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Purpose: Cyclosporine is a calcineurin inhibitor that acts as an immunosuppressant by blocking T-cell activation and is used for 

immune-suppression in renal transplantation. Its adverse effects include tremors, hyperplasia, hirsutism, hypertension, hyperuricemia, 

hyperlipidemia, etc. We aim to correlate clinical presentations and cyclosporine drug level in renal transplant patients and explore 

cyclosporine toxicity in clinical practice. 

 

Methods: We enrolled 50 renal transplant patients (44 males and 6 females; age range: 26 to 58 years) at 3 months post-transplant in 

this observational study, which was conducted at Nephrology Department, Al Basrah General Hospital (January 2016-June 2017). 

Clinical examination was conducted for tremors, gum hypertrophy and hirsutism. Regular monitoring of cyclosporine trough (C0) drug 

level was carried out along with other routine investigations. 

 

Results: Mean cyclosporine trough drug level was calculated to be 270 ng/mL ±123.2. Our study showed significantly increased 

incidence of cyclosporine toxicity in male patients (22%) as compared to female patients (10%) and in the age group of 30-50 years 

(24%) (p=0.017). Higher cyclosporine trough levels significantly increased incidences of tremors in 13 (26%), gum hypertrophy in 12 

(24%), bone pain in 6 (12%), hirsutism in 13 (26%), nephrotoxicity in 5 (10%), hyperuricemia in 7 (14%) and hyperkalemia in 7 (14%) 

renal transplant patients as compared to patients with normal cyclosporine therapeutic trough level (p=0.0001 for all). 

 

Conclusion: Overall data emphasizes that concurrent evaluation of clinical presentations and monthly cyclosporine drug level is 

essential to achieve optimal medical care for renal transplant patients and avoid drug-induced adverse effects. 

 

Trial Registration: Not available 
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INTRODUCTION 
Transplantation of kidney is established as a safe treatment strategy for patients with end-stage renal disease for the past 

few decades. Operated patients are at a risk of disturbed balance of immunosuppression; therefore, successful renal 

transplantation requires a potentially efficient immunosuppressive therapy without toxicity [1]. The major backbone of 

these immunosuppressive agents includes calcineurin inhibitors such as cyclosporine (CA), which is a lipophylic cyclic  

polypeptide that interacts with cyclophilin to form a complex [2]. This complex further inhibits activation of calcineurin, 

which prevents nuclear translocation of NF-AT, a transcription factor, thereby, inhibiting the activation of another 

downstream signaling molecule NF-κB. This causes inhibition of IL-2 gene expression, which has an autocrine function 

for induction of proliferation and clonal expression of T-cells and also helps in the production of other cytokines [3]. 

 

With respect to drug pharmacokinetics, after its initial absorption of CA, the peak level of blood concentration is achieved 

in the duration of first 2-3 h; therefore, it is time for maximum inhibition of calcineurin. Further metabolism of drug is 

mainly performed by the cytochrome P450 3A enzyme system in the liver along with intestinal cytochrome P450 3A4 

and by P-glycoprotein counter transport, leading to the fall in the level of CA. It is also termed as elimination phase and 

reaches to the lowest value, which is recorded before administration of the next dose, termed as trough concentration or 

C0[4]. 

 

CA has a very narrow therapeutic window; therefore, therapeutic drug monitoring is important for its optimization for 

immunosuppressive treatment and to avoid drug-related toxicities [5]. 

 

In spite of improvement in rates of acute rejection and increased survival rates, long-term survival data is not promising, 

with five-year survival of 81.4% in living related donors and 71.6% in those who have been transplanted with deceased 

donors as reported by a European study. One contributing factor for this data not showing promising long-time survival 

could be nephrotoxic effects of CA [6,7]. The nephrotoxic effect of CA could be “acute nephrotoxicity,” which is 

reversible, and “chronic nephrotoxicity,” which is irreversible [8]. It has been explored by various studies that oxidative 

stress induced by CA is mainly responsible for its nephrotoxic effect, as CA induces endoplasmic reticulum stress along 

with increased production of reactive oxygen species in mitochondria, which modifies the redox balance, causing 

nephrotoxicity. Various transcription factors and signaling molecules like p38, ERK, JNK and MAPK have a role in CA-

induced nephrotoxicity. Renal fibrosis caused by CA is found to be contributed by fibrogenic cytokine TGF-β1 [9]. It has 

been explored recently that metabolic enzymes and metabolism of CA also play a role in CA-induced nephrotoxicity. 

