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ABSTRACT 
To design a novel drug delivery system which reduces the frequency of administration of 
eye drops and shows improved pre-corneal residence time in the treatment of glaucoma. 
Glaucoma currently constitutes second most common cause of treatable blindness 
worldwide. The reduced therapeutic response and the poor bioavailability exhibited by 
the conventional ophthalmic dosage form are due to the rapid pre corneal elimination of 
the drug. This problem can be solved by using the stimuli sensitive hydrogels that are 
instilled as drops in the eye and shows increase in viscosity after instillation due to 
stimuli. The present work describes the formulation and evaluation of hydrogel systems 
of the anti glaucoma agent, Timolol Maleate, based on the concept of stimuli sensitive i.e 
pH which causes insitu gelation. Poly acrylic acid (carbopol 934p) was used as a gelling 
agent in the combination with the Viscolizers i.e hydroxyl propyl methyl cellulose. 
Rheological studies were performed by using Brookfield viscometer. Invitro drug release 
studies were carried out by dynamic dialysis technique. Drug release data was fitted to 
various kinetic equations such as First order plots, Higuchi plots, Peppa’s exponential 
plots. The results shows fairly linear curve and the slope value of the Peppa’s equation is 
less than 0.5 and hence follows the fickian diffusion. The developed hydrogels was 
therapeutically effacious, stable, non irritant and provide a sustained release of drug over 
a 8 hours time period.  
Keywords:- Stimuli sensitive hydrogel, Timolol maleate , Viscosity , Poly acrylic acid . 
 
INTRODUCTION 

Glaucoma comprises a group of mainly chronic conditions that is characterized by 

progressive deformation of the optic nerve head and elevated intraocular pressure (IOP) 

is a risk factor. Affecting primarily the middle aged and elderly, the glaucoma currently 

constitute second most common cause of treatable blindness worldwide.[1-3]  

In the ophthalmic drug delivery systems, the physiologicals constraints imposed 

by the protective mechanism of the eye lead to the low absorption of drugs and results in 

a short duration of therapeutic action. A high frequency of the eye drops instillation is 
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associated with patient’s non compliance. After the instillation of eye drop into the eye 

cavity, the effective tear drainage and blinking action of eye results in a 10 times 

reduction in the drug concentration with in 4- 20 min [4]. Due to the tear drainage, most of 

the administered dose passes via nasolacrimal duct into the Gastro Intestinal tract leading 

to the side effects. Rapid elimination of the eye drops often results in a short duration of 

the therapeutic effect .The normal volume of tear in the eye is 7 μl where as  a non 

blinking  eye can  accommodate  a maximum  of 30 μl [5] of the  fluid , blinking eye can 

hold only 10μl both normally & externally added solution are rapidly drained from  eye . 

The usual single drop size of an instilled drug solution is upto 50 μl & thus most of the 

drug instilled as eye drop is lost. 

Ophthalmic therapy can be improved by increasing the corneal residence time of 

drugs. Several new drug delivery systems [6] are widely used such as ocular inserts, 

collagen shields [7] etc. These systems are able to prolong the contact time of vehicle on 

the ocular surface and also slow down drug elimination. However these systems are 

having some disadvantage such as poor compliance, uncomfort, especially by the elderly 

people & many patients sometimes lose it without noticing it.  

This problem can be overcome by using hydrogel systems prepared from the 

polymers that exhibit reversible phase transition. such systems can be formulated in 

liquid phase suitable to be administrated by instillation into the eye cavity  & which upon  

exposure  to the stimuli such as pH, temperature, ion activated etc changes to the gel 

phase  & thus improves the  residence time and corneal  bioavailability of the drug .  

There are various methods used to  cause  sol to gel phase transition  on ocular surface  

such as  temp dependent  concept (pluronics) [8,9], pH triggered  systems (including  

cellulose  acetate  hydrogen phthalate  latex [10, 11], Carbopols [12], Ion activated systems  

including Gelrite [13],  gellan [14]  & carbopol /pluronics [15]. 

