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ABSTRACT:

The goal of the current study, which focusses on treating ocular inflammation, is to use ocular films to reduce
the frequency of drug administration, achieve controlled release, and increase the therapeutic efficacy of the
drug (dexamethasone). According to a factorial design study, multiple combinations containing diverse
combinations of polymers, such as HPMC K100M, ethyl cellulose, Carbopol 934, and PVP K30, were designed
for different batches of ocular films with a 0.5% w/v concentration via solvent evaporation method. No
microbiological growth was discovered in any formulation during sterility testing by direct inoculation method.
The drug release for prepared formulations of different batch codes DF 1, DF2, DF3, DF4, DF5 and DF6 was
found to be 92.6 £ 1.6, 55.1 £3.6, 92.3 £2.7,96.1 £ 1.5, 97.9+ 3.8 & 94.5 £ 4.5 % respectively upto 12 hours.
The highest drug release (97.9+£3.8) was optimised for ocular films with batch code DF5. Periodically (0.5 to
06 hours) after the sterile formulation was administered, the anti-inflammatory impact was observed in the
treated versus control eyes of every rabbit. With just one dose, the inflammation was totally decreased by the
optimised batch DF5 of ocular inserts for up to four hours
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INTRODUCTION

The topical administration of anti-inflammatory drugs, such as non-steroidal (NSAIDs) [1] and steroidal
(SAIDs) [2], has been shown in numerous reports to be effective in treating ocular surface and anterior segment
inflammation. This includes pain and inflammation following surgery, seasonal allergic conjunctivitis [3, 4],
and age-related macular degeneration [5]. Ocular inflammation is recognised as a major eye disorder.
Additionally, it has been shown that several immunosuppressive medications, like ciclosporin A (CsA), are
effective in treating keratitis linked to dry eye disease (DED) [6, 7]. The fundamental difficulty in the therapeutic
management of ocular inflammation is prompt treatment in order to lessen the risk of visual impairment while
limiting adverse effects. Topical administration is the most preferred route for the management of ocular
inflammations as it is (i) easy to handle, (ii) non-invasive, (iii) rather well-tolerated [1], and (iv) it provides
sufficient ocular drug concentrations, while avoiding the systemic side effects associated with oral
administration. [3]

Although creating a controlled release formulation for the ocular route has been the most difficult undertaking,
pharmaceutical research specialists have found this to be a very creative and fascinating field of study. [5] The
eye is a highly sensitive and protected organ due to its particular anatomy and physiology, and its structure
prevents drugs from entering the intended site of action. For the treatment of various infections in the cul-de-
sac, conventional drug delivery systems such as eye drops, suspensions, and ointments are widely used.
However, they cannot be regarded as optimal because most topically instilled drugs do not offer adequate
bioavailability due to the wash off of the drugs from the eye through lacrimation and tear dilution [8,9]. In
addition, less than 5% of supplied drugs reach the eye because the human cornea, which is made up of
epithelium, substantia propria, and endothelium, prevents drug penetration. Alternative techniques (ocular
inserts/ films, corneal shield, sol to gel system etc.) are continuously investigated to achieve significant drug
absorption into the eye. [10, 11]

High potency is a characteristic of dexamethasone (9-fluoro-11p, 17,21-trihydroxy-16a-methylpregne-1,4-
diene-3,20-dione), a synthetic derivative of glucocorticoids. One of the powerful synthetic analogues of
systemic cortisol and nearly aqueously insoluble is dexamethasone (DEX) [12, 13]. The great potency and
efficiency of dexamethasone sodium phosphate (DEX) has made it stand out among the corticosteroids used in
ocular therapy [14]. The drug's molecules bind to glucocorticoid receptors found in different cells to mediate
DEX's effect [15].

In order to overcome the issues with traditional ophthalmic dosage forms and achieve a controlled and consistent
release of medication, ocular films were prepared using varying concentrations of hydroxyl propyl methyl
cellulose (HPMC K100M), polyvinyl pyrollidone (PVP K30), carbopol 934, and ethyl cellulose. Drug
permeability through polymeric films is influenced by the polymer's properties, the casting solvent, and the
plasticisers employed. In order to decrease brittleness, add flexibility, boost strength, and enhance adhesiveness
of the films with surfaces or membranes, plasticisers (phthalate esters, phosphate esters, fatty acid esters, and
glycol derivatives) are highly helpful when preparing polymeric ocular films [16, 17].

