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The objectives of the current study were to investigate the influence of different types and 

concentration of polymers on release of ciprofloxacin HCl as well as to formulate an extended 

release tablets of ciprofloxacin hydrochloride by direct compression method. Twelve 

formulations (F1–F12) were manually designed using different proportions (10–30%) of 

Hydroxypropyl methylcellulose (HPMC), Ethylcellulose (EC) and Kollidon SR polymers. Avicel 

PH101, talc and magnesium stearate were used in a constant quantity of 2% in all the 

formulations. Multiple point dissolution was carried out in different media. Dissolution profiles 

indicated that formulations F1, F4, F8 and F11, extended the drug release up to 12 hrs, while, 

other formulations failed to retard the drug release up to desired period. DDSolver software 

was used to analyze the dissolution profile data for drug release kinetics such as first order, 

Zero-order, Korsmeyer–Peppas and Higuchi models. Drug polymers compatibility was assessed 

using Fourier Transformed Infrared (FTIR) spectroscopy. Selected formulations were placed in 

the stability chamber at accelerated temperature (40±2°C and RH 75±5%) for six months and 

re-evaluated after 3 and 6 months as per ICH guidelines. The present study accomplished that 

ethylcellulose alone or in combination with HPMC was found to be an excellent rate controlling 

agent for ciprofloxacin and may be used successfully to develop extended release tablet 

formulations. 

 

 

INTRODUCTION 

 

From the past few years, an extended 

release (ER) formulation become most efficient 

parameter for pharmaceutical manufacturer as 

it can enhance or improve the physiological 

parameters of the drugs which lead to reduction 

in adverse effect as well as enhance the 

compliance of patient
1
. As compared to 

conventional dosage form, an ER dosage form 

can decreased dose frequency up to 2 folds2 

which leads to decrease in toxicity and 

enhancement in therapeutic effects of drug
3
. 

Modified release drug delivery systems are 

designed to control the release of drug from the 

dosage forms. The release of drug should be at 

desired rate, predictable and reproducible from 

these systems. Different approaches and 

methods have been employed which basically 

work on the same principle of slowing the rate 

of dissolution or drug release from the dosage 

forms
4
. In order to avert, repeated 

administration of unit dosage forms, extended 

release formulations have been produced to 

maintain the therapeutic level of drug in the 

plasma and to avoid toxic concentration. 
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Therefore, to overcome fluctuation in plasma 

drug levels and to reduce frequency of 

administration, various formulations have been 

designed to control the therapeutic plasma drug 

concentrations over extended period of time
5
. 

Extended release formulations of short half-life 

drugs are better option for the long-term 

clinical management of chronically ill 

patients
6&7

. Polymer play an important role in 

the drug release and by different mechanism 

polymers control the drug release and 

bioavailability of drug at the site of action
8
.  

Hydroxypropyl methyl cellulose (HPMC) 

and cellulose ether are widely used to control 

release of drug
9&10

. Use of single hydrophilic 

polymer is not justified in case of highly water-

soluble drugs because it diffuses out rapidly 

through the water-filled pores of matrix. 

Hydrophobic polymers glycerides, ethyl 

cellulose (EC) are used for such drugs11-13. The 

application of HPMC-15 cps as matrix polymer 

in direct compression technique has been 

reported earlier14. Kollidon SR is one of the 

recently developed matrices forming agents 

with plastic behaviour. Chemically, Kollidon 

SR is polyvinyl acetate and polyvinyl 

pyrrolidone based matrix retarding agent 

particularly suitable for the manufacture of pH 

independent sustained release matrix 

tablets15&16. When the tablets prepared with 

Kollidon SR are introduced into gastric or 

intestinal fluid, the water soluble 

polyvinylpyrrolidone is leached out to form 

pores through which the active ingredients 

slowly diffuse outwards in a controlled and 

pre-determined fashion. Kollidon SR contains 

no ionic groups which render them inert to the 

drug molecule (BASF, 1999). 

Ciprofloxacin is a synthetic broad-

spectrum antibacterial agent belong to the class 

of quinolone, which inhibits bacterial growth 

by interfering with DNA gyrase
17

, therefore, 

convenient, well-tolerated and effective for the 

treatment of UTIs18. It is practically insoluble 

in aqueous medium at neutral pH, but due to its 

favorable lipophilicity, ciprofloxacin 

permeation through the gastrointestinal 

membrane is expected to be rapid and 

complete
19

.  

