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Abstract; Diltiazem, a calcium channel blocker, is. used in multiple divided doses daily. due to its short
elimination half-life. Hence, administration as a modifierl .release (MR) fonnulation is suggested. In this dou
ble blind cross-over trial, the phannacokinetics and pharmacodynamics of diltiazem was studied in eight
healthy Indian adults. Diltiazem was administered as single dose (60 mg) of the two fonnulations viz. im
mediate release (IR) and MR. Venous blood samples, for estimation of diltiazem by HPLC. were collected
at frequent intervals and BP, HR and ECG were monitored during the 12h study period. With MR fonnu
lation. plasma half-life was significantly (P< 0.05) prolonged (6.25 ± 1.2 h vs. 2.69 ± 0.2 h), the extent of
alterations in BP, HR and PR interval was significantly less, while the duration of prolongation of PR inter
val was significantly more as compared to IR formulation. Therefore, MR formulation of diltiazem has better
phannacokinetic and phannacodynamic profile as compared to IR formulation.
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INTRODUCTION

Calcium entry blockers (CaA) are one of the
most frequently prescribed classes of drugs. These
agents are particularly beneficial for selected patient
groups like the elderly and the black patients with
hypertension (1) and angina. Diltiazem, a member of
this class, has important and clinically significant dif
ferences in its pharmacodynamic and hemodynamic
actions when compared to nifedipine. Diltiazem has an
elimination half-life of 3.2 ± 1.3 hours (2), which
necessitates three or four daily doses. Such administra
tion may lead to fluctuations in plasma concentrations,
which could coincide with periods of increased
catecholamines, higher blood pressure levels and in
creased MVO and peak levels, which could cause
episodes of bradycardia. Taking these factors into ac
count, a modified release (MR) formulation of
diltiazem hydrochloride was developed for providing
consistent plasma concentrations avoiding the peaks
and troughs.

The objective of this study was to investigate the
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bioavailability, pharmacokinetics and pharmacodyna
mics of the MR formulation and compare them with
the unmodified (IR) formulation.

METHODS

Eight healthy male volunteers were selected for
the study and informed written consent obtained from
them. The protocol for the study was aproved by the
Institutional Ethics Committee and by the Drug Con
troller of India. The mean age of the participants was
19.38 years (range 19 to 21 years) and their mean
weight 56.19 kg (53 to 61 kg). Clinical, biochemical
and hematological studies were carried out on each
subject before the study. There were no abnormal find
ings. Each subject had a normal 12-lead ECG.

This study was carried out using a double blind,
cross-over design. The test preparation was diltiazem
60 mg (MR) tablets modified to provide slow release
and sustained plasma concentrations over 6 to 8 hours.
These tablet were compared to the regular diltiazem
60 mg (IR) tablets from which the drug release is im
mediate.
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The subjects did not take any medication dur
ing 8 days preceding the first study day. Further, for
24 hours preceding the study day, they did not take
alcoholic and caffeine-containing beverages. On the
study day, the subjects reported to the Clinical Phar
macology Unit at 7.30 a.m. After a rest period of half
an hour, a I2-lead ECG was recorded and the blood

pressure was taken using a standard mercury sphyg
momanometer with the subjects in the supine position
using the right arm. Korotkoff sounds I and V were
used to record the systolic and diastolic pressures re
spectively. After taking blood sample 0, the test drugs
were given in a randomised manner so that half the
number of subjects received the IR formulations and
the other half the MR formulations. Blood pressure
and heart rate were taken after I, 2, 4, 6, 8, 10 and
12 hours after the administration of the tablets. ECG
was recorded 2, 4, 6, 8 and 12 hours after the drug
intake. The PR interval expressed in milliseconds, was

determined from the mean of five consecutive heart
beats from leads II or V. Blood samples were
taken}, I, I}, 2, 4, 8, 10 and 12 hours after the
drug intake. Blood samples were centrifuged at loo0g
immediately after collection and the plasma was trans
ferred to screw-top plastic vials. Heparin-2 units/ml in
normal saline was used to flush the i.v. cannula to

prevent clotting. The samples were stored in a deep
freeze at -20°C till they were analysed. A light meal
was given at lunch time at least 4 hours after drug
administration.

