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ABSTRACT

The pharmacokinetic parameters and bioavailability of diltiazem following a single oral
administration of a generic diltiazem 60 mg tablet (Sobhan Pharmaceuticals, Iran) were
compared to those of areference product (Entrydil, Orion Pharmaceuticals, Finland). Tweve
healthy male volunteers received a single oral dose of either formulation following overnight
fasting in a double blind, randomized, crossover study. Blood samples were collected at
selected times during 24 h and diltiazem plasma concentrations were determined with a
sensitive HPLC method. Individual pharmacokinetic parameters, tiz, tiz@ns), K, Ka, Tmax
Chae VA/IF, CI/F, AUC.,, and AUC, 5 were calculated. No significant differences were
observed in pharmacokinetic parameters between two formulations. The 90% confidence
intervals for the test/reference geometric mean ratios of Cha, AUCo24 AUCo.n and
Chnax/AUC,.o were within the conventional bioequivalence range of 0.8 - 1.25.

In-vitro parameters of mean dissolution time (MDT) and time for 70 % dissolution (T)
were also determined. There was a significant difference between the MDT for two dosage
forms (p<0.0001). It was concluded that despite of a higher dissolution rate, the test product
of diltiazem is bioequivalent to the reference product with respect to the rate and extent of
absorption.
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INTRODUCTION
Diltiazem is a dow cacium channe blocking
agent which acts by intefering with cacium-
mediated events in excitation contraction
coupling in  smooth muscles  particularly
arteries and is commonly used in treatment of
mild or moderate hypertenson and angina

pharmacokinetic profiles of diltiazem of a new
tablet formulation with a commercial product.

METHODS
In-vitro study
Dissolution data were obtained on 12 tablets of
each product using rotating paddles & 75 rpm

(1,2).

Because of the extensve first-pass hepatic
metabolism, only 30-40% of diltiazem is
available after a single ord dose (3,4). Severd
factors may contribute to dter the absorption
rate of diltiazem. The formulation is of prime
importance, snce it has been established that
the time required reaching the maxima plasma
concentration  after  taking  diltiazem  with
aqueous solutions or as capsules and tablets is
40, 60 and 180 min, respectively (5).

The purpose of this study was to compare in-
vitro dissolution and in-vivo biocavdability and

according to the gpecifications of the USP
XXIV (apparatus11).

The dissolution medium was 900 ml of water a
37°C. Aliguots (5 ml) were taken for analysis at
5 min intervals for 240 min and messured
spectrophotometricaly a 240 nm.

The mean disolution time, MDT, was
caculated by moment anadysis as described
previoudy (6). The time required for 70%
disolution, T79, was cdculated using the
Hixon-Crowell cube-root law as applied
previoudy to compressed tablet formulations

)
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In-vivo study

Subjects

Twelve hedthy mae volunteers with a mean
age of 26.5+1.9 years and a mean weight of
68.4+7.4 kg participated in the study after
giving written informed consent. All volunteers
had norma examination and clinica laboratory
test results, and al were not on any medications
for at least two weeks prior to and during the
period of the study.

Drug administration and blood sampling
The study was conducted as a double blind,
randomized, crossover design in which fagting
aubjects took a single ord of 120 mg diltiazem
hydrochloride (as two tablets) of either test
product (Diltiazem 60, Sobhan laboratories,
Iran) or reference product (Entrydil 60, Orion
pharmaceutical, Finland) with 150 ml of tap
water in each period of study.

Blood samples (5 ml) were drawn just before
and at 0.5, 1, 1.5, 2, 3,4, 6, 8, 10, 12 and 24 h
after drug adminigtration. Samples  were
centrifuged a 3000 rpm for 10 min and plasma
samples were stored at - 20°C until analysis.

Sample analysis

Plasma diltiazem concentrations were measured
by a vdidaed high peformance liquid
chromatography (HPLC) method (8). To 1 mL
of plasma were added 20 ni of agueous solution
of imipramine as interna standard (10 ngmL't)
and 4 mL of the solution of n-hexane-ether
(50:50 V/V). After vortex mixing for 5 min and
centrifugation a 4000 rpm for 15 min the
organic phase was separated and acidified with
200 m of 0.01 M hydrochloric acid. The
mixture was vortex-mixed for 5 min and after
centrifugation the organic phase was discarded
and 50 m of aqueous phase was injected onto
the column. The mobile phase was a mixture of
004 M  ammonium  chloride-acetonitrile-
triethyl amine (35:35:30:0.05) which was
pumped a a rate of 1.6 mL/min through a m
Bondapak C18 column and pesks were detected
a 237 nm.

