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ABSTRACT

To develop and characterize bioadhesive gel incorporated Ketorolac tromethamine loaded microspheres in order to sustain,
localize and target drug action in periodontal pockets for more than 6hrs. Ketorolac tromethamine loaded microspheres was
prepared by emulsion cross linking method using two types of solvents like liquid paraffin or sesame oil by glutaraldehyde
cross linking. Tween 80, span 80 was used as emulsifying agents. Gelatin, sodium alginate, HPMC E15 and ethyl cellulose
are used as polymers. The prepared microspheres were incorporated in the bioadhesive gel using different polymers like
HPMC, NaCMC and Carbopol-934 in various proportions i.e., 300, 400 and 500mg by using triethanolamine as gelling
agent. Effect of drug: polymer ratio, stirring rate, glutaraldehyde amount, emulsifying agents ratio and type of polymer on
preparation of microspheres was investigated. The microspheres were characterised for % yield (98.5%), % drug loading
(85%), particle size (52.14um), scanning electron microscopy (SEM) and showed 92.8% drug release at the end of 6™ hr. The
bioadhesive gel was characterised for pH (6.47-6.78), viscosity (55.9-635cps), drug content (92.1-99.7%), bio adhesive
strength(2.49-15.7gms) and drug release (98.9%) at the end of 6™ hr. Bioadhesive gel loaded with microspheres of Ketorolac
tromethamine produces prolonged and localized delivery system for the treatment of periodontitis.
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1. Introduction

Periodontitis is a severe pathological condition affecting the
tooth supporting structures. It is characterized by a
destruction of periodontal ligament, a sorbtion of the
alveolar bone and the migration of the junctional epithelium
along the tooth surface which leads to changes in the
morphology of gingival tissues, bleeding as well as
periodontal pocket formation this results in growth of
pathogenic bacteria and leads to inflammation and tissue
distruction of periodontal tissue'. Antimicrobial and Anti —
inflammatory agents are used to treat periodontal diseases.
These agents are associated with drawbacks like short
biological half life and inability of the drug to reside locally
for a sufficient period of time. Thus to avoid these
drawbacks and obtain a sustained and targeted delivery,
drugs are encapsulated in microspheres, which are then
formulated as a gel>. Ketorolac tromethamine is a

2. Materialsand Methods

2.1Materials

Ketorolac tromethamine was obtained as the gift sample
from devis laboratories, Gelatin, HPMC, NACMC, liquid
paraffin sesame oil were obtained from Loba chemise
laboratory reagents and fine chemicals Ltd, Mumbai. Other
reagents and solvents used were of pharmaceutica or
analytical grade.

2.2 Preparation of microspheres by emulsion cross
linking method

3g of polymer (Gelatine/Sodium alginate/ HPMC E15/
Ethyl cellulose) were accurately weighed and mixed in 10
ml of distilled water, preheated to 60°, followed by the
addition of Tween 80 (0.1%w/v). To this, 1 g of Ketorolac
tromethamine was added and thoroughly mixed to obtain a
homogeneous solution. The mixture was maintained at

Process variablesin microspheres preparations

nonsteroidal anti-inflammatory drug (NSAID) chemically
related to indomethacin and tolmetin having analgesic
activity [3]. Its anti inflammatory effects are due to
inhibition of both cylooxygenase-1 (COX-1) and
cylooxygenase-2 (COX-2) which leads to the inhibition of
prostaglandin synthesis [4]. The half life of the Ketorolac
tromethamine is 2.5 hrs. Oral use of this drug is associated
with side effects like gastrointestina disturbance, nausea,
vomiting and diarrhoea. Topical application of this
Ketorolac prevents these side effects and offers potential
advantage of delivering the drug at the site of action. The
objective of the present study is to develop and characterize
bioadhesive gel incorporated Ketorolac tromethamine
loaded microspheres formulation as the novel technique to
sustain and localize the drug action in the periodontal
pockets for an effective treatment.

