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ABSTRACT 
 
Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycaemia with disturbances 
of carbohydrate, fat and protein metabolism. Scientific evidences suggest that high iron storage may 
play a role in pathogenesis of type 2 diabetes. Excess iron accumulation induces organ damage due 
to the overproduction of ROS through Fenton reaction. Thus, the aim of this study was to find out 
the relation between serum iron, total iron binding capacity (TIBC) and oxidative stress (OS) with 
glycosylated haemoglobin (HbA1c) in type 2 diabetes mellitus patients. 
The study consisted of 90 subjects, which were divided into 3 different groups; Group 1 
compromised of 30 healthy individuals, Group 2 included 30 T2DM patients with normal glycemic 
control and Group 3 included 30 T2DM patients with poor glycemic control. Blood samples were 
collected from the three groups and fasting plasma glucose (FPG), post-prandial plasma glucose 
(PPPG), HbA1c, Iron, TIBC, Hemoglobin (HB), Malondialdehyde (MDA), superoxide dismutase 
(SOD) and catalase (CAT) levels were analysed. 
We found, that mean levels of FPG, PPPG, HbA1c, Iron and MDA were significantly higher (p < 
0.05) and mean levels of TIBC, SOD and CAT were significantly decreased (p < 0.05) in group 3 as 
compared to group 2 and group 1. There was no significant difference (p > 0.05) observed in iron, 
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TIBC and Hb levels between group 1 and group 2. We found a significant positive correlation of Iron 
and MDA with HbA1c and significant negative correlation of TIBC, SOD and CAT with HbA1c in 
group 3. 
In our study we found significant positive correlation of HbA1c with MDA and iron that indicates poor 
glycemic control leads to increased glycation of haemoglobin and other heme containing proteins. It 
causes more release of iron that leading to production of oxidative stress and thereby it might plays 
significant role in early appearance of diabetic complications. 

 
 

Keywords: Reactive oxygen species; glycosylated hemoglobin; total iron binding capacity; iron. 
 

1. INTRODUCTION 
 
Diabetes mellitus (DM) is a combination of 
heterogeneous disorders commonly presenting 
with episodes of hyperglycaemia and glucose 
intolerance, as a result of lack of insulin, 
defective insulin action, or both [1] Diabetes is 
a growing public health problem world-wide 
and especially in India which pronounced as the 
capital of diabetes by WHO. In 2000, India (31.7 
million) topped the world with highest number of 
people with DM followed by China (17.7 million). 
This number can be double globally from 171 
million in 2000 to 366 million in 2030 with the 
maximum increase in India [2]. 
 

Iron is a very important transition metal for the 
cells in the body, and its abnormal homeostasis is 
associated with the pathogenesis of various 
chronic diseases, including diabetes [3]. Iron in 
its free form i.e. in non-transferrin form is known 
to induce oxidation of biomolecules through 
Haber–Weiss and Fenton reactions by producing 
harmful hydroxyl radicals [4]. Iron deposition in 
the liver may cause insulin resistance by 
interfering with the ability of insulin to suppress 
hepatic glucose production. Catalytic iron 
converts poorly reactive free radicals like H2O2 
into highly reactive ones like hydroxyl radical 
(OH˙) and superoxide anion (SO˙) that can 
initiate and propagate the cascades leading to 
oxidative damage [5]. 

 

Few studies have reported the relation of HbA1c 

and Iron in diabetes mellitus; however relation of 
Iron with oxidative stress and HbA1c is 
rarely addressed in Diabetic patients with normal 
and poor glycemic control, which may be helpful 
to predict the diabetic complications. Therefore 
the present study was aimed to assess 
relation of Iron and oxidative stress markers 
with glycosylated haemoglobin in T2DM 
patients with poor glycaemic control, T2DM 
patients with normal glycaemic control and 
healthy controls. 

 

2. MATERIALS AND METHODS 
 

2.1 Study Design and Population 
 
The present study is prospective which was 
carried out in the Department of Biochemistry 
and Department of Medicine, MGM Medical 
College and Hospital, Kamothe, Navi Mumbai 
from August 2017 to February 2018. The total 
number of subjects included were 90 having age 
group 41-70 years which were divided into three 
groups: Group 1: Healthy individual (n=30). 
Group 2: Type 2 Diabetes Mellitus patients 
with normal glycemic controls (n=30), Group 
3: Type 2 Diabetes Mellitus patients  with poor 
glycemic controls (n=30). The Institutional   
Ethical Clearance was obtained from Ethical 
Committee, MGM Medical College, Kamothe, 
and Navi Mumbai. Diagnosed Type -2 Diabetes 
Mellitus patients (as per WHO criteria) were 
enrolled in the study from Medicine department 
and apparently healthy individuals were 
enrolled from general population. 
 

