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ABSTRACT 
Conventional ophthalmic solutions often eliminate rapidly after administration and cannot provide and 
maintain an adequate concentration of the drug in the precorneal area. To solve these problems, 
alternative system developed. This thermo sensitive in situ gelling ophthalmic drug delivery system 
containing brimonidine tartrate based on poloxamer407 as gelling agent, HPMC E50LV as viscosity 
enhancing agent and Benzalkonium chloride as preservative. The combined solutions would convert to 
firm gels under physiological condition and attach to the ocular mucosal surface for a relative long time. 
The developed gel forming solution evaluated for Appearance, Clarity, pH and drug content. Developed 
formulation evaluated for Viscosity determination, Test for sterility and Stability study. In vitro release 
study show the drug released from developed solution over a period of 8 hours. Ocular irritation study 
proves formulation is non irritant. In vivo efficacy study (the elimination of brimonidine tartrate in tear 
and intraocular pressure-lowering effect) indicates the solutions had better ability to deliver drug.  
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INTRODUCTION 
From many decades, conventional dosage 
forms, which are of prompt releasing nature, 
are used for treatment of acute and chronic 
diseases.  The conventional dosage forms 
provide no control over release of drug.  To 
maintain the drug concentration within the 
therapeutically effective range, it is often 
necessary to take these types of 
conventional dosage forms several times a 
day.  This results in significant fluctuations 
in drug levels1. 
Recently, several technical advancements 
have been made.  These have resulted in 
the development of new techniques in drug 
delivery.  These techniques are capable of 
controlling the rate of drug delivery, 
sustaining the duration of therapeutic 
activity and/or targeting the delivery of drug 
to a tissue.  The role of drug delivery today 
is to take a therapeutically effective 
molecule with sub-optimal physicochemical 
and/or physiological properties and develop 
an optimized product that will still be 
therapeutically effective but with added 
benefits. This is accomplished using the 
concepts of bioavailability enhancement and 
controlled release.  Incorporating an existing 

drug into a new drug delivery system can 
significantly improve its performance in 
terms of efficacy, safety, and improved 
patient compliance 2. 
Brimonidine tartrate [5-bromo-6-(2-
imidazolidinylideneamino) quinoxaline L-
tartrate] is a selective alpha-2 adrenergic 
agonist, used as ocular hypotensive agent. 
Its ocular hypotensive effect is due its ability 
to decrease aqueous humor production and 
increase uveoscleral outflow3,4. Its 
selectivity towards alpha-2 adrenergic 
receptors4,5and its neuroprotective activity 
on retinal ganglionic cells5 makes it as an 
important therapeutic agent for the 
treatment of open angle glaucoma. Its 
superiority in treating glaucoma in 
cardiopulmonary patients makes this drug 
as a better alternative to timolol6, 7. 
In general temperature based hydro gels 
are liquid at room temperature (200C -250C) 
and this undergo gelation when comes in 
contact with body fluid (350C-370C) due to 
increase in temperature, Poloxamer 407 is 
the most commonly used thermal setting 
polymer. Poloxamer 407 gives colorless and 
transparent gel. Nonionic triblock 
copolymers composed of a central 
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hydrophobic chain of polypropylene 
(poly(propylene oxide)) flanked by two 
hydrophilic chains of polypropylene 
(poly(ethylene oxide)). P407 = Poloxamer 
with a polyoxypropylene molecular mass of 
4,000 g/mol and a 70% polyoxyethylene 
content8. 
The present investigation is intended to 
formulate & evaluate the gel forming 
ophthalmic solution of Brimonidine tartrate, 
in view of increasing precorneal residence 
time & bioavailability of drug.  
 
Experimental Methods 
Brimonidine tartrate, Poloxamer 407 and 
HPMC E50LV obtained as gift samples from 
Sun Pharma limited, Halol, Torrent 
Research Centre, Ahmedabad and 
Colorcon Asia (Pvt.) limited, Goa, 
respectively. All other materials and 
solvents were analytical grade. 
 
Drug-polymer interaction  
Drug-Polymer interaction was carried out to 
check the compatibility between drug and 
selected polymers Poloxamer 407 and 
HPMC E50LV by method using IR 
spectroscopy. The FT-IR spectra of drug 
and physical mixture of drug with polymers 
were compared with the FTIR spectrum of 
the pure drug and excipients. 
 
