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Abstract 

Since cyclosporin was successfully tested to prevent graft rejection in 1978 the field of organ 

transplants became increasingly important. Cyclosporin works as an immunosuppressant by reducing 

T-cell function. Multiple studies have shown that cyclosporin also has a protective effect on kidneys 

against ischemia injury and that this positive effect is concentration dependent. When cyclosporin is 

used in high concentrations it has a nephrotoxic effect. In this thesis we will explain how ischemia 

injury is caused and determine how the protective effect and the toxic effect are caused by 

cyclosporin. We will examine via which pathways this is caused and why it is a concentration 

dependent process. Cyclosporin causes nephrotoxicity via an imbalance between vasodilation and 

vasoconstriction. Cyclosporin leads to a protective effect against ischemia-reperfusion injury (IRI) by 

binding to cyclophilin D with peptidyl prolyl cis trans isomerase activity and eventually blocking the 

mPTPs (mitochondrial Permeability Transition Pores). The toxic and protective effect are caused via 2 

different mechanisms and is concentration dependent because of the high affinity of cyclosporin for 

cyclophilin D. Together with other protective compounds cyclosporin could be a successful drug 

against IRI.  
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Introduction 

Transplantation of a kidney is often the only possible solution for acute kidney failure. Unfortunately, 

the number of people on the waiting list for an organ transplantation becomes much larger every 

year. As of August 2017 there were over 116,000 people on the national transplant waiting list in de 

United States1. Only 33,611 transplants were performed in the United Stated in 2016. This has as a 

result that 20 people die each day waiting for a transplant.  

Because of this there is an increasing use of suboptimal deceased donors2. Organs from these donors 

have more damage and show a reduced chance for a proper function. Because of the donor shortage 

there came a need to increase preservation time and to improve graft function. This can be done by 

optimizing the preservation solutions and techniques and by adding certain drugs to the preservation 

solution or during reperfusion. This all intends to limit the damage of ischemic-reperfusion injury 

(IRI).   

Ischemia is the process in which the kidney gets removed from the donor and the blood supply gets 

interrupted. This process causes a sequence of chemical events which lead to cellular dysfunction 

and eventually cell death3. Oxygen is crucial to maintain a regular cell function, but because of 

ischemia there is a lack of oxygen. The cells can’t maintain homeostasis because of the exhaustion of 

the cellular energy stores and this leads to a loss of ion gradients across the cell membranes.4.  

During ischemia the kidney can be stored under hypothermic conditions, this is called Cold Storage 

(CS)5. This induces a lower metabolism in the cells, so the oxygen consumption decreases. If the cells 

are stored under hypothermic conditions they use less ATP and the Na+/K+ ATPase works less hard. 

Hypothermia is used to reduce the kinetics of metabolic activities that would otherwise lead to 

cellular degradation when oxygen is removed from the donor organ5.  

After CS preservation the blood flow to the kidney must be restored. This has two beneficial 

consequences for ischemic tissue: the energy supply is restored and toxic metabolites can be 

removed3. Reperfusion is essential for recovery from ischemic injury, but it may also cause metabolic 

consequences by bringing the toxic metabolites to the systemic circulation6. This could lead to further 

local tissue injury7. Paradoxically, reperfusion after ischemia leads to more damage. Cellular damage 

after reperfusion of ischemic tissue is defined as ischemia-reperfusion injury (IRI)8. During IRI damage 

the repair and regeneration processes occur together with cellular apoptosis, autophagy and 

necrosis2. The fate of the organ depends on whether cell death or regeneration comes out on top. It 

has a fundamentally influence on both the early and late function of a transplanted kidney. 

A lot of the improvements to reduce the damage of IRI were discovered during the 20th century. In 

1969 the EuroCollins’ (EC) solution was developed and because of that the Cold Storage (CS) 

preservation time for kidneys was extended to 30 hours9. Since the 1980s the Belzer’s University of 

Wisconsin (UW) solution has been used as the standard solution for organ transplants. The UW 

solution has a protective effect on renal vascular components10. The preservation time for kidneys 

was also extended from 24 hours in EC solution to 72 hours in UW solution11. 

