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Abstract 
Objective: To assess the changes in the expression of anti-oxidant and pro-oxidant enzymes in patients with type 
2 diabetes and diabetic nephropathy, and to examine their correlation with insulin resistance. 
Method: The case-control study was conducted from March to November 2021 at the King Abdulaziz University 
Hospital, Jeddah, Saudi Arabia, and comprised adult patients of either gender with diabetic nephropathy in DN 
group, patients with type 2 diabetes but without diabetic nephropathy in T2D group, and non-diabetic individuals 
in the control group. Serum insulin levels were measured using a modular analyser, while nicotinamide adenine 
dinucleotide phosphate oxidase, glutathione S-transferase and superoxide dismutase 3 levels were measured using 
enzyme-linked immunosorbent assay. Data was analysed using SPSS 29.0.1. 
Results: Of the 74 subjects, 45(60.8%) were females and 29(39.2%) were males. The overall mean age was 53±14 
years. There were 20(27%) patients in DN group with mean age 60±11 years, 29(39.2%) patients in T2D group with 
mean age 56±12 years, and 25(33.8%) in the control group with mean age 43±11 years. Nicotinamide adenine 
dinucleotide phosphate oxidase levels were significantly lower in T2D and DN groups than in the control group 
(p<0.05). Glutathione S-transferase levels were significantly lower in the DN group than in the control group 
(p<0.05). T2D and DN groups had significantly lower superoxide dismutase 3 levels than the control group (p<0.05). 
Glutathione S-transferase levels correlated positively with glycated haemoglobin levels in the DN group, and 
negatively with fasting blood glucose levels in the T2D group (p<0.05). Superoxide dismutase 3 levels were 
negatively correlated with insulin and homeostatic model assessment of insulin in T2D group (p<0.05). 
Conclusion: Type 2 diabetes and diabetic nephropathy induced changes in the levels of superoxide dismutase 3, 
glutathione S-transferase and nicotinamide adenine dinucleotide phosphate oxidase. Low levels of superoxide 
dismutase 3 in type 2 diabetes correlated with insulin resistance, suggesting the need for anti-oxidant replacement 
therapy as part of diabetes control measures to prevent diabetic nephropathy. 
Key Words: Type 2 diabetes mellitus, Diabetic nephropathy, Insulin resistance, Oxidative stress, Anti-oxidant. 
(JPMA 75: 197; 2025) DOI: https://doi.org/10.47391/JPMA.11041 

Introduction 
Type 2 diabetes (T2D) is a group of metabolic diseases 
caused by insulin resistance (IR), inhibiting the cell's 
glucose uptake.1 Insulin is a polypeptide hormone 
secreted by beta cells of pancreatic islets (islets of 
Langerhans) in response to elevated plasma glucose 
levels. It decreases plasma glucose levels by inducing its 
entry into cells. This process starts with insulin to its 
receptor on the target cell membrane, which initiates a 
cascade of enzymatic reactions, resulting in glucose 
uptake by the cell. Hyperglycaemia associated with 
diabetes induces the generation of reactive oxygen 

species (ROS), which play causal roles in the development 
of secondary complications, such as diabetic 
nephropathy (DN).2 Under normal conditions, the body 
neutralises ROS produced by pro-oxidant nicotinamide 
adenine dinucleotide phosphate oxidase (NOX) through 
the enzymatic activities of antioxidant enzymes, such as 
superoxide dismutase 3 (SOD3) and glutathione S-
transferase (GST). However, the relationship of these anti-
oxidant and pro-oxidant enzymes with IR in diabetes, with 
or without DN, is unclear. 
 
