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Abstract 

Ischemia reperfusion injury is the principal and the most severe cause of acute kidney injury. This is 

the result of a generalized or localized degeneration in the transportation of oxygen and nutrients to 

cells and the removal of waste products from kidney cells. Ischemia reperfusion injury is the main 

chance element for the development of persistent kidney disorder; this is explained in terms of renal or 

instantaneous system irregularity for more than 3 months. 

Throughout various clinical cases, kidneys are exposed to the ischemia reperfusion 

injury, interpreted by interruption of the kidney blood out glide by continued by successive perfusion 

development, such as resuscitation circulatory arrest, cardiac and vascular surgery, kidney 

transplantation and trauma.  This article offers the literature's basic information to evaluate the most 

relevant details about the Oxidative stress and cytokines that act in renal ischemia reperfusion injury.  
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Introduction 

Renal Ischemia/Reperfusion Injury 
Ischemia-Reperfusion Injury (IRI) is the main and commonplace reason of acute kidney injury (AKI). 

It is the effects of a generalized or localized deterioration of oxygen and nutrient transport to cells and 

the elimination of waste products from the cells of kidneys (1). The imbalance of local tissues O2 

demand, resources also accumulation of wastes output of cells metabolism. Sequence of this 

imbalance, tubular epithelial cell endure damage, if it is critical dying through necrosis and apoptosis 

result in ATN, which includes organ feature deterioration in electrolyte, water homeostasis and reduced 

excretion of wastes output of metabolism. There are massive range of medicinal drugs and path 

physiological states that could relate to localized or generalized ischemia (2), ischemia-Reperfusion 

Injury causation of AKI that is recognized with high mortality and morbidity fee with expanded costs 

of therapy in both adult and pediatric population (3). IRI is the principle chance element for the 

development of persistent kidney disorder; this is explained as irregularity in renal features or systems 

instantaneous for more than 3 months (4). Kidneys are uncovered to the IRI in numerous scientific 

situations, represented via disruption of the kidney blood out glide and persisted by way of the 

successive improvement of perfusion, like circulatory arrest with resuscitation, cardiac and vascular 

surgical operation, kidney transplantation and trauma. IRI in kidney transplantation evokes descend of 

pathophysiology transformation that results in a behind schedule alloimmune precise response to the 

graft and graft function (DGF), finally ensuing in acute rejection after which expand to chronic 

allograft nephropathy (CAN) (Figure 1) (5). 
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Figure (1): Renal ischemia-reperfusion injury. Schematic diagram representing pathway of Renal 

Ischemia-Reperfusion Injury 

Pathophysiology of Renal Ischemia/Reperfusion Injury  
Inflammation is greater not unusual abnormality related to many mobile species and has a extreme 

position in pathophysiology of kidney ischemia. Inflammatory cascade brought on in ischemia that is 

worried in immoderate kidney damage; consequently, blocking off of inflammatory reaction is 

therapeutic process to guard kidney tissues (6). In the kidney dysfunction, the inflammatory mediators 

together with interleukin-1 β (IL-1β), interleukin-6 (IL-6) and tumor necrosis thing-α (TNF-α) own a 
full-size function (7-8). Inflammatory mediators recruit Neutrophil infiltration and leukocyte in post 

ischemic renal tissues, then force to promote leukocyte-endothelial interaction that may permit 

swelling, damage of the endothelial mobile and physically impair blood glide (9). In addition, there is a 

discounted vasodilatation in reaction to nitric oxide, bradykinine and acetylcholine (10). Endothelial 

lesion consequences in loss of glycocalyx, alternation in endothelial mobile-cell contacts, disruption of 

the acting cytoskeleton, breakdown of the perivascular permeability and lack of fluid into interstitial for 

the duration of AKI (11). Moreover, intended that the innate immune gadget is reactivated in a very 

early stage of ischemia/reperfusion lesion as demonstrated through accumulation of macrophages, 

dendritic cells and Neutrophils observed by the liberation of big amounts of inflammatory mediators 

(12) and make the tubular cells more vulnerable to ROS (13) 

Oxidative stress and lipid peroxidation 

Oxidative strain response is noticed with the aid of the increase in the amount of interactive oxygen 

unfastened radicals. ROS are particles of high have interaction with an electron that is not related to the 

maximum of the outer orbital which make the molecule risky and toxic to the cells. This unfastened 

radical reasons membrane damage and activates the sign pathway inside cells that finally lead to cell 

damage and demise (14). The precept deliver of reactive oxygen species is the reduced form of O2. 

