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Objective: Diltiazem might be used as a cyclosporine A (CsA)-sparing agent. There is evidence that CsA (C2)
level is the best single point blood sampling for monitoring the CsA level. The authors, therefore, studied the
effect of diltiazem on the pharmacokinetics (PK) of CsA, including C2, in renal transplant patients.
Material and Method: Twenty-five CsA-treated renal transplant patients, with neither diseases nor agents
that alter the PK of CsA, were enrolled in the present study. The PK of CsA was studied in all patients before
and 2 weeks after taking diltiazem.
Results: The area under the concentration-time curve (AUC) of CsA was obtained by 2 methods, AUC0-4 and
AUC0-12. Before taking diltiazem, the correlation (r) between C0 with AUC0-4 and C0 with AUC0-12 were 0.799
and 0.871, respectively (p = 0.01), r between C2 with AUC0-4 and C2 with AUC0-12 were 0.988 and 0.956,
respectively (p = 0.01). Time to maximum concentration (Tmax) of CsA was at 1.5 hr (1.5-4.0 hr) [median
(range)]. After two weeks of taking diltiazem, r between C0 with AUC0-4 and C0 with AUC0-12 were 0.577 and
0.784, respectively (p = 0.01), r between C2 with AUC0-4 and C2 with AUC0-12 were 0.988 and 0.896, respec-
tively (p = 0.01). Tmax of CsA was at 1.5 hr (1.5-4.0 hr) [median (range)]. 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.
Conclusion: Diltiazem slightly altered the correlation between C2 with AUC of CsA. This indicates that C2 is
the best single point blood sampling to monitor the therapeutic levels of CsA in renal transplant patients who
are taking diltiazem.
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Cyclosporine A (CsA) has been widely used
as an immunosuppressive agent in renal transplants.
This immunosuppressive agent has a narrow range of
therapeutic level. Therefore, effective monitoring of
drug level is important for both optimizing the immuno-
suppressive effects and avoiding the drug toxicity, in-
cluding nephrotoxicity. Area under the concentration-
time curve (AUC) of CsA indicates the total drug expo-
sure and has the best correlation with efficacy and
toxicity of CsA(1,2), but the AUC monitoring is not prac-

tical in the clinical practice because it requires multiple
blood sampling, mathematical calculation steps, high
cost and work load. Therefore, CsA monitoring by
trough level (C0) has been widely used in renal trans-
plants for efficacy and toxicity of CsA(1). Recently, there
are several studies suggesting that CsA level at the
second hour after taking CsA (C2) is the best single-
point blood sampling for CsA monitoring(1,2,3). There is
evidence indicating that C2 showed the best correla-
tion with AUC, acute rejection and toxicity of CsA.
Recently, McDonald et al have demonstrated that renal
transplants who were on CsA sparing agent, diltiazem,
had a better renal allograft outcome than those who
were not on diltiazem(4). Additionally, diltiazem has been
used as a CsA-sparing agent with the purpose to reduce
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the dosage of CsA for financial purposes. Both CsA
and diltiazem are predominately metabolized by CYP450
3A4, thus, the combination of CsA and diltiazem can
reduce metabolism of CsA by this enzyme. However,
the effect of diltiazem on the PK of CsA including cor-
relation between AUC and C2 has not been studied
previously. The authors, therefore studied the effect of
diltiazem on the PK of CsA, including C0, C2, and AUC.

Material and Method
Twenty-five patients who had a successful

renal transplant for at least 3 months were recruited to
participate in the present study. The authors included
only renal transplants who were on microemulsion CsA
(Neoral®) and have had stable renal allograft functions
for at least 3 months (the difference of 3 points of
serum Cr within 60 days were not more than 0.3 mg/dl).
The present study excluded the patients who were on
other agents that had the effect on the PK of CsA within
5 half life of these agents, the patients who changed
the dosage of CsA within 7 days before enrolling, the
patient who had diseases that alter PK of CsA or had
contraindication for diltiazem treatment (BP < 100/60
mmHg, HR < 60/min, SA heart block, had a history of
diltiazem allergy and pregnancy). The present study
was approved by the Ethical Committee on Research
Involving Human Subjects, Faculty of Medicine, Siriraj
Hospital, Mahidol University, Bangkok, Thailand. All
patients signed an informed consent before participat-
ing in the present study. At the beginning of the present
study, the data of the patients were collected in the
view of age, gender, date renal transplantation, medi-
cations, underlying diseases, body weight, blood pres-
sure, BUN, serum creatinine (Cr), liver function test,
and ECG. Blood samples for measuring CsA level at C0,
C1.5, C2, C3, C4, C6, C8, C10 were obtained, and then trans-
ferred into EDTA contained tube and were assayed
within 6 hours by Cloned Enzyme Donor Immunotech-
nique Assay (CEDIA). AUC 0-4 hours (AUC0-4) and
AUC 0-12 hours (AUC0-12) were calculated by linear
trapezoid rule.

