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Abstract
Cyclosporine (CsA) is a drug that has been used for prevention of kidney
transplant rejection for many years. Diltiazem with the inhibition of cyclosporine
metabolism and clearance will increase CsA concentration and CsA dose can be
decreased. The aim of this study was the evaluation of diltiazem effect on CsA dose
adjustment with respect to C2. Forty stable renal transplant patients who were
receiving CsA, prednisolone, mycophenolate mofetile as well as diltiazem were
enrolled in the study. At first, minimum concentration of CsA (C0) and concentration
within 2 h after dosing (C2) were determined in every patient. These patients were
randomly assigned to an 8-week period of continued therapy with diltiazem (20
patients), or to a washout period removing diltiazem from the treatment (20 patients).
At the end of this period, CsA concentrations were measured. Thereafter, the groups
underwent a crossover followed by either diltiazem washout or reinstituted treatment
with diltiazem. Then C0 and C2 were measured. In each step which diltiazem was
removed from patient drug regimen, CsA dose was increased by 25%. Finally, we
detected that this amount of CsA dose adjustment is suitable in our patients and C0
and C2 remained in the therapeutic windows. Diltiazem co-administration with CsA
will be safe and cause decreased patients drug cost.
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1. Introduction
Kidney transplantation is the most common
treatment for end stage renal disease,
regardless of the primary cause. Kidney transplantation is a life-extending procedure which
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typically helps the patients to live a better
life. The major barrier in kidney transplantation is the recipient's immune system since
transplanted organ would be identified as a
non-self organ and would be rejected by the
immune system. Thus, to suppress the
immune system having immunosuppressive
drug is essential.
Cyclosporine (CsA) is an immunosuppressant drug which is widely used in organ
transplantation to reduce the activity of the
patient's immune system so the risk of organ
rejection will decrease [1, 2]. By using CsA
as an immunosuppressant drug, chance of a
successful transplant from deceased donors
will increase from 50% to 90%. Cyclosporine
is a cyclic nonribosomal peptide of 11 amino
acids produced by the fungus Beauveria nivea,
and contains a single D-amino acid. CsA is
thought to bind itself to the cytosolic protein
cyclophilin of immunocompetent lymphocytes,
especially T-lymphocytes. This combination of
cyclosporin and cyclophilin inhibits
calcineurin, which under normal
circumstances, is responsible for activating the
transcription of interleukin 2. It also inhibits
lymphokine production and interleukin
releasing and, therefore, leads to a reduction
of the function of effective T-cells. CsA is
metabolized by CYP450 enzyme, therefore,
it has a high potential for interaction with
some other drugs. One of these drugs is
diltiazem [1, 2]. Diltiazem can also reduce
clearance of cyclosporine [3]. The interaction
between CsA and diltiazem can be used to
reduce CsA’s dosage and toxicity. Such an
interaction is useful for patients and health
system [4, 5].
Minimum concentration of CsA (C0) has
been used as monitoring CsA therapy for
many years but recently, the significance of
maximum concentration has been elucidated
[6]. Patient management with Neoral C2
monitoring reduces the incidence and severity
of acute rejection in comparison with C0

monitoring [7]. C0: 150-450 μg/ml and C2:
0.2-8 μg/ml is the proper blood level in
constant phase for CsA [2].
The only study which reported the
correlation between concentration within 2 h
after dosing (C2) and diltiazem is done by
Aros et al. who found that the CsA daily dose
was lowered 19% by diltiazem [8, 9]. This
study is different from Aros study in some
ways. Here, we don’t use azathioprin as a
usual medicine to prevent rejection and there
are differences in pharmacogentics in the two
populations. Aros conducted his study only on
10 patients, thus we decided to evaluate this
drugs interaction in Iran in a larger population
based on our usual antiregection drug regimen
and genetics. In this study, the effects of CsA
monotherapy is compared to the combination
of CsA and diltiazem.
2. Materials and methods
Sixty stable renal-transplanted patients,
who had a kidney allograft at least for 3
months and took diltiazem and CsA (Neoral)
simultaneously, were chosen randomly from
those who had referred to our department
between 2005 and 2006. They were divided
in two different groups, each of containing 30
patients. Twenty patients were excluded due
to allograft rejection, death (one of them due
to infection and the other in a car accident) and
some were not interested, therefore, 40 stable
renal-transplanted patients who were receiving
CsA, prednisolone, mycophenolate mofetile
as well as diltiazem were enrolled the study.
In this double-blind clinical trial, cyclosporine
blood concentration was measured twice a day
at C0 (minimum CsA concentration) and C2
(concentration at 2 hours after dosing) via
cyclosporine measuring kit and by radioimmunoassay method. At the first, C0 and C2
were determined in all patients. These patients
were randomly assigned to an 8-week period
of continuous therapy with diltiazem (20
patients), or to a washout period removing
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Table 1. Averages of variables in different stages of assessment.
Stage 1
Stage 2
Averages
first group second group
first group
C0 (ng/mL)
88.0
99.0
82.8
C2 (ng/mL)
521.0
528.0
382.8
Cyclosporine dose (mg/d)
130.0
143.7
130.0
Diltiazem dose (mg/d)
111.0
118.5
111.0
Urea (mg/L)
49.9
43.8
47.6
SrCr (mg/L)
1.34
1.26
1.39
SGOT (mg/L)
18.5
19.6
20.0
SGPT (mg/L)
33.9
24.9
34.8
Systolic BP
138.0
131.5
136.2
Diastolic BP
81.0
80.5
79.8

