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ABSTRACT

The aim of the present study was to develop and optimize tenoxicam nanogel for the treatment of corneal infections.
Box-Behnken experimental design was applied for optimization of tenoxicam nanogel. The independent variables
were homogenization speed (X1), homogenization time (X2) and noveon polycarbophil AA-1(polymer conc.) (X3)
while particle size (Y1) and entrapment efficiency (Y2) were the dependent variables. Further in vitro corneal
permeation was also performed. The optimized formulation of tenoxicam nanogel provides particle size of 203.18 nm
and showed 92.30% entrapment efficiency and achieved flux 0.2153pug/cm2/h across excised goat cornea. In vitro
release study showed prolonged drug release from the optimized formulation.

Our results concluded that tenoxicam nanogel is an efficient carrier for ocular delivery of tenoxicam and other drugs.
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INTRODUCTION

Nanogels may be defined as nano-sized hydrogel
systems which are highly cross-linked systems in
nature involving polymer systems which are either
co-polymerized or monomers. Sudden outbreak in
the field of nanotechnology has introduced the
need for developing. Nanogel systems which have
proven their potential to deliver drugs in
controlled, sustained and targetable manner. With
the emerging field of polymer sciences it has now
become inevitable to prepare smart nano-systems

which can prove effective for treatment as well as
clinical trials progress. ™ Nanogel systems refer to
a class of novel delivery vehicles, composed of
natural, semi synthetic or synthetic polymers,
which present the unique property of sol-gel
conversion on receipt of biological stimulus.®
Traditionally in the name of gels we have heard of
semisolid formulations with three dimensional
networks of organic systems encompassing fluids
and drugs. Prospects of targeted drug delivery
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perhaps could not been established with these
preparations. ! The significance of nano-sized
microgel and hydrogel have arisen due to specific
delivery system anticipation. Wide variety of
polymer systems and the easy alteration of their
physico-chemical characteristics have given
advantage for versatile form of nanogel
formulations. The pores in nanogels can be filled
with small molecules or macromolecules and
usually the size of nanogels in one to hundreds
nanometers in diameter. The nanogel contains the
some properties like swelling, degradation and
chemical functionality, that can be controlled.**!
The major significance of nanogels has been
arisen due to specific delivery system expectation,
wide variety of polymer systems and the ease of
change of the physical-chemical
(physicochemical) properties. Current studies at
the clinical level shows promising value of
nanogel.®®!

Topical drug delivery into eyes is the most
popular and accessible route of administration for
the treatment of various eye diseases including
bacterial conjunctivitis. However, one of the
major disadvantages of conventional ophthalmic
drug delivery is the low drug bioavailability
because  of  factors like  lachrymation,
nasolachrymal drainage and metabolic
degradation.’”® Because of such factors, the
residence time of common commercial eye drops
for topical application is no more than 5 min.
Acute conjunctivitis is a prevalent infection,
which affects many people and imposes economic
and social burdens. It is estimated that acute
conjunctivitis affects 6 million people annually in
the United States. % The cost of treating
bacterial conjunctivitis alone was estimated to be
$377 million to $ 857 million per year.'**?
Bacterial conjunctivitis is the second most
common cause and is responsible for the majority
(50% -75%) of cases in children; it is observed
more frequently from December through April. ¥
1 generally a treatment with ocular antibiotics is
recommended to eradicate the pathogen.
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Development of controlled release delivery
systems for ocular therapy is a challenging task.
Conventional eye drops results in poor
bioavailability and therapeutic response owing to
drainage by gravity-induced lachrymal and normal
tear turnover Frequent dosing therefore is
necessary to compensate for the decreased pre-
corneal drug administration; however it’s usually
associated with non-patient compliance. Inclusion
of excess drug in the formulation in an attempt to
overcome the bioavailability problem is
potentially dangerous if the drug solution drained
from the eye is systemically absorbed from the
nasolacrimal duct It has been suggested that
incorporation of polymers into aqueous vehicle
can increase its viscosity and slow down the drug
elimination from the conjuctival sac; however,
limited improvement in bioavailability has been
obtained mucoadhesive property of the vehicle is
also a critical factor that affects the corneal
contact for drugs. Ophthalmic delivery systems
based on nanogel have gained increasing interest.
These systems consist of polymers that undergo
to-gel phase transition upon change in the physical
conditions (pH, temperature). Nanogel system is
formulated as liquid preparation suitable to be
instilled into eyes which upon exposure to the
physiologic environment changes to nanogel, thus
increasing the pre corneal residence time of the
delivery system, and enhances the ocular
bioavailability of the drug. ****

