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                               Gentamicin Sulphate ocuserts were prepared using different polymers such as HPMC, PVP, MCC, MC and EC at various concentrations. The in vitro release of the drug from the formulation was studied using commercial semi permeable membrane. The physico-chemical parameters of the ocuserts were evaluated. A zero order release formulation F6 (drug reservoir with 2% HPMC and 4% EC as rate controlling membrane) was subjected to Higuchi’s and Peppa’s equations, which have revealed that the mechanism of drug release was diffusion mediated accompanied by swelling of the matrix. In vivo study of formulation F6 using rabbits indicated a good correlation with in vitro.  
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 Gentamicin Sulphate is a broad spectrum antibacterial agent useful in the treatment of eye infections such as conjunctivitis, keratitis and kerato conjunctivitis (1). It is presently available as eye drops, which need to be administered six times a day. Moreover, the conventional dosage form has several drawbacks such as loss of drug from tearflow, lacrimal and nasal drainage, lesser absorption, increased frequency of administration and patient non-compliance. In the present study an attempt was made to prepare an ocusert (2), (3) with the aims of increasing the contact time, achieving the controlled release, reducing the frequency of administrations, improving patient compliance and obtaining greater therapeutic efficacy(4). 

 Materials and Methods                                                 

                                              Gentamicin sulphate (U.S.P.) was kindly provided by TTK Pharma, Chennai. The polymers used were hydroxyl propyl methyl cellulose (15 cps), methyl cellulose (40 cps), ethyl cellulose (20 cps) and polyvinyl pyrrolidone (K-30) which were purchased from S.D. Fine Chem. Boisar and microcrystalline cellulose (MCC) was procured from Loba Chemie, Mumbai. The college has registered with CPCSEA for carrying out the animal studies. The registration number is 661/02/C/ CPCSEA. The present project work was carried out after obtaining permission from the Institutional Animal Ethical Committee whose number is IAEC / MP- Br. I/01/05.

Preparation of drug reservoir:

                                                   The reservoir films containing 35.68 mg of Gentamicin Sulphate with different polymers at various concentrations were casted on a mercury surface using a ring of 4 cm diameter having 3 ml capacity by incorporating glycerine (30 % w/w of polymer) as plasticizer. After drying at room temperature for 24 h, circular films of 8 mm diameter (an area of 0.56 cm2) each containing 1.59 mg of drug were cut (Table 1).    

Preparation of rate controlling membrane:

                                                   A rate controlling membrane was casted on a glass plate using the polymer ethyl cellulose by incorporating diethyl phthalate (30 % w/w of polymer) as plasticizer and circular membranes of 10 mm diameter were cut (Table 1). Both sides of drug reservoir were sealed using the rate controlling membrane to control the release (5). 

In vitro release studies:      

                                                 The study was carried out using bi chambered donor- receiver compartment model where a commercial semi permeable membrane of transparent and regenerated cellulose type (Sigma dialysis membrane) was tied to one end of the donor compartment. The semi permeable membrane acted as corneal epithelial barrier. In order to simulate the tear volume, 0.7 ml of distilled water was placed and maintained at the same level throughout the study. The entire surface of the membrane was in contact with the receptor compartment containing 25 ml of distilled water. The content of the receptor compartment was stirred continuously using a magnetic stirrer (6).  

                                                Samples of 1 ml were withdrawn from the receptor compartment at periodic intervals and replaced with equal volume of distilled water. The drug content was analyzed at 568 nm on a Shimadzu UV/Vis spectrophotometer after the addition of ninhydrin and pyridine (7). 

Evaluation of Ocuserts: 

                                               The prepared ocuserts were evaluated for moisture absorption (8), moisture loss (8), thickness, weight variation and drug content (7). Formulation F6 (drug reservoir with 2 % HPMC and 4 % EC) showing zero order and maximum release was sterilized by ethylene oxide. The test for sterility was carried out as per Indian Pharmacopoeia.

In vivo study:

                       Male rabbits (Orytolagus cuniculus), 10-12 weeks old weighing 1 to 2 Kg were used in the present study. They were kept 3 per cage with husk bedding and were fed with standard rodent pellet diet and water as much as required. A dark and light cycle of 12 h was maintained. The temperature and relative humidity conditions were 28 ± 2 o and 60 ± 15 % respectively (9), (10).

                                                A group containing 12 healthy rabbits was treated as control. Similarly another set containing same number of rabbits was utilized as study group. All of them were kept in hygienic conditions in order to avoid the vulnerability to any diseases including ophthalmic type. The ethylene oxide sterilized ocusert of formulation F6 (drug reservoir with 2 % HPMC and 4 % EC as rate controlling membrane) was placed in the lower eyelids of rabbits. At specific intervals of time, the films were removed carefully and analyzed for the remaining drug content (7). 

Results and Discussion 

                                                The study on percent moisture absorption reveals that the ocular inserts are capable of absorbing the moisture in the range of 6.03 to 10.41. The variation in absorption of moisture may be due to the proportion of hydrophilic polymers in each formulation.

