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Abstract

Introduction: Diabetes mellitus (DM), a metabolic syndrome with abnormality in metabolism of carbohydrates, proteins and 
lipids, and is characterized by absolute and relative deficiency of insulin secretion. DM leads to its most common and frequent 
complication –Diabetic kidney disease. Oxidative stress induced by decreased antioxidant defenses and /or increased free 
radical formation are involved in causative factor and diseases in diabetes, is an evidence based study.

Materials and Methods: The studied group consisted of 50 subjects with diabetes nephropathy recruited from Jinnah Hospital 
Lahore. Oxidative stress biomarkers (SOD, GSH, Catalase, AOPPs, NO and MDA) were determined by using the method of 
spectrophotometry. Vitamins (C, E, A and D) and inflammatory markers (TNF-, and IL-6) were analyzed by using commercially 
available Elisa kits. Results were analyzed through T test by using SPSS version 16.

Results: Hematological profile of diabetic nephropathy patients was observed. Abnormal changes were found in platelets 
count and lymphocytes predicting coagulation and inflammation inside body. Antioxidants (SOD, CAT, GSH-GPx) and vitamins 
(A, E, C, D) were decreased. Oxidative markers and inflammatory markers such as MDA, MPO and AOPPs were found to be 
increased.

Conclusion: It is clear that hyperglycemia activates the various signaling pathways and reactive oxygen species (ROS) 
formation, which further activates signaling cascades. It causes the structural and functional alterations in kidney that enhance 
the complications associated with diabetic nephropathy.   
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Introduction

Diabetes mellitus is one of the most common cause 
of chronic kidney failure worldwide [1]. It was estimated 
by International Diabetic Federation that the incidence of 
diabetes is 8.8% among the age of 20 -70 years affecting 

almost 440 million people [2]. It is predicted to cross more 
than 550 million people by the year 2035 [3]. The most 
prominent clinical feature of diabetes is its association with 
chronic tissue complications. It has been seen that short term 
hyperglycemia condition does not result in serious tissue 
damage. However, its duration and severity seems to be 

https://medwinpublishers.com/OAJPR/
https://portal.issn.org/resource/ISSN/2574-7797#
https://medwinpublishers.com/
https://doi.org/10.23880/oajpr-16000230


Open Access Journal of Pharmaceutical Research2

Shahzad Q, et al. Exploration of Matrix Metalloproteinase and its Interplay in the Development of 
Diabetic Nephropathy. Pharm Res 2021, 5(1): 000230.

Copyright©  Shahzad Q, et al.

major causative factor of organ damage. Early morphological 
changes of renal injury include nephropathy but extent to 
this damage is best estimated by detection of proteinuria and 
glomerular filtration rate (GFR) [2]. 

Diabetic nephropathy also known as nodular diabetic 
glomerulosclerosis or inter-capillary glomerulonephritis 
or Kimmelstiel Wilson syndrome, is a clinical syndrome 
characterized by macroalbuminuria and microalbuminuria, 
permanent and irreversible glomerular filtration and 
arterial hypertension [4]. Diabetic nephropathy is a chronic 
complication of Type I diabetes mellitus which is due to 
beta cell destruction or the absolute lack of insulin and Type 
II diabetes mellitus which is due to insulin resistance or 
decreased secretion of insulin in the body [5]. 

Researchers have deduced five different stages of diabetic 
nephropathy. In stage I GFR is either normal or increased, 
last five years after the onset of disease. In this stage, 20% 
increase in the size of Kidney has been noticed along with 
10-15% increase in renal blood flow while there is no change 
in blood pressure and albuminuria. Stage II characterized by 
the kidney damage with thickening of basement membrane 
and mesangial expansion but with no clinical signs. However, 
the stage III is the initial nephropathy characterized by 
microalbuminuria (Albumin 30-300mg/24 hr.), glomerular 
damage and increased blood pressure. 

