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Tacrolimus (Tac) is an essential component of immunosuppressive therapy after solid organ transplantation. Tac exhibits a narrow therapeutic index and variable pharmacokinetic characteristics. Therefore, Tac regimen requires therapeutic drug monitoring to prevent either graft rejection or toxic effects. In clinical practice, monitoring of Tac predose trough blood concentrations is routinely used [1]. Unfortunately, it sems to be not always sufficient for guiding optimal long-term dosing of this drug. Toxic effects of Tac include nephrotoxicity, neurotoxicity, diabetogenic effect, and hypertension. Tac undergoes extensive biotransformation that is mediated by hepatic and intestinal cytochrome P450 3A (CYP3A), especially CYP3A5, into at least eight metabolites [2]. Four of them are considered to be first- generation metabolites formed directly from the parent drug, 13-O-demethyl (M-I), 31-O-demethyl (M-II), 15-O-demethyl (M-III), and 12-hydroxyl (M-IV), of varying immunosuppressive activity [3,4(4*)]. Second generation metabolites, M-V to M-VIII are formed from the first generation metabolites. It has been found the mean concentrations of M-I, M-II, and M-III to be 10%, 4%, and 6%, respectively, of the Tac concentration [5(4)]. Most Tac metabolites, with exeption of M-II, are pharmacologically inactive. However, their toxicological activity is not known. The clinical importance of Tac metabolites remains unclear.
The objective of this study was to evaluate the concentrations of the three major tacrolimus metabolites, M-I, M-II and M-III, using liquid chromatography combined with tandem mass spectrometry (LC/MS/MS) in kidney transplant recipients. We tried to link tacrolimus metabolites’ levels with clinical and biochemical parameters.
Material and Methods
Blood samples were obtained from patients who gave their written informed consent to participate in the study. 81 stable patients who underwent kidney transplantation were included in the study. The mean age was 51 years, ranging from 22 to 73. The study group included 36 male and 27 female. The mean postransplant time was 36 months, ranging from 1 to 209. Trough blood samples of 2 ml were collected during routine outpatients visits into EDTA-containing tubes and stored at -80oC until analysis. The study protocol was approved by local Ethics Committee and is in accordance with the revised Declaration of Helsinki.
Blood sampling was accompanied by the collection of relevant biochemical and clinical data. Serum glucose, creatinine, bilirubin, total cholesterol, triglycerides levels, alanine aminotransferase (ALAT) and aspartate aminotransferase (AspAT) activity, white blood cell (WBC) count, red blood cell (RBC) count, hemoglobin and blood platelet (PLT) count were measured in parallel. Renal function was assessed with the use of estimated glomerular filtration rate (eGFR) by Modification of Diet in Renal Disease (MDRD) [6(5)]. Data on the arterial blood pressure measured on the date of blood sampling were collected as well as on the previous visit and on the next visit. The mean systolic and diastolic arterial pressure measured durind the three visits was calculated. Additionally, body mass index (BMI) was calulated.
Samples were prepared by protocol described before [7(6)]. The analyzes were performed using Waters Acquity Ultra Performance Liquid Chromatograph coupled with Waters TQ-S triple-quadrupole mass spectrometer. Tac and its metabolites were measured by LC/MS/MS method as described earlier [8(16)]. Separation was performed using a Waters BEH C18 column (1.7µm, 2.1 mm x 50 mm). LC/MS/MS analysis was performed in a positive electrospray ionization mode (ESI) and the mass spectrometer was operated in a multiple-reaction monitoring (MRM) mode. The calibration curves range was 1.1-30.8 ng/ml for tacrolimus, and 0.01-1.5 ng/ml for M-I. Concentration of M-III tacrolimus was quantified using M-I tacrolimus calibration curve. Tacrolimus metabolite concentrations obtained were shown as the ratio of the metabolite to the parent drug.
The Kolmogorov-Smirnov test was applied to assess variables’ normality. The continuous data were described as a mean ± standard deviation for normal distribution and as a median and range for data with non-normal distribution. Correlations between the parameters were calculated with the Pearson and Spearman correlation coefficient for normally and non-normally distributed variables, respectively. The Student’s t test and U Mann-Whitney test were used to determine the differences between normally and not-normally distributed variables, respectively. A p-value of <0.05 was considered as significant. The statistical analyses were performed using Statistica software (version 12.0, StatSoft Inc., Tulsa, US).
