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ABSTRACT 
The aim of present study was to develop and optimize Levobunolol HCl in-situ gels for glaucoma 
treatment. Levobunolol HCl ophthalmic solution has been shown to be effective in intraocular pressure 
(IOP) and may be used in patients with chronic open-angle glaucoma or ocular hypertension. 
Levobunolol HCl in-situ gel was prepared using various concentrations of polymers such as Carbopol-
940 (0.1, 0.2, 0.3 and 0.4% w/v), HPMC- E50LV (0.5, 1.0, 1.5 and 2.0 % w/v) and HPMC E4M (0.2, 0.4 
and 0.6 %w/v) by pH induced gelling system with an objectives of increasing contact time, achieving 
controlled release, reduction in frequency of administration and greater therapeutic efficacy of drug. The 
prepared in-situ gels were then evaluated for their visual appearance, clarity, pH, drug content analysis, 
in-vitro gellation (Gelling strength), rheological studies, in-vitro drug release studies and sterility testing. 
It is evident from these studies that, formed polymeric in-situ gels had transparent, clear possessing 
satisfactory gelling strength. The drug contents of all optimized formulations were found to be from 
99.38 - 99.71%. Formulations of our in-situ gels may possess the characteristics of pseudoplstic fluid. 
Method used for sterility testing was found to be reliable. Results of this study revealed that, 
formulations (F21 and F24) containing Carbapol-940 (0.2 and 0.3%) and HPMC E4M (0.4%) released 
their drug contents, 95.55 % and 90 % respectively, when compared to formulations (F11 and F15) 

containing Carbapol-940 (0.3 and 0.4%) and HPMC E50LV (1.5%) over a period of 480 minutes. 
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INTRODUCTION 

Glaucoma is a group of diseases of eye 
characterized by damage to the ganglion cells and 
optic nerves. Glaucoma is usually described as 
open angle and/or closed angle (angle closure). 
These terms are based upon the mechanism of 
obstruction of outflow of aqueous humor and help 
to clinicians for developing treatment strategies. A 
third type is congenital glaucoma, which results 
from developmental ocular abnormalities and 
occurs in less than 2% of patients. [1-5] Among 
Asians, the incidence of closed angle glaucoma is 
almost twice as high as that for caucasians. The 
true picture of disease incidence in Asian 
continent remains to be elucidated as yet. Current 
studies indicate the involvement of excitatory and 
inhibitory neurotransmitters viz. glutamate, 
gamma amino butyric acid (GABA) and glycine 

in the development of glaucoma. The excess 
supply of excitatory neurotransmitter glutamate is 
particularly linked to glaucoma. [6] Apoptosis or 
genetically programmed cell death has also been 
implicated as a mechanism for progression of 
glaucoma. [7] 

Ophthalmic drug delivery is one of the 
most interesting and challenging endeavors facing 
by pharmaceutical scientists. Challenges to the 
formulator are to circumvent the protective 
barriers of eye without causing permanent tissue 
damage. [8]   Various ophthalmic vehicles such as 
inserts, ointments, suspensions and aqueous gels, 
have been developed in order to lengthen the 
residence time of instilled dose and enhance the 
ophthalmic bioavailability. [9, 10] These ocular drug 
delivery systems, however, have not been used 
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extensively because of some drawbacks such as 
blurred vision from ointments or low patient 
compliance from inserts. [11, 12] Several in-situ gel 
forming system have been developed to prolong 
the pre-corneal residence time of a drug and 
improve ocular bioavailability. These systems 
consist of polymers that exhibit sol-to-gel phase 
tansititions due to change in specific 
physicochemical parameter (pH, temperature), in 
their environment, the cul-de-sac in this case. 
[10,13] Depending on the method employed to cause 
sol-to-gel phase transition on the eye surface, the 
following three types of systems are recognized as 
pH triggered system, temperature dependant 
system and ion activated system. [14, 15] Using pH 
triggered system we have developed Levobunolol 
HCl in-situ gelling ophthalmic delivery system. 

