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            Abstract

            
               
Introduction: Diabetes mellitus, the most common chronic metabolic disorder affecting about 300 million people all over the world. It occurs
                  due to impaired insulin secretion, impaired insulin action or both whereas Prediabetes is the initial stage before diabetes
                  mellitus and characterized by impaired fasting glucose or impaired glucose tolerance. Type 2 diabetes mellitus is associated
                  with increased metabolic processes and oxidative stress. The trace elements are important co-factor in these events. Thus,
                  this study was conducted to compare serum copper, zinc in prediabetes, diabetics with normal controls.
               

               Materials and Methods: Institutional ethics committee permission was obtained prior to the study. Study included 71 prediabetes, 71 diabetics subjects
                  and 71 controls between 40-60 years. Serum fasting blood sugar, glycated hemoglobin, copper, zinc was estimated.  Statistical
                  analysis was done using student t-test and Pearson’s correlation. p value <0.05 was said to be significant.
               

               Results: Serum copper was significantly increased in diabetic (77.87±40.78) and serum zinc (128.05±20.87) was significantly decreased
                  in diabetics compared to apparently healthy controls. (Copper =60.72±19.70, zinc =140.74±33.99), where as in prediabetics
                  both copper and zinc level were increased compared to healthy subjects. 
               

               Conclusion: Serum copper and zinc have a role in diabetes thus supplementation of micronutrients may be essential to maintain the diabetic
                  status.
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               Introduction

            Diabetes mellitus, is an endocrinological disease characterized by hyperglycemia. It occurs due to impaired insulin secretion,
               impaired insulin action or both.1 Prolonged condition of hyperglycemia increases risk of renal failure, visual loss, and associated with complications like
               diabetic nephropathy, microangiopathy etc.2, 3  Several mineral metabolisms are responsible for alter in diabetes mellitus and this might have specific role in the pathogenesis
               and progress of the disease.4, 5 Among these trace elements zinc and copper plays an important role in the pathogenesis of diabetes mellitus and its complications.
               
            

            These trace elements are essential for the growth and have many important biological functions. Trace elements are responsible
               for the production of reactive oxygen species (ROS), in turn which causes oxidative stress.6 Oxidative stress is responsible for pathogenesis many diseases like cancers, cataract, including diabetes mellitus.1 Copper is said to have oxidative property. Thus, it causes oxidative stress and acts as a pro oxidant and may participate
               in metal catalyzes formation of free radicals.1  The increase in production of free radicals are likely to be associated with development of type 2 diabetes mellitus. Copper
               helps in the activation of cytochrome oxidase in electron transport chain of mitochondria. So, deficiency in copper causes
               reduced cytochrome oxidase activity which in turn leads to distortion of mitochondria of metabolically active tissues such
               as pancreatic acinar cells and hepatocytes etc. finally leading to insulin deficiency and lack of insulin secretion thus diabetes
               mellitus.7, 8

            Zinc is also an important trace element which is essential for healthy function of insulin, insulin release, to maintain insulin
               sensitivity and helps in the transport of insulin to the cells.9 After synthesis of insulin zinc helps it to store in hexamer form.10 Lack of zinc leads to lack of insulin release thus zinc deficiency persons are more prone for diabetes mellitus.
            

            Prediabetes is the initial stage before diabetes mellitus and characterized by impaired fasting glucose or impaired glucose
               tolerance.11, 12, 13  The prediabetics mainly occurs between the age of 40-70 years people.11, 14 Patients with glycated hemoglobin levels from 5.7% to 6.4% is known as prediabetics. They are more prone to diabetes mellitus
               but prediabetes subjects don’t have all the symptoms that are required to measure diabetes mellitus. Patients with prediabetics
               have 5-15-fold more prone to type 2 diabetes mellitus compared to normal glucose subjects.13, 14 To the best of our knowledge this is the first of kind to measure copper and zinc in prediabetic in this study region. Thus,
               the study was to done to compare serum copper and zinc in type 2 diabetics, prediabetics and apparently healthy individual
               and to correlate these trace elements with FBS and glycated hemoglobin
            

         