GST is a phase II family isozyme that is essential for the 
detoxification of by-products of oxidative stress (OS).3 It 
catalyses the conjugation between glutathione and 
various endogenous and exogenous electrophilic 
compounds. A significant increase in GST activity in 
patients with T2D and DN has been suggested as a 
compensatory mechanism against OS.4 

 
SOD is an anti-oxidant enzyme that catalyses the 
dismutation of superoxide anions into hydrogen peroxide 

1-3,7Department of Medical Laboratory Sciences, King Abdulaziz University, 
Jeddah, 4,6Department of Endocrinology, King Abdulaziz University, Jeddah; 
5Department of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia. 
Correspondence: Samar Sultan. Email: sasultan@kau.edu.sa 
ORCID ID: 0000-0003-1194-8545 
Submission complete: 26-10-2023   First Revision received: 16-04-2024 
Acceptance: 02-10-2024                         Last Revision received:  01-10-2024



and molecular oxygen. It occurs in three isoforms in 
humans: SOD1 in the cytoplasm, SOD2 in the 
mitochondria, and SOD3 in the extracellular matrix.5 
SOD3, found in the extracellular matrix of various tissues, 
including the pancreas, skeletal muscle and blood vessels, 
is the major extracellular scavenger of superoxide 
radicals.6 Patients with T2D exhibit a decrease in serum 
and urinary SOD3 levels, reflecting the early signs of 
damage to the vascular endothelium and susceptibility to 
DN.7 

 
NOX catalyses the production of superoxide via the one-
electron reduction of oxygen (O2) using nicotinamide 
adenine dinucleotide (NAD) + hydrogen (H) (NADH) or 
NADPH as an electron donor. It is a potent stimulator of 
ROS in many tissues, particularly under hyperglycaemic 
conditions.8 Interestingly, NOX also acts as an indirect 
anti-oxidant by reducing oxidised antioxidant enzymes.9 
The inhibition of NOX in vivo improves the IR-induced 
impairment of endothelial cell function.10 

 
Uncontrolled blood glucose levels and IR-induced OS in 
diabetes may lead to early chronic kidney disease (CKD).11 
Enhancement of insulin sensitivity and anti-oxidant 
enzyme activity with flavonoid extract treatment in T2D 
mice was reported to reduce kidney dysfunction.12 This 
indicates that IR and impaired anti-oxidant defence may 
be the leading causes of diabetic kidney complications. 
The current study was planned to investigate the changes 
in the expression of anti-oxidant and pro-oxidant 
enzymes in patients with T2D, with or without DN, and to 
assess their correlation with IR. 

Subjects and Methods 
The case-control study was conducted from March to 
November 2021 at the King Abdulaziz University Hospital, 
Jeddah, Saudi Arabia. After approval from the institutional 
ethics review committee, medical records of patients 
scheduled for sample collection for routine tests were 
reviewed to raise the sample. The sample size was 
determined based on previous studies.13-15 Patients with 
glycated haemoglobin (HbA1c) levels ≥6.5% and fasting 
blood glucose (FBG) levels ≥126mg/dL were considered 
diabetic.16 Diabetic patients with estimated glomerular 
filtration rate (eGFR) <60mL/min/1.73m2 and urine 
albumin-creatinine ratio >30mg/g were considered 
diabetic with DN.16 Diabetic patients with heart or liver 
problems and those having type 1 diabetes were 
excluded. Adult patients of either gender with diabetic 
nephropathy were placed in DN group, patients with T2D 
without DN were placed in T2D group, and non-diabetic 
individuals were placed in the control group. T2D and DN 
patients followed their respective treatment plans, while 

those in the control group were healthy individuals with 
no diabetes, kidney disease or other conditions that could 
need medication. 

After taking informed consent from all the subjects, blood 
samples were collected in serum-separating and 
ethylenediaminetetraacetic acid (EDTA) tubes. Whole 
blood serum 2ml and whole blood aliquots were kept at -
20°C until further analysis. FBG was measured using the 
hexokinase (HK) method17 with a glucose HK kit (Sigma, 
Poole, United Kingdom). HbA1c levels in the serum were 
measured using the turbidimetric inhibition 
immunoassay method18 with the A1c-3 kit (Roche 
Diagnostics GmbH, Mannheim, Germany). The Elecsys 
Insulin kit (Roche Diagnostics GmbH, Mannheim, 
Germany) was used to measure insulin levels following a 
previously described protocol.19 All immunoassays were 
performed on a Cobas e601 Modular Analyser (Roche 
Diagnostics GmbH, Mannheim, Germany), following the 
manufacturer’s instructions. 

