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Abstract
Type 2 Diabetic nephropathy (DN), chronic multifactorial disorder is a devastating complication of DM and a main
cause of end stage renal failure. A variety of factors like metabolic, hemodynamic, genetic and multiple pathogenic
events contribute to the renal damage in type 2 DN. The present study was designed to assess blood glucose,
serum lipid profiles, immune-inflammatory and oxidative stress markers in type 2 DN patients in different stages of
the disease and healthy controls. Our study showed that FBS, PPG, HbA1c, TC, TG, LDL-C, ADA, CRP, MDA, NO
and DNA damage were significantly high in type 2 DN patients (p<0.01) compared to controls. In stage wise
comparison also FBS, PPG, HbA1c, LDL-C, CRP, MDA, NO and DNA damage showed significant difference
(p<0.05). Further, a significant positive correlation was found between PLBS, LDL-C and CRP and oxidative stress
markers (MDA, NO, DNA damage) suggesting that monitoring these biochemical parameters at regular intervals
may reduce the stage wise progression of type 2 DN and might help in early detection, precise prognosis/therapeutic
modalities.

Keywords: Type 2 diabetic nephropathy; HbA1c; Lipid profiles;
Immune-Inflammatory; Oxidative stress markers; DNA damage

Introduction
Globally the incidence of diabetes mellitus (DM) is increasing in all
age-groups and the prevalence was estimated to be 2.8% (175 million
people) in 2000 while recent trends show that it might increase to 4.4%
(366 million people) in 2030 [1]. Type 2 diabetic nephropathy (DN)
can conveniently be categorized into different stages with respect to
renal hemodynamic, systemic blood pressure, urinary findings and
susceptibility to therapeutic interventions. The glycosylated
hemoglobin (HbA1c) levels in most type 2 DN patients were indicative
of uncontrolled DM [2].
Prolonged hyperglycemia induces dyslipidemia in type 2 DN. Lipids
may induce both glomerular and tubulointerstitial injury through
inflammatory mediators, ROS and through hemodynamic changes
[3,4]. Immune-inflammatory disturbances in type 2 diabetics have an
association with cell mediated responses, inappropriate T-lymphocyte
function and low-grade inflammatory status, which further leads to
the increased production of oxidative stress associated with type 2 DN.
This inflammation and oxidative stress are both deeply inter-related
and are known to play an important role in diabetic vascular
complications [5].
Type 2 diabetes in India harbors the largest number of diabetics,
among which incidence of DN is on rise. In view of the above, the
present study has been explored to study the association of blood
glucose levels, HbA1c, lipid profiles, immune-inflammatory markers
(ADA & CRP), oxidative stress markers (MDA, NO & COMET) and
their susceptibility to type 2 DN patients and its progression to endstage renal disease (ESRD).
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Materials and Methods
Study subjects
The present study population consisted of a total of 620 subjects
including 310 patients recruited from Department of Nephrology,
Nizam Institute of Medical Sciences, Hyderabad, Telangana state,
INDIA, with type 2 DN and an equal number of healthy individuals
without any systemic disorders from the local population included in
the study (medical history & physical examination). Patients
undergoing anti-diabetic treatment were enrolled from the department
of nephrology between the period from March 2012 to August 2017.
Inclusion criteria: All the type 2 DN patients enrolled for the study
had a minimum of 5 years history of type 2 diabetes mellitus with
fasting sugar >110 mg/dl and postprandial blood sugar >140 mg/dl
respectively and serum creatinine <1.2 mg/dl as defined by clinical
presentation by nephrologist will be included in the study.
Exclusion criteria: Patients presenting with systemic inflammatory
disease, liver disease, congestive heart failure, malignancy, and AIDS
were excluded from the study. Patients on treatment with ACE
inhibitors, lipid lowering agents, anti-inflammatory drugs, anti-oxidant
and multivitamin supplements were excluded from the study.
According to the pathological classification of Tervaert et al. (2010)
based on glomerular lesions and GFR rate the 310 type 2 DN patients
were categorized into stages: stage-1: 33 (10.64%), stage-2: 49 (15.8%),
stage-3: 112 (36.1%), stage-4: 78 (25.16%), and stage-5: 38 (12.25%).
The study protocol was approved by the ethical committee of the
institution, written informed consent was obtained from all the
subjects.
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Covariables
In the present study covariables include gender, age, body mass
index (BMI), diabetes, hypertension, serum creatinine, glomerular
filtration rate (GFR), hyperlipidemia, urea, diet, smoking and alcohol.
The BMI of the subjects was computed by dividing the body weight by
square of the height. The blood pressures of subjects were measured
with sphygmo-manometer by clinician, hypertension was defined as
systolic blood pressure >130 mm/Hg and/or diastolic pressure >80
mm/Hg.
Alkaline Picrate method used for estimation of creatinine in serum.
GFR values were calculated by Cockcroft-Gault equation. Ccr= {((140age) × Weight)/72 × Scr} × 0.85 (if female). Diacetyl Monoxime
(DAM) method is used for determination of urea in serum. Smoking
and alcoholism were defined as positive for current smokers and
alcoholics.

