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Summary 

 

In the present investigation, an attempt has been made for formulation and evaluation 

of gatifloxacin suspension by adding acacia powder in different ratio in all five 

formulations. The five suspensions (F1 to F5) of gatifloxacin were prepared by using 

different ratio of acacia powder (0.5, 1.0, 1.5, 2.0, and 2.5% w/v). These formulations 

were evaluated for sedimentation volume, pH measurement, viscosity measurement, 

particle size, and drug release at various time intervals for 3 months. As part of 

preformulation studies, FT-IR and Differential scanning calorimetry was used to 

investigate the physicochemical compatibility between gatifloxacin and various 

excipients used in suspension manufacturing. The gatifloxacin was found to be 

compatible with different excipients. The results of the study indicated on increasing 

the concentration of acacia powder in suspensions improved the physical stability. 

Formulation F3 and F5 shows satisfactorily physical stability while F4 containing 

2.0% w/v concentration of acacia showed better physical stability, and was found to 

be optimum concentration. Among the formulated suspensions F4 showed better in 

vitro drug release profile as well as better physical stability compared to other 

formulated suspensions.      
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Introduction 

 

A pharmaceutical suspension, like other disperse systems, is thermodynamically 

unstable, thus making it necessary to include  a stabilizer or suspending agent in the 

formulation which reduces the rate of settling and permits easy redispersion of any 

settled particulates  both by protective colloidal action and by increasing the 

consistency of the suspending medium [1,2]. Gatifloxacin is a synthetic broad-

spectrum 8-methoxyfluoroquinolone antibacterial agent for oral or intravenous 

administration. It is bactericidal and its mode of action depends on blocking of 

bacterial DNA replication by binding itself to an enzyme called DNA gyrase, which 

allows the untwisting required replicating one DNA double helix into two. Notably 

the drug has 100 times higher affinity for bacterial DNA gyrase than for mammalian. 

Gatifloxacin is a broad-spectrum antibiotic that is active against both Gram-positive 

and Gram-negative bacteria.  
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It should be used only to treat or prevent infections that are proven or strongly 

suspected to be caused by bacteria. As a result, it is approved by the Food and Drug 

Administration for the treatment of community- acquired pneumonia, acute bacterial 

exacerbations of chronic bronchitis, sinusitis, and urinary tract infections. The 

gatifloxacin is commercially available only as tablets may be because of its bitter taste 

and instability in liquids. A number of patients, especially pediatric and geriatric 

patients, have difficulty in swallowing solid dosage forms hence formulation of a 

suspension will be most suitable but product may not be physically and chemically 

stable [3-6].  
 

A major challenge to formulation of oral suspensions is that of thermodynamically 

unstable, thus, making it necessary to include in the dosage form, a stabilizer or 

suspending agent which reduces the rate of settling and permits easy redispersion of 

any settled particulate matter both by protective colloidal action and by increasing the 

consistency of the suspending medium. Suspending agents may be inorganic 

materials, synthetic compounds, or polysaccharides. Natural gums or synthetic 

polymer have been wildly used as tablet binders, emulgents and thickeners in 

cosmetics and suspensions as film-forming agents and transitional colloids [7,8]. 

Gatifloxacin was chosen for this investigation because it is a typical representative of 

practically insoluble drug which would require a suspending agent to be formulated as 

liquid dosage form. Present study shows the effect on physical stability of gatifloxacin 

suspension which also includes formulation and evaluation.     
  

Materials and Methods 
 

Materials: Gatifloxacin was received as gift sample from Dr. Reddy Pvt. Limited, 

Hyderabad, India. The Polyvinyl alcohol (PVA), Methylparaben, Hydroxypropyl 

methylcellulose (HPMC) and Acacia were procured from Loba Chemie, Pvt. Ltd. 

Mumbai. All other chemicals and reagents used in the study were of analytical grade.  
 

Physico-chemical characterization of the drug-polymer mixtures   
 

Fourier transforms infrared radiation measurement (FT-IR): FT-IR spectra of 

drug and drug-excepients blend were recorded on an FT-IR spectrophotometer 

(Shimazdu, 8400S and Shimazdu Corporation) in the frequency range between 4000 

and 500 cm-
1
. 