After a 10 days interval during which the sub
jects did not take any medication, the entire procedure
was repeated with the drug intake crossed over. The
subjects were asked to report any unusual feeling or
effects. Any such reports were recorded.

Plasma diltiazem was measured by high perform
ance liquid chromatography [Waters Assoc. (Milford,
MA, USA) Model 510 and Perken Elmer LC290 vari
able wavelength UV spectrophotometer], using
diphenhydramine as the internal standard and sensitive
to 2 ng/ml (3).
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The plasma concentration values were plotted
againt time to obtain - Plasma concentation - time
curves for the two preparations, from which the par
macokinetic parameters Cmax, tmax and t1/2 were
calculated. The area under the curve (AUC) was cal
culated by the trapezoidal method.

The data were analysed statistically using the
Student's paired "t" test with a "p" less than 0.05 as
the level of significance.

RESULTS

Pharmacokinetics: Table I and Fig. 1 show the
pharmacokinetic profile of diltiazem after oral admini
stration of the IR and MR formulations. Absorption of
diltiazem from IR formulation was quicker as com
pared to that with MR formulation. Although the
Cmax was higher with 1R formulation, the plasma
levels declined rapidly. In contrast to this, the Cmax
was lower with MR formulation, but the plasma lev
els were more consistent. There was no significant
difference in the total amount of diltiazem absorbed
from these two preparations.
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Fig. I : Plasma concentration versus time curves of two formula
tions of diltiazem.
n = 8, *p < 0.05, Concentrations are mean ± SE
IR : Immediate Release Formulation
MR : Modified Release Formulation
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TABLE I: Pharmacokinetics of the two
diltiazem formulations.

n = 8 each, Mean ± SO, *p < 0.05

Cmax (ng/m1)

trnax (h)

tl!2 (h)

AVC (ng.h/ml)

0-12 h

120.50 ± 21.90

0.58 ± 0.30

2.69 ± 0.24

483.65 ± 91.70

MR

67.50 ± 9,54*

3.75 ± 0,43*

6.25 ± 1.20*

500.25 ± 87.56

Blood pressure: Table II shows the effect of
the two formulations of diltiazem on systolic and
diastolic blood pressures. There was a significant fall
in the SBP at 2 to 4 hours after the IR formulation
and at 4 hours after the MR formulation. The DBP feU
significantly (P< 0.05) at I, 2, 4, and 6 hours with the
IR formulation and only at 2 and 4 hours with the MR
formulation. The degree of fall in DBP was signifi
cantly (P< 0.05) less with MR formulation than the IR
formulation.

TABLE II : Effect of the two formulations of diltiazem on the blood pressure.

Time (h)

o
1

2

4

6

8

10

12

Blood presure (mm Hg)

JR MR
SBP DBP SBP DBP

11.5.75 ± 2.05 76.00 ± 1.58 114.50 ± 2.84 75.25 ± 2.47

113.50 ± 260 70.00 ± 1.80# 114.00 ± 2.80 74.50 ± 2.00

110.50 ~;3 .09# 66.00 ± 1.73# 113.00 ± 2.88 72.50 ± 2.0*#

111.50 ± 2.52# 68.50 ± 1.83# 111.50 ± 2.84# 71.25 ± 2.9*#

114.75 ± 1.85 70.50 ± 1.96# 113.75 ± 2.97 70.75 ± 3.14

115.25 ± 2.34 69.00 ± 2.21 112.75 ± 3.02 69.00 ± 3.50

116.25 ± 2.41 71.50 ± 1.45 114.25 ± 1.92 73.75 ± 2.75

117.50 ± 2.42 72.25 ± 0.82 116.00 ± 2.55 75.00 ± 1.97*

N = 8 each, *#: P < 0.05, Values are mean ± SE, SBP - Systolic Blood Pressure, DBP - Diastolic Blood Pressure,
# - Comparison with initial value in the same group, * - Comparison of IR Vs. MR

Heart rate: Table III shows the effect of the
two formulations on the heart rate. There was a sig
nifICant (p < 0.05) reduction in the heart rate at 2 and

4 hours after IR formulation but only at 4 hours after
the MR formulation. The degree of reduction was sig
nificantly (P< 0.05) less with the MR formulation.

