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Persistent hyperglycemia generating reactive oxygen speciesin renal cells,
a probable cause of inflammation in type2 diabetic nephropathy subjects.
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Abstract:

Oxidative stress is increased in diabetes and the overproduction of the ROS (full form ?) in
diabetes is a direct consequence of persistent hyperglycemia for the production of
inflammatory cytokines such astumor necrosis factor (TNF)-a and interleukin (IL-6) in renal
cells, which are the factors responsible for diabetic complications i.e. diabetic nephropathy.
The study aimed to predict the development of type 2 diabetic nephropathy due to persistent
hyperglycemia induced oxidative stress producing inflammation. Serum levels of
inflammatory markers (IL-6 and Tnf-a), antioxidants, [Glutathione reductase (GR) and
Glutathione peroxidase (GPx)], plasma malondialdehyde (MDA), fasting blood sugar, urea
and creatinine levels were estimated in controls (n=50), controlled diabetes without diabetic
nephropathy, T2DM without microvascular complication (n=50, groupl) and T2DM with
diabetic nephropathy (n=100, group I1). Sample was collected from J.A group of hospitals,
GRMC, Gwalior (M.P) and ethical committee has approved this research work. Statistical
method was done by using one way Anova utlizing Dunnet T3 test. Serum levels of
inflammatory markers (IL-6 and Tnf-a), malondialdehyde, fasting blood sugar, were high in
group Il as compared to both group | and controls, (P<0.001), with group Il having more
significant than group | (P<0. 001). Antioxidant enzyme glutathione peroxidase was found to
be decreased in both groups of diabetic patients as compared to controls, (P<<0.05), with
group Il showing significant than group | at (P<0.001). Glutathione reductase was found to be
normal range in all the groups. Serum urea and creatinine levels were increased in group 11,
(P<0.001), but serum levels were within normal rangein group | and healthy controls. Results
of the present study indicates that inflammatory markers and oxidative stress are increased
with decreased antioxidant defense levels in patients with diabetic nephropathy due to
hyperglycemia induced oxidative stress.
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Abbreviations:
ROS: Reactive oxygen species, IL-6: Interleukirf6f-a: Tumor necrosis factor alpha, mB: nuclear factoB, PKC:
Protein kinase C, RAGE: Recent advanced glycatiwhpeoducts, T2DM: Type2 diabetes mellitus.

I ntroduction: elevated creatinine, urea, albuminuria, declinenglwlar
filtration rate, elevated arterial blood presswared fluid
Diabetic nephropathy is the most common cause detention [2,3]. The pathogenesis of diabetic nepathy
microvascular chronic complication of type-2 diaset is likely to be multifactorial: it strongly depenuteon the
mellitus which is associated with considerable ritityp ~ duration of diabetes; other risk factors includedative
and mortality, finally leading to end-stage renidedse Stress induced poor glycemic control, hypertension,
[1]". Diabetic nephropathy is a progressive disease th@ypertriglyceridemia, which increases production of
takes several years to develop. It involves variou§ytokines IL-6 and Tnt: from endothelial cells casing

functional clinical abnormalities of the kidney suas inflammation in type-2 diabetes [4].
Oxidative stress has been defined as aofodmlance
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between reactive oxygen species (ROS) and progectivin collaboration with Department of Nephrology J.A
antioxidant defense system[5]. Increased oxidadivess group of Hospitals, G.R Medical College, GwalioheT
induced by hyperglycemia may be due to multipleethical committee of GRMC has approved this researc
mechanisms e, the activation of polyol pathway, work. The diabetic nephropathy patients attending
inhibition of pentose phosphate pathway, mitochandr pepartment of Nephrology in GRMC, J.A group of
dysfunction, activation of NAD(P)H oxidase, and pggpitals were included in this research work bgirth
uncoupling of endothelial NO synthase [eNOS], adl we congent. The standard screening procedures such as

as impairment of antioxidant defense system [6,TAE  ¢oq4ing plood sugar, creatinine and radiologicatiifigs
oxidative stress generated by hyperglycemia iNeLas .\ are the criteria for selection

reactive oxygen species (ROS), which leads to the
activation of various redox-sensitive cell signglin
molecules and the production of cytotoxic materi@tss

is followed by cellular dysfunction and damage, an
ultimately results in diabetic micro and macrovdaicu
complications [8, 9].

Details of study are as follows:

dExperimental designs of study are as follows:
Total number of subjects (experimental): 200
150 — Diabetic subjects.