 AUC 0-4 = 0.5 x { (C0+C1.5) x 1.5 + (C1.5+C2) x 0.5 +
(C2+C3) + (C3+C4) }

AUC 0-12 = 0.5 x { (C0+C1.5) x 1.5 + (C1.5+C2) x 0.5 +
(C2+C3) + (C3+C4) + (C4+C6) x 2 +
(C6+C8) x 2 + (C8+C10) x 2 + (C10+C0) x 2}

After the first AUC was performed, all patients
received diltiazem (Herbesser R100®) 100 mg oral once
daily in the morning. Within 3-5 days after starting
diltiazem, the dosage of CsA was adjusted to the opti-

mal range of therapeutic level by C0 (C0=150-250 ng/ml
for postrenal transplants less than 12 months and
C0=75-150 ng/ml more than 12 months). After two weeks
of diltiazem, the second AUC was performed. The PK
of CsA were studied before and more than two weeks
after taking diltiazem in the view of C0, C2, time to Cmax
(Tmax), and AUC. All time points before and after tak-
ing diltiazem were reported as mean + SD and were
compared by using paired t-test. Also 95% confidence
interval of difference was calculated. Correlation (r)
between the time points and CsA with AUC 0-12 before
and after was compared. A p-value of less than 0.05
was considered statistically significant.

Results
There were 25 (M:F = 17:8) renal transplant

patients with the mean age of 37 + 10 years. Their mean
BUN and serum creatinine were 23.8 + 9.3 mg/dl and
1.46 + 0.44 mg/dl respectively. The change in each CsA
PK parameter and concentration at each time point pre
to post diltiazem were shown in Table 1. The correlations
between the concentration of CsA level at any time
points and the AUC before and after taking diltiazem
are shown in Table 2. Before taking diltiazem, the corre-
lation (r) between C0 with AUC0-4 and with AUC0-12 were
0.799 and 0.871 respectively (p = 0.01). The correlation
between C2 with AUC0-4 and with AUC0-12 were 0.988
and 0.956 respectively (p = 0.01). C2 had the best corre-
lation with AUC and C0 had the worst correlation with
AUC. After taking diltiazem, the correlation between
C0 with AUC0-4 and with AUC0-12 were 0.577 and 0.784
respectively (p = 0.01). The correlation between C2 with
AUC0-4 and AUC0-12 were 0.988 and 0.896 respectively
(p = 0.01). All CsA level at any time points after taking
diltiazem had less correlation with AUC than the corre-
lation of CsA level before taking diltiazem. Obviously,
C2 still had the best correlation with AUC after 2 weeks
of diltiazem. The mean dosage/day and dosage/kg body
weight/day of CsA could be reduced by 25.58% and
25.76% respectively after taking diltiazem for maintain-
ing the same C2 level. After taking diltiazem, mean C0
level was increased while mean C2 level, AUC0-4, AUC0-12,
and Tmax were decreased. The CsA level at any time
points of all 25 patients before and after taking diltiazem
are shown in Fig. 1 and 2 respectively while the mean
CsA levels of CsA are shown in Fig. 3.

Discussion
Clearly, the present study confirmed the pre-

vious studies(3,5) that C2 has the best correlation with
AUC (r = 0.988 with AUC0-4 and 0.956 with AUC0-12). C0
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has less correlation with AUC when compared with
C2, but C0 still had a good correlation with AUC (r =
0.799 with AUC0-4 and 0.871 with AUC0-12). This corre-
lation was similar to the results of several previous
studies(3,6-9).

