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ABSTRACT 

Objective: This work was aimed to formulate and evaluate the effect of zein on Ciprofloxacin HCl floating tablets. According to previous studies, it 
was set up to be useful against bacteria i.e. Helicobacter pylori which leads to peptic ulcers. Thus, it is quite necessary to enhance the Gastric 
Retention Time for similar medicines. 

Methods: 12 different floating tablets of Ciprofloxacin HCl were formulated with wet granulation method with a rise in the concentration of zein. 
Further, all different formulations prepared were evaluated for different parameters i.e. pre-compression considerations, along with post-
compression factors like weight variation, content uniformity, thickness, visual assessment, hardness, friability, buoyancy studies i.e. total floating 
time as well as floating lag time, swelling index, dissolution and drug release kinetics. 

Results: The F6 formulation was considered to be among finest formulation with appropriate hardness. It was found that with the increasing 
concentration of zein, the hardness of tablets was also increased. It showed TFT of more than 7 h, FLT of 310 sec, a swelling index time of 99.5 % in 
4 hr, while drug release kinetics was found to follow Higuchi Model. 

Conclusion: Overall it was also found that HPMCK-100M is more effective as compared to HPMC-K15M and Zein has a major role in increasing the 
hardness of tablets. In the future, the investigation will be continued with the following studies: An in vivo study and a long-term stability study. 
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INTRODUCTION 

Oral delivery system is among the most desired way of drug delivery 
owing to, ease of administration, easy preparation and patient 
compliance. A Floating Drug Delivery System i.e. (FDDS) is principally 
designed to accomplish extended Gastric Emptying Time (GET) 
(typically 2-3 h) and bioavailability through the first absorption region 
of the stomach or upper intestine [1]. The oral delivery is a recognized 
way that supports various drugs. Gastro retentive drug delivery 
system (GRDDS) is a way to augment Gastric Residence Time (GRT) by 
providing the precise release of drugs into the Gastrointestinal tract 
(GIT) for appropriate effects [2]. Such dosage forms are capable of 
remaining in the GIT for a long time, besides delaying GRT. This 
delivery system composed and installed with swelling structures delay 
the withdrawal of the GRDDS from GIT. It is designed to keep drugs in 
the GIT for a longer duration [3]. FDDS is one important way to ensure 
better gastric function and obtain adequate bioavailability of drugs. 
After the drug is discharged, the remaining drug is blown out of the 
stomach and leads to an increase in GRT [4]. 

Undoubtedly, the preservation of drugs in the stomach has received a lot 
of attention in past few years [5]. Most of the conventional delivery 
systems have revealed several limits linked to rapid gastric emptying [6]. 

Zein is a major corn storage protein and has many industrial 
applications. Especially in the last 10-15 y, zein has emerged as a 
potential part of a drug with different properties. Zein is a natural, 
biocompatible, and decomposing substance produced from renewable 
sources. It is insoluble; however, due to its amphiphilic nature, it 
contains compounds which have been exploited by the formation of 
microparticles and nanoparticle film. In addition, zein can hydrate and 
therefore be used in arbitrary matrices to extract controlled drugs. Other 
uses of zein in oral delivery include its inclusion in the strong dispersal of 
undeveloped drugs and in drug delivery systems [7, 8]. This study is 
hereby an effort to determine effect of zein on floating tablets. 

MATERIALS AND METHODS 

Materials 

The chemicals which were used for the formulation of floating 
tablets were Ciprofloxacin hydrochloride (as API), zein (corn 

protein), Hydroxy Propyl Methyl Cellulose (HPMC), crosscarmellose 
sodium (CCS), Sodium Starch Glycolate (SSG) as a swelling agent, 
crosspovidone (CP), Hydroxy Propyl Methyl Cellulose (HPMC K15M 
and K100M) as a hydrophilic polymer, Sodium Bicarbonate (SBC) as 
an effervescent agent, talc and Magnesium Stearate (MgS). All the 
chemicals, including Active Pharmaceutical Ingredient (API) were 
obtained from R. K. Enterprises, Meerut (CDH) and were of 
laboratory grade. 