2.2 Biochemical Analysis 
 
Blood samples were  collected from three groups.  
Plasma fasting glucose and post-prandial glucose 
was estimated by Glucose oxidase peroxidase 
(GOD-POD) method. HbA1c was estimated by 
HPLC method. Haemoglobin was estimated by 
cynomethmoglobin method. Serum Iron and 
TIBC [6] was estimated by Ferrozine /MgCO3 
method. Serum MDA [7] was estimated by KEI 
Sathos method. SOD [8] was estimated by 
Marklund and Marklund method CAT [9] was 
estimated by Sinha Method. Here SOD and 
CAT was estimated by RBC hemolysate 
procedure [10]. 

 
3. OBSERVATIONS AND RESULTS 
 
The comparison of biochemical parameters 
between group 1 (healthy controls), group 2 
(T2DM with normal glycemic control) and group 3 
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(T2DM with poor glycemic control) is shown in 
Tables 1 and 2.  Correlation analysis between 
HbA1c and other variables in group 2 and group 
3 is shown in Table 3. 
 

4. DISCUSSION 
 
In present study mean levels of FPG, PPPG, 
HB and HbA1c were significantly higher in 
group 3 (T2DM with poor glycemic controls) as 
compared to group 2 (T2DM with normal 
glycemic controls) and group 1 (Healthy  
controls). Mean levels  of FPG, PPPG and 
HbA1c were significantly higher in  group 2 
(T2DM  with normal glycemic  control) as  
compared  to Group 1 (Healthy  controls). In 
present study we found that the mean levels of 

Iron in Group 3 (T2DM with poor glycemic 
control) were significantly higher and mean levels 
of TIBC significantly decreased as compared to 
Group 2 (T2DM with normal glycemic controls) 
and Group 1(Healthy controls). We found a 
significant positive correlation of HbA1c with Iron 
(r = 0.636; p= P < 0.001) and negative correlation 
with TIBC (r = -0.301, p < 0.05) in Group 3. There 
was no significant difference observed in PPPG, 
iron, TIBC & Hb levels between group 1 & group 
2. 
 
Our results are in accordance with Kamalam, et 
al. [3], Shetty et al. [4], Saha et al. [11], Kapoor et 
al. [12] and Misra et al. [13] Kamalam  et al. [3] 
found a significant increase in serum iron in poor 
glycemic controls as in comparision with 

 
Table 1. Shows comparison of Hb, FPG, PPPG, HbA1c, Iron and TIBC of Group 1, Group 2 and 

Group 3 

 
Sr. 
no. 

Parameters Group 1 healthy 
controls 
Mean± SD 

Group 2 T2DM with 
normal glycemic 
control mean± SD 

Group 3 T2DM with 
poor glycemic 
control Mean± SD 

1. Hb (%) 11.91±1.76 11.67±1.63
# 11.05±1.53

*b 

2. FPG (mg/dl) 83.37± 13.73 100.83±21.65
** 177.96±75.81

** aa 

3. PPPG (mg/dl) 116.17±14.05 130.12±36.40
# 279.33±118.59

** aa 

4. HbA1c (%) 5.44±0.475 5.81±0.410* 8.86±2.15** aa 

5. Iron (µg/dl) 97.53±36.93 104.00±32.29
# 216.87±30.33

** aa 

6. TIBC (µg/dl) 376.67±67.18 346.53±74.10
# 315.63±41.24

** a 

Group I vs II -*p ≤ 0.05 significant, **p ≤ 0.001 highly significant and 
#
p ≥ 0.05 non-significant; Group I vs III --

*p ≤ 0.05 significant, **p ≤ 0.001 highly significant and 
#
p ≥ 0.05 non-significant; Group II vs III - 

a
p ≤ 0.05 

significant, 
aa

p ≤ 0.001 highly significant and 
b
p ≥ 0.05 non-significant 

 
Table 2. Shows comparisons of parameters of MDA, SOD and CAT in Group 1, Group 2 and 