Oxygen reduction occurs via cytochrome oxidase CO enzyme in mitochondrial (ETC) resulting in the 

formation of hydroxyl radical, H2o2 and superoxide anion (15). There may be no particular intention 

for reactive oxygen species; however, attacking fats, amino acids and proteins leads to the production 

of precarious molecules appearing like radical, eventually turning into compounds with a couple of 

metabolic outcomes. Additionally, the down regulation of antioxidant enzymes like superoxide 

dismutase, glutathione peroxidase and catalase may be answerable for the pathophysiology of IRI. 

Preventing this pathway or preventing unfastened radical formation is a technique for tissue safety at 

some point of ischemia reperfusion (Figure 2) (16). 
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Figure (2): RIRI pathways, schematic pathway of Renal Ischemia-Reperfusion Injury 

Chemokines 
The chemotactic Chemokines are the cytokines which have been performed a essential performance in 

the infection and reparation processes afterward RIRI thru the leading of the leukocytes' immigration 

and stimulation inside the infection's places (7). 

High-Mobility Group Box-1 Protein  

High-mobility institution box-1 protein (HMGB1) is a harm-associated molecular pattern molecule 

(DAMP), an inflammatory cytokine that has been cautioned to normalize the inflammation in one-of-a-

kind tissues (18). It binds to chromatin, however upon signaling it undergoes a nuclear-cytoplasmic 

translocation and a launch from the renal cells into the venous circulatory machine in a while RIRI. 

HMGB1 induces a rapid go with the flow in the systemic, and the mobile circulating Chemokines 

which have been protected TNF-α and other mediators (19). HMGB1 has been said to be expressed 

thru the renal tissues following IRI (20). An important function of the speedy release for HMGB1 after 

the mobile injury is suggesting that it can have an vital role on this method (21).As soon as it has been 

expressed to the circulatory gadget, it is able to interact with special receptors consisting of the superior 

glycation quit products (RAGE), TLR2 and TLR4 on the goal cells leading to the stimulation of the 

nuclear aspect kabba B (NFKB) and different molecules (22). It had been showed that the neutralized 

HMGB1 reduces the releasing of TNFα, IL6, and MCP1 at some point of IRI (19). Interleukin-1 beta 

(IL-1β) is produced by means of monocytes and macrophages upon activation. It is a strong 

proinflammatory cytokine this is regulated by means of the ones immune cells (23). The Mechanisms 

of irritation were regulated by IL-1β (inflammasomopathies) and NFKB. So, because the NLR family 

pyrin domain containing three protein (NLRP3) has been interacted with now not simplest the 

apoptosis-related speck-like protein containing (ASC) but also with the caspase-1. These interactions 

were shaped a complicated that's referred to as the inflammasome. On cell stage, it's far a large 

molecule that converts Pro-IL-1β (precursor) into its activated structure (IL-1β) (24). Also, the special 

cytosolic danger signals translate via Pathogen-associated molecular pattern proteins (PAMPs) and 

NLR own family pyrin domain containing 1 protein (NLRP1) into the caspase1-established secretion of 

IL-1β. The moves may be produced through RIRI (25). 
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Furthermore, its activation has a major function in the Neuroinflammation that has caused the scientific 

syndrome of AKI. The Mechanisms for IL-1β activation were defined in info within the discern (1.3) 

(Figure 3) (26). 

 
Figure (3): The regulation of IL-1β in the inflammatory diseases which adopted from 

Monocyte Chemoattractant Protein-1 

Monocyte chemoattractant protein-1 (MCP-1) is the key cytokine which has been regulated now not 

simplest the migration however also the infiltration of monocytes, reminiscence T lymphocytes and 

herbal killer (NK) cells, it is produced due to constitutive way or due to the inductive method as in OS. 

The receptors for MCP-1 encompass an extracellular N-terminal region and a C-terminal intracellular 

area (27). Some of the molecular changes, that associated with tumor, had been protected the 

increasing of the expression of MCP-1. It tremendously expressed within the breast tumor cells (28). 