Levobunolol HCl is a non-cardioselective 
β-adrenoceptor blocking agent, equipotent at both 
β1 and β2 receptors. Levobunolol HCl does not 
have significant local anesthetic (membrane-
stabilizing) or intrinsic sympathomimetic activity. 
β - adrenergic receptor blockade reduces cardiac 
output in both healthy subjects and patients with 
heart disease. The primary mechanism of the 
ocular hypotensive action of levobunolol HCl in 
reducing lowering intraocular pressure (IOP) is 
most likely a decrease in aqueous humor 
production. Levobunolol HCl ophthalmic solution 
has been shown to be effective in IOP and may be 
used in patients with chronic open- angle 
glaucoma or ocular hypertension [16]. Based on 
previous studies on Levobunolol HCl, no attempt 
has been found to substantiate there property such 
as lowering intraocular pressure. Therefore, our 
aim to develop and optimize Levobunolol HCl in-
situ gel for glaucoma treatment and their multi-
system complications. 
 
MATERIAL AND METHODS: 
Chemicals: 

Levobunolol HCl was procured from BAL 
Pharma Ltd., Bangalore, Hydroxy Propyl Methyl 
Cellulose - E50LV (HPMC- E50LV) & Hydroxy 
Propyl Methyl Cellulose - E4M (HPMC E4M) 
from Colorcon Ltd., Goa and Carbopol-940 from 
S. D. Fine Chemicals, Bombay. All other reagents 
and solvent used for study were of analytical 
grade. 
Instruments: 

U.V. Visible Spectrophotometer-1700 
(Shimadzu, Japan), Brook’s Field Viscometer 

(DV-E-III Rheometer), Digital Balance 
(Shimadzu, Japan), pH Meter (Eutech 
Instruments, Singapore.), Magnetic Stirrer, 
Overhead Stirrer and Cyclone Mixer (Remi, 
Mumbai), Hot air oven (Tempo Pvt. Ltd., 
Mumbai) etc. instruments was used for this study. 
 
Selection of best polymer composite for in-situ 
gels: 

Polymers were selected on the basis of 
their solubility or dispersibility, compatibility of 
polymer and Levobunolol HCl with solvents. 
Solvent evaporatability was also taken into 
consideration. 
 
Preparation of pH induced in-situ gel:  

Method was followed with slight 
modifications [17,18], polymeric solutions were 
prepared by soaking calculated amount of 
different polymers such as HPMC (E50LV / E4M) 
in 50 ml of acetate buffer solution (pH-4 and 5), to 
which sprinkled Carbopol-940, hydrated overnight 
and homogenized, as shown in Table-1. 
Levobunolol HCl along with benzalkonium 
chloride and sodium chloride was dissolved into 
small quantity of water. The above drug solution 
was added into the polymeric solutions under 
constant stirring, until a uniform phase was 
obtained. Purified water was added to make 
volume up to 100 ml. Formulations pH (pH-5) 
were adjusted with 0.5 M sodium hydroxide. 
Solutions were filtered through 0.2  membrane 
filter. Finally, optimized formulations were 
sterilized in an autoclave at 121ºC and 15 psi for 
15 minutes. 
 
EVALUATION OF PREPARED IN-SITU 
GELS 

1. Visual appearance and clarity: Visual 
appearance and clarity was done under 
fluorescent light against a white and black back 
ground for presence of any particulate matter.  

 
2. PH: pH of the in-situ gels after addition of all 

ingredients was measured using digital pH meter.  
 
3. Drug content analysis: Drug content analysis of 

in-situ gel was carried out using 
spectrophotometric method. Assay of these 
formulations was carried out by pipetting 0.1 ml 
of all four optimized formulations and it was 
diluted up to 100 ml of simulated tear fluid 
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01 6. In-vitro drug release studies: In-vitro drug 
release study of formulations was done by 
diffusion process. Here the pH of the lachrymal 
fluid and blinking rate of eye were simulated. 
The in-vitro release of Levobunolol HCL as pure 
drug as well as from the prepared formulations 
was studied through cellophane membrane using 
diffusion cell. The cellophane membrane was 
soaked over night in the receptor medium 
(Simulated Tear Fluid, pH 7.4) and tied to one 
end of the glass diffusion cell. 100 ml of receptor 
medium was taken in a beaker of 200 ml 
capacity. Diffusion cell (donor compartment) 
was filled with 2 ml formulation and suspended 
in beaker (receptor compartment) containing 100 
ml simulated tear fluid (STF), assuring that the 
membrane was just touched the receptor medium 
surface. The whole assembly was adjusted on a 
magnetic stirrer and maintained at 34C  1C 
and 22 rpm. At specific intervals (30 minutes), 1 
ml of sample was withdrawn from the receptor 
compartment and replaced with equal volume of 
simulated tear fluid. The samples were analyzed 
for drug content by using UV/Visible 
Spectrophotometer at 258 nm, after appropriate 

dilutions against simulated tear fluid as a blank. 
[23] 
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5. Rheological studies: Rheological properties of 
prepared in-situ gelling systems were measured 
under different shear rates (2, 4, 6, 10, 20, and 30 
rpm) at non-physiological (pH-5 & 25C) and 
physiological condition (pH-7.4 & 34C) 
respectively. The hierarchy of the shear rate was 
reversed, and the average of two readings was 
used to calculate viscosity. [21, 22]  

