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Abstract 

Purpose: To design and prepare effervescent floating gastroretentive tablets for controlled 
fexofenadine hydrochloride (HCl) release and enhanced oral bioavailability.  
Method: Various tablet formulations of the drug were prepared by direct compression. A systematic 
approach in the design of the formulations was adopted, where, first, formulations consisting of single 
polymers with a high polymer : sodium bicarbonate ratio were investigated for its physicochemical 
properties (in-vitro floating behaviour, drug release profile, etc). Next, improvement of tablets’ properties 
was achieved by decreasing polymer : sodium bicarbonate ratio. Subsequently, a final optimization step 
involved blending polymers at different polymer : polymer ratios. The formulations were evaluated in 
vitro and in vivo in albino rabbits 
Results: The formulation consisting of hydroxypropyl methylcellulose K15M/hydroxypropyl 
methylcellulose K100LV at 1 : 2 ratio (F8) showed good floating properties (14 s floating lag time) with 
nearly zero order controlled drug release for 24 h (R2 = 0.9876). In-vivo bioavailability studies of F8 in 
albino rabbits showed a significant increase in area under the curve (AUC, 134 %, p < 0.05) and hence 
an improvement in its oral bioavailability, compared to a commercial conventional product. 
Conclusion: The good quality of the effervescent floating gastroretentive tablets of fexofenadine HCl 
developed is an indication that the approach used is suitable for the formulation of the drug for 
controlled drug release and enhanced oral bioavailabiliy.  
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INTRODUCTION 
 
Oral controlled drug delivery systems (OCDDS) 
have gained much attention for many years, as 
they offer several advantages over conventional 
drug delivery systems. These include the 

minimization of fluctuations in drug plasma 
concentrations, thereby optimizing therapeutic 
efficiencies and reducing side effects. In addition, 
these systems can reduce dosing frequency, 
leading to enhanced patient compliance [1]. 
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Some drugs may fail to attain complete 
absorption and bioavailability after intake of 
commonly used OCDDS, as they are unable to 
reside at the desired area in the gastrointestinal 
tract (GIT). These include drugs that are 
degraded in the intestinal fluids or poorly soluble 
in the intestine, as well as those with narrow 
absorption window in the upper part of the 
gastrointestinal tract. Therefore, gastroretentive 
drug delivery systems (GRDDS) were developed 
as modified controlled release systems that are 
able to reside in the stomach for a prolonged 
period of time while controlling and targeting drug 
release to specific sites in the upper small 
intestine.  
 
It was previously reported that GRDDS have 
improved the bioavailability of many drugs, such 
as riboflavin, L-dopa, verapamil HCl, and 
captopril, by controlling their release in the upper 
small intestine [2]. 
 
Various methodological approaches for gastric 
retention have been reported in the literature, 
such as high density, mucoadhesive, floating, 
swelling and expandable systems [3]. Among 
these, the floating dosage forms are considered 
one of the important approaches to achieve 
gastric retention and obtain sufficient drug 
bioavailability [4-7]. 
 
Fexofenadine hydrochloride (Fex HCl), a non-
sedating antihistamine H1 blocker used for 
seasonal allergic rhinitis and chronic idiopathic 
urticaria has limited absorption in the upper small 
intestine with poor oral bioavailability of 
approximately 35 % [8,9]. Therefore, Fex HCl is 
considered as a potential drug candidate for 
GRDDS. To date, there has been little research 
on the improvement of Fex HCl oral 
bioavailability. In a previous study, a 
microemulsion of Fex HCl was formulated in an 
attempt to improve its absorption. The 
bioavailability of the formulation was compared 
with that of a conventional marketed syrup, 
where the results revealed an increase in the oral 
bioavailability of the drug by 3.76 folds [10]. In 
the present study, effervescent floating GRDDS 
of Fex HCl was designed for the first time as an 
alternative to conventional tablets, in an attempt 
to control drug release over 24 h, enhance drug 
absorption from the proximal small intestine, and 
hence improve its bioavailability. 
 