After taking diltiazem, the correlation of CsA
level with AUC for almost every time point were de-
creased (r = 0.577 for C0 and AUC0-4 and 0.784 for C0
and AUC0-12). C2 still has the best and has very good

correlation with AUC (r = 0.988 with AUC0-4 and 0.896
with AUC0-12).

Therefore, C2 may be the best single-point
blood sampling for CsA monitoring in renal transplants
for those who have had transplantation for more than 3
months. C2 can be safely used in renal transplants who
received diltiazem. Contrarily, C0 could only be used in
renal transplant patients who were not on diltiazem.
There is evidence suggesting that diltiazem might alter

Table 1. The mean + SD of pharmacokinetics of CsA before and after taking diltiazem (N = 25)

Time point Before taking After taking p value 95% confidence interval of
   diltiazem   diltiazem            the difference

Lower Upper

C0 124.6+74.2 135.0+62.9 <0.001   -32.3    11.4
C1.5 939.2+480.6 809.7+417.0   0.003   -43.8  302.7
C2 774.0+429.5 665.6+310.3   0.001   -28.7  245.5
C3 534.6+329.8 493.9+227.9   0.002   -71.3  152.7
C4 374.8+206.7 385.1+179.4   0.011   -90.6    70.1
C6 222.8+121.0 227.7+112.0   0.004   -50.3    40.5
C8 161.0+88.8 165.9+82.2 <0.001   -34.0    24.4
C10 136.6+69.6 140.6+65.9   0.002   -29.5    21.5
AUC0-4  2335+1239  2097+935   0.001 -158.7  635.6
AUC0-12  3876+1999  3685+1490 <0.001 -397.2  777.7
Time to Cmax     1.8+0.7     1.7+0.6   0.929     -0.3      0.4

Table 2. The correlation of CsA at any time points with AUC0-4 and AUC0-12 before and after taking diltiazem (N = 25)

Time point                   AUC0-4                   AUC0-12

   r p  value    r p value

Before taking diltiazem
C0 0.799    0.01 0.871    0.01
C1.5 0.970    0.01 0.932    0.01
C2 0.988    0.01 0.956    0.01
C3 0.967    0.01 0.956    0.01
C4 0.877    0.01 0.939    0.01
C6 0.866    0.01 0.941    0.01
C8 0.869    0.01 0.937    0.01
C10 0.868    0.01 0.929    0.01

After taking diltiazem
C0 0.577    0.01 0.784    0.01
C1.5 0.952    0.01 0.833    0.01
C2 0.988    0.01 0.896    0.01
C3 0.928    0.01 0.893    0.01
C4 0.774    0.01 0.853    0.01
C6 0.509    0.01 0.778    0.01
C8 0.562    0.01 0.813    0.01
C10 0.560    0.01 0.810    0.01
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Fig. 1 CsA level at any time points of all 25 patients before taking diltiazem

Fig. 2 CsA level at any time points of all 25 patients after taking diltiazem
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the PK of CsA in renal transplant patients. Firstly,
diltiazem could decrease intestinal absorption of CsA
because both diltiazem and CsA are good substrates
for P-glycoprotein, which is an important molecule
for CsA absorption(10,11). Therefore, both C2 and AUC
have a tendency to decrease after taking diltiazem.
Secondly, the action of diltiazem may not cover through
24 hours, thus, a nighttime AUC would not be similar
to a daytime AUC. Therefore, C0 may only relate to a
nighttime AUC because the blood for measuring C0
was taken in the morning. However, if this hypothesis
is true, a daytime AUC should be more than a nighttime
AUC. In this present study, the authors adjusted the
dose of CsA usage by measuring C0, therefore AUC of
renal transplants should be increased after taking
diltiazem. Finally, a nighttime AUC may naturally not
be similar to a day-time AUC because of intra-patient
variations. There is evidence showing that C0 might be
similar to C12

(3). Unfortunately, in this present study,
the authors did not measure C12 and a nighttime AUC.
Therefore, the authors could not explain the mecha-
nism of alterations of the PK of CsA by diltiazem
through the discrepancy of a daytime AUC and a
nighttime AUC.