Typically, chronic kidney failure is the irreversible 
stage, termed as stage IV which is characterized by 
macroalbuminuria (Albumin > 300mg/24 hr.), decreased GFR 
(below 60 mL/min/1.73m2) and high blood pressure. Stage V 
is the terminal kidney failure stage with GFR less than 15mL/
min/1.73m2 that ultimately requires kidney replacement 
therapies such as hemodialysis, peritoneal dialysis and kidney 
transplantation [6]. In all these stages, GFR and proteinuria 
are prescribed as best indicators of degree of damage [7]. 
 

Biomarkers are also used to predict and progression of 
kidney disease. Since albuminuria has certain limitations 
and this has led to discovery of more patent and reliable 
serum and renal biomarkers best known for high sensitivity 
and specificity [8]. Recently, three new biomarkers are 
introduced that includes neutrophil gelatinase-associated 
lipocalin NGAL, beta-trace protein (Beta TP) and microRNA-
130b in type II diabetes mellitus [9]. They suggested NGAL 
and beta TP were significantly high in patients with type II 
diabetes mellitus; hence they could serve as early tubular 
and glomerular biomarkers respectively. Several studies 
have shown the elevated tumor growth factor beta (TGF 
beta), connective tissue growth factor (CTGF) and vascular 
endothelial growth factor (VEGF) and they are expected to 

replace albuminuria in future for better diagnosis [10-12]. 

It is well established fact that combination of metabolic 
and hemodynamic alterations and inflammatory reactions 
are involved in diabetic nephropathy patients. However, 
studies from past decades have provided enough evidence 
of pathogenic and molecular events of diabetic nephropathy. 
It is reported that early and critical sign of progression of 
diabetic nephropathy is the blood pressure changes that 
take place inside the kidney. Moreover, the impairment 
of glomerular microcirculation and intrarenal pressure 
ultimately causes glomerular sclerosis and hypertrophy. 
Studies on in vitro models revealed that podocytes and 
mesangial cells as well as tubular cells experiencing 
mechanical stretch releases several molecules which causes 
structural and functional changes in glomeruli [13,14]. These 
molecules include transforming growth factors, capillary 
pressure regulators including angiotensin II, Angiotensin 
converting enzyme (ACE), angiotensin II receptor 1 and type 
2 receptor, VEGF and cytokines such as interleukin (IL)-6, IL-
18 and MCP1. These molecules induce pathogenic effects via 
elevating oxidative stress by two means either by activating 
nicotinamide adenine dinucleotide phosphate hydrogen 
(NADPH) oxidase or either by activating cellular remodeling 
signaling. This leads to morphological changes as well as 
increased synthesis of extra-cellular matrix [15]. In prolong 
hyperglycemic conditions, advanced glycation end products 
within renal tissue and plasma [16,17]. There are two 
pathways through which AGEs induced renal complications 
occurs. One is through its irreversible binding to type IV 
collagen and laminin, impair their degradation by matrix 
metalloproteinases that ultimately leads to fibrosis [18]. 
Second, by its interaction with the receptor RAGE specifically 
expressed by podocytes, endothelial and mesangial cells in 
kidney. 

AGEs are also known to provoke profibrotic cytokines 
such as connective tissue growth factor (CTGF) and TGF-
beta, angiogenic growth factor (VEGF) [19]. Furthermore, 
the ligation of AGEs to RAGE increases the expression of 
NADPH oxidase and mitochondrial – dependent reactive 
oxygen species (ROS) generation that induces oxidative 
stress resulting in glomerular cell proliferation, expansion 
and hypertrophy. All these morphological changes stimulate 
injured renal cells to secrete chemo-attractant cytokines 
which attacks inflammatory cells into the interstitium such as 
lymphocytes and macrophages. This interstitial infiltration 
worsens the progression of diabetic nephropathy through 
the release of several tissue remodeling and inflammatory 
cytokines which promotes oxidative stress via the activation 
of NADPH oxidase subunits that include, tumor necrosis 
factor alpha, interferon gamma and interleukin-I [20]. All 
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these events lead to tubulointerstitial fibrosis which is the 
main determinant of disease progression [21].

