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in incomplete drug absorption from the tablet leading to 
diminished efficacy of  the administered dose.[1] Quetiapine 
Fumarate (QFR) is a psychotropic agent belonging to the 
chemical class of  benzisoxazole derivatives and is indicated 
for the treatment of  schizophrenia as well as for the 
treatment of  acute manic episodes associated with bipolar 
I disorder. Since the drug is preferentially absorbed in the 
proximal small intestine (narrow absorption window), the 
drug displays oral bioavailability problems in conventional 
dosage forms.[2] As conventional dosage forms can only 
partly satisfy therapeutic and biopharmaceutical needs, they 
do not take into account the site-specific absorption rates 
within the GIT. Therefore, there is a need for developing 
a delivery system that releases the drug at the right time, 
at the specific site, and at the desired rate.

To overcome these problems, different approaches have 
been proposed to retain dosage form in the stomach. One 

INTRODUCTION

Oral drug administration is the most convenient and 
preferred means of  any drug delivery to the systemic 
circulation. Some drugs have ideal characteristics for 
good absorption throughout the gastrointestinal tract 
(GIT), while the others present difficulties due to narrow 
absorption window in the stomach and proximal intestine, 
stability problems in intestinal fluids, poor solubility in 
intestine (or) requirement of  local action in the stomach. 
Rapid and unpredictable gastrointestinal transit could result 
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Abstract
Introduction: The present study was carried out to evaluate gastroretentive floating matrix tablets of Quetiapine Fumarate 
(QFR) to reduce the dose frequency and higher bioavailability.

Materials and Methods: Floating matrix tablets of QFR were prepared by employing gel-forming polymers such as hydroxypropyl 
methylcellulose (HPMC) (K100M, K15M), methyl cellulose (MC), and xanthan gum (XG). The formulations were evaluated for 
various physicochemical characteristics (weight, thickness, hardness, and diameter), drug and polymers compatibility, in vitro 
buoyancy, swelling index (SI), in vitro drug release characterization, and in vivo X-ray studies.

Results: The differential scanning calorimetry studies revealed no interaction between the drug and polymers. All the 
physicochemical properties of the developed formulations were found within the specified limits. Formulation containing HPMC 
K100M and a higher concentration of MC floated immediately, followed by formulations with HPMC K15M. The SI was directly 
associated with polymers concentrations (HPMC K100M, HPMC K15M and XG). The in vitro release studies showed that the 
formulation F1 (HPMC K100M 80%) sustained the drug release (101.01%) for about 12 h. All the formulations followed zero-
order kinetics and non-Fickian diffusion mechanism. In vivo X-ray studies of the selected formulation F1 (HPMC K100M 80%) 
showed gastric retention time of about 12 h.

Conclusion: The present study results indicated a successful approach to achieve controlled release of QFR in the stomach 
for 12 h. Further studies can be pursued to confirm improve the bioavailability of the QFR from the present formulation.
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of  the most feasible approaches for achieving a prolonged 
and predictable drug delivery in the GIT is to control the 
gastric retention time (GRT).[3] This dosage form can 
be retained in the stomach and assist in improving the 
sustained oral delivery of  drugs that have an absorption 
window in a particular region of  the GIT, thus ensuring 
optimal bioavailability. Gastroretention can be achieved 
via intragastric floating drug delivery system, high-density 
system, swelling (or) expandable system, and super-porous 
hydrogels.[4] The principle of  floating drug delivery system 
is exploited using gel-forming polymers such as semi-
synthetic derivatives of  cellulose and polysaccharides, 
which swell in gastric fluids with a bulk density of  <1.[5] As 
a result, it remains buoyant and floats on gastrointestinal 
fluids and thus prolonging GRT.

The present study aims to develop gastro retentive floating 
matrix dosage forms of QFR are prepared by a non-effervescent 
technique using different concentrations of  hydrophilic 
swellable gel-forming polymers. Further, the formulations are 
evaluated for the effect of  hydrophilic polymer on in vitro drug 
release, floating behavior, and in vivo X ray studies.

MATERIALS AND METHODS

Materials
QFF, hydroxypropyl methylcellulose (HPMC) K15M, and 
HPMC K100M were obtained as a gift sample from Shasun 
Pharmaceuticals, Pondicherry, Stedmann Pharmaceuticals, 
Chennai, and Pharmafabricon, Madurai, Tamil Nadu, India, 
respectively. In addition, lactose, talc, xanthan gum (XG), 
and magnesium stearate (Central Drug House, New Delhi) 
were purchased locally. All other solvents and reagents used 
were of  analytical grade.