TABLE ill : Ef(ect of the formulations of diltiazem on heart rate (beats/min) and PR interval (msec).

Time (h)

o
2

4

6
8

12

JR MR

Heart raJe PR InJerval Heart raJe PR inJerval
(beats/min (m sec) (beats/min) (msec)

71.38 ± 3.68 130.00 ± 6.12 72.00 ± 2.50 130.00 ± 6.12

65.50 ± 3.25# 168.75 ± 14.52# 71.63 ± 3.20* 156.25 ± 7.89*#

67.63 ± 2.45# 142.50 ± 11.24# 67.87 ± 3.54# 162.50 ± 13.40*#

69.32 ± 2.86 138.00 ± 8.75 68.00 ± 3.85 150.00 ± 10.25*#

71.45 ± 3.50 134.10 ± 7.25 68.84 ± 3.90 144.50 ± 5.93*#

73.26 ± 3.88 132.50 ± 6.06 72.20 ± 3.54 131.75 ± 6.02

n = 8 each #* : P < 0.05, Values are mean ± SE, # - Comparison with initial value in the same group,
* - Comparison between IR & MR
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PR Interval. The effect of the IR form of
diltiazem is shown in Table III. There was a signifi
cant (P < 0.05) prologation of the PR interval only at
2 and 4 hours after the IR formulation but at Z, 4, 6
and 8 hours with the MR formulation. But the increase
of PR interval was significantly (p < 0.05) less with
the MR than with the IR formulation.

Adverse effects: Five subjects complained of
headache, of mild to moderate intensity with the IR
formulation, while none reported any side effect on
MR formulation. Three of subjects with headache were
given paracetamol 500 mg.

DISCUSSION

In the present study, the pharmacokinetics and
pharmacodynamics of a single dose of diltiazem 60 mg
administered as an IR formulation were compared with
those of a MR formulation. The pharmacokinetics of
the two preparations differed significantly, except for
the AUCs. This latter finding shows that the amount
of diltiazem absorbed from the MR formulation is
about the same from the IR formulation. This is con
sistent with the observations by other investigators that
physical differences in formulation alter rate of absorp
tion but not the absolute bioavailability (4). The dif
ference in pharmacokinetic profile might be due to
differences in the rate of dissolution of the two prepa
ralions viz. about 45% of the drug at 1/2 h with MR
formulation in contrast to 100% released within 10
minutes with IR formulation (data on file).

With the MR formulation plasma concentration of
diltiazem was above 40 ng/ml for 8 hours, in contrast
to only less than 5 hours with the lR formulation.
Optimum therapeutic concentration has been reported
to be 40 ng/m (5).

Under steady state conditions during multiple
dose therapy, the MR formulation can be expected to
provide consistent plasma levels of diltiazem while
with the IR formulation the levels would be
fluctuating between the peaks and troughs.
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Administration of 20 mg of dihiazem i.v. has
been reported to cause 14.3 ± 5.4% increase in the PR
interval in patients of paroxysmal atrial tachycardia (6).
In the present study, we observed a maximum increase
in the PR interval, of 30% at 2 hours after the IR
formulation and of 25% at a 4 hours after the MR
formulations (Table III). However, since the first ECG
was taken 2 hours after the IR formulation, the possi
bility of an earlier peak cannot be ruled out.

Large inter-individual variations were observed in
all the pharmacodynamic effects of diltiazem in this
study. Similar variations have been reported (7).

Headache was reported only with IR formulation.
Its occurrence within 30 to 90 minutes of the drug
intake suggests a possible relation with the earlier and
faster build up of plasma concentrations.

In this acute study, administration of the MR
formulation caused significantly ( P < 0.05) less al
terations in the pharmacodynamic parameters studied
viz. systolic and diastolic blood pressures, PR inter
val and heart rate. MR formulations are designed to
minimize wide fluctuations in the plasma levels of ac
tive drugs and to reduce type A toxicity, and to pro
long the duration of therapeutic effect. The MR for
mulation of diltiazem used in this study was found to
fulfil these objectives. However, studies in larger
number of patients, especially the middle aged and the
elderly, as well as in steady states using multiple doses
would be necessary to confirm these findings since age
and duration of therapy have been reported to modify
diltiazem kinetics (7).
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