Group 3 

 
Sr. no. Parameters Group 1 healthy 

controls mean± SD 
Group 2 T2DM with normal 
glycemic control mean± 
SD 

Group 3 T2DM with 
poor glycemic 
control mean± SD 

1. MDA nmoles/ml 0.535±0.360 1.12±0.337
** 1.91±0.138

** aa 

2. SOD U/g Hb 12.72±2.13 11.41±2.44** 9.34±2.08**aa 

3 CAT U/ g Hb 14.91±2.45 7.37±1.68
** 5.93±1.68

**a 

Group IvsII -
*
p ≤ 0.05 significant, 

**
p ≤ 0.001 highly significant and #p ≥ 0.05 non-significant; Group IvsIII --

*
p ≤ 

0.05 significant, 
**

p ≤ 0.001 highly significant and #p ≥ 0.05 non-significant; Group IIvsIII - ap ≤ 0.05 significant, 
aap ≤ 0.001 highly significant and bp ≥ 0.05 non-significant 

 

Table 3. Correlation between HbA1c with Iron, TIBC, MDA, SOD and CAT in Group 2 and  
Group 3 

 

Sr. No. Parameters Group 2 (r value) Group 3 (r=value) 
01 HbA1c Vs Iron 0.077 0.636

** 

02 TIBC -0.009 -0.301* 

03 MDA 0.149 0.730
** 

04 SOD -0. 179 -0. 243 
05 CAT -0.256 -0.392

* 

*
p ≤ 0.05 significant, 

*
p ≤ 0.001 highly significant 



good glycemic controls. They show
correlation between iron and HbA1c (
< 0.0001). Shetty et al. [4] r
increased level of free iron in group

Graph 1. Shows comparisons of Iron and TIBC of Group 1, Group 2 and Group 3
 

Graph 2. Mean value of MDA, SOD and CAT of Group1, Group 2 and Group 3

Graph 3. Correlation between HbA1c and Iron of Group 3 (r=0.636;

0

50

100

150

200

250

300

350

400

Group 1

µ
g

/d
l

0

2

4

6

8

10

12

14

16

Group 1

0

2

4

6

8

10

12

14

16

100

H
b

A
1

c 
(%

)

Qureshi et al.; IJBCRR, 29(3): 1-8, 2020; Article no.

 
4 
 

owed positive 
1c (r=0.5968; p 
reported that 

roup 3 (Type-2 

DM in poor glycemic control) as compared to 
group 2 (Type-2 DM in good glycemic 
< 0.001).They also found a signific
in iron and HbA1c (r = 0.46; p < 0.01)

 

 
 

Shows comparisons of Iron and TIBC of Group 1, Group 2 and Group 3

 
 

Graph 2. Mean value of MDA, SOD and CAT of Group1, Group 2 and Group 3
 

 
 

Graph 3. Correlation between HbA1c and Iron of Group 3 (r=0.636; p ≤ 0.001

Group 1 Group 2 Group 3

Iron

TIBC

Group 2 Group 3

MDA

SOD

CAT

100 150 200 250 300

Iron µg/dl

 
 
 
 

; Article no.IJBCRR.54364 
 
 

) as compared to 
cemic control (p 
cant correlation 

0.46; p < 0.01). 

 

Shows comparisons of Iron and TIBC of Group 1, Group 2 and Group 3 

Graph 2. Mean value of MDA, SOD and CAT of Group1, Group 2 and Group 3 

≤ 0.001) 



 
 
 
 

Qureshi et al.; IJBCRR, 29(3): 1-8, 2020; Article no.IJBCRR.54364 
 
 

 
5 
 

 
 

Graph 4. Correlation between HbA1c and MDA of Group 3 (r= 0.730; p ≤ 0.001) 
 

 
 

Graph 5. Correlation between HbA1c and Catalase of Group 3 (r= -0.392 p ≤ 0.05) 
 

 
 

Graph 6. Correlation between MDA and Iron of Group 3 (r=0.548; p ≤ 0.01) 
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found lower levels of TIBC and UIBC in diabetic 
patients as compared to the Healthy individuals. 
Misra et al. [13] reported, significant difference 
between mean serum free iron and TIBC 
concentration between Group I (Healthy 
individuals) and Group III (T2DM patients with 
suboptimal glycemic control) (p < 0.05). 
 