Methods
Drug-polymer compatibility study
Differential scanning calorimetry (DSC) studies of  pure 
drug alone and mixed with different polymers were (DSC 
Q 200 Thermal Analyzer) to establish the compatibility of  
the drug with polymers.[6,7]

Preparation of floating matrix tablets
Non-effervescent Floating matrix tablets containing QFR 
were prepared by wet Granulation technique using variable 
concentrations of  HPMC K100M, HPMC K15M, methyl 
cellulose (MC), and XG Table 1. All the ingredients as 
per formula were weighed and mixed except magnesium 
stearate and talc. The mixed powder was granulated with 
isopropyl alcohol and dried at 50°C for 2 h. Dried granules 
were mixed with talc and magnesium stearate after passing 
through the #12 sieve and finally compressed with a 10 mm 
flat-faced punch on the compression machine (Cadmach 
Machinery Co. Pvt., Ahmadabad).[1,8]

Evaluation of Floating Matrix Tablets
Physical properties
The powder blends and developed tablets were evaluated 
for various physical parameters, that is, bulk density (BD), 
tapped density (TD), compressibility index (CI), Hausner’s 
ratio (HR), angle of  Repose parameters for powder 
blend and thickness, diameter, hardness, friability, weight 
variation, and drug content parameters for tablets.[9,10]

In vitro buoyancy
The floating behavior of  tablets was measured in a beaker 
containing 250 ml of  0.1N Hydrochloric acid (HCL) as 
dissolution medium and the temperature was maintained at 
37°C ± 1°C. The time required for the tablet to rise to the 
surface was determined as floating lag time and the period 
up to which the tablet remained floating was determined 
as total floating time.[1]

Swelling index (SI) studies
The swelling behavior of  tablets was measured in a beaker 
containing 200 ml of  0.lN HCL as dissolution medium and 
the temperature was maintained at 37 ± 0.5°C. After 12 h, 
the tablets were removed from the beaker and the percentage 
of  swelling was calculated using the following equation.[1]

= ×
Final weight –  Initial weight

% Swelling 100
Initial Weight

In vitro release studies
In vitro release studies were performed in a USP type II 
paddle apparatus containing 900 ml of  0.1N HCL as 
dissolution medium at 50 rpm at 37° ± 1°C temperature 
for 12 h. In addition, 5 ml samples were withdrawn every 
15 min for the 1st h and every 30 min up to 12 h and 
analyzed spectrophotometrically[1] at 209 nm.

In vivo X-ray studies
The animal (rabbit) weighing 2–3 kg was fasted overnight 
but allowed to take water ad libitum. Then, 30 ml of  5% 
dextrose solution was given before administering the tablets 
using a stomach tube (No. 12 French catheters) and 20 ml 
syringes. The tablets were made opaque by incorporating 
Barium sulfate (BaSO4) 50 mg instead of  drug. The rabbit 
was exposed to X-ray imaging in the abdominal region, 
and photographs were taken at 0, 2, 4, 8, 10, and 12 h after 
administration of  tablet. At hourly intervals, 30 ml of  5% 
dextrose solution was given to maintain optimum fluid 
level in the stomach.[8]

Stability studies
The best formulation was kept in a stability chamber 
maintained at 40°C ± 5% and relative humidity (RH) 
75 ± 5% for 3 months. Samples were analyzed for the 
drug content, floating behavior and other physiochemical 
parameters periodically.[11,12]
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RESULTS AND DISCUSSION

Infrared (IR) and DSC studies
In the DSC graph, QFR exhibits a sharp endothermic peak 
at 175.51°C. In addition, an endothermic peak of  QFR 
was prominent in all the drug-polymer mixtures [Figure 1].

Physical properties
The physical properties of  the powder blend of  all 
formulations (F1-F20) were found within the specified limits 
[Table 2]. The powder blend of  all formulations exhibited 
good flow properties. The tablets were biconvex round-shaped 
and white in color. The various physical properties of  tablets 
were within the specified limits of  pharmacopeia [Table 3].

In Vitro Buoyancy Studies
The formulations containing HPMC K100M (F1-F5) 
and a formulation containing a higher concentration of  
MC (F16-F17) were floated immediately, followed by 
formulations containing HPMC K15M alone (F6-F10) 
had a lag time of  15–25 s. Whereas F11-F15 containing a 
combination of  HPMC K15M and XG had 40–50 s and 
formulations with a lower concentration of  MC F18-F20 
showed a lag time between 10 and 30 s [Table 1].