EXPERIMENTAL 
 
Materials 
 
Fexofenadine hydrochloride (Fex HCl) and 
Hydroxypropylmethyl cellulose (HPMC K100LV, 

viscosity 8 - 120 cp) were supplied from the 
Jordanian Pharmaceutical Manufacturing Co. 
Ltd., Amman, Jordan. Hydroxypropylmethyl 
cellulose (HPMC K15M, viscosity 15000 cp) was 
supplied from Alexandria Pharmaceutical Co., 
Alexandria, Egypt. Hydroxypropylmethyl 
cellulose (HPMC K4M, viscosity 4000 cp) was 
purchased from Sigma-Aldrish, USA. 
Hydroxyethyl cellulose (HEC, Natrosol® 250 MR, 
viscosity 6500 cp) was supplied from Hercules, 
Netherlands. 
 
Preparation of tablets 
 
Twelve formulations of floating tablets containing 
60 mg Fex HCl and different polymers were 
prepared by direct compression using single 
punch tablet machine (CP series, Vanguard 
Pharmaceutical Machinery, Inc. USA) equipped 
with 9 mm standard concave punch. The 
composition of various polymer-based tablets is 
illustrated in Table 1. The powders were 
separately passed through a sieve of 250 µm 
aperture size, and then geometrically mixed 
using mortar and pestle for 5 min. The blend of 
each formula (F1 - F12) was lubricated and 
directly compressed into tablets of average 
weight 250 mg. Erweka hardness tester (MT - 
62256, Germany) was used to measure tablets’ 
hardness  that was kept in the range of 110 - 120 
Newton (N). 
 
Table 1: Composition of gastroretentive Fex HCl 
tablets* 
 

Formul
ation  

code 

HPMC 
K4M 

(mg) 

HPMC 
K15M 

(mg) 

HEC 
(mg) 

HPMC K100LV 
(mg) 

NaH
CO3 

(mg) 

F1 125 - - - 25 
F2 - 125 - - 25 
F3 - - 125 - 25 
F4 - - - 125 25 
F5 - 100 - - 50 
F6 - - 100 - 50 
F7 - 50.0 - 50.0 50 
F8 - 33.3  66.7 50 

F9 - 25.0 - 75.0 50 
F10 - - 50.0 50.0 50 
F11  - 33.3 66.7 50 
F12  - 25.0 75.0 50 

*Each tablet contained 60 mg Fex HCl, 22.5 mg 
lactose, 12.5 mg polyvinyl pyrrolidone and 5 mg 
magnesium stearate : talc (1 : 9) as a lubricant 
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In-vitro floating properties 
 
In-vitro floating of all compressed tablets was 
determined in triplicate using a 100 mL Nessler 
tube containing 0.1 N HCl (pH 1.2). The time 
taken by the tablets to float on the surface of the 
medium was defined as the floating lag time (s.) 
and the total time taken by the tablets to maintain 
floating was defined as the floating duration (h) 
[11]. 
 
In-vitro drug release study 
 
The release of Fex HCl from tablet formulations 
(F1 - F12) was studied using USP dissolution 
apparatus II. The dissolution test was performed 
in 900 ml of 0.1 N hydrochloric acid (pH 1.2) 
maintained at 37 ± 0.5°C and rotated at 50 rpm. 
Five ml were withdrawn at different time 
intervals, filtered through a 0.45 µm millipore 
filter and suitably diluted. Samples were 
analyzed spectrophotometrically at 220 nm. The 
average percentage drug release of three 
determinations was plotted against time to 
determine the release profiles. 
 
In-vitro drug release kinetics 
 
The release data were fitted to Zero-order, First-
order, Higuchi’s equation and Hixson–Crowell 
equation. Furthermore, the drug release 
mechanisms for the studied polymeric systems 
were analyzed using Korsmeyer–Peppas model 
[12]: 
 
Qt / Q∞ = kkp .tn …………………..(1) 
 
Where Qt / Q∞ is the fraction of drug released at 
time; t, kkp is a constant comprising the structural 
and geometric characteristics of the tablet, and n 
is the release exponent, which indicates the drug 
release mechanism.  
 