         
               Materials and Methods

            The study was conducted in Department of Biochemistry, Kasturba Medical College Manipal, Manipal Academy of Higher Education,
               Karnataka. Institutional ethics committee was obtained prior to the study. The study included 71 diabetics subjects, 71 prediabetic
               subjects and 71 apparently healthy controls between the age group of 40-60 years. Serum zinc levels were estimated by kit
               method using spectrophotometer (Coral, Clinical Systems) and copper was estimated by Bathocuproine disulphonate method, glycated
               hemoglobin was estimated by immunoturbidimetric method (Cobas, Roche Diagnostic) and fasting blood glucose was estimated by
               hexokinase method (Cobas, Roche Diagnostic). Data were compiled and statistical analysis was done using ANOVA and Pearson’s
               correlation value <0.05 was said to be significant.
            

         

         
               Results

            
                  
                  Table 1

                  Demographic profile of the study subjects
                  

               

               
                     
                        
                           	
                              Parameters
                        
                        	
                              Controls (n=71) Mean±SD
                        
                        	
                              Prediabetics Mean±SD
                        
                        	
                              Diabetics Mean±SD
                        
                     

                     
                           	
                              Glycated hemoglobin
                        
                        	
                              5.35±0.31
                        
                        	
                              6.11±0.24
                        
                        	
                              8.51±1.44
                        
                     

                     
                           	
                              Fasting blood sugar
                        
                        	
                              100.60±13.03
                        
                        	
                              113.25±13.51
                        
                        	
                              165.21±51.66
                        
                     

                  
               

            

            
                  
                  Table 2

                  Comparison of lipid profile among the study subjects
                  

               

               
                     
                        
                           	
                              Lipid profile
                        
                        	
                              Controls  Mean±SEM
                        
                        	
                              Prediabetics Mean±SEM
                        
                        	
                              Diabetics Mean±SEM
                        
                     

                     
                           	
                              TC
                        
                        	
                              130.13±9.24
                        
                        	
                              160.65±14.09
                        
                        	
                              180.08±15.11
                        
                     

                     
                           	
                              TG
                        
                        	
                              189.72±5.93
                        
                        	
                              183.82±5.55
                        
                        	
                              182.29±7.43
                        
                     

                     
                           	
                              HDL
                        
                        	
                              47.10±1.84
                        
                        	
                              45.64±1.73
                        
                        	
                              42.95±1.85
                        
                     

                     
                           	
                              LDL
                        
                        	
                              118.04±5.31
                        
                        	
                              107.75±4.63
                        
                        	
                              106.50±7.02
                        
                     

                     
                           	
                              Ratio
                        
                        	
                              4.24±0.18
                        
                        	
                              4.19±0.11
                        
                        	
                              4.55±0.23
                        
                     

                  
               

            

            
                  
                  Table 3

                  Comparison of biochemical parameters among the study subjects
                  

               

               
                     
                        
                           	
                              Biochemical parameters
                        
                        	
                              Controls  Mean±SD
                        
                        	
                              Prediabetics Mean±SD
                        
                        	
                              Diabetics Mean±SD
                        
                     

                     
                           	
                              Copper
                        
                        	
                              60.72±19.70
                        
                        	
                              71.22±20.06
                        
                        	
                              77.87±40.78
                        
                     

                     
                           	
                              Zinc
                        
                        	
                              140.74±33.99
                        
                        	
                              143.27±20.30
                        
                        	
                              128.05±20.87
                        
                     

                     
                           	
                              Cu/zn
                        
                        	
                              0.45±0.20
                        
                        	
                              0.48±0.24
                        
                        	
                              0.61±0.31
                        
                     

                  
               

            

            
                  
                  Table 4

                  Correlation of Glycated Hemoglobin and Fasting Blood Sugar with Other Biochemical Parameters
                  

               

               
                     
                        
                           	
                              Parameters
                        
                        	
                              Biochemical parameters
                        
                        	
                              Controls
                        
                        	
                              Prediabetics
                        
                        	
                              Diabetics
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              r value
                        
                        	
                              p value
                        
                        	
                              r value
                        
                        	
                              p value
                        
                        	
                              r value
                        
                        	
                              p value
                        
                     

