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Abstract

Ciprofloxacin is associated with reduced bioavailability due to dissolution and absorption from upper
part of GIT. Controlled release technology covers frequency of administration, but reduced
bioavailability demands increased gastric residence time. So, floating drug delivery systems represent
an ideal drug delivery mode to increase gastric residence time leading to improved bioavailability.
This study aimed to formulate polymeric floating tablets of ciprofloxacin for oral drug delivery. Direct
compression method was employed for the preparation of tablets using different polymers like HPMC,
alginate and chitosan. Physicochemical evaluation tests were performed on all the prepared tablets.
0.1 N HCI solution was used for floating, swelling and in-vitro release studies. The drug, polymers
and excipients had no incompatibilities as confirmed by FTIR results. Total floating time of all the
formulated tablets was higher than 12 h with maximum swelling index exhibited by F6. In-vitro
studies depicted that combination of polymers can sustain the release of drug in better way and
followed anomalous non-Fickian diffusion mechanism. Similarly, the optimized ciprofloxacin
floating tablets were investigated for effect of pH, agitational intensity and osmotic pressure. The
results confirmed that ciprofloxacin loaded floating drug delivery system produced promising results
to enhance bioavailability.

Key words: Ciprofloxacin, swelling index, direct compression, floating lag time, in-vitro drug
release.
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1. Introduction

Oral route is regarded as the most commonly used route, employed to achieve both systemic as well
as local actions for variety of infections. Patients mainly select oral route due to suitability for self-
administration, high patient compliance and ease of use (1). Different physiological factors such as
solubility, stability, ionization, and lipophilicity control the absorption of drug including gastric
intestinal transient time. Fluid and food intake gastric and intestinal secretion, absorption mechanism,
pH and metabolism process (2). Since oral route is patient friendly, so high percentage of patient
compliance is achieved. But variability in gastric emptying time is a major drawback of oral drug
administration (3). Sometimes, prior to drug release from the delivery system, the drug may be ejected
in the stomach, necessitating the drug delivery system that cannot only produce sustaining action but
also provide prolonged gastric residence time. The combined outcome of such interventions is better
drug bioavailability with minimal drug wastage resulting in improved drug solubility which is vital
for pharmacological action (4).

Ciprofloxacin belongs to the group fluoroquinolone. The dose of ciprofloxacin is usually 500 mg and
has 70% bioavailability. The drug peak plasma concentration of ciprofloxacin is usually 2.5 pg/ml
and the reaching time is 1 to 2 h (5). But conventional ciprofloxacin administration produces poor
response due to poor bioavailability and penetration, thus the clinical efficacy of ciprofloxacin can be
increased by increasing the half-life of this drug. When the drug reaches the GIT then it affects the
absorption value of the drug and this problem is overcome in floating drug delivery system (6).
Conventionally, ciprofloxacin dissolves and absorbs from upper part of GIT, leading to increased
frequency of administration and reduced bioavailability (7). Although controlled release technology
covers frequency of administration parameter, but reduced bioavailability demands increased gastric
residence time. So, floating drug delivery systems represent an ideal drug delivery mode to increase
gastric residence time leading to improved bioavailability while use of natural polymers also offer
controlled drug delivery (8).

Among gastro-retentive drug delivery systems, the floating dosage forms represent potential
candidates to achieve prolonged gastric residence time thus helping to achieve improved
bioavailability and therapeutic outcomes (9). Floating drug delivery system offers drug floating on
gastric fluid. This can effectively slow the release of drug as well as enhance the gastric residence
time providing sufficient drug plasma level to achieve outcome indicators (10). Site specific drug
delivery to the stomach offers numerous therapeutic outcomes such as limiting the drug systemic
exposure. The dosing frequency of the drug may also be reduced by achieving sustained and elevated
gastric availability (11).

The present study aimed to design and formulate floating tablets of ciprofloxacin using rate
controlling polymers like HPMC, chitosan and alginates to enhance bioavailability caused by
increased gastric residence time.

2. Materials and Methods

2.1. Materials

Ciprofloxacin was generously gifted by Ferozson Laboratory, Nowshera, Pakistan . Chitosan, alginate
and HPMC (Sigma-Aldrich, P.O. Box 14508, St. Louis, MO, USA, +1-314-771-5765, Sigma-
AldrichChemie GmbH, Riedstr, 2, 89555 Steinheim, Germany, +49-7329-970) were used as rate
controlling polymers. Citric acid, sodium bicarbonate, magnesium stearate and talc (The Dow
Chemical Company., 693 Washington St. #627, Midland, MI 48640, USA) were also used in the
preparation of polymeric floating tablets. All the materials in this project were of analytical grades
and used without any further purification.

