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The role of oxidative stress in renal injury related to obesity
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The mechanisms linking obesity to kidney damage are unknown. AGEs are responsible for renal damage in
obese individuals. The receptor AGEs (RAGE) contributes to nuclear transcription factors that result in the
production of proinflammatory cytokines and this seems to contribute to the development of renal disease. Thus,
intervention with antioxidant can have an important effect in the prevention and treatment of pro-oxidant and
pro-inflammatory state in the kidneys resulting from obesity.
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Introduction

Obesity is a chronic disease that increases the risk of
mortality and reduced life expectancy, especially for
presenting various comorbidities such as type 2 diabetes,
dyslipidemia, insulin resistance and hypertension. Kidney is
also a target organ of obesity, which can be damaged
resulting in dysfunction of this organ even in the absence of
hypertension or diabetes -3l suggesting that different
pathogenic mechanisms are at work in diabetic nephropathy.

Renal changes may occur early and are associated with
increased inflammatory activity with production of
cytokines, oxidative stress, lipotoxicity and hemodynamic
factors [4l. The different mechanisms of renal injury due to an
increase in pro-inflammatory cytokines, oxidative stress and
hyperfiltration can cause dysfunction of the glomerular
capillary endothelium cells, mesangial cells or podocytes,
and tubular interstitial cells.

The increase in free fatty acids, the result of a high calorie
diet, increases the generation of free radicals, leading to

endothelial  dysfunction, albuminuria and inadequate
response to vasodilators. The action of these mediators may
affect the kidney podocytes, which are visceral epithelial
cells of the kidneys, a major component of the glomerular
filtration barrier. They are responsible for restricting the
passage of proteins from blood to the urinary space However,
these abnormalities are reversible with weight loss [,
Positive correlation between albuminuria and body weight
and body mass index has been found in diabetics as well as
in non-diabetic subjects [6-8],

Oxidative stress as a mechanism of kidney damage

One contributor to the development of renal complications
is an excess of nutrients, which causes oxidation and
generates reactive species. In physiological conditions, there
is a balance between pro-oxidants and antioxidants; the
oxidative stress occurs when the production of pro-oxidants
exceeds antioxidant defense 1. Thus, lipid (lipoxidation) and
glucose (glycation) oxidation generate compounds like
malondialdehyde, glyoxal, acrolein, 4-hydroxy-nonenal
(HNE) (products of lipoxidation) and methyl glyoxal and
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glyoxal (glycation products). These substances are highly
reactive and exhibit high affinity with the amino acids,
producing advanced glycation end products (AGEs) [,
Because of their abundance in the circulation these products
end up in up several organs, including the kidney. This
exposure may be a significant factor in damaging kidney
tissue (11,

In addition to these products causing damage, there is
another mechanism that results in injury to the kidney. AGEs
can bind to specific receptors called receptors of glycation
end products (RAGE) that are expressed in different tissues
(221 among them the kidney [*2],

The binding of AGEs to RAGE initiates a signal
transduction cascade of events involving kinases, which
culminates in the activation of IkkpB/NFkB, nuclear factors
responsible for production of pro-inflammatory cytokines
141 In addition, this binding stimulates the glomerular
mesangial cell to synthesize matrix components of type 1V
collagen, resulting in thickening of the basal glomerular
membrane and loss of function [15-17],

Initially, the relation of the RAGE receptor to renal
dysfunction was associated with the presence of diabetes 2,
as these patients showed an increased expression of this
receptor in podocytes. Furthermore, in an experimental study
with RAGE knockout rats treated with alagebrium, which
reduces advanced glycation end products, a decrease in
migration factor for monocytes-1 (MCP-1) and superoxide
was observed, besides the reduction in albuminuria and
improvements in renal function, the inflammatory profile and
oxidative stress '€, This shows that RAGE are also involved
with renal dysfunction related to obesity independent of
elevated blood glucose.

However we can infer that the AGE/RAGE interaction
triggers inflammation in tissues expressing this receptor, and
may represent the interface between oxidative stress and the
inflammatory state.

Antioxidants as therapy

Since oxidative stress is a key component in the
pathogenesis of the complications of obesity and its
comorbidities, new treatment with antioxidants have been
tested in order to alleviate the oxidative stress 9. Several
observational epidemiological studies have shown that diets
rich in antioxidants from fruits and vegetables are beneficial
in reducing the risk of chronic disease 223, Thus, it is likely
that antioxidant nutrients found in these foods can prevent
damage caused by free radicals.

