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CsA, is an effective immunsuppressive agent of fungal 
origin being widely used throughout the world since the be-
ginning of the eighties. Prevention of the rejection attacks as 
well as graft versus host reactions, a low myelotoxicity and 
very seldom occurrence of bacterial and fungal infections 
during the treatment are its leading superior properties. 
But unfortunately, its potential nephrotoxicity during acute 
and chronic periods prevents its widespread and confident 
administration [1]. The damage formed by the use of CsA 
during the acute period is explained by its negative effect on 
renal circulation [2].

In experimental studies, it has been shown that the uri-
nary excretion of thromboxane B2, which is a strong vaso-
constrictor, increases and the production of PGE2, which 
is a vasodilator, decreases with the use of CsA [3–6]. In a 
study conducted in rats, narrowing of afferent arterioles was 
demonstrated by electron microscopy in kidney biopsies 
taken from rats given CsA [7]. Accordingly, the toxic effect 
of CsA is thought to arise as a result of its vasoconstriction 
effect [8, 9]. As a result of vasoconstriction, tissue perfusion 
is impaired at the microcirculation level and adversely af-
fects kidney functions.
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Since CsA is metabolized in the liver via the P450 cy-
tochrome enzyme system, it interacts with many drugs that 
alter this enzyme system. Ketoconazole, cimetidine, eryth-
romycin and corticosteroids increase blood levels of CsA by 
inhibiting P450 enzyme. Phenytoin, rifampicin, isoniazid, 
and trimethoprim decrease CsA levels by inducing P450 
[10–12].

The nephrotoxic effect of CsA is enhanced when Am-
photericin B is co-administered with aminoglycosides, mel-
phalan and Co-trimoxasole [12].

Side effects related to CsA detected in clinical studies 
are as follows:

a) dose-dependent:
— renal dysfunction, impaired liver function, hyperten-

sion, hypertrichosis, tremor and gingival hyperplasia [12, 13];
b) dose-independent:
— paraesthesia, nausea, encephalopathy, hyperkalae-

mia, anaemia and susceptibility to infections [12, 13].
In addition, there is no difference between CsA and con-

ventional immunosuppressive therapy in terms of the risk of 
developing lymphoma and non-lymphoma malignant di
seases [13, 14].
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Abstract. CsA, obtained from a fungus called Tolypocladium inflatum came into medical use in 1983. 
Organ transplants have shown great success after the use of Cyclosporine, especially in 3- and 5-year graft 
survival. However, nephrotoxicity seen in the early and late periods complicates its use. It is very important 
to distinguish especially early toxicity from rejection attacks; because the treatments of both processes are 
completely different. While vasocostriction in the renal artery system is prominent in the early period, the 
underlying factor for late toxicity is the thickening of the arteriolar intima and the consequent decrease in 
tissue oxygenation. The article discusses the variants of toxicity caused by the use of cyclosporin A. Mor-
phological changes with the use of cyclosporin A are shown in rat models. The results of our own obser-
vations on the use of prostaglandin, which demonstrated the effect of vasodilation, are also presented, 
which can probably be used for further studies in order to reduce the nephrotoxicity of cyclosporin A. In 
particular, we found that PGE2 significantly reduced vasoconstriction and reduced the toxic effect due 
to CsA. The limitations was the usage of these agents once, so we couldn’t continue and only gave them 
intravenously. However, the results obtained were found to be significant.
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CsA toxicity varies with dose, individual susceptibility 
and certain risk factors. CsA-related lesions:

1) 0–19 % acute renal failure with diffuse interstitial fi-
brosis;

2) 0–5 % peritubular capillary congestion;
3) 9–37 % tubular toxicity;
4) 5–30 % striped form interstitial fibrosis (interstitial 

areas of fibrosis in lines and atrophic tubules in these areas);
5) 5–27 % CsA-induced arteriolopathy [13].
Acute renal failure with diffuse interstitial fibrosis can 

be seen at any time, although peritubular congestion and 
tubular toxicity are more common in the first months after 
transplantation. CsA-induced arteriolopathy is usually seen 
2 months after transplantation, and striped form interstitial 
fibrosis 6 months and later [13] (fig. 1).

A) Functional toxicity.
A slight decrease in renal function can be observed in 

almost all patients with daily administration of 10 mg/kg 
oral CsA after transplantation. The serum creatinine level is 
slightly increased. It returns to normal with decreasing the 
CsA dose [13]. Hypertension develops in half of the patients 
[15]. CsA is thought to exert a selective vasoconstriction on 
renal vessels, particularly on arterioles [13]. Its mechanism 
has been tried to be explained in four ways:

1) direct effect on renal vessels [13];
2) adrenergic system stimulation [16–18];
3) stimulation of the tubuloglomerular feedback mecha-

nism [19, 20];

4) effects on renal prostaglandin synthesis [3, 13].
B) Tubular toxicity.
The findings are not different from those seen in func-

tional nephrotoxicity. But the serum creatinine level is 
higher, it can be more than twice the normal [13, 15].

Giant mitochondria, isometric vacuolization and mi-
crocalcifications are remarkable histopathological findings. 
These are nonspecific, but rather characteristic lesions [13] 
(fig. 2).