second group

94.5
439.8
182.0
0.0
44.3
1.28
25.3
25.1
140.7
88.0

Stage 3

first group

67.20
340.5
147.5
0.0
44.5
1.34
19.7
34.05
136.7
80.5

second group

100.4
485.1
143.7
118.8
48.5
1.47
22.9
27.9
129.0
82.0

Pvalue
0.11
0.11
0.45
0.86
0.08
0.52
0.61
0.02

diabetes and hypertension were the cause of
renal failure in the two groups, respectively.
Mean body weight in the first group was 63
kg and in the second group was 61.5 kg
(p=0.61). Other characteristics of the subjects
were shown in Table 1.
There was no statistically significant
difference between C0 and C2 in the two
groups at the end of study. Diastolic blood
pressure was the only variable which showed
a statistically significant difference between
two groups (p=0.02).

diltiazem from the treatment (20 patients).
At the end of this period, CsA concentrations
were measured. Afterwards, the groups
underwent a crossover followed by either
diltiazem washout or reinstituted treatment
with diltiazem. Then C 0 and C 2 were
measured. In each step that diltiazem was
removed from patient drug regimen, CsA
dose was increased by 25%. No change was
done in the first group’s drug regimen. In the
second group, diltiazem was omitted and CsA
dose was increased by 25%. At the end of the
second month, a crossover was made in
group’s drug regimen, and at the end of forth
month drug regimen was returned to its initial
condition (before the study was began).
Besides measuring CsA blood concentration,
we also measured blood pressure, heart rate,
BUN, SrCr, and LFT.
CsA blood concentration was measured
by radioimmunoassay method in Kerman
Afzalipour Hospital and all statistical analyses
were performed using SPSS software (version
13.0). The ethic committee of the Kerman
University of Medical Sciences has approved
this study.

4. Discussion
Regarding C0 and C2 values in both groups,
there was no significant difference between
maximum cyclosporine concentration
(p=0.11). In each group, diltiazem was omitted
and CsA dose was increased by 25%,
regarding our data in Table 1, the mean of
cyclosporine blood concentration based on C2
remained in its therapeutic windows. In Aros
et al. study, the cyclosporine daily dose was
lower with diltiazem (p=0.002), but despite a
dose reduction of only 19.0±1.5%, there was
a trend to a larger AUC/dose (p=0.1) and a
trend to an increased C2 when treatment
included diltiazem. In this study, ethic
committee suggested that when diltiazem
dosage is increased or its administration was
stopped, cyclosporine dosage should have
been increased and decreased respectively to
maintain patients' cyclosporine blood
concentration in the safe margin. Based on our
physicians' experiences, change of

3. Results
The mean age of two group were 42 and
44.3, respectively (p=0.48). First group
contained 10 men and 10 women who were
at the 7.3 month after transplantation, and
the second group contained 8 women and 12
men who were at the 6.8 month of transplantation (p=0.52). Hypertension and diabetes,
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cyclosporine dosage was considered to be
25%. By looking at these findings, it is clear
that diltiazem in transplanted patients inhibit
cyclosporine metabolism with the same
amount. It can be concluded that our first
hypothesis was properly framed. Therefore,
cyclosporine dosage ought to be regulated
around 25% if diltiazem is stopped or given;
while in Aros study, diltiazem caused 19%
change in the level of cyclosporine blood
concentration. In another study which was
done on heart transplant patients, it was
reported that diltiazem increased 20-75%
cyclosporine blood concentration [10].
Bunnag et al. found that the dosage of CsA
could be reduced by 25.8% to maintain the
same levels of C0 and C2 in the same patients
after taking diltiazem [11]. Ingsathit et al.
showed that the effect of diltiazem on
cyclosporine dose is variable during time
[12].
This study illustrated the effect of diltiazem
in reduction of cyclosporine dosage and
decrement of treatment expenses; therefore,
it is recommended that diltiazem and
cyclosporine be administered simultaneously.
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