Optimization of suitable polymer 
combination by in vitro gelation studies 
In order to find out a suitable composition 
which provides satisfactory gelling and 
viscosity characters preliminary trials were 
made. 
Initially trials were carried out for HPMC 
E15 LV, HPMC E50 LV and HPMC K4M for 
optimum concentration to use as viscosity 
enhancing agents by measuring their 
viscosity. Finally HPMC E50LV is selected 
in 1% and 1.5 % w/v. 
The preliminary trial HP 1 to 19 containing 
different amount of HPMC E50 LV and 
poloxamer 407 in combination were 
prepared and evaluated. Those formulations 
are evaluated for gelling capacity order to 
identify the suitable composition which shall 
be used to prepare gel forming ophthalmic 
solution system. 
The solvent used to dissolve HPMC E 50LV 
and Poloxamer 407 was buffer solution pH 
6.5.Solutions of HPMC E 50LV and 

Poloxamer 407 having different 
concentrations as shown in the Table-1 
were prepared. The procedure involved in 
brief, HPMC E 50LV was dispersed in buffer 
solution and stirred for one hour. Poloxamer 
407 ranging from 1 to 19 was dispersed in 
previous HPMC E 50LV solution and 
continues stirring for 1 hour. Because of 
poloxamer 407 is completely soluble in cold 
water, to solublize poloxamer 407 the 
mixture was kept under refrigeration for 24 
hours10.Then these combination systems 
evaluated for gelling capacity in order to find 
out suitable combination. 
 
Method of Preparation  
These polymer solutions of different 
concentration of HPMC E50LV and 
poloxamer 407 were evaluated for gelling 
capacity in order to identify optimum 
concentration suitable for use as gel forming 
ophthalmic solution. 
The detailed procedure for preparing gel 
forming ophthalmic solution was as outlined 
below. Dissolve 0.9 g NaCl in 75 ml of 
purified water then 1.5 gm of HPMC E50LV 
was dispersed with continuous stirring for 1 
hour, 15 gm of Poloxamer 407 was 
dispersed in HPMC E50LV solution. This 
dispersion was stirred for 1 hour the partially 
dissolved poloxamer 407 solutions were 
stored in the refrigerator for 24 hours to 
dissolve entire amount and for hydration of 
polymer. Accurately weighed 0.2 g of drug 
dissolved in small quantity of water. 
Benzalkonium chloride was added to drug 
solution, which was added to polymer 
solution under constant stirring until uniform 
solution obtained. Then double distilled 
water was added to make up volume 
sufficient also maintain pH of formulation. 
The developed formulations were 
transferred to glass vials, closed with gray 
butyl rubber stoppers and sealed with 
aluminium caps. The formulation was 
subjected to sterilization. 
 
Preliminary evaluations 
The developed formulations were evaluated 
by performed for Visual appearance and 
clarity, pH measurement, Estimation of drug 
content. 
Clarity is one of the most important 
characteristic features of ophthalmic 
preparations. All developed formulations 
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were evaluated for clarity by visual 
observation against a black and white 
background. 
pH is one of the most important parameter 
involved in the ophthalmic formulation. The 
two areas of critical importance are the 
effect of pH on solubility and stability. The 
pH of ophthalmic formulation should be 
such that the formulation will be stable at 
that pH and at the same time there would 
be no irritation to the patient upon 
administration of the formulation. The 
developed formulations were evaluated for 
pH by using digital pH meter. 
Uniform distribution of active ingredient is 
important to achieve dose uniformity. The 
drug content was determined by diluting the 
formulation with buffer solution. Drug 
concentration was then determined by using 
UV-visible spectrophotometer at 248 nm11. 
 
Rheological Evaluation 
Viscosity is an expression of resistance of a 
fluid flow; the higher the viscosity, the 
greater the resistance. The rheological 
properties of solutions were measured using 
Brookfield viscometer. The developed 
formulation was poured into the small 
adaptor of viscometer and angular velocity 
increased gradually from 10 to 100 rpm and 
the measured viscosity at different rpm. The 
formulation was then poured into an 
ointment jar and then the temperature 
raised by adding simulated lachrymal fluid 
having temperature 370C. Then measured 
the viscosity of transformed gel at 
temperature 370C.Average of two reading 
was taken for calculation12. 
 