The objectives of current research work 

were (a) to prepare an extended release matrix 

tablets of Ciprofloxacin HCl by direct 

compression technique, (b) to investigate the 

influence of different types and concentration 

of matrix polymers on release of drug. To 

achieve these goals, the tablets were formulated 

using HPMC, Ethyl cellulose and Kollidon SR. 

In-vitro drug release rates were determined in 

different dissolution media (HCl pH 1.2, 

Phosphate buffer pH 4.5 and 6.8) at 37±0.5°C 

for 12 hrs. Different kinetic models were also 

applied to study the drug release kinetics. 

 

MATERIALS AND METHOD 

 

Materials 

Ciprofloxacin Hydrochloride was gifted 

by Nabiqasim Industries (Pvt) Ltd, Pakistan.  

Hydroxypropyl methylcellulose (HPMC-

K100M), Ethyl cellulose (EC-7cps), and 

Triacetin USP/FCC were purchased from 

Colorcon Limited (Kent, England).Kollidon SR 

was procured from BASF (Ludwigshafen, 

Germany). Microcrystalline cellulose (Avicel 

PH101), Potassium Phosphate Dibasic, 

Potassium Phosphate Monobasic and Sodium 

Hydroxide were procured from Sigma-Aldrich. 

Talc was purchased from the BDH 

Laboratories Suppliers, England. Ortho-

Phosphoric Acid and Hydrochloric Acid 37% 

were obtained from Merck Pakistan. All other 

materials used were of pharmaceutical grades.  

 

Methods 

Preparation of extended release tablets  

Twelve (12) formulations of ciprofloxacin 

HCl were manually designed by using 

microcrystalline cellulose (MCC; Avicel 

PH101), HPMC (K100M), EC (10cps), 

Kollidon SR, talc, and magnesium stearate. All 

the ingredients were weighed accurately using 

analytical balance (Panther Bm-320). The 

amount of ciprofloxacin HCl in each 

formulation was kept constant (500 mg per 

tablet). Trituration and mixing of all 

ingredients done by using mortar and pestle 

and then sieved by using 44 mesh size screen. 

Then, the mixture was transfer in a polybag to 

mix thoroughly by adding magnesium stearate 

and talcum as a lubricant/glidant. Finally, ER 

matrix tablets were directly compressed by 

using single punch press (China) and evaluated 

for in-vitro drug release using different 

dissolution media. Composition of all the 

formulations are listed in table 1.
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Table 1: Composition of all tablet formulations. 

Formulation codes 
Compositions 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

Drug (mg) 500 500 500 500 500 500 500 500 500 500 500 500 

Avicel  –  pH-101 (mg) 184 184 184 94 94 94 184 184 184 94 94 94 

Mg. Stearate (mg) 18 18 18 18 18 18 18 18 18 18 18 18 

Talc (mg) 18 18 18 18 18 18 18 18 18 18 18 18 

HPMC – K100M (mg) 90 90 - 135 - 135 180 - - 270 - - 

EC – 10 cps (mg) 90 - 90 135 135 - - 180 - - 270 - 

Kollidon SR (mg) - 90 90 - 135 135 - - 180 - - 270 

Total weight per tablet (mg) 900 900 900 900 900 900 900 900 900 900 900 900 

 

 

Evaluation of flow properties of powders 

blends  

Flow properties of all powder blends (10 

g) used in the tablet formulations were 

determined before direct compression by 

measuring bulk density, tapped density, Carr’s 

index, Hausner ratio, and angle of repose by 

using the following equations (USP35-NF30, 

2013).  
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Where, M is the mass of powder samples in g, 

Vo is the initial volume of powder in mL, Vf is 

the final volume of powder samples after 

tapping in mL and θ is the angle of repose. 

Powders show excellent flow properties if 

Carr’s index ≤10, Hausner ratio ranges 

between 1.00–1.11 and angle of repose value 

lies in between 25–30. When, Carr’s index lies 

in between 11–15, Hausner ratio between 1.12–

1.18 and angle of repose value lies in between 

31–35, then the powders shows good flow. 

Similarly, when, Carr’s index lies in between 

16–20, Hausner ratio between 1.19–1.25 and 

angle of repose value lies between 36–40, then 

the powders shows fair flow. Powder shows 

poor flow properties if Carr’s index 25–31, 

Hausner ratio ranges between 1.35–1.45 and 

angle of repose value lies in between 46–56 

(USP35-NF30, 2013).  