The damage of IRI can also be reduced by adding drugs to the preservation solution or during 

reperfusion.  An interesting drug to use is cyclosporin. This compound was successfully tested in 

transplant patients to prevent graft rejection in 197812. This discovery had a huge impact in the field 



of organ transplants and from then on the field became really important. Cyclosporin was discovered 

in the soil fungus Tolypocladium inflatum and is identified as a cyclic peptide which contains 11 

amino acid peptide products.13 Because of the use of cyclosporin and the improvement of 

preservation techniques the one-year graft survival for patients receiving cadaver kidneys was raised 

from 50% to 80-85%14. The one-year graft survival for patients receiving kidneys from living related 

donors raised from 75% to 95%. Many studies have shown that cyclosporin does not only works as an 

immunosuppressant, but it can also reduce the IRI damage15. Nevertheless it is also known that 

cyclosporin can lead to nephrotoxicity. The effect of cyclosporin on the IRI damage works via another 

pathway then the immunosuppressant effect, as shown by this study16.   

The aim of this thesis is to investigate if cyclosporin could be used as a drug to prevent kidneys from 

IRI damage after transplantation. We will do this by answering the following questions: 

- Via what mechanisms is IRI caused? 

- Via what mechanism protects cyclosporin the kidney from IRI? 

- Via what mechanism causes cyclosporin nephrotoxicity? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Injury 

Ischemic injury 
Ischemia is defined as the stop of blood flow with immediate oxygen deprivation of cells. The lack of 

oxygen causes the cells to switch to the anaerobic glucose metabolism pathway2. This occurs within 

minutes after the stop of blood flow. Anaerobic metabolism does not generate enough energy for 

aerobic tissues like the kidney. In addition ischemia also causes metabolic substrate starvation, this 

can be observed by fewer glycogen granules in ischemic tissue. The glycolysis pathway can also not 

work properly because of the lack of ATP to phosphorylate fructose-6-phosphate. Because of the 

substrate starvation and the lack of ATP the anaerobic glycolysis is immediately brought to an arrest. 

Anaerobic glycolysis also results in another process called acidosis. The cells will start with the 

fermentation of pyruvate to lactic acid to regenerate NAD+. Because there is no blood flow to 

remove the lactic acid the cytoplasm becomes strongly acidic. The acidic environment also inhibits 

the ATP production and the energy production is brought to an arrest2. A lot of intracellular enzymes 

and regulator proteins get damaged because of the acidic environment and this leads to more 

cellular dysfunction17. 

During ischemia products are not washed out or eliminated and get a chance to accumulate. The ADP 

gets catabolized into adenosine, inosine and eventually hypoxanthine. The longer the duration of the 

ischemia, the more accumulation of hypoxanthine18. Hypoxanthine plays an important role during 

reperfusion injury. Even when there would suddenly be enough blood flow with enough oxygen 

there is no more ADP left in the cells to synthesize ATP. 

Because of the ATP depletion the Na+/K+ membrane phosphatase gets inhibited. The cell cannot 

maintain membrane potential and cell excitability, because these processes need the gradient-driven 

K+ and Na+ ion transport. Besides, inhibition of Na+/K+ can lead to edema. Because sodium isn’t 

dependent on a gradient-driven pump it can just enter the cells. It enters the cytoplasm and takes a 

large amount of water with it. This causes cell swelling. In addition, the lack of energy in the cells 

eventually stops the glycolysis. Because of this a lot of intermediates such as glucose-6-phosphate 

and α-glycerol phosphate accumulate. Together with the dephosphorylation of ATP into inorganic 

phosphate and adenosine this causes an enormous increase in the intracellular osmolarity. 

Hyperosmolarity causes water to become intracellular via diffusion, aquaporins and chloride 

channels. The last pathway is thought to be the main pathway responsible for ischemic edema. 

Especially when a perfusion solution is used with a low osmolarity during machine perfusion the 

intracellular hyperosmolarity becomes even bigger and the formation of edema gets accelerated. 

Edema leads to a disruption of the outer cellular membrane, but also of the endoplasmatic 

reticulum, Golgi apparatus, mitochondrial membranes and cytoskeletal microtubules.  

Because sodium is accumulating in the cell and the Na-K-ATPase cannot remove this, the Na+Ca2+ 

starts pumping calcium into the cell. 19.This creates an intracellular calcium overload. The influx of 

calcium causes translocation of the Na/K-ATPase to the cytoplasm20. This translocation increases the 

shortage of the Na/K-ATPase. It is necessary to maintain Ca2+ in the mitochondrial matrix to preserve 

the mitochondrial membrane potential21. Intracellular calcium overload induces a whole cascade of 

reactions which eventually lead to permeating of cytochrome c into the cytosol. Cytochrome C 

activates caspase 3 leading to apoptosis.  