In-vitro release of drug  
The in vitro release of drug from the 
formulations was studied through 
cellophane membrane using a modified 
dissolution testing apparatus. The 
dissolution medium used was simulated tear 
fluid freshly prepared (pH 7.4). Cellophane 
membrane, previously soaked overnight in 
the dissolution medium, was tied to one end 
of a specifically designed glass cylinder (2 
cm i.d x 4 cm depth). A 2-ml volume of the 
formulation was accurately pipetted into this 
assembly. The cylinder was attached to the 
metallic shaft and suspended in 100 ml of 
dissolution medium so that the membrane 
just touched the receptor medium surface 

and maintained at 37 + 2 oC at 50 rpm using 
magnetic stirrer. Aliquots, each of 1ml 
volume, were withdrawn an hourly intervals 
and replaced by an equal volume of the 
receptor medium. The aliquots were diluted 
with the receptor medium and analyzed by 
UV spectrophotometer .In a similar manner, 
2 ml of pure drug solution (0.2 % w/v in 
distilled water) and 2 ml marketed product  
was pippeted in to assembly. The remaining 
procedure followed is in a similar manner 
mentioned above. All other trials are carried 
out in the same manner as mentioned 
above13. 
 
Test for sterility 
Test for sterility is an important aspect for 
ophthalmic preparations. The test for 
sterility is intended for detecting the 
presence of viable forms of bacteria, fungi 
and yeast in or on sterilized preparation. 
The test must be carried under sterile 
condition designed to avoid accidental 
contamination of the product during test. 
The direct inoculation method employed as 
per IP 1996.Culture media used for the 
sterility test is soyabean casein digest 
medium and fluid thioglycollate medium. 
The reconstituted mix of 30 g was 
suspended in 1000 ml of distilled water and 
boiled to dissolve it completely then the 
mixture was sterilized by autoclaving at 15 
lbs pressure, 1210c for 15 mins and then 
added. After cooling 20 ml of the both the 
media were transferred to the test tube. 
Sterile formulation was removed from the 
bottle with help of syringe under laminar 
airflow. This solution was passed through 
the 0.45 m filter membrane by applying 
vacuum. The filter paper was removed and 
it was cut into two half with the help of 
scissors and forceps. The one half was 
dropped in bacterial media and the other 
half was dropped in the fungal media. The 
media were kept for incubations for seven 
days at 370C both the media were observed 
everyday for any microbial contamination 
and compared with a positive and negative 
control9. 
 
Stability studies 
Selected sterile formulations were subjected 
to stability testing. Sterile gel forming 
ophthalmic solution were filled in glass vials, 
closed with gray butyl rubber closures and 
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sealed with aluminum caps. The 
formulations and kept in humidity chamber 
maintained at 40 + 20C and 75 + 5% RH, 25 
+ 20C and 75 + 5% RH for one month in 
stability chamber. 
Samples were withdrawn weekly and 
estimated for drug content, pH and visual 
appearance, gelation and in vitro release. 
 
Ocular irritation studies 
The potential ocular irritancy and/or 
damaging effects of the selected ophthalmic 
gel forming solution were evaluated in 
animals according to a modified Draize test 
after receiving approval from the IAEC of 
Kalol Institute of Pharmacy 
(KIP/IAEC.Clear/KIP/10104/2010 dated 
18/12/2010). For this purpose, six albino 
rabbits were included in the study. In the 
first week, 0.1 ml of placebo gel forming 
solutions was administered to the right eyes 
three times a day. Left eyes were taken as 
controls, and 0.9% NaCl solutions were 
used for control eyes. Following the tests 
with placebo, the test was repeated one 
week later with selected gel forming 
ophthalmic solutions. The eyes were 
evaluated according to irritation signs of 
conjunctiva, iris, and cornea before, during 
and every day after the test14. 
 
In vivo drug efficacy study 
Selected GFOS containing formulation was 
tested in each rabbit. 25 l of a selected 
GFOS was placed in the lower conjuctival 
sac of the right eye. To avoid experimental 
bias, the left eyes received 25 l of a GFOS 
solution with no drug (control). The eyes 
were checked frequently for pupil movement 
and inflammation in experiment15. 
 