Metabolites of CA are less toxic, but the metabolic rate of CA in kidney is much slow than in liver; this is one of the 

reasons for nephrotoxicity along with metabolites like AM19, which are directly associated with nephrotoxicity [10]. 

 

Other major side effect induced by CA is tremors, which have been shown in various studies [11,12]. Use of calcineurin 

inhibitors such as CA has been proved to increase the prevalence of hypertension post-transplantation in nearly 60-85% 

of transplant patients on these drugs [13]. CA has been found to induce acute toxicity on cardiac parameters by causing 

an imbalance between vasoconstrictors and vasodilators, leading to decreased renal blood flow. It also causes arterial 

stiffness, which could be related to increased blood pressure [14]. Other side effects include gingival hyperplasia, 

hirsutism, hyperuricemia and hyperlipidemia [15-19]. 

 

Above said side effects indicate critical importance of monitoring levels of CA given to renal transplant patients and 

keeping in check most of the clinical presentations that could occur due to increased CA level so that dose could be 

optimized for better use with less adverse effects. Regulation of blood levels of CA needs to be done intensively in renal 

transplant patients, and one of the oldest methods to assess the level of drug is measurement of pre-dosage blood trough 

(C0) level or two hours post dose level (C2), which is used till date [20-22]. These assays to regularly measure CA levels 

are significant for the management of renal transplant patients because there are both inter and intra-patient variations in 

CA absorption and metabolism [23]. A multicentric prospective study recruiting 334 patients showed that measuring the 

levels of CA 2 days post-transplant could be the strongest predictor for acute graft rejection. It was found that trough 

levels of CA between 300 to 400 ng/ml were associated with lower risk and lower than 300 ng/ml resulted in doubling 

the risk of rejection. Moreover, levels above 400 ng/ml failed to provide protection from graft rejection [22]. Einecke et 

al. monitored C2 and C0 levels in 127 long-term allograft recipients over a time period of nearly 13 months along with 

repeated monitoring in 46 stable patients. Their observational study concluded that C2 concentration between 500 and 

600 ng/ml was well tolerated by the transplant patients [24]. These studies further indicate that monitoring levels of CA 

could help in successful renal transplantation. 

 

Keeping all the above studies and importance of monitoring CA for successful renal transplant in consideration, we 

attempted to correlate interdependency of various clinical presentations and CA drug level in renal transplant patients and 

look for CA toxicity in clinical practice. 

 

METHODOLOGY 
Patient recruitment and clinical examinations 
We enrolled 50 renal transplant patients (age range: 26-58 years), three months post transplantation, in this study. Of the 

included patients, 44 were males and 6 females. 
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The study was conducted at the Nephrology Department of Al Basrah General Hospital from January 2016 to June 2017. 

Ethical clearance was taken from institutional review board for conducting the study. Proper data sheets were prepared 

mentioning ages, gender and case history of the patients. Clinical examination was conducted in all the patients for 

tremors, gum hypertrophy and hirsutism. Routine investigations such as blood urea, serum creatinine, electrolytes as 

serum potassium, uric acid, and low-density lipoprotein cholesterol were performed in addition to cyclosporine trough 

(C0) drug level. 

 

Drug used 

Oral solution of CA (Sandimmune® Novartis Drug Company) available at a concentration of 100 mg/ml stored at 68 to 

77 °F (20 to 25 °C) was used in this study. 

 

CA concentration assay 
Apparatus and reagents used 
Level of CA drug was measured with Elecsys® reagent kit on the Cobas e411 Analyzer (Roche Diagnostics GmbH, 

Mannheim, Germany). The kit contains 3 reagents: a CA specific antibody, a ruthenium (Ru)-labeled CA and 

microparticle reagents contain streptavidin microparticles. 

