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ABSTRACT 
Most eye diseases are treated with topical application of eye drops. The poor bioavailability and therapeutic response exhibited by these conventional eye 
drops due to rapid precorneal elimination of the drug may be overcome by the use of in situ gelling systems that are instilled as drops into the eye and undergo 
a sol-to-gel transition in the cul-de-sac. Hence, the purpose of the present work was to develop Sustain Ophthalmic delivery of Levofloxacin from a pH-
triggered in situ gelling system.  
Polyacrylic acid (Carbopol 934) was used as the gelling agent in combination with hydroxypropyl methylcellulose (Methocel K4M) and HPMC K100LV 
which acted as a viscosity enhancing agent. Compatibility studies of the drug excipients were carried out using FTIR. The prepared formulations were 
characterized for clarity, pH, drug content, Gelling capacity, Rheological studies, in vitro drug release study, sterility study and stability study. 
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INTRODUCTION  
Delivering drugs to front of the eye is an exceedingly 
complicated issue because of the numerous protective 
mechanisms that are present in the eye to shield the visual 
pathway from foreign chemicals1. Topical delivery of eye 
drops into the lower cul-de-sac is the most common method 
of drug treatment for ocular diseases and diagnosis2. Eye 
drops that are conventional ophthalmic delivery systems 
often result in poor bioavailability and therapeutic response 
since the high tear fluid turnover and dynamics cause rapid 
precorneal elimination of the drug3. A high frequency of eye 
drop instillation is associated with poor patient compliance. 
Inclusion of excess drug in the formulation to overcome 
bioavailability problems is potentially dangerous if the drug 
solution drained from the eye is systemically absorbed from 
the nasolacrimal duct4. 
There are several ways of prolonging the presence of drugs in 
the precorneal area, such as increasing the viscosity of the 
dosage form by adding water-soluble polymers5,6. An 
alternative approach aimed at increasing the precorneal 
residence time of drugs and consequently, their 
bioavailability is the use of polymeric solutions which change 
to a gel as a result of exposure to the physiological 
temperature, pH or ionic composition of the lachrymal fluid7. 
Depending on the method employed to cause sol-to-gel phase 
transition on the eye surface, the following three types of 
systems are recognized: pH-triggered systems e.g. cellulose 
acetate hydrogen phthalate latex8, temperature-dependent 
systems e.g. Pluronics9  and Tetronics10 and ion activated 
systems e.g. GelriteTM11 and gellan12. 
The objective of the present work was to develop Sustain 
Ophthalmic delivery of  Levofloxacin from a pH-triggered in 
situ gelling system, a antibacterial drug levofloxacin, a third 
generation fluoroquinolone derivative used in the infection of 
the eye such as acute conjunctivitis and other eye infection. A 
combination of Carbopol 934 and hydroxypropyl 
methylcellulose (HPMC) was investigated as a vehicle for the 
formulation of eye drops of Levofloxacin (0.5% w/v) which 
would gel when instilled into the eye, and provide sustained 