such as hyperglycemia (fasting and postprandial), HbA1c, lipid
profiles, ADA, CRP with oxidative stress markers using SPSS statistical
software (version 20).

Results
The distribution of baseline demographic and biochemical data in
healthy individuals (310) and type 2 DN patients (310) are represented
in (Table 1 and Figure 1) and among type 2 DN stages are depicted in
(Table 2 and Figure 2). With respect to age no significant difference
observed between controls and type 2 DN patients (Table 1) however
the mean age of patients in stage 4 and 5 was high when compared to
patients in stages 1, 2 and 3 but no significant difference observed
among the type 2 DN clinical stages (Table 2). The number of males
was more than that of females in the patient population. Mixed diet,
habit of smoking and alcohol consumption were also higher in-patient
population (Figure 1).

Blood sample collection
From each subject 8ml of blood sample was drawn in the morning
after a 12 h fast (from 8 pm to 8 am) and in the afternoon 1 h after
lunch; where, 4 ml of the blood sample was collected in EDTA tubes
for the determination of glycated hemoglobin and comet assay. 4 ml of
blood sample was collected in a clot activator tube and left to clot to
obtain serum, which was used for the other biochemical estimations
like glucose, lipids, immune-inflammatory and oxidative stress
markers.

Estimation of biochemical markers
Fasting blood sugar (FBS) and postprandial blood sugar (PLBS)
were analyzed by ERBA kit (Transasia, Germany), glycosylated
hemoglobin (HbA1c) was measured by Fluckiger and Winterhalter
calorimetric method [6].

Figure 1: Demographic data in controls and type 2 DN patients.

Lipid profile (Total cholesterol (TC), Triglyceride (TG), High
density lipoprotein cholesterol (HDL-C) were carried out by
commercially available kits (ERBA, Transasia, Germany). LDL-C was
calculated using the Friedewald’s formula: LDL-C = total cholesterol –
(HDL – triglycerides/5) mg/dL [7].
Serum adenosine deaminase (ADA) levels were estimated by the
method of Giusti and Galanti (1981) [8] and serum circulating levels of
C-reactive protein (CRP) were determined by Immunoturbidimetric
method using RHELAX-CRP kit (Latex Agglutination slide test for
detection of CRP) [TULIP diagnostics (P) LTD., INDIA].
Oxidative stress markers, MDA was measured by thiobarbituric acid
(TBA) using Meloni et al., (1992) [9] method. Nitric oxide was
estimated using Griess reagent (1:1 mixture of 1% sulphanilamide in
5% H3PO4 and 0.1% N-[1-naphthyl] ethylene diamine) using Lepoivre
et al., (1990) [10] method, DNA damage was assessed by Comet assay
using Singh et al., [11] and Ahuja (1999) [12] methods.

Figure 2: Demographic data of patients among type 2 DN stages.

