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ABSTRACT 
 
The objective of this present study is to formulate and evaluate the gastroretentive floating drug delivery system (GRFDDS) of Ciprofloxacin 
Hydrochlorides prepared by using synthetic and natural polymers (HPMC). Formulations were prepared by direct compressiuion technique and sodium 
bicarbonate (8% w/w) was incorporated as gas generating agent. Tablets were evaluated for hardness, in vitro buoyancy, drug content and in vitro drug 
release studies. Release data obtained was subjected to analysis using different mathematical models namely – zero order flux, first order, erosion plot, 
Higuchi and Korsmeyer peppas equations. Single unit, floating drug delivery system has been developed, which is based on gas generating agent. In vitro 
floating behaviour more than 12 hrs. The drug release profile adjusted by varying formulation parameters, such as the hydrophilic polymers and rug 
release modifier which give controlled floating drug release. Marketed product Cifran OD having BLT 110 seconds to 250 seconds and floating time is not 
up to 12 hrs. Marketed product release the drug 95-97% after 12 hrs but floating matrix tablet based on gas generating agent. This release drug 98% 
after 12 hrs from matrix.  It is concluded this formulation gives 12 hrs release which give once daily tablet. These were further characterized by DSC and 
Fourier transform infrared spectroscopy (FTIR) which indicated that there was no interaction between drug and polymers. 
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INTRODUCTION 
 
These systems are also called as hydro dynamically balanced systems 
(HBS). It is an oral dosage form designed to prolong the residence time of 
the dosage form within the gastrointestinal tract. On contact with the 
gastric fluids the intragastric floating tablets or capsules form a water 
impermeable colloid gel barrier, around gel surface and maintain the bulk 
density of less than one. So it remains buoyant in the gastric fluid inside 
the stomach until the entire drug has been released. This drug delivery 
system not only prolongs GI residence time but also does so in an area of 
the GI tract that could maximize drug reaching its absorption site in 
solution and hence ready for absorption. To provide good floating 
behaviour in the stomach, the density of the FDDS should be less than that 
of gastric content [1.0049 (cm3)] [1]. Floating systems can be classified 
into two distinct categories based on mechanism of buoyancy - non-
effervescent and effervescent systems. The gastric retentive drug delivery 
systems are suitable for following types of drug therapy-Drugs absorbed 
from upper GIT: The drugs that are absorbed only from the upper parts of 
the gastrointestinal tract with a specific absorption window (i.e., spatial 
control), i.e. ciprofloxacin (which is absorbed only from the region 
extending from the stomach to the jejunum. Ciprofloxacin dissolves at 
lower pH values and therefore the “absorption window” is predominantly 
in the stomach or upper parts of the small intestine. Drugs have a 
particular site for maximum absorption e.g. ciprofloxacin, whose 
maximum absorption is in the stomach only [2]. The absorption of 
metformin HCl is confined to the small intestine only and the 
conventional sustained release dosage forms may be poorly bio available 
since absorption appears to diminish when the dosage form passes into 
the large intestine.  
 
Drugs having low pKa, which remain unionised in stomach for better 
absorption. Drugs having reduced solubility at higher pH e.g. captopril 
and chlordiazepoxide. Local action as is seen in the treatment of H. pylori 
by amoxicillin and misoprostol as in case of ulcers. The bioavailability of 
drugs which get degraded in alkaline pH can be increased by formulating 
gastro-retentive dosage forms, e.g. doxifluridine, which degrades in small 
intestine. To minimize gastric irritation which may be caused by sudden 
increase of drug concentration in the stomach e.g. NSAIDs. Improve 
effectiveness of particular drugs e.g. antibiotics in the colon tend to 
disturb the microflora causing overgrowth of microorganisms like 
Clostridium difficile causing colitis [3]. Ciprofloxacin is a fluorinated 4-
quinolone bactericidal agent with a broad spectrum of activity against 
gram positive and gram-negative micro-organism. Ciprofloxacin is well 
absorbed from the upper gastrointestinal tract. Increased retention time 
in the stomach allows greater quantity of ciprofloxacin to dissolve from 
the dosage form, which provides desired absorption at a rate such that 
effective plasma levels are maintained for a prolonged duration and the 
formulation suitable for once-daily administration [4].  
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Ciprofloxacin is well absorbed from the upper gastrointestinal tract. 
Increased retention time in the stomach allows greater quantity of 
ciprofloxacin to dissolve from the dosage form, which provides desired 
absorption at a rate such that effective plasma levels are maintained for a 
prolonged duration and the formulation suitable for once-daily 
administration [4].  
 