                     
                           	
                              Glycated Hemoglobin
                        
                        	
                              Copper
                        
                        	
                              0.247
                        
                        	
                              0.037
                        
                        	
                              0.063
                        
                        	
                              0.601
                        
                        	
                              0.194
                        
                        	
                              0.105
                        
                     

                     
                           	
                              Zinc
                        
                        	
                              0.090
                        
                        	
                              0.456
                        
                        	
                              -0.025
                        
                        	
                              0.838
                        
                        	
                              -0.030
                        
                        	
                              0.803
                        
                     

                     
                           	
                              Copper/Zinc
                        
                        	
                              0.184
                        
                        	
                              0.125
                        
                        	
                              0.007
                        
                        	
                              0.953
                        
                        	
                              0.173
                        
                        	
                              0.150
                        
                     

                     
                           	
                              Fasting Blood Sugar
                        
                        	
                              Copper
                        
                        	
                              0.199
                        
                        	
                              0.097
                        
                        	
                              0.179
                        
                        	
                              0.135
                        
                        	
                              0.148
                        
                        	
                              0.219
                        
                     

                     
                           	
                              Zinc
                        
                        	
                              -0.019
                        
                        	
                              0.876
                        
                        	
                              -0.015
                        
                        	
                              0.670
                        
                        	
                              -0.077
                        
                        	
                              0.526
                        
                     

                     
                           	
                              Copper/Zinc
                        
                        	
                              0.147
                        
                        	
                              0.223
                        
                        	
                              0.161
                        
                        	
                              0.180
                        
                        	
                              0.157
                        
                        	
                              0.191
                        
                     

                     
                           	
                              Copper
                        
                        	
                              Zinc
                        
                        	
                              -0.172
                        
                        	
                              0.151
                        
                        	
                              -0.253
                        
                        	
                              0.034 *
                        
                        	
                              -0.120
                        
                        	
                              0.318
                        
                     

                  
               

            

            

         

         
               Discussion

            Totally 213 subjects were enrolled for the study and based on glycated hemoglobin they were grouped into diabetics, prediabetics
               and controls. Most of the diabetic and prediabetic subjects were in 5th decade of life. As the groups were based on glycated hemoglobin, i.e. why glycated hemoglobin and fasting blood sugar showed
               significant differences between the groups (Table  1).
            

            This study also studied the lipid profile parameters in addition to trace elements. Total cholesterol was statistically increased
               from prediabetic to diabetic cases and HDL-cholesterol was statistically decreased from diabetic to prediabetics (Table  2)
            

            The trace element serum copper was significantly increased in diabetics (p=0.001) and pre diabetics (p=0.07) compare to controls
               (Table  3) also copper showed significant positive correlation with glycated hemoglobin and fasting blood sugar which means as the
               glycated hemoglobin and fasting blood sugar value increases the serum copper value also increases (Table  4). In previous studies like Mohanty S et al.,1 Tanaka A et al.,6 Olaniyan O.O. et al.10 have also shown increased levels of copper in diabetics compare to controls in different areas. Copper plays a vital role
               in oxidative stress.15, 16, 17 The free form of copper shows toxic effect in the body. The increase in copper levels may be the reason of hyperglycemia,
               which in turn stimulates glycation and causes release of copper ion from copper binding sites of proteins. This released copper
               ions in blood is responsible for oxidative stress which can leads to tissue damage. The free radicals form due to oxidative
               stress are associated with causes of diabetes mellitus.3, 5, 18, 19 So, increased in serum copper level is associated with impaired glucose metabolism causing diabetes mellitus.
            