Pharmacokinetic analysis

Diltiazem pharmacokinetic parameters  were
determined by non compatmentd methods.
Elimination rate congtant (K) were estimated by
the least-square regression of plasma

concentration-time  data points lying in the
termind log-linear region of the curves. Hdf-
life was calculated as 0.693 divided by K. The
area under the plasma concentration-time curve
from time zeo to the lat measurable
concentration a time T (AUCy.1) was
caculated using the trapezoidd rule. The area
was extrapolated to infinity (AUC,.n) by
addition of Cr/K to AUC,.t where Cr isthe last
detectable drug concentration. Peak plasma
concentration (Cpa) and time to pesk
concentration (Tmax) Were determined by
inspection of the individual subject
concentration time curves. The rdative
biocavalability of the test formulation was
edimated as the AUC,. ratio of the test to the
reference  formulation. The  Weagner-Néeson
method was used to edimae fractiona
absorption (9). Fractiond absorbed data for
each subject and treatment were used for
edimation of the apparent absorption rate
constant (Ka). Absorption half-life (tuz (abs))
calculated by 0.693/K,.

Apparent oral clearance (Cl/F) and apparent

volume of distribution (Vd/F) were

caculated by equations 1 and 2 respectively:
Cl/F:DOyAUCO_D (1)
Vd/F =CI/F.K 2.

Statistical analysis

The invitro dissolution data were compared by
two-taled  dudent’s  t-test.  Logarithmic
trandformation of AUCq.24, AUCo.0, Cmax,
Cmax/AUCq.q and t;, were compared by anaysis
of variance for a crossover design followed by
90% confidence interval test for geometric
mean of test/reference individual ratios for each
parameter. Arithmetic mean for individud Tmax
differences  together with its parametric
(ANOVA) 90% ClI was dso determined.
Statistical significance was defined as p<0.05.

RESULTS
The bioequivdence of 2 diltiazem formulations
following a sngle ora adminidration of 120
mg using a randomized 2-way crossover design
was invedtigated.  According to  invitro
dissolution data diltiazem was released faster
from reference product which exhibited a MDT
of 33.6 £ 2.24 min compared with 54.3 £ 3.79
min of the product (Table 1). Statistical analysis
showed a dggnificant difference between the
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forms (p<0.0001).
following

adminigtration of a single ord dose of the test
and reference products. No adverse effects were

reported and no significant effects on heart rate
as well as systalic and diastolic arterial pressure
were observed a any time with respect to the
basal value.

Table 1. Comparative mean in-vitro dissolution data (+ SD) for two diltiazem products (n =12)

Product
Parameter t-test
Test Reference
MDT (min) 54.30 + 3.79 33.60 + 2.24 P < 0.0001
T70 (Min) 92.88 + 2.88 96.23 + 3.15 NS

SD= Standard deviation, M
sgnificant

DT= Mean dissolution time, T-o= Time for 70% dissolution, NS= Non
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Figure 1. Mean (+ SD) plasma concentration-time profiles of diltiazem after administration of 1220 mg (2~ 60
mg) oral dose as test or reference product to 12 volunteers.

Table 2. Mean Pharmacokinetic parameters (= SD) of diltiazem following adminigration of 120 mg
(2~ 60 mg) diltiazem in two different ora formulations (n=12)

Parameter Test product Reference product ANOVA
Crnax (mgmL?) 155.86 + 19.81 151.74 + 23.94 NS
Tmax (M) 220+ 0.62 2.46 + 0.58 NS
AUC .54 (gmL™Y) 1074.95 + 188.81 1276.05 + 201.69 NS
AUC,.y(ngmL™) 1276.00 + 212.68 1334.22 + 207.79 NS
Tuz () 560+ 1.35 6.04+ 144 NS
T2 abs (MIN) 39.54+ 15.09 32.96 + 14.17 NS
K (hh) 0.13+ 0.04 0.12 + 0.03 NS
Ka (D) 1.08 + 0.51 1.42 + 0.61 NS
CI/F(L Kg™ R' 1.41+ 0.37 1.44 + 0.42 NS
Vd/F (L Kg") 11.75+ 4.28 12.33 £ 4.15 NS

