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Formulation and development of floating
multiple-unit minitablets of Nimodipine
without using a gas-generating agent:
in vitro and in vivo characterization
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Abstract

Background: Floating drug delivery systems have been reported for different active pharmaceutical ingredients as
single-unit tablets with gas-generating agents. In this present research, the formulation of floating multiple-unit
minitablets of Nimodipine without using gas-generating agent was attempted with an objective of increased
residence time, sustain-release and improved oral bioavailability. Solid dispersion with different ratios (1:0.5, 1:1, 1:
1.5, 1:2, 1:2.5) of drug with the lipophilic carrier such as Compritol ATO 888, Gelucire 43/01, G39/01 and Precirol ATO
05 was formulated using melt granulation technique. The adsorbent Sylysia 350 to lipophilic carrier is maintained at
1:1. The granules were compressed into minitablets weighing 15 mg and were filled into a ‘0’ size capsule.

Results: Differential scanning calorimetry study justified no interaction of the drug with excipients. The formulations
which exhibited desirable flow property, floating lag time less than 1 min and floating time of 12 h were further
characterized for various post-compression parameters. The optimized single-dose (capsule) of floating multiple-unit
minitablets of Nimodipine consisting of 60 mg of drug, 120 mg of G43/01 and 120 mg of Sylysia 350 showed an
average of floating lag time within 24.48 s, floating time of 14.32 h and sustained-release up to 12 h.
Pharmacokinetic study of the optimized formulation (F9) showed nearly 2.5 times increase in area under the curve
with increased residence time in comparison to aqueous suspension of Nimodipine. The stability study revealed no
significant change in various parameters before and after storage.

Conclusion: Hence, gelucire 43/01-based multiple-unit minitablets of Nimodipine can be considered a promising
approach for sustaining the drug release with gastric retention for 12 h without using gas-generating agent.
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Background
For a long time, oral-controlled release (CR) formulations
are popularly used for controlling the release of drugs. Short
transit time of drug with the absorption window in the
stomach causes the release of drug in the non-absorbing
distal segment of GIT leading to poor bioavailability [1, 2].
These features are responsible for the design of gastro-
retentive formulations [3, 4]. Dose-dumping is the main
disadvantage associated with sustained-release single-unit

dosage form due to polymer failure [5, 6]. Like other
multiple-unit systems, minitablets can be considered a
promising approach which releases the drug from the sub-
units (minitablets) after the disintegration of capsule [7, 8].
The drug having short biological half-life favours develop-

ment of a sustained-release (SR) while drug with absorption
window in upper GI tract favours the development of float-
ing drug delivery system, respectively [9–12]. Even though
Nimodipine was developed as a calcium channel blocker,
but later, it was used more frequently in preventing a major
complication of subarachnoid haemorrhage. Hydrophobic
polymer can be used in the preparation of sustained and
floating formulations. Hydrophobicity of certain carriers
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such as Compritol ATO 888 (COM), Gelucire 43/01(G43/
01), Gelucire 39/01 (G39/01) and precirol ATO 05 (PRE) is
the reason for their release retarding ability [13]. Hydropho-
bic polymer retards the hydration rate of the matrix which
results variability in release profile. Hydrophobicity of car-
riers such as COM, G43/01, G39/01 and PRE is due to the
presence of the certain hydrophobic group in their molecu-
lar structure. It can be inferred from their low HLB value.
This is the reason for retarding the matrix wetting rate by
using these polymers as carrier. Their low melting point
makes them suitable for melt granulation method thereby
obviating the need for organic solvents for solubilization.
The higher concentration of lipophilic carriers promotes
better control of the drug release because of the increase of
lipid matrix density and long diffusion path length [14, 15].
Many researchers have attempted floating granules and tab-
lets using lipid carriers alone and also in combination with
polymers like hydroxypropylmethylcellulose and ethylcellu-
lose [16]. Hence, in the present research work, it is planned
to use hydrophobic carriers in the formulation of floating
multiple-unit minitablets (FMM) of Nimodipine to achieve
floating with sustain-release for 12 h.