Methods 

Pre-formulation studies 

These studies were performed to identify the basic summary of the 
drug, like drug bioavailability, drug efficacy, pharmacokinetic and 
pharmacodynamic properties and adverse drug reactions [9-11].  

Drug-excipients compatibility studies 

Fourier transform infrared (FTIR) spectroscopy 

FT-IR spectroscopy estimates and determination of the pure drug 
and polymer were performed by utilizing infrared spectroscopy 
[12]. IR spectroscopy by Potassium Bromide (KBr) pellet methods 
was done on medication, polymer andphysical blend of medication 
[13]. Around 2 mg of each sample was triturated properly with pre-
dried KBr for 30 min at 120 °C. The mixture is evenly mixed with the 
drug as well as placed in a holder and compressed under pressure in 
a hydraulic press to form pellets and further scanned at 4000-400 
cm-1 in a spectrophotometer and the peak was obtained were 
recorded and shown in graph [14]. 

Organoleptic properties 

The organoleptic properties tested for the drug were color, 
appearance, and odor [15]. 

Melting point 

Find the capillary tube with one closed and open side. Incorporate 
open portion of this capillary into the powdered drug. Keep rotating 
and tapping the tube to make the drug fall at the bottom. Improper 
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packaging may cause it to shrink during heating, which may cause 
uncertainty in the determination of the melting point. This tube was 
introduced into the equipment entrance. The tool having the silicon 
oil was warmed along with the temperature of the metal rises and 
the melting point was found [16]. 

Solubility 

5-10 mg of drug sample was taken and its solubility was examined in 
different solvents like HCl and water [17]. 

Measurement of λmax 

The estimation of the drug was done by spectrophotometric 
technique. For the determination of λmax 25 mg drug was 
dissolved in the 0.1N HCl buffer solution. From this solution, 1-
10µg/ml concentration was prepared and was scanned in the 
range of 200-400 nm utilizing a double beam UV-
spectrophotometer [18]. In this, peaks were observed at 272 nm. 
Since the analytical wavelength mentioned for the drug in 

pharmacopeia was about 272 nm, so the wavelength of 272 nm 
was selected and used for further quantitative examination [19]. 

Preparation of granules 

Weighed amount of API, HPMC (K 100M and K15M), zein and swelling 
agents like CP, SSG and CCS were taken. They were then sieved 
through seive. 40 and blended consistently in pestle and mortar for 
about 7-10 min. Mixture was converted to granules by using 5% w/v 
PVP K 30 within isopropyl alcohol. Then the dough was screened over 
sieve no. 14 and then dried up at 50 °C in a hot air oven [20]. 

Formulation and evaluation of formulated tablet 

Before compression granules were mixed with talc and MgS. 
Compression was done via tablet punching machine by utilizing 13 mm 
sized round flat punches. All these formulations were prepared and 
tested for evaluation parameters i.e., Floating Lag Time (FLT), Total 
Floating Time (TFT) and drug release kinetics [21]. Various formulations 
designed are shown in table 1. The total weight of tablets were 1000 mg. 

 

Table 1: Formulations of ciprofloxacin floating tablets 

Formulation Ingredients (in mg) 
API  SBC  HPMCK15M  CP CCS  SSG  HPMCK100M  Zein Talc MgS 

F1 540 110 55 20 35 30 60 10 115 25 
F2 540 110 55 20 35 30 60 15 110 25 
F3 540 110 55 20 35 30 60 20 105 25 
F4 540 110 55 20 35 30 60 25 100 25 
F5 540 110 55 20 35 30 60 30 95 25 
F6 540 110 55 20 35 30 60 35 90 25 
F7 540 110 55 20 35 30 60 40 85 25 
F8 540 110 55 20 35 30 60 45 80 25 
F9 540 110 55 20 35 30 60 50 75 25 
F10 540 110 55 20 35 30 60 55 70 25 
F11 540 110 55 20 35 30 60 60 65 25 
F12 540 110 55 20 35 30 60 65 60 25 
 