The gathered statistics advise that MCP-1 expression might be accelerated in sufferers of the 

inflammatory bowel disorder, the allergic allergies and the rheumatoid arthritis (29). Also, the 

significance of MCP-1 and its receptor is not constrained to the exhibition of the cardio logical 

problems but may be anticipated in other inflammatory instances along with inside the neurological 

problems such in which is increased in astrocytic leading to neuronal dying due to ischemic accidents 

(30). Overall, the skill ability of MCP-1 might also specify that point and spatial factors are involved in 

indication whether MCP-1 may act as mediator for infection or survival (31). 

Conclusion 
In conclusion, this review showed those different aspects of oxidative stress production, and the 

expression of different cytokines and biomarkers that may be used in clinical settings 

and future perspectives in oxidative stress control. 

References 

(1) Le Dorze, M., et al. The role of the microcirculation in acute kidney injury.CurrOpinCrit Care. 

2009. 15(6): 503-508. 

(2) Joice, P. Joseph; Sunant, K. Raval; Kamlesh, A. Sadariya; Mayur, Jhala; and Pranay, Kumar 

et al. Anti-cancerous efficacy ofAyurvedic milk extract of Semecarpusanacardiumnuts on 

hepatocellular carcinoma in wistar rats. 2011. 

(3) Kaddourah, A., et al. Epidemiology of acute kidney injury in critically ill children and young 

adults. New England Journal of Medicine. 2017. 376(1): 11-20 

(4) Venkatachalam, M. A., et al. Acute kidney injury: a springboard for progression in chronic 

kidney disease. American Journal of Physiology-Renal Physiology. 2010. 298(5): F1078-F1094. 
(5) Perico, N., et al. Delayed graft function in kidney transplantation. The Lancet. 2004. 

364(9447): 1814-1827. 
(6) Khajuria, A.; Tay, C.; Shi, J.; Zhao, H.; and Ma, D. Anesthetics attenuate ischemia–
reperfusion induced renal injury: Effects and mechanisms. ActaAnaesthesiologicaTaiwanica. 2014. 

52(4), pp.176-184. 

http://doi.org/10.36295/ASRO.2020.23115


Abdul Khaleq et al (2020):  Role of oxidative stress and cytokines in renal disease   July 2020   Vol. 23 Issue 

11 

 

5 

http://doi.org/10.36295/ASRO.2020.23115Annals of Tropical Medicine & Public  

 

(7) Stroo, I. Stokman et al. Chemokine expression in renal ischemia/reperfusion injury is most 

profound during the reparative phase." IntImmunol. 2010. 22(6): 433-442. 

(8) Voss, A. Bode., et al. Double-stranded RNA induces IL-8 and MCP-1 gene expression via 

TLR3 in HaCaT-keratinocytes.Inflamm Allergy Drug Targets. 2012. 11(5): 397-405. 

(9) Patel, N. S, Chatterjee., et al. Endogenous interleukin-6 enhances the renal injury, 

dysfunction, and inflammation caused by ischemia/reperfusion. J PharmacolExpTher. 2005. 3123: 

1170-1178 

(10) Sheridan, A. M. and Bonventre, J. V. Cell biology and molecular mechanisms of injury in 

ischemic acute renal failure." CurrOpinNephrolHypertens. 2000. 9(4): 427-434. 

(11) Kwon, O. Hong., et al. Diminished NO generation by injured endothelium and loss of macula 

densanNOS may contribute to sustained acute kidney injury after ischemia-reperfusion. Am J Physiol 

Renal Physiol. 2009. 296(1): F25-33. 

(12) Rabelink, T. J; de,Boer., et al. Endothelial activation and circulating markers of endothelial 

activation in kidney disease. Nat Rev Nephrol. 2010. 6:404.414. 

(13) Liang, C. J, Shen., et al. Endothelial Progenitor Cells Derived From Wharton's Jelly of Human 

Umbilical Cord Attenuate Ischemic Acute Kidney Injury by Increasing Vascularization and Decreasing 

Apoptosis, Inflammation, and Fibrosis. Cell Transplant. 2015. 24(7): 1363-1377. 

(14) Prabal, K. Chatterjee., et al. Tempol, a membrane-permeable radical scavenger, reduces 

oxidant stress-mediated renal dysfunction and injury in the rat. Kidney Int. 2000. 58(2): 658-673. 

(15) Eltzschig, H.K.; and Eckle, T. Ischemia and reperfusion—from mechanism to translation. 

Nature medicine. 2011. 17(11): 1391. 

(16) Lushchak, V.I. Free radicals, reactive oxygen species, oxidative stress and its classification. 

