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ABSTRACT

Objective: The objective of this study was to com-
pare the in vitro and in vivo characteristics of 2 nifedi-
pine modified-release tablet formulations for once-
daily dosing marketed in the European community,
which were expected to be bioequivalent.

Methods: In vitro dissolution was tested at differ-
ent pH values prior to the clinical part of the study.
Either 1 tablet of a test formulation or of the reference
formulation, both containing 30 mg nifedipine, were
administered to healthy white male volunteers imme-
diately after a high-fat breakfast in a randomized, open-
label, 2-period crossover design. Plasma samples ob-
tained over the subsequent period of 48 hours were
analyzed using a validated LC-MS/MS method. Safety
profile and tolerability of the study medications were
assessed by analysis of adverse events obtained by vital
sign measurements, electrocardiography, and clinical
laboratory analysis.

Results: Twelve volunteers were enrolled (median
age, 28.0 years [range, 21-42 years]; mean body mass
index, 24.2 kg/m? [range, 19.3-27.0 kg/m?2]). In vitro
dissolution experiments revealed a significant pH de-
pendency in drug release from the investigational tab-
lets, while the reference tablets were found to have
pH-independent dissolution. After oral administra-
tion of both tablet formulations in the fed state,
marked differences in rate and extent of bioavailabili-
ty were observed. Geometric mean of AUC_,, (test,
504.21 h - ng/mL; reference, 361.28 h - ng/mL) was
significantly higher for the test product, with a point
estimate of 140% and a corresponding 90% CI of
121% to 161%. For the comparison of C__  values,
geometric means were: test, 76.46 ng/mL; reference,
19.20 ng/mL, with a point estimate of 398% and a CI
of 316% to 503%. Thus, a significant difference in
rate and extent of bioavailability was observed be-
tween the 2 products.
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Conclusions: Although both treatments were well
tolerated by all volunteers, the test and reference
tablets were found to have different pharmacokinetic
properties when administered after a high-fat meal.
(Clin Ther. 2008;30:online) Copyright © 2008
Excerpta Medica, Inc.

Key words: nifedipine, food interaction, bioavail-
ability, modified-release products.

INTRODUCTION

Efficacy and tolerability of nifedipine for the treat-
ment of hypertension and angina pectoris have been
reported in numerous studies and publications.'3
Initially, this calcium channel-blocking agent, a dihy-
dropyridine derivative, was marketed as immediate-
release soft-gelatin capsules containing the drug in
solution. After oral administration of this formula-
tion, the drug was absorbed rapidly and peak plasma
concentrations were obtained within 30 to 60 minutes.
Afterward, nifedipine was eliminated with a termi-
nal t;, of 1.7 to 3.4 hours.!” Physiologic counter-
regulations with sympathetic activation and an increase
in heart rate were associated with the rapid increase
of the drug concentrations in plasma. Consequently,
modified-release tablet formulations were developed,
which contain nifedipine as microcrystalline particles
of a defined surface area. After oral administration of
such formulations, peak plasma concentrations were
observed at 1.6 to 4.2 hours and the apparent termi-
nal elimination t,,, increased to 6.0 to 10.8 hours due
to a corresponding decrease of the absorption rate
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(“flip-flop kinetics”).”14 Accordingly, the dosing inter-
val could be increased up to 12 hours. The goal of
constant nifedipine plasma concentrations without sub-
stantial peak-to-trough fluctuations after once-daily oral
administration could be achieved with the development
of a gastrointestinal therapeutic system (GITS) formu-
lation, which is based on an osmotic push-pull pump
mechanism. These tablets consist of a 2-layered core
surrounded by a membrane, which is permeable only
for water but not nifedipine or other tablet constituents.
One layer of the core contains the drug, the other one an
osmotic system, which expands on water uptake. On
top of the tablet an orifice has been laser-drilled through
the semipermeable membrane. After oral administra-
tion, water from gastrointestinal fluid penetrates the
membrane, causing a constant drug release over a peri-
od of ~16 to 18 hours.!S Considering a sufficiently long
transit time through the gastrointestinal tract, this re-
lease characteristic results in an almost constant absorp-
tion rate over at least 24 hours and plateau-like plasma
profiles of nifedipine without pronounced peak-trough
fluctuations. As such, release occurs independently of
pH value (within a range of 1.2-7.5),'¢ and drug deliv-
ery may also occur independent of food intake.!”-20