Materials
Nimodipine was received as a gift sample from Aurobindo
Pharma (Hyderabad, India). SYL was kindly provided as
ex-gratis by Fuji Chemicals Pvt. Ltd. (Japan). COM, G43/
01, G39/01 and PRE were provided as gift samples from
Gattefosse Pvt. Ltd. (Mumbai, India). All other chemicals
and solvents were of analytical grade or highest quality
and were used as such as obtained.

Methods
Preparation of FMM of Nimodipine
Melt granulation technique was adopted for preparing
the solid dispersion of Nimodipine and lipophilic carrier
such as COM, G43/01, G39/01 and PRE. The lipophilic
carrier was heated on a water bath in a temperature
range of 50 to 60 °C with continuous stirring. To the
molten lipid dispersion, Nimodipine powder was added
and stirred for 10 min. The SYL in 1:1 ratio with lipo-
philic carrier was added to the dispersion with continued
mixing for 10 min in order to solidify the molten mass.
Then, solid dispersion was sieved through mesh no. #
40. The resultant granules were compressed into 3-mm
circular minitablets and were filled into a gelatine cap-
sule of size ‘0’ [17].

Compatibility studies using differential scanning calorimeter
The pure drug Nimodipine and its solid dispersions with
carriers were examined for compatibility study employing
DSC (Shimazu Ltd., Japan). All the accurately weighed
samples were placed in sealed aluminum pans before pla-
cing the pan on sample holder at a scanning rate of 10 °C/

min from room temperature up to 220 °C. An empty
aluminum pan was used as a reference. The DSC curve
was plotted over a temperature range in order to predict
the thermodynamic compatibility [18].

Micromeritic properties of granules
The pure drug Nimodipine and solid dispersion granules
of all the prepared formulations were characterised for
various micromeritic properties. The bulk density, tap
density, angle of repose, Carr’s Index, and Hausner’s
ratio of all the formulations were determined as per
standard procedure [19].

In vitro buoyancy studies
Measurement of floating lag time
The FLT was determined by conducting in vitro buoy-
ancy studies for each of the formulation. The required
number of FMM was placed in a beaker containing 100
mL of 0.1 N HCl. FLT may be defined as the time re-
quired for each of the minitablets to start floating on the
surface of the dissolution media [20].

Measurement of floating time
FMM tablets were placed in USP dissolution apparatus-
II containing 900 mL of 0.1 N HCl to determine FT of
each formulation. FT is the total time or duration of
floating when a dosage form is placed in a dissolution
media [21].

Evaluation of post-compression parameters
The compressed minitablets were subjected to various
quality control tests such as weight variation, hardness,
friability, disintegration and drug content as per the stand-
ard procedure [22]. Weight variation was determined by
weighing 20 minitablets individually, hardness was deter-
mined by taking 6 tablets from each formulation using a
digital hardness tester (Electro lab Ltd., India), friability
was determined taking minitablets equivalent to 6.5 g in a
Roche® friabilator (Electrolab Pvt. Ltd., India), which was
rotated for 4min at 25 rpm. The disintegration test was
performed for 1 h in 0.1 N HCl by taking 6 minitablets.
Drug content was determined by taking ten weighed mini-
tablets from each formulation and finely powdered. The
powder equivalent to 25mg of Nimodipine was weighed
and taken in a 25-ml volumetric flask, extracted with 0.1
N HCl. The mixture was then filtered and 1ml of the
filtrate was suitably diluted and analysed at 350 nm
spectrophotometrically.