2.2. Compatibility Studies

ATR-FTIR was used to evaluate the drug and excipient compatibility investigations. PerkinElmer
ATR-FTIR (USA) has been used to analyze the FTIR spectra of ciprofloxacin, polymers and other
excipients.
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2.3. Preparation of Tablets

Direct compression method was used to fabricate ciprofloxacin loaded floating tablets (12).
Accurately weighed portions of the drug, polymers and excipients were taken followed by adequate
mixing of all the ingredients. However, polymers used in the formulations such as chitosan, alginate,
and HPMC were incorporated either alone (160 mg) representing 22.31 % of total formulation weight
and 1:0.32 drug to polymer ratio or their physical admixture with other polymers in the concentration
of 80 mg each representing 11.15 % of total formulation weight and 1:0.16 drug to polymer ratio.
Pilot batches were created, each containing 50 tablets of a different formulation type. A computerized
electronic balance (AX 120, SHIMADZU, Kyoto, Japan) was used to weigh each element in the
mixture, including ciprofloxacin. A mortar and pestle were used to geometrically mix hydrophilic and
gel-forming polymers. The amount of ciprofloxacin that had been previously measured was added to
this mixture and well-mixed. The resulting mixture was passed through a mesh size 40, collected in a
plastic bag, and blended for an additional 5 minutes. After adding the necessary amounts of citric acid
and NaHCOs3, the mixture was mixed for an additional 5 minutes. Finally, adequate amounts of talc
and magnesium stearate were added. The resulting mixture was thoroughly mixed for 10 minutes,
then again passed through sieve number 40 before being compacted into tablets using a single punch
tablet machine (Erweka Apparatebau compression machine type T B-24). Table 1 shows the
composition of various formulations:

Table 1. Composition of ciprofloxacin loaded floating tablets

Materials (mg) F1 F2 F3 F4 F5 F6
Ciprofloxacin 500 500 500 500 500 500
Chitosan 160 80 80
HPMC 160 80 80
Alginate 160 80 80
Citric Acid 5 5 5 5 5 5
Sodium Bicarbonate 20 20 20 20 20 20
Magnesium Stearate 12 12 12 12 12 12
Talc 10 10 10 10 10 10

2.4. Characterization of Ciprofloxacin Floating Tablets

2.4.1. Physical Appearance & Thickness

Floating tablets thickness were noted with the help of vernier caliper (Erweka GmbH, Langen,
Germany) whereas shape and physical form of compressed tablets were observed under microscope.
A random selection of at least 5 tablets from each batch was made to subject them individually for
dimensional specifications assessment. The results were expressed as mean + SD (13).

2.4.2. Hardness

A hardness tester (Erweka Model TB 24 Apparatus, Langen, Germany) was used to determine tablet
crushing strength. Randomly, 10 tablets from each batch were selected for checking their hardness
and results expressed in kg/cm? (14).

2.4.3. Friability

To calculate floating tablets friability, Roche friabilator was employed. For this purpose, 20 tablets
were taken randomly, and friability was measured after 100 rpm (4 minutes treatment at 25 rpm).
Friability was measured using following equation (15):

\% F= wi-wz/w1 x 100 (D)

where w; indicates tablet weight before it becomes friable and w- represents weight of tablet after
friability. % friability of < 1 % is considered acceptable.
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2.4.4. Weight uniformity
20 tablets were picked at random and were weighed accurately using analytical weighing balance (AX
120, SHIMADZU, Kyoto, Japan). The average weights (mean £ SD) of tablets were calculated (16).

2.4.5. Drug content uniformity

10 tablets were selected randomly for the identification of drug content uniformity. The selected
tablets were weighed accurately using analytical weighing balance and then crushed in pestle and
mortar. The specified quantity of powder was taken and dissolved in 0.1 N HCI solution. The filtrate
was obtained by passing through a cellulose member filter (0.45 p) and then analyzed
spectrophotometrically using UV Visible spectrophotometer (UV1800, SHIMADZU, Kyoto, Japan)
at the wavelength of 276 nm wavelength. Drug content of the formulated tablets was identified with
the help of already prepared standard curve of ciprofloxacin. An average of three readings was taken
and recorded (17).

