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Abstract: 

Delivery of medication to the human eye is an integral part of medical treatment. Ophthalmic drug 

delivery is one of the most interesting and challenging endeavors facing the pharmaceutical scientist. 

The anatomy, physiology, and biochemistry of the eye render this organ highly impervious to foreign 

substances. A significant challenge to the formulator is to circumvent the protective barriers of the eye 

without causing permanent tissue damage. Development of newer, more sensitive diagnostic techniques 

and novel therapeutic agents continue to provide ocular delivery systems with high therapeutic efficacy. 

The preparation may have any several purposes like therapeutic, prophylactic or palliative. The 

versatility of dosage form enables therapeutic agent to be suitable for function of preparation. 

Therapeutically active formulation may be designed to provide extended action for either convenience or 

reduction in dose frequency, improved bioavailability of an agent or improved delivery to target tissue. 

The residence time of an ocular preparation may range from few seconds (ophthalmic solutions) to hours 

(gel, ointments), to months or years (intra ocular or periocular dosage forms). Ophthalmic preparations 

are similar to parenteral dosage form in their requirements for sterility as well as consideration for 

osmotic pressure (tonicity), preservation, and tissue compatibility, avoidance of pyrogens and particulate 

matter and suitable packaging. 
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Formulation Parameters for Ophthalmic Solution: 

Ophthalmic solutions should be prepared and preserved according to whether they are to be used in 

surgical procedures, in clinic or office or by the patient at home. There is an optimum pH level at which 

the solution of individual drugs should be buffered in order to obtain the maximum efficiency and 

stability. Deterioration of the drugs used is greatly diminished when they are dispensed at proper pH. 

Preservative solutions in proper strength have been shown to be adequate for preservation of ophthalmic 

solutions. Important factors to be considered in formulating an ophthalmic solution include the following  

➢ Clarity  

➢ Sterility.  

➢ Osmolarity.  

➢ pH, buffering.  
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➢ Preservation.  

➢ Solubility.  

➢ Stability in appropriate vehicle. 

➢ Viscosity.  

➢ Suitable packaging and storage of finished product. 

 

Materials & Methodology: 

Timolol Maleate USP, Benzalkonium chloride USP, Dibasic Sodium phosphate USP, Monobasic 

Sodium Phosphate USP, Sodium hydroxide USP, Water for Injection, Growth Media, Neutralizer media, 

Three-piece containers, BFS containers and Glass containers. 

 

Physical characterization of drug sample: 

Description: The received sample Timolol Maleate was subjected to the following tests for its 

characterization:  

Nature of drug sample:The drug sample was observed visually and viewed under the Compound 

microscope for the determination of its nature and then the results were compared with the official books 

and British Pharmacopoeia and Ph Eur 2006. 

Color of drug sample:The drug sample was viewed visually for the determination of its color and then 

the results were compared with the British Pharmacopoeia and Ph Eur 2006. 

Loss on drying: Loss on drying was performed for the sample of Timolol maleate according to method 

specified in British Pharmacopoeia and Ph Eur. It was determined on 1.000 g of Timolol sample by 

drying at 1000C-1050C for 4 hours. The results were then compared with those given in the official 

books and British Pharmacopoeia and Ph Eur 2006.  

Solubility: The solubility of the Timolol maleate sample was carried out in different aqueous and 

organic solvents like water, glacial acetic acid, methylene chloride, Chloroform and methanol according 

to British Pharmacopoeia. The results were 60 then compared with those given in the official books and 

British Pharmacopoeia and Ph Eur 2006. 

 

Analytical characterization of drug sample: 

Absorbance: Dissolve 0.5 g of Timolol maleate in 0.12 N Hydrochloric acid and dilute to 25 L with the 

same solvent. The absorbance of the solution measured at 294 nm, is not greater than 0.3 on dried basis. 

Optical Rotation: Dissolve 50 mg per ml in 0.1 N Hydrochloric acid. The angle of optical rotation must 

be between -11.70 and -12.50 (λ= 405 nm). 

Assay: Assay was performed using digital potentiometer. About 800 mg of Timolol maleate was 

accurately weighed, and was transferred to 400-mL beaker, 90 ml of Glacial acetic anhydride was added, 

and stirred to dissolve. Titration was performed with 0.1 N Perchloric acid. The end point was 

determined potentiometrically, using a glass silver electrode system. The first two inflection points were 

used. A blank determination was performed. Each ml of perchloric acid is equivalent to 43.25 mg of 

C13H24N4O3S. C4H4O4. 

 

Formulation studies: 

Development Strategy: Development of Timolol Maleate ophthalmic solution is divided in to two phases 

as follows. 
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1. Prototype Formulation Development:  

The following excipients were scientifically identified based on their functional. The rational for 

selecting the excipients is given below 

Sr No Name of the Excipients Category Uses 

1 Benzalkonium chloride Preservative Benzalkonium chloride 

prevents bacterial and 

fungal contamination of 

the product during its 

shelf life. 

2 Dibasic Sodium Phosphate Buffering agent, 

Sequestering agent 

Buffering agent and 

electrolyte replenisher, 

when combined with 

other phosphates 

3 Monobasic Sodium Phosphate Buffering agent, 

Sequestering agent, 

Emulsifying agent 

Buffering agent and 

electrolyte replenisher, 

when combined with 

other phosphates 

4 Sodium hydroxide Alkali For pH adjustment 

 

2. Process Development  

 

 

3. Manufacturing Process: 

Dibasic Sodium Phosphate and Monobasic Sodium Phosphate were dissolved in water for injection by 

the slow addition. pH was adjusted to the 6.8-7.0 using 5% sodium hydroxide.  