Several methods are reported which can be employed to retain the 
dosage form in the stomach, which then trickles the drug over the 
absorptive surface. Hydrodynamically balanced drug delivery system is 
most widely used among them [5]. The main objective of the present 
investigation was to formulate floating drug delivery system containing 
ciprofloxacin hydrochloride via gastric retention. The study was divided 
into following parts –To develop single unit, floating drug delivery system 
consisting gas generating agent, matrix-forming polymer, drug and filler 
and to study the effect of important formulation parameters on the 
floating behaviour of these systems [6]. 
 
MATERIALS AND METHODS 
 
Ciprofloxacin hydrochloride was a gift sample from Cipala, Mumbai, India. 
HPMC K 15 M, K100 M) was purchased from Colorcon, India. HPMC 
(Methocel K 15 M) was purchased from Colorcon. Dicalcium phosphate 
was purchased from Cadila Pharma, India. Sodium bicarbonate, Citric acid 
and magnesium stearate were purchased from S.D. Fine Chemicals Ltd., 
Mumbai. All the chemicals were analytical grade. 
 
METHODS 
 
Table 1.  Composition for Preparation of Floating Matrix Tablet 

 
*All the ingredient were taken in milligrams.  
 
 
 
 

*Ingredients  F1 F2 F3 F4 F5 F6 F7 F8 

Ciprofloxacin 
HCL 

500 500 500 500 500 500 500 500 

Dicalcium 
Phosphate 

101 126 151 141 151 101 126 101 

HPMC K4M 100 75 50 100 - - - - 

HPMC K100M - - - - 100 100 75 50 

Crosspovidone 50 50 50 50  50 50 50 

Sodium 
bicarbonate 

40 40 40 - 40 40 40 40 

Citric acid  4 4 4 4 4 4 4 4 

Magnesium 
stearate 

5 5 5 5 5 5 5 5 

Toal wt. of 
Tablet 

800  800 800 800 800 800 800 800 
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Preparation of floating tablet 
 
Accurately weighed quantities of drug and polymers according to formula 
shown in Table--- mixed geometrically. Sodium bicarbonate, citric acid 
was added as a gas generating agents and crosspovidone was added as 
drug release modifier in floating sustained release tablets. Blend was 
passed from sieve 40# to get uniform particle size. Finally magnesium 
stearate was added and blend was mixed in polyethylene bag for 5 
minutes. Accurately weighed 1000 mg powder and fed manually in to dies 
of Cadmach tablet machine and compressed by using 9 mm flat faced 
punches [7]. Composition of Formulation See in Table 1. 
 
RESULT AND DISCUSSION 
 
Standard Curve of Ciprofloxacin Hydrochloride  
 
Ciprofloxacin HCl was found to obey Beer-Lambert’s law in the 
concentration range 2-20 g/ml at 278 nm against 0.01 N HCl as a blank 
[6]. 
 
Table 2. Ciprofloxacin Calibration Standard Curve 

 
 
 
 
 
 
 
 
 
                                    
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Standard curve of Ciprofloxacin Hydrochloride. 
Slope = 0.05293; Y intercept = -0.024; X intercept = 0.4535; Correlation coefficient 
(r) = 0.9996 

 
Identification by FT-IR  
 
 
 
 
 
 
 
 
                                              
 
 
 
Figure 2. FT-IR Optimizes batch. 
 
The FT-IR spectra of the pure Ciprofloxacin Hydrochlorides and physical 
mixture of drug and polymers were recorded to check interaction 
between drug and polymers. The characteristic peaks of Ciprofloxacin 
Hydrochlorides were appeared in the spectra without any remarkable 
change in the position. This indicated that there was no chemical 
interaction between Ciprofloxacin Hydrochlorides and polymers7.  
 
