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Abstract
The aim of the present investigation was to prepare and evaluate gastroretentive floating microspheres of 

Verapamil hydrochloride that would retain the drug in stomach and continuously release the drug in controlled manner 
up to a predetermined time. Floating microspheres were prepared by emulsion solvent evaporation technique. In 
the present investigation three polymers were used in various concentrations; Methocel K4M, Methocel K15M and 
Methocel K100M. In vitro performance was evaluated by the usual pharmacopoeial and other tests such as particle 
size analysis, drug entrapment efficiency, flow properties, in vitro floatability studies, in vivo floatability studies in dog, 
in vitro drug release studies, stability studies etc. Results showed that the mixing ratio of components in the organic 
phase affected the size, size distribution, yield, drug content, floating time and drug release of microspheres. In most 
cases good in vitro floating behavior was observed and a broad variety of drug release pattern could be achieved by 
variation of the drug, polymer and solvent ratio. 
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Introduction
The high cost involved in the development of a new drug molecule 

has diverted the pharmaceutical industries to investigate various 
strategies in the development of new drug delivery systems [1]. Drug 
release from the delivery devices can be sustained up to 24 h for 
many drugs using current release technologies. However, the real 
issue in the development of oral controlled release dosage forms is to 
prolong the residence time of the dosage form in the stomach or upper 
gastrointestinal tract until the drug is completely released [2]. The transit 
of drug or formulation through gastrointestinal tract will determine 
how long a compound will be in contact with its preferred absorptive 
site [3]. Prolonged gastric retention improves bioavailability, reduces 
drug waste and improves solubility for drugs that are less soluble in a 
high pH environment. It has also applicable for local drug delivery to 
the stomach and proximal small intestine [4]. Several approaches are 
currently used to retain the dosage form in the stomach. These include 
bioadhesive systems [5], swelling and expanding systems [6,7], floating 
systems [8,9], and other delayed gastric emptying devices [10,11]. The 
principle of floating preparation offers a simple and practical approach 
to achieve increased gastric residence time for the dosage form and 
sustained drug release. Verapamil hydrochloride belongs to the group 
of calcium channel antagonists, used in the treatment of several 
cardiovascular disorders, particularly angina pectoris, supraventricular 
tachycardia and hypertension. In medical practice it is mostly used in a 
conventional tablet form a minimal dose of 40 mg and a maximal dose 
of 180 mg, and in a slow release form in doses of 120 to 240 mg. Only 
10-20% out of the 90% of the dose absorbed from the digestive tract
penetrates to the circulatory system in an unchanged form [12]. The
remaining part of Verapamil hydrochloride dose undergoes a first pass
effect, mainly in the liver [13]. However, due to its extensive first pass
effect it has much low bioavailability (10-20%). It has shorter half-life
(4 h) hence dosing frequency is high. The physico-chemical properties
of Verapamil and is shorter half-life make its suitable molecule for
preparation of floating microspheres. The objective of the present
study is to develop suitable gastroretentive floating microspheres of
Verapamil HCL and to study release kinetics of drug with a view to
reduce the dose frequency and to achieve a controlled drug release with
improved bioavailability.

Materials and Methods
Materials

Verapamil hydrochloride was obtained as a gift sample from 
Intas Pharmaceutical Ltd., Ahmedabad, India. Methocel K4M, 
Methocel K15M, and Methocel K100M were received as gift samples 
from Colorcon Asia Pvt. Ltd., Goa, India. All other ingredients were 
procured from local market and of analytical grade.

Methods

Preparation of verapamil hydrochloride floating microspheres: 
Floating microspheres loaded with Verapamil hydrochloride were 
prepared by Emulsion solvent evaporation method [14,15]. Overall 
nine formulations were formulated using different polymers Methocel 
K4M, Methocel K15M, Methocel K100M as shown in Table 1. Drug 
and polymer in different proportions 1:1, 1:2, (drug: polymer) were 
dissolved in 1:1 mixture of solvent system (dichloromethane and 
ethanol) or (ethyl acetate and acetone). This clear solution was poured 
slowly as a thin stream in aqueous phase; about 100 ml of polyvinyl 
alcohol solution with continuous stirring at a speed of 500 rpm using 
remi stirrer at room temperature until complete evaporation of solvent 
took place. The floating microspheres were collected by decantation, 
while the non floating microspheres were discarded along with any 
polymer precipitates. The microspheres were then dried overnight at 
40°C. The microspheres were weighed and stored in a desiccator until 
further analysis. Aqueous media (continuous phase) was replaced by 
liquid paraffin to improve drug loading.
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Characterization of floating microspheres: 