Several experimental and human studies involving
supplementation of antioxidants to prevent oxidative and
systemic inflammatory action in the obese have also been
conducted [10.14.22-25] "yt there are few studies regarding the
beneficial effect of antioxidants in improving renal
dysfunction in obesity. Orsolic and colleagues 28] studied the
effect of propolis and epigalocatequinagalato, a component
of green tea, in diabetic rats and found that these compounds
reduced malondialdehyde levels in the kidneys of the
animals. Another study evaluating the antioxidant effect of a
herb "Oenanthe javanica" originating in Asia found that its
use increased the amount of antioxidant enzymes in the
kidney of rats, suggesting that the use of a systemic
antioxidant could be a strategy to reduce renal oxidative
stress [?7]. They further showed the protective effect of
quercetin on the nephrotoxicity attributed to valproic acid, an
anticonvulsant drug [?8. Urios and colleagues >! reported an
inhibition of the formation of AGEs, with consequent
decrease in albuminuria, with supplementation of flavonoids
in diabetic rats.

A study conducted by our group tested the effect of
supplementation with lycopene on inflammatory and
oxidative changes in obese rat kidneys. The animals in this
study were at an early stage of obesity, as yet without
comorbidities, and had biochemical variables, hemodynamic
and renal function similar to the controls. Treatment with
lycopene decreased systemic lipid peroxidation and renal
expression of the receptor for AGEs (RAGE). The
anti-inflammatory action was reflected in decreased renal
TNF-alpha %,

The increase in obesity worldwide demands therapeutic
actions in order to prevent or attenuate its pro-oxidant and
pro-inflammatory effects. Based on this review we found that
the use of antioxidants to inhibit the oxidative stress has been
used in the prevention of diseases and complications of
obesity, showing the ability to reduce albuminuria and
modulate inflammatory markers expressed in the kidney,
helping to improve renal dysfunction. Although clinical
studies are required to investigate the potential use of
antioxidants in obesity to alleviate oxidative stress and
inflammation in the kidney and whether this may contribute
to reducing dysfunction in this organ, to date, encouraging
lifestyle changes that contribute to reducing body fat and
strict control of comorbidities are still the most common
recommendations.

Acknowledgements

We thank Proof reading Service (PRS) for correcting the
English.

Page 2 of 4



Inflammation & Cell Signaling 2015; 2: e648. doi: 10.14800/ics.648; © 2015 by Damiana Tortolero Pierine, et al.
http://www.smartscitech.com/index.php/ics

Conflicts of interest

The authors have declared that no competing interests
exist.

References

1. Stengel B, Tarver-Carr ME, Powe NR, Eberhardt MS and Brancati
FL. Lifestyle factors, obesity and the risk of chronic kidney
disease. Epidemiology 2003;14:479-487.

2. Chen J, Muntner P, Hamm LL, Jones DW, Batuman V, Fonseca
V, et al. The metabolic syndrome and chronic kidney disease in
U.S. adults. Ann Intern Med 2004;140:167-174.

3.  Chen J, Muntner P, Hamm LL, Fonseca V, Batuman V, Whelton
PK, et al. Insulin resistance and risk of chronic kidney disease in
nondiabetic US adults. J Am Soc Nephrol 2003;14:469-477.

4. Wahba IM and Mak RH. Obesity and obesity-initiated metabolic
syndrome: mechanistic links to chronic kidney disease. Clin J Am
Soc Nephrol 2007;2:550-562.

5. Eknoyan G. Obesity and chronic kidney disease. Nefrologia :
publicacion oficial de la Sociedad Espanola Nefrologia
2011;31:397-403.

6. Valensi P, Assayag M, Busby M, Paries J, Lormeau B and Attali
JR. Microalbuminuria in obese patients with or without
hypertension. International journal of obesity and related
metabolic disorders : journal of the International Association for
the Study of Obesity 1996;20:574-579.

7. Savage S, Nagel NJ, Estacio RO, Lukken N and Schrier RW.
Clinical factors associated with urinary albumin excretion in type
Il diabetes. American journal of kidney diseases : the official
journal of the National Kidney Foundation 1995;25:836-844.

8. Kohler KA, McClellan WM, Ziemer DC, Kleinbaum DG and
Boring JR. Risk factors for microalbuminuria in black americans
with newly diagnosed type 2 diabetes. American journal of kidney
diseases : the official journal of the National Kidney Foundation
2000;36:903-913.

9. Forbes JM, Coughlan MT and Cooper ME. Oxidative stress as a
major culprit in kidney disease in diabetes. Diabetes
2008;57:1446-1454.

10. Aldini G, Orioli M, Rossoni G, Savi F, Braidotti P, Vistoli G, et
al. The carbonyl scavenger carnosine ameliorates dyslipidaemia
and renal function in Zucker obese rats. Journal of cellular and
molecular medicine 2011;15:1339-1354.

11. Miyata T, Wada Y, Cai Z, lida Y, Horie K, Yasuda Y, et al.
Implication of an increased oxidative stress in the formation of
advanced glycation end products in patients with end-stage renal
failure. Kidney international 1997;51:1170-1181.