High concentrations of cytosolic calcium lead to an activation of cytoplasmic phospholipases and 

proteases. Calcium-dependent cysteine proteases (calpains) cleave proteins, such as protein kinase C, 

and they can also convert xanthine dehydrogenase (XD) into xanthine oxidase (XO)17. XO is an 

enzyme that produces Reactive Oxygen Species (ROS) and induces damage during reperfusion. It is 

showed that phospholipase A2 plays an important role in ischemic injury22. Myocardial IRI was 

decreased in phospholipase A2 knock out mice partly through the suppression of neutrophil cytotoxic 

activities. Phospholipase A2 leads to degradation of membrane phospholipids to free fatty acids. This 

leads to intracellular and cell membrane structural alterations.  

During ischemia nuclear factor-kappaβ (NFκβ) gets activated because of cellular stress23. This leads to 

the production of inflammatory mediators. NFΚβ activates platelet-activating factors as well as 

inflammatory cytokines and their receptors. Because of this the neutrophils can pass through the 

vascular endothelium. Because of changes of the cell membrane and the high amount of neutrophils, 

capillaries may become obstruct by neutrophils24.  

 

Reperfusion 
Reperfusion injury develops during hours and days after the initial insult. When the organ is again 

provided from blood and oxygen a lot of processes start. The organ can start to recover and 

regenerate, but there will also be additional injury. Reperfusion may augment the tissue injury that is 

produced during ischemia.  

When the organ is provided from a sufficient amount of blood and oxygen it can start the aerobic 

metabolism again. This way the cells get provided with enough ATP. The cells need enough energy to 

induce apoptosis, so this process will start after reperfusion. During the ischemic injury there is a lot 

of cytochrome c released and there are many caspases activated. Apoptosis gets induced because of 

reduced mitochondrial activity and loss of electric potential. Only 5 minutes after reperfusion the 

cytochrome release and caspase activation can be measured in cardiomyocytes25. Normally ATP26 will 

prevent the mitochondrial Permeability Transition Pores from opening, but since there is a calcium 

overload and not enough ATP the mPTPs open and this results in depolarization of the mitochondrial 

membrane27. During reperfusion the XO will combine with H20 and the accumulated hypoxanthine to 

create uric acid and superoxide. A burst of free radical generation will occur within 10 seconds after 

reperfusion28. 

The cells are able to recover from the calcium overload if the cytosolic calcium levels return to 

normal after reperfusion29. In case the cytosolic calcium levels do not return to normal the injury is 

irreversible. This could be because of the use of a damaged organ from a suboptimal donor or 

because the ischemia period was too long. Beyond this time limit there is too much mitochondrial 

dysfunction and the damage becomes irreversible16. 

Because of decreased sodium reabsorption, distal segments of the tubule are activated to release 

signals that induce constriction of the vasa afferentia to prevent the loss of extracellular volume and 

sodium30. 

The hypoxanthine that is accumulated during ischemia provides a large amount of substrate for 

superoxide production during reperfusion. Superoxide radicals get converted into hydrogen 

peroxide. The large amounts of superoxide and hydrogen peroxide overwhelm the antioxidant 



defense mechanisms. This results in the production of hydroxyl radicals and this leads to oxidant-

induced tissue injury (figure 1)18. The oxidants induce the generation of leukotriene B4, complement 

C5a, and platelet-activating factor. These promote chemotaxis and the adherence of neutrophils to 

endothelial cells17. Even after reperfusion, the redistribution of blood to affected areas may not 

produce enough force to clear the blood vessels from the accumulated neutrophils24. 

 

 

Figure 1: How the degradation of ATP during IRI leads to cell membrane damage via the formation of ROS.31 

After reperfusion there is an influx of neutrophils and leukocyte function associated molecule-1 (LFA-

1)31. Cell adhesion molecules increase and are especially localized on the endothelium elastic vessels. 

After 24 hours till 1 week there are Very Late Antigen-4 (VLA-4)-positive monocytes infiltrate in 

vessels expressing Vascular Cell Adhesion Molecule-1 (VCAM-1). Matrix proteins, fibronectin and 

laminin also play important roles to facilitate leukocyte migration across vessels2.  

During reperfusion the damaged endoplasmatic reticulum fragments increase and this causes the 

formation of autophagosomes32. 