Materials and Methods

Source of Data: The present study was designed to 
investigate the key processes involved in the development 
of diabetic nephropathy. All the selected patients were 
screened/selected at the Kidney Center of Jinnah Hospital 
Lahore. Informed consent was obtained before being 
included in this study. Fifty age and sex- matched clinically 
and apparently healthy individuals were included as controls 
(25-40 Years). The experiment protocol was approved by the 
Research Ethical Committee of The Institute of molecular 
biology and biotechnology, The University of Lahore. 5 mL 
of venous blood sample was taken from anti-cubital vein of 
each participant. The sample bottles were centrifuged within 
1 hour of collection after which the serum was separated and 
stored at -70ͦC until assayed.

Inclusion Criteria: The diagnosis of diabetic nephropathy 
was made on the basis of FBS, GFR and microalbuminuria 
results.

Exclusion criteria: The subjects with the history of taking 
drugs (including alcohol and cigarette), pre-diagnosis 
medications (e.g antiparkinsonian/antipsychotic) were 
excluded from this study. None of the controls were on 
any medication, history of chronic infections, malnutrition 
syndrome, metabolic dysfunction (such as diabetes mellitus, 
liver diseases, renal diseases, cancer, previous history of 
hypertension).

Chemicals: All chemical reagents of analytical grades were 
purchased from Sigma Chemicals Co. (St. Louis, Mo, USA).

Blood Sample Preparation: Sera was separated by 
centrifugation for 10minutes at 3000rpm and stored at -70ͦC 
until biochemical analysis was performed.

Evaluation of Complete Blood Count (CBC): Complete 
blood count of selected subjects was performed on the 
automated hematology blood analyzer by Sysmex (Version 
XP-2100).

Determination of Malondiaaldehyde (MDA): Lipid 
peroxidation in sample was estimated calorimetrically by 
using the method of Ohkawa, et al. [22]. 200µL sample was 
taken in test tube then 200µL of 8.1% SDS, 1.5mL of acetic 
acid (20%) and 1.5mL of tetra butyl amine (TBA) (0.8%) 
was added in test tube and heated for 60min. After cooling, 
4mL of n-Butanol was added and centrifuged for 10minutes 
at 3000rpm. The upper organic layer was separated and 
absorbance was noted at 532nm against the blank.

Estimation of Superoxide dismutase (SOD): Superoxide 
dismutase (SOD) was determined by using the method of 
Kakkar [23]. 100µL of sample was taken into falcon tube 
then sodium phosphate buffer (1.2mL; pH 8.3; 0.052M), 
phenazine methosulphate (0.1mL; 1.86µL), nitro blue 
tetrazolium (0.3mL; 300µM) and NADH (0.2mL; 750 µM) 
were also added and reaction was started. After incubation 
for 90 seconds at 30ͦC, glacial acetic acid (0.1mL) was added 
to stop the reaction. 4.0mL of the n-butanol was added in 
the falcon tubes and centrifuged for 10 minutes at 4000rpm. 
The upper butanol layer was separated and absorbance was 
measured at 560nm.

Determination of Catalase (CAT): Catalase was estimated 
by using the method of Aebi [24]. With the help of 
spectrophotometer, the estimation of catalase absorbance 
was taken at 230nm. In the cuvette 0.01 phosphate buffer, 
2mM hydrogen peroxide (H2O2) and sample were added, and 
reaction was started. The specific activity of catalase was 
represented by unit/gram of sample. The absorbance values 
were calculated with the help of standard curve formed by 
known catalase.