Chemico-biological interactions. 2014. 224, pp.164-175. 

(17) Devarajan, P. Update on mechanisms of ischemic acute kidney injury. J Am SocNephrol. 

2006. 17(6): 1503-1520. 

(18) Wu, H.; Sheng, Z. Q.; Xie, J.; Li, R.; Chen, L., et al. Reduced HMGB 1-Mediated Pathway 

and Oxidative Stress in Resveratrol-Treated Diabetic Mice: A Possible Mechanism of Cardioprotection 

of Resveratrol in Diabetes Mellitus, e9836860. 2016. 

(19) Rabadi, M. M.; Kuo, M. C.; Ghaly, T.; Rabadi, S. M.; Weber, M.;et al. Interaction between 

uric acid and HMGB1 translocation and release from endothelial cells. Am J Physiol Renal Physiol. 

2012. 302(6), F730-741. 

(20) Chen, J., John, R., Richardson, J. A., Shelton, J. M., Zhou, X. J., et al. Toll-like receptor 4 

regulates early endothelial activation during ischemic acute kidney injury. Kidney Int. 2011. 79(3), 

288-299. 

(21) Bianchi, M .E. DAMPs, PAMPs and alarmins: all we need to know about danger. J Leukoc 

Biol. 2007. 81(1), 1-5. 

(22) Tang, D., Kang, R., Zeh, H. J. &Lotze, M. T. High-mobility group box 1, oxidative stress, and 

disease. Antioxid Redox Signal. 2011. 14(7), 1315-1335. 

(23) Zhan, M., Xu, B., Zhao, L., Li, B., Xu, L., et al. The Serum Level of IL-1B Correlates with the 

Activity of Chronic Pulmonary Aspergillosis. 2018.e8740491. 

(24) Man, S. M., &Kanneganti, T. D. Converging roles of caspases in inflammasome activation, 

cell death and innate immunity. Nat Rev Immunol. 2016. 16(1), 7-21. 

(25) Shahzad, K., Bock ,F., Al-Dabet, M. M., Gadi, I., Kohli, S., et al. Caspase-1, but Not Caspase-

3, Promotes Diabetic Nephropathy. J Am SocNephrol. 2016. 27(8), 2270-2275. 

(26) Anders, H. J. Of Inflammasomes and Alarmins: IL-1β and IL-1α in Kidney Disease. J Am 

SocNephrol. 2016. 27(9), 2564-2575. 

(27) Deshmane, S. L., Kremlev, S., Amini, S., &Sawaya, B. E. Monocyte chemoattractant protein-

1 (MCP-1): an overview. J Interferon Cytokine Res. 2009. 29(6), 313-326 

(28) Ohta, M., Kitadai, Y., Tanaka, S., Yoshihara, M., Yasui, W., et al. Monocyte chemoattractant 

protein-1 expression correlates with macrophage infiltration and tumor vascularity in human gastric 

carcinomas. Int J Oncol. 2003. 22(4), 773-778. 

(29) Rantapää-Dahlqvist, S., Boman, K., Tarkowski, A., &Hallmans, G. Up regulation of 

monocyte chemoattractant protein-1 expression in anti-citrulline antibody and immunoglobulin M 

rheumatoid factor positive subjects precedes onset of inflammatory response and development of overt 

rheumatoid arthritis. Ann Rheum Dis. 2007. 66(1), 121-123. 

(30) Kamei, N., Tobe, K., Suzuki, R., Ohsugi, M., Watanabe,T., et al. Overexpression of monocyte 

chemoattractant protein-1 in adipose tissues causes macrophage recruitment and insulin resistance. J 

Biol Chem. 2006. 281(36), 26602-26614. 

http://doi.org/10.36295/ASRO.2020.23115


Abdul Khaleq et al (2020):  Role of oxidative stress and cytokines in renal disease   July 2020   Vol. 23 Issue 

11 

 

6 

http://doi.org/10.36295/ASRO.2020.23115Annals of Tropical Medicine & Public  

 

(31) Roca, H., Varsos, Z. S., Sud, S., Craig, M. J., Ying, C., et al. CCL2 and interleukin-6 promote 

survival of human CD11b+ peripheral blood mononuclear cells and induce M2-type macrophage 

polarization. J Biol Chem. 2009. 284(49), 34342-34354. 

http://doi.org/10.36295/ASRO.2020.23115

