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ABSTRACT

Ocular in situ gel (ISG) is a promising alternative to alleviate the shortcomings of conventional
formulations due to their association with dose accuracy and effective administration with prolonged
contact time. Therefore, present research aimed to develop a thermo-responsive in situ gel (TRISG) for
ocular drug delivery (ODD) with different levels of Pluronic® F407 and Pluronic® F188 for ciprofloxacin
HCI (CFH) and olopatadine HCI (OLH). The three optimal formulations were selected based on the
physicochemical characterization of nine batches and were evaluated successfully. The batch F5 of CFH-
OLH-TRISG explored the remarkable outcomes within acceptable limits in aspects of physicochemical
characterization and other parameters. The TRISG has proven to release over 120 min, which was
more significant than conventional drops (60 min), suggesting sustained release and better corneal
penetration. A compressive finding explored the TRISG with combination might be a pragmatic choice
for ODD with effective administration, enhanced ocular bioavailability, and sustained release.
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INTRODUCTION

The design of a novel ocular drug delivery system
(ODDS) has encountered numerous challenges and
complications in managing several optic disorders".
Improving health care quality and treating a disease
require developing and applying novel biomaterials?.
There are potential benefits of in situ gelin, and various
cellular, and enzymatic immobilization, researchers
recently attracted attention in developing hydrogels in
the forms of macro, micro, and nano-gels®*. Formulation
experts can modulate the proportion of stimuli-responsive
gelling polymers without adding auxiliary solvents or
co-polymerization accelerators to improve the extent of
gelatinization, ocular retention time, and drug release
rate®”. Ciprofloxacin HCI (CFH) is a second-generation
fluoroquinolone, a broad-spectrum antibiotic used in
conjunctivitis. It is chemically (S,S) -1-cyclo-propyl
6-fluro-1,4 dihydro-4-oxo-7 [ piperazine-1yl]-3- quinolone
carboxylic acid (Fig. 1a). Olopatadine HCI (OLH) is an
antihistaminic used to treat allergic conjunctivitis by
inhibiting the discharge of histamine from mast cells. It
is chemically 11-[(2)-3-(di-methyl-amino) propylidene]-
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Fig. 1 b) Olopatadine HCI

Fig. 1: Chemical structures of CFH and OLH
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6,11-di-hydro-di-benzo [b,e] oxepin-2-acetic acid
hydrochloride (Fig. 1b).

Itis commercially marketed as eye drops [e.g. Ciplox
D (Cipla), Olohyd (Oculent) etc.] and ointment [e.g. Ciplox
D (Cipla), Zoxan (Apollo) etc.]. In the event of a severe
infection, topical administration of CFH (0.3 %) and OLH
(0.1 %, 0.2 % and 0.7 %) solutions are recommended for
the patient®®. Over the past decades, TRISG has gained
enormous attention. Before administration, they are in a
sol state but can gelate when exposed to various stimuli,
including temperature, pH and incidence of ions'®.

They can be administered in a fluid form into the
eye, similar to eye drops, to deliver a precise dose of
medication. When in situ formulation converts into the
gel at the eye’s cul de sac, they eliminate the pitfalls
associated with marketed eyes drops, such as quick
nasolacrimal drainage and transitory corneal retention'"'2,
A substantial upsurge in the formulation’s corneal
retention time and bioavailability might be accomplished
by in situ gelation compared to the traditional DDS.
Thermo-responsive polymers can reveal dual-responsive
properties when combined with other responsive
moieties' ™. In micro/nano forms, temperature-triggered
hydrogels demonstrate a volume phase transition at a
specific temperature, leading to unexpected modification
in the solvent state'>. Numerous investigations have
documented that CHF and OLH-containing temperature-
triggered strategies can be employed to treat ocular
ailments such as glaucoma and infections resulting from
bacteria, fungi, and viruses'®2?2. The most frequently
utilized polymers can be categorized into synthetic
and natural polymers, such as poloxamers and poly
(N-isopropyl acrylamide)®*-%5. The combination of two
drugs is more effective than individual drugs; a single
drug with a combination of two different polymers was
previously developed, but CFH-OLH-TRISG has notbeen
formulated using two polymer combinations. Hence in
the present research, efforts have been taken to develop
TRISG formulation using a thermo-sensitive polymer
such as Pluronic® F407 (PNF 407) and Pluronic® F188
(PNF 188) for the effective administration of the CFH and
OLH into the eye for treating ocular ailments, enhanced
residence time and ocular bioavailability.