In previous years, several attempts were made to
develop nifedipine formulations with pharmacokinet-
ic characteristics similar to those of nifedipine GITS
using a variety of galenic principles, including mono-
lithic tablets with eroding matrices or multiple unit
dosage formulations, such as pellets or mini-tablets.
However, in most cases, the goal of independence from
food intake could not be achieved.!”-22 Significant
food interactions were observed with several market-
ed products. Lack of robustness of drug release from
these formulations (ie, considerable alterations of the
drug-release characteristics), could be detected already
in in vitro dissolution experiments under differing pH
conditions reflecting the physiologic media in the gas-
trointestinal tract.!7-22

A new monolayer matrix nifedipine tablet* for once-
daily administration has been registered by use of an
abbreviated application procedure in the European Union
(ie, referring to safety and efficacy data of the origina-
tor reference product’), which represents a GITS for-

*Trademark: Nifedipina Merck® (Merck Generics lItalia,
Valpharma, Italy).

fTrademark: Adalat OROS® (marketed in Italy as Adalat Crono)
(Bayer SpA, Milan, Italy). OROS = oral osmotic therapeutic
system.

mulation. After registration of the test product (li-
cense no. A033718026), initial in vitro experiments
comparing both products concerning drug-release
suggested differences in in vivo performance and bio-
equivalence of both products.23 Thus, the aim of the
present study was to compare the in vitro and in vivo
characteristics of both nifedipine once-daily tablet for-
mulations. The rate and extent of bioavailability were
determined in the fed state (ie, the tablets were given
immediately after intake of a high-caloric breakfast to
reveal possible influences of food on the drug perfor-
mance). Moreover, safety and tolerability were as-
sessed by observation of adverse events and assess-
ment of heart rate and systolic and diastolic blood
pressure, electrocardiography (ECG), clinical labora-
tory parameters, and spontaneous reporting.

SUBJECTS AND METHODS
In Vitro Dissolution

In vitro dissolution characteristics of the study drugs
were determined prior to the clinical study to deter-
mine a possible lack of robustness of the formulations.
Therefore, tablets of each formulation were dissolved
in 4 different buffer media (0.1 M hydrochloric acid,
pH 1; acetate buffer, pH 4.5; phosphate buffer, pH
6.8; and phosphate buffer, pH 8) covering the entire
pH range of the gastrointestinal tract under the addi-
tion of 1% sodium dodecyl sulfate to achieve sink con-
ditions. Investigations were performed in a standard
paddle apparatus®* with a rotation speed of 100 rpm
in vessels of 900 mL over the time range of 24 hours.

Clinical Study

The design of the study was open-label, random-
ized, and controlled and followed a 2-period crossover
with single oral doses of either one 30-mg tablet of the
test formulation or one 30-mg tablet of the reference
formulation, with a treatment-free phase of at least
7 days to avoid any carryover effects in the second peri-
od. This exploratory trial was performed in 12 healthy
volunteers without a formal sample size estimation as
the number was considered sufficient to fulfill the ob-
jectives of the study. The investigation was performed
in healthy males only as there have been no reports of
gender-specific differences in nifedipine pharmaco-
kinetics. Subjects were included according to specific
inclusion and exclusion criteria, taking into account
both participants’ safety and optimal standardization
of the study. Subjects with any clinically relevant lab-
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oratory parameters out of range; clinically relevant
findings in ECG or vital signs; existing cardiac, hema-
tologic, hepatic, renal, gastrointestinal diseases or
findings; clinically relevant diseases of the internal or-
gans or central nervous system; severe allergies or hy-
persensitivities; or who had undergone a clinically rele-
vant blood donation or participation in a clinical trial
during the last months prior to the start of the study
were excluded. Any medical disorder, condition, or his-
tory of such that would impair the subject’s ability to
participate or complete this study with a special focus
on effect of absorption and metabolism led to exclu-
sion of a subject. Furthermore, subjects were excluded
if they had regular intake of alcohol 250 g pure ethanol
per day or caffeine 2250 mg/d, were active smokers,
and/or had received any systemically available medi-
cation within 4 weeks prior to the intended first study
drug administration unless, due to the corresponding
terminal elimination t,,, values, complete elimination
from the body for the drug and/or its primary metabo-
lites could be assumed. Finally, drug or alcohol depend-
ence and a positive virologic status (anti-HIV test,
HBsAg test, or anti-HCV test) were to be excluded.