NOX, GST, and SOD3 levels were measured using an 
anzyme-linked immunosorbent assay (ELISA) 
(MyBioSource, San Diego, CA, United States), following 
the manufacturer’s instructions. Homeostatic model 
assessment of IR (HOMA-IR) and homeostatic model 
assessment to quantify beta-cell function (HOMA-β) were 
calculated using the following equations according to 
Matthews et al.20: 

"HOMA-IR = "  "FBG " ("mmol/L" )" × Fasting Insulin (mU/L)" 
/22.5 

"HOMA-β = "  "20 × Fasting Insulin (mU/L)" /("FBG " 
("mmol/L" )-3.5) 

Data was analysed using SPSS 29.0.1. Data normality was 
assessed using the Shapiro-Wilk test. The student’s t-test 
was employed to compare groups, and data was 
presented as mean ± standard error of the mean (SEM). 
Correlation analyses were performed using the Pearson 
correlation coefficient (r). P<0.05 was considered 
statistically significant. 

Results 
Of the 74 subjects, 45(60.8%) were females and 29(39.2%) 
were males. The overall mean age was 53±14 years. There 
were 20(27%) patients in DN group with mean age 60±11 
years, 29(39.2%) patients in T2D group with mean age 
56±12 years, and 25(33.8%) in the control group with 
mean age 43±11 years. 
 
FBG and HbA1c levels were significantly higher in T2D 
and DN groups compared to the control group (p<0.001). 
Insulin levels were lower in the DN group relative to the 
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control group (p=0.08). The HOMA-IR index was slightly 
elevated in T2D group compared to controls (p=0.10). The 
HOMA-β index was significantly reduced in both T2D and 
DN groups compared to the control group (p<0.001) 
(Table 1). 
 
NOX levels were significantly lower in T2D and DN groups 
than in the control group (p<0.05). GST levels were 
significantly lower in the DN group than in the control 
group (p<0.05). T2D and DN groups had significantly 
lower SOD3 levels than the control group (p<0.05). GST 
levels correlated positively with HbA1c levels in the DN 
group, and negatively with FBG levels in the T2D group 
(p<0.05). SOD3 levels were negatively correlated with IR 
and HOMA-IR in T2D group (p<0.05) (Table 2). 

Discussion 
To our knowledge, the current study is the first to report a 
strong association between decreased levels of anti-
oxidant enzymes and IR. Consistent with previous 
studies,7 the current study demonstrated significantly 
lower SOD3 levels in patients with T2D, with or without 
DN, than those in healthy controls. The reduction in SOD3 
levels could be explained by its high consumption under 
OS resulting from prolonged hyperglycaemia. The 
increased FBG and HbA1c levels indicated poor control of 
blood glucose levels in these groups, demonstrating their 
exposure to high blood glucose levels for long periods. 
This also corresponded with the DN group's positive 
correlation between SOD3 and HbA1c. IR, HOMA-IR, and 
HOMA-β results suggested an increase in IR, beta cell 
dysfunction, and low insulin secretion in T2D and DN 
groups compared to those in the control group. The 
negative correlation between SOD3 and insulin levels and 
HOMA-IR indicated an inverse relationship between 
enzyme levels and IR in T2D group. 

Although a negative correlation was observed between 
GST and FBG levels in T2D group, the difference in their 
levels between T2D and control groups was non-
significant. Concordant with these findings, a previous 
study showed GST levels in the DN group to be lower than 
those in the T2D group.21 Sharma et al. speculated that 
the lower GST levels in the DN group than those in the 
T2D group could be explained by the lower GST activity in 
the DN group attributed to certain substances in the 
uraemic plasma21, but the exact mechanism of low GST 
levels in patients with DN is unknown. Variation in GST 
levels in subjects with chronic kidney disease (CKD) 
depends on GST polymorphism,22 which may explain the 
lower GST levels observed in the DN group in the present 
study. 