Increase concentration of iron can be explained 
in various ways. Firstly, iron stores in the 
pancreas may lead to defective synthesis and 
secretion of insulin [14]. Secondly, excess iron 
deposition culminates in hyperinsulinemia due to 
obstruction in the insulin withdrawing ability of the 
liver [15]. Such deposits hinder insulin action, 
resulting in insulin resistance, which suppresses 
the yield of glucose in the liver [16]. 

 

Iron is an indispensable mineral for Hb 
synthesis of erythrocytes, myoglobin, 
cytochromes, oxidation – reduction reaction and 
cellular proliferation whereas excess iron 
accumulation causes organ dysfunction through 
the production of reactive oxygen species (ROS) 
[17].  
 

In our study we found positive correlation of 
HbA1c with iron which indicates that Poor 
glycemic control leads to increased glycation of 
haemoglobin which causes more release of iron 
from Hb. However, there was no significant 
difference in iron, TIBC and Hb levels between 
group 1 & group II which indicates that normal 
glycemic control could reduce iron release by 
decreasing glycation of proteins and may 
control iron overload, and related diabetic 
complications. 
 
Mean levels of MDA in Group 3 (T2DM with poor 
glycemic control) were significantly  higher and 
mean levels of SOD and CAT were significantly 
decreased as compared to Group 2 (T2DM with 
normal glycemic controls) and Group 1 
(Healthy controls). There was significant 
difference observed in the mean levels of MDA, 
SOD and CAT between group 2 and 1. There 
was strong positive correlation observed 
between HbA1c and MDA (r= 0.73, p <0.001) 
and moderate positive correlation observed 
between Iron and MDA (r= 0.54, p <0.01) in 
Group III. We also noted negative correlation of 
HbA1c with SOD (r= -0.243, p <0.05) and CAT (r 
= -0.392, p < 0.05). 

 
Our results are concurrent with Sayyeda et al. 
[18] Verma et al. [19] & Kundu et al. [20] for 
MDA. 

Sayyeda et al. [18] found significantly higher 
mean MDA levels in diabetic patients with poor 
glycemic controls as compared to diabetic 
patients with normal glycemic controls and 
healthy  controls.  Verma et al. [19] showed that 
the serum MDA levels were significantly higher 
in T2DM subjects as compared to healthy 
controls  
 

Kundu et al. [20] reported, serum iron, serum 
ferritin, HbA1c and MDA levels were significantly 
higher in type 2 diabetics compared with 
apparently healthy controls. Elevations in serum 
iron, ferritin and HbA1c are accompanied by a 
parallel increase in blood glucose. 
 

Oxidative stress represents one of the 
mechanisms involved in the pathogenesis and 
progression of T2DM and its complications, 
suggesting that it may be considered as an 
additional target for pharmacotherapy [21]. 
 

MDA  is  the end product of lipid peroxidation 
which act as  a marker of  balance between pro-
oxidant and antioxidants. In DM patients there is 
an imbalance between pro-oxidant and 
antioxidant and pro-oxidant is adversely 
predominant [22]. MDA levels in diabetic patients 
may be increased due to the action of iron 
producing free radicals through Fenton reaction 
ultimately initiating the chain reaction to cause 
lipid peroxidation [23]. 

 

Superoxide dismutase plays an important 
protective role against cellular and histological 
damages that are produced by  ROS.  Catalase 
acts as a main regulator of hydrogen peroxide 
metabolism. The deficiency of this enzymes in 
the beta cells, leads to an increase in oxidative 
stress and ultimately failure of this cell type [24]. 

 
 

Our study was correlated with Merzouk et al. [25] 
Bhatia et al. [26] and Mukhopadhyay et al. [27] 
Merzouk et al. [25] reported that the mean 
erythrocytes SOD activities in 2 diabetic 
patients were significantly  lower as compare to 
controls. They  suggested that diabetes mellitus 
may be associated with altered antioxidant status 
regardless to various complications. Bhatia, et 
al. [26] also reported that the erythrocytes SOD 
levels are decreased in the patients with 
diabetes mellitus. They suggested that low SOD 
activity could be resulted in diabetes with 
glycation of the enzymes, which has been 
reported to occur with Poor glycemic controls. 
 

