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Ocular Insitu gelling system is liquid dosage form which undergoes phase transi
comes in contact with the physiological conditions of eye
conventional ocular drug delivery systems. Conventional ocular dosage forms include eye drops 
Suspensions, and aqueous gels2. Ideal ophthalmic drug delivery must be able to sustain the drug release and to 
remain in the vicinity of front of the eye for prolong period of time. Consequently it is imperative to optimize 
ophthalmic drug delivery; one of the way to do so is by addition of polymers of various grades, development of in 
situ gel or colloidal suspension or using erodible or non erodible insert to prolong the precorneal drug retention
Moxifloxacin Hcl is synthetic fluoroquinolone
eye)4. 

Materials used: 
Table-i: Formulation of ocular insitu gels

Ingredients(%W/V)

Moxifloxacin hydrochloride
HPMC 

Sodium alginate
Benzalkonium chloride

Sodium chloride
 
Preparation of insitu gelling solution5

Specified quantity of Moxifloxacin hydrochloride (0.5% w/v), sodium chloride
polymers such as sodium alginate and HPMC (E15LV)
solutions of different concentrations were prepared in 
alginate was added into solution containing methyl paraben as preservative and
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Abstract: The aim of the current study is to design and characterize pH 
triggered in situ ophthalmic gel forming solution using a fourth generation 
fluoroquinolone antibiotic, Moxifloxacin hydrochloride. Sodium alginate 
was used as gelling agent in combination with hydroxyl propyl methyl 
cellulose (E15LV) as viscosifying agent. Benzalkonium ch
suitable concentration was used as preservative. Drug
compatibility study was performed by FTIR studies, which indicates no 
interaction among drug and polymers. The prepared formulations were 
evaluated for visual appearance, clarity, pH measurement, viscosity, 
vitro gellation study and drug content and in-vitro diffusion studies. The 
selected formulation showed sustained release for the period of 10 hours 
thus showing increased residence and contact time with eye. All studies 
showed favourable results thus in situ gelling system can be considered as 
alternative for conventional ophthalmic drops. 
 

Introduction 
Ocular Insitu gelling system is liquid dosage form which undergoes phase transition to form viscoelastic gel, when it 
comes in contact with the physiological conditions of eye1. These systems are formulated to reduce disadvantages of 
conventional ocular drug delivery systems. Conventional ocular dosage forms include eye drops 

. Ideal ophthalmic drug delivery must be able to sustain the drug release and to 
remain in the vicinity of front of the eye for prolong period of time. Consequently it is imperative to optimize 

very; one of the way to do so is by addition of polymers of various grades, development of in 
situ gel or colloidal suspension or using erodible or non erodible insert to prolong the precorneal drug retention
Moxifloxacin Hcl is synthetic fluoroquinolone antibiotic used in treatment of chronic bacterial conjuctivitis (pink 

Materials and Methods 

i: Formulation of ocular insitu gels 

Ingredients(%W/V) IG-1 IG-2 IG-3 IG-4 

Moxifloxacin hydrochloride 0.5 0.5 0.5 0.5 
0.5 1 2 1 

Sodium alginate 0.5 1 1 2 
Benzalkonium chloride 0.02 0.02 0.02 0.02 

Sodium chloride 0.9 0.9 0.9 0.9 

5: 

tity of Moxifloxacin hydrochloride (0.5% w/v), sodium chloride, Benzalkonium chloride, 
s sodium alginate and HPMC (E15LV) were weighed according to formula given in Table. HPMC 

solutions of different concentrations were prepared in deionized water containing 0.9% of sodium chloride. Sodium 
alginate was added into solution containing methyl paraben as preservative and this solution is 
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The aim of the current study is to design and characterize pH 
ophthalmic gel forming solution using a fourth generation 

fluoroquinolone antibiotic, Moxifloxacin hydrochloride. Sodium alginate 
was used as gelling agent in combination with hydroxyl propyl methyl 
cellulose (E15LV) as viscosifying agent. Benzalkonium chloride in 
suitable concentration was used as preservative. Drug-excipient 
compatibility study was performed by FTIR studies, which indicates no 
interaction among drug and polymers. The prepared formulations were 

measurement, viscosity, in-
diffusion studies. The 

selected formulation showed sustained release for the period of 10 hours 
thus showing increased residence and contact time with eye. All studies 

gelling system can be considered as 

tion to form viscoelastic gel, when it 
. These systems are formulated to reduce disadvantages of 

conventional ocular drug delivery systems. Conventional ocular dosage forms include eye drops insert, ointments, 
. Ideal ophthalmic drug delivery must be able to sustain the drug release and to 

remain in the vicinity of front of the eye for prolong period of time. Consequently it is imperative to optimize 
very; one of the way to do so is by addition of polymers of various grades, development of in 

situ gel or colloidal suspension or using erodible or non erodible insert to prolong the precorneal drug retention3. 
antibiotic used in treatment of chronic bacterial conjuctivitis (pink 