Prior to the start of administration of the investiga-
tional products a prestudy examination was performed
to determine the general health status of the subjects.
It included an anamnesis for medical history, a physi-
cal examination, determination of blood pressure and
pulse rate (oscillometry using a manual noninvasive
device), a 12-lead ECG, determination of hematolog-
ic and clinical chemistry parameters, and a urinalysis
(the latter performed by a Good Laboratory Practices—
certified central laboratory using common and quality-
controlled standard methods for determination).

Hospitalizations started 12 hours before study drug
administration in each period and lasted for 48 hours
postdosing. Drug administration was performed
under standardized conditions in an upright position
with 200 mL tap water immediately after consump-
tion of a high-fat breakfast served after an overnight
fast (at least 10 hours). The breakfast consisted of
~150, 250, and 500 to 600 calories from protein, car-
bohydrate, and fat, respectively (1 fried egg [50 g,
bacon [20 g], French bread [50 g] with margarine
[20 g] and ham [40 g], 250 mL of whole milk with
strawberry flavoring [15 g], and gelatin [100 g]).

No additional food (besides the high-fat breakfast)
was allowed for at least 4 hours postdosing. Further
standardized meals were served 4, 8, 12, 24, 28, and
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32 hours postadministration, which had the same
standardized composition in both periods. Water in-
take was standardized over 14 hours after every study
drug administration (200 mL every 2 hours, 4 hours
postadministration until 14 hours postadministra-
tion). Volunteers had to remain in a supine position
for 4 hours after administration.

Blood sampling (5 mL blood per sample) for deter-
mination of nifedipine plasma concentrations was
performed predose as well as 30 minutes, 1 hour,
1 hour and 30 minutes, and 2, 3, 4, 5, 6, 8, 10, 12, 15,
18, 24, 30, 36, 42, and 48 hours postadministration.
Real blood sampling times were documented and used
for the evaluation. Samples were protected from day-
light, frozen, and stored at <-20°C.

Questioning for general well-being was performed
in a nonleading manner. In addition to the questioning
for general well-being at the prestudy examination and
at the time of hospitalization, questioning for general
well-being was also performed in the morning prior to
the study drug administration as well as 1, 4, 8, 12, 24,
36, and 48 hours postadministration and at the post-
study examination. Blood pressure and pulse rate were
measured in the morning prior to the study drug ad-
ministration as well as 1, 2, 4, 8, 12, 24, 36, and
48 hours postadministration. Furthermore, the volun-
teers were asked to report any adverse events spontane-
ously, whether or not they occurred during confinement.

The entire trial was performed in accordance with
the requirements of Good Clinical Practices and the
current version of the Declaration of Helsinki.2%26
Each volunteer provided written informed consent,
which could be withdrawn at any time. The design
and procedures corresponded to recommendations of
international guidelines. The study was approved by
the Ethics Committee of the Faculty of Medical Sciences
of the University of Campinas, Brazil.

Bioanalytics

Bioanalytical works were performed at Galeno
Research Unit, Campinas SP, Brazil. A validated liquid
chromatography—-mass spectometry/mass spectometry
(LC-MS/MS) method for the quantification of nifedi-
pine in plasma samples was used. The analysis was vali-
dated and conducted in conformity with the study
protocol and the US Food and Drug Administration
Guidance for Industry: Bioanalytical Method Valida-
tion.2”2% Nifedipine and the internal standard nimodi-
pine were extracted from human plasma by liquid/liquid
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extraction using a mixture of diethyl ether/hexane
(80/20 v/v). After the organic phase was removed, the
extracts were reconstituted with a fixed volume of
acetonitrile/water (50/50 v/v), which was analyzed by
combined reversed-phase LC-MS/MS with negative
photospray using a multiple reaction monitoring mode.
All processes were carried out under light protection
(yellow light, Osram L “62,” Osram GmbH, Munich,
Germany).