MATERIALS AND METHODS

Materials

CFH and OLH were procured from Aadhaar Life
Sciences Pvt. Ltd, Solapur, India and Indoco Remedies
Pvt. Ltd., Mumbai, India, respectively. Ciprofloxacin HCL
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eye drop (0.3% Cipla Ltd., CIPLOX) and Olopatadine HCI
eye drop (0.1% Lupin Ltd., OLOBLU) were purchased
from the local pharmacy. PNF 407 and PNF 188
were procured from Moly Chem. Pvt. Ltd., Mumbai,
India. Benzalkonium Chloride (BKC) was bought from
Loba Chemie Pvt. Ltd., Mumbai, India. The auxiliary
chemicals and solvents used were all of analytical grade.

Methods
Pre-formulation studies

Determination melting point

The CFH and OLH powder's melting point was
determined using a capillary glass technique. Both drugs
were packed separately into glass capillaries, with one
end sealed with a flame. The drug-containing capillary was
immersed with an appropriate aperture in liquid paraffin
inside Thiele's tube and heated with a silicon oil heater
with a heating rate of 1 °C/minute. The melting points
were monitored by analyzing the melting temperature at
which they began to melt2®.

Solubility

Solubility testing was performed by following the
consensus recommendations for vigorous shaking with
slight alterations in the methodology reported by Bharate
in 2015. The solubility of CFH was determined in double
distilled water (DDW), methanol, and ethanol, while
OLH’s solubility was determined in DDW, formic acid and
dehydrated alcohol. Each test tube containing solvent
(5 mL) was laden with excess amount of CFH and OLH.
Furthermore, the testtubes were covered using aluminium
foil and the results documented based on complete or
partial solubilization of the drug?”.

Fourier transformed infrared spectroscopy (FT-IR)

The FT-IR spectrophotometer (FTIR- 8400S,
Shimadzu, Japan) was employed to discover the purity
and identify drugs by detecting their functional groups.
The samples of pure CFH and OLH (3 mg each) were
precisely weighed, combined with IR-grade potassium
bromide (50 mg), compressed into discs, and examined
successfully. The scanning was done at a resolution of
0.48-1.93 cm in 2000-400 cm-' range?®.

Drug-excipient compatibility study

The drug-excipient compatibility was implemented to
determine the chemicalinteraction between the drugs and
excipients. The physical mixture of drugs [CFH (0.35 %);
OLH (0.55 %)] and TRISG excipients was prepared by
differing their concentrations (Table I) and stored for 30
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days at a temperature 40 + 2 °C and 75 = 5 % relative
humidity (RH). Afterwards, batches were analyzed by
using RP-HPLC=.

Table I: Excipient compatibility for TRISG

Sr. | Ingredient | EC- | EC- | EC- | EC- | EC-
No. (%) 1 2 3 4 5
1. PNF 407 |15.00f - |15.00|15.00|15.00
2. PNF 188 |[15.00(15.00| - |15.00(15.00
3. Sodium 0.50 | 0.50 | 0.50 - 0.50
chloride
(NaCl)
4. BKC 0.02 | 0.02 | 0.02 | 0.02 -
5. DDW gs. | gs. | gs. | gs. | gs.

Formulation and development of TRISG

The TRISG was prepared under aseptic conditions
by dissolving varying concentrations of PNF 407 and
PNF 188 in 50 mL DDW (A). The solution was placed
in a refrigerator (4 = 2 °C) for 24 h to obtain complete
dispersion of the polymers. The CHF (0.35 %) and OLH
(0.55 %) were added separately in deionized DDW (B).
Afterwards, the drug and polymer solution were mixed
inside the vials atroomtemperature (RT) (C) and stored in

a refrigerator (4 + 2 °C) for 24 h (Fig. 2). All the prepared
batches of TRISG formulations contain a constant
concentration of BKC (0.02 %) and NaCl (0.50 %) as
preservatives and tonicity agents, double distilled water
(DDW) as a vehicle to stop the growth of microorganisms
and irritation of the ocularmembrane. Formulations were
sterilized in an autoclave for 15 minutes atatemperature
of 121°C and 15 PSI of pressure. The compositions of
prepared TRISG comprising different gelling agents are
given in Table 1%,

Physicochemical characterization of prepared
CFH and OLH-TRISG formulations

The developed formulations of the TRISG were
determined by demonstrating clarity, pH, gelation studies,
viscosity, DC estimation, release kinetics and stability
studies.