            The 2nd trace element serum zinc was significantly decreased in diabetics (p=0.008) as compared to controls (Table  3) and between diabetic and prediabetics (p=0.002). Zinc showed significant negative correlation with glycated hemoglobin and
               fasting blood sugar. As the glycated hemoglobin and fasting blood sugar increases the serum zinc levels decreases (Table  4). In diabetes, there is disturbance in zinc homeostasis that the urinary elimination of zinc is increased causing hyperzincuria
               and intestinal absorption is decreased in diabetics leads to hypozincemia.20, 21 As zinc is an important trace element required for proper insulin synthesis, insulin secretion and insulin sensitivity. So,
               impaired zinc homeostasis leads to imbalance insulin synthesis, insulin secretion and insulin sensitivity.15, 22, 23 In mechanism of action of insulin, the deficiency of zinc can also affect the steps of hosphorylation/dephosphorylation in
               insulin cell signaling.24 Zinc also acts as an antioxidant. So, as an antioxidant it protects insulin and cells from the attack of free radical.5, 25, 26 In some studies, it is shown that Zn transporter (ZnT8) is an important key protein for the secretion of insulin from the
               beta cells of pancreas. So, mutation in ZnT8 transporter causes impaired insulin secretion leads to type 2 diabetes.8, 27 Insulin is stored inside the secretory vesicles, where two zinc ions coordinate six insulin monomers to form in hexameric
               structure.8, 23

            In this study copper showed a positive correlation with glycated hemoglobin and fasting blood sugar in diabetics and in prediabetics
               but statistically not significant whereas zinc showed a negative correlation with glycated hemoglobin and fasting blood sugar
               in case of diabetics and prediabetics but statistically not significant. The copper showed negative correlation with zinc
               in both diabetics and prediabetics but statistically significant in prediabetics but not in diabetics (Table  4) which means with increase in serum copper there is a decrease in serum zinc levels. As we discussed above that zinc is required
               for function of insulin and copper zinc antioxidant mechanism is involve in the prevention of oxidative stress that occurs
               in diabetes mellitus. Thus, it is important to maintain copper zinc balance. Any impairment in copper zinc may be one of the
               reasons for diabetes mellitus.3, 28

            The study by Jenu et al.3 showed increase copper levels in diabetics compare to controls whereas the serum zinc levels has shown reversed results that
               the serum zinc level is increased in diabetics compare to controls in the same region.
            

            The study also showed significant increase in copper to zinc ratio in diabetics compared to normal controls and prediabetics
               (Table  3) and showed a significant positive correlation with glycated hemoglobin (Table  4) and fasting blood sugar (Table  4).
            

         

         
               Conclusion

            The present study conclude that increase in serum copper and decrease in serum zinc levels may be one of the cause of diabetics.
               Alteration in metabolism of trace elements leads to diabetes mellitus. Among the trace elements copper plays the role in prediabetics
               than levels of zinc. Further studies are needed to be carried out to determine the molecular role of copper and zinc in the
               development of prediabetics and diabetes and also to evaluate the beneficial effect of zinc supplementation in diabetes mellitus.
               
            

         

         
               Limitatio

            Treatment plan of diabetics (oral hypoglycemic drugs or insulin) not known. Diabetic complications history was not known.

         

         
               Source of Funding

            None.

         

         
               Conflict of Interest

            None.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Supriya, M S, Pinnelli, V B, Murgod, R & Raghavendra, D S,  (2013). Evaluation of serum copper, magnesium and glycated haemoglobin in type 2 diabetes mellitus. Asian J Pharm Clin Res, 6(2), 188-90.
                     

                  

                  
                     
                        2 
                              

                     

                     Pujar, S, Pujar, L L, Ganiger, A, Hiremath, K, Mannangji, N & Bhuthal, M,  (2014). Correlation of serum zinc, Magnesium, and copper with HbA1c in type 2 diabetes mellitus patients among Bagalkot population-A
                        case control study. Med Innovatica, 3, 4-8.
                     

                  

                  
                     
                        3 
                              

                     

                     Thomas, J M, Shenoy, R P, Kamath, A, Jacob, R M, Yeshoda, K & Maria E,  (2015). Serum micronutrients, fasting blood sugar, lipid profile and their inter relationship in patients with type II diabetes.
                        Scholars J Appl Med Sci (SJAMS), 3(5D), 2058-63.
                     

                  

                  
                     
                        4 
                              

                     

                     Kumar, D A, Priya, V S, Jaiprabhu, J & Ramalingam, K,  (2014). Serum copper and zinc levels significance in type 2 diabetic patients. J Med Sci Tech, 3(2), 79-81.
                     