Evaluation of Glutathione (GSH): GSH was estimated 
by using the method of Moron et al., [25]. A chromophore 
TNB (absorbance at 412nm) and oxidized glutathione are 
produced (GSSG) when GSH reacts with Ellman’s reagent 
(DTNB). By this method the calculated GSH is the sum of 
oxidized (GSSG) and reduced (GSH) from the glutathione. 
The amount or concentration of unknown sample could be 
measured by using linear equation produced from several 
standards of glutathione [26].

Estimation of Glutathione reductase (GRx): Glutathione 
reductase was estimated by using method of David and 
Richard [27].

Glutathione peroxidase (GPx) determination: 
Glutathione peroxidase was determined by the method of 
spectrophotometer with the help of buffer/ enzyme reagent 
[28].

Estimation of Advanced oxidative proteins products 
(AOPPs): Advance oxidation proteins products (AOPPS) 
were estimated according to the method of Witko-Sarsat, et 
al. [29].

Evaluation of Vitamin A: Vitamin A was determined 
by the method of spectrophotometer as an ingredient of 
pharmacopeial preparation as adopted in 1965 IUPAC US 
Pharmacopeial Forum [30].

Estimation of Vitamin E: Vitamin E was evaluated in samples 
by Emmerie-Engel reaction as reported by Rosenberg [31].
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Determination of Vitamin C: Vitamin C was estimated by 
using the method of Chinoy, et al. [32].

Estimation of Nitric Oxide (NO): NO was estimated by 
using grease’s reagent.

Determination of Tumor Necrosis factor-Alpha (TNF-α): 
TNF-α was determined by the ELISA kit assay by Affimatrix.
Determination of interleukin-6 (IL-6): IL-6 was estimated 
by the ELISA kit method (R&D systems, MN USA).

Statistical Analysis: For statistical analysis T-test was 
performed on SPSS version 16.

Results

The fifty diabetic nephropathic patients and fifty healthy 
subjects taken as control control group, serum samples were 
included I the study. Circulating stress biomarkers (AOPPs, 
AGEs), inflammatory biomarkers (IL-6, CRP, TNF-α, MPO 
etc) and antioxidants (enzymatic and non-enzymatic) were 
assessed.

Demographic and hematological profile 
interpretation of diabetic nephropathic 
patients versus control

The data gathered in table 1 discloses the demographic 
and hematological profile in diabetic nephropathic patients 
as compared to normal healthy people. The mean age 
of DN patients was 45.61±17.89 years and mean age of 
healthy group was 31.85±5.15 years. The mean weight and 
body mass index (BMI) of nephropathic patients group 
was 71.61±11.50 kg and 32.84±5.75 kg/m2 as compared 
to normal subjects 41.22 ±2.25 kg and 18.65±2.75 kg/m2 
respectively. The mean systolic and diastolic blood pressure 
in patients suffering from diabetic nephropathy is recorded 
to be 127.33±6.75 mmHg and 78.75±2.27 mmHg while the 
normal control group has 121.91±2.24 mmHg and 78.56 
±1.19mmHg respectively. 

The low levels of hemoglobin (8.76± 0.98g/dL) were 
observed in patients as compared to healthy subjects 
(11.55 ±0.88 g/dL). The mean RBCs, WBCs, PLT and HCT 
were 2.28±0.15, 6.44±0.47, 4.26±3.71 and 35.27±2.61 in 
the control group while the mean values in DN patients 
were 2.78±0.19, 8.22±1.65, 8.22±5.56 and 32.74±2.45 
respectively. The mean prothrombin time assessed in DN 
patients is increased (11.31±1.67 seconds) as compared to 
control group (8.65 ±0.95 seconds). The mean serum level 
of fasting blood sugar (FBS) in diabetic nephropathy disease 
patients and normal individuals was recorded as 6.36±0.54 
mg/dL and 3.01±0.65 mg/dL respectively.