IG5 

0.5 
1 
3 

0.02 
0.9 

Benzalkonium chloride, different 
to formula given in Table. HPMC 

deionized water containing 0.9% of sodium chloride. Sodium 
this solution is added to HPMC 
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solution and dispersed well with continuous stirring. 
100ml. The HPMC(E15LV) and sodium al
distilled water containing sodium chloride with continuous stirring.  Moxifloxacin hydrochloride (0.5% w/v) was 
dissolved in distilled water. Methyl paraben (0.01% v/v) solution used as an
above solution. The drug solution was then added to the polymer solution under constant stirring to obtain a uniform 
solution. Distilled water was then added to make the volume up to 100ml.
Evaluations: 
Visual appearance, Clarity, pH and viscosity
The visual appearance and clarity of the formulations before and after gelling was determined by visual examination 
of the formulations under light alternatively against white and black backgrounds
were evaluated for pH using pH meter. Viscisity was determined by using Brookfield viscometer.
Drug content8: 
The drug content was determined by taking 1 ml sample of in situ gelling solution into 100 ml volumetric flask and 
diluting with 100 ml of simulated tear fluid from this further dilution was done by taking 1 ml of sample and diluting 
with 10 ml of simulated tear fluid. The absorbance was measured at 288.5 nm by UV
percentage of drug content. 
Gelling capacity9: 
The in situ gelling systems were evaluated by placing a drop of polymeric solution in vials containing 1 ml of 
freshly prepared simulated tear fluid, equilibrated at 37
visually. 
In vitro drug release study10: 
The in vitro release of Moxifloxacin Hydrochloride from the formulations was studied through semi permeable 
membrane using a modified USP XXIII dissolution testing apparatus. The dissolution medium used was simulated 
tear fluid freshly prepared (pH 7.4). Membrane, previously soaked overnight in the dissolution medium, was tied to 
one end of a specifically designed glass cylinder (open at both ends and of 1 cm diameter). A 1
formulation was accurately pipetted into this assembly. T
suspended in 50 ml of dissolution medium maintained at 37.5±0.5C so that the membrane just touched the receptor 
medium surface. The dissolution medium was stirred at 50 rpm using magnetic stirrer. Aliquots
volume, were withdrawn at hourly intervals and replaced by an equal volume of the receptor medium. The aliquots 
were diluted with the receptor medium and analyzed by UV
 

Table
Evaluation Parameter

Visual clarity 
pH 

Viscosity (cps) 
Invitro gelation study 

Drug content 
+gelled and dissolved immediately, ++gelled and stable , +++gelled and remained with suitable consistency for 
sustained release.  
 
Visual clearance: All the prepared solutions were light yellow in colour, and clarity was found to be 
pH: 
The pH of the formulations was found to be satisfactory and was in the range of 6
ophthalmic preparations. The formulations were liquid at the pH formulated.
Viscosity: 
The viscosity of the formulations increa
had more effect on viscosity than viscosifying agent. This may be attributed to the higher viscosit
alginate than HPMC. All the prepared formulations showed optimum resul
feasibility for reproducible administration into the eye as drops.
Invitro gelation study: 
The nature of the gel formed depended on the concentration of polymers used. The formation of
can be attributed to the buffering capacity of the simulated tear fluid.
with increasing concentration of gelling agent. Formulation IG
which dissolved rapidly. Formulation IG
formulation IG-3, 1G-4 showed immediate gelation and remained for extended period for 10 hrs. Formulation IG
showed immediate gelation and, the gel formed 
prolonged period of time, more than 10hrs.
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and dispersed well with continuous stirring. Distilled water was then added to make the volume up to 
and sodium alginate solutions were prepared by dispersing the required amount in 

distilled water containing sodium chloride with continuous stirring.  Moxifloxacin hydrochloride (0.5% w/v) was 
dissolved in distilled water. Methyl paraben (0.01% v/v) solution used as antimicrobial agent was then added to the 
above solution. The drug solution was then added to the polymer solution under constant stirring to obtain a uniform 
solution. Distilled water was then added to make the volume up to 100ml. 

ance, Clarity, pH and viscosity6: 
The visual appearance and clarity of the formulations before and after gelling was determined by visual examination 
of the formulations under light alternatively against white and black backgrounds7. The developed formulat
were evaluated for pH using pH meter. Viscisity was determined by using Brookfield viscometer.