In-vivo evaluation of the selected formulation 
 
In-vivo floating properties 
 
In-vivo floating properties of the selected formula 
was evaluated using x-ray imaging technique 
(MD-8000, Mediconex, China) by incorporating 
barium sulphate (BaSO4) as a radiopaque 
contrast agent in the formulation. The total 
replacement of Fex HCl by the highly dense 
BaSO4 impeded the floating properties of tablets 
when examined in-vitro. In an attempt to clearly 
observe the floating behaviour of the tablet in the 
rabbit’s stomach without affecting its floating 
properties, half amount of the drug (30 mg) in the 
tablet’s formulation was replaced by BaSO4.  
 

The in-vivo floating study was carried out by 
administering the tablet to an overnight fasted 
albino rabbit (2.25 kg) with 30 mL of water. The 
rabbit was anesthetized and then fixed by his 
limbs in the upright position on a board, in order 
to be monitored by x-ray screening technique to 
locate the tablet. Different x-ray photographs 
were taken after 0.5, 3 and 6 h. 
 
In-vivo bioavailability 
 
Eight healthy male albino rabbits weighing 
between 2.2 and 2.5 kg were used for the in-vivo 
pharmacokinetic study of the selected formula 
and the 60 mg conventional marketed product 
(MP). 
 
Ethical approval was obtained from the 
institutional review board (IRB) committee, Beirut 
Arab University, Lebanon, for conducting this 
study (protocol approval no. 
2014A/018/P/P/0030), that was carried out 
following the US national guideline for animal 
studies [13]. 
 
Rabbits were divided into two groups and fasted 
overnight. MP was administered to Group A, 
while group B was given the selected 
gastroretentive tablet formulation.  
 
Blood samples (1 mL) were withdrawn from the 
marginal ear vein and collected in heparinized 
tubes. Plasma samples were separated by 
centrifugation at 10,000 rpm for 10 minutes using 
centurion centrifuge (Centurion Scientific LTD, 
UK) and stored at – 20°C until further analysis 
[10]. 
 
Samples were freeze-thawed and extracted by 
adding 0.5 mL acetonitrile. The resultant 
supernatant was evaporated to dryness under 
nitrogen gas for about 10 min, and the obtained 
residue was reconstituted  with 1 mL of the 
mobile phase (pH 3.5) consisting of acetonitrile 
and 0.5 % potassium dihydrogen phosphate 
buffer (35 : 65 % v/v). An aliquot of 20 µL of each 
sample was then analyzed by Reverse Phase-
HPLC method [14]. Pharmacokinetic analysis 
was performed by means of pk solver 2.0 
program. 
 
The relative bioavailability (B) of the selected 
tablet was calculated as in Eq 2. 
 
B = (AUCs / AUCmp) 100 …………… (2) 
 
where, AUCs  and AUCmp  are the areas under 
the curve for the selected tablet and the 
marketed product, respectively. 
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Statistical analysis 
 
Statistical analysis for in-vivo bioavailability study 
was conducted using the statistics software 
SPSS 20 (SPSS Inc., Chicago, USA). The 
significance of the difference between the mean 
AUCs and the mean AUCmp was analyzed by 
applying t-test, where a p value of less than 0.05 
was considered statistically significant. 
 
RESULTS 
 
Floating properties  
 
The effect of polymer type, polymer : sodium 
bicarbonate ratio, and polymer blends on the 
floating properties of tablets are summarized in 
Table 2. 
 
Formulations based on single polymers and 
comprising 125 mg polymer and 25 mg sodium 
bicarbonate per tablet (F1 - F4) showed a 
significant variation in their floating properties. 
Tablets formulated with the highest viscosity 
polymer, namely, HPMC K15M (F2) revealed the 
longest floating lag time (630 ± 96 s), followed by 
HEC (F3) and HPMC K4M (F1), recording 450 ± 
162 s and 12.3 ± 1.5 s, respectively. The floating 
duration of F1, F2 and F3 tablets exceeded 24 h. 
However, F4 tablets containing HPMC K100LV 
sank immediately and underwent fast 
disintegration in less than 2 h.  
 
In an attempt to decrease the floating lag time of 
HPMC K15M and HEC-based tablets, 
formulations with a lower polymer content (100 
mg/tablet) and a higher amount of sodium 
bicarbonate (50 mg/tablet) were investigated (F5 
and F6). Generally, it was noticed that 
formulations with a higher amount of sodium 
bicarbonate decreased the floating lag time. For 
instance, the floating lag time of F5 tablets 
decreased by approximately 156 s when 
compared to F2.  