 

Differential scanning calorimetry (DSC) study: Differential scanning calorimetry 

study of suspension was performed using a Diamond (Mettler Star SW 8.10) DSC to 

determine the drug excipients compatibility study. The analysis was performed at a 

rate 10 ºC min
-1

 from 25 to 300 0C temperature range under nitrogen flow of 25 mL 

min
-1

 [9,10]. 
 

Preparation of Gatifloxacin suspensions: Compound acacia powder 0.5g, HPMC 

1.0g, PVA 0.5g and 10g of gatifloxacin were triturated together in mortar pestle to 

form smooth paste. Methyl parabean (1g) was added gradually with constant stirring 

and then mixed with 1% tween 80 solution. This was followed by addition of quantity 

sufficient peppermint oil and purified water. The mixture was transferred into a 100 

ml amber bottle, made-up volume with distilled water and then shaken vigorously for 

2 min (thus making 0.5% w/v of the gum in the preparation). The procedure was 

repeated using 1.0, 1.5, 2.0, and 2.5% w/v of compound acacia powder [11, 13]. All 

formulation are shown in table 1. 
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Evaluation of suspension 

 

Sedimentation volume: Sedimentation volume (F) is a ratio of the final volume of 

sediment (Vu) to the original volume of   sediment (Vo) before settling. 50ml of each 

suspension were transferred to 50 ml measuring cylinders and the volume of sediment 

formed was noted at every 24 hr for 7 days.  The sedimentation volume F (%), was 

calculated using the formula:   

F = 100 Vu/ Vo 

 

Viscosity measurement: The viscosity of the samples was determined at 25
o
C using 

the Brookfield Synchro- lectic viscometer, model LVF (Brookfield Laboratories, 

Massachusetts) at 30 revolution/min (Spindle ≠ 4). 

 

Particle size measurement: The particle size of gatifloxacin particles in the prepared 

suspensions was measured by optical microscopy using a trinocular microscope at 

100x (10×10) magnification. The size of 100 particles were measured and the average 

particle size of was determined.    

 

Drug release: The release studies were carried out at 37± 0.5
o
C by using a beaker 

method rotating cellophane membrane apparatus. A 1000 ml volume of the 0.1N HCL 

of the release media. The cellophane membrane containing 5.00 ml of solution or a 

suspension of the suspension salt was placed inside the vessel at time zero. Release of 

the drug salt from the cellophane membrane into the aqueous sink condition studied 

from the following type of test preparation; (i) a solution of the salt, (ii) salt 

suspensions, (iii) suspensions formed in situ in cellophane membrane cell. Salt 

solutions were obtained from dissolving in 0.1 N HCL. After 15 min taking 5 ml 

solution was withdrawn and maintained sink condition. Samples were withdrawn after 

time interval 30, 45, 60, 75, 90, 105, 120 and 135 min.  Maintaining sink condition, 

the taking solutions were further diluted with 0.1 N HCL and absorbance measured in 

double beam UV-spectrophotometer (Schimadzu, UV-1700 and Schimadzu 

Corporation) [14-18].  

 

Results 

 

Compatibility testing of drug with polymer 

 

Fourier transforms infrared radiation measurement (FT-IR): Major functional 

groups present in gatifloxacin show characteristic peaks in IR spectrum. Figure 1 

shows peaks observed at different wave numbers and the functional group associated 

with these peaks for drug and drug with different polymer. The major peaks are 

identical to functional group of gatifloxacin. Hence, it was confirmed that there was 

no incompatibility between drug and various polymers.  
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Differential scanning calorimetry: The Figure 2 shows different DSC thermogram 

for drug and drug with different  polymers. DSC thermogram showed that there was 

no any major difference in onset temperature and peak temperature, when compared 

with pure drug thermogram. In majority of the cases, melting endotherm of drug was 

well preserved with slight changes in terms of broadening or shifting towards the 

lower temperature. It has been reported that the quantity of material used. Especially 

in drug-excipients mixtures, affects the peak shape and enthalpy. Thus the minor 

changes in the melting endotherm of drug could be due to the mixing of drug and 

excipients, which lower the purity of each component in the mixture and may not 

necessarily, indicate potential incompatibility. Hence, it was confirmed that there was 

no incompatibility between drug and various polymers.   