Evaluation parameters 

Pre-compression studies 

Angle of repose 

Dry mixture was accurately weighed and transferred to a funnel. The 
height of the funnel was regulated such that the dry powder will just 
touch the pile heap. This dry powder was allowed to run 
continuously through the funnel. Then heap height and diameter 
was determined and accordingly angle of repose (Ɵ) was found. 
Measurement was done in triplicate manner [22].  

θ = tan-1 h
r
 

h-height, r-radius (Shah 2008) 

Density 

Loose density (LD), as well as Tapped density (TD), were measured. 
A measured quantity of powder was kept in a measuring cylinder of 
50 ml. Then bulk volume was noted. Further, the measuring cylinder 
was positioned on TD apparatus. After 100 taps, the tapped volume 
was determined. Subsequently, LD and TD was determined [23].  

TD= Mass of powder
Volume of powder (Tapped)

 

LD= Mass of powder
Volume of powder (Untapped)

 

Hausner ratio (HR) and compressibility index (CI) 

The BD and TD were utilized to calculate the CI and HR to evaluate 
the compressibility of powder and flow properties before 
compression. Measurement was done in a triplicate manner. 

CI= ρ tapped− ρ bulk
ρ tapped

× 100 

HR= ρ tapped
ρ bulk

 [24] 

Post-compression parameters for formulated tablet studies 

Physicochemical characterization 

Visual assessment 

Tablets were checked to confirm that they have a smooth surface. 
They were checked for mottling, lamination, capping, picking and 
sticking [25]. 

Weight variation 

This was determined by the measurement of weights of 20 tablets 
with a weighing balance [26]. 

 

Percent weight =
Individual wt– average wt 

average wt 
× 100 

Hardness 

It was estimated by utilizing a Monsanto-type analyzer. The test was 
executed on three tablets from every formulation and the average 
reading was noted as kg/cm2 [27]. 

Friability (%) 

Six tablets were initially weighed i.e. (Winitial) and then tested using a 
Roche friabilator. Tablets from every batch were kept in the plastic 
container to determine the mutual influence of shockwave and 
scratch. This compartment spins at 25 rpm and drops the tablet from a 
distance in each spin and subsequently rotated for 100 revolutions for 
4 min. These tablets were separated, wiped and weighed again (W final). 
Percent friability was determined using the formula [28]. 

% Friability = W initial−W �inal
W initial

 × 100 

Content uniformity 

Around 20 tablets were taken and the proportion of medication that 
was present in every tablet was determined. The tablets were 
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squashed in a mortar and the powder equal to 100 mg of medication 
was moved to 100 ml flask. The tablets were broken down and made 
up to volume with 0.1N HCl. Further, it was passed through a 0.45 μ 
filter and after that, drug content was measured by UV 
spectrophotometer at 272 nm by using HCl as the medium [29]. 

Thickness 

Thickness of these tablets was estimated by utilizing vernier 
callipers. Haphazardly about ten tablets were chosen for evaluating 
thickness that was portrayed in mean±SD in mm [30]. 

Swelling index (SI) 

SI was determined using three tablets at room temperature in 0.1N 
HCl having pH 1.2. The tablets were preweighed and placed for 
defined time intervals i.e. 5 min, 30 min, 60 min, 120 min, 180 min 
and 240 min). Once the tablets got swollen up they were wiped 
using a muslin cloth and weighed [31, 32]. The SI was calculated 
using the equation given below:  

Swelling index = Wt−Wo
Wo

 

Wt-weight after time t 

Wo-initial weight of the tablet 

Floating behavior 

FLT and TFT help in determining floating studies. This was 
determined using 100 ml of HCl solution (pH 1.2) stored at 37±0.5 
°C in a glass beaker [33, 34]. The total time during which the tablet 
continued to float in the dissolution medium is indicated by the TFT 
[35, 36]. While the time required for the tablet to come up from the 
bottom to the dissolution medium surface is indicated by the FLT. 
Tests were taken in triplicate [37, 38]. 