I. Measurement of micromeritic properties [16]: The flow 
properties of prepared floating microspheres were investigated by 
measuring the bulk density, tapped density, Carr’s index, Housner’s 
Ratio and angle of repose. The bulk and tapped densities were measured 
in a 10 ml graduated measuring cylinder. The sample contained in the 
measuring cylinder was tapped mechanically by means of constant 
velocity rotating cam. The initial bulk volume and final tapped volume 
were noted from which, their respective densities were calculated. 
Results shown in Table 2.

% Compressibility index = (TD-BD/TD) x 100

Housner’s Ratio = TD/BD

where TD = Tapped Density and BD = Bulk Density

II. Particle size analysis: The particle size was determined using 
an optical microscope under regular polarized light, and mean particle 
size was calculated by measuring 200-300 particles with the help of a 
calibrated oculometer.

III. Yield of microspheres: The prepared microspheres were 
collected and weighed. The measured weight was divided by the 
total amount of all non-volatile components which were used for the 
preparation of the microspheres.

% Yield = (Actual weight of product / Total weight of excipient and 
drug) x 100

IV. DEE (Drug Entrapment Efficiency): Microspheres equivalent 
to 50 mg of the drug were taken for evaluation. The amount of drug 
entrapped was estimated by crushing the microspheres and extracting 
with aliquots of 0.1 N HCL repeatedly. The extract was transferred to 
a 100 ml volumetric flask and the volume was made up using 0.1 N 
HCl. The solution was filtered and the absorbance was measured after 
suitable dilution spectrophotometrically at 278 nm against appropriate 
blank. The amount of drug entrapped in the microspheres was 
calculated by the following formula:

 DEE = (Amount of drug actually present / Theoretical drug load 
expected) x 100

V. Scanning electron microscopy: Scanning electron microscopy 
(SEM) studies were performed to confirm the hollow nature of the 
microspheres. SEM photographs were taken at required magnification 
and at room temperature. Before scanning, the microspheres were 
sputtered with gold to make the surface conductive.

VI. In vitro evaluation of floating ability [17,18]: In vitro 
floatability studies of floating microspheres were carried out using USP 
apparatus II. To assess the floating Properties, the microspheres were 
placed in 0.1 N hydrochloric acid (500 ml) containing 1% Tween 80 
surfactant to simulate gastric conditions. The use of 1 % tween was to 

Sr. No. Formulation code Drug: Polymer Ratio Organic solvent system [1:1] Continuous Phase

1 M41 1:1 Ethyl acetate: acetone 100 ml 0.5% Polyvinyl alcohol

2 M42 1:2 Ethyl acetate: acetone 100 ml 0.5% Polyvinyl alcohol

3 M43 1:1 Ethyl acetate: acetone 100 ml liquid paraffin

4 M151 1:1 Dichloromethane: ethanol 100 ml 0.5% Polyvinyl alcohol

5 M152 1:2 Dichloromethane: ethanol 100 ml 0.5% Polyvinyl alcohol

6 M153 1:1 Dichloromethane: ethanol 100 ml liquid paraffin

7 M1001 1:1 Ethyl acetate: acetone 100 ml 0.5% Polyvinyl alcohol

8 M1002 1:2 Ethyl acetate: acetone 100 ml 0.5% Polyvinyl alcohol

9 M1003 1:1 Dichloromethane: ethanol 100 ml liquid paraffin

NOTE: - Formulations M41, M42 and M43 containing MethocelK4M. 
- Formulations M151, M152 and M153 containing MethocelK15M. 
- Formulations M1001, M1002 and M1003 containing MethocelK100M. 

Table 1: Composition of formulations of floating microspheres.