The calibration range of the method was 0.1 (lower
limit of quantitation [LLOQ]) to 500 ng/mL. Mean
interassay accuracy of back-calculated concentrations
for the calibration samples ranged from -9.4% to
5.0% and from =9.7% to 13.0% at the LLOQ. Quality-
control samples in the concentration range of 0.3 to
400 ng/mL were determined with accuracies in the
range of 93.1% to 103.0% and precisions in the range
of 2.8% to 3.7% (interbatch) and 90.0% to 106.8%
and 1.0% to 10.3% (intrabatch), respectively. Frozen
samples were stored at —20°C. Stability data obtained
(ie, postprocessing, freeze-and-thaw, short-term, long-
term, master solution, and working solution stability
tests) did not suggest any relevant degradation of the
analyte at the temperatures and time periods tested.
Measurement of plasma samples obtained was per-
formed in a blinded manner (ie, the bioanalytical per-
sonnel were masked).

Pharmacokinetics and Statistics

All pharmacokinetic parameters were determined
model-independently for each treatment phase using
WinNonlin software program version 5.1 (Pharsight
Corporation, Mountain View, California). Parameters
were determined directly from measured concentra-
tions. Actual sampling times were considered for phar-
macokinetic evaluation. Area under the nifedipine
concentration—time curve from dosing time to the last
measurement time point with a concentration value
above the LLOQ was calculated using the linear/log
trapezoidal method, which used the linear trapezoidal
rule up to C_, ., and afterward, the log trapezoidal
rule for the remainder of the curve. The apparent
elimination rate constant and corresponding elimina-
tion t,,, values were calculated using nonlinear regres-
sion on data points assessed to be located on the
terminal phase of the concentration curves. The lag
time parameter was defined as the time interval from
dosing to the sampling time point showing the first
quantifiable nifedipine concentration.

4

Analyses of variance (ANOVAs) were calculated
for AUC_,» AUC,_, and C_,, after logarithmic
transformation according to a multiplicative model
using the factors subject, sequence, period, subject
(sequence), and treatment. Ninety percent Cls were
calculated for test:reference ratios using retransforma-
tion of the logarithmic data.

RESULTS
Study Population

A total of 12 volunteers were enrolled and finished
the study according to the protocol without major
protocol deviations. The median age was 28.0 years
(range, 21-42 years), the mean weight was 70.2 kg
(range, 58.5-80.0 kg), and the mean body mass index
was 24.2 kg/m? (range, 19.3-27.0 kg/m2).

In Vitro Dissolution Tests

Mean profiles obtained from the in vitro dissolu-
tion tests are depicted in Figure 1. While the reference
formulation was not found to have any significant al-
terations at different pH values of the media, differ-
ences in release profiles were found with the test
product. After a lag time of nearly 2 hours the release
characteristics of the reference product were linear
over the time range up to 18 hours. Fifty percent was
released after 12 hours; ~100% was reached after
24 hours. Differing pH of the medium did not lead to
any changes. In contrast, nifedipine release from the
generic (test) product was lowest at pH 4.5, with
~25% released after 12 hours and 50% after 24 hours.
Surprisingly, the release at pH 1 was a bit higher in the
end (~80% released after 24 hours). Neutral and alka-
line pH values increased the release rate, with ~100%
released after 10 and 12 hours at pH 8 and 6.8,
respectively.

Pharmacokinetics and Statistics

Mean and individual nifedipine plasma concentration—
time profiles are depicted in Figures 2 to 4. Pharma-
cokinetic results are given in Tables I and II; the sta-
tistical evaluation is presented in Table III.