 

Pre-treatment of samples 
Assays were performed as per manufacturer’s protocol. In short, whole blood was pre-treated for precipitating proteins 

and extracting CA. Samples including calibrator, control and patient samples were combined with Elecsys Immuno 

Suppressive Drug (ISD) sample in 1:1 ratio along with a methanol-based solution containing zinc sulfate, in a micro 

centrifuge tube. Post mixing for 180 sec, this tube was centrifuged for 4 min at 15,700 g. Supernatant obtained after 

centrifugation was separated in a sample cup, and further analysis was done using Cobas e411 Analyzer. 

 

Assay procedure 
20 μL of pretreated sample was incubated for 9 min with CA specific biotinylated antibody as a first step of the assay. 

Further to this sample, streptavidin coated magnetic microparticles were added and incubation was done again for 9 min. 

Through the interaction between biotin and streptavidin during the second incubation step, entire complex is bound to the 

solid phase. This reaction mixture was aspirated to the measuring cell and magnetic force was used to attract 

microparticles towards the electrode. Washing was done to remove the unbound substances. Charging of the electrodes 

caused oxidation and further reduction was caused by tripropylamine. This induced chemiluminescent emission of the 

bound complexes which was dependent on the concentration of CA in the sample. Emission intensity of calibrator 

operated in the same manner was used for measuring the sample concentration. 

 

Doses of CA 
The doses of CA were adjusted to maintain 12-hour trough (C0) levels of 100 to 200 ng/mL for subsequent three months 

post-transplantation. It was considered as "normal therapeutic range." Cyclosporin toxicity was considered as "high 

trough level" if CA drug trough (C0) levels were more than 200 ng/mL for subsequent three months of post-transplant 

period. It was correlated with clinical features of toxicity (Roche Diagnostics Elecsys® Cyclosporine package insert, 

2013). CA nephrotoxicity was considered in the case of increased blood urea and/or serum Creatinine. 

 

Statistical Analysis 
We coded the data and stored it in the computer. Analysis was done on SPSS version 20, for determination of statistical 

significance among different variables. p<0.05 was considered as significant and calculated by method of Pearson Chi 

square equation. The percentage in result tables were considered for total numbers. 

 

RESULTS 
Study design and CA levels 
We had enrolled 50 renal transplant patients (males: 44; females: 6, age range: 26-58 years), 3-months post transplantation 

for this study (Supplementary Table 1). Mean age was calculated to be 39.7 years ± 10.9 SD. Mean CA trough drug level 

was calculated to be 270 ng/ml ± 123.2 SD (Figure 1, table 2). 

 

Gender and age distribution with CA trough level 
Our data suggested significantly increased incidence of CA toxicity in male patients (n=11; 22%) as compared with 

female patients (n=5; 10%) in the total population of the recruited patients (p=0.004) (Table 1). 

We found significantly increased incidences of CA toxicity in renal transplant patients in the age group of 30-50 years 

(n=12; 24%) as compared to other age groups (p=0.017) (Table 2) in the recruited patients. 

 

Adverse effects associated with CA trough level 
We found in Table 3 increased incidences of CA toxicity in renal transplant patients with higher CA trough levels in the 

form of clinical presentations such as tremors (n=14; 28%), gum hypertrophy (n=12; 24%), bone pain (n=8; 16%), 

hirsutism (n=13; 26%), nephrotoxicity (n=10; 20%), hyperuricemia (n=14; 28%) and hyperkalemia (n=8; 16%) as 
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compared to patients with normal CA therapeutic trough level. This difference was statistically significant in all the 

clinical presentations (p=0.0001 for all). 

 

DISCUSSION 
In our study, tremors emerged as the major clinical presentation due to toxicity of high CA levels, with 28% patients with 

tremors having high CA levels. This was significantly higher compared to those having normal therapeutic levels of CA. 

On the contrary, a similar study conducted in Iranian population found that none of the patients with CA at levels higher 

than therapeutic level had tremors while 12-14% patients with adequate CA levels and low CA levels had tremors (25). 