Formulations containing HPMC K100M (F1-F5) and 
MC (F16-F20) floated more than 12 h, but in the case of  
formulations containing HPMC K15M alone (F6-F10) or 
along with XG containing formulations (F11-F15) floated 
for 7.30–9 h followed by erosion [Table 1 and Figure 2].

SI Studies
In formulations containing HPMC K100M (F1-F5), F5 
showed the maximum SI 433.53% followed by F4 406.43% 
and least showed by F1 342.06% [Figure 3]. Among five 
formulations with HPMC K15M (F6-F10), F10 showed a 
maximum SI of  91.47%, followed by F9 83.51% and least 
observed by F6 70.93% [Table 1 and Figure 3].

The formulations containing HPMC K15M and XG 
combination (F11-F15), F15 exhibited the highest SI of  

Table 1: Formulation of non-effervescent floating matrix tablets
Ingredients Quantity (mg) for 1 tablets (Total weight 300 mg)

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20
QFR 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
HPMC K100M 240 225 210 195 180 – – – – – – – – – – – – – – –
HPMC K15M – – – – – 240 225 210 195 180 225 210 195 180 165 – – – – –
MC – – – – – – – – – – – – – – – 240 225 210 195 180
XG – – – – – – – – – – 15 30 45 60 75 – – – – –
Lactose 4 19 34 49 64 4 19 34 49 64 4 19 34 49 64 4 19 34 49 64
Talc 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Magnesium Stearate 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Iso Propyl Alcohol Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S
HPMC: Hydroxypropyl methylcellulose, QFR: Quetiapine Fumarate, XG: Xanthan gum, MC: Methyl cellulose

Table 2: Precompression evaluation of powder 
blend
Formulation 
Code

BD g/cc*TD g/cc*CI (%)The angle 
of repose 

(θ)*

HR % Drug 
Content±S.D*

F1 0.42 0.54 22.22 260.211 1.285 98.48±1.03
F2 0.41 0.55 25.45 260.911 1.325 98.45±0.82
F3 0.43 0.53 18.87 260.561 1.233 97.96±1.15
F4 0.42 0.52 19.23 270.141 1.238 97.15±0.31
F5 0.40 0.51 21.57 250.231 1.275 98.26±0.58
F6 0.41 0.51 19.61 270.741 1.244 97.19±1.54
F7 0.39 0.51 23.53 270.201 1.307 98.52±0.72
F8 0.38 0.50 24 250.231 1.316 98.16±0.51
F9 0.41 0.52 21.15 260.771 1.268 98.90±0.62
F10 0.41 0.52 21.15 280.691 1.268 98.22±0.86
F11 0.43 0.53 18.87 240.071 1.233 97.93±0.98
F12 0.40 0.50 20.00 240.601 1.215 98.65±0.72
F13 0.40 0.53 24.53 290.201 1.325 98.47±0.76
F14 0.40 0.52 23.08 280.191 1.300 99.33±0.38
F15 0.43 0.53 18.87 260.901 1.233 98.83±0.67
F16 0.42 0.54 22.22 260.421 1.286 97.97±0.99
F17 0.39 0.50 22.00 240.171 1.282 98.50±0.10
F18 0.40 0.52 23.08 250.251 1.300 97.67±1.66
F19 0.41 0.53 22.64 250.381 1.293 97.50±1.65
F20 0.41 0.54 24.07 260.321 1.317 99.20±0.53
n=3*, BD: Bulk density, TD: Tapped density, CI: Compressibility index, HR: Hausner’s 
ratio

159.10%, followed by F14 with SI 144.51% and minimum 
observed by F11 with SI 128.24% [Table 1 and Figure 3].

Finally, in formulation developed with MC, the maximum SI was 
observed in F 20 285.58% than by F19 276.78% and minimum 
by F16 with SI value of  243.81% [Table 1 and Figure 3].