Tenoxicam is anti-inflammatory and analgesic
agent sometimes called non-steroidal anti-
inflammatory drugs (NSAIDs), or just anti-
inflammatories. ™ Tenoxicam is used to ease pain
and reduce inflammation in eye, and also to treat
painful conditions such as conjunctivitis, and
other corneal infections. ™ It works by blocking
the effect of chemicals in our body, called
cyclooxygenase (COX) enzymes. These enzymes
help to make other chemicals in the body, called
prostaglandins. Some are produced at site of
injury or damage, and cause pain and
inflammation. By blocking the effect of COX
enzymes, fewer prostaglandins are produced,
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which means pain and inflammation, are eased.
Non-steroidal anti-inflammatory drugs (NSAIDs)
remain the most widely used class of drug for its
treatment. Tenoxicam is one of the NSAIDs of
oxicam class; it is very potent and useful for
chronic use in corneal infections. Tenoxicam
strongly support the need for a transdermal
formulation of tenoxicam. (e.g. site-specific
delivery). 151617

Topical administration of tenoxicam has shown its
penetration is very high by this route compared to
other NSAIDs. The ultra-deformable vesicles for
solving the problem of transcutaneous transport of
tenoxicam to reduce the side effects and to
provide more targeted delivery for the chronic
treatment of corneal infections. Finally, the
objectives of the study also include converting the
colloidal suspension of the ultra-deformable
vesicular system into a more patient-acceptable
and clinically viable formulation by incorporating
it into carbopol hydrogel System. (/289

MATERIAL AND METHODS

Materials

Tenoxicam (TNX) drug was gift sample from
Ramdev chemicals, Pvt. Ltd. Boisar, Noveon
polycarbophil AA-1 gift sample from lubizol
PVT.LTD Mumbai, methyl paraben, propyl
paraben, propylene glycol, tween 80 were
purchased from unique biological, Kolhapur and
methanol was purchased from fine chemical Ltd.,
Mumbai.

Screening of solvents

The solubility of tenoxicam in various solvents
(water, ethanol, chloroform and methanol) was
determined by adding excess amounts of drug in 3
ml of solvent in small vials. The vials were tightly
stoppered and were continuously stirred to reach
equilibrium for 72 h at 25 °C in a biological
shaker. After that, the mixtures were centrifuged
at 5000 rpm for 30 min. The supernatant was
separated, dissolved in methanol and solubility
was quantified by UV Spectrophotometer at 370
nm. !

Statistical experimental design

Box-Behnken statistical design with 3-factors, 3-
levels, and 17 runs was employed for the
optimization study using Design-Expert software
(Stat-Ease Design Expert v 7.0.0 SaMeepl104).
Homogenization Speed (X1), Homogenization
time (X2) and Noveon P AA-1 (polymer conc.)
(X3) were selected as independent variables and
they were set at low, medium and high levels on
the basis of the results of initial trials. Table no 1
summarizes the coded values of different
variables.