 

 

Evaluation of tablet formulations 

ER ciprofloxacin HCl (500mg) matrix 

tablets formulations were characterized using 

official20 and un-official methods for different 

pharmaceutical quality parameters including 

weight Variation, hardness, thickness, friability 

and assay. Weight variation of all tablet 

formulations were assessed by using digital 

balance (Sartorius CP 224S, Germany). Tablets 

should have enough strength to avoid breaking 

during handling, coating, filling and 

transportation etc. Normally, to break a tablet 

minimum 4 kg of force is required, which was 

set as tablet hardness limit and tablets were 

checked through Erweka hardness tester (TBH 

125, Germany)
21

. The degree of compaction 

was assessed as thickness test and was checked 

by using digital Vernier Caliper. The friability 

test of each formulation was also carried out 

using friabilator (Erweka, Germany), operated 

for specified period (25 rotation/minute for 4 

min). Friability test was performed by taking 

initial and final weight of 10 tablets and 

calculated by using the following formula22.  

( )
100

 

  
(%) ×

−
=

WeightInitial

WeightFinalWeightInitial
Friability

 
…………………(6)  

The Acceptance criteria specified by USP 

for friability test is less than 1% (considered 

acceptable). 

 

……………….. (1) 

…………….. (2) 

….... (3) 

……………….. (4) 

……………….. (5) 
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Fourier transform infrared spectroscopy 

(FTIR) 

The interaction between the drug and 

polymers was assessed by using Fourier-

transform infrared (FTIR) spectroscopy (Model 

# 5300; Shimadzu, Japan). The FTIR spectra of 

pure drug (ciprofloxacin HCl) and different 

polymers were recorded over the wavenumber 

ranging from 12000 to 4000 cm
-1

, by applying 

KBr disc method. Recorded FTIR spectra of all 

formulations and pure drug were evaluated for 

any shifting and masking of drug peaks due to 

presence of excipients. 

 

Assay of ciprofloxacin HCl tablet 

formulations 

A reported method was used to analyze 

the ciprofloxacin content in each tablet 

formulation by using UV- Spectrophotometer 

(Hitachi, 2000) at 275 nm23.  

 

In-vitro drug release studies 

The release of drug from the dosage from 

was assessed under dissolution test by using 

USP type-II dissolution apparatus (Erweka, 

Germany), operated at 100 rpm in 900 mL of 

0.1 HCl at pH-1.2 maintained at 37±0.5°C. The 

selected formulations (F1, F4, F8 and F11) 

were also evaluated in phosphate buffer at pH 

4.5 and 6.8 maintained at same temperature. 5 

ml of the sample was withdrawn at regular 

intervals of 1, 2, 3, 4, 6, 8, 10 and 12 hrs and 

replaced with the same volume of pre-warmed 

(37±0.5°C) fresh dissolution medium. The drug 

content in each sample was analyzed after 

suitable dilution using UV spectrophotometer 

method at 276 nm24. 

 

Drug release kinetics 

In order to evaluate the mechanism of 

drug release from the selected formulations, in-

vitro dissolution profiles data were fitted into 

different kinetic models including zero order, 

first-order, Higuchi, and Korsmeyer-Peppas. 

For this purpose, DD Solver (An MS Excel 

add-in software) was used. 

 

Stability studies 

The objective of the stability study is to 

estimate the quality of a drug product, which 

changes under the influence of temperature, 

humidity and light over time (WHO, 2009). 

Four selected formulations (F1, F4, F8 and 

F11) were subjected at accelerated temperature 

of 40°C±2°C and relative humidity of 75%±5% 

for 6 months as per International Conference of 

Harmonization (ICH) guidelines. In order to 

verify any possible chemical changes during 

storage, samples were analyzed at 0, 3 and 6 

months as indicated by the ICH Guideline 

(Q1E evaluation for stability data). The shelf-

life of the tablet formulations was calculated 

using Minitab software (version 17.1.0), a data 

analysis tool for studies of drug stability (Fig. 

6). 

 

RESULTS AND DISCUSSION 

 

There are approximately 800 

pharmaceutical industries in Pakistan 

producing quality pharmaceutical products and 

fulfilling the national requirement. National 

pharmaceutical industry has grown since the 

last few years, but there are few pharmaceutical 

manufacturing units that produce specialized 

dosage forms, such as a controlled delivery 

system. The main objective of the controlled 

release system is to obtain a cost-effective and 

efficient extended release system to deliver 

drugs at a constant rate in order to obtain a 

release of zero orders
25

. 