The objective of the present work was to develop a sustained and prolonged effect 

with reduction in frequency of administration by the help of pH sensitive hydrogels 

systems of Timolol maleate. 
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MATERIALS AND METHODS 

MATERIALS & ANIMALS  

           Timolol maleate is provided by the FDC pvt .ltd, Mumbai. Carbopols 934p was 

provided by the Noveon polymers, Arihant trading Co. Mumbai. Viscolizers i.e Hydroxyl 

propyl methyl cellulose was made available by S.d fine chem. ltd, Biosar. 

Triethanolamine, Sodium hydroxide flakes; Sodium chloride was provided by S.d fine 

chem. pvt. ltd. mumbai. All the reagents were of the analytical grade.Animals used for 

the study are Albino rabbits. Six rabbits of both sexes weighing between 1.8 kg to 2.2 kg 

were selected.  

The procedure involving animals were reviewed approved by the animal ethics 

committee. 

PREPARATION OF HYDROGELS  

Hydrogels were prepared by using Timolol maleate (anti glaucoma agent) along 

with some formulation additives to attain the desirable qualities of the ophthalmic dosage 

forms. The inactive ingredients included in the sol-gel systems  to perform  different  

functions  such as the benzalkonium chloride [16] (preservative) ethylene diamine 

tetraacetic acid (chelating  agent ), sodium chloride [17] (tonicity contributors ) & 

viscolizer i.e  Hydroxy  propyl methyl cellulose. 

Weighed quantities (Table 1) of Timolol maleate, Benzalkonium chloride, EDTA, 

NaCl, were dissolved in the pH 4 phosphate buffer under aseptic conditions. Then poly 

acrylic acid   was slowly added  with continous stirring  at speed of 1500- 2000 rpm to 

minimize  the formation of the undispersible lumps, then viscolizers was added with a 

slow stirring  to avoid the foam formation . Stirring was continued until a clear dispersion   

was formed. The prepared hydrogels  were evaluated  for the viscosity study  in order  to 

identify  the composition   suitable  for the use.  

EVALUATION OF THE HYDROGELS  

RHEOLOGICAL STUDIES 

                     Viscosity determination  of the prepared  formulation  were determined  

using  Brookfields  viscometer LVDV II +. The viscosity of the hydrogel  was  measured 

at  different  rpm. The  correct  viscosity  of the hydrogel  was noted  at particular spindle  

at which  it shows maximum percent torque value.(Table 2). 
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The results demonstrate  that  at acidic pH 4 hydrogel  were low viscous  and at 

pH 7.4  it  changes into a highly viscous preparation .  The Literature also suggests that 

the viscosity value   in the range  of 15 cps to 50 cps [18] significantly  improves  the 

contact time of the formulation  on the corneal surface  and  higher  viscosity  values  

offers  no significant  advantage  and have  a tendency  to leave a noticeable  residue  on 

the  lid margin  

DRUG POLYMER INTERACTION STUDIES 

Drug polymer interaction studies were carried out by Infrared spectral analysis. 

Infrared spectra of Timolol maleate pure drug & formulation were scanned by using 

Perkin elenmeyer FTIR 1600, by a thin film method. The drug  Timolol maleate in its 

infrared  spectrum  exhibit  a strong  peak  at  3445 cm -1 indicating  the presence  of  -

OH  group.  The absorption due to  the –NH  group  present molecule  is supported  by 

exhibiton  of a shoulder  to the  main peak around 2100 cm -1.The drug contain  more 

than one C=N absorbtion  present in the  thiadizole  moiety  of the heterocylic  ring  

system. When pure  drug was  formulated  with the carbopol 934p & viscolizers , the 

spectrum obtained  for this formulated product  exhibit  a broad  absorption peak from 

3050 cm -1  to 3500 cm -1  indicating the  participation of the  alkali hydroxyl in forming 

gel preparation. The increased viscosity leads to a broadening of peak. The spectral data  

suggest s  that the  inactness  of the thiadizole  ring structure  of the timolol maleate  

indicated  by the  absence  of the additional  peaks  which confirm  the opening of the 

thiadizole  ring  is not taking place . Hence the drug timolol maleate was not reacting 

with the polymers used in the formulation.  