 

Evaluation of suspension 

 

Sedimentation volume: The sedimentation volume of F1 to F5 was found to be 

99.75%, 97.31%, 96.25%, 98.45% and 97.14% respectively at the end of 24 hours 

(Table 2). After one week suspension F1 found in a clumpy mass which was not 

pourable from the container, while F2 resulted clumpy mass after one month. After 

long time it was found that, in F3 to F5 the sedimentation volume gradually decreases 

from 96.25% to 37.26%, 98.45% to 83.15% and 97.14% to 81.40% respectively. The 

formulation F3 to F5 revealed good flow from container. This indicates that on 

increasing the concentration of suspending agent it increases the stability of 

suspensions.  

 

Viscosity measurement: The formulation F1 has clumpy mass so that it fails to 

measure the viscosity, while F2 shows decrease in viscosity during 24 hrs to 2 weeks 

but it fail to measure the viscosity of suspension after one month. When the 

concentration of suspending agent increased from F3 to F5, a slight increase in 

viscosity was found (Table 3). When solution kept for long time the viscosity of F3, 

F4 and F5 has decreased from 47.51, 49.32 and 53.18 to 37.62, 46.51 and 42.38 

respectively. The change in viscosity in case of F4 was less indicating that F4 is 

relatively a stable formulation.  

 

Particle size analysis: Highly viscous mass particle size analysis was not possible in 

case of F1. In the case of F2 the particle size slightly change over a period of two 

week, but after one month due to formation of clumpy mass particle size measurement 

was not possible. In formulation F3, F4 and F5 there was slightly decrease in the 

particle size (Table 4).  
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pH: The pH value of F1 was found to be 7.12, when it kept for long time formulation 

exhibited in a clumpy mass so that determination of pH was not possible. The other 

formulations F2 to F5 showed a more or less constant pH value. This indicates that 

there is no chemical change when kept for long time except F2 (Table 5).    

 

Drug release: All the formulations showed acceptable properties as shown in table 6. 

The result of the drug release study indicating that F1 and F2 released 68.71 and 

76.56 at the end of 135 min, respectively. Formulation F3, F4 and F5 released 81.77, 

93.11 and 89.66 at the end of 135 min (Table 6). The results indicated that F4 release 

maximum drug in media.  

  

Discussion 

 

The suspension F1 to F5 was prepared by adding different concentration such as 0.5, 

1.0, 1.5, 2.0, and 2.5% w/v of compound acacia powder. These formulations were 

evaluated for various quality parameters to determine their stability such as 

sedimentation volume, viscosity, particle size, pH and drug release for 3 months time 

in regular intervals. The data obtained from the determination of sedimentation rates 

revealed that the formulations prepared with higher concentration of acacia possessed 

higher sedimentation volume when compared with other formulations. Among the 

five formulations of suspension, the F4 showed nearby constant sedimentation 

volume after two week, this indicates more stable suspensions. When the 

concentration of suspending agent increases in suspensions a slight increase in 

viscosity was found. When kept the suspension for long time, the change in viscosity 

in case of F4 was less indicating that F4 is relatively a stable formulation. With 

increasing the concentration of suspending agent, the particle size of the suspension 

was found to be decreased except F5.  The pH values of all the formulations were 

complied as per I.P. requirements. Suspensions formulation (F4) employing 2.0% 

concentration acacia gave higher drug release rate among all the formulations. Hence 

2.0% concentration of acacia was found to be optimum concentration.    