Statistical analysis
All statistical analyses were performed with online statistical
software tools such as Open Epi version 3.03. Differences in
demographic, clinical, and biochemical variables were statistically
analyzed by one-way ANOVA in type 2 DN patients and healthy
controls. All p-values ≤ 0.05 were considered statistically significant.
All numeric values are expressed as the mean ± SD. Pearson’s
correlation coefficient (r) was used to quantify continuous variables
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Variables

Controls
(N=310)

Type
2
(N=310)

DN

Age (years)

52.84 ± 7.99

56.92 ± 8.77

0.1

Systolic BP (mmHg)

121.23 ± 7.37

136.5 ± 13.99

0.01*

Diastolic BP (mmHg)

80.88 ± 7.02

86.32 ± 14.66

0.01*

p-value
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HBA1c
Serum
(mg/dL)

5.12 ± 2.65

10.66 ± 5.78

0.01*

0.91 ± 0.24

2.04 ± 0.38

0.01*

18.16 ± 4.63

96.17 ± 7.17

0.01*

Creatinine

Urea (mmol/24h)

decreasing trend among type 2 DN stages suggesting the reduced
kidney function from stage-1 to stage-5 (Figure 3).

*Significant at p<0.01

Table 1: Baseline and biochemical parameters in controls and type 2
DN patients.

Parameter

Stage- 1 Stage- 2 Stage- 3 Stage- 4 Stage- 5
(N=33)
(N=49)
(N=112) (N=78)
(N=38)
p-value

Age (years)

54.30
8.99

± 54.69 ± 56.59
8.84
8.84

± 59.11
7

BMI (kg/m2 )

25.44
3.16

± 25.80 ± 25.82
4.21
4.72

± 26.48 ± 25.33 ±
3.81
4.10
0.61

± 59.92 ±
10.20
0.72

Systolic BP 134.24 ± 135.12 ± 135.20 ± 138.28 ± 139.69 ±
(mmHg)
10.79
12.19
14.83
15.88
16.29
0.04*
Diastolic BP 83.48
(mmHg)
12.77

± 84.12 ± 86.55
14.18
14.96

± 87.92 ± 89.53 ±
15.12
16.30
0.02*

HbA1c (%)

9.83
4.24

± 9.93
5.28

± 10.62
5.92

± 10.80 ± 12.14 ±
6.53
6.94
0.03*

Serum
Creatinine
(mg/dL)

1.26
0.21

± 1.37
0.26

± 1.9
0.34

± 2.5
0.48

Urea (mmol/ 80.95
24h)
4.91

± 90.23 ± 98.64
5.82
7.82

± 3.22
0.62

±

Lipid profiles of the study subjects are represented in Figure 4. Our
results revealed that TC, TG, LDL levels were significantly higher in
type 2 DN stages compared to controls (p<0.01), whereas LDL levels
were significantly increased in type 2 DN stages from stage-1 to stage 5
compared to controls (p<0.01). The mean SBP and DBP values were
significantly high in type 2 DN compared to controls (p<0.01) (Table
1) and there was a progressive increase in SBP and DBP values from
stage 1 to stage 5 which was also found to be significant at (p<0.04)
and (p<0.02). Mean HbA1c levels of type 2 DN found to be more than
that of controls which was found significant at (p<0.01) (Table 1). The
mean HbA1c levels of patients also increased from stage 1 to stage 5 of
type 2 DN patients (p<0.01) (Table 2). Mean serum creatinine and urea
levels were found be more compared to controls which was significant
at (p<0.01) (Table 1). Serum creatinine and urea levels showed gradual
increase from stage-1 to stage -5 with the advanced stage of the disease
which was found to be significant at (One-way ANOVA, p<0.01)
(Table 2).

0.01*

± 100.41 ± 110.62 ±
8.55
8.75
0.01*

*Significant at p<0.01

Table 2: Baseline and biochemical parameters in different stages of type
2 DN.