 

Formulation Development 

An extended release ciprofloxacin HCl 

tablet were compressed using different 

hydrophilic and hydrophobic polymers through 

direct compression technique. Due to its 

simplicity, cost efficiency and the development 

of excipients, the direct compression method is 

widely used in industries. Jivraj, et al., reported 

the functionality of directly compressible fillers 

(Jones, 2004). Q. Yihong & G. Zhang, 

explained the physicochemical behavior of 

directly compressible binders and their binding 

properties
26

. 

The effect on drug release by different 

types of polymers was also evaluated. The ER 

tablets were prepared using different polymers, 

like HPMC K100M (100000cps), EC (10cps) 

and Kollidon SR in the concentrations ranges 

from 10–30% as mentioned in table 1. Avicel 

PH 101 was used in the range of 10 to 20% of 

concentration, while magnesium stearate and 

talc were used in fixed quantities (2%) in each 

formulation. The use of hydrophilic and 

hydrophobic polymers is very common to 
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obtain a controlled release system
27

. Among 

hydrophilic polymers, HPMC of different 

viscosity grade (K4M- 4000cps, K15 M- 15000 

cps and K100 M - 100000 cps) and acrylic and 

methacrylic acid copolymers, such as Eudragit 

RL, RS and NE, have been widely used as 

matrix formers for extended release systems by 

several researchers
28

. 

 

Evaluation of powder blends 

The powder blends were evaluated by 

calculating the bulk density, tapped density, 

Hausner’s ratio, compressibility index and 

angle of repose of all the formulations and 

results are showed in table 2. The powder 

blends which comply with USP specification 

are categorized as Fair to Excellent, were 

chosen for compression and further studies. 

The formulations which complied with USP 

standards in terms of flow properties were F1, 

F4, F5, F8, F9, and F11 (USP35-NF30, 2013). 

These parameters were found within the 

prescribed limits (USP, 2013), and no 

considerable difference was observed between 

plain (without polymer), EC (7 cps) and HPMC 

of different viscosity grade (K4M, K15M, and  

K100M) pellets. The percent content of 

ciprofloxacin HCl in each formulation (F1–

F15) was found within the prescribed limit in 

the range of 96.12–102.4% showing uniformity 

of drug content, as given in table 3. 

 

Evaluation of tablet formulations 

Table 3 shows the results of weight 

variation test of all 12 formulations of 

ciprofloxacin HCl tablets. The results were 

found within the described USP specification 

of ±5% (USP35-NF30, 2013).Hardness of all 

formulations were found satisfactory and the 

values were observed to be 6.00–7.67 kg as 

shown in table 3. Similar results for hardness 

test were also reported by Hussain et al.
29

. The 

average thickness of all formulations was 

observed in the ranges of 7.22–8.194 mm. The 

results of friability test of formulations F1, F2, 

F4, F5, F8, and F11 were found within the USP 

specification of NMT 1%, whereas, 

formulations F3, F6, F7, F9, F10, and F12 were 

found out of the limits (>1%) as mentioned in 

table 3. Mu’az et al., also reported friability 

results of NMT 1% for ciprofloxacin tablets
30

. 

 

 

 

 

Table 2: Micromeritic characterization of powder blends of all formulations. 

Formulation 

Code 

Bulk 

Density 

(g/cm3) 

Tapped 

Density 

(g/cm3) 

Carr’s 

Index  

(%) 

Hausner’s 

 Ratio 

Angle of 

Repose 

(θ) 

Flow 

properties 

according to   

USP 35 

F1 0.34 0.49 19.61 1.18 29.40 Fair 

F2 0.31 0.42 26.19 1.35 26.00 Poor  

F3 0.29 0.39 25.64 1.34 28.00 Poor 

F4 0.40 0.57 20.50 1.14 15.80 Good  

F5 0.79 1.19 24.00 1.29 18.70 Fair   

F6 0.29 0.49 40.8 1.68 48.47 Very poor  

F7 0.57 0.65 26.56 1.30 26.54 Poor  

F8 0.45 0.54 20.22 1.18 23.45 Good  

F9 0.55 0.61 18.45 1.14 21.43 Good  

F10 0.40 0.56 27.04 1.36 27.11 Poor  

F11 0.59 0.66 15.76 1.12 20.65 Excellent 

F12 0.36 0.49 30.23 1.38 27.91 Poor  
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Table 3: Evaluation of all tablet formulations. 