release of the drug during treatment of  conjunctivitis and 
some forms of ocular inflammation. 
MATERIALS AND METHODS 
Materials 
Levofloxacin hemihydrate was obtained  from Marck 
Biosciences Ltd, Kheda and all the ingredients used were of 
analytical grade. 
Compatibility study 
Compatibility studies were carried out in order to establish 
that, there would be no interaction  between the drug and 
excipients (e.g., polymers) used in the formulation. These 
studies were carried out by Perkin Elmer FTIR, Spectrum 
BX, by a powder method. The FT-IR spectra of drug with 
polymers were compared with the standard FT-IR spectrum 
of the pure drug. In this study, the compatibility of pure drug 
Levofloxacin with the polymers Carbopol 934, HPMC K4M 
and HPMC K100LV prior to the preparation of ophthalmic in 
situ hydrogel is carried out13. The compatibility study which 
are mentioned in the figure 1,2,3. 
Method of preparation 
Take 70ml of online WFI in 100ml glass beaker. Heat for 10 
minute until it boil. Then add HPMC in a small partwise with 
full stirring with an overhead stirrer. After complete addition 
of HPMC, the solution is allow to cool in cold water (ice). It 
is clear, colourless, viscous solution. Now, add and dissolve 
citric acid and Di-sodium hydrogen phosphate. Then, 
levofloxacin hemihydrate was dissolved in 10ml of 0.1 N 
NaoH  and dissolve  it separately. The drug solution was then 
added to the polymeric solution under constant stirring until a 
uniform solution was obtained. Now, add carbopol 934 small 
partwise and stirr for dissolution and then add Tween 80 and 
heat it.Then after complete dissolution, add benzalkonium 
chloride as per calculation. Now, WFI was added to make up 
the volume to 100ml of solution, is filtered through  filter 
paper by applying vaccum.The formulations were filled in 
vials under aseptic conditions, and evaluations were carried 
out. Method of preparation which are mentioned in table 1. 
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Composition of Simulated tear fluid (STF) 
The composition of Simulated tear fluid used was sodium 
chloride 0.670g, Sodium bicarbonate 0.200g, calcium 
chloride2H2O 0.008g, Purified water q.s 100.0ml. 
EVALUATION OF FORMULATION 
1. Determination of visual appearance, clarity, and pH  
The appearance and clarity were determined visually. The 
pH of the formulations was determined by using pH meter. 
2. Gelling capacity 
The gelling capacity was determined by placing a drop of the 
system in a test-tube containing 2ml of simulated tear fluid 
(STF) freshly prepared and equilibrated at 37°C. The visual 
assessment of gel formulation was carried out 
simultaneously. The time required for gelation as well as time 
taken for the formed gel to dissolve was also noted. 
The flow behavior with the “+” sign indicates the vehicle is 
in the liquid form which show gels slowly and dissolves 
rapidly. 
The flow behavior with the “++” sign indicates the vehicle is 
in the liquid-gel like form and flows less readily, which 
shows gelation immediate and remains for a few hours. 
The flow behavior with the “+++” sign indicates that the 
sample is in the gel form and is very difficult to flow which 
also shows immediate gelation and the gel remains for the 
extended period of time. 
3. %Drug content 
Uniform distribution of active ingredient is important to 
achieve dose uniformity. The drug content was determined by 
diluting 1 ml of the formulation to 100 ml with simulated tear 
fluid pH 7.4. Aliquot of 5 ml was withdrawn and further 
diluted to 25 ml with STF. Levofloxacin hemihydrate 
concentration was then determined at 294 nm by using UV-
Vis spectrophotometer. 
4. Rheological studies 
Viscosity of instilled formulation is an important factor in 
determining residence time of drug in the eye. 
The viscosity determination of prepared formulations were 
carried out using Brookfield viscometer, LVDV-II+PRO with 
spindle 62 at 20°C temperature. Viscosity of samples was 
measured at different angular velocities. A typical run 
comprised changing angular velocity from 5 to 200 rpm with 
equal wait for each rpm. 
 The rheological studies which are mentioned in the table 3. 
5. In vitro drug release study 
In vitro release studies were carried out using bi chambered 
donor receiver compartment model (Franz diffusion cell). In 
vitro release of Levofloxacin hemihydrate was carried out in 
formulations with using cellophane membrane. The 
Cellophane membrane, previously soaked overnight in the 
dissolution medium. The diffusion medium 100ml of 
simulated tear fluid stirred at 50 rpm at 37 ºC ±0.5 ºC. One 
end of the diffusion tube was covered by a cellophane 
membranae. The 1ml formulation were spread on the 
cellophane membrane and membrane was placed such that it 
just touches the diffusion medium (STF) present in receptor 
compartment. Aliquots, each of 1-ml volume, were 
withdrawn at hourly intervals and replaced by an equal 
volume of the receptor medium. The drug samples were 
withdrawn at the interval of one hour for the period of 8 hrs 
from diffusion medium and analyzed by a U.V 
spectrophotometer at 294nm using simulated tear fluid as 
blank. 

