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INTRODUCTION 

PURPOSE 
 To develop methodologies to evaluate the effect of excipients on physicochemical characterisctics of 

semi-solid ocular formulations 

 To study the feasibility of in vitro methods to predict in vivo performance of generic products 

compared to innovator’s ocular semisolid product encompassing release studies in simulated tear 

solutions 

 Formulation design and performance evaluation 

of ophthalmic semisolid products presents a 

major challenge for formulation scientists 

METHODS 
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RESULTS 

CONCLUSIONS 

FUNDING 

 Tobramycin, a widely used aminoglycoside 

antibiotic for the treatment of bacterial 

infections, exhibits polymorphism and high 

water solubility and was selected as the model 

drug 

 Tobramycin ophthalmic ointment (0.3%)  was 

used for this study 

 Formulations were prepared using two different methods with three different forms of API and three 

different sources of petrolatum (Source A, B and C) and compared with reference tobramycin 

ointment 0.3% (Reference)  

• Particle size of API using microscopy 

• Solubility and membrane binding studies of API 

• Content uniformity of formulations 

• Differential scanning colorimetry (Modulated temperature) 

• Rheological evaluation of formulations 

• Release studies using different dissolution techniques 

Rheology was studied using AR-G2 rheometer  

a) Strain sweep  tests (0.05-20%) at constant frequency (1 Hz) to determine 

relaxation time and yield stress 

b) Steady state flow tests to study the viscosity behavior using flat plate geometry 

c) Temperature sweep tests to determine viscosity at various temperature using 

cone plate geometry  

Modulated temperature differential scanning colorimetry (MTDSC) : Performed by heating sample from 50°C 

to 300°C at a rate of 2°C/min with modulation period of 60s and modulation amplitude of ±1°C 

Solubility and membrane binding studies  

Non-micronized API 

Mean particle size  

(>10µ) 

Micronized API 

Mean particle size 

(< 10µ) 

 Content uniformity of all the formulations was found to be between 90-120% (acceptable range specified in USP) 

Fig. 2: Storage modulus (G’) of 

formulations prepared using three different 

sources of petrolatum and the Reference 

(34°C, n=3) 

Particle size analysis Solubility and membrane binding studies 

Fig. 3: Storage modulus (G’) of various 

formulations (25°C, n=3) 

Fig. 4: Yield stress of various 

formulations (25°C) (n=3) 
Fig. 5: Viscosity profile of formulations as a 

function of shear rate (25°C) (n=3) 

Fig. 6: Temperature effect on viscosity 

profile of formulations using cone fixture 

(n=3) 

• Tobramycin was added to artificial tear solution 1 

or 2 (TS1 and TS2), incubated at 37°C for 2h 

centrifuged and analyzed 

• Standard tobramycin solutions prepared in TS1 

were incubated with artificial membranes 

(cellulose acetate and polyether sulphone) at R.T. 

for 1h, analyzed for assay and were compared 

with negative control (no membrane) 

Optimization Physicochemical characterization 

In vitro release studies 

Content uniformity Composition of tear solutions 

 Solubility of tobramycin in TS1 and TS2 

was found to be > 700mg/ml 

 No binding of tobramycin to either of the 

membranes was observed at the 

concentrations studied (Fig. 1) 
Fig. 1: Membrane binding  studies for 

tobramycin (25°C) (n=3) 

MTDSC 

 Petrolatum source significantly influenced the rheology of the manufactured 

ointment formulations (Fig. 2) 

 Formulations I and III prepared using source A petrolatum showed comparable 

rheological behavior to the Reference (Fig. 3) 

 Yield stress of formulation V prepared using high speed mixing was significantly 

different (p<0.05) from all other formulations (Fig. 4) 

 A significant difference (p<0.05) was observed in the yield stress of formulations 

I, III and the Reference compared to formulations II, IV, V and VI 

 Differences were observed in the viscosity of the formulations at different shear 

rates and temperatures (Fig. 5 and 6) 

Rheology 
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Statistics: ANOVA analysis was performed to determine significant differences in the rheological parameters between 

the formulations 

Optimal concentration for 
appropriate duration to provide 

high therapeutic efficacy 

Complex ocular surface and 
physiological environment 

Frequent administration may 
induce toxic effects 

Pre-corneal clearance 

High shear due to blinking 

Increases regulatory hurdles for approval of generic ophthalmic 
formulations 

Challenges in ocular 
drug delivery 

Compendial in vitro methods to assess sameness and/or bioequivalence of 
semi-solid ocular products are currently not available 

 Concentration of drug released was found to be below the linear detection 

sensitivity of the analytical method at 34°C 

 Burst release was observed from all the formulations at 37°C with a flow 

rate of 30 ml/min in USP apparatus IV. Release profiles of formulation III 

and the Reference were found to be similar especially at later time points, 

while formulations IV and V exhibited much lower drug release. The large 

variation in formulation VI might be due to the non-micronized API used 

in this formulation (Fig. 7).  

 Different sources of petrolatum, forms of API and method of preparation influence the rheological parameters 

and MTDSC behavior of formulations 

 Dissolution temperature, exposed surface area and speed were found to play a critical role in the release of the 

drug from semi-solid formulations 

 Formulation with physicochemical properties and rheological behavior similar to Reference may show 

comparable in vitro  release behavior 

USP apparatus 
IV 

Temperature: 34°C, 37°C 

Flow rate: 18 and 30ml/min 

Immersion cell 
With paddle 

apparatus 

Temperature: 34°C 

RPM: 50 and 200 rpm 

Release medium: TS1 (50 ml)  

pH 7.4 

In vitro release studies 

Fig. 7: Drug release profiles of various formulations 

using USP apparatus IV at 37°C (n=3) 