In accordance with the design, 17 nanogel
formulations were prepared and characterized for
particle size (Y1), and entrapment efficiency (Y2)
which were chosen as response parameters (Table
no 1). This design explains the main effects and
interaction effects of the independent variables on
the formulation characteristics. Objective function
for the present study was selected as maximizing
entrapment efficiency, while minimizing particle
size. Box-Behnken design was specifically
selected, because it requires fewer runs than a
central composite design, in cases of three or four
variables. ¢*#

Analysis of variance (ANOVA) was used to
establish the statistical validation of the
polynomial equations generated by Design Expert
software. AIll the responses observed were
simultaneously fitted to linear (first order), second
order, and quadratic models. Various feasibilities
were conducted over the experimental domain to
find the compositions of the optimized nanogel
formulation. 3D response surface plots were
generated by the Design Expert software, whereby
intensive grid search performed over the whole
experimental region. Five optimum checkpoint
formulations were selected to validate the chosen
experimental domain. The resultant experimental
values of the responses were quantitatively
compared to that of the predicted values. #%

Table no 1: Box-Behnken design for formulation development of tenoxicam nanogel
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Independent variables Dependent variables
Order X 8 ) A 2
Homogenization speed Homogenization | Noveon P AA-1 | Particle Size Entrapment

(rpm) time (mg) (Nm) efficiency

(min) (%)

1 1 0 1 221+0.8 87+0.5
2 -1 0 -1 227.2+0.5 86.15+0.6
3 0 0 0 203.18+0.6 92.30+0.2
4 -1 0 1 238.20+0.6 75.45+.08
5 -1 -1 0 247.50+0.4 72.40+0.5
6 0 -1 -1 224.5+0.7 89.36+0.5
7 0 0 0 203.18+0.6 92.30+0.2
8 1 0 -1 265.20+0.7 74.02+0.5
9 0 1 1 234.3+0.7 74+0.5

10 1 1 265.95+0.1 70.540.7
11 0 1 -1 210.74+0.4 88.35+0.5
12 0 0 0 203.18+0.6 92.30+0.2
13 -1 1 0 253.2+0.6 68.44+0.4
14 0 -1 1 285.5+0.4 65.24+0.2
15 1 -1 0 218.04+0.3 87.4+0.4
16 0 1 -1 22540.5 89.6+£0.5
17 1 0 -1 24510.6 85.23+0.5

Methods of preparation of tenoxicam nanogel
Various nanogel formulations of tenoxicam for
ocular delivery were prepared by employing Box-
Behnken design applying modified emulsification-
diffusion method. 30 mg of tenoxicam was
weighed and dissolved in 10 ml methanol
containing polymer Noveon P AA-1. This organic
phase containing drug polymer mixture was added
into the 10ml of aqueous phase containing tween
80 and polyethylene glycol, with constant stirring
at 5,000- 10,000 rpm using (T-10 basic ultra
turrex). Addition of organic phase was done with
the help of syringe positioned with needle directly
into the aqueous stabilizer solution at the rate of
0.5 ml/min.

The resulting dispersion was stirred for 6 min at
10,000-15,000 rpm and was subjected to the
sonication for 5- 10 min. Then double distilled
water was added slowly to the dispersion with
subsequent stirring for 1 hour to induce diffusion
of organic solvent into the continuous phase and
leading to the formation of nanogel."®

Analysis of particle size nanogel
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Particle size of prepared TNX nanogel was
determined by photon correlation spectroscopy
(PCS) that analyzes the fluctuations in light
scattering due to Brownian motion of the droplets
using a zetasizer (Ver. 6.20 Malvern Instruments
Ltd.). The formulation (0.1 ml) was dispersed in
50 ml of methanol in a volumetric flask, mixed
thoroughly with vigorous shaking and light
scattering was monitored at 25 °C a 90° angle.
The droplet size distribution of the optimized
TNX nanogel was determined by Malvern
zetasizer (Ver. 6.20 Malvern Instruments Ltd.).
All measurements were performed in triplicate at
25 oC. [25-26]

Drug entrapment efficiency

For determination of entrapment efficiency the
unentrapped drug in TNX nanogel formulations
was separated by the use of the centrifugation
method. A known dilution of the TNX nanogel
was prepared with methanol and was centrifuged
at 14,000 rpm (Cooling Centrifuge, C24, REMI
Instruments Ltd. Mumbai, India) for 40 min at
10°C. The amount of drug entrapped into the