RESULT AND DISCUSSIONS 
Drug- polymer interaction 
As described in the methodology section the 
IR spectroscopy studies were carried out for 
pure drug and drug along with its selected 
excipients by infrared spectrophotometer 
using KBr disc method. The IR spectra 
obtained was elucidated for important 
groups. The identification or characterisitcs 
peaks were found -CN streching at 1300.07, 
1556.61and 1568.18 two band for the 
carboxlate ion, 1718.63 is the peak for -C=O 
stretching and C-Br peaks found at 
516.9416. From FTIR studies it was found 

that there is no drug-polymer interaction. 
Also FT-IR Spectra of physical mixture of 
brimonidine tartrate and poloxamer overlay 
on pure brimonidine tartrate shows purity 
index 0.9691. Also FT-IR Spectra of 
physical mixture of Brimonidine tartrate and 
HPMC E50LV overlay on pure brimonidine 
tartrate shows purity index 0.9696 that 
reveals no drug-polymer interaction. The IR 
Spectrums depicted in Figure-1 (A) to (H) 9. 
 
Optimization of suitable polymer 
combination by in vitro gelation studies 
The two main prerequisites of a gel forming 
ophthalmic solution system are viscosity 
and gelling capacity (speed and extent of 
gelation). The formulation should have an 
optimum viscosity that will allow easy 
instillation into the eye as a liquid (drops), 
which would undergo a rapid sol-to-gel 
transition. Additionally, to facilitate sustained 
release of drug to the ocular tissue, the gel 
formed in situ should preserve its integrity 
without dissolving or eroding for a prolonged 
period of time. 
All prepared formulations were evaluated for 
gelling capacity in order to identify the 
compositions suitable for use as gel forming 
ophthalmic solution systems. The gelling 
capacity was determined by placing a drop 
of the system in a vial containing 2 ml of 
artificial tear fluid freshly prepared and 
equilibrated at 370C and visually assessing 
the gel formation and noting the time for 
gelation and the time taken for the gel 
formed to dissolve. The composition of 
artificial tear fluid used was sodium chloride 
0.670 g, sodium bicarbonate 0.200 g, 
calcium chloride 2H2O 0.008 g, purified 
water Q.S. 100.0 g. 
For these temperature dependent drug 
delivery system the optimum concentration 
of (15 %w/v Poloxamer 407 and 1.5 %w/v 
HPMC E50 LV) polymer found in HP-15, 
which is suitable for gel forming ophthalmic 
solution system. HP 15 composed of 15 % 
w/v poloxamer and 1.5 % w/v HPMC E50LV 
through the HP 15 produced suitable results 
rapid gelation in administration simulated 
tear fluid and retaining gelling proper at 
higher temperature. Gelling evaluation 
carried out based on - No gelation, + gels 
immediate, dissolves after few minutes, ++ 
gels after few minutes, dissolve rapidly, +++ 
gelation immediate, remains for a few hours 
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(less stiff); ++++ gelation immediate, 
remains for extended periods and forms stiff 
gels.  
 
Preliminary evaluations  
Appearance and clarity of all the 
formulations was found to be satisfactory. 
The pH of the formulations was found to be 
satisfactory and it was 6.5. The formulations 
were liquid at room temperature and at the 
pH formulated. Drug content of the selected 
and prepared formulation having assay 
around 99.24 percent. 
 
Rheological measurement 
Rheology is important tool to evaluate 
prepared gel forming ophthalmic solution 
system for their longer residence time in 
eye. The administration of ophthalmic 
preparations should influence as little as 
possible the pseudo-plastic character of the 
pre-corneal film17. Since the ocular shear 
rate is very high, ranging from 0.03 s–1 
during inter-blinking periods to 4250–28500 
s–1 during blinking18, viscoelastic fluids with 
a viscosity that is high under the low shear 
rate conditions and low under the high 
shear rate conditions are often preferred. 
The rheological evaluation of gel forming 
ophthalmic solution system shows 
pseudoplastic behaviour. 
 
In vitro Drug Release Study 
In vitro drug release study is important to 
know sustain action of dosage form. In vitro 
drug release from the HP-15 formulation 
shows that the drug molecules are 
entangled by polymer strands due to 
increase in temperature at 37oC hence it 
shows drug will be in gel structure when it 
will be instilled in to eye at body 
temperature. 
A perusal to the Table-2 shows that kinetic 
of brimonidine tartrate release from 
formulation was strictly followed zero order 
and also with agreement with first order.  
 