Visual appearance, clarity and pH

Clarity study is considered to be one of the most crucial
parameters for ocular formulations. It was performed
under visual inspection with adequate illumination. All
formulations were observed against a black and white
background for any indications of turbidity or scattered
particles, with the components set in swirling motion.
The pH of the formulated TRISG was estimated via a pH
meter (Thermo Scientific Orion Star A211)3'.
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Drug
Solution
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Fig. 2: Formulation of TRISG for ocular delivery
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Table II: Quantitative data for polymers in TRISG formulation

Sr. No. | Ingredients (%) F1 F2 F3 F4 F5 F6 F7 F8 F9
1. PNF 407 5.00 7.50 10.0 10.0 15.0 20.0 15.0 22.5 30.0
2. PNF 188 10.0 7.50 5.00 20.0 15.0 10.0 30.0 22.5 15.0

Evaluation of gelation temperature (GT)

The formulations’ GT was assessed using the test
tube inversion technique. A quantity of 2 mL of TRISG
formulation was enclosed in a test tube and kept in a
thermostatically controlled water bath. The temperature
was gradually raised from 20 to 37 °C with 0.5 °C/minute;
at each thermal point, the sample was left to stand for 60
seconds, and inverted at 90°. The temperature point at
which no fluidity was detected that noted as the GT. The
ideal characteristic of a TRISG is that it should be free-
flowing at RT and form a gelate after being introduced
into the eyes®.

Assessment of gelling time (GLT)

The gelation experiment was conducted in a
cylindrical tube filled with 5 mL simulated tear fluid (STF).
A quantity of 2 mL of the formulation was incorporated
with a standard dropper into a tube containing STF and
then the time for gelation was visually ascertained as
GLT. The test was executed in triplicate and the average
value calculated®.

Viscosity

The viscosity of the TRISG was estimated by a
viscometer (Brookfield, LVT model) at a shear rate of
10-200 N M- containing spindle no. 62 overa speedrange
of 0.3 to 30 rpm. The viscosity of TRISG was measured
before the dilution of sol and after diluting the formulation
by adding STF (40:7) at a temperature of 37 °C. The
measurements were calculated using the average of
three dial readings®.

Drug content analysis (DC)

The DCwasestimatedfordeveloped TRISG systems
by using chromatographic techniques. The assay of
these formulations was performed by significant dilutions
equivalent to 100 pL of the CFH and OLH formulation
to 25 mL with DDW in a sterilized volumetric flask.
RP-HPLC was used to determine the content of drugs
in the ISG by employing acetonitrile : 0.1 % TFA in
water (40:60 V/V) as the mobile phase. The samples
were collected and analyzed by RP-HPLC using UV
detector?.
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In vitro drug release (IVRT) study

The IVRT study of selected TRISG formulations was
accomplished using the Franz diffusion cell apparatus
(orifice diameter 0.9 cm; Perme Gear Inc. Hellertown,
PA, USA). A dialysis membrane (3.4 cm? diameter) was
adaptedto the terminal section of the donor compartment.
The donor compartment was loaded with 1 mL of TRISG,
sufficient to sustain constant sink conditions. To ensure
sink conditions, the receptor chamber of the cell comprised
(15 mL) of phosphate buffer solution (PBS) pH 7.4 that
was agitated at 50 rpm and thermostated at 32+1°C. An
aliquot ofthe sample (2 mL) was pipetted fromthe release
media at specific time intervals (30, 60, 90, and up to 120
minutes) and immediately replaced with an equivalent
quantity of fresh PBS pH 7.4. The concentration of CFH
and OLH released was assessed by RP-HPLC analysis
by measuring the absorbance at a detection wavelength
of 260 nm?e.