Diabetic nephropathy disease patients versus 
control group inflammatory markers and 
oxidative stress markers

Data concerning inflammatory biomarkers profile in 
table 3 illustrated to be statistically significant. The mean 
serum level of IL-6 in diabetic nephropathy disease patients 
and normal individuals was recorded as 6.87±0.81 pg/mL 
and 4.78±0.59 pg/mL respectively, displaying the raised 
levels of IL-6 in DN patients as compared to normal and 
statistically significant (p=0.032). The data analysis of TNF-α 
and MPO showed statistically significant enhanced levels in 
DN group 27.34±1.45 pg/mL and 25.47±2.87 in comparison 
with normal subjects 18.39±4.44 pg/mL and 17.51±2.89 
respectively. The mean CRP serum level in DN patients was 
3.45±1.26 nmol/mL while in control group was 0.945±0.54 
nmol/mL and also found to be statistically significant 
(p≥0.05). The level of GSH in DN patients was raised as 
compared to control group. The nitrosative stress biomarker, 
NO in diseased patients (21.47 µmol/L) is remarkably 
increased as compared to normal subjects (19.49 µmol/L). 
The mean serum level of AGEs in DN disease patients and 
normal peoples were documented as 11.46±0.98 U/mL and 
2.78±0.97 U/mL respectively presenting the increased levels 
in DN patients in comparison to control subjects. The data 
interpretation of AOPPs has shown significant raised levels 
in DN group (10.54±2.74 mmol/L) as compared with normal 
subjects (4.56±1.71 mmol/L). The mean level of GGT in fifty 
DN patients was found to be increased (54.18±4.94IU/L).

The results represented in table 3 reflecting the activity 
investigated anti-oxidants SOD (superoxide dismutase), CAT 
(catalase), and vitamin E, vitamin A, glutathione peroxidase 
(GPx) and glutathione reductase (Gr) in normal subjects and 
their altered behavior of anti-oxidants in response to diabetic 
nephropathy disease. The data shows statistically highly 
significant between and within groups. The significant falling 
trend of SOD was recorded in DN patients contrary to normal 
entities. Serum CAT levels drops in DN individuals 2.16±1.56 
nmol/mL and was highly significant (p=0.033). The GSH, GPx 
and GRx levels of DN patients are displaying the reducing 
trend as compared to normal individuals and also witnessed 
that it is satatistically significant. Vitamin E measured in 
DN patients was 10.78±3.49 µg/mL and in healthy persons 
was 21.54±5.47 µg/mL. Vitamin A and C levels in patients 
suffering from diabetic nephropathy decreases as compared 
to control group. Vitamin D levels in DN patients has been 
evident to be decreased (9.27±1.29 ng/mL) as compared 
to healthy people group (13.65±0.99 ng/mL). So, according 
to data interpretation the anti-oxidant activity in diabetic 
nephropathy has been reported to be decreased. 

https://medwinpublishers.com/OAJPR/


Open Access Journal of Pharmaceutical Research5

Shahzad Q, et al. Exploration of Matrix Metalloproteinase and its Interplay in the Development of 
Diabetic Nephropathy. Pharm Res 2021, 5(1): 000230.

Copyright©  Shahzad Q, et al.

Variable Control (n=50) Subjects (n=50)

Weight (Kg) 41.22±2.25 71.61±11.50

Age (Years) 31.85±5.15 45.61±17.89

BMI (m2) 18.65±2.75 32.84±5.75

SBP (mmHg) 121.91±2.24 127.33±6.75

DBP (mmHg) 78.56±1.19 78.75±2.27

Hb (g/dL) 11.55±0.88 8.76±0.98

RBCs 3.28±0.15 2.78±0.19

WBCs 6.44±0.47 8.22±1.65

FBS 3.01±0.65 6.36±0.54

PLTs 4.26±3.71 8.22±5.56

Hct (%) 35.27±2.45 32.74±2.61

Prothrombin Time (s) 8.65±0.95 11.31±1.67

Table 1: Demographic and Hematological Profile.