Sterility Testing 
There was no appearance of turbidity and 
hence no evidence of microbial growth 
when the formulations were incubated for 
not less than 14 days at 300C to 350C in 
case of fluid thioglycolate medium and at 
200C to 250C in the case of soyabean-
casein digest medium. The preparations 

being examined therefore passed the test 
for sterility according to IP 1996. 
 
Stability study 
Formulation HP-15 was subjected for 
accelerated stability studies at 40+ 2° C and 
25 + 2 oC  at 75 + 5% RH for 1 month using 
stability chamber.   
The samples were observed periodically on 
7, 15 and 30 days, and found that there are 
no changes in visual appearance, clarity, 
and  pH (Tables-3 and 5). Drug assay 
values after one month of storage are found 
almost same (deviating not more than one 
percent). Release profiles were similar to 
that of zero days, a slight increase (around 
1%) in release at 8 hours as shown in the 
Tables-4 and 6 observed. Therefore, the 
developed formulations were suitable and 
withstand storage effects.  
 
Ocular irritation study  
Ocular irritation testing was performed to 
know that developed formulation may cause 
irritation and pain, if it is applied to the 
patient. In case an eye drop irritates applied 
part, the tear production and the blinking 
frequency will increase leading to the faster 
elimination from the eye. The finally 
selected formulation HP-15 subjected for 
the ocular irritation study using rabbits. After 
administration rabbit eyes were inspected 
visually. There was no redness and 
continuous blinking of eyes. Swelling or 
watering of eyes was not found. No ocular 
damage or abnormal clinical signs to the 
cornea, iris or conjunctivae were visible. 
The result of ocular irritation studies (Table-
7) indicates that formulations containing all 
ingredients are non-irritant to rabbit eye.  
 
In Vivo Drug Efficacy Study 
The rabbit eye responses to brimonidine 
tartrate (0.2% w/v) after instillation of 25µl of 
formulation were shown compared with 
marketed drop. It can be seen that the all 
time reduction of pupil diameter for 
formulation than Aqueous marketed drops. 
This shown significant difference in 
response of both gel forming ophthalmic 
solution and marketed drops of Brimonidine 
tartrate. 
At initial level onset of action of marketed 
drops faster than formulation was due to 
freely availability of drug in the drop 
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compare to formulation where drug 
molecules were entangles by polymer 
structure. Peak response was observed up 
to 2 hour in marketed drops compare to 
GFOS at 4 hours after administration. Time 
duration of action of drops and GFOS were 
obsereved up to 8 hours. sudden increase 
in pupil diameter incase of drop just after 2 
hours compare to GFOS which shown 
concomminant increase in duration of 
response, indicating more sustained release 
due to greater diffusional resistance from 
GFOS due to gelling concentration of 
polymer in formulations. Pupil constriction 
effect were observed which indicates drug is 
in its original structure and shows 
therapeutic action. hence drug efficacy is 
maintained even drug formulated as gel 
forming ophthalmic solution system. 
 
CONCLUSION 
Developed brimonidine tartrate gel forming 
solution was in solution form at 250C and it 
can converted in to gel after instillation to 

simulated tear fluid at body temperature 
370C. In this developed formulation 
optimized concentration of Poloxaamer 407 
(15%W/V) as gelling agent and HPMC E50 
LV (1.5%w/v) as viscosity enhancing agent 
were selected successfully by evaluating for 
gelling capacity. Prepared formulation was 
clear, transparent and satisfactory regarding 
pH and drug content. Rheological 
evaluation shows that the developed 
formulations obey pseudo plastic flow after 
addition to the STF equilibrated at body 
temperature 370C. Gel forming ophthalmic 
solutions released brimonidine tartrate over 
8 hours. Brimonidine tartrate release from 
formulation was strictly followed zero order. 
Developed formulation found it sterile and 
non irritant to eye. The developed 
formulation is viable alternative to 
conventional eye drops by virtue of its ability 
to enhance bioavailability through its longer 
precorneal residence time and ability to 
sustain drug release. 