However, our findings corroborated with a recent finding that showed nearly 60% of patients on CA post-transplantation 

had tremors.11 Various studies have showed that a large percentage of patients taking CA develop various neurological 

side effects including tremors. However, studies have also showed that these tremors do not affect daily life activities of 

the individual if the dose of CA is adequate. 

 

Usually, higher blood levels of CA are associated with tremors of large amplitude. It has been found that CA affects 

dopaminergic neurotransmission, physiology of receptors, phosphorylation pathways and transcription [12,25,26]. A 

study on Göttingen minipigs showed that none of the pigs had any behavioral signs or lesions in MRI, characteristic of 

CA encephalopathy. Gross pathological examination showed the brain of all pigs was normal. Histological examination 

showed that only one out of 5 pigs showed signs of neuronal, perivascular, and meningeal granulocytic and mononuclear 

infiltrates [27]. Thus, the low dose of CA did not affect brain, emphasizing that monitoring of therapeutic dose of CA can 

reduce the chances of tremor-like adverse effects. 

 

Gum hypertrophy was observed as another important clinical manifestation, which was significantly higher in transplant 

patients having high CA levels when compared with patients having therapeutic levels of CA. Similar results were 

obtained by Ghafari et al. who enrolled 200 renal transplant patients undergoing CA treatment for at least 12 months. 

About 35% of these patients developed gingival enlargement, and significant correlation was obtained between the 

concentration of CA and intensity of enlargement of gingival area.16 This finding was supported by another case study of 

a 9-year-old recipient who underwent renal transplant, was on CA, and developed gingival overgrowth [28]. This CA-

induced gingival hypertrophy has been attributed to increased production of IL-6 and TGF-β1 levels and also involves 

signal transduction molecules p38, PI3K and MAPK essential for gingival fibroblast proliferation. Chae et al. showed 

that exposure to CA up regulates DNA synthesis, cell-cycle and proliferation rate of human gingival fibroblasts [29].  CA 

was also shown to increase the expression of keratinocyte growth factor receptor, which is in line with increased 

proliferation of epithelial cells in CA-induced gum hypertrophy [30]. 

 

Another side effect of CA is nephrotoxicity, which was significantly higher in the group with higher levels of CA as 

compared to patients having normal therapeutic levels of CA. CA-induced nephrotoxicity has been reported in various 

studies [31]. As discussed in the introduction, CA could induce both acute and chronic nephrotoxicity. Acute 

nephrotoxicity induced by CA is explained by the activation of rennin-angiotensin system, afferent arteriolar 

vasoconstriction, increased vascular resistance of afferent and efferent arterioles along with the decrease in Glomerular 

Filtration Rate. CA has also been shown to increase vasoconstrictor factors, like endothelin and thromboxane, and 

decrease prostacyclin, prostaglandin E2, and nitric oxide (NO), which are vasodilatory factors. Alteration in transcription 

of genes such as NO synthase, Collagen I and IV, Bcl-2 along with transforming growth factor beta (TGF β), ET 1 by 

CA are responsible for chronic nephrotoxicity induced by it [7,32]. 

 

Hirsutism was also observed to be significantly higher in patients with high levels of CA, which was also reported in 

other studies [33]. Hair growth promoting activity of CA could be ascribed to its growth promoting effect on epithelial 

cells of hair, along with down-regulation of protein kinase C isozymes in hair epithelial cells [34]. 

 

We further observed significantly high levels of uric acid in renal transplant patients having higher levels of CA, 

indicating a strong correlation between high levels of CA and hyperuricemia. Similar results have been found in a study 

which analyzed 17,686 blood samples and showed that high trough level of CA is a major risk factor for increased uric 

acid, along with few other studies. [19,35]. 