Interestingly, in this present study, a combi-
nation of diltiazem with CsA can reduced the dosage of
CsA by approximately 26% without the significant
change in C0, C2, or AUC. No serious side effects were
detected in all study patients. The benefits of CsA
dose reduction by diltiazem are therapeutic cost reduc-
tion and may lead to less nephrotoxicity caused by
CsA(4).

In conclusion, the authors demonstrated that
C2 has the best correlation with the AUC of CsA in
renal transplants. This correlation was not different in
patients with or without CsA sparing agent, diltiazem.
This indicates that C2 might be the best single-point
blood sampling for CsA monitoring in renal transplant
patients.
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ผลของยา diltiazem ต่อการเปล่ียนแปลงเภสัชจลนศาสตร์ของยา cyclosporine

สกานต ์ บุนนาค, เกรยีงศกัดิ ์ วารีแสงทพิย,์ ลีนา  องอาจยทุธ

คำนำ: ยา cyclosporine (CSA) เป็นยาที่ยังใช้กันอย่างแพร่หลายในผู้ป่วยที่ได้รับการปลูกถ่ายไต จากการศึกษา
ท่ีผ่านมาพบวา่ การวดัระดบัยาที ่2 ช่ัวโมง หลังรบัประทานยา (C2) ดีกวา่กอ่นรบัประทานยาทนัท ี (C0) และ C2 เป็น
วิธีท่ีดท่ีีสุดในการตรวจตดิตามและปรบัขนาดยา และพบวา่ยา diltiazem สามารถเปลีย่นแปลงเภสชัจลนศาสตร ์ (PK)
ของยา CSA ทำให้ระดับยาในเลือดสูงขึ้น จึงถูกนำมาใช้ลดปริมาณการใช้ยา CSA
วัตถุประสงค์: เพื่อศึกษาผลของยา diltiazem ต่อ PK ของยา CSA และหาเวลาที่เหมาะสมที่สุดในการวัดระดับยา
CSA ในผูป่้วยทีรั่บประทานยา CSA ร่วมกบัยา diltiazem
วัสดุและวธิกีาร: ทำการศึกษาในผู้ป่วยที่ได้รับการปลูกถ่ายไต 25 ราย ที่ได้รับยา CSA และไม่มีโรคหรือได้รับยาใด
ท่ีมีผลตอ่ PK ของยา CSA ผู้ป่วยจะไดรั้บการตรวจวดัระดบัยา CSA ท่ีระยะเวลาตา่ง ๆ หลังรับประทานยา และนำมา
คำนวณหา พ้ืนท่ีใต้กราฟระหว่างระดับยากับเวลา (AUC) ท้ังแบบ 0-4 ช่ัวโมง (AUC0-4) และแบบ 0-12 ช่ัวโมง (AUC0-12)
และหาความสมัพันธ ์ (r) ระหวา่งระดบัยา ณ เวลาตา่ง ๆ กับ AUC และนำมาเปรยีบเทยีบกนัระหวา่งกอ่น และหลงั
ได้รับยา diltiazem
ผลการศกึษา: ก่อนรบัประทานยา diltiazem r ระหวา่ง C0 กบั AUC0-4 และ AUC0-12 = 0.799 และ 0.871 ตามลำดบั
r ระหวา่ง C2 กับ AUC0-4 และ AUC0-12 = 0.988 และ 0.956 ตามลำดบั และหลงัจากไดรั้บยา diltiazem r ระหวา่ง C0
กับ AUC0-4 และ AUC0-12 = 0.577 และ 0.784 ตามลำดบั r ระหวา่ง C2 กับ AUC0-4 และ AUC0-12 = 0.988 และ 0.896
ตาม ลำดบั (p = 0.01) และพบวา่สามารถลดขนาดยา CSA ลงได ้25.8% โดยระดบั C0 และ C2 ไม่เปลีย่นแปลง
สรุป: ยา diltiazem มีผลเปลี่ยนแปลงความสัมพันธ์ระหว่าง C2 และ AUC เพียงเล็กน้อย และ C2 เป็นวิธีที่ดีที่สุด
ในการตรวจติดตามและปรับขนาดยา CSA ในผู้ป่วยที่ได้รับยา CSA ร่วมกับยา diltiazem