NOX produces superoxide free radicals by transferring 
one electron to oxygen. Inhibition of NOX reduces ROS 
levels in patients with DN.23 Furthermore, hyperglycaemia 
increases NOX levels.24 Contrary to these findings, the 
current study revealed a significant decrease in NOX 
levels in T2D and DN groups. These conflicting results 
could be explained by patient heterogeneity or the 
medication used. However, the current results are 
consistent with those of a recent study in diabetic rats 
that showed lower NOX levels in the diabetic group than 
those in the control group due to reduced insulin levels.25 
Significantly lower levels of insulin in T2D group, along 
with high HOMA-β levels in T2D and DN groups, indicated 
beta cell dysfunction and low insulin secretion, which 
corresponded with the higher FBG and HbA1c levels in 
both the groups compared to the control group. Another 

Table-1: Intergroup comparison of patient characteristics. 
 
                                        Control            T2D Patients       DN Patients      P-Value (T2D vs 
                                      (n = 25)                 (n = 29)                (n = 20)              Control / DN  
                                                                                                                                          vs. Control) 
 
 
FBG (mmol/L)         5.40 ± 0.51           8.83 ± 2.81           8.77 ± 2.31        <0.001/ <0.001 
HbA1c (%)                5.59 ± 0.33           7.64 ± 1.29           8.18 ± 1.26 
                                                                          (n = 26)                 (n = 10)            <0.001/ <0.001 
Insulin (pmol/L)   74.54 ± 33.41      55.25 ± 31.93      52.16 ± 61.13             0.02/0.08 
HOMA-IR                   2.53 ± 1.38           3.11 ± 1.96           2.90 ± 4.00               0.10/0.30 
HOMA-β                110.94 ± 53.06     34.89 ± 23.51      28.47 ± 27.19      <0.001/ <0.001 
NOX (ng/mL)           4.65 ± 1.34           4.07 ± 0.98            3.25 ± 1.7               0.03/0.002 
GST (ng/mL)            0.70 ± 0.18           0.72 ± 0.20           0.56 ± 0.09            0.3/<0.0006 
SOD3 (ng/mL)        18.77 ± 1.34         17.50 ± 3.23        17.74 ± 2.35              0.02/0.03 
 

T2D: Type 2 diabetes, DN: Diabetic nephropathy, FBG: Fasting blood glucose, HbA1c: Glycated 
haemoglobin, HOMA-IR: Homeostatic model assessment of insulin resistance, HOMA-β: 
Homeostatic model assessment to quantify beta-cell function, NOX: Nicotinamide adenine 
dinucleotide phosphate oxidase, GST: Glutathione S-transferase, SOD3: Superoxide dismutase. 3..

Table-2: Correlation of NOX, GST and SOD3 levels with clinical parameters and insulin 
resistance in patients with T2D and DN. 
 
                                                                                              T2D                                                                DN 
                                                                NOX                 GST             SOD3                NOX               GST             SOD3 
 
FBG (mmol/L)              r                 −.015            −.369          −.113                .046            −.128           .182 
                                           P                   .469               .024*             .280                   .847              .592             .444 
HbA1c (%)                     r                  0.214             −.189          −.035                .146            −.077           .712 
                                           P                   .147                 .178              .432                   .688              .832            .021* 
Insulin (pmol/L)          r                 −.068               .011            −.426                .136              .027             .054 
                                           P                   .363                .476             .011*                 .578              .914             .826 
HOMA-IR                        r                 −.031            −.197          −.393                .155              .007             .023 
                                           P                   .437                 .153             .017*                 .527              .977             .923 
HOMA-β                         r                 −.094               .210            −.280                .035              .188           −.090 
                                           P                   .314                 .137              .070                   .888              .428             .706 
 

T2D: Type 2 diabetes, DN: Diabetic nephropathy, FBG: Fasting blood glucose, HbA1c: Glycated 
haemoglobin, HOMA-IR: Homeostatic model assessment of insulin resistance, HOMA-β: 
Homeostatic model assessment to quantify beta-cell function, NOX: Nicotinamide adenine 
dinucleotide phosphate oxidase, GST: Glutathione S-transferase, SOD3: Superoxide dismutase, *: 
significant correlation (p<0.05).



supporting study using a cancer model characterised by 
increased ROS levels showed similarly low levels of NOX, 
which the authors suggested could be a compensatory 
response to OS, or had been caused by the oxidation of 
proteins by ROS.26 However, the mechanisms underlying 
the low levels of NOX in both groups remain undefined. 
On the basis of the findings, the current study suggests 
that anti-oxidant drugs, along with diabetes control 
drugs, should be prescribed as prophylaxis to prevent 
diabetic complications in newly-diagnosed patients with 
T2D. 