6. Sterility test 
All ophthalmic preparations should be sterile therefore the 
test for sterility is very important evaluation parameter. The 
sterility test was performed according to Indian 
Pharmacopoeia.  
Direct inoculation method was used. 2 ml of liquid from test 
container was removed with a sterile pipette or with a sterile 
syringe or a needle. The test liquid was aseptically transferred 
to fluid thioglycolate medium (20 ml) and soyabean-casein 
digest medium (20 ml) separately. The liquid was mixed with 
the media. The inoculated media were incubated for not less 
than 14 days at 30°C to 35°C in the case of fluid 
thioglycolate medium and 20°C to 25°C in the case of 
soyabean-casein digest medium. 
RESULT AND DISCUSSION 
Ophthalmic in situ gelling system can be formulated using 
carbopol 934 as pH- triggered polymer along with HPMC 
K4M and HPMC K100LV as viscosity enhancing agent. The 
identification and characterization of Levofloxacin 
hemihydrate show that it complies with standard. Infrared 
spectroscopy studies of Levofloxacin hemihydrate, carbopol 
934, HPMC K4M and HPMC K100LV alone and their 
physical mixture revealed that, Levofloxacin hemihydrate is 
compatable with all the polymers used. The appearance, pH, 
Gelling capacity,% drug content was accepatable for all six 
formulation, but the formulation F3 show better result. The 
results obtained from the rheological study of prepared in situ 
gelling system revealed that the viscosity decreases as the 
angular velocity increases. In this study, formulation F3 show 
better rheological characteristics. In vitro drug release study, 
all six formulation showed sustained drug release for a period 
of 8 hour and follow zero order release rate. Formulation F3 
showed most sustained drug release. In sterility study, there 
was no appearance of turbidity and hence no evidence of 
microbial growth in formulation. From this study, 
formulation F3 was selected as optimized formulation. 
CONCLUSION 
Levofloxacin hemihydrate which is a broad spectrum anti 
bacterial agent used in the treatment of ocular infections was 
successfully formulated as in situ gel using  polymer. The 
formulated systems provided sustained release of the drug for 
more than 8hr period. The developed formulation is a viable 
alternative to conventional eye drop due to its ability to 
enhance bioavailability through its longer precorneal 
residence time and ability to sustain release of the drug. Also 
important is its ease of administration and decreased 
frequency of administration resulting in better patient 
compliance. 
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Table 1: Optimized formula table of Levofloxacin hemihydrate for pH –  triggered in situ gelling  system. 

 
Sr.N

o 

 
Ingredients 

Formulation 

F1 F2 F3 F4 F5 F6 

1 Levofloxacin hemihydrate 
(%w/v) 

0.5 0.5 0.5 0.5 0.5 0.5 

2 Carbopol 934 (%w/v) 0.1 0.2 0.3 0.3 0.4 0.5 

3 HPMC K4M (%w/v) 0.7 0.7 0.7 - - - 

4 HPMCK 100LV (%w/v) - - - 1.5 1.5 1.5 

5 Citric acid (%w/v) 0.407 0.407 0.407 0.407 0.407 0.407 

6 Di-sodium hydrogen phosphate 
(%w/v) 

1.125 1.125 1.125 1.125 1.125 1.125 

7 Tween 80 (ml) 0.5 0.5 0.5 0.5 0.5 0.5 

8 Benzalkonium chloride (%w/v) 0.005 0.005 0.005 0.005 0.005 0.005 

9 WFI (ml) qs to 100ml 100ml 100ml 100ml 100ml 100ml 

 
Table 2: Result of evaluation parameters 

Formulations Appearance pH Gelling 
capacity 

% Drug 
content 

F1 Light yellow 6.19 +++ 98.59 

F2 Light yellow 6.25 +++ 98.76 

F3 Light yellow 6.36 +++ 100.74 

F4 Light yellow 6.20 +++ 99.25 

F5 Light yellow 6.24 +++ 99.58 

F6 Light yellow 6.32 +++ 100.08 

 
Table 3: Rheological profile of the In-situ gelling systems 

Angular 
velocity 
(RPM) 

Viscosity (cp) 
F1 F2 F3 F4 F5 F6 

5 118.4 287.5 461.5 98.1 192.5 245.0 
10 117.1 260.3 424.9 96.5 143.8 193.9 
25 113.9 230.1 367.0 95.4 94.1 139.5 
50 112.0 203.1 329.5 93.9 70.5 111.5 
75 111.9 187.1 303.2 90.6 59.8 97.0 
100 109.7 179.0 285.4 87.2 53.1 87.2 
120 108.1 172.1 260.1 86.0 48.0 81.5 
150 107.5 166.2 240.2 85.1 44.9 73.8 
200 106.1 Error Error 82.3 42.9 67.5 
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Figure 1: Comparison of FTIR spectrum of RM and WS 

 

 
Figure 2: FTIR spectrum of Levofloxacin hemihydrate+HPMC   K100LV+ Carbopol 934 

 

 
Figure 3: FTIR spectrum of levofloxacin hemihydrate+HPMC K4M +Carbopol 934 
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Figure 4: Rheological profile of the in situ gelling system 
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Figure 5: In Vitro Release Profile of Levofloxacin hemihydrates of Formulation. (Zero Order) 
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