In vitro dissolution studies 

It was done using a standard Paddle type USP Dissolution Test 
Apparatus (Electro Lab, India). This study was completed with 900 ml 
of 0.1 N HCI over approximately 8 h using three tablets from each 
batch [39]. Temperature was maintained at 37±0.5 °C with a steady 
paddle speediness of 50 rpm. Sample (5 ml) was removed at specific 
time intervals and the volume of medium was kept constant by 
substituting the volume with fresh liquid. The samples removed were 
then filtered with filter paper and analyzed with UV at 272 nm [40]. 

Drug release kinetics  

Zero-order equation 

In this condition, it is expected that the combined measure of 
medication releases with respect to time.  

C = K0. t [41] 

Here, K0 = is the rate constant of zero-order, 

t = time in h.  

First-order release 

The drug release via the first-order condition was communicated as 
log aggregate level of medication versus time. The condition might 
be as per the following equation:  

Log C = Log C0- 𝐊𝐭
𝟐.𝟑𝟎𝟑

 

Where, C0 = Drug concentration at t =0, C = amount of drug left un-
dissolved after time, t.  

k = release rate constant [42] 

Higuchi model 

The drug-releasing rate expressed by following the Higuchi equation 
shows that the drug was released by a diffusion mechanism. 

Q=Kt1/2 

Where Q=cumulative drug released, t= time and K=Higuchi constant  

Korsmeyer–peppas model 

This is a basic experiment which describes drug release when exact 
mechanism is unknown or multiple mechanisms are involved. 

Q/Q0 = Ktn  

Where K = Constant comprising the structural geometric qualities, 
Q/Q0 = % drug released after time t and n = the diffusion exponent 
that relies upon release mechanism [43]. 

Selection of most effective formulations 

Among all formulations, best one was determined based on 
dissolution examination, drug release profile, buoyancy, drug 
content and swelling index [44]. Further, the kinetic studies utilizing 
different kinetic models were calculated after choosing the best one 
[45].  

RESULTS  

The tablets were effectively formulated using zein by wet 
granulation technique and then different parameters like buoyancy 
studies, in vitro studies and drug release kinetics were determined 
[46, 47]. Similar study was also done by Raza et al., 2020 on 
captopril-loaded floating tablets along with menthol [48]. 

Drug-excipients compatibility studies 

FTIR spectroscopy 

The IR spectra of Ciprofloxacin HCl is stated below in fig. 1. While IR 
spectra of formulation 6 is shown in fig. 2. From the study, major 
peaks of the drug were found to be at 3524, 1698, 1615, 1263 cm-1. 
Major peaks for F6 were found to be at 1624, 1611, 3531, 3372, 
1025 cm-1. Other peaks were associated with the presence of 
excipients. Therefore, no interactions between the drug and 
auxiliary substances in the composition were found. 

 

 

Fig. 1: FTIR spectra of pure drug 
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Fig. 2: FTIR spectra of formulation F6 

 

The presence of the above peaks confirms that no major shifting of 
bands was seen between polymers and drug. This indicates that no 
incompatibility had occurred between the drug and the polymer. 

Physical appearance 

The drug was faint to light yellowish and crystalline in nature. 

Melting point 

It was decomposed at 225-257 °C that indicates the purity of the drug. 

Solubility 

It was soluble in dilute 0.1N HCl and soluble in water at 20 °C. 

Measurement of λmax 

The λmax of Ciprofloxacin was found using 1-10 μg/ml drug solution 
at the range of 200-400 nm in UV. The spectra disclosed that the 
λmax was 277 nm in 0.1 N HCl with pH 1.2. 