12. Vistoli G, Maddis De D, Cipak A, Zarkovic N, Carini M and
Aldini G. Advanced glycoxidation and lipoxidation end products
(AGEs and ALEs): An overview of their mechanisms of
formation. Free radical research 2013;

13. Tanji N, Markowitz GS, Fu C, Kislinger T, Taguchi A,
Pischetsrieder M, et al. Expression of advanced glycation end
products and their cellular receptor RAGE in diabetic nephropathy
and nondiabetic renal disease. Journal of the American Society of
Nephrology : JASN 2000;11:1656-1666.

Page 3 of 4

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Bierhaus A, lllmer T, Kasper M, Luther T, Quehenberger P,
Tritschler H, et al. Advanced glycation end product
(AGE)-mediated induction of tissue factor in cultured endothelial
cells is dependent on RAGE. Circulation 1997;96:2262-2271.

Wendt TM, Tanji N, Guo J, Kislinger TR, Qu W, Lu Y, et al.
RAGE drives the development of glomerulosclerosis and
implicates podocyte activation in the pathogenesis of diabetic
nephropathy. ~ The  American  journal  of  pathology
2003;162:1123-1137.

Inagi R, Yamamoto Y, Nangaku M, Usuda N, Okamato H,
Kurokawa K, et al. A severe diabetic nephropathy model with
early development of nodule-like lesions induced by megsin
overexpression in RAGE/INOS transgenic mice. Diabetes
2006;55:356-366.

Bierhaus A, Humpert PM, Morcos M, Wendt T, Chavakis T,
Armold B, et al. Understanding RAGE, the receptor for advanced
glycation end products. J Mol Med (Berl) 2005;83:876-886.

Tomino Y, Hagiwara S and Gohda T. AGE-RAGE interaction and
oxidative stress in obesity-related renal dysfunction. Kidney
international 2011;80:133-135.

Ford ES, Ajani UA and Mokdad AH. Brief communication: The
prevalence of high intake of vitamin E from the use of
supplements among U.S. adults. Annals of internal medicine
2005;143:116-120.

Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH, Willett WC,
et al. Fruit and vegetable intake and risk of cardiovascular disease:
the Women's Health Study. The American journal of clinical
nutrition 2000;72:922-928.

Hung HC, Joshipura KJ, Jiang R, Hu FB, Hunter D, Smith-Warner
SA, et al. Fruit and vegetable intake and risk of major chronic
disease. Journal of the National Cancer Institute
2004;96:1577-1584.

Hogan S, Canning C, Sun S, Sun X and Zhou K. Effects of grape
pomace antioxidant extract on oxidative stress and inflammation
in diet induced obese mice. J Agric Food Chem 58:11250-11256.

Hogan S, Canning C, Sun S, Sun X, Kadouh H and Zhou K.
Dietary supplementation of grape skin extract improves glycemia
and inflammation in diet-induced obese mice fed a Western high
fat diet. J Agric Food Chem 59:3035-3041.

Alappat L and Awad AB. Curcumin and obesity: evidence and
mechanisms. Nutr Rev 68:729-738.

Martinez-Morua A, Soto-Urquieta MG, Franco-Robles E,
Zuniga-Trujillo 1, Campos-Cervantes A, Perez-Vazquez V, et al.
Curcumin decreases oxidative stress in mitochondria isolated from
liver and kidneys of high-fat diet-induced obese mice. J Asian Nat
Prod Res 15:905-915.

Orsolic N, Sirovina D, Gajski G, Garaj-Vrhovac V, Jazvinscak
Jembrek M and Kosalec I. Assessment of DNA damage and lipid
peroxidation in diabetic mice: Effects of propolis and
epigallocatechin gallate (EGCG). Mutation research 2013;

Ma L. [Rapid propagation of Echinacea angustifolia]. Zhong yao
cai = Zhongyaocai = Journal of Chinese medicinal materials
2007;30:629-631.

Chaudhary S, Ganjoo P, Raiusddin S and Parvez S.
Nephroprotective activities of quercetin with potential relevance to
oxidative stress induced by valproic acid. Protoplasma
252:209-217.



Inflammation & Cell Signaling 2015; 2: e648. doi: 10.14800/ics.648; © 2015 by Damiana Tortolero Pierine, et al.
http://www.smartscitech.com/index.php/ics

29. Urios P, Kassab I, Grigorova-Borsos AM, Guillot R, Jacolot P, 105:373-381.
Tessier F, et al. A flavonoid fraction purified from Rutaceae 30. Pierine DT, Navarro ME, Minatel 10, Luvizotto RA, Nascimento
aurantiae (Daflon(R)) inhibiting AGE formation, reduces urinary AF, Ferreira AL, et al. Lycopene supplementation reduces
albumin clearance and corrects hypoalbuminemia in normotensive TNF-alpha via RAGE in the kidney of obese rats. Nutr Diabetes
and hypertensive diabetic rats. Diabetes Res Clin Pract 4:e142.

Page 4 of 4