(STF). The absorbance was measured at 258 nm 
using UV-Visible spectrophotometer (1700, 
Shimadzu, Japan). [19]  

 
4. In-vitro gellation (Gelling strength): Gelling 

strength of formulations having different 
proportions of Carbopol-940 and HPMC 
(E50LV/E4M) were evaluated by placing a drop 
of polymeric solution in vials containing 1 ml of 
freshly prepared simulated tear fluid, 
equilibrated at 34C. The gel formed and time 
taken for gellation was assessed visually. [20]  

 

 

 
7. Sterility testing: Sterility testing was performed 

for aerobic and anaerobic bacteria and fungi by 
using fluid thioglycolate and soybean casein 
digest medium respectively as per the Indian 
Pharmacopoeia. Formulations were taken into 
laminar airflow and passed through a membrane 
filter of 0.45 m with the help of vacuum pump. 
After filtration, the filter paper was removed 
from funnel and cut into two halves. One half 
was dropped in bacterial media (fluid 
thioglycolate) and other was dropped in fungal 
media (soybean casein digest). Both media were 
kept for incubation at 37oC for 7 days and 
observed for any microbial growth. The sterility 
testing results were compared with positive and 
negative control samples. [24]  

 
RESULTS AND DISCUSSION: 

The efforts were executed to develop and 
optimize Levobunolol HCl in-situ gel for 
glaucoma treatment using polymers such as 
Carbopol-940, HPMC- E50LV and HPMC E4M 
by pH induced in gelling phenomenon. The 
optimization data and compositions of different 
optimized Levobunolol HCl in-situ gel 
formulations containing different polymer 
concentrations are shown in Table-1& 2. 
1. Visual appearance and clarity: Formulations 

were found to be transparent and clear. 
2. PH: The pH of formulations was found to be 

4.97- 5.01. 
3. Drug content analysis: Drug content in 

optimized formulations was found to be 99.38 
- 99.71%.  

4. In-vitro gellation (Gelling Strength):All the 
formulations were analyzed to have 
satisfactory gelling strength. 

5. Rheological studies: Results of rheological 
studies revealed that, the viscosities of all 
formulations at non-physiological (pH-5) and 
physiological (pH-7.4) conditions were 
decreased, as shear rate increased as shown in 
Fig. 1 & 2. Hence, the formulations may 
possess the characteristics of pseudoplstic 
fluid. 

 
  
 
 



Ashish Pandey et al. / Development and Optimization of Levobunolol Hydrochloride In-situ Gel for 
Glaucoma Treatment 

© 2010, IJPBA. All Rights Reserved. 137

IJ
P

B
A

, J
un

e 
– 

Ju
ly

, 2
01

0,
 V

ol
. 1

, I
ss

ue
, 2

 

Table 1: Optimization data of Levobunolol HCl in-situ gel formulations containing different polymer concentrations. 