 

 

 

 

 



Cyclosporin as nephrotoxic agent 

Cyclosporin leads to nephrotoxicity by causing an imbalance between renal vasoconstriction and 

renal vasodilatation. There is no specific mediator of cyclosporin toxicity, but it is rather caused by an 

imbalance between several regulatory mechanisms55. Cyclosporin also induces fibrosis in the 

kidneys33.  

Induction of Vasoconstriction systems 
Cyclosporine can induce vasocontriction in the kidney via several pathways. Cyclosporin stimulates 

endothelin synthesis and its release from renal cells. In this34 study it is shown that anti-endothelin 

antibodies or endothelin receptor antagonists reduced this release. Cyclosporin also leads to an 

increase in endothelin-1 levels in the liver and kidneys during rat liver allograft rejection35. 

Endothelin-1 gets cleaved after translation into proendothelin. Endothelin can lead to hypertension 

and progressive renal injury via the activation of the ETA-receptor.36 

This37 study shows that Cyclosporin leads to an increase in sympathic nervous system activity. The 

excitatory response of the sympathic nervous system depends on baroreceptor afferent input. This 

response leads to an upward resetting of the arterial baroreflex and thus renal vasoconstriction.  

This38 study shows that cyclosporin leads to microvascular constriction and hypoperfusion. 

Antioxidants are able to diminish the effect of cyclosporin on the microvascular constriction. This 

suggests that cyclosporin induces the formation of ODFR and causes microvascular constriction and 

hypoperfusion via this pathway.  

It has been demonstrated that adenosine plasma levels are increased in cyclosporine treated kidney 

transplant recipients and that these adenosine plasma levels correlate with the cyclosporin blood 

levels39. Adenosine is an immunosuppressor via a transformation into deoxyadenosine. 

Deoxyadenosine gets converted into the toxic compound deoxyadenosine triphosphate that inhibits 

T-cell function. Adenosine can also work via another pathway that may be involved in cyclosporin 

induced renal toxicity. Adenosine can bind to high affinity A1 receptors inducing renal 

vasoconstriction and with low affinity A2 receptors inducing vasodilation40. The high adenosine levels 

are caused by the mechanism in which cyclosporin inhibits the uptake of adenosine by red blood 

cells. High plasma levels of adenosine caused by cyclosporin induce vasoconstriction.  

Inhibition of Vasodilation systems 
Cyclosporine creates such a strong vasoconstriction that the Nitric oxide (NO)-dependent counter-

regulatory mechanism is overwhelmed55. NO normally induces vasodilation, but this mechanism is 

impaired during cyclosporin treatment. The nephrotoxic effect of cyclosporin increases when rats are 

treated with a NO synthase inhibitor41. The nephrotoxic effect of cyclosporin decreases if rats are 

treated with a substrate for the NO synthase42. This suggests that vasorelaxation mediated by nitric 

oxide in renal vessels is impaired because of cyclosporin treatment. However, cyclosporin causes an 

increase in NO production.  It seems that NO is an important protective mechanism against the 

nephrotoxic effect of cyclosporin. Despite the increase in NO production this mechanism is not 

capable of protecting the kidneys from toxicity, because the vasoconstriction overwhelms it. 

Cyclosporin leads to an increase in expression of the kallikrein-kinin system43. This system is involved 

in vasodilation and blood pressure regulation. Tissue kallikrein cleaves kininogen to release the 

vasoactive bradykinin peptide. Kinins bind to bradykinin B1 and B2 receptors and induce a lot of 



biological effects, including vasodilation, blood pressure reduction and increased renal blood flow. 

When rats are treated with cyclosporin the immunoreactive renal kallikrein and urinary excretion of 

tissue kallikrein levels increase. Kallikrein-releasable kininogens in sera increased because of the 

cyclosporin treatment. A chronic treatment with cyclosporin led to an increase in renal kallikrein, 

bradykinin B2 receptor and hepatic kininogen mRNA levels. There was also an increase in urine 

excretion and water intake after chronic cyclosporin treatment. This data implies that the activity of 

the kallikrein-kinin system is increased to induce vasodilatation and prevent from hypertension 

caused by cyclosporin.  