Blends of high viscosity (HPMC K15M or HEC) 
and low viscosity polymers (HPMC K100LV) 
revealed further improvement in the floating 
properties of tablets (F7 – F11). Generally, the 
increase in the amount of HPMC K100LV 
decreased the floating lag time of all tablet 
formulations, except for F12 that failed to float 
and disintegrated gradually. 
 
In-vitro drug release profile 
 
The release profiles of all tablet formulations are 
illustrated in Table 2. The highest drug release 
was observed with HPMC K4M-based 
formulation (F1), and the lowest was recorded for 
HPMC K15M-based formulation (F2), where the 
drug release at 1 h for F1 was about 8.5-fold that 
of F2. Despite a sustained drug release for over 
24 h, F1 formulation revealed a high burst effect 
(Table 2). On the other hand, HPMC K15M and 
HEC-based tablets (F2 and F3) recorded a low 
initial drug release at 1 h. However, an 
incomplete drug release was observed (36.6 ± 
0.4 and 54.3 ± 0.8 %, at 24 h for F2 and F3, 
respectively). A decrease in the amount of 
HPMC K15M and HEC polymer (F5 and F6, 
respectively) did not show a remarkable 
improvement in the release behaviour of tablets. 
On the other hand, drug release rates of 
formulations consisting of polymer blends of 
HPMC K15M : HPMC K100LV (Figure 1) and 
HEC : HPMC K100LV (Figure 2) were 
significantly higher than those with single 
polymers (F5 and F6). A gradual increase in the 
amount of the low viscosity polymer (HPMC 
K100LV) resulted in a gradual increase in drug 
release rate. As a result, F8, F9 and F10 were 
considered as promising formulations for further 
investigation, as they displayed favourable drug 
release profiles among all formulations, by 
providing a low initial burst and a sustained drug 
release for 24 h. 
 

 
Table 2: In-vitro floating and drug release data of Fex HCl tablets  
 
Formulation  
code 

Floating  
lag time (s) Drug release 

(%, 1 h) 
Drug 

release 
(%, 8 h) 

Drug release 
(%, 24 h) T50 

(h) 
T90 
(h) 

F1 12.3±1.5 30.8±0.8 62.7±1.1 85.1±0.3 3.7±0.2 23.8±0.3 
F2 630±96  3.6±0.2 18.5±0.6 36.6±0.4 >24 >24 
F3 450±162  4.1±0.1 24.2±1.0 54.3±0.8 >24 >24 
F5 474±84 3.7±0.1 23.1±1.0 46.7±0.7 >24 >24 
F6 390±30 7.1±0.2 33.1±1.2 54.8±1.5 20.3±0.7 >24 
F7 168±12 11.6±0.6 43.4±1.2 82.6±1.7 10.9±0.2 >24 
F8 33.3±3.6  14.0±0.6 52.6±1.3 94.8±2.4 7.6±0.3 21.9±0.7 
F9 15.5±0.5  17.7±0.7 69.7±1.3 101.1±1.3 5.3±0.1 13.8±0.9 
F10 47.3±2.5  15.1±0.7 60.6±1.2 98.4±0.3 6.2±0.1 19.1±0.7 
F11 14.0±2.0 31.5±0.9 86.1±1.3 101.3±0.9 1.9±0.1 9.4±0.6 
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Figure 1: Release profiles of Fex HCl tablets based 
on polymer blends [HPMC K15M polymer alone (F5, 
∆), and HPMC K15M : HPMC K100LV polymer blends 
at 1 : 1 (F7, О), 1 : 2 (F8, ) and 1 : 3 (F9, ) ratios] 
 

 
 

Figure 2: Release profile of Fex HCl tablets based on 
polymer blends [HEC polymer alone (F6, ), and HEC 
: HPMC K100LV polymer blends at 1 : 1 (F10, ) and 
1 : 2 (F11, ) ratios] 
 
Drug release kinetics 
 
The drug release kinetics data are illustrated in 
Table 3. Most of the formulations showed 
anomalous transport mechanism (diffusion and 
erosion), where their n values ranged between 
0.45 and 0.85. Among the three selected 
formulations (F8, F9 and F10), F8 was chosen 
for in-vivo investigation, as its release profile 

revealed the highest correlation with zero order 
kinetics (R2 = 0.9876), indicating a nearly 
constant drug release rate. 
 