Standard drug calibration 

The Standard Calibration curves of drug i. e Ciprofloxacin HCl were 
prepared using buffer 0.1N HCl at pH 1.2 using different 
concentration of 0-10 μg as shown in fig. 3 below. The absorbance 
was determined at λmax of 277 nm. The R2 was found to be 0.997. 

Pre-compression parameters 

The evaluation of Pre-formulation parameters (BD and TD) and flow 
property of powder (Angle of repose, Hausner’s ratio and Carr’s 
index) were studied and tabulated in table 2 below. 

Bulk density 

The BD of all the formulations was in the range of 0.40 to 0.54 g/cm3. 
The values of BD displayed that the mixture was non firmly packed 
and specified decent flow properties. The outcomes of BD for the 
formulations are shown in the table below. 

  

 

Fig. 3: Standard calibration curve of ciprofloxacin HCl 
 

Tapped density 

The TD of all the formulations were between 0.47 to 0.58 g/cm3. The 
results specified that the mixtures of all the formulations showed 
good flow property. The results of TD for all the formulations were 
shown in table 2. 

Angle of repose 

The AOR helped in the determination of flow property of powder. 
The AOR of all the preparations was in the range of 27°.03’ to 
30°.08’. The results showed that all the formulations showed 
outstanding flow property.  

Carr’s compressibility index 

The CI of all the preparations were in the range of 6.29 to 16.39 %. 
This value less than 10% designates that powder has outstanding 
flow property plus appropriate compressibility. The outcomes of 
CI for all preparations are shown in the table below. 

Hausner’s ratio 

The HR of all the preparations were in the range of 1.06 to 1.19. It 
was below 1.11 which indicates the appropriate flow property of 
blend. The results of HR are given in the table 2 below. 
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Table 2: Pre-compression parameters 

Formulation BD TD AOR CI HR 
F1 0.41667±0.005369 0.454367±0.004899 27.51733±1.66749 8.08333±1.228061 1.08833±0.015144 
F2 0.43667±0.006149 0.507433±0.006539 27.03601±1.60370 13.2333±2.118875 1.15267±0.028868 
F3 0.39667±0.005508 0.437067±0.006149 28.11712±2.15224 9.16211±0.121244 1.10133±0.000577 
F4 0.41667±0.006381 0.477033±0.005138 27.43012±1.52241 12.5701±1.975930 1.14367±0.025541 
F5 0.43667±0.006429 0.513667±0.006351 27.93967±2.86950 13.3433±1.154701 1.15267±0.014572 
F6 0.42333±0.005292 0.513667±0.005023 28.83201±1.09617 13.0067±1.110375 1.14967±0.015144 
F7 0.44667±0.006429 0.487112±0.006110 27.64233±1.39201 6.29333±0.075056 1.06733±0.000577 
F8 0.41333±0.005508 0.477033±0.005831 29.51170±1.73715 10.7833±0.132791 1.12067±0.001528 
F9 0.39667±0.011846 0.463367±0.005658 28.27631±0.78406 14.9833±1.991641 1.18667±0.031754 
F10 0.35333±0.005461 0.466733±0.005892 30.08253±0.55444 12.4133±2.315650 1.14167±0.030022 
F11 0.45667±0.006149 0.406821±0.005774 28.82531±1.84231 16.4501±1.686802 1.19733±0.024028 
F12 0.39062±0.010021 0.546667±0.005461 27.49974±1.78137 15.8302±1.360441 1.19102±0.024331 

All formulas represent (Number of experiments n=3, mean±SD) 

 

Post-compression parameters 

The post-compression parameters characterizations were examined 
from formulation F1 to F12 and showed satisfactory result within 
the pharmacopoeial limit as mentioned below in table 3. 

Visual assessment 

All the tablets were found to have smooth texture with no sign of 
mottling, lamination or capping. 