                                              Moisture loss study of formulation F1 (drug reservoir with 4 % HPMC and 6 % EC as rate controlling membrane) has shown maximum loss of 11.37 %. This result can be interpreted as, even though a hydrophilic polymer HPMC has tendency to absorb the moisture, this property might have been masked by the hydrophobic polymer EC which is present in high amount (6 %) than that of HPMC (4 %).

                                               All the batches were formulated to have thickness range as minimum as possible in order to minimize irritation on eyes. The thickness of the formulations ranged from 0.27 to 0.36 mm. The minimum standard deviation values project the fact that the process used in the study is capable of giving uniformly sized films. This fact on the reliability of the process is further confirmed by drug content analysis. 

                                                In vitro study showed the required drug release from formulation F6 (drug reservoir with 2 % HPMC and 4 % EC as rate controlling membrane) through an artificial membrane over an extended period of 19 h (Fig. 1). Though some other formulations had shown the zero order release, the amount of drug released was less when compared to formulation F6. In vivo release of formulation F6 in the lower eyelids of rabbits was 91.36 % for 24 h. The release pattern followed zero order kinetics.

                                                  In order to elucidate the mechanism of drug release and structural changes in the matrix during drug release, datas were graphically treated according to Higuchi’s (11) (Fig. 2) and Peppa’s equations (plots not shown). Statistical parameters such as degree of linearity and slope of respective plots (Table 2) were analyzed for above cited reasons. Higuchi’s plots revealed that the drug release was diffusion mediated in most of the formulations. Peppa’s plots showed that the diffusion mechanism be probably accompanied by swelling of the matrix which was inferred from the proximity of the slope values to one. Although in some cases non- fickian diffusion was encountered; in many formulations matrix swelling might have prominently mediated the drug diffusion. 

                                                       In vitro-in vivo correlation was carried out for the therapeutic efficacy of the pharmaceutical formulation. The correlation coefficient of formulation F6 (drug reservoir with 2 % HPMC and 4 % EC as rate controlling membrane) was found to be 0.9827 which confirms the correctness of in vitro  release method followed  (Fig.3) and adaptability of the delivery system to the biological system where it can release the drug in concentration independent manner. Formulation F6 also passed the test for sterility.

                                                        Accelerated stability study was carried out by exposing the formulation F6 (drug reservoir with 2 % HPMC and 4 % EC as rate controlling membrane) at 4oC, 37oC and 60oC for one month. Formulation F6 was stable both physically and chemically at 4oC and 37oC. The physical appearance of the formulation exposed to 60oC showed a marked change after 5 days. The shelf life of formulation F6 was found to be 42 days when determined by Free and Blythe theory(12).

                                                        In conclusion, these results indicate that formulation F6 (drug reservoir with 2% HPMC and 4 % EC as rate controlling membrane) has achieved the targets of the present study such as increased residence time, prolong zero order release, reduction in frequency of administration and thus may improve patient compliance.
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TABLE 1: Composition of formulations 
	 Formulation

Code
	Rate
Controlling

Membrane
	Drug Reservoir (%)

	
	EC
	HPMC
	PVP
	MCC
	MC

	        F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14


	         6

4

6

4

6

4

6

4

6

4

6

4

6

4
	       4

4

3

3

2

2

-

-

3.6

3.6

3.6

3.6

3.2

3.2
	        -

-

-

-

-

-

-

-

0.4

0.4

-

-

0.4

0.4
	            -

-

-

-

-

-

-

-

-

-

0.4

0.4

0.4

0.4
	        -

        -

-

-

-

-

1

1

-

-

-

-

-

-


EC : Ethyl Cellulose, HPMC :Hydroxy Propyl Methyl Cellulose, PVP : Poly Vinyl Pyrollidone, MCC : Micro Crystalline Cellulose and MC : Methyl Cellulose.
TABLE 2: Regression values of higuchi plot and slope values of                              peppa’s plot for the various formulations
	Formula code
	Regression Values of

Higuchi’s Plot
	Slope Values of Peppa’s 

Plot

	               F1

               F2

               F3

               F4

               F5

               F6

               F7

               F8

               F9

               F10

               F11

               F12

               F13

               F14
	0.9628

0.9486

0.9826

0.9892

0.9686

0.9965

0.9827

0.9700

0.9630

0.9855

0.8224

0.9128

0.9808

0.9666
	1.0492

0.6335

1.2287

1.0330

0.6937

0.9192

0.7947

1.0627

0.8091

0.6421

1.0240

0.4939

0.6348

0.4896


 Fig. 1            In vitro release of Gentamicin Sulphate from F6 (drug reservoir with 2 % HPMC and  4% EC as rate controlling membrane)
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Fig. 2 Higuchi’s plot for the release profile of Gentamicin Sulphate from F6 (drug reservoir with 2% HPMC and 4% EC as rate controlling membrane)
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Fig. 3   In vitro-in vivo correlation for the release of Gentamicin Sulphate from F6 (drug reservoir with 2 % HPMC and 4 % EC as rate controlling membrane) showing a coefficient value of 0.9872
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