The current study has limitations. The patients in T2D and 
DN groups were older than those in the control group, 
which could have affected the disease progression, but it 
has been shown using models of diabetic retinopathy 
(DR) that hyperglycaemia causes alterations in anti-
oxidant enzyme levels regardless of age.27 Moreover, 
antioxidant enzyme levels were reported to increase with 
age in a previous study.28 However, the current study 
found decreased levels of anti-oxidant enzymes in 
diabetic patients with or without nephropathy, which is in 
agreement with previous studies.27 Therefore, alterations 
in the anti-oxidant enzyme levels in the current study 
were related to the observed increase in blood glucose 
levels. Lack of information regarding the duration of 
diabetes and the stage of DN were the other limitations of 
the present study. Future studies should target larger a 
sample size, and examine whether the changes in the 
levels of these anti-oxidant enzymes in T2D and DN are 
due to gene polymorphisms. 

Despite the limitations, the current study would be 
clinically useful and help design therapeutic approaches 
for anti-oxidant replenishment along with diabetes 
control drugs to manage the complications associated 
with diabetes. 

Conclusion 
The levels of anti-oxidant enzymes SOD3 and GST were 
decreased in patients with T2D and DN, indicating 
reduced protection against OS. In addition, the levels of 
NOX were reduced in both groups. A negative correlation 
between SOD3 levels and IR was observed in patients 
with T2D. 

Acknowledgement: We are grateful to the blood donors 
and to the nurses who helped with sample collection at 
King Khaled Hospital, King Abdulaziz Medical City. We are 
also grateful to the Ministry of Education and to the King 
Abdulaziz University, Jeddah, Saudi Arabia, for technical 
and financial support. 

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: Institutional grant from the Ministry 
of Education and the King Abdulaziz University, Jeddah, 
Saudi Arabia. 

References 
1. Leguisamo NM, Lehnen AM, Machado UF, Okamoto MM, Markoski 

MM, Pinto GH, et al. GLUT4 content decreases along with insulin 
resistance and high levels of inflammatory markers in rats with 
metabolic syndrome. Cardiovasc Diabetol. 2012; 11:100.doi: 
10.1186/1475-2840-11-100. 

2. Samsu N. Diabetic Nephropathy: Challenges in Pathogenesis, 
Diagnosis, and Treatment. Biomed Res Int. 
2021;2021:1497449.doi: 10.1155/2021/1497449. 

3. Hellou J, Ross NW, Moon TW. Glutathione, glutathione S-
transferase, and glutathione conjugates, complementary markers 
of oxidative stress in aquatic biota. Environ Sci Pollut Res Int. 2012; 
19:2007-23. doi: 10.1007/s11356-012-0909-x. 

4. Giebułtowicz J, Sołobodowska S, Bobilewicz D, Wroczyński P. 
Blood ALDH1 and GST activity in diabetes type 2 and its 
correlation with glycated hemoglobin. Exp Clin Endocrinol 
Diabetes. 2014; 122:55-9. doi: 10.1055/s-0033-1361177. 

5. Zelko IN , Mariani TJ, Folz RJ. Superoxide dismutase multigene 
family: a comparison of the CuZn-SOD (SOD1), Mn-SOD (SOD2), 
and EC-SOD (SOD3) gene structures, evolution, and expression. 
Free Radical Biol Med. 2002; 33:337-49. doi: 10.1016/s0891-
5849(02)00905-x. 

6. Wert KJ, Velez G, Cross MR, Wagner BA, Teoh-Fitzgerald ML, 
Buettner GR, et al. Extracellular superoxide dismutase (SOD3) 
regulates oxidative stress at the vitreoretinal interface. Free Radic 
Biol Med. 2018; 124:408-19. doi: 
10.1016/j.freeradbiomed.2018.06.024. 