After a lag time of ~1.5 hours, nifedipine plasma
concentrations of the reference product constantly in-
creased to a level of ~18 ng/mL after 6 hours. After that
time point a plateau-like course (nearly 8-12 ng/mL)
between 10 and 36 hours postadministration was ob-
served. The remainder of the curve was characterized
by a decrease to ~2 ng/mL after 48 hours. In contrast,
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Figure 1. In vitro dissolution profiles of (A) test* (n = 6) and (B) referencet (n = 12) formulations of nifedipine
30 mg in 1% sodium dodecyl sulfate media (0.1 M hydrochloric acid, pH 1; acetate buffer, pH 4.5;
phosphate buffer, pH 6.8; phosphate buffer, pH 8) determined in a standard paddle apparatus, 900-mL
vessel with a rotation speed of 100 rpm. *Trademark: Nifedipina Merck® (Merck Generics lItalia,
Valpharma, Italy). TTrademark: Adalat OROS® (marketed in Italy as Adalat Crono) (Bayer SpA, Milan,

Italy).
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Figure 2. Mean (SD) plasma concentration-time curves of nifedipine 30 mg after oral, single-dose administra-
tion of test* and referencet formulations in 12 healthy white male volunteers following a high-fat
breakfast. *Trademark: Nifedipina Merck® (Merck Generics Italia, Valpharma, Italy). tTrademark:
Adalat OROS® (marketed in Italy as Adalat Crono) (Bayer SpA, Milan, Italy).
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Figure 3. Individual plasma concentration-time curves after oral, single-dose administration of a test formu-
lation* of nifedipine 30 mg following a high-fat breakfast in 12 healthy white male volunteers.
*Trademark: Nifedipina Merck® (Merck Generics Italia, Valpharma, Italy).
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Time After Study Drug Administration (h)

Figure 4. Individual plasma concentration-time curves after oral, single-dose administration of a reference for-
mulation* of nifedipine following a high-fat breakfast in 12 healthy white male volunteers.
*Trademark: Adalat OROS® (marketed in Italy as Adalat Crono) (Bayer SpA, Milan, Italy).

the mean curve of the test product did not suggest a
pronounced lag time at the beginning, but an increase
to nearly 10 ng/mL after 4 hours was followed by a
steep rise to a maximum of the curve of ~75 ng/mL
after 6 hours. Beyond that point the curve decreased
to a level of nearly 20 ng/mL after 12 hours followed
by a constant fall to a level of nearly 0.5 ng/mL after
48 hours. The relation of the maxima of the curves
was ~4:1 for the test product versus the reference
product.

The course of the mean curves was supported by the
individual curves of both formulations. The highest maxi-
ma of the curves after intake of the test product was
found in subjects no. 7, 8, and 9, with plasma concen-
trations of 181, 140, and 138 ng/mL, respectively. Thus,
the individual ratios of the maxima following adminis-
tration of the test product compared with the refer-
ence formulation were ~6:1, 9:1, and 5:1. One plasma
concentration—time course following administration of
the reference treatment was unexpected. Subject no. 10
was found to have concentrations close to the LLOQ
24 hours after intake compared with the corresponding
mean concentration at 24 hours of 12.3 ng/mL.

The pharmacokinetic parameters derived under-
lined differences in the comparison of the plasma con-
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centration profiles. Pronounced differences were found
especially for AUC and C_, values of the 2 formula-
tions (ie, the parameters usually used to assess bio-
equivalence in confirmatory settings). The geomet-
ric mean of the AUC, . of the test product was
~1.4-fold higher than that of the reference product;
the mean of C_, value was ~4-fold higher. A loss of
modified-release characteristics was reflected by the
differences in T, and MRT, values. While the
median T__ _values of both products were identical
(6.00 hours), the marked difference in the range
(3.00-8.00 hours for the test product; 5.00-24.08 hours
for the reference product) suggests a distinctly differ-
ent behavior in the in vivo release of nifedipine. More-
over, the median value of the MRT was almost twice
as high for the reference product. A lag time already
observed at the in vitro testing of the GITS system was
also found in vivo. The reference product was found
to have a lag time of ~1.5 hours, while that of the test
product was 0.5 hour.