Weight variation test 

The weight of each formulation was ranging from 23.58 mg to 24.42 
mg and it was seen that the weight variation test was passed by all 
the tablets. As the % weight variation was to be satisfactory. The 
results are shown in the table below. 

Hardness 

The hardness of all the formulations was in the range of 7.4–9.4 
kg/cm2. The result showed that zein has a great role in increasing 
the mechanical strength of tablets. The hardness results for all 

formulations are shown in the table below and it was found that 
increasing the concentration of zein increased the tablet hardness. 

Friability test 

The results showed that the friability of all formulations varied from 
0.42% to 0.93%. It was less than 1%, which indicates good 
mechanical stability of the tablets. In addition, it was observed that 
friability decreases with increasing zein concentration. The results 
are shown in the table below. 

Uniformity of drug content 

The drug content in the tablet formulations were in the range of 
80.43-87.53%. The results showed that all batches were within 
satisfactory limits according to IP. The results are presented in the 
table below. 

Thickness 

The thickness of the tablets of all preparations was 6 mm. The 
results showed that all the formulations have the same shape and 
size. The results are shown in table 3 below. 

 

Table 3: Post-compression parameters 

Formulation Weight variation (mg) Thickness (mm) Friability (%) Hardness (Kg/cm2) Content Uniformity 
F1 24.30±1.34 6.00±0.00 0.93±0.32 7±0.12 86.31±0.27 
F2 23.92±1.13 6.00±0.00 0.90±1.52 7.5±1.27 80.43±0.11 
F3 24.07±1.05 6.00±0.00 0.85±1.56 7.8±0.05 85.33±0.21 
F4 23.85±0.93 6.00±0.00 0.81±2.12 7.9±0.9 86.53±0.25 
F5 24.30±1.44 6.00±0.01 0.81±1.45 8.5±1.34 85.33±0.35 
F6 23.58±1.00 6.00±0.00 0.72±0.95 9.4±1.10 87.41±0.18 
F7 23.94±0.80 6.00±0.00 0.60±0.68 10.4±1.47 87.53±0.29 
F8 24.38±0.78 6.00±0.00 0.56±1.52 10.5±0.46 81.10±0.15 
F9 24.24±0.79 6.00±0.00 0.51±0.25 11.0±0.37 87.53±0.25 
F10 24.30±0.65 6.00±0.01 0.49±1.56 12.5±0.64 85.88±0.45 
F11 24.00±1.35 6.00±0.00 0.47±0.24 17.4±0.53 82.24±0.22 
F12 24.42±0.84 6.00±0.00 0.33±0.64 8.6±0.79 86.43±0.24 

 (Number of experiments n=20 for weight variation, n=10 for thickness, n=6 for friability, n=3 for hardness, n=20 for content uniformity, mean±SD) 

 

Swelling property 

The swelling property of tablets can be evaluated with the help of 
USP type-II dissolution apparatus by using 0.1N HCl (900 ml) as 
buffer rotated at 50 rpm keeping temperature 37±0.5 °C. Then its 
weight increase, dimensional changes or water intake at normal 
intervals was estimated which reflects its delay and drug release 
Thus, it may be concluded that formulation F6 was considered as 
best formulation because it showed the best swelling property 
among all formulation as shown in fig. 4 below. 

Study of FLT, FT and disintegration time 

The FLT and FT were measured and all the formulations showed 
FLT range of 70 sec to 310 sec with FT ranging between 3 h to more 
than 7 h as shown in table 4. 

Dissolution study 

Cumulative drug release was determined which showed that the 
formulations F6 and F3 displayed rapid dissolution rate. The percentage 
cumulative drug release after 6 h found in formulation F6 and F3 was 
69.28% and 65.24%, respectively. Thus, it may be concluded that 
Formulations F6 and F3 may be considered as best formulation but 
overall F6 was best among all formulations. The cumulative drug release 
percentage data were shown in table 5 and fig. 5. 