In vitro dissolution studies
The in vitro dissolution studies of different FMM were
conducted in a USP dissolution apparatus-II (paddle
method with a paddle speed of 50 rpm) taking 900 mL
0.1 N HCl as dissolution medium maintained at 37 ±
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Table 1 Composition of nimodipine solid dispersion systems

Formulations Nimodipine (g) Compritol ATO 888 (g) Gelucire 43/01 (g) Gelucire 39/01 (g) Precirol ATO 5 (g) Sylysia 350 (g)

F1 1 0.5 – – – 0.5

F2 1 1 – – – 1

F3 1 1.5 – – – 1.5

F4 1 2 – – – 2

F5 1 2.5 – – – 2.5

F6 1 – 0.5 – – 0.5

F7 1 – 1 – – 1

F8 1 – 1.5 – – 1.5

F9 1 – 2 – – 2

F10 1 – 2.5 – – 2.5

F11 1 – – 0.5 – 0.5

F12 1 – – 1 – 1

F13 1 – – 1.5 – 1.5

F14 1 – – 2 – 2

F15 1 – – 2.5 – 2.5

F16 1 – – – 0.5 0.5

F17 1 – – – 1 1

F18 1 – – – 1.5 1.5

F19 1 – – – 2 2

F20 1 – – – 2.5 2.5

Table 2 Composition of minitablet (weight of each minitablet 15 mg)

Formulation Quantity drug and excipient (mg) in each solid dispersion formulation Number
of
tablets
for 60
mg dose

Nimodipine Compritol ATO 888 Gelucire 43/01 Gelucire 39/01 Precirol ATO 5 Sylysia 350

F1 7.5 3.75 – – – 3.75 8

F2 5 5 – – – 5 12

F3 3.75 5.625 – – – 5.625 16

F4 3 6 – – – 6 20

F5 2.5 6.25 – – – 6.25 24

F6 7.5 – 3.75 – – 3.75 8

F7 5 – 5 – – 5 12

F8 3.75 – 5.625 – – 5.625 16

F9 3 – 6 – – 6 20

F10 2.5 – 6.25 – – 6.25 24

F11 7.5 – – 3.75 – 3.75 8

F12 5 – – 5 – 5 12

F13 3.75 – – 5.625 – 5.625 16

F14 3 – – 6 – 6 20

F15 2.5 – – 6.25 – 6.25 24

F16 7.5 – – – 3.75 3.75 8

F17 5 – – – 5 5 12

F18 3.75 – – – 5.625 5.625 16

F19 3 – – – 6 6 20

F20 2.5 – – – 6.25 6.25 24
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0.5 °C. A total of 5 mL sample was withdrawn at regular
time intervals up to 12 h (0.5, 1, 1.5, 2, 4, 6, 8, 10 and 12
h) and were analysed using UV-spectrophotometer at
354 nm. The kinetics of drug release were analysed from
the dissolution data by using zero-order, first order,
Higuchi, and Korsmeyer-Peppas model [23, 24].
Zero order equation is Q = K0t.
First order equation is ln (100 −Q) = ln 100 − K1t
Higuchi Equation is Q = K2 √ t
Korsmeyer Peppa’s equation is log Mt

M∞
¼ logK þ n logt

where Q is the amount of drug released at time t, K0

zero order release rate constant, K1 is first order release
rate constant, the time, K2 diffusion rate constant, is the
amount of drug released at time t, Mt is the amount of
drug released at time t, M∞ is the amount of drug released
at infinite time, initial amount of the drug in solution, K
release rate constant and n is diffusional exponent.

Stability study
Stability study of the prepared FMM of Nimodipine was con-
ducted for a period of 6months as prescribed in ICH guide-
lines. The formulations were examined at the time points of
0, 1, 3 and 6months for the different parameters [25].

In vivo pharmacokinetic study
Twelve number of male albino rabbits of body weight
1.5 kg were selected from the stock of animal house.
They were divided into 2 groups having 6 animals in each
group for test (minitablet administration) and standard
(aqueous suspension of nimodipine). They were treated
with hygienic food and fresh water twice daily. All animals
were maintained for a wash-out period of 15 days prior to
the study. The dose of nimodipine was calculated as 4.2
mg for each rabbit of weight approx. 1.5 kg.