The results showed that overall SI among all polymers are 
observed in the following order, HPMC K100M > MC > 
HPMC K15M and XG > HPMC K15M

In Vitro Dissolution Studies
The in vitro release studies of  formulations containing 
HPMC K100M (F1-F5), HPMC K15M (F6-F10), MC 
(F16-F20), and HPMC K15M with XG (F11-F15) show 
in Figure 4a-d, respectively. The controlled release profiles 
were observed in the following order of  80% > 75% > 
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Table 3: Post-compressional evaluation of floating matrix tablet
Formulation Code Hardness (kg/cm3) Thickness (mm) Diameter (mm) Friability (%) Average Weight (mg±5%)* Drug Content (%)±S.D*
F1 3–4 3.9 10 0.61 298.32 100.1±0.29
F2 3–4 4.0 10 0.54 298.81 98.47±0.49
F3 3–4 4.0 10 0.69 298.96 99.33±0.64
F4 3–4 4.1 10 0.49 299.28 99.20±0.44
F5 3–4 3.9 10 0.43 298.18 99.90±0.50
F6 3–4 4.0 10 0.57 299.40 99.50±0.75
F7 3–4 4.0 10 0.67 298.82 99.70±0.20
F8 3–4 3.9 10 0.64 297.75 100.2±1.64
F9 3–4 4.1 10 0.22 298.67 99.50±0.56
F10 3–4 4.0 10 0.46 297.20 99.00±0.96
F11 3–4 4.1 10 0.30 301.42 99.43±0.21
F12 3–4 4.0 10 0.35 296.08 99.87±1.85
F13 3–4 3.9 10 0.58 299.48 98.83±0.40
F14 3–4 4.1 10 0.44 296.35 97.80±0.36
F15 3–4 4.0 10 0.69 297.46 99.69±0.10
F16 3–4 3.9 10 0.64 297.55 98.70±1.06
F17 3–4 4.0 10 0.86 298.63 98.50±0.10
F18 3–4 3.9 10 0.37 295.29 99.83±0.06
F19 3–4 4.0 10 0.86 299.52 99.70±0.46
F20 3–4 4.1 10 0.41 296.29 100.2±0.42
n=3*

Figure 1: Differential scanning calorimetry Thermogram of (a) Quetiapine fumarate, (b) Hydroxypropyl methylcellulose (HPMC) 
K100M, (c) HPMC K15M, (d) Methyl cellulose, (e) Xanthan gum, (f) Drug+HPMC K100M, (g) Drug+HPMC K15M, (h) Drug+MC,  

(i) Drug+HPMC K15M+XG
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70% > 65% > 60% concentrations irrespective of  the 
type of  polymer.

The in vitro release of  formulations containing only HPMC 
K15M (F6-F10) released their whole drug content in 8–7 h, 
but along with XG (F11-F15), was able to control the release 
up to 9 h. Formulation with MC (F16-F20) showed controlled 
release up to 10 h, while HPMC K100M (F1-F5) containing 
formulations showed controlled release (101.01%) in 11.5 h.

In Vivo  X-ray Studies
The results obtained from floating behavior, SI, in vitro 
release studies, and kinetic analysis formulation F1 were 
selected as optimized formulation. The only F1 formulation 
was subjected to in vivo X-ray and stability studies. The 
in vivo floating behavior of  formulation F1 was carried out 
in rabbits by X-ray image techniques. The results showed 
that the tablet was retained in the GIT for up to 12 h 
confirmed its in vivo floating behavior [Figure 5].

Figure 2: In vitro Floating Behavior of Formulations (F1, F5 and F16, F17), (a) Hydroxypropyl methylcellulose (HPMC) K100M 80%, 
75% (b) HPMC K100M 70%, 65% (c) HPMC K100M 60%, Methyl cellulose (MC) 80% (d) MC 75%

Figure 3: Swelling Index of All formulations

Figure 4: In vitro release profile of Quetiapine fumarate with (a) Hydroxypropyl methylcellulose (HPMC) K100M, (b) HPMC K15M, (c) 
HPMC K15M, and Xanthan gum (d) Methyl cellulose at different concentrations
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Stability Studies
Optimized formulation F1 was subjected to stability studies 
at 40°C ± 5% and RH 75% ± 5%. The results showed no 
significant change in the physical appearance, drug content, 
hardness, friability, floating lag time, and total floating time 
during storage [Table 4].

DISCUSSION

DSC study showed a sharp endothermic peak at 175.51°C, 
corresponding to the melting point of  pure drug. Moreover, 
this peak was prominently observed in all drug-polymer 
mixtures, suggesting that there was no interaction between 
the drug and the polymers.[7,12]

The powder blend of  all formulations showed a BD of  
0.38–0.43 gm/cc, TD of  0.50–0.55 gm/cc, angle of  repose 
between 240.601–280.691, HR of  1.233–1.325, and CI of  
18–25%. The angle of  repose below 300 and CI below 
25% indicate good flow property during tableting.[9] Other 
physical properties of  tablets such as thickness, hardness, 
friability, diameter, weight variation, and drug content 
were within the specified limits of  pharmacopeia, which 
is required for ideal formulations.