Polymer concentration (% w/v) 
Viscosity 

(cps at 20 rpm) F. C. 
Carbopol-940 HPMC E50LV HPMC E4M pH-5 pH-7.4 

Gelling Strength 

F1 0.1 0.5 -- 0.98 0.98 - 
F2 0.1 1.0 -- 4.88 7.88 + 
F3 0.1 1.5 -- 26.58 30.70 + 
F4 0.1 2.0 -- 53.0 89.40 ++ 
F5 0.2 0.5 -- 2.60 2.81 - 
F6 0.2 1.0 -- 6.84 8.06 + 
F7 0.2 1.5 -- 29.05 48.0 ++ 
F8 0.2 2.0 -- 66.60 91.9 ++ 
F9 0.3 0.5 -- 4.22 4.36 - 
F10 0.3 1.0 -- 12.38 12.42 + 
F11 0.3 1.5 -- 33.13 83.40 ++ 
F12 0.3 2.0 -- 85.90 130.6 +++ 
F13 0.4 0.5 -- 6.42 7.69 - 
F14 0.4 1.0 -- 17.44 21.28 + 
F15 0.4 1.5 -- 38.68 85.50 ++ 
F16 0.4 2.0 -- 98.90 147.30 +++ 
F17 0.1 -- 0.2 0.5 1.70 - 
F18 0.1 -- 0.4 4.92 19.60 + 
F19 0.1 -- 0.6 42.80 57.40 ++ 
F20 0.2 -- 0.2 4.78 9.60 + 
F21 0.2 -- 0.4 42.70 64.60 ++ 
F22 0.2 -- 0.6 102.80 131.60 +++ 
F23 0.3 -- 0.2 22.33 76.90 + 
F24 0.3 -- 0.4 43.50 63.20 ++ 
F25 0.3 -- 0.6 111.40 145.9 +++ 

Where, ‘-’ = No gellation; ‘+’ = gels after few minutes, dissolve rapidly; ‘++’ = gellation immediate, remain for few hours; 
‘+++’ = gellation immediate but for extended periods, F.C. – Formulation Code. 
 

 
Fig.1 Rheological studies at Non – physiological 
condition 

 
Fig. 2 Rheological studies at physiological condition 

Table 2: Compositions of different optimized 
Levobunolol HCl in-situ gel formulations and their 
physicochemical characteristics. 

Optimized formulations 
Compositions of 
in-situ gel F 11 F 15 F 21 F 24 

Levobunolol HCl 
(Mg) 

0.64 0.64 0.64 0.64 

Carbopol-940 (%) 0.3 0.4 0.2 0.3 
HPMC E50LV (%) 1.5 1.5   
HPMC E4M (%)   0.4 0.4 
Sodium chloride 
(%) 

0.9 0.9 0.9 0.9 

Benzalkonium 
chloride (%) 

0.01 0.01 0.01 0.01 

Acetate Buffer 
(pH-5) up to ml 

100 100 100 100 

Visual Appearance 
Transpa

rent 

Trans
paren

t 

Transpa
rent 

Transp
arent 

Clarity Clear Clear Clear Clear 

pH 4.99 4.97 5.01 4.98 

Drug content 99.71 % 
99.38 

% 
99.43 % 

99.67 
% 

Gelling strength ++ ++ ++ ++ 
 
6. In-vitro drug release studies: In-vitro drug 

release studies of optimized Levobunolol HCl 
in-situ gel formulations is shown in Fig. 3 by 
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7.

plotting cumulative % drug release Vs time.  
Results of this study revealed that, 
formulations (F21 and F24) containing 
Carbapol-940 (0.2 and 0.3%) and HPMC E4M 
(0.4%) released their drug contents, 95.55 % 
and 90 % respectively, when compared to 
formulations (F11 and F15) containing 
Carbapol-940 (0.3 and 0.4%) and HPMC 
E50LV (1.5%) over a period of 480 minutes. 
The prolonged period of drug release may be 
due to slow diffusion of drug from combined 
effect of polymers. The prolonged release may 
be probably due to the formation of hydrogen 
bonds between drug and polymers, which have 
helped in rate control release of drug. [25]  

 Sterility testing: There was found no 
microbial growth in all optimized formulations 
after 7 days of incubation period as shown in 
Table-3, showing that the method used for 
sterilization was reliable. 

 
Table 3: Sterility testing data of optimized 
formulations. 

Days of Incubation F.C. 
1 2 3 4 5 6 7 

F11 - - - - - - - 
F15 - - - - - - - 
F21 - - - - - - - 
F24 - - - - - - - 

Where, “-” indicates No Growth, F.C. - Formulation code. 

 
Fig 3. In vitro drug release from Optimized In – situ Gel 
formulation (F11, F15, F21, F24)  
 
CONCLUSION 

The developed formulations are viable 
alternative to conventional eye drops by virtue of 
its stability to enhance bioavailability through its 
longer precorneal residence time and ability to 
sustain dug release. Also important is the ease of 
administration afforded and decreased frequency 
of administration resulting in better patient 
acceptance. Therefore, based on present study, it 

can be concluded that, the formulations (F21 & 
F24) of polymeric in-situ gels containing 
Levobunolol HCl have considerable influence on 
their physiochemical characteristics, permeability 
properties and decreased frequency of 
administration with appreciable strength and 
safety.  
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