Figure 4: Lipid profiles in the study population.
The prevalence of nephropathy is strongly related to the duration of
diabetes. In most individuals were with 5-10 years history of diabetes,
i.e., stage 1: 69.69%, stage 2: 65.30%, and stage 3: 63.39% when
compared to stage 4: 52.56% and stage 5: 26.31%. Furthermore, 38.46%
of the individuals in stage 4 were presented with 10-15 yrs of type 2
DM. While 44.73% individuals in stage 5 were reported with 10-15
years and 28.94% were reported with 15-20 yrs of duration of diabetes.
Overall our results indicate that longer the duration of diabetes, higher
is the risk for disease progression as shown in Table 3.

Figure 3: Clinical parameters in the study population.
The distribution of clinical parameters BMI, FBS, PLBS and GFR in
the study population are represented in Figure 3. There was no
significant difference with respect to BMI among the study subjects.
Glycemic parameters FBS and PLBS levels were higher in patient and
showed a gradual increase in different stages of type 2 DN compared to
controls (p<0.01). Serum creatinine and GFR are commonly used
parameters to indicate renal dysfunction [13]. The GFR values showed
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Duration
(years)

Stage-1
Stage-2
Stage-3
Stage-4
Stage-5
(N=33) N (N=49) N (N=112) N (N= 78) N (N=38) N
(%)
(%)
(%)
(%)
(%)

5-10

23 (69.69)

32 (65.30)

71 (63.39)

41 (52.56)

10 (26.31)

10-15

9 (27.27)

15 (30.61)

35 (31.25)

30 (38.46)

17 (44.73)

15-20

1 (3.0)

2 (4.08)

6 (5.35)

7 (8.97)

11 (28.94)

Table 3: Duration of type 2 diabetes mellitus in different stages of type
2 DN.
Immune-inflammatory markers ADA and CRP levels were found to
be higher in type 2 DN patients compared to controls. The difference
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in the mean values was statistically significant at p<0.01 (Table 4). The
mean CRP of patients with different stages of type 2 DN patients also
showed significant difference, whereas no significant difference was
observed with ADA in stage wise comparison (Table 5).
In the present study oxidative stress was measured by indices of
lipid peroxidation (LP) (MDA: malondialdehyde) and nitric oxide
(Nitrate/Nitrite). The mean level of malondialdehyde and DNA
damage (Comet tail length) were significantly higher in type 2 DN
patients compared to controls as shown in Table 4 and Figure 5. In the
present study the mean levels of MDA and DNA damage in patients
with different stages of type 2 DN patients also showed a gradual
increase of these oxidative stress markers from stage 1 to stage 5 (Oneway ANOVA, p<0.01) (Table 5). The mean NO levels in type 2 DN
patients were high compared to controls which was significant at
p<0.01 shown in Table 4, whereas no significant result was observed
among type 2 DN patients among different clinical stages (Table 5).

Lipid profiles when correlated with oxidative stress markers have
revealed that TC was significantly associated with MDA and DNA
damage (r=0.009, r=0.042, p<0.05), TG was found to be significantly
associated with DNA damage ((r=0.035, p<0.05) and LDL-C was
found to be significantly associated with MDA, NO and DNA damage
(r=0.014, r=0.004, r=0.023, p<0.05), while HDL-C was found to be
negatively associated with MDA (r=-0.027, p<0.05) (Table 6).
Immune-inflammatory markers CRP, was found to be significantly
associated with MDA, NO and DNA damage (r=0.026, r=0.041,
r=0.035, p<0.05) (Table 6), whereas ADA has shown no significant
association with oxidative stress markers.
Blood glucose, lipid profile and inflammatory markers were
correlated with oxidative stress markers and our results have shown
that PLBS (r=0.052, r=0.046, r=0.016, p<0.05), LDL-C (r=0.014,
r=0.004, r=0.023, p<0.05) and CRP (r=0.026, r=0.041, r=0.035, p<0.05)
were strongly associated with all the oxidative stress markers (MDA,
NO, DNA damage respectively) (Table 6).

Discussion

Figure 5: Representative microscopic appearances of comet assay.