489




Box—Behnken design for preparation of Tenoxicam- nanogel for ocular delivery: Optimization, in vitro Coneal permeation

nanogel was the difference between the total
amount used to prepare the TNX nanogel and the
amount that was found in the supernatant. The
amount of free drug in the supernatant was
analyzed by UV- spectrophotometer at 370 nm.
The drug entrapment efficiency was calculated by
the following equation.®

Entrapment efficiency =

Differential scanning calorimetry

Differential scanning calorimetry (DSC) was
performed to identify the crystal form of
tenoxicam. Thermograms were recorded by means
of DSC (Perkin Elmer, Uberlingen, Germany) for
the identification of crystallinity. For calorimetric
measurements, standard aluminum pans with
accurately weighed 5 mg samples were taken and
sealed in aluminum hermetic pans. Samples were
heated at a scanning rate of 10 °C/min over a
temperature range between 40°C - 400 °C. An
empty pan was used as reference. An inert
atmosphere was maintained by purging with
nitrogen (20/ml).*%

In vitro permeation study (By using Franz
Diffusion)

The in vitro release study was carried out with the
artificial cellophane membrane (molecular weight
cut off 1000 Da) by using Franz diffusion cell.
The cell consists of two chambers, the donar and
the  receptor compartment. The  donar
compartment was open at the top and was exposed
to atmosphere. The temperature was maintained at
3740.5°C and receptor compartment was provided
with sampling port. The diffusion medium used
was phosphate buffer pH 7.5. The drug containing
nanogel gel with a support of backing membrane
was kept in the donar compartment and was
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separated from the receptor compartment by
cellophane membrane. Cellophane membrane was
previously soaked for 24hr phosphate buffer pH
7.5. The donar and receptor compartments were
held together using a clamp. The receptor
compartment with 30 ml phosphate buffer pH 7.5
of was maintained at 37+0.5°C and stirred with
magnetic stirrer, to prevent the formation of
concentrated drug solution layer below the
cellophane membrane. Samples of 1ml were
collected at predetermined time intervals and
replaced with fresh media. The concentration of
drug was determined by UV spectrophotometer at
370nm. 2

Ex vivo corneal permeation studies using goat’s
cornea

Goat cornea was used for the present investigation
to study the permeation across the corneal
membrane. Whole eyeballs of goat were procured
from a slaughter house and transported to
laboratory in cold condition in normal saline
maintained at 4°C. The cornea was carefully
removed along with a 1-2 mm of surrounding
sclera tissue and washed with cold saline figure no
1. The washed corneas were kept in cold freshly
prepared solution of phosphate buffer pH 7.4. The
study was carried out by using Franz-diffusion
cell in such a way that corneum side is
continuously remained in an intimate contact with
formulation in the donor compartment. The
receptor compartment was filled with PBS pH 7.4
at 34 ° C + 0.5 ° C. The receptor medium was
stirred on a magnetic stirred. The samples were
withdrawn at Different time intervals and
analyzed for drug content. Receptor phase were
replenished with an equal volume of PBS (pH 7.4)
at each time interval. The percent drug released
was plotted against time to get dissolution rate
curves, 530
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; Ak
a) Freshly excited goat comea thickness 1-2 cm (b) Thickness 1-Z mum

(c & d) Thickness 1-2 mm
Figure no 1: Freshly excited goat cornea for permeation study

RESULTS AND DISCUSSION

Screening of Components

Solubility of tenoxicam in various solvents is given in Figure no. 1. As per the results of solubility studies,
tenoxicam showed maximum solubility in methanol.

water Ethanol Chloroform Methanol

S = M W B Wm o,

Figure no 2: Solubility of tenoxicam in solvents
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Characterization of TNX nanogel