Differential scanning calorimetry(DSC) 
 
Interaction between the drug, polymer used in formulations and other 
excipients was predicted by differential scanning calorimetry studies. DSC 
thrmograms of drug and optimizes batch are shown in Figure 3. A sharp 
endothermic peak corresponding to melting point of Ciprofloxacin 
Hydrochoride was found at 165.34°C for drug sample. The endothermic 

peak corresponding to melting point of Ciprofloxacin Hydrochoride in 
powdered sample of matrix formulation containing polysaccharides 
slightly shifted to 164.79°C or 165.05°C which may be hydroxy group 
present in  polysaccharides used in formulations.The result of DSC study 
indicate that absence of any interaction between drug and 
polysaccharides or other formulation excipients [8]. 
 

 
 

Figure 3. DSC thrmograms of optimize batch 
 
Evaluation of Powder Blend [9] 
 
Angle of repose  
 
Angle of repose is defined as the maximum angle possible between the 
surface of pile of powder and horizontal plane. The angle of repose for the 
granules of each formulation was determined by the funnel method 
suggested by Neumann.61 The granule mass was allowed to flow out of the 
funnel orifice on a plane paper kept on the horizontal surface. This forms 
a pile of granules on the paper. The angle of repose was calculated by 
substituting the values of the base radius ‘R’ and pile height ‘H’ in the 
following equation: 

tan  = h / r 
Therefore,   = tan-1 (h / r) 

Bulk density 
 
The bulk density was obtained by dividing the weight of the sample in 
grams by final volume in cm. 
                                                        b = M / VP 
where,  b = bulk density, M = Weight of sample in grams, VP = final tapped 
volumes of granules in cm3 . 
 
Carr’s Index 
 
Percent compressibility of powder or granules is a direct measure of the 
potential powder arch or bridge strength and stability. It was determined 
as per the formula. The results obtained were in between 5 to 15 %, 
which suggest the excellent flow characteristics. 
 
Hausner Ratio  
 
Hausner ratio is another parameter similar to carr’s index used for 
determination of flow characteristic of granules or powder. Hausner ratio 
of granules of all prepared formulation was found to be < 1.25, which 
suggest good flow characteristics. 
 
Table 2. Pre-Compression Parameter 

Evaluation of Tablet Properties  
 
Tablets were subjected to evaluation of properties including drug content 
uniformity, weight variation, tablet hardness, friability, thickness and in-
vitro drug release [10, 11, 12]. 
 
Thickness 
Thickness of tablet is important for uniformity of tablet size. Thickness 
was measured using vernier callipers. It was determined by checking ten 
tablets from each formulation. 

Sr. No. 
Concentration 

g/ml 
Absorbance 

1 2 0.089 
2 4 0.176 
3 6 0.285 
4 8 0.398 
5 10 0.512 
6 12 0.619 
7 14 0.732 
8 16 0.821 
9 18 0.92 

10 20 1.03 

 
Angle of 
repose (ө) 

LBD 
(gm/ml) 

TBD 
(gm/ml) 
 

Carr’s 
Index (%) 

Hausner 
ratio 
 

1 27.33 0.27 0 .298 9.39 1.103 

2 28.11 0.259 0.30 13.6 1.158 

3 28.3 0.271 0.3011 10 1.11 

4 29.2 0.254 0.282 9.92 1.15 

5 27.92 0.287 0.318 9.74 1.1 

6 29.5 0.269 0.294 12.6 1.12 

7 26.3 0.274 0.312 11.4 1.19 

8 27.36 0.264 0.297 10.9 1.22 
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Hardness  
 
The resistance of tablets to shipping or breakage under conditions of 
storage, transportation and handling before usage depends on its 
hardness. The hardness of tablet of each formulation was checked by 
using Monsanto hardness tester. The hardness was measured in terms of 
kg/cm3. 
 
Friability  
 
Friability is the measure of tablet strength. Roche friabilator was used for 
testing the friability using the following procedure: twenty tablets were 
weighed accurately and placed in the tumbling apparatus that revolves at 
25 rpm dropping the tablets through a distance of six inches with each 
revolution. After 5 minutes the tablets were weighed and the percentage 
loss in tablet weight was determined. 
 
