3.0% but by the enzymatic assay GA reference range came out to be 11-16%. It is also needed to establish a GA reference range among the Indian population with or without diabetes before the use of GA as a biomarker for diabetes control.


      


    




    

      CONCLUDING REMARKS




      This chapter discussed the role of non-enzymatic glycation in the onset and progression of diabetes and its associated complications. The main focus was on the structural and functional properties of glycated albumin. It is interesting that structural and functional impaired glycated albumin becomes more immunogenic and induces an immune response in experimental animals. Further, the presence of autoantibodies against glycated albumin in diabetic patients is also discussed. Glycation-induced modifications in serum proteins can be clinically significant. Different types of biochemical and biophysical techniques have been employed to determine the types of modifications induced in albumin upon glycation. It is more interesting to use glycated albumin as a biomarker to control the blood glucose level over short-to-intermediate periods. Now, various methods are available in clinical laboratories to measure the glycated albumin. To monitor glycemic control in diabetic patients, glycated albumin can be used as a complementary biomarker along with blood glucose and Hb1Ac. However, data on the Indian population are deficient. Further research is warranted to launch the cut-off value in the Indian population using control groups.
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