 

Hyperkalemia is a significant clinical manifestation observed more in patients having high level of CA as compared to 

transplant patients with normal therapeutic level of CA. This data was supported by similar findings in various other 

studies [36-38]. It has been postulated that CA alters the function of various transporters, decrease the activity of renin-

angiotensin-aldosterone system and causes impairment in tubular response to aldosterone, thereby, reducing excretion of 

potassium. Some in vitro data suggested that CA causes impairment of potassium secreting cells in cortical collecting 

tubule by reducing activity of Na+, K+-ATPase pump, inhibiting luminal K channels, and increasing the absorption of 

chloride both paracellular or transcellular, which prevents negative potential generation in lumen, which stimulates K 

secretion [39,40]. 

 

Overall data corroborates most of the clinical presentations with high blood levels of CA, indicating the importance of 

monitoring CA levels in renal transplant patients not only to overcome graft rejection but also to avoid various serious 
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adverse effects for a healthy daily-life of a renal transplant patient. One of the major limitations of this study is small 

cohort of patients. A larger cohort would further support the observations of this study. 

 

CONCLUSIONS 
This study supports the monitoring of CA trough level in patients who have undergone renal transplant and follows the 

clinical presentations to achieve optimal medical care of renal transplant patients. The predictors for CA toxicity in our 

study were male patients in the age group of 30-50 years with high CA trough level. The important clinical presentations 

of CA toxicity are tremors, gum hypertrophy, bone pain, hirsutism, nephrotoxicity, hyperuricemia and hyperkalemia. 

 

RECOMMENDATIONS 
Nephrologist who care for renal transplant patients taking CA should be aware of its trough level and signs of CA toxicity 

and consider meticulous follow-up by full history and clinical examinations in addition of monthly CA drug level. 

 

REFERENCES 
1. Baraldo M, Furlanut M. Chronopharmacokinetics of Ciclosporin and Tacrolimus (2006) Clin Pharmacokinet 45:775-788. 

https://doi.org/10.2165/00003088-200645080-00002 

2. Azzi JR, Sayegh MH, Mallat SG. Calcineurin Inhibitors: 40 Years Later, Can’t Live Without (2013) J Immunol 191:5785-5791. 

https://doi.org/10.4049/jimmunol.1390055 

3. Christopher J, Dunn JW, Caroline MP, Greg LP, Karen LG (2001) Cyclosporin: an updated review of the pharmacokinetic properties, clinical 
efficacy and tolerability of a microemulsion-based formulation (neoral)1 in organ transplantation. Drugs 61: 1957-2016. 

https://doi.org/10.2165/00003495-200161130-00006 

4. Pedroso JA, Citterio F (2015) Cyclosporine Therapy for Kidney Transplant: What is New for an Old-Fashioned Therapy? J Clin Toxicol 5:2161-
2495. https://doi.org/10.4172/2161-0495.1000272 

5. Schiff J, Cole E, Cantarovich M (2007) Therapeutic monitoring of calcineurin inhibitors for the nephrologist. Clin J Am Soc Nephrol 7;2:374-

284. https://doi.org/10.2215/cjn.03791106 
6. Tedesco D, Haragsim L. Cyclosporine: A Review (2012) J Transplant 2012: Article ID 230386. https://doi.org/10.1155/2012/230386 

7. Shirolikar M, Pande S, Borkar M, Soni S (2018) Managing a side effect: Cyclosporine-Induced nephrotoxicity. Indian J Drugs Dermatol 4:39. 

https://doi.org/10.4103/ijdd.ijdd_17_18 
8. Naesens M, Kuypers DRJ, Sarwal M (2009) Calcineurin inhibitor nephrotoxicity. Clin J Am Soc Nephrol 4:481-508. 

https://doi.org/10.2215/CJN.04800908 

9. Wu Q, Wang X, Nepovimova E, Wang Y, Yang H, Kuca K (2018) Mechanism of cyclosporine A nephrotoxicity: Oxidative stress, autophagy, 
and signaling. Food Chem Toxicol. 118:889–807. https://doi.org/10.1016/j.fct.2018.06.054 

10. Wu Q, Kuca K (2018) Metabolic Pathway of Cyclosporine A and Its Correlation with Nephrotoxicity. Curr Drug Metab 20:84-90. 