SD= Standard deviation, ANOVA= Analyss of variance
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Table 3. Parametric 90% confidence intervals for the mean pharmacokinetic parameters of diltiazem

formulations
Parameter Test/Reference
i Geometric. mean 90% CI
AUC,,, (nghm) 0.979 0.93-1.03
AUC,y (nghm™) 0.970 090-1.04
Com (NG M ) T.04 0.96 —1.14
Cra/ AUCyy () 1.07 101 -1.13
Parameter Test-Reference
Arithmetic. Mean 90% Cl
Trmax (N -0.16 -0.56 -0.24
CI= Confidence interval
The plasma concentrations of diltiazem were DISCUSSION

determined using a reported HPLC method (8).
The chromatographic method yielded sharp,
symmetricd  and  well-resolved pesks for
diltiazem and 1.S. without interference from
endogenous plasma compounds. Diltiazem and
imipramine (1.S) were euted after 6.8, and
11.2 min respectively.

The cdlibration curve for detection of diltiazem
was linear over the concentration range of 5-
200 ng mLt (r’= 0998) and the average
recovery was about 90%. The coefficients of
vaiagtion of intraday and  inter-day
reproducibility of the assay were less tian 10%.
The limit of detection (LOD) with considering
signa to noise ratio of 3 was 2 ng mL™* and the
limit of quantitation (LOQ) was 6 ng mL™ .

Figure 1 shows the mean plasma concentration-
time profiles of diltiazem after administration
of both formulations to 12 volunteers.
Pharmacokinetic parameters caculated from
individud plasma leve-time data are shown in
table 2. These results are in agreement with
previous reports (5,10). No dgnificant dif-
ferences were obsarved in Gha Tmaxs AUCq.y,
AUC g.24 , Crax/AUCo.x , K3, K, CI/F and Vd/IF
between two formulations (p>0.05). In order to
determine bioequivalence, the 90% confidence
intervals for geometric mean of test / reference,
individual ratios of Gyax, AUC ¢.24, AUCo.y and
Cmax/AUCy.y were calculated, al vaues were
within the conventional bioequivalence ranges
of 0.8-1.25 (table 3).

The mean and 90% confidence interval of the
difference (test-reference) of Thax ae aso
shown in table 3. The mean difference was 0.16
h with a 90% confidence interva of 0.56-0.24.
The dipulated bioequivdence range for the
difference in Tmax iS £ 20% of the Tmax Of the
reference product (11), which in this case
corresponds to + 0.49.

The pharmacokinetics and bioequivdence of
two diltiazem formulations following a single
ora dose of 120 mg were studied. The plasma
concentration of diltiazem was determined
usng a sendgtive and reproducible HPLC
method which followed international standards
invaidation of the anayticd assay.

Diltiazem  exhibited a dmilar plasma
concentration pattern after administration  of
ether formulation. Single ord doses of 120 mg
of diltiazem resulted in mean maximum
concentrations of 155.86 + 19.8 and 151.74 +
2394 ng. mLt a 153 h folowing admi-
nigration of the test and reference products.
The AUC (.., was >80% of the AUCyy indl
aubjects, indicating adequate sampling time.
The mean pharmacokinetic parameters (Chax,
Thao K, Ka AUCq.54, AUC,.y, CI/F and VA/F)
were in the same order of magnitude as
reported values (5, 10).

The 90% confidence intervas for geometric
mean of test/reference individua ratios for
Cimax, AUCq 4, AUC,.y and G, /AUC,.y were
within the acceptance limits of bioequivaence.

The parametric point edimate of the mean
difference of T, between two formulaions
(test-reference) was 0.16 h with a 90%
confidence interval of 0.56-0.24. Although this
interval  is dightly wider than dipulated
bioequivalence range of £ 0.49 but this dight
difference may not affect the concluson of
bioequivalence in the rate of absorption since
the other determinants such as Cpax and
Crmax/AUC,.¢ are similar for both products.

As aready mentioned, the in-vitro dis-
solution profiles of diltiazem from two
products were also determined in this study.
Although diltiazem was released faster
from the reference product with a mean
MDT of 33.6 min compared with 54.3 min
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for the test product, in-vivo results showed

diltiazem are bioequivalent regarding the

that the differences in the in-vitro rate and extent of absorption.

dissolution rate were of insufficient mag- ACKNOWLEDGEMENT
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