Results
Patients’ demographics, concentrations of Tac and its metabolites are shown in Table 1. None of the patients had M-II in the blood. There was a positive correlation between M-I/Tac and ALAT (r=0,29, p=0,046) (Fig. 1). Also we have found a negative correlation between M-I/Tac and hemoglobin (r=-0,33, p=0,008) (Fig, 2). A similar relationship was observed between Tac dose/kg body weight and hemoglobin (r=-0,27, p=0,032). There was no relationship between M-I/Tac or M-III/Tac and: age, BMI, arterial pressure, time posttransplant, serum glucose, bilirubin, cholesterol, triglycerides, WBC, RBC, PLT or eGFR. A significant positive correlation between Tac concentrations and PLT count is evident (r=0,30, p=0,017). A similar relationship was found with respect to the Tac dose/kg body weight (r=0,43, p=0,0006). We observed significantly higher Tac concentrations in the subgroup with hypercholesterolaemia in comparison with the subgroup without hypercholesterolaemia (6,45±2,32 vs 5,16±2,12, p=0,043) (Tab. 2). Patients with hypertriglycerydaemia compared to those without hypertriglycerydaemia had significantly higher Tac concentrations (6,60±2,30 vs 5,34±2,20, p=0,033) (Tab. 2).
Discussion
We have evaluated the concentrations of Tac and its main metabolites using LC/MS/MS in kidney transplant recipients. In the literature there are some reports concerning quantification of tacrolimus metabolites using the same method [4, 7, 8]. However, data on clinical importance of these metabolites is limited.
We observed a positive correlation between M-I/Tac and ALAT. It could be explained by the fact that liver dysfunction leads to accumulation of Tac and its metabolites. Over 95% of Tac is eliminated as metabolites by the bile and less than 5% of the drug is excreted unchanged in the urine. Gonschior et al. have proved that impaired liver function resulted in increased concentrations of Tac and its metabolites, indicating accumulation of metabolites. Serum activities of ALAT, gamma-glutamyltransferase and alkaline phosphatase were predictors for increased concentrations of Tac and its metabolites. [11]. Surprisingly, Tac level did not correlate with ALAT. On the other hand, liver dysfunction or elevated aminotransferases are described as common side effects of Tac therapy. In the case of severe liver dysfunction it is recommended to reduce the dosage of this drug. Thus, it is possible that M-I/Tac ratio is a marker of hepatotoxicity. It is less likely that metabolite M-I itself leeds to deterioration of liver function because it has very little immunosupperssive activity. Iwasaki et al. found that M-I had 6,4% immunosuppressive activity of the parent drug [3].
We did not observe any relations between Tac metabolites or Tac concentration and kidney function. Gonschior et al in kidney transplant recipients with impaired kidney function found lower Tac levels and no difference in metabolites’ concentrations in comparison with patients with good kidney function [11].
Additionally, we have found a negative correlation between M-I/Tac and hemoglobin. The significance of this relation remains unclear. In the blood Tac is largely bound to erythrocytes and proteins. Factors such as low hematocrit lead to an increase in unboud Tac fraction, that can result in increased clearance of the drug. In the study of 25 liver transplant recipients authors concluded, that hematocrit had a significant effect on Tac level [13]. On the other hand, among common side effects of Tac is anemia, leucopenia, and thrombocytopenia. In some patients pure red cell aplasia (PRCA) can even occur [14]. Probably we underestimate the anemia as a side effect of Tac therapy. In the case of anemia in transplant patients we are linking this side effect rather with mycophenolates regimen or kidney failure, than with Tac treatment. It seems interesting in our study that concentrations of Tac did not correlate with hemoglobin. Thus, probably M-I/Tac ratio could be a marker of myelotoxicity.
Hypercholesterolaemia and hypertriglycerydaemia are common side effects of Tac therapy. Our study confirmed that patients with hiperlipidemia have higher Tac levels. These results are consistent with other studies. Kim et al. in the study of 129 kidney transplant recipients found that trough levels of Tac were associated with post-transplantation hyperlipidaemia [15].
Conlusions
In conclusion, our data indicate that anemia change Tac metabolism or Tac metabolite M-I may be a marker of myelotoxicity. Liver dysunction leads to M-I Tac metabolite acumulation. Additionally, it is possible that this metabolite is linked to hepatotoxicity. Higher Tac concentrations result in higher incidence of dyslipidemia. However, further studies are needed to confirm if monitoring of M-I could minimize adverse effects such as hepatotoxicity and anemia. Then it would prove a potential use of Tac metabolite for the individualization of drug therapy.
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