The dose for rabbit was calculated as follows

Total dose in humansð Þ � 0:07 factor for each 1:5 kg weight of rabbitð Þ
¼ 60� 0:07� 1:5ð Þ=1:5 ¼ 4:2 mg for 1:5 kg rabbit

The optimised formulation (minitablet) and aqueous
dispersion of Nimodipine were administered in the
form of dispersion to six male rabbits each in two
groups using Ryle’s tube [26]. At different time points
(0.5, 2, 4, 8, 12 and 24 h), blood sample of 0.5 mL was
withdrawn from the marginal ear vein of the rabbit.
Each blood samples was centrifuged for 10 min at 3000
rpm and the supernatant layer, i.e. serum was collected
using micropipette. All the samples were analysed using

Fig. 1 DSC thermo-gram of a: pure drug Nimodipine, b: solid dispersion of Nimodipine with Compritol ATO 888 (1:1), c: Solid dispersion of Nimodipine
with Gelucire 43/01 (1:1), d: Solid dispersion of Nimodipine with Gelucire 39/01(1:1), e: Solid dispersion of Nimodipine with Precirol ATO 05(1:1)
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reverse-phase ultrafast liquid chromatographic (UFLC)
method. The various pharmacokinetic parameters like
elimination rate constant (K), half-life (t1/2), peak
plasma concentration (Cmax), time to attain the peak
plasma concentration (Tmax), area under the curve
(AUC) and area under the first moment curve (AUMC)
were calculated. The animal experiments complied with
the ARRIVE guidelines and carried out in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986
and associated guidelines, EU Directive 2010/63/EU for
animal experiments. The pharmacokinetic study was
approved by Institutional Animals Ethics committee
[926/PO/Re/5/06/CPCSEA, Approval No.97]. Anaes-
thetic agents are not used since the procedures associ-
ated with routine blood withdrawal. Euthanasia method
is not applicable for this study since the animals were
rehabilitated after the study period as per the standard
procedure. The animals were procured from Saha En-
terprise, Kolkata, India (CPCSEA Regd no: 1828/PO/
Bt/S/15/CPCSEA).

Results
The composition of solid dispersion with different ratios
(1:0.5, 1:1, 1:1.5, 1:2, 1:2.5) of drug with the lipophilic

carrier such as COM, G43/01, G39/01 and PRE are
given in Table 1. The adsorbent SYL to lipophilic carrier
is maintained at 1:1. Each minitablet weighing 15mg is
filled into a ‘0’ size capsule. The composition of each
formulation of FMM is illustrated in Table 2.

Compatibility studies using differential scanning calorimeter
FMM DSC study revealed that the pure drug Nimodi-
pine showed a sharp endothermic peak at 124.6 °C with
a narrow melting range with an onset temperature of
122 °C and end set temperature of 128 °C. The peaks
remained nearly the same in all representative formula-
tion such as F1, F6, F11 and F16. Figure 1 confirms that
no significant overlapping or shifting of the peak in the
thermograms, however, broadening of peaks was ob-
served in all formulations indicating the formation of
solid dispersion.

Micromeritic properties of granules
The micromeritic parameters for all the formulation as
well as the pure drug were studied and the results are
depicted in Table 3. The micromeritic properties of pure
drug revealed that the flowability and compressibility were
very poor for processing into tablet dosage form. All the

Table 4 Determination of density, floating lag time and floating
time of minitablets

Formulations *Density
(g.cm−3)

*Floating lag
time (s)

*Floating
duration (h)