Kinetics of drug release

Thedrugrelease wasinvestigated using the goodness-
of-fit technique for IVRT, and several kinetic models,
including zero, first-order, Higuchi, and Korsemeyer-
Peppas, were utilized to establish the kinetic modelling
of drug release. The following equations were utilized for
computing the release kinetics®"38,

Zero-order kinetics: dQ / dt = K,
First-order kinetics: dQ / dt =K; Q
Higuchi release model: Q= KH t;/,
Korsemeyer-peppas: Mt/Mowo = KKP t n

Where Q = extent of drug release; K, = zero-order
release rate constant; t = release time; K, = First-order
release rate constant; t,,, _ half-life of the drug; Mt/Mo
= drug release fraction; KKP = release rate constant for
Korsemeyer-Peppas.

Effect of sterility testing

The sterility testing of three optimized formulations
were performed to determine the influence of aerobic
and anaerobic bacteria and fungi before and after putting
the formulation in an autoclave for total sterilization. For
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complete sterilization, the procedure was divided into four
parts for better understanding. In the first part (A), both
drugs and all preservatives mentioned previously were
mixed thoroughly in separate beakers andfiltered through
a membrane filter (0.2 - p). Furthermore, PNF 407 and
PNF 188 were combined thoroughly in another beaker
(B). Both mixtures A and B were combined to form the
drug-polymer solutionin abeakernamed C and subjected
to determine viscosity before the sterilization process.
Afterwards, the obtained solution C was subjected to
sterilization under an autoclave for 1 h and the viscosity
calculated®.

Accelerated stability study

To evaluate the stability of the drug and formulation,
an accelerated stability study was conducted as per ICH
Q1A standard (R2) at 4 different time points [(TO - Zero
Time point-Day 1), (T1 - 1 month from the initiation date),
(T2- 2 months from the date of initiation), (T3- 3 months
fromthe date of initiation)]. Optimized 3 formulations were
packed separately in 5 mL white HDPE dropper bottles.
The bottles were then placed in a stability chamber at
40 °C + 2 °C and 75 % (x5 % RH for 3 months). The
physical stability of the three formulations was evaluated
by estimating pH, the viscosity of soland gel, and chemical
stability by estimating the percentage assay for DC of
formulation.

RESULTS

Pre-formulation studies

Determination of melting point

The melting points of CFHand OLH were successfully
measured by the glass capillary technique. The melting
points of both drugs were reported as 256 +2 °C and
248+ 4 °C, respectively, within the standard limit (255-
257 °C CFH) and (>240 °C OLH). In order to avoid
degradation during the sterilizing process, the higher
values of melting point play a vital role in the design of
the ocular formulations.

Solubility

Solubility is one of the crucial parameters in the
development of novel formulations. According to the
solubility study performed for CFH and OLH, it was
revealed that CFH was soluble in DDW and very soluble
in methanol and ethanol, while OLH was very soluble in
formic acid, sparingly soluble in DDW and slightly soluble
in dehydrated alcohol. DDW is considered a potent solvent
for effective ocular delivery, and the solubility profile
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for both the drugs in the present investigation explored
significant DDW solubility; hence it was used as a solvent
for ISG formulation.

Fourier transformed infrared spectroscopy (FT-IR)

FT-IR spectrum of CFH marked the presence of
quinolones at 1650 to 1600 cm. In contrast, the bands
at 1750 to 1700 cm™ were ascribed to carbonyl C = O
stretching. The peaks revealed the bending vibrations
of the O-H group at 1300 to 1250 cm™'. The existence of
carboxylic acid was observed between the FT-IR ranges
1450 to 1400 cm'. Furthermore, the C-F group gave
an absorption peak between 1050 and 1000 cm™. The
FTIR spectra of OLH showed that the band at 1750 cm™
corresponds to the C=0 bond, whereas the peak at 1600
cm™ and 1000 cm™ exhibit the C=C and C-H stretching,
respectively.