Mukhopadhyay et al. [27] reported, that the 
mean serum CAT level in diabetic patient was 
significantly lower (p < 0.05) as compared to 
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the control. They concluded that free radical 
mediates the cellular damage in type-2 diabetic 
patients. 
 
In present study significant low levels of 
antioxidants and significant high levels of MDA 
indicate that increased oxidative stress leads to 
increased consumption of antioxidants (SOD & 
Catalase) to scavenge free radicals. Secondly 
glycation of enzymes might cause low 
antioxidants. In addition to that significantly 
decreased (p < 0.001) catalase activity indicates 
that glycation of catalase can also be 
responsible for release of iron since catalase is 
a heme containing enzyme. 

 
We have not observed significant correlation 
of HbA1c with Iron, TIBC, MDA, SOD & 
Catalase in group 2, this is might be due to 
normal glycemic control. There was significant 
difference observed in HbA1c, MDA, SOD & 
catalase levels between group 1 & group 2, it 
shows that slight increase of HbA1c levels, 
though it is normal, could increase oxidative 
stress but may not propagate harmful 
glycation sequelae which are a root cause 
of diabetic complications. 

 
5. RECOMMENDATIONS 
 
This study has some limitations. Firstly, small 
sample size; Secondly, ferritin is considered a 
good measure of body iron stores, which is not 
included in present study. Therefore further 
research is needed with large sample size, on the 
associations of serum ferritin, iron, TIBC and 
HbA1C concentration with oxidative stress 
in diabetes mellitus with and without 
complications. 

 
6. CONCLUSION 
 
In our study we found significant positive 
correlation of HbA1c with MDA and iron that 
indicates poor glycemic control leads to 
increased glycation of haemoglobin and other 
heme containing proteins. It causes more release 
of iron that leading to production of oxidative 
stress and thereby it might plays significant role 
in early appearance of diabetic complications. 
Hence, estimation of Iron and oxidative stress 
markers along with HbA1c can be used as 
valuable markers for the prediction of T2DM 
complications. Thus periodical monitoring of 
these markers is essential to prevent diabetic 
complications. 

CONSENT 
 
All authors declare that written informed consent 
was obtained from the patient  
 

ETHICAL APPROVAL 
 

All authors hereby declared that all experiments 
have  been  examined  and approved  by  the 
appropriate ethics committee and have therefore 
been  performed  in  accordance  with  the  
ethical standards   
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Zafar U, Qureshi HM, Karim A. Insulin 
resistence and serum parameters of iron 
status in type 2 Diabetics. Pak J Physiol. 
2011;7(2):28-31. 

2. Kaweeshwar SA, Cornwall J. The current 
status of diabetes mellitus in India. 
Australasian Medical Journal. 2014;7(1): 
45-48. 

3. Kamalam R, Ganesan N, Anbaazhagan M. 
Evalution of serum- free iron and glycated 
haemoglobin in uncontroledl Type-2 
Diabetic Patients. Asian Journal of 
Pharmaceutical and Cinical Reseacrh. 
2017;10:306-308. 

4. Shetty JK, Prakash M, Mohammed SI. 
Relationship between free iron ndglycated 
haemoglobin in uncontrolled Type- 2 
Diabetic patients associated with 
complications. Indian Journal of Clinical 
Biochemistry. 2008;23(1):67-70. 

5. Renuka P, Vasantha M. Study of the 
serum levels of iron, ferritin and 
magnesium in diabetic complications. 
International Journal of Pharmaceutical 
and Clinical Research. 2016;8(4):254-259. 

6. Iron, TIBC Kit. (Ferrozine method); 2018. 
Available:www.tulipgroup.com 

7. Sathos K. Serum lipid peroxide in 
cerebrovascular disorders determined by a 
new colorimetric method Clinica. Chemica. 
Acta. 1978;37-43. 

8. Marklund S, Marklund G. Involvement of 
the superoxide anion radical in the 
autooxidation of pyrogallol and a 
conviensent assay for superoxide 
dismutase. Eur J Biochem. 1974;47:          
469-474. 



 
 
 
 

Qureshi et al.; IJBCRR, 29(3): 1-8, 2020; Article no.IJBCRR.54364 
 
 

 
8 
 

9. Sinha AK. Colorimetric assay of catalase. 
Anal Biochem. 1972;47:389–39494. 

10. Preparation of Hemolysate; 2019. 
Available:http://geneticslab.emory.edu 

11. Saha S, Murgod R Evaluation of iron profile 
in type II diabetes mellitus cases. 
International Journal of Biotechnology and 
Biochemistry. 2019;15(1):27-37. 