2.5. Tablet floating capacity

Paddle method (USP type 2 apparatus) was utilized to investigate tablet floating capacity. The tablets
were put into glass jars with 0.1 N HCI up to a capacity of 900 mL, and the jars were rotated at a
speed of 50 rpm. The equipment's temperature was kept at constant temperature of 37 = 0.5 °C for 24
h. Both the amount of time that it took for the tablets to rise to the top of the dissolution medium and
the amount of time that they remained floated on the medium were recorded. These were referred to
as floating lag time and total floating time, respectively. To generate an average result, triplicates were
used. The result is displayed as mean + SD (18).

2.6. Swelling and erosion

For the determination of swelling index and erosion, USP Dissolution Apparatus-Il (Erweka GmbH,
Germany) and 0.1 N HCI solution was used. For this purpose randomly 3 tablets were selected for the
test and were weighed individually and accurately using analytical weighing balance. These
formulated tablets were subjected into dissolution apparatus for further analysis. At certain intervals,
tablets were carefully taken from the medium with a spoon (at 0.5h, 1h, 2h, 4h, 6h, 8h, 12h, and 24h
respectively). The tablets were cleaned using filter paper and were again weighed. Then the tablets
were placed at 60 °C in oven. After achieving complete drying the tablets were again weighed to
achieve final weight (19).

Following equation was used for calculation of erosion and percentage of swelling:

Swelling (%) = Ww-Wi/Wi x 100 @)

Erosion (%) = Wi-Wd/Wi x 100 (3)

Where Wi is Initial weight tablet, Ww is Wet weight of tablet, and Wd is the tablet's dry weight.

2.7. In-Vitro Release Study

In-vitro release study was carried out for the formulated tablets using USP dissolution apparatus Il
(Erweka GmbH, Germany). The temperature maintained was 37 £ 0.5 °C and experiment was run at
100 rpm. As a simulated gastric fluid, the formulated tablets were subjected into 0.1 N HCI (pH 1.2)
in a total volume of 900 ml. At predetermined intervals (0.5h, 1h, 2h, 4h, 6h, 8h, 12h, & 24h), 5 ml
samples were removed and replaced with fresh prepared medium. The drug content as well as the
percent cumulative drug release were calculated and results averaged (20).

2.8. Effect of Agitational Intensity on Drug Release

The dissolution apparatus was set at various rotational speeds to ascertain the drug release pattern of
the optimized formulation, taking into consideration the impact of the agitational intensity of 0.1 N
HCI and other release media like acetate buffer having pH 4.5 and simulated intestinal fluid having
pH 6.8. The dissolution apparatus was used with rotating basket (USP technique 1) at 50 and 100 rpm.
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Similar to this, samples were collected at a predetermined period and examined at 276 nm after
passing through a 0.4 p membrane filter (10).

2.9. Effect of pH on Drug Release

The pH change approach was used to examine the impact of pH and produce optimum formulation
performance reliability that was independent of the pH effect. According to the protocol of the pH
change approach, the release behavior of optimized formulations was observed using this method.
The drug release was monitored using this pH change technique in an effort to replicate the GIT transit
duration and pH. The pH change strategy included using simulated gastric fluid having pH 1.2 as
release medium for the first two h, followed by acetate buffer having pH 4.5 for the next two hours,
and finally replacing with simulated intestinal fluid having pH 6.8 for the last 24 h. It is preferable to
detect the drug release at pH 1.2 for a maximum of 24 h since it is impossible to investigate the
mechanism and kinetics of drug release by pH change technique and transit time (21). According to
USP guidelines, 900 mL of each of the required dissolution media i.e. acetate buffer (pH 4.5), 0.1 N
HCI (pH 1.2) and simulated intestinal fluid (pH 6.8) were produced and maintained at 37 = 1 °C. At
100 rpm, the dissolution apparatus was in operation. An aliquot of 5 mL was obtained at certain
intervals, put through a 0.45 p membrane filter, and then subjected to a UV spectrophotometer to be
analyzed at 276 nm (UV-1800, SHIMADZU, Kyoto, Japan) (22).

