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Abstract
Development of nifedipine into a floating-mucoadhesive system is important due to its low oral bioavailability.
The optimal formula of nifedipine tablet has been found which consisted of 12.02% carbopol 934P, 5% gelatin,
and 7.98% gas generating. This study was aimed to develop and evaluate compartmental modelling of
nifedipine tablet into a floating-mucoadhesive system in vitro and in vivo. In vitro evaluation based on
dissolution profiles using dissolution apparatus type II which was filled with simulation gastric fluid (SGF) pH
1.2 at time 0,30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, and 360 min. In vivo evaluation based on
concentration nifedipine in the plasma after oral administration using white male rats Wistar strain as a subject.
Both samples were collected and analyzed using WinSAAM method. Three compartmental model was proposed
for dissolution profiles and four compartmental model was proposed for in vivo, i.e. model with one lag
compartment. The visual goodness of fit (GOF) confirmed the modelling approach for each evaluation. This lag
compartment was formed from polymers (carbopol 934P and gelatin). This polymers play major role in
controlling the drug release from tablet, thus achieving the desired bioavailability.
Keywords: nifedipine, floating mucoadhesive, in vivo, in vitro, controlled manner
INTRODUCTION
Nifedipine is a calcium channel blocker, which belongs to dihydropyridine derivates. The recommended
adult oral dosage of nifedipine is 10-40 mg given twice daily. The drug has a short biological half-life of
approximately 2–3 hours, an absolute bioavailability of 45-75%, and it is absorbed only in the initial part of the
small intestine 1. The formulation in sustained release dosage form, an especially gastro retentive system is
desirable.
Gastroretentive systems can remain in the gastric region for several hours and hence significantly
prolong the gastric residence time of drugs. Prolonged gastric retention improves bioavailability, reduces drug
waste, and improves solubility for drugs that are less soluble in a high pH environment 2. Floating system is
low-density system that have sufficient buoyancy to float over the gastric contents and remain in the stomach for
a prolonged period. While the system floats over the gastric contents, the drug is released slowly at the desired
rate, which results in increased gastro-retention time and reduces fluctuation in plasma drug concentration. After
floating, this system switched into mucoadhesive based on an interaction between the mucin layer that lines the
entire gastric, increasing the intimacy and duration of contact between the dosage form and the biological
membrane 3.
The design of drug formulations is based on the principles of pharmacokinetics, biopharmaceutics and
pharmaceutical technology. The framework of the methodology is a step-wise iterative procedure that includes
the data on pharmacokinetic and biopharmaceutical properties of the drug itself, the data on the therapeutic
range of plasma concentrations, the analytical method for the identification of drug concentrations in artificial
and biological fluids, the procedures of mathematical modelling and computer simulation, in vitro and in vivo
testing procedures and a clearly defined purpose of the study 4.
The previous study were obtained the optimum formula of nifedipine tablet which consisted of 12.02%
carbopol 934P, 5% gelatin, and 7.98% gas generating 5. Furthermore, it is important to study the kinetic release
of nifedipine, both in vitro and in vivo. The aim of the current study was to develop and evaluate compartmental
modelling approach which could explain the pharmacokinetic and biopharmaceutical properties of nifedipine.
The proposed model implements one lag compartment which describe the system in a controlled manner.
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MATERIALS AND METHODS
Materials
The materials used were nifedipine (Italy), carbopol 934P (Hongkong), citric acid (China), sodium
bicarbonate (Germany), polyvinylpyrrolidone K-30 (China), magnesium stearate, avicel PH 102
(pharmaceutical grade), ethanol 96%, acid hydrochloride (technical grade), and white male rats Wistar strain as
subject.
The instruments used were digital and analytical scales, mortar and stamper, sieve no. 18 and 20,
dissolution apparatus type II paddle (Electrolab TDT-08L), tablet machine, spectrophotometer UV-Vis mini
1240 (Shimadzu), UPLC (Waters Acquity H Class).
Formulation of floating-mucoadhesive nifedipine tablet
Preparation of tablets was done using 30% drug load of nifedipine in polyvinylpyrrolidone K-30 which
described in the previous study 6. All materials were weighted (Table 1), then nifedipine solid dispersion and
citric acid were firstly mixed. On the other side, carbopol 934P and gelatin were blended, then added into the
first mixture. Next, the proper amount of sodium bicarbonate and avicel PH 102 were gradually added. Wet
granules were sieved no 14 then dried (at a temperature of 50oC for 5 hours). The dried granules were sieved no
16, then magnesium stearate was added. Granules were compressed using tablet machine equipped with a
6.0mm round biconvex punch and die set. After compression, all the tablets were stored in double polythene
bags at room temperature for further study.
Table 1. The optimal formula of nifedipine tablet