*%
Floating

F1 0.20 ± 0.01 NF IF IF

F2 0.21 ± 0.02 NF IF IF

F3 0.24 ± 0.01 235 ± 12 1 ± 0.06 50 ± 2

F4 0.22 ± 0.01 128 ± 7 1.5 ± 0.08 70 ± 3

F5 0.21 ± 0.03 85 ± 3 1 ± 0.04 80 ± 2

F6 0.21 ± 0.01 65 ± 2 6 ± 0.2 90 ± 4

F7 0.20 ± 0.02 56 ± 2 10 ± 0.3 95 ± 2

F8 0.21 ± 0.02 35 ± 3 12 ± 0.4 94 ± 3

F9 0.24 ± 0.02 18 ± 1 14 ± 0.3 100 ± 4

F10 0.23 ± 0.01 15 ± 1 16 ± 0.2 100 ± 3

F11 0.20 ± 0.01 70 ± 2 7 ± 0.2 92 ± 3

F12 0.24 ± 0.02 62 ± 3 9 ± 0.3 96 ± 4

F13 0.20 ± 0.01 38 ± 2 11 ± 0.2 94 ± 3

F14 0.23 ± 0.01 22 ± 1 14 ± 0.4 98 ± 3

F15 0.21 ± 0.03 17 ± 1 16 ± 0.3 100 ± 3

F16 0.22 ± 0.01 NF IF IF

F17 0.24 ± 0.01 NF IF IF

F18 0.21 ± 0.02 345 ± 11 1.5 ± 0.06 45 ± 2

F19 0.23 ± 0.02 226 ± 8 1.2 ± 0.04 65 ± 3

F20 0.23 ± 0.01 175 ± 9 2 ± 0.01 70 ± 2

*Mean ± SD, n = 6, NF Not Floating, IF Instant floating

Table 3 Micromertics properties of solid dispersions

Formulations *Angle of repose
(0)

*Carr’s index
(C.I)

*Hausner’s ratio
(H.R)

Nimodipine 42 ± 2.4 29 ± 2.1 1.46 ± 0.8

F1 24.23 ± 2.1 15.62 ± 1.6 1.19 ± 0.4

F2 22.67 ± 1.9 16.18 ± 1.2 1.22 ± 0.7

F3 22.48 ± 2.2 14.42 ± 1.2 1.18 ± 0.2

F4 20.67 ± 1.9 16.89 ± 1.2 1.22 ± 0.7

F5 24.23 ± 2.1 17.62 ± 1.6 1.19 ± 0.4

F6 23.23 ± 2.1 15.62 ± 1.6 1.19 ± 0.4

F7 22.67 ± 1.9 16.89 ± 1.2 1.22 ± 0.7

F8 22.48 ± 2.2 15.39 ± 1.2 1.18 ± 0.2

F9 24.48 ± 2.2 14.32 ± 1.2 1.18 ± 0.2

F10 21.67 ± 1.9 18.89 ± 1.2 1.22 ± 0.7

F11 22.23 ± 2.1 16.62 ± 1.6 1.19 ± 0.4

F12 24.67 ± 1.9 17.89 ± 1.2 1.22 ± 0.7

F13 22.48 ± 2.2 15.46 ± 1.2 1.19 ± 0.2

F14 24.48 ± 2.2 14.25 ± 1.2 1.18 ± 0.2

F15 22.67 ± 1.9 16.89 ± 1.2 1.22 ± 0.7

F16 21.54 ± 2.1 17.13 ± 1.6 1.15 ± 0.4

F17 23.61 ± 1.9 16.16 ± 1.4 1.23 ± 0.3

F18 21.24 ± 3.1 14.31 ± 1.2 1.22 ± 0.2

F19 25.15 ± 2.2 15.16 ± 2.6 1.21 ± 0.2

F20 21.56 ± 1.9 13.14 ± 1.2 1.19 ± 0.7

*Mean ± SD, n = 6
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dispersion granules showed that the value of angle of re-
pose, C. I and H. R were within the specified limit.

In vitro buoyancy studies
The in vitro buoyancy study was done and the value of
density, floating lag time and floating time for all the
prepared formulations are illustrated in Table 4. As the
density of all FMM was much lower than the density of
GI fluid, it was expected that all minitablets will float.
However, peculiar results were observed in floating be-
haviour. Minitablets formulated with G43/01 and G39/
01 showed an excellent floating behaviour with less than
1 min floating lag time and floating duration of more
than 12 h (F8, F9, F10, F14 and F15) whereas FMM for-
mulated with COM and PRE did not exhibit floating in
spite of low density of minitablets [27].

Evaluation of post-compression parameters
The result of the quality control test of the different
formulations F8, F9, F10, F14 and F15 is depicted in
Table 5. The obtained result showed that the various pa-
rameters such as drug content, hardness, friability, disin-
tegration test were within the acceptable specification.