2.10. Effect of Osmotic Pressure on Drug Release

In order to corroborate the drug release mechanism, release behavior studies of optimized
formulations were carried out using media with various osmotic pressures. To raise the osmotic
pressure of the medium, an osmotically active solute such as NaCl was added to simulated stomach
fluid (0.1 N HCI kept at 37 £ 1 °C). With sodium chloride concentrations of 0.5 % and 0.9 %, this
experiment was started at 100 rpm. 5 mL samples were taken out of the vessel at regular intervals and
replaced with an equivalent amount of new solvent kept at the same temperature to maintain the
vessel's volume. The absorbance of samples that had been withheld was measured using a UV
spectrophotometer (UV-1800, SHIMADZU, Kyoto, Japan) at a wavelength of 276 nm in order to
investigate drug concentration (23).

2.11. Release Kinetics

In order to investigate the drug release mechanism, the release data obtained from ciprofloxacin
loaded floating tablets were fitted into different kinetics models such as Korsmeyer-Peppas equation,
Higuchi, Hixson Crowell, first-order and zero-order (24).

2.12. Statistical Analysis
The averages from each experiment were run in triplicates and shown as mean + SD. The statistical
analysis used paired t-test and one-way ANOVA. A p-value of 0.05 or less was regarded as significant.

3. Results and Discussion

3.1. Drug Compatibility Studies

ATR-FTIR spectra of pure ciprofloxacin and its physical admixtures with various polymers (HPMC,
sodium alginate and chitosan) are shown in Figure 1. Major infrared (IR) bands in the functional group
area between 2700 and 3500 cm™* (representing N-H stretch, O-H stretch, and C-H stretch) and 1600
to 1800 cm™ (representing C=C, C=0, and C=N stretches) were visible in the spectra of pure
ciprofloxacin (25). The primary bands visible in the spectra of ciprofloxacin were also visible in the
spectrum of physical admixtures, but with less intensity. Since no new peak appeared or the original
drug or excipient peak vanished, which would indicate a drug-excipient interaction, the spectrum of
the formulated tablet demonstrated that there were no interactions between the excipients utilized in
the formulation and the ciprofloxacin (26).
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Figure 1. ATR-FTIR spectra of (a) ciprofloxacin (b) F1 (c) F2 (d) F3 (e) F4 (f) F5 (g) F6

3.2. Characterization of Tablets

3.2.1. Thickness of Tablets & Physical Appearance

Tablets seemed round and uncracked under the microscope. Vernier calipers were used to measure
the thickness of floating tablets. As indicated in Table 2, the floating tablets' dimensional requirement
(thickness) was determined to be within the permitted range. Thickness values of the formulated
tablets ranged in between 3.4 £ 0.3 mm to 3.6 £ 0.4 mm, and all batches were determined to be
uniform.

A significant part of the floating tablet's performance is its thickness, as changing this factor directly
affect the density of the tablet. An increase in tablet thickness may change the floating behavior of
the tablets, whilst a decrease in tablet thickness may affect the floating lag time. Thus, average of
these two parameters should be lesser than density of stomach contents i.e. 1.004 g/cm? (27).

3.2.2. Hardness

Tablet hardness or crushing strength is an essential factor in tablet formulation. The hardness values
for all formulated tablets ranged in between 67.5 + 0.6 N to 71.5 + 1.3 N, as shown in Table 2.
Increased hardness of formulated tablets causes alterations in floating lag time while decreased values
directly affect dissolution profile (28). In addition, the hardness of tablet increases when two polymers
are used in combination, as shown in Table 2. It has been reported that tablet manufactured from two
or more polymers, exhibits greater hardness values as compared to tablets manufactured from single
polymer (29).

3.2.3. Friability

The friability of the ciprofloxacin loaded floating tablets formulations (F1-F6) was displayed in Table
2. After the friability test, no broken, split, or cracked tablets were seen. The friability results were
within BP limits i.e. < 1 %. Thus, the mechanical stability of formulated tablets was guaranteed. In
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general, as tablet hardness increases, the formulation's friability or % mass loss drops accordingly.
Thus, by maintaining a higher compression force, the friability test results tend to adhere to USP
guidelines (30).

3.2.4. Weight uniformity

The weight uniformities of all of the formulated tablets were shown in the Table 2. Since no individual
tablet weight deviated from its corresponding mean value by more than £ 5%, all formulations (F1-
F6) properly passed the weight uniformity test. The results of weight uniformity of prepared tablets
ranged from 706 + 1.6 mg to 713.5 + 3.2 mg, indicating that all the tablets were found uniform in
weight (31).