IN VITRO RELEASE STUDY OF TIMOLOL MALEATE 

In vitro release rate of the timolol maleate from the sol gel system for the corneal 

drug availability was determined by the diffusion process. 1 ml of the formulation  was 

kept  in the donar compartment  over   a cellophane  membrane  which was rinsed  & 

soaked  for the  24 hours  in the  diffusion medium. The donar compartment was 

immersed in the receptor compartment containing 50 ml of the phosphate buffer of pH 

7.4, the beaker containing   diffusion medium (receptor compartment) was maintained at 

370C. with the constant stirring  at  22 rpm [19] using the  magnetic stirrer. One ml aliquots 

were withdrawn from the diffusion medium every hour for the 8 hours & same quantity 
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of fresh, prewarmed diffusion medium was replaced for the amount withdrawn. The 

samples with drawn were analysed spectrophotometrically at 294 nm [20] for the Timolol 

maleate using Shimazdu Double beam UV-Visible spectrophotometer. 

STERILITY TESTING  

        The sterility testing of the ophthalmic drug delivery systems were performed for 

the aerobic, anaerobic bacteria & fungi by using alternative thioglycolate medium & 

soyabean casein digest medium. The positive control (growth promotion), negative 

control (sterlity ) test were  also carried out. Bacillus subtilis was used as a test organism 

in the case of aerobic bacteria test. Bacteriodes vulgatus was used as a test organism in 

case of anaerobic bacteria test & candida albicans in fungi test. 

Incubation was carried in all cases & growth was checked. The overall results of 

the sterility test showed that ophthalmic formulation prepared passes the sterility test as 

there was no evidence of the growth found in the negative control test tubes. Thus the 

preparation is the sterile in nature.  

IN VIVO EVALUATION  

Glaucoma was induced in the rabbit by the method of Bonomi et. al [21]. In this 

method, six albino rabbits  of both sexes weighing  between  1.8 kg to 2.2  kg  were used  

in the study & they were checked  for normotensiveness, care  was taken  to acclimatize 

the rabbit  to the  laboratory conditions. During the experiment food and water was 

provided ad libitum. The increase in the  intraocular  pressure  was achieved by the  a 

subconjuctival  injection of the  Betamethasone  4 mg/ml every  weeks  for the 4 weeks 

[22]. The formulation X1 & X2 was instilled in the conjuctival Cul de sac & the lowering 

in the intraocular was measured by using schiotz tonometer. The formulation was 

evaluated for the In vivo evaluation. Comparative evaluation was also performed with 

commercial available eyedrops. The marketed  eyedrops  suddenly lowers the intraocular  

to the minimum  and afterwards  there was a  sudden increase in the intraocular  pressure 

to the original reading , where as the formulation  lowers the intraocular pressure  slowly 

to  the minimum  and there after  a gradual  increase in the  intra ocular pressure . Thus a 

sustained effect was maintained with this hydrogel system.   

OCULAR IRRITATION STUDIES 
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In the measurement of injury to the eye, a modification of the scoring system of 

Friedenwald, Hughes and Herrmann (Modified Draize Technique) was used. 

Six albino rabbits of both sexes weighing 1.8 to 2.2 kg were used for the study.  

The method of the study of ocular irritation was based on a modification of the Draize 

technique. 0.1 ml of selected formulation was instilled in the conjunctival sac of each 

rabbit and readings were made at 1, 24 and 48 hours after instillation of the formulation 

into the eye and were evaluated on the guidelines of scale of weighted scores for grading 

the severity of ocular lesions.   