Formulation code Mean Particle Size (µm) ± SD
Flow Properties

% Compressibility ± SD Housner’s Ratio ± SD Angle of Repose  ± SD

M41 344.70  3.81 13.86 ± 0.26 1.17 ± 0.041 25.42 ± 0.67

M42 360.75  3.30 14.30 ± 0.62 1.19 ± 0.007 24.42 ± 0.03

M43 382.50  3.09 16.43 ± 0.23 1.24 ± 0.017 23.89 ± 0.55

M151 252.45  4.63 16.25 ± 1.59 1.24 ± 0.028 22.83 ± 0.31

M152 253.80  2.27 15.86 ± 2.92 1.21 ± 0.028 22.63 ± 0.60

M153 279.00  1.27 17.78 ± 0.56 1.26 ± 0.07 29.88 ± 0.07

M1001 418.95 8.81 17.92 ± 1.42 1.26 ± 0.016 29.46 ± 0.58

M1002 463.64  3.68 19.36 ± 2.10 1.27 ± 0.017 30.23 ± 0.28

M1003 411.61  4.86 21.55 ± 1.88 1.29 ± 0.041 30.48 ± 0.68

Pure Drug --- 23.78 ± 0.11 1.29 ± 0.007 30.23 ± 0.21

*Each observation is the mean ± S.D. of three determinations
Table 2:  Micromeritic properties of floating microspheres.
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account for the wetting effect of the natural surface active agents such 
as phospholipids in the GIT. A paddle rotating at 100 rpm agitated the 
medium. Each fraction of microspheres floating on the surface and 
those settled down were collected at a pre-determine time point. The 
collected samples were weighed after drying.

The buoyancy was calculated as 

% Floating microspheres = QF / (QF + QS) x 100 

where QF and QS are weights of the floating and the settled 
microspheres respectively. Data of in vitro characteristics of floating 
microspheres are given in Table 3.

VII. In vitro Drug release studies: The drug release studies were 
carried out using six basket dissolution apparatus USP type II. The 
microspheres were placed in a non reacting mesh that had a smaller 
mesh size than the microspheres. The mesh was tied with a nylon 
thread to avoid the escape of any microspheres. The dissolution 
medium used was 900 ml of 0.1 N hydrochloric acid at 37°C. At specific 
time intervals, 5 ml aliquots were withdrawn and analyzed by UV 
spectrophotometer at the respective λmax value 278 nm after suitable 
dilution against suitable blank. The withdrawn volume was replaced 
with an equal volume of fresh 0.1 N hydrochloric acid. Release profile 
shown in Figure 1.

VIII. Stability studies: With the recent trend towards globalization 
of manufacturing operation, it is imperative that the final product 
be sufficiently rugged for marketing world wide under various 
climatic conditions including tropical, sub tropical and temperate. 
Stability studies were carried out as per ICH guidelines. The floating 
microspheres were placed in a screw capped glass containers and 
stored at room temperature, (25 ± 2°C), oven temperatures (40°C, 50°C, 
60°C), Humidity chamber (37°C ± 70% RH), UV light, Deep freezer, 
and in Refrigerator (2°-8°C) for a period of 90 days. The samples were 
assayed for drug content at regular intervals of two weeks. The graph 
of percent drug content versus time (in days) was plotted. Data is given 
in Table 4. The graphical representation of stability studies of prepared 
floating microspheres at room temperature; Humidity chamber (37°C 
± 70% RH) and Refrigerator (2°-8°C) are shown in Figure 2, 3 and 4.

Results and Discussion
Several preformulation trials were undertaken for various 

proportions of drug and polymer by variation of the ethyl acetate-
acetone ratio and dichloromethane-ethanol ratio. Methocel K4M, 
Methocel K15M and Methocel K100M were selected as matrixing 
agent considering its widespread applicability and excellent gelling 

activity in sustain release formulations and also having the pH-
independent and reproducible drug release profile. It was found that 
Methocel K4M microspheres show desirable high drug content, yield, 
floatation and adequate release characteristics and hence was suitable 
for development of a controlled release system. No drug polymer 
incompatibility was noted in their FTIR spectra (Data are not shown). 
The surface morphology and internal texture of floating microspheres 
were determined by scanning electron microscopy (SEM). Presence 
of pores were detected on the microspheres surface which increased 
in number and size after dissolution, it shows that the drug leach out 
through these channels. The prepared microspheres were evaluated for 
the micromeritic properties. The average of three readings was taken. 
The mean particle size, flow properties and standard deviation were 