3.2.5. Drug Content

Results of content uniformity test are shown in Table 2. Because the individual contents of every
formulation batch came within the permitted official range of 85-115 %, the findings for content
uniformity of all the formulations were fitted in the official compendial criteria and determined to be
within the allowed range. For ciprofloxacin loaded tablets, the findings were in the range of 86.5
1.3%1t091.6 + 2.0 %.

In this case, the active ingredient ciprofloxacin makes up a large portion of the tablet, as opposed to
formulations that contain potent drugs that are only available in low doses and where the excipients
make up the majority of the tablet. Thus, the content uniformity test was able to help ensure the
achievement of dosage form uniformity (32).

Table 2. Physico-chemical parameters of ciprofloxacin loaded floating tablets

F.Code  Thickness  Hardness Weight Friability Drug
(mm) (N) Uniformity (mg) (%) Content (%)
F1 35+0.1 67.5+0.6 7085+ 24 088+03 865+1.3
F2 3.4+0.3 67.9+0.4 708 +3.1 090+05 879+1.1
F3 35101 68.2+1.1 7135+3.2 086+0.2 904+24
F4 3.6+0.2 70.1+0.9 706 + 1.6 094+06 91.6+20
F5 3.4+05 715+13 7115+19 082+05 91.1+138
F6 3.6+04 708+1.2 707.3+1.1 0.78+0.4 89.3+15

Data are expressed as mean + SD (n = 3)

3.3. Tablet Floating Capacity

According to the tablet floating study findings, which are presented in Table 3, all formulations
exhibited good buoyancy (total floating time greater than 12 h). Due to an increase or reduction in the
concentration of incorporated polymers, the floating behavior of the tablets may alter dramatically.
The tablet is kept buoyant by gas trapping in the gel network due to polymers' low density and limited
gelling ability. The floating lag time in the formulations was reduced by the use of NaHCO3 as an
effervescent agent, and ranged from 0.86 = 0.15 min to 1.14 + 0.17 min. Floating lag time decreases
and tablet floating capacity increases when a combination of polymers is employed instead of single
polymer (33).

Table 3. Floating lag time and total floating time of ciprofloxacin loaded floating tablets

F. Code Floating Lag Time (min) Total Duration of Floating (h)
F1 1.14 +0.17 >12
F2 0.96 +0.13 >12
F3 0.92+0.1 >12
F4 0.94 +0.12 > 20
F5 0.86 £ 0.15 > 20
F6 0.89+0.14 > 20

Data are expressed as mean + SD (n = 3)

Vol. 31 No.06 (2024): JPTCP (2971-2985) Page | 2977


https://jptcp.com/index.php/jptcp/issue/view/79

Design, Development and Characterization of Ciprofloxacin Based Floating Drug Delivery System

3.4. Erosion & Swelling Studies

The polymers' water intake was measured by their swelling ratio or water uptake. As the designed
floating tablets are composed of gel-forming polymers like chitosan, HPMC, and alginate thus erosion
and swelling studies are also necessary. Erosion and swelling studies were conducted using 0.1 N HCI
solution. The percent swelling or dissolution medium uptake for all floating tablets was publicized in
Figure 2. The results showed that % swelling of all tablets increases until 12 h. The formulations using
combination of polymers, such as F5 which contained chitosan and alginate, showed maximum
dissolution medium uptake. Functional network structure and group ionization both seemed to have
contributed to the swelling. The swelling index rose proportionately with the passage of time.
Incorporating hydrophilic polymers may have contributed to this result (HPMC, sodium alginate,
chitosan). A gel layer may form as a barrier when polymer swelling first happens in the topmost layer.
The expansion of the new gel layer was caused by water absorption as the outermost gel layer barrier
gradually disintegrated. Towards newly exposed surfaces, this process is continuously repeated. As a
result, the decreased swelling rate of F1, F2 and F3 formulation batches compared to F4, F5, and F6
may be attributed to the surface area accessible for water uptake and the floating time. Swelling of
the polymers and development of a gelatin layer takes place after contact with liquid, limiting the
penetration of the test medium into the porous structure of the floating tablet. In addition to facilitating
the controlled drug release profile, this phenomenon is in charge of maintaining dosage form integrity
(34).
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Figure 2. Swelling (%) of formulations (A) F1, F2 and F3 and (B) F4, F5 and F6