Parameter

Immuneinflammatory
markers

Oxidative
stress markers

Biochemical
variables

Controls
(N=310)

Type 2 DN
(N=310)
p-value

CRP (mg/dL)

10.00 ± 6.70

47.51
14.69

ADA
(nmoles/mL)

15.69 ± 5.55

36.02 ± 11.17 0.01†

NO
(µmoles/mL)

1.89 ± 0.79

3.51 ± 1.35

0.01†

MDA
(nmoles/mL)

2.08 ± 1.37

7.86 ± 2.69

0.01†

23.48 ± 6.40

0.01†

DNA Damage
(µm)
10.55 ± 1.68

±
0.01†

†Significant at p<0.01
All the variables are expressed as mean ±SD

Table 4: Immune-inflammatory and oxidative stress markers in
controls and type 2 DN patients.
Hyperglycemic markers (FBS, PLBS and HbA1c) were correlated
with oxidative stress markers and found that FBS was significantly
associated with MDA and NO (r=0.004, r=0.023, p<0.05), PLBS was
found to be significantly associated with MDA, NO and DNA damage
(r=0.052, r=0.046, r=0.016, p<0.05) and HbA1c was found to be
significantly associated with MDA and DNA damage (r=0.035,
r=0.037, p<0.05) (Table 6).
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Type 2 diabetic nephropathy is a multifactorial and most prevalent
complication of diabetes mellitus worldwide accounting for nearly 44
percent of new cases [14]. Type 2 DM gradually affects the kidneys and
kidney failure is the final stage of type 2 DN. The diabetic prevalence
has extended epidemic magnitudes worldwide and is expected to rise
to 350 million people by the year 2035 [15]. The risk factors for type 2
DN progression include genetic, environmental and metabolic factors
like blood pressure, blood lipids, glycemic control, duration of
diabetes, smoking, glomerular hypertension, inflammation, and
oxidative stress worsen albuminuria.
Long-standing hyperglycemia may directly increase the mesangial
cell glucose concentration and results in mesangial expansion and
injury. Initially, the glomerular mesangium expands by cell
proliferation and then by cell hypertrophy, this expansion is stimulated
by an increase in mesangial stretch and pressure, as can high glucose
levels. Hyperglycemia aggravates glomerular lesions and metabolic
effects of long standing hyperglycemia causes AGE production that
binds to collagen and causes renal complications. AGE containing
protein increases PKC and TGFβ which plays an important role in cell
proliferation, differentiation and mesangial cell apoptosis. Recent
studies by researchers showed the increase of FBS and PLBS levels in
type 2 DN patients [16-19]. In our study, we observed that patients in
stage 5 with type 2 diabetes with more aged had significantly higher
blood glucose levels compared to patients in stage 1, 2, 3 and 4.
In the blood and kidneys circulation glucose combines with proteins
and forms advanced glycosylation end products (AGEs), such as
glycosylated proteins of the basement membrane of the renal
glomerulus contributing to increased diabetic complications [20].
Higher levels of HbA1c were associated with increased risk for
development of type 2 DN. Our study was consistent with the reports
by Timothy and Peter [21] where variations in HbA1c levels were
strongly associated with DN in patients with type 2 diabetes. The mean
HbA1c levels of patients with different stages of type 2 DN patients as
depicted in Table 1, show increased levels of HbA1c from stage 1 to
stage 5 indicating the severity of the disease and the results are
consistent with the study observed by Chen et al., [22]. Previous
studies have shown that patients with HbA1c >8% are at higher risk for
renal diseases [23]. Studies by Williams & Garg [24] have revealed a
significant association of HbA1c with clinical stages of diabetic
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nephropathy, where higher HbA1c levels were associated with stage 3
and stage 4 and increased risk of mortality in diabetic nephropathy
patients.
Previous studies by Daiji Kawanami et al., [25] and Chehade et al.,
[26] have shown that dyslipidemia facilitates glomerulosclerosis under
diabetic conditions. Dyslipidemia complicated with diabetes has been
shown to be involved in the development of type 2 DN. Dyslipidemia
in type 2 diabetes is characterized by an increase in VLDL, LDL and
TG and a decrease in HDL [27,28]. In the present study, we have
observed high levels of triglycerides, VLDL, LDL and low levels of
HDL in type 2 DN compared to controls. These findings agreed with
Jyothi Dwivedi and Sarkar [29] reports where the levels of each of T-C,
TAG and LDL in type 2 DN progression was significantly increased.
However, in stage wise comparison there was no significant difference
observed except for LDL which showed significant at p<0.05.
Hyperglycemia is also associated with increased levels of ADA and
CRP, playing an important role in modulation of insulin action on
glucose and lipid [30,31] ADA may serve as an immune-enzyme
marker in the etiopathology of type 2 DN. In a study, Prakash et al.,
[32] reported elevated serum ADA activity in patients with type 2
diabetes mellitus. It has been observed, with higher ADA activity in