The formulations containing HPMC K100M (F1-
F5) floated immediately, followed by formulations 
containing HPMC K15M alone (F6-F10), which showed 
a lag time of  15–25 s. This might be due to the more 
hydrophilic nature of  the HPMC K100M polymer. 
Whereas F11-F15 containing a combination of  HPMC 
K15M with XG exhibited 40–50 s lag time.[6] This might 
be due to the denser matrix formed by incorporating 
XG. Thus, XG had a negative effect on floating 
properties. In addition, formulations containing a higher 
concentration of  MC (F16-F17) floated immediately, 
while formulations containing a lower concentration 
of  MC (F18-F20) showed a lag time between 10 and 
30 s. This finding is in accordance with earlier reported 
studies.[5,6]

Formulations containing HPMC K100M (F1-F5) and 
MC (F16-F20) floated more than 12 h, but in the 
case of  formulations containing HPMC K15M alone 
(F6-F10) or along with XG containing formulations 
(F11-F15) floated for 7.30–9 h. An increase in the 
floating time of  the formulations is attributed to the 
increased concentration of  polymers in the formulation. 
In addition, the floating lag time decreased with an 
increase in the hydrophilic nature of  the polymer, which 

Table 4: Stability study of optimized formulation (F 1)
Parameters Intervals of Testing

At 0 day At 15 days At 30 days At 60 days
Physical appearance White color, biconvex White color, biconvex White color, biconvex White color, biconvex
Hardness (Kg/cm2) 3.5 3.5 3.5 3.5
Diameter (mm) 10 10 10 10
Thickness (mm) 3.9 3.9 3.9 3.9
Friability (%) 0.61 0.60 0.59 0.57
Weight Variation 298.32 298.05 297.92 297.4
Drug Content (%) 99.09 98.8 98.3 97.8
Floating Lag Time Floats immediately Floats immediately Floats immediately Floats immediately
Total Floating Time ˃24 h >24 h ˃24 h ˃24 h

Figure 5: In vivo X-ray studies of floating of optimized formulation F1
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allowed penetration of  liquid through pores formed on 
the surface of  the tablet.[6]

Our study observed that formulation developed with 
HPMC K100M showed maximum SI followed by 
formulations with MC and HPMC K15M combination 
with XG and least by formulations with HPMC K15M. 
The SI was found to be increased with an increase in 
the concentration of  the polymer irrespective of  the 
type of  the polymer present.[13,14] This might be due to 
higher viscosity of  HPMC K100M (75,000 to 140,000 
cps) than K15M (13,500 to 25,200 cps). Paudel et al.[15] 
also report this finding in their earlier study where 
HPMC K100M exhibited significantly higher SI than 
HPMC K15M.

The in vitro release profile of  all the developed formulations 
showed that maximum prolongation of  drug release of  
11.5 h was observed with HPMC K100M formulation 
followed by MC 10 h and HPMC K15M of  only 8 h. This 
might be due to the higher molecular weight of  HPMC 
K100M, which on imbibition with water resulting in a 
higher number of  chain elongation, thereby significantly 
prolonging the drug release.[1,16] Whereas in formulations 
of  HPMC K15M with XG release extended to 9 h. This 
might be due to the XG ability of  gel formation when 
is exposed to water hence further prolonging the drug 
release. The earlier studies have also reported the same 
findings.[17]

The in vivo behavior of  optimized F 1 formulation 
showed a 12-h stay in the stomach there, confirming its 
gastroretentive property.[8] The stability study results of  
formulation F1 also showed that environmental factors 
such as temperature and humidity would not affect the 
quality of  the formulation.[12]

CONCLUSION

The studies concluded that gastroretentive floating matrix 
tablets of  QFR were successfully formulated by a non-
effervescent technique using gel-forming hydrophilic 
polymers. Among all the formulations, F1 (HPMC K100M 

80%) exhibited the best results based on all evaluation 
parameters and stability studies. Hence, the present study 
showed a feasible approach to achieve controlled release of  
QFR in the stomach for a period of  12 h with good stability.
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