A total 17 runs were generated by using the Design Expert software (Stat-Ease Design Expert v 7.0.0
(SaMeepl104) and the response parameters (particle size and entrapment efficiency) so observed are shown
in Table no 1 All the responses observed for 17 formulations prepared were simultaneously fitted to first
order, second order and quadratic models using Design Expert®. It is evident that all the three independent
variables, namely the homogenization speed (X1), homogenization time (X2), and noveon P AA-1
(polymer conc.) (X3) have interactive effects on the two responses, e.g., Y1; particle size (nm), Y2,
entrapment efficiency (%). Three dimensional plots were prepared and are shown in Figure no 4- 5, for
responses Y1 and Y2, respectively. These plots are known to study the interaction effects of the factors on
the responses as well as are useful in studying the effects of two factors on the response at one time. When
the experimental values of responses for 17 runs were fitted to different models of Box-Behnken design, it
was observed that the best-fitted model for all of the two dependent variables was the linear model.

Table no 2: Variables in Box-Behnken design

Run order/ Batch No. Independent Variables
(X1) (X2) (X3)
1 1 0 1
2 -1 0 -1
3 0 0 0
4 -1 0 1
5 -1 -1 0
6 0 -1 -1
7 0 0 0
8 1 0 -1
9 0 1 1
10 1 1 0
11 0 1 -1
12 0 0 0
13 -1 1 0
14 0 -1 1
15 1 -1 0
16 0 1 -1
17 1 0 -1
Independent variables Low Medium High
X;= Homogenization speed (rpm) 5000 7500 10000
X,= Homogenization time (min) 10 30 60
Xs=Noveon polycarbophil AA-1(mg) 300 900 1500
Dependent variables (Factors)
Y ;= Particle size
Y ,= Entrapment efficiency

Particle Size

To derive a relation between the different factors and TNX nanogel particle size, different mathematical
models like linear and Quadratic were analyzed for test of fit using the Design Expert software. Box-
Behnken design suggests linear model TNX nanogel for particle size analyses. As far as ANOVA report
concerned for TNX nanogel particle size optimization, the Model F-value of 4.23 implies the model is
significant. There is only a 0.91% chance that a "Model F-Value" this large could occur due to noise.
Values of "Prob > F" less than 0.0351 indicate model terms are significant. Figure no 4 is the three
dimensional plot which shows the effect of independent variables on particle size of TNX nanogel (Y1).

Swapnil Chopade, et al. 492
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The polynomial equation to fit the surface response has only X1, X2 and X3 as a variable, as presented in
Eg. (1). The other factors and their interactions were not significant.

Particle size =140.00-3.00X;+3.25X,+24.75X5-4.00X 1 X,+8.00X 1 X3-10.00X,X3...cc e Eqg. (1)
Considering all experiments in Table no 1, an averaged particle size was 238.20 nm, with minimum and
maximum of 203.18 nm and 285.05 nm, respectively. The homogenization speed has the significant effect
on the particle size of the TNX nanogel because it helps to solubilize the drug in formulation.

The 3D-graph (Figure no 4) showed that, on increasing the Independent variables like
homogenization time from 10 min to 30 min; the particle size of the TNX nanogels were decreases (Table
no 1). The formulation F6 and F11 showed a decrease in particle size on increasing the homogenization
speed. From 5000 to 10000 rpm, although the decrease in particle size is not significant. While it is clear
from the data (Table no 1) that, there was a gradual decrease in the particle size from 285.05 nm of
formulation F14 to F15 218.04 nm (F1) when the concentration of noveon p AA-1 in formulation was
increased (Table no 1). Similar results have observed for optimized formulation F7 (203.18 nm) to 210.74
for formulation F11 where homogenization time (min) and homogenization speed (rpm) were kept
constant.