Parameter

Immune-inflammatory
markers

Oxidative stress markers

insulin-sensitive tissues, glucose uptake into cells is reduced; thus, if
ADA activity is suppressed, insulin sensitivity may be improved. The
high plasma ADA activity might be due to abnormal T-lymphocyte
responses or proliferation. In the present study, significantly higher
ADA levels were found in cases compared to controls suggesting that
ADA plays a key role in the pathophysiology of type 2 DN due to
altered insulin related T-lymphocyte function [33] similar association
was reported in our earlier studies on Rheumatoid Arthritis patients
and Unstable Angina [34].
Hyperglycemia, insulin resistance, oxidative stress and innate
immune system activation results in chronic inflammation playing a
crucial role in perpetuating renal damage and progression of type 2
DN [35-37]. Dalla Vestra et al., [38] reported that patients with type 2
diabetes and overt nephropathy exhibit the highest levels of acute
phase markers of inflammation, including C-reactive protein (CRP). In
our study, CRP levels were found to be higher in type 2 DN subjects
compared to controls. Our results also showed a significant association
of high CRP levels with low GFR values in the advanced stage of type 2
DN. The CRP levels found is more in stage 4 and 5 compared to stage
1, 2 and 3 indicating the highly active inflammatory response during
the late stages of type 2 DN (Table 5).

Biochemical variables

Stage- 1 (n= Stage- 2 (n= Stage- 3 (n= Stage- 4 (n= Stage- 5 (n=
33)
49)
112)
78)
38)
p-value

CRP (mg/dL)

44.16 ± 12.22

44.78 ± 12.26

46.37 ± 13.62

49.59 ± 16.07

53.06 ± 17.88

0.01†

ADA (n moles/mL)

32.68 ± 9.93

35.77 ± 10.33

35.29 ± 11.64

37.14 ± 11.21

39.09 ± 11.24

0.78

NO (µmoles/mL)

3.22 ± 1.24

3.50 ± 1.21

3.51 ± 1.48

3.59 ± 1.41

3.89 ± 1.81

0.01†

MDA (n moles/mL)

7.59 ± 2.47

7.71 ± 2.26

7.78 ± 3.03

8.05 ± 2.79

8.17 ± 2.15

0.01†

Comet tail length (µm)