12. Kapoor S, Sharma AK. Study of serum 
parameters of iron metabolism in Type-2 
DM patients. Journal of Chemical and 
Pharmaceutical Research. 2015;7(3): 
1839-1844. 

13. Misra G, Bhatter SK, Kumar A, Gupta V, 
Khan MY. Iron profile and glycaemia 
control in patients with type 2 diabetes 
mellitus. Med Sci (Basel). 2016;4(4):            
1-8. 

14. De Fronzo RA. The triumvirate: Β-cell, 
muscle, liver. Collusion responsible for 
NIDDM. Diabetes. 1988;37:667–687. 

15. Forouhi NG, Harding AH, Allison M, 
Sandhu MS, Welch A, Luben R, Bingham 
S, Khaw KT, Wareham NJ. Elevated 
serum ferritin levels predict new-onset type 
2 diabetes: Results from the epic-norfolk 
prospective study. Diabetologia. 2007; 
50:949–956. 

16. Wlazlo N, Greevenbroek MM, Ferreira I, 
Jansen EH, Feskens EJ, Vanderkallen CJ, 
Schalkwijk CG, Bravenboer B, Stehouwer 
CD. Iron metabolism is prospectively 
associated with insulin resistance and 
glucose intolerance over a 7-year follow-up 
period: The CODAM study. Acta Diabetol. 
2015;52:337–348. 

17. Gudjoncik A, Guenancia C, Zeller M, Cottin 
Y, Vergely C, Rochette L Iron, oxidative 
stress and redox signaling in the 
cardiovascular system. Mol. Nutr. Food 
Res. 2014;1–18. 

18. Sayyeda A, Parveen N, Mohammad S, 
Mohammad I. Evalution of oxidative stress 
and antioxidant status in relation with 
glycemic controls in Type 1 and Type 2  
DM patients. American Journal of 

Biochemistry and Molecular Biology. 
2014;4(2):93-98. 

19. Verma MK, Singh SP, Alam R,  Verma P. 
Comparative study on MDA, SOD and 
HbA1c levels in patients of type 2 diabetes 
mellitus with retinopathy and without 
retinopathy. Int J Pharm Sci Res. 2016; 
7(10):4184-4190. 

20. Kundu D, Roy A, Mandal T, Bandyo-
padhyay U, Ghosh E, Ray D. Relation of 
iron stores to oxidative stress in type 2 
diabetes. Nigerian Journal of Clinical 
Practice. 2013;16(1):100-103. 

21. Bigagli E, Lodovici M. Circulating oxidative 
stress biomarkers in clinical studies on 
type 2 diabetes and its complications. 
Oxidative Medicine and Cellular Longevity. 
2019;1-17. 

22. Alberti KG, Zimmet PZ. Definition, 
diagnosis and classification of diabetes 
mellitus and its complications. Report of a 
WHO Consultation. Diabet Med. 1998; 
15(7):539-53 

23. Paul C Chikezie, Okey A Ojiako, Agomuo 
C Ogbuji. Oxidative stress in diabetes 
mellitus. Integrative Obesity and Diabetes. 
2015;1(3):71-79. 

24. Abramovski SW, Waeber G, Gassner C, 
Buser A, Beat Frey M, Favrat B, et al. Iron 
and transfusion medicine. Blood Reviews. 
2014;14:289–295. 

25. Merzouk S, Hichami A, Madani S, Porst K, 
Khan NA. Antioxidant status and levels of 
different vitamins determined by HPLC in 
diabetic patients with multiple complica-
tions. Gen Physiol. Biophysios. 2003;22: 
15-27. 

26. Bhatia S, Shukla R, Madhu SV, Gambhir 
JK, Prabhu KM. Antioxidant status, lipid 
peroxidation and nitric oxide end products 
in patients with T2DM with nephropathy. 
Clin Biochem. 2003;36(7):557-562. 

27. Mukhopadhy S, Gachhui R, Kar M. The 
role of methyl glyoxyl in relation to patho-
physiological complications in DM. 
2006;17:87-98. 

_________________________________________________________________________________ 
© 2020 Qureshi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/54364 