The main etiological factor in the development of tu-
bular toxicity is high CsA levels. This level is usually above 
200 ng/ml [15].

C) Vascular-interstitial toxicity.
The patient has a slow but progressive deterioration in 

kidney function, resulting in hypertension. Initially, the glo-
merular filtration rate and renal plasma flow decrease. Then 
serum creatinine increases; proteinuria is mild or absent. 
With the discontinuation of CsA, some patients may have an 
improvement in renal function, but most do not. As a sign 
of vascular damage, some patients have increased plasma 
levels of endothelial-derived factor VIII and antithrombin 
[13, 15].

Renal vasoconstriction is shown as the main cause of 
CsA-induced nephrotoxicity (fig. 3). For this reason, the 
first thing that comes to mind for the prevention or treat-
ment of renal toxicity is to reduce the dose of CsA or to re-
place it with another immunosuppressive. Although FK506-
induced nephrotoxicity is observed, it is not as severe as CsA 

Figure 1. Fibrosis Figure 2. Tubular dilatation



188 , ISSN 2307-1257 (print), ISSN 2307-1265 (online) Vol. 10, No. 4, 2021

Запрошені статті  /  Guest Articles

as is known. That’s why Tacrolimus seems like an option. 
The newly introduced co-stimulator blockers are another 
option. However, the high risk of infection in these should 
not be ignored.

In a study we conducted on rats, we tried PGI2 (pros-
tacyclin) and PGE2, which have vasodilator effects, in this 
context. In particular, we found that PGE2 significantly re-
duced vasoconstriction and reduced the toxic effect due to 
CsA. Our problem here was that we only used these agents 
once, so we couldn’t continue and only gave them intrave-
nously. However, the results obtained were found to be sig-
nificant.
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Figure 3. Arterial subintimal thickening
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Циклоспоринова нефропатія, її патогенез і лікування

Резюме. Циклоспорин А, отриманий із гриба під назвою 
Tolypocladium inflatum, почав застосовуватися в медицині в 
1983 році. З початком застосування циклоспорину продемон-
стровано підвищення 3- та 5-річного виживання трансплан-
тата. Однак нефротоксичність, виявлена в ранній та пізній пе-
ріод, ускладнює його застосування. Дуже важливо відрізняти 
ранню токсичність від нападів відторгнення, що пов’язано з 
абсолютно різними методами лікування обох процесів. Хоча 
вазоконстрикція в системі ниркових артерій проявляється в 
ранньому періоді, основним фактором пізньої токсичності є 
потовщення артеріолярної інтими та, як наслідок, зменшення 
оксигенації тканин. У статті розглянуті варіанти токсичності, 
зумовлені використанням циклоспорину А. На моделях щу-

рів показані морфологічні зміни при використанні цикло
спорину А. Також наведені результати власних спостережень 
щодо використання простагландину, який продемонстрував 
ефект вазодилатації, що, ймовірно, можна використовувати 
для подальших досліджень з метою зменшення нефроток-
сичності циклоспорину А. Зокрема, ми виявили, що PGE2 
значно зменшує звуження судин і знижує токсичний ефект, 
обумовлений циклоспорином А. Обмеженням було одноразо-
ве використання цих засобів, тому ми не могли продовжувати 
дослідження та вводили їх тільки внутрішньовенно. Однак 
отримані результати виявилися обнадійливими.
Ключові слова: трансплантація; токсичність циклоспорину 
А; вазоконстрикція артеріол нирок; нефротоксичність
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Циклоспориновая нефропатия, ее патогенез и лечение

Резюме. Циклоспорин А, полученный из грибка под на-
званием Tolypocladium inflatum, стал использоваться в ме-
дицине в 1983 году. С началом применения циклоспорина 
продемонстрировано повышение 3- и 5-летней выживае-
мости трансплантата. Однако нефротоксичность, наблюда-
емая в раннем и позднем периодах, затрудняет его исполь-
зование. Очень важно отличать раннюю токсичность от 
приступов отторжения, что связано с совершенно разными 
методами лечения обоих процессов. Хотя вазоконстрикция 
в системе почечных артерий проявляется в раннем пери-
оде, основным фактором поздней токсичности является 
утолщение интимы артериол и, как следствие, снижение 
оксигенации тканей. В статье рассмотрены варианты ток-
сичности, обусловленные использованием циклоспорина 
А. На моделях крыс показаны морфологические изменения 

при использовании циклоспорина А. Также приведены ре-
зультаты собственных наблюдений по использованию про-
стагландина, который продемонстрировал эффект вазоди-
латации, что, вероятно, можно применять для дальнейших 
исследований с целью уменьшения нефротоксичности ци-
клоспорина А. В частности, мы обнаружили, что PGE2 зна-
чительно уменьшает сужение сосудов и снижает токсиче-
ский эффект, вызванный циклоспорином А. Ограничением 
было однократное использование этих препаратов, поэтому 
мы не могли продолжать исследование и вводили их толь-
ко внутривенно. Однако полученные результаты оказались 
обнадеживающими.
Ключевые слова: трансплантация; токсичность, обуслов-
ленная циклоспорином А; вазоконстрикция почечных арте-
риол; нефротоксичность
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