In Vitro Buoyancy Determination 
 
All the prepared floating tablets of Ciprofloxacin HCL were subjected to in 
vitro buoyancy test by determining its floating lag time. For this study 3 
tablets were used from each batch. The buoyancy lag time and the 
duration of the buoyancy were determined in 1 Litre glass beaker 
containing 900 ml of 0.1 N hydrochloric acid (HCl). The media was kept in 
stagnant condition and the temperature maintained at 37±0.5oC.The time 
taken for the tablet to rise to the surface and float was determined as 
floating lag time. 
 
Table 3. Post-Compression Parameter 
 

Batch Thickness 
(mm) 

Hardness 
(Kg/cm) 

Friability 
(%) 

BLT 
(Seconds) 

F1 6.5-6.8 6 0.2 110 
F2 6.2-6.7 6 0.5 120 

F3 6.6-6.8 5 0.3 160 
F4 7.4-7.6 6 0.6 250 
F5 7.5-7.6 5 0.4 Not floated 
F6 7.8-8.0 6 0.2 240 
F7 6.8-7.2 6 0.4 110 
F8 7.2-7.6 5 0.5 140 

 
Floating time 
 
The floating time was found to be dependent on the gelling. All the 
formulations showed floating time more than 12 hrs [14].  
 
Dissolution testing  
 
Tablets of each formulation were subjected to dissolution rate studies in-
vitro dissolution studies were carried out to determine the drug release 
from various formulations. The release characteristic studies included the 
amount of drug release per hour up to 12 hrs [15]. 
 
Table 4. Floating and drug release studies of marketed ciprofloxacin HCl 

extended release tablet 
 

 
The release profiles from floating sustained release tablets containing 
various amount of HPMC K4M, HPMC K100M.  Hydrophilic polymers 
gives sustained drug release with gelling. Crosspovisone is act as a drug 
release modifier. In batch F5 crosspovidone was not added, drug release 
is 75% and other batches compared to other batches.  Comparative in 
vitro dissolution study with marketed product Cifran OD 500 mg 
(Ciprofloxacin extended release film coated tablet) from Ranbaxy 
laboratories Ltd. shows the BLT and floating time which is shown in table 
7.9. The drug release profile of marketed product is shown in graph 7.9. 
From the graph it shows that marketed product release is 97-99% drug in 
12 hrs. The marketed product Cifran OD showed BLT from 110 seconds to 
250 seconds. Cifran OD when immersed in dissolution medium gelling 
type matrix formed and after some time floats. Cifran OD was not floated 
up to 12 hrs. Almost all drug released within 10 to 12 hrs. 
 

 
 
 
 
 

Figure 4.  Floating and drug release studies of marketed ciprofloxacin HCl 
extended release tablet 

 
CONCLUSION 
 
Ciprofloxacin is well absorbed from the upper part of gastrointestinal 
tract So increased retention time in the stomach allows greater quantity 
of Ciprofloxacin to dissolve from the dosage form, which provide desired 
release rate for prolonged duration so formulation suitable for once-daily 
administration. This is achieved by developing formulation of floating 
matrix tablet based on gas generating agent.According to the present 
study following conclusions – Single unit, floating drug delivery system 
has been developed, which is based on gas generating agent. In vitro 
floating behaviour more than 12 hrs.  The drug release profile adjusted by 
varying formulation parameters, such as the hydrophilic polymers and 
rug release modifier which give controlled floating drug release. 
Marketed product  Cifran OD having BLT 110 seconds to 250 seconds and 
floating time is not up to 12 hrs. Marketed product release the drug 95-
97% after 12 hr but floating matrix tablet based on gas generating agent. 
This release drug 98% after 12 hr from matrix. It is concluded this 
formulation gives 12 hr release which give once daily tablet. 
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 Average percent drug release (%) 
Time 1 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 

Tablet 1 16 38 63 76 93 98 -- 
Tablet 2 20 49 55 86 95 97 98 
Tablet 3 16 34 64 79 83 96 97 
Tablet 4 20 39 48 63 86 97 99 