The determination of point estimates and 90% Cls
for the parameters AUC .., AUC,_, and C_, con-
firmed the differences in the pharmacokinetic vari-
ables derived. The comparison of the 2 products found
significantly higher AUC and AUC,__ values for

0-last
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Table I. Mean pharmacokinetic parameters of nifedipine after oral single-dose administration of test product*
in 12 volunteers (30 mg nifedipine per treatment) following a high-fat breakfast.

Geometric
Variable Mean (SD) Mean
AUC, _, h - ng/mL - 508.54
AUC, .o h - ng/mL - 504.21
Cl.e Ng/mML - 0.34
Conae Ng/mL - 76.46
ty)p 1/h 6.10 (0.76) -
Lag time, h 0.50 (0.48) -
T .0oh 5.43 (1.38) -
MRT,_, h 11.87 (2.20) -

MRT = mean residence time.

CV% Min Median Max
29.76 309.77 499.99 814.37
30.19 306.27 489.95 812.97
74.68 0.12 0.36 1.11
54.11 31.70 77.90 181.00
- 5.00 6.10 7.56
- 0 0.50 1.50
- 3.00 6.00 8.00
- 8.38 11.87 14.74

*Trademark: Nifedipina Merck® (Merck Generics Italia, Valpharma, Italy).

Table Il. Mean pharmacokinetic parameters of nifedipine after oral single-dose administration of reference
product® in 12 volunteers (30 mg nifedipine per treatment) following a high-fat breakfast.

Geometric
Variable Mean (SD) Mean
AUC, _, h- ng/mL - 396.42
AUC .., h - ng/mL - 361.28
Cl. Ng/mML - 1.36
Coae Ng/mL - 19.20
ty 1/h 9.30 (9.91) -
Lag time, h 1.54 (0.75) -
T..0h 10.34 (8.26) -
MRT,, h 20.07 (3.59) -

MRT = mean residence time.

CV% Min Median Max
45.25 160.31 358.02 906.94
30.49 158.68 350.45 598.73
95.41 0.21 1.24 7.23
30.31 11.60 17.60 30.80
- 4.53 5.94 40.22
- 0 1.50 3.00
- 5.00 6.00 24.08
- 9.75 21.03 23.31

*Trademark: Adalat OROS® (marketed in Italy as Adalat Crono) (Bayer SpA, Milan, Italy).

the test formulation, with point estimates of 140% and
128%. The corresponding 90% ClIs were 121% to
161% and 112% to 147 %, respectively. The compari-
son of C__ values found a point estimate of 398%

and a CI of 316% to 503%. Intraindividual variabili-
ty for AUC was ~19% and nearly 32% for C__..

Safety Profile

Adverse events observed during the study occurred
in 5 of the 12 volunteers. In total there were 5 events,
3 with the test product and 2 with the reference prod-
uct. All adverse events were of mild intensity and con-

sidered as not study drug related. Furthermore, none
of the events were serious, and all resolved complete-
ly by the end of the trial. The most frequent adverse
event was headache (4 cases). There were neither rele-
vant changes in the clinical laboratory or ECG values
nor marked changes in vital signs measured during the
study periods. Thus, both treatments were considered
as well tolerated.

DISCUSSION
According to the current European regulations, assess-
ment of bioequivalence after administration of single
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Table Ill. Point estimates and 90% Cls determined
for the primary pharmacokinetic parame-
ters of nifedipine; comparison of the test*
versus referencet product following a high-
fat breakfast.

Point 90% ClI, CVanovar
Variable  Estimate, % % %
AUC, .. 1396  120.9-161.1  19.4
AUC, ., 128.3 111.7-147.3 18.7
C 398.2 315.5-502.6 31.5

max

*Trademark: Nifedipina Merck® (Merck Generics lItalia,
Valpharma, ltaly).

fTrademark: Adalat OROS® (marketed in Italy as Adalat
Crono) (Bayer SpA, Milan, Italy).

doses under fasting and fed conditions in comparison
to the originator (reference) product is essential for an
Abbreviated New Drug Approval of a generic (test)
modified-release formulation to ensure appropriate
efficacy and tolerability. Both products in this trial are
currently approved and marketed in the European
community. Consequently, the test product would be
expected to exhibit a comparable in vivo performance
in the fasted and fed states in comparison to the refer-
ence product.