No
1
2
3
4
5
6
7

Materials
Nifedipine solid dispersion
Carbopol 934P
Gelatin
Citric acid
Sodium bicarbonate
Magnesium stearate
Avicel PH 102

Amount (mg)
133,3
24,04
10
6,89
9,07
6
10,70

Pre-compression parameters
Pre-compression parameters included moisture content and flow property. Moisture content was
determined using moisture meter. Flow property was predicted from the rate of 100-gram granules to flow
through the funnel freely onto the surface. Free flowing property was obtained when the flow rate of granules is
not more than 10 second or more than 10 gram/second 7.
Post-compression parameters
Hardness and Friability
The hardness and friability of 20 tablets each was determined using the Pfizer hardness tester and Electro lab
friabilator test apparatus, respectively 7.
Content uniformity
Ten tablets were weighed, powdered and equivalent to 50 mg of nifedipine was weighed and dissolved in
sufficient quantity of methanol. The solution was suitably diluted with simulated gastric fluid (SGF) pH
1.2±0.05 into 100 mL glass vial and the content of nifedipine was estimated spectrophotometrically at 237 nm
using simulated gastric fluid (SGF) pH 1.2 as a blank 7.
Floating capacity
Floating characteristics of the prepared formulations were determined using simulated gastric fluid (SGF) pH
1.2±0.05, maintained at 37 ±0.5°C. The time between the introduction of the tablet and its buoyancy on the
simulated gastric fluid (floating lag time) and the time during which the dosage form remain buoyant (floating
duration) were measured 8.
In vitro mucoadhesive
Fresh rat gastric mucosa was used for in vitro mucoadhesive. The mucosal membrane was cleaned and separated
by removing the underlying fat and loose tissues. The mucoadhesive strength of optimal formula was measured
on a modified physical balance (Fig. 1). The device was mainly composed of a two-arm balance. The right-arm
of the balance was replaced by a small plastic cap vertically suspended through a wire. At the same side, a
movable platform was maintained in the bottom in order to fix the model mucosal membrane. The fresh gastric
mucosa was cut into pieces and washed with simulated gastric fluid (SGF) pH 1.2±0.05. A piece of gastric
mucosa was tied to the open mouth of a glass vial, which was placed and tightly fitted in the center of a glass
beaker. The simulated gastric fluid (SGF) pH 1.2±0.05 was filled into the glass beaker in such a way that it
makes contact with the gastric mucosal surface. Two pans of the balance were balanced with 5 g weight on the
left-hand side pan. A weight of 5 g was removed from the left-hand side pan, which lowered the pan along with
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the optimal formula over the mucosa. The balance was kept in this position for 5 min contact time, and then
slowly the weights were increased on the left-hand side pan till the optimal formula separated from the mucosal
surface 9.