Renal fibrosis 
Cyclosporin leads to an increase in expression of Transforming Growth Factor-β (TGF-β)33. TGF-β has 

multiple actions in tissue repair and can bind to 3 different TGF-β membrane receptors. TGF-β can 

strongly increase the deposition of extracellular matrix by creating an increase in the synthesis of 

matrix molecules like fibronectin, collagen and proteoglycans. TGF-β can also inhibit the degradation 

of extracellular matrix by decreasing the secretion of proteases and activating the production of 

protease inhibitors. The integrin matrix receptors on cells, which are able to facilitate cell matrix 

adhesion and matrix deposition are also modulated by TGF-β. Via these 4 pathways TGF-β is able to 

strongly increase the deposition of extracellular matrix. In addition, TGF-β auto induces its own 

production (figure 3). This way its effects become even greater and the renal fibrosis will lead to a 

decreased renal function. 

 

Figure 2: The mechanism of TGF-β which leads to extracellular matrix deposition and eventually fibrosis44 

 

 

 

 

 

 

 



Cyclosporin as protecting agent 

Cyclosporin may lead to a protective effect on kidneys via a mechanism that has an effect on 

apoptosis45. During reperfusion ROS species are formed. These ROS species activate the 

mitochondrial permeability transition pore and release cytochrome C into the cytosol. This leads to 

an activation of caspases and eventually cell death.  

This46 research shows that cyclosporin can inhibit ROS induced apoptosis. Apoptosis is characterized 

by a cascade of events which eventually will lead to DNA fragmentation. Pre-treatment of the 

fibroblasts with cyclosporin reduced the amount of DNA fragmentation caused by ROS. The effect of 

cyclosporin on the physiological state of the mitochondria was also assessed by measuring the MTT 

reduction. Pre-treatment with cyclosporin reversed the decrease in mitochondrial function caused by 

ROS. Because a disruption in the mitochondria leads to the release of cytochrome C into the cytosol 

the amount of it in the cytosolic fraction was also measured. Pre-incubation with cyclosporin 

suppressed the release of cytochrome C. Pre-incubation with cyclosporin also leads to a lower 

amount of caspase activity. This study shows that ROS causes dysfunction of the mitochondria, which 

leads to the release of cytochrome C in the cytosol and eventually apoptosis. The most crucial part of 

this research is that the MTT reduction measurements proved that cyclosporin reversed the decrease 

in mitochondrial function caused by ROS. Thus, cyclosporin inhibits apoptosis early in the pathway 

and the protective effect of cyclosporin seems to involve an influence on the mitochondria itself.  

Cyclosporin inhibits Cyclophilin D with a high affinity and this leads to desensitization of the 

mitochondrial permeability transition pore (mPTP)47. The mPTPs are an important regulator of 

mitochondrial Ca2+ exchange. Cyclosporin inhibits opening of the mPTP via binding to Cyclophilin D 

and thus prevents depolarization of the mitochondrial inner membrane.48-49.  

This50 study showed that Cyclophilin is a protein with peptidyl prolyl cis trans  isomerase (PPIase) 

activity and that inhibition of PPI by cyclosporin leads to inhibition of the opening of the mPTPs. 

According to multiple studies16-51 cyclosporin inhibits the opening of mPTPs via binding to PPI and 

then displacing it from the membrane protein. The Cyclophilin translocation to the inner membrane 

of the mitochondria is blocked. This leads to a decrease in sensibility of the mPTPs for calcium. As 

explained earlier the calcium overload and lack of oxygen cause the mPTPs to open during 

reperfusion. This leads to dysfunction of the mitochondria and eventually apoptosis. Cyclosporin 

affects this process during IRI by decreasing the sensibility of the mPTPs for calcium. This way there 

will be less mitochondrial dysfunction and apoptosis. 

Cyclosporin should be administered right before the start of reperfusion and during reperfusion. 

When it is administered during the ischemia period alone it will not have an effect, because the 

mPTPs are not opened during ischemia. During reperfusion the mPTPs open and when cyclosporin is 

administered it can prevent the mPTPs from opening27. This way there will be less cytochrome C 

released into the cytosol and eventually less apoptosis. This study shows that cyclosporin is the most 

effective when administered during ischemia and reperfusion16.  

 

 



Conclusion 

To conclude, literature provides enough information to know which effects are caused by cyclosporin 

and via which action mechanisms they work. The first damage during a kidney transplantation is 

caused by ischemic injury. Because of the interrupted blood flow the cells aren’t provided with 

enough oxygen to maintain the aerobic metabolism. ATP gets catabolized into adenosine, inosine 

and eventually hypoxanthine. Sodium entering the cytoplasm together with large amounts of water 

and accumulation of many intermediates which increase intracellular osmolarity lead to cell swelling. 