https://doi.org/10.2174/1389200219666181031113505 

11. Erro R, Bacchin R, Magrinelli F (2018) Tremor induced by Calcineurin inhibitor immunosuppression: a single-centre observational study in 

kidney transplanted patients. J Neurol 265:1676-1683. https://doi.org/10.1007/s00415-018-8904-x 

12. Munhoz RP, Teive HA, Germiniani F, Gerytch Jr JC, Sá DS, Bittencourt MA, Pasquini R, Camargo CH, Werneck LC (2005) Movement disorders 
secondary to long-term treatment with cyclosporine A. Arq Neuropsiquiatr 63:592-596. https://doi.org/10.1590/S0004-282X2005000400007 

13. Pham PT, Pham PC, Danovitch GM (2007) Cardiovascular Disease Posttransplant. Semin Nephrol 27:430-444. 

https://doi.org/10.1016/j.semnephrol.2007.03.005 
14. Melilli E, Manonelles A, Montero N, Grinyo J, Martinez-Castelao A, Bestard O, Cruzado J (2018) Impact of immunosuppressive therapy on 

arterial stiffness in kidney transplantation: Are all treatments the same? Clin Kidney J 11:413-421. https://doi.org/10.1093/ckj/sfx120 

15. Greenberg KV, Armitage GC, Shiboski CH (2008) Gingival Enlargement Among Renal Transplant Recipients in the Era of New-Generation 
Immunosuppressants. J Periodontol 79:453-60. https://doi.org/10.1902/jop.2008.070434 

16. Ghafari A, Pourabbas R, Anvieh TJ, Sepehrvand N, Kargar C, Hatami S (2010) Gingival enlargement and its risk factors in kidney transplant 

patients receiving cyclosporine A. Iran J Kidney Dis 66-70. 
17. Rosario AM, Young JB (2000) Case 3: management of cyclosporine-induced hirsutism and gingival overgrowth in a heart transplant recipient 11. 

This activity has been planned and implemented in accordance with the Essential Areas and Policies of the Accreditation Council for Continuing 

Me. J Hear Lung Transplant 19:907-08. https://doi.org/10.1016/S1053-2498(00)00182-0 
18. Clive DM. Renal transplant-associated hyperuricemia and gout (2000) J Am Soc Nephrol 11:974-979. 

19. Kanbay ME, Akcay A, Huddam B, Usluogullari CA, Arat Z, Ozdemir FN, Haberal M (2005) Influence of cyclosporine and tacrolimus on serum 

uric acid levels in stable kidney transplant recipients. Transplant Proc 37:119-120. https://doi.org/10.1016/j.transproceed.2005.08.042 
20. Hardinger KL, Schnitzler MA, Koch MJ, Enkvetchakul D, Desai N, Jendrisak M, Lowell JA, Miller B, Shenoy S, Brennan DC (2004) 

Cyclosporine minimization and cost reduction in renal transplant recipients receiving a C2-monitored, cyclosporin-based quadruple 

immunosuppressive regimen. Transplantation 78:1198-1203. https://doi.org/10.1097/01.tp.0000137423.01887.7d 
21. Morris RG (2003) Cyclosporin therapeutic drug monitoring--an established service revisited. Clin Biochem Rev 24:33. 

22. Perico N, Ruggenenti P, Gotti E, Gaspari F, Cattaneo D, Valente U, Salvadori M, Segoloni G, Donati D, Sandrini S, Ganeva M (2004) In renal 

transplantation blood cyclosporine levels soon after surgery act as a major determinant of rejection: Insights from the MY.S.S. Trial. Kidney Int 
65:1084-1090. https://doi.org/10.1111/j.1523-1755.2004.00471.x 

23. Einollahi B, Teimoori M, Rostami Z (2012) Change of Cyclosporine Absorption over the Time After Kidney Transplantation. Nephrourol Mon 