Variable Control (n=50) Subjects (n=50) P Value

MDA (nmol/mL) 0.945±0.54 3.45±1.26 0.021

SOD (µg/mL) 2.78±0.24 0.490±0.12 0.023

GSH (µg/mL) 7.79±1.27 4.24±1.68 0.020

CAT nmol/mol 3.89±0.84 2.16±1.56 0.033

GGT (IU/L) 41.15±5.56 54.18±4.84 0.015

CRP (ng/mL) 1.87±0.98 11.56±0.48 0.023

IL-6 (pg/mL) 4.78±0.59 6.87±0.81 0.032`

TNF-α (pg/mL) 18.39±4.44 27.34±1.45 0.014

AOPPs (mmol/L) 4.56±1.71 10.54±2.74 0.023

AGEs (U/mL) 2.78±0.97 11.46±0.98 0.000

MPO 17.51±2.89 25.47±2.87 0.015

Vit-A (µg/mL) 27.59±3.49 14.56±4.47 0.023

Vit-C (µg/mL) 19.58±0.88 3.54±0.99 0.014

Vit-E (µg/mL) 21.54±5.47 10.78±3.49 0.023

Vit-D (ng/mL) 13.65±0.99 9.27±1.29 0.032

NO (µmol/L) 19.49±0.47 21.47±0.89 0.014

GPx (U/L) 7.27±0.67 4.86±0.87 0.025

GRx (U/L) 4.52±0.98 1.98±0.94 0.000

Table 2: Oxidative Stress Markers and Inflammatory Markers.

https://medwinpublishers.com/OAJPR/


Open Access Journal of Pharmaceutical Research6

Shahzad Q, et al. Exploration of Matrix Metalloproteinase and its Interplay in the Development of 
Diabetic Nephropathy. Pharm Res 2021, 5(1): 000230.

Copyright©  Shahzad Q, et al.

Parameters Correlation Coefficient
MDA Vs. TNF-α 0.154*
MDA Vs. Vit D -0.529*
MDA Vs. NO 0.647*

MPO Vs. MDA 0.356*
MPO Vs. SOD -0.480*
MPO Vs. GSH -0.450*
MPO Vs. CAT -0.249*
IL-6 Vs. CAT -0.454*

TNF-α Vs. Vit D -0.199*
TNF-α Vs. IL-6 0.389*

Table 3: Pearson’s Correlation among the parameters of 
subjects with DN.

Discussion

The present study confirmed the increased levels of 
proinflammatory cytokines such as IL-6 and TNF-α in 
patients of diabetic nephropathy as compared with healthy 
individuals. Sekizuka, et al., study reported very high levels of 
IL-6 in patients with type 2 diabetic nephropathy, compared 
to diabetic patients without nephropathy [33]. He further 
analyzed the biopsies of these patients by high resolution in 
situ hybridization and confirmed mRNA encoding glomerular 
cells that ultimately affects the structural dynamics of the 
kidney. Furthermore studies in type 2 diabetic patients 
confirmed the significant correlation of IL-6 with glomerular 
basement thickening, a prominent feature of diabetic 
nephropathy and act as a renal disease progression predictor 
[34,35]. 

Current study shows a significant increase in TNF-α in 
patient as compared with control subjects. It is pleiotropic 
cytokine not only produced by macrophages, monocytes and 
T-cells but also expressed by intrinsic renal cells including 
mesangial, glomerular, endothelial and renal tubular cells 
[36]. Recent studies demonstrate that TNF-α can be stored 
within cells and its converting enzyme rapidly increases its 
secretion when stimulated [37]. Several experimental studies 
of diabetic rats have reported its increased concentration 
and mRNA encoding in glomerular in glomerular and tubular 
cells. This support its role in the development of renal hyper 
functioning as it stimulate sodium-dependent solute uptake 
in cultured mouse proximal tubular cells who exhibited 
sodium retention and renal hypertrophy [38,39]. Clinical 
studies of patients with diabetic nephropathy have shown 
high values of cytokine in serum and urine samples as the 
disease progresses which shows its direct involvement in the 
development and progression of disease [36].