Drug-excipient compatibility study

In the drug excipient compatibility study, the %
assay for OLH and CFH was found to be between
98 % and 100 %. The study findings explored that
all the batches (EC-1 to EC-5) did not exhibit any
incompatibility; hence they were utilized in the TRISG
formulation. Table Il displays the quantitative data of
excipient compatibility assay results in %, and Fig. 3
illustrates the chromatogram.

Table Ill: Quantitative data of excipient
compatibility assay

Batch % Assay for CFH | % Assay for OLH
EC-1 98.34 £ 0.14 99.93 £ 0.19
EC-2 99.98 + 0.19 100.36 + 0.21
EC-3 99.68 + 0.11 99.43 +0.38
EC-4 100.16 + 0.46 98.67 + 0.67
EC-5 100.47 £ 0.93 100.24 £ 0.73

Formulation and development of TRISG

The TRISG formulations were developed
successfully in aseptic conditions by employing various
concentrations of PNF 407 and PNF 188. NaCl was
used as an auxiliary material to improve drug release
through the gel formulation. The nine batches were
formulated successfully and subjected to physicochemical
characterization. The outcomes of the characterization
of developed TRISG are documented in the subsequent
sections.
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Fig. 3: Chromatogram of EC-1 to EC-5
Table IV: Physicochemical characterization of TRISG
Parameter F1 F2 F3 F4 F5 F6 F7 F8 F9
Appearance / TLT/ TLT/ | TLT/ TLT/ TLT/ TLT/ TLT/ TLT/ TLT/
Clarity Clear Clear | Clear Clear Clear Clear Clear Clear Clear
Viscosity of SOL| 37 + 45 + 66 + 72 + 83 + 92 + 112 + 138 + 156 +
(cps) 0.17 0.21 0.54 0.27 0.67 0.51 0.91 0.19 0.35
Viscosity of GEL| 177+ | 283+ | 475+ | 691+ | 913+ | 764+ 414 + 538 + 670 +
(cps) 0.28 0.37 0.57 0.57 0.81 0.69 0.44 0.53 0.67
GLT (minutes) 17 32 55 35 33 39 21 34 56
GT (°C) 32.1 34.5 35 30 32.5 33.12 37.2 37.6 38.8
pH of SOL 6.79 6.59 7.49 713 7.22 7.37 8.17 8.46 8.72

Physicochemical characterization of CFH and
OLH-TRISG formulations

Visual appearance, clarity and pH

The visual inspection of the prepared TRISG
formulations exhibited a clear to translucent (TLT)
appearance. The pH of the F1—F6 batches were found to
be within an acceptable limit (6.8—7.4) and did not irritate
when administered into the eye. The batches F7 to F9
demonstrated significantly higher pH (above 8), which
was not suitable for ocular administration.
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Evaluation of gelation temperature and time

The primary prerequisites of the gelling system are
GTandGLT. Furthermore, to enable sustained release of
ISG to the ocular tissue, its integrity should be maintained
without dissolving for an extended period. The GLT was
studied in vitro by adding one drop of each formulation to
the glass vial enclosing 2 mL of STF (pH 7.4); batch F1
to F3 exhibited the gelation within 17-55 minutes at GT
32.1 to 35°C. Batches F4 to F6 took 33-39 minutes for
gelation at GT 30 to 33.12 °C with a consistent GLT for
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the same polymer concentration. However, the batches
F7, F8 and F9 required 21-56 minutes to form the ISG
at GT range 37.2 to 38.8°C, significantly higher than the
standard reported values for GT.

Viscosity

The effectiveness of ISG for ODD depends on their
post-administration properties. It is also essential that
they should exhibit low viscosity for consistent dose
administration and easy administration into the eye.
Batches F4 to F6 containing 30 % Pluronic®concentration
showed approximately 10 times increased viscosity after
gelation (Table I). Hence, it can be concluded that the
30 % Pluronic® concentration is suitable for the TRISG
formulation. The viscosity profile of formulated sol and
ISG is represented graphically in Fig. 4. The qualitative
and quantitative data associated with the physicochemical
characterization of TRISG are indicated in Table V.