4:470–474. https://dx.doi.org/10.5812%2Fnumonthly.2437 
24. Einecke G, Mai I, Fritsche L, Slowinski T, Waiser J, Neumayer HH, Budde K (2004)  The value of C2 monitoring in stable renal allograft 

recipients on maintenance immunosuppression. Nephrol Dial Transplant 19:215-222. https://doi.org/10.1093/ndt/gfg434 
25. Paul F, Muller J, Christe W, Steinmuller T, Poewe W, Wissel J (2004) Postural hand tremor before and following liver transplantation and 

immunosuppression with cyclosporine or tacrolimus in patients without clinical signs of hepatic encephalopathy. Clin Transplant 18:429–433. 

https://doi.org/10.1111/j.1399-0012.2004.00184.x 
26. Samii A, Slimp JC, Hogan Iii PJ, Goodkin R (2005) Deep brain stimulation in a patient on immunosuppressive therapy after renal transplant. Park 

Relat Disord 11:259-260. https://doi.org/10.1016/j.parkreldis.2004.11.002 

27. Rosendal F, Bjarkam CR, Larsen M, Hansen HE, Madsen M, Sørensen JC, Mortensen J (2005) Does Chronic Low-Dose Treatment With 
Cyclosporine Influence the Brain? A Histopatological Study in Pigs. Transplant Proc 37:3305–3308. 

https://doi.org/10.1016/j.transproceed.2005.09.015 

28. Gonçalves SC, Díaz-Serrano KV, de Queiroz AM, Palioto DB, Faria G (2008) Gingival overgrowth in a renal transplant recipient using 
cyclosporine A. J Dent Child 75:313-17. 

29. Chae HJ, Ha MS, Yun DH, Pae HO, Chung HT, Chae SW, Jung YK, Kim HR (2006) Mechanism of cyclosporine-induced overgrowth in gingival. 

J Dent Res 85:515-519. 

https://doi.org/10.2165/00003088-200645080-00002
https://doi.org/10.4049/jimmunol.1390055
https://doi.org/10.2165/00003495-200161130-00006
https://doi.org/10.4172/2161-0495.1000272
https://doi.org/10.2215/cjn.03791106
https://doi.org/10.1155/2012/230386
https://doi.org/10.4103/ijdd.ijdd_17_18
https://doi.org/10.2215/CJN.04800908
https://doi.org/10.1016/j.fct.2018.06.054
https://doi.org/10.2174/1389200219666181031113505
https://doi.org/10.1007/s00415-018-8904-x
https://doi.org/10.1590/S0004-282X2005000400007
https://doi.org/10.1016/j.semnephrol.2007.03.005
https://doi.org/10.1093/ckj/sfx120
https://doi.org/10.1902/jop.2008.070434
https://doi.org/10.1016/S1053-2498(00)00182-0
https://doi.org/10.1016/j.transproceed.2005.08.042
https://doi.org/10.1097/01.tp.0000137423.01887.7d
https://doi.org/10.1111/j.1523-1755.2004.00471.x
https://dx.doi.org/10.5812%2Fnumonthly.2437
https://doi.org/10.1093/ndt/gfg434
https://doi.org/10.1111/j.1399-0012.2004.00184.x
https://doi.org/10.1016/j.parkreldis.2004.11.002
https://doi.org/10.1016/j.transproceed.2005.09.015


         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦Special Issue 5 ¦ 2022 1170  

30. Hyland PL, McKeown ST, Mackenzie IC, Irwin CR (2004) Regulation of keratinocyte growth factor and scatter factor in cyclosporin-induced 
gingival overgrowth. J Oral Pathol Med 33:391-397. https://doi.org/10.1111/j.1600-0714.2004.00223.x 

31. Ragab AR (2013) Cyclosporine Toxicity and Toxicokinetics Profiles in Renal Transplant Recipients. J Clin Toxicol 3:2161-0495. 

https://doi.org/10.4172/2161-0495.1000154 
32. Krejci K, Tichy T, Bachleda P, Zadrazil J (2010) Calcineurin inhibitor-induced renal allograft nephrotoxicity. Biomed Pap 154:297–306. 

https://doi.org/10.5507/bp.2010.045 

33. Vergoulas G, Eleftheriadis T, Avdelidou A, Ioannou K, Miserlis G, Solonaki F, Papagiannis A, Takoudas D (2005) Body dysmorphic disorder 
due to hirsutism in a patient treated with cyclosporine. Nephrol Dial Transplant 20: 473-473. https://doi.org/10.1093/ndt/gfh635 