Figure 1. Modified apparatus for mucoadhesion test

In vitro drug release study
Drug release from the tablets was studied using USP dissolution apparatus (Electrolab TDT-08L), type II
(paddle method). A tablet was placed inside and immersed in a dissolution vessel (n = 6) containing 900 mL of
simulated gastric fluid (SGF) pH 1.2±0.05, maintained at 37 ±0.5°C with a paddle rotation speed at 50 rpm. The
amount of drug released after 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, and 360 min was determined
using UV spectrophotometer (Shimadzu) at 237 nm. Release profiles of the designed formulation were
calculated 10.
Drug release kinetics
In vitro release data were subjected to model fitting analysis to know the order of drug release by treating
the data according to zero order, first order and Higuchi’s release kinetic equations. The zero-order kinetics
describes the systems where the drug release rate is independent of time and drug concentration of the dissolved
substance. The first-order kinetics describes systems where the drug release rate depends on its concentration.
The Higuchi model indicate that the drug release is controlled by the diffusion mechanism. The criterion for
selecting the most appropriate model was based on the highest representative regression coefficients (R) value
11
.
In vivo evaluation
In order to ascertain the pharmacokinetic property and expected clinical efficacy, in vivo evaluation of
the optimal formulation containing 30% drug load of nifedipine was carried out. The bioavailability study was
conducted using white male rats Wistar strain. Prior ethical approval was taken from the Health Research Ethic
Committee, Faculty of Public Health, Diponegoro University, for carrying out this study (Protocol approval
number: 216/EC/FKM/2013) 10, 12.
Drug analysis
Serum samples were analyzed for nifedipine with a validated bioanalytical method using UPLC (Waters
Acquity H Class) comprising of a pump (LC-20AD), autosampler (SIL-20AD), the photodiode array detector,
and a column oven (CH-30A). The separation was performed on a reverse phase, Waters BEH C18 as stationary
phase, and a mobile phase consisting of methanol, acid aqua distillate, acetonitrile with a gradient system (Table
2). Flow rate was 0,3 mL/ min, the system was operated at a wavelength of 237 nm, and temperature of the
column oven was set at 40°C. Glibenclamide was used as internal standard for analysis of nifedipine 13.
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Table 2. Specification of UPLC

Time
(min)
Initial
1
3
3,5
5
8

Flow
(mL/min)
0,3
0,3
0,3
0,3
0,3
0,3

Methanol
(mL)
50
45
35
35
5
50

Acid aqua distillate
(mL)
15
15
20
20
15
15

Acetonitrile
(mL)
35
40
45
45
80
35

The peaks of nifedipine and glibenclamide were resolved with good symmetry. The retention time for
nifedipine and glibenclamide was 2.59 and 4.23 min, respectively (Fig. 2). The typical assay run time was 8
min. The bioanalytical method was validated as per ICH guidelines. The serum drug concentration-time data
was subjected to compartmental analysis using a pharmacokinetic software, WinSAAM to obtain various
pharmacokinetic parameters. Relative bioavailability (Cmax, T1/2) was compared to immediate product.

Figure 2. Separation analysis of nifedipine using glibenclamide as internal standard

Modelling analyses
The cumulative amounts of the nifedipine were plotted as a function of time. Data were then analyzed
based on the compartmental model approach. In this approach, compartmental models consisted of models with
none (model 2) or one (model 3) lag compartment for in vitro drug analysis (Fig. 3) and none (model 3) or one
(model 4) lag compartment for in vivo evaluation (Fig. 4). The modelling was performed using WinSAAM.
Furthermore, evaluation of model appropriateness to transport data was performed based on the evaluation of
visual goodness of fit (GOF) 14,15.
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Figure 3. In vitro schematic compartmental models

Notes:
IC (1) : initial dose amount (in the tablet)
L (2,1) : coefficient of drug transport from the compartment 1 (tablet) to the compartment 2 (dissolution
medium)
L (3,1) : coefficient of drug transport from the compartment 1 (tablet) to the compartment 3 (lag compartment)
L (2,3) : coefficient of drug transport from the compartment 3 (lag compartment) to the compartment 2
(dissolution medium)
DT (3) : delay time of drug in the lag compartment
DN (3) : theoretical delay number of partial elements or pseudo-compartment in a certain lag compartment
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Figure 4. In vivo schematic compartmental models