  

Conclusion 

 

The results of the study indicated on increasing the concentration of acacia powder in 

suspensions improved the physical stability. Among the formulated suspensions F4 

showed better in vitro drug release profile as well as better physical stability 

compared to other formulated suspensions.      
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Table 1: Formulations of Gatifloxacin oral suspension 

 

Formulations (gm) 
S. �o. Ingredient 

F1 F2 F3 F4 F5 

1 Drug 10 10 10 10 10 

2 Tween80  1.0 1.0 1.0 1.0 1.0 

3 Methylparabean 1.0 1.0 1.0 1.0 1.0 

4 PVA 0.5 0.5 0.5 0.5 0.5 

5 Acacia 0.5 1.0 1.5 2.0 2.5 

6 HPMC 1.0 1.0 1.0 1.0 1.0 

7 Sucrose 2.25 2.25 2.25 2.25 2.25 

8 Purified water q.s. q.s. q.s. q.s. q.s. 

 

HPMC-Hydroxypropyl methylcellulose; PVA-Polyvinyl alcohol 

 

Table 2: Values of sedimentation volume (%) suspension using different 

concentration                                                suspending agents 

 

Sedimentation volume (%) 
Formulation 

24 hrs 1 week 2 week 1 month 2 month 3 month 

F1 99.75 CM CM CM CM CM 

F2 97.31 85.52 78.19 CM CM CM 

F3 96.25 48.24 44.17 42.38 38.59 37.62 

F4 98.45 85.19 83.67 83.48 83.74 83.15 

F5 97.14 88.35 87.43 87.12 84.56 81.40 

 

CM- Formation of clumpy mass 

 

Table 3: Viscosity values of different formulations for 3 month period  

 

Viscosity (25 rpm.) in cps 
Formulation 

24 hrs 1 week 2 week 1 month 2 month 3 month 

F1 36.42 CM CM CM CM CM 

F2 40.19 41.83 39.63 CM CM CM 

F3 47.51 48.24 44.17 42.38 38.59 37.62 

F4 49.32 47.16 47.54 48.72 47.43 46.51 

F5 53.18 50.62 55.37 47.82 45.46 42.38 

 

CM- Formation of clumpy mass 
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Table 4: Particle size determination values of different formulations for 3 month 

period  

 

Formulation 24 hrs 1 week 2 week 1 month 2 month 3 month 

F1 59.34 CM CM CM CM CM 

F2 52.12 51.38 52.62 CM CM CM 

F3 47.75 43.15 44.53 42.81 42.62 38.28 

F4 42.54 38.27 33.19 33.59 32.48 32.16 

F5 48.67 46.52 45.31 44.72 44.17 42.39 

 

CM- Formation of clumpy mass 

 

Table 5: pH values of different formulations for 3 month period 

 

pH 
Formulation 

24 hrs 1 week 2 week 1 month 2 month 3 month 

F1 7.12 CM CM CM CM CM 

F2 6.24 6.36 6.28 CM CM CM 

F3 6.53 6.41 6.74 6.12 6.25 6.08 

F4 6.75 6.84 6.57 6.72 6.67 6.75 

F5 6.15 6.10 5.98 6.28 6.16 6.18 

 

CM- Formation of clumpy mass 

 

Table 6: Drug release of Gatifloxacin suspensions in 0.1 � HCL 

 

Sample withdrawn 

(min) 
F1 F2 F3 F4 F5 

30 5.57 8.07 9.88 12.44 10.11 

45 10.20 15.34 19.33 28.35 22.06 

60 17.76 22.61 32.89 33.01 33.31 

75 28.27 35.86 41.99 47.91 42.78 

90 39.48 43.86 54.51 68.71 56.91 

105 48.09 57.97 63.54 75.34 66.76 

120 59.66 65.44 72.11 84.22 78.11 

135 68.71 76.56 81.77 93.11 89.66 
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     (d) 

Figure 1: FT-IR spectra of pure (a) Gatifloxacin, (b) Gatifloxacin+ Acacia, (c) 

Gatifloxacin+ PVA and (d)   Gatifloxacin + HPMC 

 
 

                              

      a        b 

                            

c                                      d 

Figure 2: DSC thermograms of pure (a) Gatifloxacin, (b) Gatifloxacin+ Acacia, 

(c) Gatifloxacin+ PVA and (d)   Gatifloxacin + HPMC 
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