Drug content (DC) analysis

The DC analysis findings reported for the
physicochemical characterization of TRISG demonstrated
the best results for F4 to F6 batches in all aspects of

characterization; hence they were selected for further
DC analysis. The % assay between 98.49 to 100.61
% was explored for the CFH, whereas the % assay
between 98.54 t0 99.76 % was observed for OLH within
TRISG. Furthermore %DC of 99.63 for CFH and 98.54
for OLH, respectively, indicating minimal deviation in
the findings and subjected to further IVRT analysis. The
comprehensive data associated with DC analysis are
indicated in Table V and illustrated in Fig. 5.

Table V: Qualitative data of DC

Batch | % Assay for CFH | % Assay for OLH
F4 98.49 + 0.41 99.76 + 0.27
F5 99.63 + 0.33 98.54 + 0.67
F6 100.61 + 0.76 99.20 + 0.38

In vitro drug release (IVRT) study

The IVRT study of CFH-marketed eye drops showed
99.54 % drug release for 60 minutes, which confirms
the rapid release of the drug. Similarly, OLH-marketed
product shows 97.12 % drug release for 60 minutes. The
summary of the results is given in Table VI and Fig. 6.

Viscosity of SOL and TRISG Table VI: Summary of drug release study of the
1000 marketed product
900
800 - m Viscosity of SOL Time Marketed CFH | Marketed OLH eye
= Viscosity of GEL eye dro dro
Z 600 % Drug release % Drug release
£ 500 0 0 0
~ 400
200 10 36.22 + 0.25 24.31 +0.09
2004 20 53.67 + 0.15 48.76 = 0.15
100 0l | I I I I 30 71.13+0.12 76.88 + 0.42
0 -
Formulation Batches 60 99.54 + 0.02 97.12 + 0.21
Fig. 4: Viscosity of SOL and TRISG
ks N ’ F-4 o B F-5 = || - ! F-6 -
i ol
Fig. 5: Chromatograms of DC F4 to F6
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Table VII: IVRT data of CFH and OLH for TRISG

formulation
CFH
Time | Log of | Square % Drug Log %
time root of release drug
time release
30 1.48 5.48 19.34 + 0.11 1.29
60 1.78 7.75 41.19 + 0.05 1.61
90 1.95 9.49 67.76 = 0.28 1.83
120 2.08 10.95 | 94.67 +0.17 1.98
OLH
30 1.48 5.48 22.45+0.13 1.35
60 1.78 7.75 38.34 = 0.21 1.58
90 1.95 9.49 64.23 = 0.54 1.81
120 2.08 10.95 | 98.76 + 0.72 1.99

The efficacy of the drug release from developed
gel employing synthetic membrane was compared by
using adopting an in vitro Franz diffusion system. When
developing ocular drug delivery methods, IVRT isused as
ascreening method to evaluate the efficacy characteristics
of multiple prototype formulations. In DC estimation, it
was observed that from three selected batches, F5 batch
showed the highest amount of DC; hence this batch was
selected for the IVRT study. The percentage of CFH and
OLHfrom the F5 TRISG formulation released through the
synthetic membrane was evaluated for 120 minutes and
plotted successfully (Fig. 7 and Table VII). The resulting
data revealed that TRISG formulation showed 1.98 %

log drug release of CFH and 1.99 % log drug release for
OLH, which was satisfactory for ocular application.

Table VIII: Viscosity before and after sterilization

Batch Pre-steriliz;,tlizzosmll’g::'ss)teri|izati°"
F4 815+ 7.5 837 +3.2
F5 952 + 10.2 949+74
F6 897 +2.6 890 +5.6

Kinetics of drug release

To discover the release pattern and mechanism of
the optimised formulation, the consequential data were
incorporated into the preceding mathematical models
(F5). The drug release data from the ISG was plotted
utilizing several kinetic models such as zero order, first
order, Higuchi and Korsemeyer-Peppas. The best fit
model of the release was estimated by zero and first
maximal regression (R?). Higuchi model R? values
revealed that dispersion functions were analogous to
specify the release mechanism. The slope value ‘n’ for
the Korsemeyer-Peppas authenticates the mechanism
and pattern shown in Fig. 8.