Notes:
IC (1) : initial dose amount (in the tablet)
L (2,1) : coefficient of drug transport from the compartment 1 (tablet) to the compartment 2 (systemic
circulation)
L (0,2) : coefficient of drug transport from the compartment 2 (systemic circulation) to the compartment 0
(elimination)
L (3,1) : coefficient of drug transport from the compartment 1 (tablet) to the compartment 3 (lag compartment)
L (2,3) : coefficient of drug transport from the compartment 3 (lag compartment) to the compartment 2
(systemic circulation)
DT (3) : delay time of drug in the lag compartment
DN (3) : theoretical delay number of partial elements or pseudo- compartment in a certain lag compartment
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RESULT AND DISCUSSION
Physical properties of granules
Physical properties of the granules are shown in Table 3. The results of moisture content has correlated to
flow property. The less moisture content gave a good flow properties of the granules.
Evaluation of floating mucoadhesive nifedipine tablet
The weight variation found less than 5%, hardness was within 4-10 kg/cm2, friability was less than 1%,
and drug content was ranged from 90-110% (Table 3). The weight variation and friability of the optimal formula
complied with United State Pharmacopoeia as the tablets were prepared by wet granulation. The data proved
that all the physical parameters of optimal formula were within control.
Table 3. Physical properties of optimal formula

Parameters

Optimal formula

Moisture content* (%)
Flow rate* (g/sec)
Weight variation* (mg)
CV (%)
Hardness* (kg/cm2)
Friability* (%)
Content uniformity* (%)
CV (%)
Dissolution profiles C360* (%)
Floating lag time** (second)
Total floating duration (hours)
In vitro mucoadhesive* (N)

3.00±0.09
10.68±0.02
200.02±0.12
0.06
4.51±0.08
0.49±0.01
102.17±0.89
0.87
58.86±0.75
100.20±1.82
> 24
0.1011±1.80 x10-3

Note:
* Mean  SD; n = 6
** Mean  SD; n = 20
Floating capacity
The Floating Lag Time (FLT) and duration of buoyancy was noted visually. The floating lag time was
100.20 second or 1.67 min. The duration of buoyancy time of the optimal formula was found to be 24 hours.
The result shows that the optimal formula pass the test as shown in Fig. 5.

Figure 5. Floating lag time and duration of floating

The tablet floated immediately upon immersion in to the media and remained floated for 24 hours.
Sodium bicarbonate and citric acid were employed as gas forming agents dispersed in the matrix and this
formulation was found to be appropriate for achieving desired buoyancy characteristics. Addition of sodium
bicarbonate was found essential to ensure rapid
floating. Upon immersion, sodium bicarbonate starts reaction immediately with the acidic dissolution media and
added citric acid. This reaction generates sufficient amount of CO2 which get entrapped and protected within the
gel layer formed by hydration of carbopol 934P and gelatin. This leads to decreased density of the tablet, as a
result of which the tablet becomes buoyant 10. Buoyancy property is further facilitated by relatively good acid
solubility of nifedipin solid dispersion which causes faster penetration of dissolution media into the matrix 5.
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This in turn causes quicker initiation of reaction resulting in faster generation of CO2 making the tablets more
buoyant.
In vitro mucoadhesive
In vitro mucoadhesive is important for mucoadhesion property of tablet. If the mucoadhesive strengh is
more, then the drug absorption will be more through that site (gastric mucosa) resulting high bioavailability.
Mucoadhesive strength may be due to the formation of strong gel from polymer (carbopol 934P and gelatin)
which penetrate deeply into the molecules of mucin and show strong bioadhesion, as shown in Table 3.
In vitro drug release study
Release parameters of the tablets are summarized in Fig. 6 and Table 3. Nifedipine release from the
prepared tablets was slow, spread over more than 12 hours, and depended on the grade of the controlled release
polymer. Accordingly, dissolution requirements for nifedipine sustained release tablets were specified by the
USP. The fraction of drug dissolved using USP apparatus type II at 50 rpm is specified for nifedipine sustained
release tablets as 10–30% release at 3 hours, 40–65% at 6 hours, and not less than 80% at 12 hours. Optimal
formula gave a release profile comparable to the theoretical sustained release administration of nifedipine.