Through the activation of multiple patways of cellular 
metabolism, oxidative stress is achieved by the changes 
in normal redox reactions due to unlike distribution of 
oxidant to antioxidant ratio [40]. Several enzymatic and 
non-enzymatic antioxidants are produced in response to 
increased oxidative stress created by elevated ROS levels 
such as catalase (CAT), superoxide dismutase (SOD), 
glutathione S-transferase (GST), glutathione peroxidase 
(GPx) and some non-enzymatic antioxidants like vitamins A, 
C and E, reduced glutathione (GSH) and uric acid. Superoxide 
anion (02

-) dismutase are used by GPX and CAT to form 
water. Hydrophilic forms of reactive electrophilic species 
are converted by the enzymatic antioxidant GST and its 
elimination from the body is mediated through conjugation 
with GSH. Non enzymatic antioxidants like vitamin C and E 
are evident in the termination of lipid peroxidation [41,42]. 

This present study compared the oxidative stress status 
of diabetic nephropathic patients with the healthy group. 
There is a significant decrease in the activity of antioxidants 
such as CAT, GSH-Px and SOD as compared with non-diseased 
group. This decrease breaks the balance between antioxidant 
and oxidant which leads to the redical mediated cellular 
injury. It is also demonstrated in another study conducted by 
Pan, et al., 2009, they investigated the oxidative stress level 
of patients with diabetic nephropathy and diabetic patients 
without nephropathy. It reported significant decrease in 
serum SOD, CAT and GSH-Px activity of patients with diabetic 
nephropathy [43].

Vitamin E also known as tocopherol is a lipid soluble 
vitamin that generally detoxifies free radicals and helps in 
the recycling processes to form vitamin A and C. It is potent 
immune stimulator, prevents lipid peroxidation and also 
stops the implication of genetic changes by inhibiting DNA 
damage caused by elevated level of ROS. Several studies 
have mentioned its lower level in diabetic patients with 
complications as compared with controls [44]. This study 
confirms the significant reduction in the levels of vitamin E, 
A and C of patients as compared to controls.

Different studies have s shown inverse relationship 
of vitamin D with the diabetic complications. The current 
study shows decrease in vitamin D as compared with 
control. It also indicates a significant inverse correlation 
of vitamin D with pro-inflammatory cytokines (IL-6 and 
TNF-α) which promotes renal injury and also increases 
oxidative stress. Some previous studies have demonstrated 
that supplementation of vitamin D improved the symptoms 
of diabetic kidney and can reverse its progression through 
inhibiting RAS activation by improving glucose metabolism 
and reducing fibrosis [45]. Another inverse correlation of 
serum vitamin D with albuminuria has been reported so far. 
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Albuminuria is main indicator of micro and macro vascular 
complications caused by hyperglycemia. A study reported 
that kidney tissue has enormous number of vitamin D 
receptors, hence it is considered to be the vital target of 
vitamin D activity. All these studies suggest that vitamin D 
can delay the progression of diabetic nephropathy [46]. 

This study reports AGEs, another parameter with 
significantly higher concentration in patients as compared 
with the controls. Several other studies have confirmed its 
significantly increased concentrations in diabetic of both 
types [47]. Since low molecular weight AGEs accumulates in 
the kidney and then filtered by proximal tubular cells lead to 
reduced glomerular filtration rate and tubulointerstitial cell 
damage in patients with diabetic nephropathy [48,49]. It is a 
promising statement that AGE-RAGE interaction is involved 
in the pathogenesis of diabetic nephropathy. RAGE is a signal 
transducer receptor for AGEs to produce inflammatory 
reactions [50]. Podocytes and mesangial cells are highly 
expressed by the RAGE expression [51]. It has a crucial role 
in the development and progression of diabetic nephropathy. 
A study reported the diabetic homozygous RAGE null 
mice failed to develop glomerular basement membrane 
thickening and mesangial expansion. Same authors also 
claimed that its reaction enhances the glomerular infiltration 
of inflammatory cells which worsens the disease [52]. AGE-
RAGE interaction further enhances the activation of NF-kB 
that further plays part in the enhancement of ROS levels [53].