                  

                  
                     
                        5 
                              

                     

                     Sinha, Satwika & Sen, Sukanta,  (2014). Status of zinc and magnesium levels in type 2 diabetes mellitus and its relationship with glycemic status. Int J Diabetes Dev Ctries, 34(4), 220-3.
                     

                  

                  
                     
                        6 
                              

                     

                     Tanaka, A, Kaneto, H, Miyatsuka, T, Yamamoto, Kaoru, Yoshiuchi, Kazutomi & Yamasaki, Yoshimitsu,  (2009). Role of Copper Ion in the Pathogenesis of Type 2 Diabetes. Endocr J, 56(5), 699-706.
                     

                  

                  
                     
                        7 
                              

                     

                     Zargar, A. H., Shah, N. A., Masoodi, S. R., Laway, B. A., Dar, F. A. & Khan, A. R.,  (1998). Copper, zinc, and magnesium levels in non-insulin dependent diabetes mellitus. Postgrad Med J, 74, 665-8.
                     

                  

                  
                     
                        8 
                              

                     

                     Khan, Abdul Rehman & Awan, Fazli Rabbi,  (2014). Metals in the pathogenesis of type 2 diabetes. J Diabetes Metabc Disord, 13(1), 16.
                     

                  

                  
                     
                        9 
                              

                     

                     Devi, T R, Hijam, D, Dubey, A, Debnath, S, Oinam, P & Devi, N T,  (2016). Study of serum zinc and copper levels in type 2 diabetes mellitus. Int J Contemp Med Res, 3(4), 1036-40.
                     

                  

                  
                     
                        10 
                              

                     

                     Olaniyan, O O, Awonuga, M A, Ajetunmobi, A F, Adeleke, I A, Fagbolade, O J, Olabiyi, K O, Oyekanmi, B A & Osadolor, H B,  (2012). Serum copper and zinc levels in Nigerian type 2 diabetic patients. African Journal of Diabetes Medicine, 20(2).
                     

                  

                  
                     
                        11 
                              

                     

                     Islam, M R, Arslan, I, Attia, J, Mcevoy, M, Mcelduff, P & Basher, A,  (2013). Is serum zinc level associated with prediabetes and diabetes?: a cross-sectional study from Bangladesh. PloS one, 8, 61776.
                     

                  

                  
                     
                        12 
                              

                     

                     Beletate, V, Dib, R El & Atallah, Á N,  (2007). Zinc supplementation for the prevention of type 2 diabetes mellitus. Cochrane Database Syst Rev, (1).
                     

                  

                  
                     
                        13 
                              

                     

                     Wang, X, Zhang, M, Lui, G, Chang, H, Zhang, M & Liu, W,  (2016). Associations of serum manganese levels with prediabetes and diabetes among≥ 60-year-old Chinese adults: a population-based
                        cross-sectional analysis. Nutrients, 8(8), 497.
                     

                  

                  
                     
                        14 
                              

                     

                     Twigg, Stephen M, Kamp, Maarten C, Davis, Timothy M, Neylon, Elizabeth K & Flack, Jeffrey R,  (2007). Prediabetes: a position statement from the Australian Diabetes Society and Australian Diabetes Educators Association.
                        Med J Aust, 186(9), 461-5.
                     

                  

                  
                     
                        15 
                              

                     

                     Jha, S, Shrestha, S & Rai, R,  (2015). Evaluation of Trace elements And Glycated haemoglobin In Type 2 Diabetes Mellitus. World J Pharm Pharm Sci, 4(5), 940-7.
                     

                  

                  
                     
                        16 
                              

                     

                     Sarkar, A., Dash, S., Barik, B. K., Muttigi, Manjunatha S., Kedage, V. & Shetty, J. K.,  (2010). Copper and ceruloplasmin levels in relation to total thiols and GST in type 2 diabetes mellitus patients. Indian J Clin Biochem, 25, 74-6.
                     