Drug release kinetics studies 

All the formulations were studied for drug release kinetics model such as 
Zero-order, Higuchi, First-order and Korsmeyer Peppas model, in which 
the formulations F6 and F3 displayed with maximum drug release 
kinetics and the overall formulations F6 fits best in Higuchi model with 
highest R2 value (0.98711). The studied data were tabulated in table 6. 
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Fig. 4: Swelling property of different formulations (mean±SEM) 

 

Table 4: TFT, FLT and disintegration time 

Formulation  TFT (h) FLT (sec) Disintegration time* (min)  
F1 >6 175 6.55±0.28 
F2 Not stable 70 7.66±0.75 
F3 >5 210 6.76±0.21 
F4 >7 180 8.89±0.10 
F5 4 75 6.48±0.17 
F6 >7 310 7.78±0.23 
F7 >7 275 6.32±0.22 
F8 Not stable 80 7.74±0.14 
F9 >7 170 8.19±0.11 
F10 >4 196 8.58±0.18 
F11 3 90 6.77±0.22 
F12 >7 140 7.22±0.12 

Number of experiments n=3, *mean±SD 

 

Table 5: Cumulative percentage drug release 

Time (h) Percentage cumulative drug release 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

0.5 7.52 1.42 9.27 6.11 2.73 9.93 5.89 1.96 5.67 8.94 2.51 6.87 
1 15.16 2.95 18.44 12.44 5.67 19.96 11.78 3.71 11.13 17.78 4.8 13.96 
2 22.69 4.47 27.61 18.54 8.4 29.89 17.78 5.56 16.81 26.62 7.09 21.16 
3 30.11 6.11 36.98 24.87 11.13 39.61 23.89 7.53 22.36 35.34 9.49 28.25 
4 37.85 7.53 46.47 31.09 13.96 49.53 29.89 9.38 27.93 44.29 12 35.45 
5 45.49 8.95 55.74 37.31 16.8 59.24 36.01 11.24 33.61 53.12 14.4 42.76 
6 52.91 10.47 65.24 43.63 19.53 69.28 42.01 12.98 39.16 62.07 16.8 50.18 
N=3 

 

 

Fig. 5: Cumulative (%) drug release of different formulations, number of experiments n=3), error bars were omitted 
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Table 6: Zero-order, first-order, Korsmeyer peppas, and higuchi model 

Formulation Zero-order Higuchi model First order (Log) Korsmeyer peppas model 
N 

F1 0.958119 0.97643 0.961199 0.9979031 0.744804 
2 0.964772 0.98317 0.951979 0.999304 0.756800 
3 0.954806 0.98221 0.961876 0.997096 0.761300 
4 0.954605 0.97666 0.960311 0.999048 0.758596 
5 0.951647 0.97225 0.956665 0.998894 0.752700 
6 0.958761 0.98711 0.961672 0.998043 0.749200 
7 0.956936 0.75583 0.962341 0.999185 0.763800 
8 0.966391 0.96519 0.961844 0.999414 0.746500 
9 0.960339 0.98271 0.961984 0.999171 0.753900 
10 0.957238 0.97782 0.961999 0.998945 0.731700 
11 0.951274 0.97422 0.962456 0.999006 0.756600 
12 0.951492 0.96221 0.956659 0.998044 0.770300 

 

Zero-order 

In the zero-order (fig. 6) the graph was plotted between time and 
cumulative percentage release. 

First order 

In the first order (fig. 7) the graph was extrapolated between time 
and log cumulative drug release. 

 

 

Fig. 6: Zero-order graph 

 

 

Fig. 7: First-order graph 
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Higuchi model 

The graph was plotted between % CDR and t2 as shown in fig. 8 and 
fig. 9. 

Korsmeyer peppas model 

In the Korsmeyer Peppas model, the graph was plotted between log 
time and log percentage cumulative drug release, as shown in fig. 10. 