19.36 ± 4.5

22.10 ± 5.53

22.30 ± 5.19

26.28 ± 7.13

26.58 ± 7.07

0.01†

†Significant at p<0.01
All the variables are expressed as mean ±SD

Table 5: Immune-inflammatory & oxidative stress markers in different stages of type 2 DN patients.
In type 2 DN a significant increase of these oxidative stress markers
with hyperglycemia was also observed. The role of chronic
hyperglycemia in type 2 DN is thought to alter metabolism which
creates oxidative stress and induces apoptotic glucose responsive cells.
Hyperglycemia represents the main cause of complication of DM,
growing evidence shows that AGEs and their signal-transducing
receptor interaction increases oxidative stress and subsequently elicits
vascular inflammation and thrombosis resulting from the increased
generation of ROS, playing a major role in the development of type 2
DN [39]. The generation of ROS has long been recognized as a typical
consequence of both chronic inflammatory state and immune cell
stimulation [5,36,40]. In type 2 DN a significant increase of the
oxidative stress markers MDA, NO, DNA damage with hyperglycemia
was seen and our results were consistent with reports by KedzioraKornatowska et al., [41], where increased lipid peroxidation in
erythrocytes of patients with type 2 DN was observed. Ha et al., (2001)
[42] also observed increased lipid peroxidation product (MDA) in
proximal tubular epithelial cells. The results of the present study also
revealed that the mean values of MDA in type 2 DN patients were
significantly higher than that of the controls as observed by earlier
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studies and further we also found a significant difference between the
patients with different stages of type 2 DN.
Over the last decade, a remarkable burst of evidence has
accumulated, offering the new perspective that nitric oxide (NO) plays
a pivotal role in DN. ROS and NO react in pathophysiological
conditions, to generate dinitrogen trioxide and peroxynitrite the two
toxic reactive nitrogen species that cause significant damage to cellular
components (nucleic acid, proteins, membranes) leading to
chromosomal alterations, subsequent cellular dysfunction, and cellular
death [43]. Excess ROS modulate protein kinase C activation, mitogenactivated protein kinases, and various cytokines and transcription
factors that increase the expression of ECM genes towards progression
to ESRD. ROS induces the activation of renin-angiotensin system
(RAS), further worsens the renal injury in diabetic nephropathy.
Renal disease in diabetes is found to be associated with
abnormalities of vasodilatation and generates ROS mediated by
endothelial derived NO, suggesting linkage between vascular and
metabolic abnormalities. Sharma et al., [44] observed a positive
correlation between serum NO levels, GFR, and albuminuria,
suggesting a link between NO, glomerular hyperfiltration and
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microalbuminuria. Similarly, we have also observed high levels of
nitrite/nitrate in type 2 DN patients compared to healthy controls
which are in accordance with earlier report, but no significant
difference was observed among patients with different stages of type 2
DN (Table 5).
High glucose increases ROS production in vascular cells and in
renal cells including mesangial cells and tubular epithelial cells [45].
Increased ROS formation contributes to endothelial dysfunction, vessel
wall thickening and lesion formation thereby playing a crucial role in
the progressive deterioration of vascular structure and function [46].
ROS and their byproducts can cause oxidative damage which may
be cytotoxic and may have some deleterious effects on DNA causing
oxidative DNA damage resulting in cell death, loss of heterozygosity,
translocations, and chromosome loss [47]. AGE-induced TGFβ
expression causes glomerular basement membrane thickening,
obstruction of arteries, mesangial apoptosis and dysfunction may
contribute in part to glomerular hyperfiltration. Simone et al., [48]
reported the presence of leukocyte DNA damage by high performance
liquid chromatography in type 2 DN patients. In the present study, we
have assessed the DNA damage (Comet tail length) using the comet
assay and found that there is a significant increase in DNA damage in
type 2 DN patients compared to controls.
Our study reports that patients with type 2 DN had increased levels
of oxidative stress markers (MDA, Nitric oxide and DNA damage).
Therefore, it might be suggested that hyperglycemia increases the
oxidative stress and causes more DNA damage as observed in the late
stages of type 2 DN stage- 4, 5 compared to stage-1, 2 and 3 (Table 5).
Further blood glucose, lipid profile and inflammatory markers were
correlated with oxidative stress markers and our results have shown
that PLBS, LDL-C and CRP were strongly associated with all the
oxidative stress markers (MDA, NO, DNA damages respectively)
under study (p<0.05) (Table 6).

Conclusion
Type 2 end-stage renal disease is a devastating condition, blood
glucose control is critical in preventing or slowing the progression of
renal damage. Thus, from the above study, we conclude that
hyperglycemia mediated regulation of immune-inflammation and
oxidative stress have a significant role on development and progression
of type 2 DN. Understanding the development of diabetic nephropathy
and its progression into ESRD is important for the interpretation of
clinical studies which helps in early diagnosis, prognosis and
therapeutics.
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