Because of the fermentation of pyruvate into lactic acid the cytoplasm becomes strongly acidic and 

this causes more cellular dysfunction. The mitochondrial membrane potential can’t be maintained 

and cytochrome C will be released into the cytosol. This leads to an activation of caspases and 

eventually cell death. Because of the high concentrations of cytosolic calcium the calpains get 

activated en xanthine dehydrogenase gets converted into xanthine oxidase. NFκB also gets activated 

and results in the production of inflammatory mediators.  

During reperfusion the kidney gets again provided from enough blood and oxygen and can restart 

the aerobic metabolism. Apoptosis can only be induces if there is enough ATP in the cells. During 

ischemic injury there are a lot of caspases activated and during reperfusion this will induce apoptosis. 

The mitochondrial Permeability Transition Pores will open and cause desensitization of the 

mitochondrial membrane. The hypoxanthine that is accumulated during ischemic injury gets 

converted into superoxide radicals during reperfusion. The antioxidants can’t protect against these 

large amounts of radicals and it will result in oxidant-induced tissue injury. 

Cyclosporin causes nephrotoxicity via a misbalance between vasoconstriction and vasodilation and 

via inducing fibrosis. Vasoconstriction is caused via active renin, endothelin, sympathic nervous 

system, oxygen derived free radicals and adenosine. Vasodilation is caused via an increase in nitric 

oxide production and activation of the kallikrein-kinin system. Cyclosporin also leads to an increase in 

TGF-beta. This results in an increased deposition of extracellular matrix and decreased degradation 

of extracellular matrix. This eventually leads to renal fibrosis.  

Cyclosporin protects the kidneys from apoptosis via the mitochondria. The binding of cyclosporin to 

cyclophilin with a PPIase activity leads to a block of its translocation to the inner membrane of the 

mitochondria.  This leads to desensitization of the mitochondrial permeability transition pores. The 

pores are inhibited from opening and thus there is less release from cytochrome C. Eventually this 

will lead to less activation of caspases and apoptosis.  

Cyclosporin does not lead to a full recovery of ischemic-reperfusion injury because it only inhibits the 

mPTPs from opening. As explained in the chapter of IRI there are many pathways via which damage 

is caused. Cyclosporin balances between the protective effects caused by the binding to Cyclophilin 

and the toxic effect caused by an imbalance between vasoconstriction and vasodilation. This16 study 

shows that the protective effect of cyclosporin prevails when used in low concentrations (2-5 nm), 

but the toxic effect prevails when used in high concentrations (1 µM). This study52 shows that when a 

concentration of 1.25-10 mg cyclosporin/kg body weight in gerbils is used it leads to the protective 

effect. For the immunosuppressive effect that helps preventing against graft survival there are 

concentration of 5 mg cyclosporin/10 kg body weight used in rats53. Thus, the protective effect of 

cyclosporin is concentration dependent. This can be explained by the fact that cyclosporin binds with 

a high affinity to cyclophilin D. So in low concentrations cyclosporin will only work via the mechanism 

of inhibiting the mitochondrial permeability transition pores. When used in high concentrations not 

all the cyclosporin will bind to cyclophilin D, but a lot of the cyclosporin will bind on the parts that 



cause vasoconstriction and renal fibrosis, thus nephrotoxicity. Although differences between species 

should be taken account it can be concluded that is concentration of around 5 mg/kg are used there 

will be both an immunosuppressive and protective effect of cyclosporin on graft survival.  

To conclude this thesis cyclosporin could be used as a drug to prevent kidneys from IRI damage. 

Cyclosporin should be administered during ischemia and reperfusion in low concentrations. As long 

as cyclosporin is administered in low concentrations there will not be a nephrotoxic effect, because 

the protective and toxic effects are caused via 2 different mechanism and these are concentration 

dependent. Cyclosporin alone cannot protect the kidney from all the damage induced during 

ischemia and reperfusion. It could be that if the patients are treated with a combination of 

cyclosporin and other protective compounds like free radical scavengers, adenosine and calcium 

antagonist the kidney will show less IRI16. The use of glycine and an acidotic pH during ischemia could 

also help in preventing the kidneys from IRI54. More research is necessary to investigate cyclosporin 

as a drug against IRI damage. It may not conquer the damage on its own, but with help of some other 

compounds it could definitely be a successful drug against IRI.  
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