 
 
 

Table 1: Gelling capacity and viscosity of different combinations  
of HPMC and Poloxamer 407(Carried out in simulated tear fluid at 370C) 

Trials Concentration in % w/v Gelling capacity* Poloxamer 407 HPMC E50 LV 
HP1 1 1 - 
HP 2 2 1 - 
HP 3 3 1 - 
HP 4 4 1 - 
HP 5 5 1 - 
HP 6 6 1.5 - 
HP 7 7 1.5 - 
HP 8 8 1.5 - 
HP 9 9 1.5 - 
HP 10 10 1.5 + 
HP 11 11 1.5 + 
HP 12 12 1.5 + 
HP 13 13 1.5 + 
HP 14 14 1.5 + 
HP 15 15 1.5 +++ 
HP 16 16 1.5 +++ 
HP 17 17 1.5 ++ 
HP 18 18 1.5 ++ 
HP 19 19 1.5 ++ 

 

 

Table 2: Comparisons of Orders of In Vitro Release of drug from HP-15 
Regression equations for HP-15 

Zero Order First Order Higuchi model Korsemeyer-Peppas model 
y = -10.86x + 96.063 

R2 = 0.994 
y = -0.1072x + 2.0704 

R2 = 0.9562 
y = 32.281x - 11.108 

R2 = 0.9451 
y = 1.4743x + 0.7302 

R2 = 0.7025 
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Table 3: Stability data of selected formulations stored at 40°C and 75 + 5% RH 

Formulation  Sampling day Test parameter 

Visual appearance Clarity pH 
HP-15 7 Transparent Clear 6.48 

15 Transparent Clear 6.45 
30 Transparent Clear 6.39 

 

 

Fig. 1: IR Spectra of Brimonidine tartrate,Poloxamer 407 and HPMC E50 LV and their Physical 
mixtures (A) IR Spectra of Brimonidine Tartrate pure (B) IR Spectra of Poloxamer 407 pure (C) IR 

Spectra of HPMC E50 LV (D) IR Spectra of Physical mixture of Brimonidine tartrate,Poloxamer 407 and 
HPMCE50 LV (E) IR Spectra of Physical mixture of Brimonidine tartrate and Poloxamer 407 (F) IR 

Spectra of physical mixture of Brimonidine tartrate and HPMC E50 LV mixture (G) IR Spectra of physical 
mixture of Brimonidine tartrate and poloxamer overlay on pure brimonidine tartrate (H) IR Spectra of  

physical mixture of Brimonidine tartrate and HPMC E50LV overlay on pure brimonidine tartrate 
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Fig. 2 Trent of viscosity of HP-15 at 250C and 370C 
 
 

Comparision of in vitro drug release profiles for prepared 
formulation with marketed and pure drug solution
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Fig. 3: Comparision of in vitro drug released profile for prepared 
formulation with marketed product and pure drug solution 

 

 

Table 4: Stability data on release of selected formulations stored at 40°C and 75 + 5% RH 
Formulation Sampling day Test parameter 

Percent Drug content 
(%) 

Percent drug released at 8 
hours (%) 

Zero day On test day Zero day On test day 

HP-15 7 99.55 98.86 97.79 97.86 
15 99.55 98.81 97.79 98.61 
30 99.55 98.72 97.79 99.36 

 

 

Table 5: Stability data of three selected formulations stored at 25°C and75 + 5% RH 
Formulations  Sampling day Test parameter 

Visual appearance Clarity pH 
HP-15 7 Transparent Clear 6.48 

15 Transparent Clear 6.45 
30 Transparent Clear 6.43 
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Table 6: Stability data on release of HP-15 stored at 25°C and 75 + 5% RH 
Formulation Sampling day Test parameter 

Percent Drug content Percent drug released at 8 hours 
Zero day On test day Zero day On test day 

HP-15 7 99.55 98.86 97.79 98.03 
15 99.55 98.84 97.79 98.54 
30 99.55 98.81 97.79 98.79 

 

Table 7: Score evaluation for rabbit eye in modified draize test technique 
Ocular Presentations Average Scores 

Blank 
HPMCE 50 

LV 

2% HPMC 
E50 LV 

Blank 
of 15% 

Poloxamer 
407 

15% 
Poloxamer 

407 

Blank of 
0.2% 
Drug 

formulation 

0.2% 
Drug 

formulation 
(GFOS) 

A-Conjuctival edema 
(Chemosis) 

0 0 0 0 0 0 

B-Redness 
 in conjuctiva 

0 0 0 0 0 0 

C-Secretion 0 0 0 0 0 0 
D-Corneal Opacity 0 0 0 0 0 0 
E-Iris Involvement 0 0 0 0 0 0 

 

ACKNOWLEDGEMENTS  
Authors are thankful to Sun Pharma limited, 
Halol., Torrent Research 
Centre,Ahmedabad and Colorcon Asia 
(Pvt.) limited, Goa., for  providing gift 
samples brimonidine tartrate, Poloxamer 
407 and HPMC E50LV respectively.  
 