MATERIAL AND METHODS

Materials: Yarrow Chem Pvt. Ltd., Mumbai, India provided a gift sample of dexamethasone while all the
polymers of analytical grade were purchased from different suppliers of India like HPMC K100M from S. D.
Fine Chemicals Pvt. Ltd.-Mumbai, PVP K 30 and Ethyl cellulose and PEG from Qualikems fine chem. Pvt Ltd.-
Delhi.

Preparation Of Ocular Films: With 0.5 percent w/v concentration of (DF1-DF4), 1.30 percent w/v
concentration of (DF5), and 1.44% w/v concentration of (DF6), different combinations were designed for
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different batches of ocular films according to a factorial design study. These combinations were created using
the solvent evaporation method and contained different combinations of polymers, such as hydroxyl propyl
methyl cellulose (HPMC K100M), ethyl cellulose, Carbopol 934, and polyvinylpyrrolidone (PVP). To create a
transparent solution, the optimal concentration of particular polymers were homogenised. After the clear
solution was ready, 30 millilitres of the solution for six films were pipetted out, and the medication was added.
Stirring helped the solution become homogenised. The resultant solution was poured onto the glass ring after it
had been placed over the previously lubricated petri plates. The medication solution was used up in one glass
ring (5 ml). To facilitate gradual evaporation, an inverted funnel was positioned over the petri plate. Cotton
wool was used to plug the funnel's open end. [18, 19] The whole assembly was left undisturbed till the films
dried. The film rings were removed from the petri plates once they had finished drying, and a die was used to
cut them to the right size.

Table 1: Formulation Chart

Batch Drug HPMC K100M | Ethyl Carbopol 934 | Polyvinylpy | Plasticizer
Code o cellulose rrolidone (% wiw)
(% wiv)
K30
DFl1 0.1 0.5 - - - 10
DF2 0.1 - 0.5 - - 10
DF3 0.1 - - 0.5 - 10
DF4 0.1 - - - 0.5 10
DF5 0.1 0.65 0.65 - - 10
DF6 0.1 - 0.48 0.48 0.48 10

Physicochemical characterization: The physicochemical properties of the dexamethasone ocular films,
including folding endurance, thickness, surface pH, moisture absorption, moisture loss, stability studies, and
drug release, were assessed.

The number of folds at a single location needed to split an ocular film into two halves was used to measure the
folding endurance of the films. Using screw gauze, the thickness of the recovered films was measured. The film
was placed on the anvil so that the area where the thickness is to be measured rests after the basic settings were
completed. [20] To determine the film's thickness, the screw was gradually tightened onto the specimen, and
the gauze's reading was recorded. By covering them with two drops of distilled water and allowing them to
swell, the surface pH of the film was determined. After this the swollen film was taken and pH was determined
using pH paper on the surface of the film.

The purpose of the % moisture absorption test was to evaluate the ocular films' physical stability or integrity.
After weighing, ocular films were put in a desiccator with 100 millilitres of an ammonium chloride saturated
solution. The ocular films were removed and reweighed after three days. [21] The percentage moisture
absorption was calculated using the formula:

% Moisture absorption = final weight - initial weight/ initial weight x 100

The film's integrity was examined at dry conditions using the percentage moisture loss method. Weighed ocular
films were stored in desiccators with anhydrous calcium chloride. The ocular films were removed and reweighed
after three days, [22] the percentage moisture loss was calculated using the formula:

% Moisture loss = initial weight - final weight/ initial weight x 100

Stability Study of Optimized Batch of Ocular Film: Using the stability chamber, replicates of ocular films
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(packaged in aluminium foil) were stored for 0, 30, 90, and 180 days at a relative humidity of 75% + 5% at a
temperature of 400 + 2°C and for 180 days at room temperature. Stability studies were performed on batch code
DFS5, in accordance with ICH guidelines. The sample was collected after 30, 90, 180 days under accelerated
circumstances and 180 days at RT, respectively and assessed. [23, 24]