To this container with buffer solution of phosphates, Benzalkonium chloride was added with continuous 

stirring.  

After solubilizing the excipients, to this solution the Timolol maleate USP was added and mixed 

vigorously until it dissolved in the solution.  

The solution pH was adjusted to the 6.8-7.0 using 5% Sodium hydroxide solution. 

The volume was made with water for injection.  

DISPENCING 
Filteration 

using 0.22μ 
filter 

Filling in Sterile 

Class100 area 

Solubilization 

of Phosphates 

pH adjustment 

to 6.8-7.0 

Labelling and 

packing 

Addition of BKC 

to Buffer 

Solubilization 

of Timolol 

Maleate 
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Bulk Timolol maleate solution was filtered through 0.22 µ PVDF sterilizing grade filter.  

Solution was filled into two types of LDPE containers and glass containers in sterile area (Class 100) 

under Laminar Air Flow. LDPE containers were pre-sterilized with gamma radiation. Glass containers 

were washed with filtered water for injection and were sterilized by Dry Heat Sterilization (160°C for 2 

hours).  

Both filled LDPE and Glass vials were inspected individually against black and white surface for 

particulate matter. Above procedure was followed for all the six batches each of 500 ml. 

 

Formulation Design: 

The proposed formula was optimized by varying the concentration of Benzalkonium chloride. The 

quantities of Timolol maleate and other excipients were kept constant. As the aim of the present study 

was to optimize the concentration of BKC in formulation for Timolol maleate (0.5%) ophthalmic 

solution. 

Batches were planned by taking different concentrations viz.0.0 % v/v, 0.01%,0.012%, 0.016%, and 

0.02% ,0.024 % v/v of BKC, Timolol maleate 0.5%, Dibasic Sodium Phosphate, Monobasic Sodium 

Phosphate and Sodium hydroxide to adjust pH between 6.8 and 7.0 and volume was made up by water 

for injection. 

 

Table: Composition of Timolol Maleate Ophthalmic Solution. 

Name of 

ingredients 

                                              Formulation Batches 

OPT/TIM/ 

T-001 

OPT/TIM/ 

T-002 

OPT/TIM/ 

T-003 

OPT/TIM/ 

T-004 

OPT/TIM/ 

T-005 

OPT/TIM/ 

T-006 

Timolol 

maleate 

6.8 mg/ml 6.8 mg/ml 6.8 mg/ml 6.8 mg/ml 6.8 mg/ml 6.8 mg/ml 

Benzalkonium 

chloride* 

 

0.0%v/v 

 

0.01%v/v 

0.012% 

v/v 

0.016% 

v/v 

 

0.02% v/v 

0.024% 

v/v 

Dibasic 

Sodium 

Phosphate 

30.42 

mg/ml 

30.42 

mg/ml 

30.42 

mg/ml 

30.42 

mg/ml 

30.42 

mg/ml 

30.42 

mg/ml 

Monobasic 

Sodium 

Phosphate 

6.10 

mg/ml 

6.10 

mg/ml 

6.10 

mg/ml 

6.10 

mg/ml 

6.10 

mg/ml 

6.10 

mg/ml 

Sodium 

hydroxide 

QS to 

adjust pH 

QS to 

adjust pH 

QS to 

adjust pH 

QS to 

adjust pH 

QS to 

adjust pH 

QS to 

adjust pH 

Water for 

injection 

QS QS QS QS QS QS 

 

Results of stability/cotainer compatibility study: 

In stability/container compatibility study drug product was evaluated for assay of Timolol maleate and 

Benzalkonium chloride at initially, stress condition and at accelerated condition. Analysis was done by 

using HPLC. Other evaluated parameters are pH, Osmolality, Drop size and Water loss. 

The chromatograms for assay of Timolol maleate at each time point of the stability are as shown below. 
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Initial 

 

 
Fig : Chromatograms for Timolol maleate assay at Initial 

 

Three piece container  

1week            

 

 
 

2 weeks 
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Fig : Chromatograms for Timolol maleate assay at Stress condition in Three piece container 

 

Conclusion: 

From the results of Preservative efficacy test, it was found that Benzalkonium chloride (0.02% v/v) and 

(0.024% v/v) showed 2 log reductions at 6 hours and 5 log reductions at 24 hours and no recovery at 28th 

day for bacteria. For fungi it showed log reduction as stated in criteria, 2 log reductions at 7th day and no 

recovery at 28th day. Both these concentrations passed the criteria according to British Pharmacopoeia. 

As the aim of study was to minimize the concentration, it will be preferable to use 0.02% v/v 

concentration of BKC in Timolol maleate 0.5% ophthalmic solution. 

In case of container compatibility study, results for Assay of Timolol maleate and Benzalkonium 

chloride, pH, Osmolality, drop size and water loss are within range of specifications for Three-piece 

containers, BFS containers and Glass containers. But Three-piece containers showed better results for 

compatibility with Timolol ophthalmic solution as compared to the BFS and Glass containers. 

Therefore, three- p i e c e  containers (Low density polyethylene, PE 1840 H) are the best containers 

for Timolol maleate (0.5%) ophthalmic solution. 
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