CONCLUSION 

In the present  research work, Timolol Maleate (Anti glaucoma agent) used in the  

treatment  of glaucoma  was  successfully  formulated  in the Stimuli Sensitive Hydrogels  

using  Poly Acrylic Acid ( Carbopol 934p)  as the gelling agent  in the combination  with 

the Hydroxyl propyl methyl cellulose as the viscosity enhancing agent.  The Hydrogels 

was liquid at pH 4 and undergo rapid gelation after change in the pH 7.4. The gel formed 

provides a sustained drug release upto 90% over an 8 hours period. The formulation were 

evaluated for the several parameters like viscosity, drug –polymer interaction, in vitro 

drug release, sterility testing & in vitro study. Viscosity of the prepared formulation lies 

in the optimum range i.e 25 cps at the pH 4 & upto 50 cps at the pH 7.4. I.R studies  

shows  that there was no interaction of the thiadizole  ring  which shows  that the  drug & 

polymer  was not reacting together . All the formulation passes the test for the sterility.  

In vivo results clearly show that the formulation provides a better sustained release of the 

drug in comparison to the marketed conventional dosage form. Thus the formulation is 

safe and provides therapeutically effacious and provides increased bioavaliabilty & 

therapeutic response. 
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TABLE 1: Formulation details 

                                 Concentration ( %w/v) Sr.no     Ingredients 

X1 X2 X3 X4 X5 X6 

1 
Timolol 

maleate 
0.25 0.25 0.25 0.25 0.25 0.25 

2 
Benzalkonium 

chloride 
0.01 0.01 0.01 0.01 0.01 0.01 

3 EDTA 0.1 0.1 0.1 0.1 0.1 0,1 

4 NaCl 0.9 0.9 0.9 0.9 0.9 0.9 

5 
Poly acrylic 

acid - C 934p 
0.3 0.3 0.3 0.35 0.35 0.35 

6 HPMC - 0.4 0.5 - 0.4 0.5 

7 pH 4 buffer 150 ml 150 ml 150 ml 150 ml 150 ml 150ml 

 

TABLE 2: Viscosity details of the formulations at pH 4.0 and pH 7.4 

pH X1 X2 X3 X4 X5 X6 

4.0 3.84 19.2 30.7 4.02 19.7 33.1 

 

Viscosity(cps) 

7.4 6.72 34.3 53.9 7.50 41.6 68.4 

 

TABLE 3: Invitro drug release studies of prepared hydrogels 

         

Cum % Drug Released 
 

Log cum % Drug Released 
 Time 

(Hrs) 
Log 

Time 

Sq.root 
Time 

 X1 X2 X3 X4 X5 X6 X1 X2 X3 X4 X5 X6 

1 0.0000 1.00 35.1 32.7 30.3 35.8 32.6 32.9 1.54 1.51 1.48 1.55 1.51 1.51 
2 0.3010 1.4142 54.6 51.1 48.6 50.6 49.3 48.5 1.73 1.73 1.68 1.70 1.69 1.68 

3 0.4471 1.7320 68.0 61.1 65.0 62.8 61.5 60.3 1.83 1.83 1.81 1.79 1.78 1.78 

4 0.6020 2.0 74.6 67.5 68.0 67.0 66.2 68.2 1.87 1.87 1.83 1.82 1.82 1.83 
5 0.6989 2.236 76.8 73.6 74.6 74.0 72.8 74.2 1.88 1.88 1.87 1.86 1.86 1.87 
6 0.7781 2.4494 80.56 79.0 79.7 80.3 76.2 78.6 1.90 1.90 1.90 1.90 1.88 1.89 

7 0.8450 2.6457 86.81 80.8 82.9 86.8 81.5 80.8 1.93 1.93 1.91 1.93 1.91 1.90 

8 0.9030 2.8284 85.31 83.7 84.8 83.7 82.5 81.8 1.93 1.93 1.92 1.922 1.91 1.91 
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TABLE 4:  Intra-ocular Pressure measurement in rabbit eye 

   

Time 

(Min) 

 

0 

 

30 

 

60 

 

90 

 

120 

 

150 

 

180 

 

210 

 

240 

 

270 

 

300 

R 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5  

Hydrogel 

 
L 23.8 23.8 21.9 17.0 15.6 17.0 21.9 22.8 23.8 23.8 23.8 

R 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0  

Marketed 

 
L 21.9 21.9 14.6 17.3 21.9 21.9 21.9 21.9 21.9 21.9 21.9 
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