7. Kuo CW, Chen HL, Tu MY, Chen CM. Serum and urinary SOD3 in 
patients with type 2 diabetes: comparison with early chronic 
kidney disease patients and association with development of 
diabetic nephropathy. Am J Physiol Renal Physiol. 2019; 316:F32-
41. doi: 10.1152/ajprenal.00401.2017. 

8. Qiu J, Liu D, Li P, Zhou L, Zhou L, Liu X, et al. NADPH Oxidase 
Mediates Oxidative Stress and Ventricular Remodeling through 
SIRT3/FOXO3a Pathway in Diabetic Mice. Antioxidants. 2022; 
11:1745. doi: 10.3390/antiox11091745. 

9. Sullivan-Gunn MJ, Campbell-O’Sullivan SP, Tisdale MJ, 
Lewandowski PA. Decreased NADPH oxidase expression and 
antioxidant activity in cachectic skeletal muscle. J Cachexia 
Sarcopenia Muscle. 2011; 2:181-8.doi: 10.1007/s13539-011-0037-
3. 

10. Maqbool A, Watt NT, Haywood N, Viswambharan H, Skromna A, 
Makava N, et al. Divergent effects of genetic and pharmacological 
inhibition of Nox2 NADPH oxidase on insulin resistance-related 
vascular damage. Am J Physiol Cell Physiol. 2020; 319:C64-c74. 
DOI: https://dx.doi.org/10.1152/ajpcell.00389.2019. 

11. Dai Y, Quan J, Xiong L, Luo Y, Yi B. Probiotics improve renal 
function, glucose, lipids, inflammation and oxidative stress in 
diabetic kidney disease: a systematic review and meta-analysis. 
Ren Fail. 2022; 44:862-80. DOI: 10.1080/0886022x.2022.2079522. 

12. Park E, Hong K, Kwon BM, Kim Y, Kim JH. Jaceosidin Ameliorates 
Insulin Resistance and Kidney Dysfunction by Enhancing Insulin 
Receptor Signaling and the Antioxidant Defense System in Type 2 
Diabetic Mice. J Med Food. 2020; 23:1083-92. DOI: 
10.1089/jmf.2020.4739. 

13. Ściskalska M, Ołdakowska M, Marek G, Milnerowicz H. Changes in 
the activity and concentration of superoxide dismutase 
isoenzymes (Cu/Zn SOD, MnSOD) in the blood of healthy subjects 

Vol. 75, No. 2, February 2025 Open Access

Correlation of anti-oxidant and pro-oxidant enzymes with insulin ... 200



Open Access J Pak Med Assoc

T Alamri, H Khouja, N Alrayes, et al 201

and patients with acute pancreatitis. Antioxidants. 2020; 9:948. 
doi: 10.3390/antiox9100948. 

14. Wehrwein G, Neumeier M, Schäffler A, Kopp A, Weigert J, Abke S, 
et al. Lipopolysaccharide regulated protein expression is only 
partly impaired in monocytes from patients with type I diabetes. 
Cardiovasc Diabetol. 2006; 5:1-8. doi: 10.1186/1475-2840-5-5. 

15. Peng JR, Lu TT, Chang HT, Ge X, Huang B, Li WM. Elevated levels of 
plasma superoxide dismutases 1 and 2 in patients with coronary 
artery disease. BioMed Res Int. 2016; 2016:3708905. doi: 
10.1155/2016/3708905. 

16. Handelsman Y, Mechanick J, Blonde L, Grunberger G, 
Bloomgarden Z, Bray G, et al. American Association of Clinical 
Endocrinologists Medical Guidelines for clinical practice for 
developing a diabetes mellitus comprehensive care plan: 
executive summary. Endocr Pract. 2011; 17:287-302. doi: 
10.4158/ep.17.2.287. 

17. Neeley WE. Simple automated determination of serum or plasma 
glucose by a hexokinase/glucose-6-phosphate dehydrogenase 
method. Clin Chem. 1972; 18:509-15. 