 

 

Fig. 8: All formulations displayed in higuchi model 

 

 

Fig. 9: Formulation F6 displayed in higuchi model 

 

 

Fig. 10: Korsmeyer peppas model 
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DISCUSSION 

The best formulation was selected based on studies like hardness, 
friability, swelling index, buoyancy, dissolution and drug release 
kinetics. Kinetic release of F6 fits best in the Higuchi model with the 
highest R2 value and displayed a short lag time of 310 s with FT of 
more than 7 h, swelling index 99.5% in 4h and drug release 69.28% in 
6 h. Based on all these parameters, F6 was found as the best 
formulation. 

Tablets based on direct compression of zein have been found to have 
a lower density in comparison to tablets compressed using the wet 
granulation technique or direct compression tablets comprising 
calcium hydrophosphate [49]. The hardness of these formulations 
was seen to increase in significant amount with increasing 
concentration. These outcomes were obtained in agreement with a 
prior study in which a higher tensile strength of zein-containing 
formulation was detected following a higher treatment temperature 
in the leaching procedure [50]. Zein tablets were porous and showed 
better results when compared to HPMC/Polyethylene Oxide (PEO) 
built effervescent floating tablets, as they demonstrated a retention 
time of greater than 5 min to obtain a score of 10/10, which was 
attributed to retention of floating behavior [51]. Zein has a lipophilic 
nature but can swell up in an aqueous environment. Guo and Shi 
(2009) stated dry coated zein tablets that showed a preliminary 
swelling of around 80% and an erosion of 4% that continued 
persistently with time [52]. Zein has been reported to be non-
erosive in aqueous media and tolerant to intestinal enzymes; 
nevertheless, the longer term may increase zein degradation [53, 
54]. Another reason for the lack of pepsin impact on the release of 
the drug may be the limited surface exposed to the dissolution 
media due to its buoyant nature. Zein can act as a retarder by 
forming a glutinous coating upon contacting the gastric medium at 
room temperature [52]. Water absorption is reported to be the key 
process for the release of drugs as zein is non-erodible [55]. 
Matrices based on zein have formerly been conveyed to have an 
exponent of less than 0.45 [55]. In previous studies, it has been seen 
those tablets having a smaller amount of zein in their coating layer 
showed quasi-Fickian diffusion having n less than 0.45, but tablets 
having more zein showed abnormal release with n more than 0.45 
[56]. Zein has a rubbery texture under wet environments by 
rearranging the secondary structure, which leads to better wettable 
mechanical properties of the tablets over a longer period in contrast 
to formerly reported dosage forms [57]. For example, Hwang et al., 
(2017) described work done of about 2 mJ after 8 h of soaking with a 
force of lesser than 0.5 N for porous floating tablets based on HPMC 
[58]. While Thapa and Jeong (2018) stated that the work done was 
lesser than 6 N mm (mJ) for probe permeation up to 8 h for 
effervescent floating tablets, which were PEO-based [59]. In general, 
the tablets having zein demonstrated excellent mechanical strength 
in an aqueous environment. The rubbery texture and 
hydrophobicity of zein in wet environment is explained by the 
mechanical stability of the tablets, which is essential to resist the 
load of the stomach. 

CONCLUSION 

In current research work, Ciprofloxacin hydrochloride floating 
tablets were framed by utilizing different grades of HPMC (K100M 
and K15M) as polymer and increasing the concentration of zein. In 
this, 12 different formulations were investigated based on an in vitro 
parameter that falls within the pharmacopeial limit. Post-
formulation and in vitro parameters were studied for all 12 
formulations. The swelling property, FLT, TFT, and all cumulative 
percentage drug release parameters were utilized to choose the best 
formulation. F6 formulation gives the best result in all parameters 
with FLT and TFT of 310 sec and more than 7 hr, respectively. 
Kinetic release of F6 fits best in the Higuchi model with the 
maximum R2 value. Therefore, it was determined that on increasing 
concentration of zein hardness of tablets also increases with a 
decrease in friability. While zein was not found to affect any other 
parameter of floating tablets. 
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