In vitro dissolution studies
The in vitro dissolution study of the formulations was
carried out and the plot of cumulative percentage drug re-
lease against time is illustrated in Fig. 2. The resultant plot
suggests that formulation F9 and F14 found to achieve the
desirability of sustaining the drug release for 12 h. The
results of different drug release kinetic coefficients for for-
mulation F8, F9, F10, F14 and F15 infer higher correlation
coefficient for zero-order release kinetics. All formulations

Table 5 Quality control tests of minitablets

Formulations *Drug content (%) *Hardness (Kg/sq. cm) *Friability (%) Disintegration test for 1 h

F8 98.5 ± 2.1 4.1 ± 0.3 0.1 ± 0.004 Not disintegrated

F9 98 ± 3.4 4.5 ± 0.4 0.8 ± 0.03 Not disintegrated

F10 98.5 ± 3.2 5.2 ± 0.2 0.7 ± 0.02 Not disintegrated

F14 98 ± 4.3 4.9 ± 0.2 0.6 ± 0.02 Not disintegrated

F15 99 ± 4.2 5.6 ± 0.3 0.4 ± 0.01 Not disintegrated

*Mean ± SD, n = 6

Fig. 2 Plot depicting the cumulative % drug release profile of formulation F8, F9, F10, F14 and F15
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exhibited a higher correlation for Higuchi equation. All
formulations showed release exponent greater than 0.5
less than 1.

Accelerated stability study
Formulation F9 and F14 were examined for 6 months of
stability study as prescribed in the method section. The
parameters such as drug content, FLT, FT, time for
more than 95 percentage drug release (T95%) of F9 and
F14 at various intervals are illustrated in Table 6. These
values indicated that there is no significant change in
the parameters during the stability study period for F9.
However, it was found that parameters such as FLT, FT
and T95% significantly changed for F14 formulation.
Hence, FMM formulation F9 was selected for further
pharmacokinetic study.

In vivo pharmacokinetic study
Figure 3 illustrates the mean serum drug concentration of
nimodipine vs. time graph of the optimized formulation
F9 and pure drug after conducting the pharmacokinetic
study. UFLC method for estimation of Nimodipine using

mobile phase acetonitrile: water (70:30), C18 column, flow
rate 1ml/min estimates retention time of 5.39min. Table 7
illustrates the calculated values of different pharmacoki-
netic parameters. The Tmax for the pure drug was found
to be 4 h whereas Tmax in case of best formulation (F9)
formulation was found to be 5 h, indicating slow release of
the drug. The AUC value of F9 was 57,438.19 ng.h/ml,
whereas it was found to be 21,678.98 ng.h/ml for pure
drug indicating that SR FMM (F9) showed better bioavail-
ability, which is nearly 2.5 times than that of the pure drug
nimodipine. Cmax for Nimodipine was found to be
2882.95 ng/mL whereas for optimized formulation, it was
found to be 3498.21 ng/ml. Nearly 1. 2 times increase in
Cmax value for F9 indicated better absorption of the drug
from the formulation. Elimination rate constant for pure
drug and F9 was 288.12 and 382.94 respectively. Higher
mean residence time (MRT) for F9 indicates increased
residence time of the dosage form.

Discussion
Each of the prepared minitablet consists of a particular
composition of lipophilic carrier (such as COM, G43/01,

Table 6 Accelerated stability study

Time in
months

Characterisation of F9 formulation Characterisation of F14 formulation

Drug content
(%)*

Floating lag time
(s)*

Floating duration
(h)*

T95%* Drug content
(%)*

Floating lag time
(h)*

Floating duration
(h)*

T95% (h)*

0 98 ± 3.4 18 ± 1 14 ± 0.3 12 ± 0.4 98 ± 4.3 22 ± 1 14 ± 0.4 12 ± 0.6

1 97.5 ± 2.1 16 ± 0.5 13.5 ± 0.5 12 ± 0.2 97 ± 3.2 20 ± 0.7 11.5 ± 0.3 10.5 ± 0.5