In-vivo floating behaviour of the selected 
formulation (F8) 
 
In order to observe the in-vivo floating behaviour 
of the selected tablet (F8) by x-ray imaging, Fex 
HCl was totally replaced by BaSO4 in the tablet 
formulation. In-vitro investigation of BaSO4-
tagged tablet showed no floating at all due the 
high density of BaSO4. On the other hand, the 
replacement of half amount of the drug by BaSO4 
resulted in an acceptable in-vitro floating 
behaviour, by recording a floating lag time of 216 
± 18 s and a floating duration of 8 h. Accordingly, 
in-vivo floating behaviour of the latter was 
investigated in albino rabbit, using x-ray imaging 
technique. Figure 3 shows the x-ray photographs 
of an empty abdomen (zero time) and after 0.5, 3 
and 6 h of tablet administration. The tablet 
floated in the stomach region while swelling, and 
remained buoyant in the stomach with a relative 
decrease in tablet dimension as a result of 
erosion. 
 

 
 
Figure 3: X-ray photographs of albino rabbit's 
abdomen region; (a) before tablet administration, (b) 
0.5 h, (c) 3 h and (d) 6 h, following tablet 
administration.

 
Table 3: Drug release kinetics data 
 
Formulation 
code 

Zero order First order Higuchi Hixson-Crowell Korsmeyer-Peppas 
R² R² R² R² R² n 

F1 0.8326 0.9197 0.9739 0.8941 0.9804 0.42 
F2 0.9803 0.9779 0.9703 0.9789 0.8851 0.84 
F3 0.9671 0.9466 0.9698 0.9336 0.9594 0.73 
F5 0.9941 0.9863 0.9754 0.9634 0.9508 0.81 
F6 0.9792 0.9258 0.9846 0.8995 0.9511 0.65 
F7 0.9509 0.9958 0.9728 0.9963 0.9824 0.69 
F8 0.9876 0.9377 0.9752 0.9961 0.9540 0.61 
F9 0.9849 0.9831 0.9694 0.9898 0.9735 0.56 
F10 0.9212 0.9613 0.9701 0.9958 0.9608 0.63 
F11 0.9454 0.9705 0.9650 0.9801 0.9491 0.59 
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Pharmacokinetics of the selected formulation 
(F8) 
 
The plasma concentration-time profiles of Fex 
HCl and its pharmacokinetic parameters, after 
the administration of MP and the selected GR 
tablet (F8) to healthy albino rabbits are illustrated 
in Figure 4.  The time needed to attain Cmax was 
doubled for F8 (4 ± 0 h) compared to MP (2 ± 0 
h). Moreover, Fex HCl plasma level from F8 was 
still detectable at 24 h post-administration, 
whereas that from MP disappeared after 12 h. 
 
The AUC of F8 (53.68 ± 5.52 µg / mL.h) was 
significantly higher than that of MP (39.93 ± 7.11 
µg /  mL.h)  (p <  0.05), indicating an enhancement in 
the  oral bioavailability of the drug. 
 

 
 
Figure 4: Plasma concentration-time profiles of Fex 
HCl after administration of the MP () and selected 
GR tablet F8 () (mean ± SD, n = 4) 
 
DISCUSSION 
 
Gastroretentive effervescent floating tablets of 
Fex HCL were designed in an attempt to control 
drug release and improve its oral bioavailability. 
The selection of the polymer type and the 
appropriate polymer : sodium bicarbonate ratio is 
vital to attain a controlled drug release profile 
while retaining good floating properties. 
Therefore, different tablet formulations consisting 
of single polymers of various viscosities and at a 
constant polymer : sodium bicarbonate ratio (5 : 
1) were investigated as a preliminary step.  The 
floating behaviour of gastroretentive effervescent 
floating tablets is mainly attributed to the gas 
generation resulting from the interaction of 
sodium bicarbonate with the acidic medium, and 
its entrapment within the polymeric matrix [15]. 
 