Physical Evaluation 
Chemical 

Evaluation 
Formulations 

Weight variation*  

(mg) 

Hardness** 

(Kg) 

Thickness** 

(mm) 

Friability** 

(%) 
Assay (%) 

F1 893.6 ± 7.9 6.33 ±0.53 7.89 ±0.01 0.87 99.19 

F2 893.3 ± 6.7 6.33 ±0.57 8.15 ±0.01 0.90 100.22 

F3 892.9 ± 7.7 6.33 ±0.52 8.21 ±0.02 1.08 99.26 

F4 892.9 ± 6.9 6.00 ±0.79 7.75 ±0.29 0.71 100.38 

F5 894.2 ± 4.9 7.67 ±0.52 8.16 ±0.09 0.68 100.04 

F6 892.8 ± 4.4 7.00 ±0.97 7.92 ±0.01 1.11 99.05 

F7 892.3 ± 7.8 7.33 ±0.71 7.22 ±0.01 1.22 99.77 

F8 892.6 ± 6.4 7.00 ±0.70 8.14 ±0.01 0.67 101.80 

F9 891.2 ± 6.6 6.67 ±0.82 8.19 ±0.04 1.16 100.15 

F10 892.9 ± 4.9 6.33 ±0.70 8.16 ±0.04 1.8 100.40 

F11 893.2 ± 6.3 6.67 ±0.74 8.16 ±0.01 0.65 99.65 

F12 893.1 ± 7.8 7.67 ±0.48 8.22 ±0.02 1.38 99.22 

         *
n= 20, ** n= 10   

 

 

Fourier transform infrared spectroscopy 

(FTIR) 

To assess any possible interaction between 

pure ciprofloxacin HCl with excipients used in 

the formulations, drug – excipients 

compatibility studies were carried out using 

FTIR spectroscopy. The IR absorption spectra 

of pure ciprofloxacin HCl (drug) and different 

excipients were recorded over the wave 

number ranging from 12000 to 4000 cm
-1

. The 

recorded infrared spectra of pure ciprofloxacin 

HCl (reference standard) and tablet 

formulations (sample), indicated that no drug – 

excipients interaction occurred, i.e. no shifting 

and masking of drug peaks due to presence of 

excipients as compare to the standard/ 

reference. FTIR spectra of pure ciprofloxacin 

HCl and formulations F1, F2, F3, F7, F8 and 

F9 are shown in figures 1a, 1b, 1c, 1d, 1e, 1f 

and 1g, respectively. Reddy & Navaneetha also 

reported that there was no change in peaks of 

admixture compared with drug which indicates 

that the drug and excipients are compatible
31

.  

 

Assay of ciprofloxacin tablets 

The ciprofloxacin HCl content in each 

tablet formulation was carried out by using UV 

–spectrophotometric method, reported by 

Naveed and Waheed
32

. The mean percentage 

assay of all ciprofloxacin tablet formulations 

were found in the range of 99.05–101.80%, as 

indicated in table 3. All the results were found 

within the pharmacopoeial limits of 90–110% 

(USP35-NF30, 2013). 

 

In-vitro drug release studies  

Figure 2 shows, in-vitro drug release 

profiles of all formulations which were 

conducted in acidic buffer (pH-1.2), using a 

reported method
24

. In-vitro drug release 

profiles of four selected formulations (F1, F4, 

F8 & F11) were also conducted in acidic as 

well as in phosphate buffer of pH 4.5 and 6.8 

(See, Figs. 3–5). The samples were withdrawn 

at an interval of 1, 2, 4, 6, 8, 10 and 12 

hrs.These four selected formulations, which 

containing Ethylcellulose (10cps) alone or in 

combination with HPMC (K100M) in different 

concentration, prolonged the drug release up to 

12 hrs. Formulations (F3, F7 & F10) containing 

HPMC alone released the entire drug within 8 

hrs. While, other formulations (F3, F6, F9 and 

F12) containing Kollidon SR alone or in 

combination with HPMC and EC, released 

maximum drugs within 1 to 4 hrs. 