Figure 6. Cumulative drug release (%) vs time (min)

Kinetic analysis of dissolution data
The dissolution kinetics of optimal formula were applied to various dissolution models such as zero
order, first order, and Higuchi. The best fitted model gives the highest R value (Table 4). Thus, Higuchi model
fits best for the dissolution data of optimal formula as it showed the highest value for R which indicate that the
drug release from a system in controlled manner 16, 17. In the dissolution medium, tablet shows swelling and
burst release of drug and after that combination of carbopol 934P and gelatin acts as release retardant polymer
and gives the release of drug in sustained manner.
Table 4. R values and slope values of floating mucoadhesive nifedipine tablet

Models
Zero order
First order
Higuchi

R values
0,9692
0,9575
0,9916

Slope values
11,8345
1,9516
– 10,3473

Pharmacokinetic evaluation
The in vivo studies in rats revealed that nifedipine formulation exhibited a slow and sustained rate of drug
absorption was still detectable in 24 hours. The mean plasma concentration versus time profiles after oral
administration was depicted in Fig. 7. The pharmacokinetic parameters, Cmax and T1/2 values were 4.096±0,06
μg/mL and 3.22 hours, respectively. It was found that Cmax values of optimal formula were higher than
immediate formulation using ethyl celulose and eudragit RL as matrix polymer, which is 1.304±0.12 µg/mL and
1.377±0.21 µg/mL, respectively 18. This condition causes the prolonged T1/2 values when compared with the
immediate product.
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Figure 7. Overlain mean serum nifedipine concentration time profiles after oral single dose administration of optimal formulation

Modelling of nifedipine transport
The results of the compartmental model were presented in Fig. 8 (presentation of in vitro model fitting)
and Fig. 9 (presentation of in vivo model fitting). Model evaluation based on the standard goodness of fit
evaluation, i.e. the correlation of QO (observed transport of nifedipine) versus QC (predicted transport of
nifedipine) presented together with line of identity 15. Data in Fig. 8 showed model B (in vitro evaluation) and
Fig. 9 showed model B (in vivo evaluation) could describe the observation data better than other model. Such
indication was in agreement with data on Fig. 10, where the goodness of fit evaluations also indicated the less
deviation between model prediction and the observed data.
(%)
Nifedipine
release

(A)

Time (min)

(%)
Nifedipine
release

(B)

Time (min)
Figure 8. Curve fitting of nifedipine in the dissolution medium: two compartment (A); three compartment (B)
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Cp
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(A)

Time (min)
Cp
(µg/mL)

(B)

Time (min)
Figure 9. Curve fitting of nifedipine serum concentration: three compartment (A); four compartment (B)

The nifedipine transport was best described using model B-B. As presented in Fig. 8 and 9, the model
implements 3 compartments with separate lag compartment. The presence of lag compartment may retain drug
molecules longer before entering into the acceptor compartment (compartment 2). The lag compartment acts a
barrier for drug to release, both in dissolution media and systemic circulation.

(1)
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(2)

Figure 10. Typical examples of goodness of fit (GOF) of nifedipin fitted using model 1 (in vitro) and model 2 (in vivo). Panels depict GOF
based on the correlation of QO (observed transport of nifedipine) versus QC (predicted transport of nifedipine) presented together with line
of identity (solid line)

CONCLUSION
The compartmental modelling approach of floating mucoadhesive nifedipine tablet was successfully
carried out. Satisfactory correlation were also observed between the in vitro dissolution and in vivo absorption
data. The lag compartment was formed from polymers, i.e carbopol 934P and gelatin. This polymers play major
role in controlling the drug release from tablet, thus achieving the desired bioavailability.
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