The drug content was determined by taking 1 ml sample of in situ gelling solution into 100 ml volumetric flask and 
mulated tear fluid from this further dilution was done by taking 1 ml of sample and diluting 

with 10 ml of simulated tear fluid. The absorbance was measured at 288.5 nm by UV-Spectrometer to calculate 

were evaluated by placing a drop of polymeric solution in vials containing 1 ml of 
freshly prepared simulated tear fluid, equilibrated at 370C. The gel formed and time taken for gellation was assessed 

release of Moxifloxacin Hydrochloride from the formulations was studied through semi permeable 
membrane using a modified USP XXIII dissolution testing apparatus. The dissolution medium used was simulated 

pH 7.4). Membrane, previously soaked overnight in the dissolution medium, was tied to 
one end of a specifically designed glass cylinder (open at both ends and of 1 cm diameter). A 1
formulation was accurately pipetted into this assembly. The cylinder was attached to the metallic shaft and 
suspended in 50 ml of dissolution medium maintained at 37.5±0.5C so that the membrane just touched the receptor 
medium surface. The dissolution medium was stirred at 50 rpm using magnetic stirrer. Aliquots
volume, were withdrawn at hourly intervals and replaced by an equal volume of the receptor medium. The aliquots 
were diluted with the receptor medium and analyzed by UV-Vis spectrophotometer at 290 nm. 

Results and Discussion 
Table-ii: Evaluation studies of formulations 

Evaluation Parameter IG-1 IG-2 IG-3 IG-4 IG-
Clear Clear Clear Clear Clear
6.0 6.2 6.0 6.0 6.1
20.8 25.8 44.6 62.8 133.4

 + ++ +++ +++ +++
- 101% 97.8% 100.2% 98.4%

+gelled and dissolved immediately, ++gelled and stable , +++gelled and remained with suitable consistency for 

All the prepared solutions were light yellow in colour, and clarity was found to be 

The pH of the formulations was found to be satisfactory and was in the range of 6-7.4, which is optimum pH for 
ophthalmic preparations. The formulations were liquid at the pH formulated. 

The viscosity of the formulations increased in proportion with viscosifying agent and gelling agent. Gelling agent 
had more effect on viscosity than viscosifying agent. This may be attributed to the higher viscosit

All the prepared formulations showed optimum results within the desired range, showing 
feasibility for reproducible administration into the eye as drops. 

the gel formed depended on the concentration of polymers used. The formation of
ed to the buffering capacity of the simulated tear fluid. Gelling capacity was found to be increased 

with increasing concentration of gelling agent. Formulation IG-1 showed the formation of gel after a few minutes 
which dissolved rapidly. Formulation IG-2 showed immediate gelation and remained for 8 hours, where as the 

4 showed immediate gelation and remained for extended period for 10 hrs. Formulation IG
showed immediate gelation and, the gel formed in situ preserved its integrity without dissolving or eroding for a 
prolonged period of time, more than 10hrs. 
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Distilled water was then added to make the volume up to 
ginate solutions were prepared by dispersing the required amount in 

distilled water containing sodium chloride with continuous stirring.  Moxifloxacin hydrochloride (0.5% w/v) was 
timicrobial agent was then added to the 

above solution. The drug solution was then added to the polymer solution under constant stirring to obtain a uniform 

The visual appearance and clarity of the formulations before and after gelling was determined by visual examination 
. The developed formulations 

were evaluated for pH using pH meter. Viscisity was determined by using Brookfield viscometer. 

The drug content was determined by taking 1 ml sample of in situ gelling solution into 100 ml volumetric flask and 
mulated tear fluid from this further dilution was done by taking 1 ml of sample and diluting 

Spectrometer to calculate 

were evaluated by placing a drop of polymeric solution in vials containing 1 ml of 
The gel formed and time taken for gellation was assessed 

release of Moxifloxacin Hydrochloride from the formulations was studied through semi permeable 
membrane using a modified USP XXIII dissolution testing apparatus. The dissolution medium used was simulated 

pH 7.4). Membrane, previously soaked overnight in the dissolution medium, was tied to 
one end of a specifically designed glass cylinder (open at both ends and of 1 cm diameter). A 1-ml volume of the 

he cylinder was attached to the metallic shaft and 
suspended in 50 ml of dissolution medium maintained at 37.5±0.5C so that the membrane just touched the receptor 
medium surface. The dissolution medium was stirred at 50 rpm using magnetic stirrer. Aliquots, each of 1-ml 
volume, were withdrawn at hourly intervals and replaced by an equal volume of the receptor medium. The aliquots 

-5 
Clear 
6.1 

133.4 
+++ 

98.4% 
+gelled and dissolved immediately, ++gelled and stable , +++gelled and remained with suitable consistency for 

All the prepared solutions were light yellow in colour, and clarity was found to be satisfactory. 