In-vitro drug release study: The inserts were positioned on a modified Franz diffusion cell that was held at 37
+ 1°C with continuous stirring at 50 rpm. The cellophane membrane was in contact with an isotonic phosphate
buffer pH 7.4. 1 ml Sample was withdrawn at different time intervals evaluated for drug concentration
spectrophotometrically (Shimadzu UV 1700) at 256 nm. [25]

Sterility testing of optimized batch of ocular film: A batch of optimised ocular films was collected and placed
in two distinct sterile nutrient agar petri dishes. As a negative control, one uninoculated nutrient agar petri plate
was used (to assess sterility of the medium). As a positive control, one nutrient agar petri dish was infused with
an isolated culture of Staphylococcus aureus from the lab. For twenty-four hours, both petri dishes were
incubated at 37°C. [26] Results were analysed with positive and negative control petri dishes. The fact that
germs grew in the positive control test and did not grow in the negative control test demonstrated that all test
equipment was sterile and that aseptic conditions were maintained. Now the sample formulation were placed in
the negative control test and incubated at same conditions. There was no growth of microorganism in the
samples under test, confirming the sterility of ocular films. These sterile ocular films were considered suitable
for in vivo studies. [27, 28]

Sterilization of Optimized Batch of Ocular Film: These formulations were packaged in previously sterilised
aluminium foil after being individually sterilised for 90 minutes in a cabinet under aseptic circumstances by
subjecting both sides to UV light. [29]

Pharmacological study: The institutional animal ethics committee at the study site prepared and approved the
protocol for in vivo studies with rabbits. Prior to the trial, the rabbits were kept in a temperature-controlled room
between 20°C and 24°C while being given pellets with a balanced diet. When a 100 microlitre syringe was used
to subconjunctivally inject arachidonic acid (05%) into the left and right eyes of six male Albino rabbits
weighing 2.5 kg, the amount of inflammation increased in proportion to the dose. Prior to administering the
medication (zero-time), and at predefined intervals following the insertion of an ocular film containing
dexamethasone into the conjunctival sac of each rabbit's treated right eye, the inflammation was noted with lid
closure in both eyes. Its topical therapy of ocular irritation was suggested by dose-response relationships that
were shown. Based on the Peyman scale, the lid closure was rated as follows: 0 for entirely open, 1 for two-
thirds open, 2 for one-third open, and 3 for fully closed. [30-32]

RESULTS AND DISCUSSION

Glycerin was used as a lubricant during the solvent evaporation method's preparation of the dexamethasone
ocular films, which were then characterised based on physicochemical parameters, sterility tests, and in-vitro
and in-vivo release investigations. A variety of metrics, including folding durability, thickness, surface pH,
percentage of moisture absorption, percentage of moisture loss, and drug release of ketorolac tromethamine,
were assessed for each formulation including each polymer. (Table 2)

Table 2: In Vitro Evaluation Of Optimized Batches

Batch Folding Thickness | Surface | % moisture | % moisture % Drug

Code endurance (nm) pH Absorption loss (w/w) Release
(no. of folds) (w/w)

DF1 74 £1.26 5.5+0.1 6.6 6.16+1.4 1.11 £0.04 926+ 1.6

DF2 78 £1.65 49+£0.2 7.1 1.94+1.1 0.59 +0.05 55.1+£3.6

DF3 53+0.59 6.3+0.8 6.6 428+1.2 0.48 £0.02 923+2.7
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DF4 43 +1.13 6.6+0.4 6.9 6.65+1.4 1.23 £0.02 96.1+1.5
DF5 80+ 0.18 48+0.1 7.0 3.12+1.1 0.56 +0.04 97.9+3.8
DF6 67+0.73 4.6+04 7.3 411+1.5 0.69 £ 0.02 94.5+4.5

Values are expressed as mean = SD (n=5)