3.5. In-vitro Release Studies

In-vitro drug release is an essential analytical approach to examine drug release from the delivery
system. Furthermore, the resulting release profile can disclose key facts about the kinetics and release
mechanism, allowing for a more scientific and rational approach towards drug development. Release
profile of all the prepared floating tablets was shown in Figure 3. It was found that initially abrupt
drug release occurs followed by sustained drug release up to 24 h. Furthermore, it was found that
chitosan, HPMC and alginate used alone has faster release as compared to tablets prepared from
combination of polymers. The combination of polymers resulted in slowdown of ciprofloxacin release
from the tablets; 100% of ciprofloxacin was released after 24 h. It was found that the concentration
of retardant polymers included in the formulation had a substantial impact on the drug release from
all floating tablets. When more retardant polymer was present, floating tablets showed evidence of
lower drug release. Due to its low molecular weight and reduced viscosity, HPMC was found to be
insufficient on its own to preserve matrix integrity and needed to be combined with sodium alginate
to regulate drug release. The matrix integrity of the floating tablets has to be studied since a lack of
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physical integrity might enable the tablets to break down into smaller fragments and escape from GIT
(35). The formulation F5 showed sustained/controlled release up to 24 h. It was hypothesized that the
drug release mechanism might be controlled by both the gels layers formation in the region of a matrix

tablets and the porosities of the gel layer (36).

In-vitro dissolution was carried out for all formulation batches and convincingly better drug release
profile was exhibited by formulation F2 and F6 compared to other formulation batches, as illustrated

in Figure 3.
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Figure 3. Release profile of formulations (a) F1, F2 and F3 and (b) F4, F5 and F6 at 100 rpm

3.6. Effect of Agitational Intensity

To determine the behavior of agitational intensity on drug release, USP type 1 dissolution apparatus
was used at various rotational speeds i.e. 50 and 100 rpm. Ciprofloxacin floating tablet did not show
any noticeable change in drug release, as evident in Figure 4. Therefore, it is reasonable to believe
and anticipate that the ciprofloxacin formulations will continue to be independent of the
hydrodynamic circumstances that naturally emerge at the absorption site (37).

—
Q
)~
~N OO
o O O o
J

o

Average Release (%
N W B OO O
o o

[EY
o

o

12 15 18 21 24
Time (h)

Vol. 31 N0.06 (2024): JPTCP (2971-2985)

Page | 2979


https://jptcp.com/index.php/jptcp/issue/view/79

Design, Development and Characterization of Ciprofloxacin Based Floating Drug Delivery System

100 - ——F4
(b) ——F5
e 80 -
< ——F6
3
g 60 -
[}
o
o 40 -
o
(5}
Z 20 -
0 'g.—‘ T T T T T T T T
0 3 6 9 12 15 18 21 24
Time (h)

Figure 4. Release profile of formulations (a) F1, F2 and F3 and (b) F4, F5 and F6 at 50 rpm

3.7. Effect of pH

USP type 1 method set at 100 rpm was employed by using 0.1 N HCI (pH 1.2 for first 2 h), followed
by acetate buffer (pH 4.5 for next 2 h), and finally simulated intestinal fluid (pH 6.8) for the final 8 h
to investigate the effect of pH on drug release from ciprofloxacin loaded floating tablets. The
experiment was conducted at a constant temperature of 37 + 1 °C. At predetermined intervals (0.5, 1,
2,3,4,6,8,and 12 h), samples were obtained, replaced with an equivalent amount of fresh dissolution
media maintained at the same temperature. The samples were examined spectrophotometrically at
276 nm. Figure 5 displays the cumulative percent drug release statistics.

As seen in rare circumstances, floating tablets might occasionally travel to the gut (10). Therefore, a
study that considers the physiological pH of various GIT regions should be carried out. The pH and
transit time characteristics of the GIT were taken into consideration while studying the drug release
from optimized formulations. This was carried out at pH 1.2 for two h, pH 4.5 for the following two
h, and pH 6.8 for the remaining time. At pH 1.2 and 4.5, ciprofloxacin showed controlled release
behavior, as could be seen. This was mostly caused by the presence of hydrophilic polymers, either
alone or in combination. Our results are in close agreement with previously reported study (38). The
observed drug release was unexpected at pH 6.8 because the floating tablets' swelling had been
significantly decreased. This may be because ciprofloxacin, a drug with weak basic properties,

remained unionized at higher pH levels, resulting in noticeable decreased solubility and erratic drug
release (39).
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Figure 5. Release behavior of ciprofloxacin floating tablets at different pH values (n=3)
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3.8. Effect of Osmotic Pressure

Figures 6 and 7 revealed that ciprofloxacin release increased in release media having NaCl
concentrations of 0.5 % and 0.9 %. Since ciprofloxacin is a water-soluble drug moiety, the pace of
matrix swelling was a key factor in determining how quickly it was released.