3 97 ± 2.6 14 ± 0.6 13 ± 0.2 12 ± 0.1 96.5 ± 2.5 18 ± 0.5 10.5 ± 0.7 10 ± 0.3

6 97 ± 3.1 15 ± 1 13 ± 0.4 12 ± 0.2 96 ± 4.1 13 ± 0.6 9 ± 0.3 9.5 ± 0.4

*Mean ± SD, n = 6, T95%: Time required for more than 95% drug release

Fig. 3 Plot depicting the mean serum concentration vs time of optimized FMM and Pure drug Nimodipine
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G39/01 and PRE), adsorbent SYL and drug. These re-
sults of DSC ratifies that the carriers used in the present
study are compatible with nimodipine. This may be due
to the engulfment of the drug in the molecular structure
of the lipid matrix. Due to high oil adsorption capacity,
high specific surface area of SYL, it helps to improve
compressibility and flowability of the prepared dispersion
which can be predicted from their micromeritic properties.
Minitablets formulated with G43/01 and G39/01(F8,

F9, F10, F14 and F15) showed excellent floating behav-
iour with desired floating lag time and floating time.
Whereas FMM formulated with COM and PRE do not
achieve the desirability. The in vitro buoyancy study re-
veals that hydrophobic lipid coat around the surface of
drug particle is the prime reason for floating behaviour.
It is also predicted that hydrophobicity and density alone
may not responsible for achieving desirable floating.
Nature of the lipid matrix also played a significant role
in achieving desired floating characteristics.
F9 and F14 found to achieve the desirability of sustain-

ing the drug release for 12 h. Hence, lipid carrier G43/01
and G39/01 are effective in controlling the drug release
in a particular composition. The higher correlation coeffi-
cient for Higuchi equation suggests drug release was pri-
marily by diffusion mechanism. All formulations showed
release exponent greater than 0.5 and less than 1, signify-
ing non-fickian diffusion-controlled release mechanism.
Hence, on the basis of dissolution study, F9 and F14 can
be predicted to satisfy all the criteria for a floating multiple
unit minitablet.
Formulation F9 and F14 were examined for 6 months

of stability study which revealed no significant change of
the parameters during the stability study period for F9.
However, it was found that parameters such as FLT, FT
and T95% significantly changed for F14 formulation
which may be attributed to softening of G39/01 based
FMM at the stability study temperature of 400 due to its
low melting point.
Pharmacokinetic study showed higher Cmax for mini-

tablets because of the increased residence time of float-
ing minitablets in the upper part of the GI tract, i.e. the
absorption window for Nimodipine. Longer Tmax for
the optimized minitablet (F9) can be attributed to slow

release of drug from the hydrophobic matrix of G43/01.
SR FMM (F9) showed better bioavailability, which is
evident from 2.5 times increase in AUC. The better bio-
availability is due to high residence time of the optimized
formulation than that of the pure drug. Hence it may be
inferred that it is possible to prepare gastro-retentive
minitablets using G43/01 and G39/01 as lipid matrix with-
out using gas-generating agent.

Conclusion
In this present research work, formulation and develop-
ment of FMM Nimodipine were carried out with desired
sustainability and gastric residence time. Solid dispersion
with different ratios (1:0.5, 1:1, 1:1.5, 1:2, 1:2.5) of drug with
the lipophilic carrier such as COM, G43/01, G39/01 and
PRE was formulated using melt granulation technique.
From the above research work, it may be concluded that
sustain-release gastro-retentive minitablets can be prepared
using both G43/01 and G39/01 without using gas generat-
ing agents. Whereas the same was not observed with PRE
and COM-based minitablets inspite of similar hydrophobi-
city and density. Hence G43/01 based minitablets can be
considered as the promising approach for formulation of
sustain release with gastric retention. The pharmacokinetic
profile of the optimized sustain release gastro-retentive
minitablet was found to be superior as compared with
aqueous suspension of pure drug, which can be therapeut-
ically and commercially exploited.
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