18. Genc S, Omer B, Aycan‐Ustyol E, Ince N, Bal F, Gurdol F. Evaluation 
of turbidimetric inhibition immunoassay (TINIA) and HPLC 
methods for glycated haemoglobin determination. J Clin Lab 
Anal. 2012; 26:481-5.doi: 10.1002/jcla.21550. 

19. Ochocińska A, Śnitko R, Czekuć-Kryśkiewicz E, Kępka A, Szalecki M, 
Janas RM. Evaluation of the immunoradiometric and 
electrochemiluminescence method for the measurement of 
serum insulin in children. J Immunoassay Immunochem. 2016; 
37:243-50.doi: 10.1080/15321819.2015.1126601. 

20. Matthews DR, Hosker J, Rudenski A, Naylor B, Treacher D, Turner R. 
Homeostasis model assessment: insulin resistance and β-cell 
function from fasting plasma glucose and insulin concentrations 
in man. Diabetologia. 1985; 28:412-9. doi: 10.1007/BF00280883. 

21. Sharma M, Gupta S, Singh K, Mehndiratta M, Gautam A, Kalra OP, 
et al. Association of glutathione-S-transferase with patients of 

type 2 diabetes mellitus with and without nephropathy. Diabetes 
Metab Syndr. 2016; 10:194-7.doi: 10.1016/j.dsx.2016.06.006. 

22. Datta SK, Kumar V, Pathak R, Tripathi AK, Ahmed RS, Kalra OP, et 
al. Association of glutathione S-transferase M1 and T1 gene 
polymorphism with oxidative stress in diabetic and nondiabetic 
chronic kidney disease. Ren Fail. 2010; 32:1189-95. doi: 
10.3109/0886022X.2010.517348. 

23. Cha JJ, Min HS, Kim KT, Kim JE, Ghee JY, Kim HW, et al. APX-115, a 
first-in-class pan-NADPH oxidase (Nox) inhibitor, protects db/db 
mice from renal injury. Lab Invest. 2017; 97:419-31. doi: 
10.1038/labinvest.2017.2. 

24. Jansen F, Yang X, Franklin BS, Hoelscher M, Schmitz T, Bedorf J, et 
al. High glucose condition increases NADPH oxidase activity in 
endothelial microparticles that promote vascular inflammation. 
Cardiovasc Res. 2013; 98:94-106. doi: 10.1093/cvr/cvt013.  

25. Cirano FR, Molez AM, Ribeiro FV, Tenenbaum HC, Casati MZ, 
Corrêa MG, et al. Resveratrol and insulin association reduced 
alveolar bone loss and produced an antioxidant effect in diabetic 
rats. J Periodontol. 2021; 92:748-59. doi: 10.1002/JPER.19-0718. 

26. Sullivan-Gunn MJ, Campbell-O’Sullivan SP, Tisdale MJ, 
Lewandowski PA. Decreased NADPH oxidase expression and 
antioxidant activity in cachectic skeletal muscle. J Cachexia 
Sarcopenia Muscle. 2011; 2:181-8. doi: 10.1007/s13539-011-0037-
3. 

27. Choudhuri S, Dutta D, Chowdhury IH, Mitra B, Sen A, Mandal LK, et 
al. Association of hyperglycemia mediated increased advanced 
glycation and erythrocyte antioxidant enzyme activity in different 
stages of diabetic retinopathy. Diabetes Res Clin Pract. 2013; 
100:376-84. DOI: 
https://dx.doi.org/10.1016/j.diabres.2013.03.031. 

28. İnal ME, Kanbak G, Sunal E. Antioxidant enzyme activities and 
malondialdehyde levels related to aging. Clin Chim Acta. 
2001;305:75-80. doi: 10.1016/s0009-8981(00)00422-8. 

AUTHORS’ CONTRIBUTIONS:  
TA & SS: Concept, design, data acquisition, analysis, interpretation, drafting and 
final approval. 
HK: Concept, design and final approval. 
NA, NM, AA & RA: Data acquisition, analysis, interpretation and final approval. 