There is a strong belief that renal glomeruli aret90 — T2DM with diabetic nephropathy (Group 2).
particularly sensitive to oxidative stress, sugigesthe 50—T2DM without microvascular complication (Grojpl
involvement and participation of ROS in the patimegss 50 — Healthy Control (age matched)

of diabetic nephropathy. Possible mechanisms fer th i
induction of inflammation in vascular tissues maglide 10 ml of blood sample was withdrawn from the
activation of PKC pathway and oxidative stressanticubital vein foIIowmg_ overn_lght fas'glng. Thdobd
upregulation of RAGE and activation of innate imrityn Sample was collected in plain, fluoride and EDTA
[10]. For instance, carboxymethyllysine- proteirdacts ~ vacutainers. The blood sample was centrifuged for 1
due to malondialdehyde, AGEs, can increase thein. at 3000 rom at room temp. The serum was stated
expression of a variety of proinflammatory molesuded 4 °C for biochemical and immunological investigago
NF-«B through the interaction with RAGE in renal cells

causing diabetic nephropathy in T2DM [11] Results

Material and Methods Fasting blood sugar level was estimated by GOD-POD
The study was carried out in Department of Biocls#myi  method by Biosystems S.A. Barcelona (spain) Ggtad

Table 1. Showing mean *+ Standard deviation between Control, T2DM without microvascular complication (group 1)
and T2DM with diabetic nephropathy (group 2).

SN. Parameters Healthy Control Group 1 Group2
n=50 n=50 n=100

1 Age (years) 54.38+8.07 56.90+6.05 59.96+5.20

2 Duration of diabetes( years) - 8.96+2.05 132a#

3 BMI (Kg/m?) 23.52+1.32 23.78+1.5F 26.99+3.46"

4 Fasting blood glucose(mg/dl) 75.84+9.13 140.3887 238.12+39.77

5 Urea (mg/dl) 23.36+3.95 25.24+3%3 105.81+22.19"

6 Creatinine(mg/dI) 0.87+0.26 0.85+08  3.05+0.99"

7 Malondialdehyde (umol/liter of plasma) 1.44+0.30 3.2610. 62# 6.82+1.10

8 Gpx(U/mg of Hb) 8.05+0.49 6.77+0.93# 4.74+061

9 GR (U/g of Hb) 7.12+0.55 7.33+0.78  6.99+0.78%*

10 IL-6 (pg/ml) 9.16+1.32 14.13+1.49#  35.68+1F58

11 Tnfo (pg/ml) 9.31+1.09 14.02+1.41#  36.52+10:60

* -~ Sgnificant at (P<0.05) between group 1 and group 2 subjects.

** - Highly Significant at (P<0.001) between group 1 and group 2 subjects.
# -- Sgnificant at (P<0.05) between control and group 1 subject .

+ -- Sgnificant at (P<0.05) between control and group 2 subjects

+ + -- Sgnificant at (P<0.05) between control and group 2 subjects

NS--- Non significant (P>0.05)
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No: M1503i-09 [12]. Urea and Creatinine was estedat deleterious when not being quenched by the an@éokid
in auto analyzer by kit methods of Biosystems S.Asystems. The body mass index (BMI) increased imgro
Barcelona (spain) Catalogue No: M12516i-08 and as compared to group 1 and healthy controls nhight
M12502i-12 respectively [13, 14] Glutathione@eades due to fluid retention in diabetic nephropathy @ais.
(Gpx) was estimated by the method of Bergmeyer.[15]Peroxidation of cell membrane lipids, oxidation of
Glutathione Reductase (GR) was estimated by theadet proteins, renal vasoconstriction and damage to CAXA
of Goldberg DM & Spooner RI [16]. Plasma the negative biological effects of reactive oxygpecies..
Malondialdehyde (MDA) was estimated by Jean CD.[17]Our study showed moderate decrease of Glutathione
Inflammatory markers Tné and 1I-6 was estimated by reductase in both group 2 as compared to grouptIMr2
kits available from immunotech company from pasent subjects but glutathione peroxidase level was Sagmitly
serum by sandwitch ELISA method [18, 19]. decreased in both group 1 and group 2 T2DM subgts

compared to healthy controls which might be due to
Statistical analysis was done by using One Way Anovhyperglycemia induced oxidative stress, glycatioh o
utilizing Dunnet E test. One Way Anova was used toantioxidant enzymes, low hemoglobin concentratiod a
estimate differences between control, T2DM withoutdue to excess utilization of NADPH in renal mesahgi
microvascular complication and in T2DM with dialgeti cells via polyol pathway in type -2 diabetic neghathy
nephropathy. All parameters were given as meansubjects (group2). Our study results were also istamg
standard deviation. The criterion for significameasP < with (vaishali srivastava et. al 2004)[20].
0.05.