No differences regarding tolerability were observed
between the test and reference formulations in the
present study. However, it should be considered that
this study was only a single-dose exploratory trial with
a limited number of healthy volunteers.

The 2 products were found to have marked differ-
ences in both in vitro dissolution characteristics and
pharmacokinetics. In vitro dissolution testing found a
differing behavior in drug release of the generic for-
mulation with regard to pH changes of the dissolution
media. In contrast, the reference product was not in-
fluenced by any of those changes but was found to
have a lag time in drug release of ~2 hours. Neutral
and alkaline pH values accelerated nifedipine release.
In contrast, the release of the reference product was
not significantly influenced by any of those changes.

Differences were observed in the nifedipine plasma
concentration—time profiles of both formulations ad-
ministered directly after a high-fat breakfast, which
were underlined by the derived pharmacokinetic pa-
rameters and statistics. In the case of the reference
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product the rate and extent of absorption are regulat-
ed by the push-pull system of the GITS and seemed to
be unaffected by the intake of food. At least 4 clinical
studies performed under both fasted and fed condi-
tions in a similar setting revealed comparable profiles
and pharmacokinetics after administration of the GITS
formulation in the fed state.!”-20 These trials investigat-
ed the pharmacokinetics of nifedipine by comparing
various generic formulations (based on an enteric-coated
principle, an erosion matrix system, or a mini-tablet
formulation) with the GITS formulation. In all studies
the GITS formulation was found to have a lag time of
~1.5 to 2 hours due to the underlying push—pull sys-
tem of the tablet. However, the test product developed
a “dose-dumping” effect after the intake of food. Be-
sides a resultant higher extent of bioavailability, re-
flected by an increase in mean geometric AUC values,
a significant increase in the geometric mean C
was noted. The relation of the latter was found to be
4:1 compared with the originator formulation. More-
over, in individual volunteers, this relation was even
up to 9:1. This phenomenon went along with a loss in
modified-release characteristics, visible by the result-
ing diminished MRT parameter. Concomitant food
intake impairs the ability of the generic to release ni-
fedipine in a regulated manner. The precise underlying
mechanism for this “dose dumping” remains unclear,
and experimental evidence for direct interferences be-
tween food and the formulation is not yet available.
The study was not performed to assess clinical effects
but to characterize bioavailability under fed condi-
tions and, therefore, a normotensive population was
chosen and blood pressure was not continuously moni-
tored. According to the common understanding of
bioequivalence assessment for different formulations,
similar plasma concentration—time profiles are consid-
ered as a prerequisite for comparable efficacy and safe-
ty of 2 formulations containing the same drug sub-
stance.3? The study found that significant differences
especially in rate of bioavailability were observed for
the comparison of both formulations under fed condi-
tions. Therefore, the remarkable differences observed
between the test and reference formulations suggest
that comparable safety and efficacy cannot be ensured.
Furthermore, for nifedipine, a direct relationship be-
tween absorption rate and antihypertensive effects has
repeatedly been confirmed.!0-12

This study was performed in 12 male volunteers
without a formal sample size estimation. Thus, a con-

value
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firmatory assessment of bioequivalence was not pos-
sible. Assuming that the test formulation possesses
pharmacokinetic characteristics similar to those of the
reference formulation under fasting conditions, a re-
markable food effect could be observed in every sub-
ject under treatment with the generic formulation,
while it could not be observed under treatment with
the reference product. A larger study in hypertensive
patients is needed to evaluate the clinical impact of the
current findings. Finally, the results of this investiga-
tion suggest that the 2 products cannot be regarded as
interchangeable.

CONCLUSIONS

A significant difference in the in vitro dissolution char-
acteristics of the 2 products investigated was observed,
with a marked pH dependency of the generic product.
Plasma nifedipine concentration—versus—time profiles
suggest a “dose-dumping” phenomenon with the test
product when taken after a meal. Relevant differences
regarding rate and extent of bioavailability were found
between the 2 products studied under fed conditions.
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