34. Takahashi T, Kamimura A (2001) Cyclosporin A promotes hair epithelial cell proliferation and modulates protein kinase C expression and 

translocation in hair epithelial cells. J Invest Dermatol 117:605-611. https://doi.org/10.1046/j.0022-202x.2001.01452.x 
35. Abdelrahman M, Rafi A, Ghacha R, Youmbissi JT, Qayyum T, Karkar A (2002) Hyperuricemia and gout in renal transplant recipients. Renal 

Failure 1;24:361-367. https://doi.org/10.1081/JDI-120005370 

36. Pei Y, Richardson R, Greenwood C, Wong PY, Baines A (1993) Extrarenal Effect of Cyclosporine A on Potassium Homeostasis in Renal 
Transplant Recipients. Am J Kidney Dis 22:314–319. https://doi.org/10.1016/s0272-6386(12)70324-4 

37. Laine J, Holmberg C (1995) Renal and adrenal mechanisms in cyclosporine‐induced hyperkalaemia after renal transplantation. Eur J Clin Invest 

25:670-676. https://doi.org/10.1111/j.1365-2362.1995.tb01984.x 
38. Pavleska-Kuzmanovska S, Popov Z, Ivanovski O, Ristovska V, Masin-Spasovska J, Rambabova-Busljetic I, Ivanovski N (2014) Cyclosporine 

nephrotoxicity and early posttransplant hyperkalemia in living-donor renal recipients: report of 4 cases. Exp Clin Transplant 12:479-483. 

https://doi.org/10.6002/ect.2013.0159 
39. Chang HL, Kim GH (2007) Electrolyte and acid-base disturbances induced by clacineurin inhibitors. Electrolyte Blood Press 5:126-130. 

https://doi.org/10.5049/ebp.2007.5.2.126 

40. Yogesh Hole et al 2019 J. Phys.: Conf. Ser. 1362 012121 
41. Hami M, Mojahedi MJ, Naghibi M, Shakeri MT, Sharifipour F (2010) Cyclosporine trough levels and its side effects in kidney transplant 

recipients. Iran J Kidney Dis 4:153–157. 
 

Supplementary Table 1: Doses of cyclosporine used in the study 

 
 

Table 2 Distribution of age with cyclosporine trough level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Distribution of adverse effects with cyclosporine trough level 

Adverse effects 

Cyclosporine trough level 

P value Normal therapeutic range High trough level 
 

NO. % NO. % 
 

 
Tremors 3 6% 14 28% 0.0001  

Gum hypertrophy 3 6% 12 24% 0.0001  

Bone pain 2 4% 8 16% 0.0001  

Hirsutism 2 4% 13 26% 0.0001  

Nephrotoxicity 2 4% 10 20% 0.0001  

Hyperuricemia 3 6% 14 28% 0.0001  

Hyperkalemia 2 4% 8 16% 0.0001  

 

*Table 3 shows statistically significant increase in incidences of cyclosporine toxicity in renal transplant patients with 

clinical presentations such as tremors 14 (28%) , gum hypertrophy 12 (24%) , bone pain 8 (16%) , hirsutism 13 (26%) , 

Age 

Cyclosporine trough level 

Total (%)   

Normal therapeutic range High trough level 

NO. % NO. % NO. % 

Less than 30 years 

 

16 

 

(32%) 

 

1 

 

(2%) 

 

17 

 

(34%) 

 

30 – 50 years 

 

14 (28%) 12 (24%) 26 (52%) 

 

More than 50 years 

 

4 (8%) 3 (6%) 7 (14%) 

Total 

 

34 

 

(68%) 

 

16 

 

(32%) 

 

50 

 

(100%) 

*P = 0.017, Pearson Chi square=8.1 
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nephrotoxicity 10 (20%) ,hyperuricemia 14(28%) and hyperkalemia 8 (16%)as compared to normal cyclosporine 

therapeutic trough level of studied patients (p=0.0001 for all) 