ROS produced in hyperglycemia increases peroxidatio
Diabetic nephropathy patients (group 2) have sicauit of_cel!ular membrar_le lipids as well as mcreasmg t
increase in fasting blood sugar, serum urea, cieati Oxidation of proteins that yield protein carbonyl
malondialdehyde and inflammatory markers (IL-6 andderivatives, producing high level of MDA in the betic
Tnf-a) levels but decrease in glutathione peroxidase diephropathy subjects which is a suggestive featire
compared to both T2DM without microvascular OXidative stress in long standing type-2 diabet@ar
complication (Group 1) and healthy controls. Alleth results are also consistent with the study repotigd
parameters are showing highly significant at (P§0.0 Cvetkovae et al, 2009[21].

nd-stage renal failure (ESRD) due to diabetesitugll

as been recently described as a worldwide medical
catastrophe. Development of diabetic nephropathy, a
condition characterized by renal hypertrophy, is

associated with pathophysiological changes in tiieee

Antioxidant enzyme glutathione peroxidase beingk. ! . "
. idney: glomeruli, vessels and the tubulointenstiti A
decreased in group 2 as compared to both groupd1 @ cellular nodular lesion is the main feature of digease in

healthy controls and it was highly significant @<0.05)
whereas Glutathione reductase was found moderateﬁfer?;gggrrggss'Ofltgntgimrepoarlniggzstiles’tJQaOﬁ:tees}:ice
decreased in group 2 as compared to group 1 saljatt P '

it was not statistically significant (P>0.05). Bihe promotes fibrosis, and eventually leads to ESRDe Th

comparison of Glutathione Reductase within grougnd appearance of microalt_)uminuria (30 to _300_ mg/digis
healthy controls was not statistically ~significant. early indicator of renal involvement in this disea®nce

Malondialdehyde (MDA) was increased in group 2 asovert proteinuria (>300 mg/dl) is present, configi

iabetic nephropathy, a steady decline in GFR a;ao
compared to group 1 and healthy controls and wa%1 0 . .
significant at 5% (P<0.001). at about 50% of these patients can reach ESRnwi

7-10 years. Our study shows increase in IL-6 anfdaT
levels in group 2 subjects as compared to groumd. a
aEealthy controls which might be due to hyperglyami
induced oxidative stress and advanced glycation end
products which finally regulates the transcriptiaf
nuclear factor-Kappa binding (nf-Kb) in the nucleus
producing cytokines, the mediators of inflammation
type 2 diabetic nephropathy subjects.

Fasting blood sugar, serum urea and creatinine w
increased in group 2 as compared to group 1 aalthlye
controls and was significant at 5% (P<0.05) .

The body mass index (BMI) was increased in growgs 2
compared to group 1 and healthy controls and w
significant at 5% (P<0.05) .

Inflammatory markers (IL-6 and Tnfy was increased in
group 2 as compared to group 1 and healthy cordrodis
was significant at 5% (P<0.001).

The released cytokines may have direct effect an th
Discussion protein permeability barrier of the glomerulus dags

alterations in hemodynamic factors of renal ceile |
Oxidative stress depicts the existence of prodoatied glomerular basement membrane thickening, renal
free radicals and reactive oxygen species (ROS)wdnie ~ Mesangial cell expansion and hyperplasia of exitdae
formed under normal physiological conditions, beeom Matrix, a crucial lesion of diabetic nephropathyd aa
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strong predictor of renal progression in long stagpd 10.

type-2 diabetic patients. Our study results areo als
consistent with (Alexandraki, 2006; Navarro-Gonzade

al, 2008) [22, 23showing increasing levels of cytokines 11.

(TNF-a. and IL-6) in type2 diabetic nephropathy subjects.

So, finally our study concludes that inflammatian &
cardinal process in the appearance of diabetestaue
persistent hyperglycemia. The inflammatory miliea. i
reactive oxygen species production in diabetic &dn
contributes significantly to the development of lditic

nephropathy in T2DM. 14.
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