Effect of sterility testing

The effect of sterilization was studied on three batches
before and after putting the formulation in an autoclave
for total sterilization, and viscosity was measured and is
reported in Table VIII. No significant viscosity changes

Table IX: Stability study data for developed ISG formulations

Time 0 month (T0) 1 month (T1) 2 months (T2) 3 months (T3)
Parameter | F4 | F5 | F6 F4 F5 F6 F4 | F5 | F6 | F4 | F5 | F6
pH 713 (722 | 7.37 | 7.16 7.19 735 | 719 | 7.04 | 728 | 729 | 7.08 | 7.20
Viscosity| | 72 | 83 | 92 75 86 93 84 | 94 | 96 | 79 | Of 99
(cps) || = + + + + + + + + * + +
0.57 | 0.78 | 0.81 0.76 0.54 0.86 0.91 0.17 | 0.21 | 0.13 | 0.19 | 0.21
_ | 691 | 913 | 764 645 937 719 781 957 | 868 | 809 | 948 | 901
&1 = + + + + + + + + + + +
16 | 2.2 5.4 2.9 8.1 7.7 0.27 | 0.67 | 0.91 | 0.21 4.3 2.1
% Assay | _ 198.49|99.63| 100.61 | 99.57 | 98.12 | 99.34 |98.97 | 99.84 | 98.25 | 98.71 | 99.87 | 98.38
Sl o= * * * * * * * * * * *
0.41 | 033 | 0.76 | 0.21 0.37 0.96 | 0.22 | 0.30 | 0.04 | 0.21 | 0.27 | 0.96
- [99.76 (98.54| 99.20 | 98.67 | 101.34 | 100.19 | 99.01 | 100.09 | 99.99 | 98.54 | 100.11 | 99.18
6‘ + + + + + + + + + * + +
0.27 | 0.67 | 0.38 0.64 0.54 0.24 0.51 0.57 | 0.11 | 0.07 | 0.21 0.35
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Drug release of CFH marketed formulation Drug release of OLH marketed formulation
120 120
- 100 g 100
§ 80 a 80
O a
2 6o w 0
E 40 ‘.: 40
£ oo = 20
a 4]
0 10 20 10 40 50 60 70 0 10 20 30 40 30 60 70
Time {min.) Time {min.)
Fig. 6: Percent drug release of CFH and OLH marketed products
% Drug release for F5 were observed after sterilizing the final formula, thus
120 indicating that the product can be sterilized before filling
100 during manufacturing.
R r/ Accelerated stability study
7
5 60 / The stability ofthe F1, F2and F3 batches was evaluated
T — at 40 + 2 °C with a 75 % = 5 % RH for three months, as
2 == displayed in Table IX and Fig. 9. The sample exhibited
// outstanding physical characteristics underthe circumstances
0 ap .
0 20 40 60 80 100 120 140 specified each time. Furthermore, the results showed no
Time (Minutes) . . .
remarkable changes in all investigated parameters, pH,
Temcr oo viscosity, and % assay. In addition, the gelling properties
Fig. 7: IVRT profile of CFH and OLH- TRISG and appearance remained unchanged, stating that the
formulation was stable and effective for 3 months.
Zero-Order_ Flrst-OI:der. nguc_hl R_elease Korsmeyer Peppas
Release kinetics Release Kinetics ”KI['I?Q?!CS Release Kinetics
y=13.697x - 59.539
15000 | o 250 | y=0.0076x+1.1057 100.00 RZ= 09787 250 | -1 1470x-0.8145
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Fig. 8: Kinetics of drug release for TRISG
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Fig. 9: Chromatograms of stability study

DISCUSSION

The ODD of TRISG formulation employing PNF 407
and PNF 188 for the effective administration of CFH-OLH
in combination has been reported for the first time in this
investigation. Overall, an ODDS embedding CFH and
OLHin a TRISG has been developed by the cold method
and characterized. The physiochemical characterization
demonstrated that the CFH-OLH-TRISG delivery
system is safe and non-irritating. The developed TRISG
formulation not only extends the drug release, but also
reduces tear elimination and improves aqueous humour
bioavailability. This formulation shows great potential in
ODD duetoits easy administration and patient compliance,
which leads to a decrease in dose frequency. More
prominently, the effective development of TRISG with
two different drugs in combination can provide a novel
approach to ODDS.
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