The formulations containing Kollidon SR 

as polymer, were dissolved completely before 

the specified time period, therefore, the release 

of drugs over the desired period of time was 

not controlled. However, using this polymer in 

higher percentage ranges might be effective in 

controlling the drug release for a longer time.
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Fig. 1a: FTIR spectra of pure drug. 

 

 Fig. 1b: FTIR spectra of drug + HPMC + EC. 

 

Fig. 1c: FTIR spectra of drug + HPMC + Kollidon SR. 



Rida Khalid, et al. 

18 

 

Fig. 1d: FTIR spectra of drug + EC + Kollidon SR. 

 

Fig. 1e: FTIR spectra of drug + HPMC. 

 

Fig. 1f: FTIR spectra of drug + EC. 
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Fig. 1g: FTIR spectra of drug + Kollidon SR. 
 

 

 

Fig. 2: In-vitro drug release profiles of all formulations at pH 1.2. 

 

 

 

Fig. 3: In-vitro drug release profiles of selected formulations at pH 1.2. 
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Fig. 4: In-vitro drug release profiles of selected formulations at pH 4.5. 

 

 

Fig. 5: In-vitro drug release profiles of selected formulations at pH 6.8. 
 

 

 

 

Draganoiu, et, al, in 2003, concluded that 

Kollidon
®
 SR is appropriate polymer for pH-

independent extended release matrix tablets26. 

Similarly, formulations containing HPMC 

(K100M) as rate controlling polymer showed 

an inadequate release of drug over the desired 

time period. 

Previously, HPMC based sustained release 

ciprofloxacin tablet formulation were 

developed and assessed and drug release was 

found in the range of 80–89% at 8 h
33

. 

Ciprofloxacin as a drug (without salt) is 

relatively hydrophobic, but also hydrophilic in 

nature with low solubility or practically 

insoluble at neutral pH
34

. However, 

ciprofloxacin as ciprofloxacin HCl has more 

solubility in water(increased up to 2 folds)27. 

HPMC is hydrophilic polymer which is 

hydrated quickly, thus released maximum 

drugs within 8 hrs. While, ethylcellulose is 

hydrophobic polymer retained the 

ciprofloxacin drug up to 12 hrs. Kollidon SR is 

also a hydrophobic polymer and its sustained 

release effect depends on drugs’ solubility. The 

ciprofloxacin HCl is soluble in water and 0.1 

HCl that is why, released the entire drug within 

1–4 hrs. To extend the drug release up to 12 

hrs, the Kollidon SR should be used in higher 

quantity i.e. up to 40%
35

. Similar type of result 

was also observed with hydrophobic polymer 

based ciprofloxacin HCl tablet formulations, 

which released 97% of the drug within first 5 

hrs
36

. Another tramadol based formulation 

containing HPMC and ethylcellulose, showed 

maximum drug release beyond 12 hrs37. 
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Drug release kinetics 

Table 4 shows, drug release kinetics of 

four selected formulations (F1, F4, F8 and F11) 

at different pH. Different kinetic models, i.e., 

First Order, Zero Order, Higuchi and 

Korsmeyer-peppas kinetic models were applied 

to interpret release kinetics from ciprofloxacin 

HCl tablets formulations using DD Solver, a 

Microsoft Excel add-in program. Mostafavi, et 

al. also used DD Solver for comparing and 

modeling the dissolution data profile. The 

correlation coefficient (r
2
) values obtained 

from different kinetics models recommended 

that one of these models may be followed by 

the formulations. Higher correlation coefficient 

(r
2
) values show that the formulations appear to 

fit this model better24. 

F1 and F4 (HPMC + EC) formulations 

fitted to zero order and Korsmeyer-peppas 

models with the highest r2 values observed as 

0.980–0.905 (zero order) and 0.979–0.888 

(Korsmeyer-peppas) at different pH (pH 1.2, 

4.5 and 6.8). The release exponent (n= 0.865–

1.207) also indicated that the combination of 

diffusion effects and polymer swelling played a  

role in the release of drugs. While, at pH 4.5 

and 6.8, the formulations F8 and F11 (EC) also 

followed zero order kinetic and Korsmeyer-

peppas, where the r2 value noted in the ranges 

of 0.977–0.915, whereas, at pH 1.2, F8 

formulation showed this value as 0.692 and 

F11 as 0.853, indicating that both formulations 

were best fitted to Zero order in basic buffer. 