REFERENCES 

1. Chien YW. Novel drug delivery 
systems: fundamentals, 
developmental concepts, biomedical 
assessments. 1sted. New York: 
Marcel Dekker, INC. 2001. 

2. Verma RK, Garg S. Current status of 
drug delivery technologies and 
future directions. Pharm Tech. 2001; 
25 (2): 1-13. 

3. Torris CB; Camras CB; Yablonski 
ME. American Journal of 
Ophthalmology, 1999, 128, 8-14. 

4. Munk SA; Harcourt D; 
Arasasingham P. Bioorganic and 
Medicinal Chemistry, 1995; 5,1745 

5. Burke J; Manlapaz C; Kharlamb A; 
Runde E; Padillo E; Spada C. 
Therapeutic use of Alpha-2-
adrenoceptor agonists in glaucoma. 
In alpha-2-adrenergic receptors: 
structure, function and therapeutic 
implications, S. Lanier and Limbird 
Eds., Harwood Academic 
Publishers: UK,1996; 179-187. 

6. J Burke; M Schwartz. Survey of 
Ophthalmology, 1996, 41, S9-S18. 

7. Cantor BL; Burke J. Expert Opinion 
in Investigational Drugs. 1997, 6, 
1063-1083. 

8. Jeong B, Kim SW, Bae YH. 
Thermosensitive sol–gel reversible 
hydrogels. Adv. Drug Deliv Rev 
2002;54:37–51. 

9. Indian Pharmacopoeia, volume I. 
Delhi: Controller of publications; 
1996 

10. Mundada AS, Srikande BK. 
Controlled release gel of 
ciprofloxacin HCl for ophthalmic 
administration. Indian drugs 2006 ; 
43(1): 9-12 

11. Prakash B, Pandurang D, Saurabh 
P, Sajeev C. Development and 
Validation of Stability Indicating UV 
Spectrophotometric Method for the 
Estimation of Brimonidine Tartrate in 
Pure Form, Formulations and 
Preformulation Studies. Der 
Pharmacia Lettre, 2010, 2(3): 106-
122. 

12. Katarina E, Johan C, Roger P. 
Rheological evaluation of poloxamer 
as an in situ gel for ophthalmic use.  
Eur. J. Pharm. Sci. 1998; 105-112. 

13. Srividya B, Cardoza RM, Amin PD. 
Sustained ophthalmic delivery of 
ofloxacin from a pH triggered in situ 
gelling system. J. control release 
2001 dec; 69(3): 379-88. 

14. Draize, J.H., Woodard, G., Calvery, 
H.O., 1944. Methods for the study of 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES     ISSN: 22775005 
 

Vol. 1 (4) Oct-Dec 2012                          www.ijpcsonline.com                                          1548 

irritation and toxicity of substances. 
J. Pharmacol. Exp. Ther. 82, 377–
390. 

15. Zhidong L,.Jiawei L,.Shufang N.,Hui 
L.,Pingtian D., et al.,Study of an 
alginate/HPMC-based in situ gelling 
ophthalmic delivery system for 
gatifloxacin,International Journal of 
Pharmaceutics 315(2006)12-17. 

16. Silverstein R M, Webstar F X. 
Spectroscopic identification of 
organic compounds. Sixth edition. 
New York: John Wiley and sons; 
1998. 

17. Van Ooteghem M.M., 
Biopharmaceutics of Ocular Drug 
Delivery (Ed. P. Edman), CRC 
Press, Boca Raton 1993, pp. 27–41. 

18. Bothner H., Waaler T., and Wik O., 
Rheological characterization of tear 
substitutes, Drug Dev.Ind. Pharm. 
16 (1990) 755–768. 