Results
Size (d.nm): Yo Intensity: St Dev (d.n...
Z-average (d.nm): 2256 Feak 1: 203 .18 1000 126.5
Pdl: 0.256 Peak 2: 0.000 0.0 0.000
Intercept: 0.671 FPeak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution byintensity
1ier———————"——"—— T T T T T T T i T T T T == A
- : : : ! :
Lo ToTTTmT T S o= 1
1 1 1 i 1
L oo S A-— - e i
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E gl L F A W NS
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o i PR 1] L a2 N E— |
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Slze (d.nm)
[ Record 1: Tenoxcanm 1 Record 2: Tenoxicam 2 Record 2:Tencxicam 3

Figure No 3: Particle size of optimized batch F7 tenoxicam Nanogel.

Entrapment efficiency

A polynomial equation was fitted to the entrapment efficiency for tenoxicam is given in Eq. (2). It is
evident that all the three independent variables, that is, homogenization speed (rpm), homogenization time
(min) and noveon P AA-1 (polymer conc.) (Mg), have positive effects on the response Y.

Entrapment efficiency = 79.74-0.54X,+0.65X,-9.15X3-0.30X,X,-2.55X; X3+0.86X,X5 ....EQ. ........ 2

Considering all experiments in Table no 3, averaged tenoxicam entrapment efficiency for the 17
experiments was found to be 79%, with minimum and maximum of 65.24% and 92.30%, respectively. The
homogenization time produced a significant effect on the tenoxicam entrapment efficiency. The 3D-
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Response graph (Figure no. 5) showed that on increasing the homogenization time for formulations; higher
entrapment efficiency of tenoxicam was observed in TNX nanogel. As evidence; formulations F6, F7, F5,
and F16, which contained the highest concentration of noveon P AA-1((mg), comparatively showed the
higher tenoxicam entrapment efficiency than that of formulations F9, F15, and F16 (Table no 1).
Independent variables plays a major role in the solubility of drug in our study, their concentration also has
produced effect on the entrapment efficiency (Figure no. 5) although the effects were not found prominent.

OPTIMIZATION

On the basis of three-dimensional response surface graphs generated by the Design- Expert software (v
7.0.0 SaMeepl104), it can be said that the homogenization time and homogenization speed produces a
substantial effect on TNX nanogel particle size and entrapment efficiency. 3D-Graphs show that with
increasing the homogenization time in formulations; decreased particle size and increased the entrapment
efficiency of TNX nanogel. On the other side, second factor, homogenization time and homogenization
speed optimum concentration ratio was found to be responsible for optimum TNX nanogel particle size and
improved tenoxicam entrapment efficiency. The response surface graphs represented that the chosen
independent variables (homogenization time, homogenization speed & noveon P AA-1) were presented
good effect on formulations and found to be better parameters for the selection of optimized formulation.
The optimum formulation of TNX nanogel system was selected based on the criteria of attaining the
maximum value of entrapment efficiency and minimizing the particle size by applying numerical point
prediction optimization method of the Design expert software® v 7.0.0. The particle size was found to be
within acceptable size range i.e.10 pm which is tolerable particle size for ophthalmic instillation #". F-3
showed the entrapment efficiency of 92.30%. These experimental observed values of particle size
(203.18nm) and entrapment efficiency (74.02%) presented by the F-8 found in agreement with the
predicted value of particle size (265.20nm), respectively generated by design expert software, suggesting
that the optimized formulation was trustworthy and rational.

= e

e e
271
D.75
2320.5
210.25
190
§0.00 & 10000.00
2750.00
45.00 7500.00
B: Homogenization tihg? A28 Mogeniz ation speec

20.00  5000.00
Figure no 4:Three-dimensional response surface plot showing effect of independent variables on TNX nanogel
particle size.
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Differential scanning calorimetry
The DSC thermo grams of pure tenoxicam, shown in Figure no 6. The thermal curve of tenoxicam showed
endothermic peak at 213.05°C. &
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Figure No 6: DSC thermo gram of pure tenoxicam
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In vitro drug diffusion study