Similarly, Korsmeyer-peppas r
2
 values of both 

formulations were observed in the ranges of 

0.990–0.941 at pH 4.5 and 6.8, however, at 1.2 

pH, r
2
 values of F8 and F11 were 0.804 and 

0.865, respectively. The release exponent 

values (n= 1.580–0.592) showed that the 

diffusion and polymer swelling are the main 

reason of drug release from the tablet. Drug 

release profile also indicates that, formulations 

containing both HPMC and EC in combination, 

gives more optimized formulations as 

compared to formulation contain EC alone. 

Merchant et al., estimated the release 

mechanism of cefpodoxime SR matrix tablets 

by applying zero order, first order, higuchi, 

Korsmeyer-peppas and Hixon-Crowell 

models
38

.

 

 

 

 

 

Table 4: Drug release kinetics of all four selected formulations at different pH. 

First Order Zero Order Higuchi Korsmeyer-peppas Formulation

s code r
2
 k1(hr

-1
) r

2
 K0 (hr

-1
) r

2
 kH (hr

-1/2
) r

2
 n kkp (hr

–n
) 

Acidic Buffer (pH 1.2) 

F1 0.892 0.115 0.941 7.260 0.843 20.924 0.941 0.865 9.789 

F4 0.833 0.106 0.905 6.956 0.746 19.982 0.888 0.935 8.029 

F8 0.739 0.111 0.692 6.913 0.842 20.243 0.804 0.592 16.873 

F11 0.848 0.071 0.853 5.190 0.826 15.082 0.865 0.755 8.905 

Phosphate Buffer (pH 4.5) 

F1 0.878 0.102 0.970 6.913 0.756 19.426 0.979 1.207 4.358 

F4 0.907 0.099 0.980 6.710 0.795 19.031 0.978 1.081 5.604 

F8 0.937 0.105 0.977 6.867 0.853 19.713 0.978 0.905 8.469 

F11 0.860 0.058 0.915 4.577 0.723 12.950 0.914 1.232 2.721 

Phosphate Buffer (pH 6.8) 

F1 0.897 0.103 0.972 6.853 0.793 19.460 0.969 1.068 5.886 

F4 0.863 0.103 0.961 6.970 0.735 19.500 0.977 1.261 3.889 

F8 0.896 0.093 0.962 6.386 0.793 18.175 0.956 1.053 5.681 

F11 0.865 0.054 0.929 4.380 0.670 12.112 0.990 1.580 1.187 
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Stability studies 

The four selected formulations (F1, F4, F8 

and F11) were subjected to accelerated stability 

studies to assess their physical appearance, 

drug content, and percentage drug release. All 

the formulations in rubber-capped amber glass 

bottles were stored at 40°C /75% RH for 6 

months as per ICH guidelines
39

. The percentage 

content and in-vitro dissolution studies were 

performed at 0, 3 and 6 months and the results 

showed no change in physical appearance, drug 

content, and dissolution rates (Fig. 6). 

Moreover, the stability studies were interpreted 

by using Minitab (version 17) software. The 

results showed that all four formulations 

indicated excellent stability during whole 

period of study and the shelf life of all 

formulations were estimated up to 15.774 

months. The regression equations/equation for 

fitted line for each formulation are, % Assay= 

101–0.491 Month. 

 

Conclusion 

Extended release ciprofloxacin HCl 

tablets were successfully formulated using 

different polymers. The formulations 

containing EC 10cps alone and in combination 

with HPMC retarded the release of drug up to 

12 hrs, while, formulations containing Kollidon 

SR alone and in combination with HPMC or 

EC 10cps failed to control the release of drug 

up to 12 hrs even at high concentration of 30%. 

FTIR spectra of the drug and formulations 

showed  that  there  was  no  interaction  among  

excipients and pure drug. Drug release data of 

four selected formulations were best explained 

by Zero order and Korsmeyer-Peppas. Drug 

release mechanism for all four formulations 

were swelling and diffusion of polymers. The 

average shelf-life of all four formulations were 

15.774 months, calculated after accelerated 

stability study. Thus, ethyl cellulose in 

combination with HPMC can establish an 

excellent rate controlling agent for 

ciprofloxacin HCl drug. Present study 

concluded that ER formulation of ciprofloxacin 

HCl tablets can be successfully prepared by 

using different polymers i.e. HPMC, EC and 

Kollidon SR however, for the extended drug 

release up to 12 hrs, combination of HPMC and 

EC can be an excellent choice of polymers. 
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