The ocular films' physico-chemical properties were influenced by the type of rate-controlling membrane. The
most significant ingredient that can influence the mechanical characteristics of the films is the plasticiser, which
lowers the polymer's glass-transition temperature. PEG-400 was used for this investigation at a concentration
of 10% w/w of total polymer because it produced sufficiently malleable films to enable uniform subdivision
into films without shattering the film. HPMC K100M ocular films with EC and PVP K30 rate-controlling
membranes were elastic and flexible. Thickness and folding endurance were optimum in all batches and the %
cumulative drug release (Figure 1) was evaluated with all six batches, the batch code DF5 was optimized with
a maximum drug release (97.9 £ 3.7) having surface pH (7.0), % moisture absorption (3.12 + 1.1 w/w) and %
moisture loss (0.56 = 0.04 w/w). All the batches of formulations except batch code DF2 shows approximate
linearity but batch code DF5 shows desirable cumulative release of drug within 12 hrs

120
100
80

60

% CDR

40

20

Time (hrs)

«=@==DF] e=@==DF2 DF3 «=@==DF4 DF5 DF6

Fig 1: % Cumulative Release of Optimized Batches of Ocular Films of Dexamethasone

Stability study: The stability study was conducted for batch code PEEH with an accelerated study from 0 day
to 6 months & up to 6 months at room temperature, based on the physicochemical characteristics and in-vitro
comparative release study of all six batches. Folding endurance, thickness, surface pH, % moisture absorption
(table 3) and % drug release (figure 2) were further evaluated. The results of the accelerated stability
investigations, which were conducted at higher temperatures and humidity levels, showed that the surface pH,
folding endurance, and film thickness did not significantly alter. Ocular films could be kept in a study storage
area safely. To guarantee formulation stability, moisture-proof packaging and a storage temperature of no more
than 40 °C are advised. According to the ICH criteria, the formulations may be awarded a preliminary shelf-life
of more than years, as the overall deterioration was less than 5%. During the accelerated stability analysis, the
drug release for batch code DF5 was shown to be optimal at various time intervals.

Table 3: Stability Study Of Final Selected Batch DF5

Parameters evaluated Accelerated Study Room Temp.
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0 day 30 days 90 days 180 days 180 days
Folding endurance 80 79.5 77 74 82
Thickness (pm) 4.8 4.8 4.9 4.8 4.9
Surface pH 7.0 7.1 7.1 7.3 7.3
% moisture Absorption (w/w) 3.12 3.14 3.17 3.27 2.92
% Drug Release 97.9 97.23 95.11 94.87 96.11
120
100
b
§ 8o
(O]
w 60
2
x
20
0

0.5 1 1.5 2 3 4 5 6 7 8 10 12
Time (Hrs)

«—=@==Accelerated Study 0 day = ==@==Accelerated Study 30 days
Accelerated Study 90 days ==@==Accelerated Study 180 days
==@==Room Temp. 180 days

Figure 2: % Drug Release From Batch DF5 During Stability Study

Pharmacological Study: Following the administration of the final optimised sterile formulation, inflammation
was observed in both eyes of each animal at regular intervals (0.5 to 06 hours) in the treated eyes compared to
the control eyes. The Tukey-Kramer multiple comparison test was employed after a one-way ANOVA to
compare the means of the various groups. When compared to the control group, there is a substantial drop (P <
0.05 & P < 0.01) in the inflammatory scores. The optimised batch DF5 of ocular inserts totally reduced the
inflammation up to 4 hours in a single dose, according to the findings shown in Figure 3.
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Left eye (C) Right Eye (T)

TIME (HRS)

Figure 3: Effect of anti-inflammatory agent (= SD) between control and treated group. (*P < 0.05 & **P
< 0.01 vs. control group)

CONCLUSION

PEG 400 was used as a plasticiser in the solvent evaporation method to create ocular films of dexamethasone
that were made using an excellent film-forming hydrophilic polymer (HPMC K100M) and rate-controlling
membranes made of ethyl cellulose and PVP K30. While numerous combinations were used to design varied
concentrations, batch code DF5's concentration was transparent, versatile, and smooth. For an optimal batch of
ocular film, the following physical-chemical parameters were met: folding endurance, thickness, surface pH, %
moisture absorption/loss, stability study, and sterility testing. An in-vitro and an in-vivo investigation showed
that the optimal formulation might provide advantages such longer drug release, longer residence times, fewer
administration frequency, and better patient compliance with total reduction of inflammation and redness.
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