In recent study, it is stated that myeloperoxidase (MPO) 
is derived from leucocytes and plays an important role 
in inflammation and generating ROS from inflammatory 
sites [54]. Only few studies have been able to find out the 
relationship between MPO and diabetic patients but their 
results are controversial. In one study the serum levels of 
MPO, rate of ROS and levels of glucose found higher in diabetic 
patients [55]. Findings of this study are in accordance with 
the reported study as it also shows the higher levels of MPO in 
patients with diabetic nephropathy. There is also a significant 
correlation of MPO and MDA and inverse correlation of MPO 
with SOD, CAT and GSH.

For the detection of progression of diabetic nephropathy 
in patients is done by the use of several biomarkers such as 
MDA, AOPPs, GGT and CRP. The findings of current study 
indicated a significant increase all biomarkers performed 
on serum samples of diabetic nephropathy as compared 
with healthy subjects. These increased values indicate the 
severity of disease and pointed towards the oxidative stress 
status in patients. Free radicals attack lipid membranes 
and initiates lipid peroxidation, producing large amounts 
of reactive products. MDA is a marker widely used. It is 
decomposition product of per oxidized polyunsaturated fatty 
acids. A study conducted in diabetic patients and diabetic 

nephropathic patients indicated significantly higher values 
of MDA in patients with diabetic nephropathy as compared 
with diabetic without renal complications. Same study also 
indicated the higher values of AOPPs and showed that these 
two parameters are more pronounced in patients with renal 
complication [43]. Furthermore, urinary biomarkers can 
detect tubular damage, thus this study also performed GGT 
test to diagnose diabetic nephropathy. This test also appears 
with very high values than control subjects. A study was 
conducted to detect the accuracy of urinary GGT and ALP 
in diabetic nephropathy. It indicated that urinary GGT and 
ALP were threefold higher in type 2 diabetic patients with 
nephropathy. It also proposed that urinary GGT and ALP 
have potential value in the diagnosis of nephropathy in type 
2 diabetic patients, but GGT has slightly higher ability to 
discriminate nephropathy than ALP [56].

A non-specific systemic inflammatory marker C reactive 
protein (CRP) was performed. As indicated in the results 
of this study, it is also found to be very high in subjects 
as compared with control group. Comparative study of 
CRP and metabolic variables of type 2 diabetes with and 
without nephropathy was conducted and that indicated the 
significantly higher values of CRP in patients with diabetic 
nephropathy. It also showed as increasing trend serum CRP 
with the degree of microalbumin excretion and the severity 
of nephropathy in type 2 diabetic patients [57].

Conclusion

The local and systemic oxidative stress that underlines 
the pathological characteristics of DN is the result of the 
imbalance within the production of oxidants/antioxidants. 
Various aspects of diabetic nephropathy associated with 
oxidative stress coupled with the damage induced by ROS are 
anticipation to yield an impetus of designing new generation 
of specific antioxidants that are potentially more effective 
to reduce reno-vascular complications of diabetes. Several 
molecular pathways are participated in the generation of 
reactive oxygen species (ROS), the important ones includes 
the formation of AGEs and AOPPs, since the ROS appears to 
be the common denominator for the causation of renal injury 
they may be the most suitable targets for developing novel 
therapeutic agents to ameliorate reno-vascular complications 
of diabetes. Moreover, there are complex interplay that need 
to be carefully examined in order to piece together a detailed 
specific understanding of the pathologic steps responsible 
for oxidative stress and diabetic nephropathy. 
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