7.4, which is optimum pH for 

sed in proportion with viscosifying agent and gelling agent. Gelling agent 
had more effect on viscosity than viscosifying agent. This may be attributed to the higher viscosity of sodium 

ts within the desired range, showing 

the gel formed depended on the concentration of polymers used. The formation of instantaneous gels 
Gelling capacity was found to be increased 

1 showed the formation of gel after a few minutes 
showed immediate gelation and remained for 8 hours, where as the 

4 showed immediate gelation and remained for extended period for 10 hrs. Formulation IG-5 
thout dissolving or eroding for a 



                                                                                                                              

                                                                                         

                                                                                             

3 

Drug content: 
The drug content was determined and tabulated in table

Table
 

Time(hrs) 
0 

0.5 

1 
1.5 
2 
3 
4 
5 
6 
7 
8 
9 
10 

 

 
The results showed that the gels have the ability to retain drug for prolonged period of time (8
changes or disruptions in the integrity of the gels were noticed during the course of experiment.
formulations showed an initial burst release. The prolonged release in the later stage can be attributed to the slow 
diffusion of the drug through polymer matrix. The initial burst release of the drug can be explained by the fact that, 
the in situ gelling system is formulated in water and hence the polymer was completely hydrated. When they come 
in contact with STF, gelation occurs and a prehydrate
longer limit drug release. From the Korsmeyer peppas values the diffusion was found to 
type. 

Table
Model 

Zero order 
First order 
Higuchi 

Korsmeyer Peppas 

Hixson-crowell 
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The drug content was determined and tabulated in table-ii.  
Table-iii: in vitro drug release profile 

Cumulative %Drug Release 

IG-2 IG-3 IG-4 IG-5 
0 0 0 0 

31.2 30.6 20.213 12.22 

55.12 52.48 27.388 15.33 
67.22 61.35 35.571 17.92 
72.6 69.5 43.226 23.123 
79.22 72.696 51.315 29.113 
83.23 75.18 58.33 36.723 
85.44 78 63.112 43.226 
87.33 80.498 68.221 47.398 
92.43 85.46 72.301 54.132 
98.11 93.26 77.513 61.723 

 - 95.7464 82.113 67.336 
 - 97.87 87.213 79.116 

 
Fig-i: In vitro drug release study 

The results showed that the gels have the ability to retain drug for prolonged period of time (8-10 hrs). No apparent 
changes or disruptions in the integrity of the gels were noticed during the course of experiment.
formulations showed an initial burst release. The prolonged release in the later stage can be attributed to the slow 

h polymer matrix. The initial burst release of the drug can be explained by the fact that, 
the in situ gelling system is formulated in water and hence the polymer was completely hydrated. When they come 
in contact with STF, gelation occurs and a prehydrated matrix is formed in which hydration and water penetration no 
longer limit drug release. From the Korsmeyer peppas values the diffusion was found to be anamolous

Table-iv: In vitro drug release kinetics 
Parameter IG-2 IG-3 IG-4 IG-

R2 0.6916 0.9239 0.9057 0.9378
R2 0.9061 0.9442 0.9855 0.9887
R2 0.8974 0.9223 0.9962 0.9745
R2 0.8819 0.9076 0.9948 0.9779
n 1.0836 1.1057 0.6014 0.0594
R2 0.8969 0.9082 0.9775 0.9585

2 4 6 8 10 12

time(hrs)

Invitro Drug release study

IG-

IG-

IG-

IG-
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10 hrs). No apparent 
changes or disruptions in the integrity of the gels were noticed during the course of experiment. All the four 
formulations showed an initial burst release. The prolonged release in the later stage can be attributed to the slow 

h polymer matrix. The initial burst release of the drug can be explained by the fact that, 
the in situ gelling system is formulated in water and hence the polymer was completely hydrated. When they come 

d matrix is formed in which hydration and water penetration no 
be anamolous super case-II  

-5 
0.9378 
0.9887 
0.9745 
0.9779 
0.0594 
0.9585 

-2

-3

-4

-5
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The developed formulations met all prerequisites to become an in situ gelling system, gelled with suitable 
consistency in the pH conditions of eye. The in situ formed gel preserved its integrity without dissolving or eroding 
for prolonged period to facilitate sustained release of drug locally in eye for 10hrs. Thus it is concluded that 
Moxifloxacin hydrochloride insitu gelling system can be considered as alternative for conventional ophthalmic 
preparations.  
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Conclusion 
The developed formulations met all prerequisites to become an in situ gelling system, gelled with suitable 
consistency in the pH conditions of eye. The in situ formed gel preserved its integrity without dissolving or eroding 

ate sustained release of drug locally in eye for 10hrs. Thus it is concluded that 
Moxifloxacin hydrochloride insitu gelling system can be considered as alternative for conventional ophthalmic 
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