The formulations were subjected to mediums with various osmotic pressures to observe the impact of
osmotic pressure on release studies. Ciprofloxacin loaded formulations were examined for drug
release patterns in release media with various NaCl concentrations (0.5 % and 0.9 %). There was
direct relationship found between drug release and concentration of NaCl whereas an inverse
relationship was exhibited by the formulations in swelling rates upon exposure to increased
concentration of NaCl. Ciprofloxacin release from the formulations was attributed to diffusion path
length and resistance. However, when the NaCl content in the medium increased, both the swelling
index and the barrier gelled layer correspondingly reduced leading to higher diffusion rate. In media
containing 0.1 N HCI, the gel barrier layer was thicker than in media containing NaCl. This showed
a decreased rate of drug release in 0.1 N HCI and an enhanced rate in fluids containing NaCl (40).
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Figure 6. Effect of osmotic pressure on drug release (0.5% NaCl) at 100 rpm in 0.1 N HCI
(n=3)
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Figure 7. Effect of osmotic pressure on drug release (0.9% NacCl) at 100 rpm in 0.1 N HCI
(n=3)
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3.9. Release Kinetics

Data of in-vitro drug release of all formulation batches were fitted into various kinetic models such
as Korsemeyer Peppas, Higuchi, first order and zero order. Both the Higuchi and first order models
showed the best match findings, followed by zero order, showing drug release via diffusion process.
Erosion, swelling and diffusion are the three most crucial factors that are responsible for controlling
drug release. Diffusion is the most common way for polymeric systems to release drugs, and it is best
characterized by Fickian diffusion (41). Formulations containing swellable polymers, on the other
hand, cause additional processes such as polymer chain relaxation and water imbibition into polymers,
enabling polymers to swell (42). Swelling of the polymers results in considerable expansion of the
delivery systems. As a result, drug release data was fitted into the Korsemeyer Peppas equation, which
describes the transport process. Mechanism of release is indicated with the value of “n” where n =1
exhibited zero order case Il transport, n = 0.5 showed Fickian diffusion, and n value 0.5 to 1.0 showed
non-Fickian transport. Super case Il transport is shown when n > 1 (43). Regression coefficient lines
for all formulated tablets were shown in Table 4. Controlled drug release was observed with
anomalous or non-Fickian diffusion mechanism. Thus, it was concluded that Higuchi and Korsemeyer
Peppas models were effective in explaining drug release mechanism (44).

Table 4. In-vitro release Kinetics of ciprofloxacin loaded floating tablets

F. Code Zero Order First Order Higuchi Peppas Equation

R? R? R? n R?
F1 0.8771 0.8566 0.9122 0.5210 0.9283
F2 0.7873 0.9214 0.9401 0.4612 0.9532
F3 0.8043 0.8731 0.9563 0.4907 0.9701
F4 0.8359 0.8413 0.9497 0.5191 0.9452
F5 0.8013 0.8524 0.9624 0.5082 0.9662
F6 0.8782 0.8318 0.9513 0.5625 0.9541

4. Conclusion

This study focused on the development and assessment of ciprofloxacin floating tablets for improving
bioavailability of model drug. The achievement of in-vitro buoyancy was made possible by the
inclusion of different rate controlling polymers such as HPMC, sodium alginate, chitosan and gas-
generating agents like citric acid and sodium bicarbonate. All formulation batches remained buoyant
for more than 12 h. Swelling index of prepared formulations was higher when a blend of polymers
was employed. Following anomalous non-Fickian diffusion, formulations F2 and F6 demonstrated a
preferable drug release profile for up to 24 hours. The addition of NaCl to release media was observed
to boost drug release when compared to media without NaCl. The findings of this study clearly
demonstrate the potential of ciprofloxacin loaded floating drug delivery system to augment
bioavailability via enhanced gastric residence time.
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