In the present study, the highly viscous polymers 
in F2 and F3 formulation may have played a 
major role in retarding the floating of tablets as a 
result of delaying the ingress of acidic medium 

into the polymeric matrix (Table 2). This resulted 
in slowing down the interaction between sodium 
bicarbonate and acidic medium (0.1 N HCl) and 
hence slowing the gas formation process that 
initiates the floating. In an earlier study, the effect 
of different polymer viscosities on the floating 
behaviour of cinnarazine effervescent GR tablets 
was investigated, where an increase in the 
floating lag time was demonstrated with 
increasing the viscosity of the polymer [16]. 
 
However, formulation with low viscosity polymer 
(F4) failed to float, as it prohibited the entrapment 
of gas that was instantly dissipated from the 
tablet matrix [17]. 
 
A decrease in polymer : sodium bicarbonate ratio 
(2 : 1) contributed to the decrease in the floating 
lag time of HPMC K15M and HEC based 
formulations (F5 and F6, respectively). This is in 
agreement with previous studies, where higher 
amounts of the effervescent agent resulted in an 
increase in gas generation and hence faster 
floating [18,19]. 
 
Moreover, blending high viscosity (HPMC K15M 
or HEC) and low viscosity (HPMC K100LV) 
polymers (F7 - F11) resulted in a further 
decrease in the floating lag time. Low viscosity 
polymer facilitated diffusion of the acidic medium 
into the tablet matrix and hence its interaction 
with sodium bicarbonate to generate CO2 [20]. 
 
On the other hand, failure of formulation F12 to 
float could be explained by the inability of the 
polymeric matrix to efficiently hold the generated 
CO2 gas as a result of the low viscous medium 
imparted by the high amount of HPMC K100LV. 
Furthermore, the loss of matrix integrity may 
have worsened its floating properties [21].  
 
Upon investigating the drug release profile from 
different formulations (Table 2), the slowest drug 
release was observed in F2 and F3 formulations.  
A very viscous polymeric network was 
particularly formed which may have affected the 
drug diffusion through this network and 
eventually may be responsible for an incomplete 
drug release [21]. 
 
A decrease in polymer : sodium bicarbonate ratio 
(F5 and F6) did not remarkably enhance the drug 
release profile, where the attainment of a 
controlled and complete drug release at 24 h is 
sought (Table 2). Therefore, different blends of 
high and low viscosity polymers were employed, 
that showed an improvement in drug release 
behaviour (Figure 2 and Figure 3) while retaining 
good floating properties. These findings are in 
accordance with those obtained by Mostafavi et 
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al [23] who revealed an increase in ciprofloxacin 
release rate upon mixing a low viscosity polymer 
(Na CMC) with the highly viscous one (HPMC 
K100M).  
 
From all previous findings, F8 tablet formulation 
containing 100 mg of high and low viscosity 
polymer (HPMC K15M : HPMC K100M at a ratio 
of 1 : 2, respectively), and 50 mg sodium 
bicarbonate was chosen as the best formulation 
for further investigation. It showed excellent 
floating properties (< 1 min floating lag time), a 
sustained release profile for 24 h (14, 52.6 and 
94.8 % drug release at 1, 8 and 24 h, 
respectively), and zero order release kinetics (R2 

= 0.9876), thus providing a controlled and nearly 
a constant drug release rate. 
 
The selected tablet revealed good in-vivo floating 
properties, by recording a floating duration for 
over 6 h. Similarly, in a study conducted by 
Trivedi et al [24], the in-vivo floating behaviour of 
ranitidine HCl gastroretentive tablets was 
investigated in a human volunteer. They 
observed a floating duration of approximately 7 h 
in the stomach. 
 
The AUC of F8 was 135 % higher than that of 
MP (p < 0.05). This could be attributed to its 
prolonged gastric residence time and hence its 
controlled drug release in the upper region of the 
small intestine, which may have improved drug 
absorption and increased its oral bioavailability 
[7]. 
 
CONCLUSION 
 
The findings of this study demonstrate that 
gastroretentive effervescent floating tablets of 
Fex HCl is a promising approach to control the 
release of the drug and enhance its oral 
bioavailabiliy. Moreover, the simplicity of the 
design of the formulation and ease of production 
should facilitate its adaptation to large-scale 
manufacture. 
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