In vitro drug permeability from the nanogels was studied by keeping phosphate buffer pH 7.5 in receptor
compartment in the modified Franz diffusion cell assembly. The percentage drug diffused was observed for
8 hrs, each sample was analyzed in triplicate. The figure no 7 and 8 shows the percentage drug diffusion
patterns of all formulations batch 1 to batch 8. The amount of the polymer and the stabilizer may retard the
drug diffusion giving more prolonged release of drug. The percentage drug diffused is lower may be due to
the gel form of the formulation. The total drug content and the particle size have shown a substantial effect
on the drug diffusion in all formulations. In 8 hrs of the drug diffusion study the effect of amount of
polymer used and particle size of the formulation showed a direct relation with percentage drug diffused.
The percentage drug diffused in first 8 hrs for the formulations F1 to F8 were calculated and the maximum
diffusion was observed for the formulation F8 (83.12%) and minimum diffusion was observed in
formulation F7 (50.09). The log percent drug released was plotted as function of log time and the slope of
the curves was determined as values of diffusion release exponent (n) and was noted to be in the range of
0.38 — 0.51, which showed for most of the formulations the drug release from the formulations followed a
fickian diffusion pattern. The drug release from the formulation was found to be a function of amount of
polymer in the formulation.

a0 —+—F1 —#—F2 —4—F3 —o—F4

80
70
&0
50
40
30
20
10

0

% Drug release

] 100 200 300 400 500 600
Time [min)

Figure No 7: In-vitro diffusion studv of Batch F1-Batch4 of tonical tenoxicam nanoael

F5 Fi& o—F7 —F 8

a0
20
0
a0
50
40
30
20
10

0

0 100 200 300 400 500 G600
Time [min)

% Drug release

Figure No 8: In-vitro diffusion study of Batch F4-Batch8 of topical tenoxicam nanogel.
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Ex vivo corneal permeation study:

Transcorneal permeation of optimized TNX nanogel presented cumulative amount permeated through
cornea of 72.24ug/cm? in 8 h and produced a flux of 0.2512pg/cm?/h. This better permeation through TNX
nanogel across the cornea could be attributed to the agglomeration of nanogel as depot near the cornea from
which the drug is slowly delivered to the precorneal area. Corneal hydration is generally used as an
important parameter to evaluate damage to the corneal tissue. Generally, corneal hydration remained in the
normal range of 80- 85%, when the pH of the formulation was between 6.0 and 6.2. Therefore, the TNX
nanogel could be considered safe and non-damaging to the eye as the pH of TNX nanogel was found to be
6.2, which indicates that TNX nanogel did not cause any damage to corneal tissue.®”

Optimized Batch-1

a0

o
o

Cumulativedrug

o oriee s 5 2 3

5_563

0 100 200

Time [min)

300

—a—Batch-1

400 500 600

Figure No 9: Ex-vivo corneal permeation study of optimized batch 1 of topical tenoxicam nanogel.

CONCLUSION

Tenoxicam nanogel using noveon polycarbophil
AA-1(polymer conc.) as a polymer showed
potential outcome which were optimized using 3-
factor, 3-level Box-Behnken experimental design.
The application of Box- Behnken design to study
the preparation process for nanogel showed to be a
very important tool, allowing establishing the
relationships among the factors and quality
attributes. Our results demonstrate that using
noveon polycarbophil AA-1, propylene glycol,
tween 80 and methyl paraben/propyl paraben & (
independent variables like homogenization speed

(rpm), homogenization time (min), and noveon
polycarbophil AA-1 [polymer conc.] mg)
respectively increases tenoxicam entrapment

efficiency, and produces nanogel with the desired
size, size distribution, and morphological
properties. The tenoxicam-nanogel obtained in-
vitro release experiments exhibited a biphasic

Swapnil Chopade, et al.

release pattern with burst release at the initial
phase followed by control release. However, ex-
vivo studies for tenoxicam-nanogel should be
performed to determine its ophthalmic delivery
efficacy.
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