                  

                  
                     
                        17 
                              

                     

                     Viktorínová, Alena, Tošerová, Eva, Križko, Marián & Ďuračková, Zdenka,  (2009). Altered metabolism of copper, zinc, and magnesium is associated with increased levels of glycated hemoglobin in patients
                        with diabetes mellitus. Metabolism, 58(10), 1477-1482. 10.1016/j.metabol.2009.04.035

                  

                  
                     
                        18 
                              

                     

                     Sarkar, A., Dash, S., Barik, B. K., Muttigi, Manjunatha S., Kedage, V. & Shetty, J. K.,  (2010). Copper and ceruloplasmin levels in relation to total thiols and GST in type 2 diabetes mellitus patients. Indian J Clin Biochem, 25, 74-6.
                     

                  

                  
                     
                        19 
                              

                     

                     Walter, R. M., Uriu-Hare, J. Y., Olin, K. L., Oster, M. H., Anawalt, B. D. & Critchfield, J. W.,  (1991). Copper, Zinc, Manganese, and Magnesium Status and Complications of Diabetes Mellitus. Diabetes Care, 14, 1050-6.
                     

                  

                  
                     
                        20 
                              

                     

                     Puri, M, Gujral, U & Nayyar, S B,  (2013). Comparative study of serum zinc, magnesium and copper levels among patients of type 2 diabetes mellitus with and
                        without microangiopathic complications. Innov J Med Health Sci, 3(6).
                     

                  

                  
                     
                        21 
                              

                     

                     Chausmer, Arthur B.,  (1998). Zinc, Insulin and Diabetes. J Am Coll Nutr, 17(2), 109-15.
                     

                  

                  
                     
                        22 
                              

                     

                     Kazi, Tasneem Gul, Afridi, Hassan Imran, Kazi, Naveed, Jamali, Mohammad Khan, Arain, Mohammad Bilal & Jalbani, Nussarat,  (2008). Copper, Chromium, Manganese, Iron, Nickel, and Zinc Levels in Biological Samples of Diabetes Mellitus Patients. Biol Trace Element Res, 122(1), 1-8.
                     

                  

                  
                     
                        23 
                              

                     

                     Rungby, J,  (2010). Zinc, zinc transporters and diabetes. Diabetologia, 53(8), 1549-51.
                     

                  

                  
                     
                        24 
                              

                     

                     Dosa, M D, Adumitresi, C R, Hangan, L T & Nechifor, M,  (2013). Copper, zinc and magnesium in non-insulin-dependent diabetes mellitus treated with metformin. Diabetes Mellitus-Insights Perspect, 209-28.
                     

                  

                  
                     
                        25 
                              

                     

                     Duzguner, Vesile & Kaya, Sule,  (2007). Effect of zinc on the lipid peroxidation and the antioxidant defense systems of the alloxan-induced diabetic rabbits.
                        Free Radical Biol Med, 42, 1481-6.
                     

                  

                  
                     
                        26 
                              

                     

                     Roussel, Anne-Marie, Kerkeni, Abdelhamid, Zouari, Nouri, Mahjoub, Sylvia, Matheau, Jean-Marc & Anderson, Richard A.,  (2003). Antioxidant Effects of Zinc Supplementation in Tunisians with Type 2 Diabetes Mellitus. Journal of the American College of Nutrition, 22(4), 316-321. 10.1080/07315724.2003.10719310

                  

                  
                     
                        27 
                              

                     

                     Wijesekara, N., Dai, F. F., Hardy, A. B., Giglou, P. R., Bhattacharjee, A. & Koshkin, V.,  (2010). Beta cell-specific Znt8 deletion in mice causes marked defects in insulin processing, crystallisation and secretion.
                        Diabetologia, 53(8), 1656-68.
                     

                  

                  
                     
                        28 
                              

                     

                     Xu, J, Zhou, Q, Liu, G, Tan, Y & Cai, L,  (2013). Analysis of serum and urinal copper and zinc in Chinese northeast population with the prediabetes or diabetes with
                        and without complications. Oxid Med Cell Longev, 2013, 635214. 10.1155/2013/635214

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Comparison of serum copper and zinc in diabetics and non-diabetics subjects


      
        		
          Content
        


      


    
  