Formulation 
code % Yield  ±  SD % Drug Entrapped %  Buoyancy at 12 

h ± SD 

M41 97.40 83.8 % 72.2 ± 2.687

M42 84.85 84.7 % 73.8 ± 3.253

M43 87.16 82.6 % 68.6 ± 2.121

M151 77.14 82.9 % 62.7 ± 0.849

M152 75.15 81.3 % 61.8 ± 1.273

M153 73.59 80.6 % 63.6 ± 0.636

M1001 44.93 75.6 % 47.0 ±  1.344

M1002 55.6 77.8 % 50.6 ± 0.849

M1003 68.0 72.9 % 53.9 ± 1.273
*Each observation is the mean ± S.D. of three determinations

Table 3:  Characteristics of verapamil hcl floating microspheres.
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Figure 1: Release rate profile of formulated batches.
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Figure 2: Graphical representation of stability studies of prepared floating 
microspheres (Formulation Code M41, M42, M43).
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calculated. The low standard deviation of the measured mean particle 
size, % Compressibility, Housner’s Ratio and Angle of Repose of all the 
9 formulations ensures the uniformity of the microspheres prepared 
by emulsion solvent evaporation method. The mean particle size was 
found to be in the range of 252.45 ± 4.63 µm to 463.64 ± 3.68 µm. 
The variation in mean particle size could be due to variation in drug-
polymer ratio. The % Compressibility of all the microspheres was found 
to be in the range of 13.86 ± 0.26 to 21.55 ± 1.88. The Housner’s Ratio of 
all the microspheres was found to be in the range of 1.17 0.041 to 1.29 
± 0.041. The Angle of Repose of all the microspheres was found to be 
in the range of 22.63 ± 0.60 to 30.48 ± 0.68. For the all formulations, 
% drug entrapped was found to vary 72.9% to 84.7% and it shows that 
the drug entrapment is higher in microspheres containing Methocel 
K4M and lower in microspheres containing Methocel K100M. For the 
all formulations, % yield was found to vary 44.93% to 97.40% and it 
shows that the yield is higher in microspheres containing Methocel 
K4M and lower in microspheres containing Methocel K100M. All 
formulations floated for more than 8 hours on the simulated gastric 
fluid USP. But more than 60% microspheres of Methocel K4M and 
Methocel K15M were floated for 12 hours whether microspheres 
containing Methocel K100M did not show buoyancy up to 12 hours. In 
the present study, in vitro release studies of the floating microspheres 
were carried out in 0.1 N hydrochloric acid at 37°C for a maximum 
period of 12 hours. At different time intervals, samples were withdrawn 
and cumulative % drug release was calculated. The percentage drug 
release of all the formulations is presented in Figure 1. Out of 9 
formulations tried, the formulation M41 containing Methocel K4M 
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Figure 3: Graphical representation of stability studies of prepared floating 
microspheres (Formulation Code M151, M152, M153).

was found to be satisfactory; since it showed prolonged and complete 
release with 94.75% at end of 12 h. It was reasoned that the rate of 
swelling of particles with high viscosity grade was slow compared with 
low viscosity HPMC. The in vitro release data of all formulations were 
also subjected to model fitting analysis to know the mechanism of 
drug release from the formulations by treating the data according to 
zero order, first order, higuchi and Peppas equation. The results are 
shown in Table 5. It can be interpreted from the result that the release 
of drug from the microspheres followed zero order kinetics. Further, 
the higuchi plot revealed that the drug release from the microspheres 
obeyed diffusion mechanism. It can be concluded that the formulation 
of microspheres (M41) containing Verapamil hydrochloride and 
MethocelK4M (1:1) seems to be promising and further in vivo study 
must be carried out to check the efficacy of preparations. In vivo floating 
ability of microspheres was studied; X-ray photograph of dog stomach 
with barium sulphate containing floating microspheres is shown in 
Figure 2. Stability studies for all formulations were performed for three 
months, at room temperature (25º ± 2ºC), at refrigeration temperature 
(2º to 8ºC), at 37ºC / RH 70. The floating microspheres were stored at 
various above mentioned temperatures .The prepared microspheres 
were subjected for drug content analysis after every one month 
interval. The data are shown in Table 4. Histogram was plotted between 
drug content (mg/gm) and time (In days), stability profile of different 
formulations at various temperatures is shown in Figure 3, 4 and 5. The 
data depicts that the floating microspheres stored at room temperature, 
refrigeration temperature, were found to be comparatively stable and 
at 37ºC / RH 70 there was less than 5% degradation at the end of three 
months.
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Figure 4: Graphical representation of stability studies of prepared floating  
microspheres (Formulation Code M1001, M1002, M1003).
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