50°%, and than added drop wise into 100 ml of liquid
paraffin and sesame oil respectively containing Span 80
(0.1 %wi/v) preheated to 60 °c at constant stirring with 3-
blade stirrer in order to form w/o emulsion. Glutaraldehyde
was added drop wise to the emulsion and stirring and stirred
for 1 hr at room temperature to stabilize the microspheres.
The mixture was then left to cool at between 5-10 °c for 30
min to enhance settling of the microspheres. Microspheres
were collected by filtration using Whatman filter paper and
washed with 3x10 ml of chloroform followed by 2x10 ml
of 5 %w/v sodium metabisulphite, dried a room
temperature and transferred to glass vials®.Various process
variables used in preparation of microspheres was shown in
the Table no:1,2,3,4,5,6.

Table 1: Effect of process variables on microsphere properties

S. No Process variables Values
1 Stirring rate (rpm) 500, 1000, 1500
2 Cross linking agent amount (ml) 0.5,10,15
3 Drug : polymer ratios 1:1,1:2,1:3,1:4
4 Continuous phase amount (ml) 100,150,200
Emulsifying agents
5. Tween 80(ml) 0.01 ,0.02
Span 80(ml) 0.1,0.2
Table 2: Batches for selection of drug: polymer ratio
Batch Drug: Glutaraldehyde | Stirring rate Continuous
polymer amount (ml) (rpm) phase amount
ratio (ml)
F1 11 0.5 500 100
F2 1.2 0.5 500 100
F3 1.3 0.5 500 100
F4 14 0.5 500 100
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Table 3: Batches for selection of glutaraldehyde amount and stirring rate

Batch Drug: Polymer Glutaraldehyde Stirring Rate Continuous phase
ratio amount (ml) (rpm) amount(ml)
F5 1:3 1.0 500 100
F6 1:3 15 500 100
F7 1:3 0.5 1000 100
F8 1:3 1.0 1000 100
F9 1:3 15 1000 100
F10 1:3 0.5 1500 100
F11 1:3 1.0 1500 100
F12 1:3 15 1500 100
Table 4: Batches to determine effect of continuous phase amount on microspheres
Batch Drug: Polymer ratio Glutaraldehyde Stirring Rate (rpm) Continuous Phase
amount (ml) amount (ml)
F13 1:3 1.0 1000 150
F14 1:3 1.0 1000 200
Table 5: Batches to select emulsifying agent and its ratio for microspheres preparation
Batch Drug: Glutaraldehyde Stirring Continuous Tween Span
Polymer amount (ml) Rate (rpm) | Phase amount 80(ml) | 80(ml)
ratio (ml)
F15 1:3 1 1000 100 0.02 0.2
F16 1:3 1 1000 100 0.01 0.1
Table 6: Batchesto select suitable polymer
Batch polymer Drug: Glutaraldehyde | Stirring Continuous Phase | Tween | Span
Polymer ratio | amount (ml) Rate (rpm) | amount (ml) 80(ml) | 80(ml)
F16 Gelatin 1:3 1 1000 100 0.01 0.1
F17 Sodium 1:3 1 1000 100 0.01 0.1
alginate
F18 HPMCE15 | 1:3 1 1000 100 0.01 0.1
F19 Ethyl 1:3 1 1000 100 0.01 0.1
cellulose

2.3. Characterization of microspheres:

2.3.1. Deter mination of percentageyield

The microspheres prepared were collected and weighed.
The measured weight of microspheres was divided by total
amount of al non-volatile components, which were used
for the preparation of microspheres’. The % yield was
calculated by following formula

% yield = Wrec/Weight (drug + polymer)x100

Where Wrec = Weight of microspheres recovered

2.3.2. Deter mination of percentage of drug loading

The percentage of Ketorolac tromethamine  loading in
microspheres can be estimated using.

L=0Qm/Wm x100

where, L is the % loading of microspheres, Qm is the
guantity Ketorolac tromethamine present in Wm of
microspheres and Wm is the weight of the microspheresin
grams[7].

2.3.3. Fourier Transform Infrared Spectr oscopy

Drug polymer interactions were studied by FTIR
spectroscopy [8]. The spectra were recorded for pure drug
and drug loaded microspheres using FTIR and scanned
between wave number 4000-400 cm™ using a Shimadzu
Model 8400 FTIR.

2.3.4. Particlesize analysis

International Journal of Current Trends in Pharmaceutical Research

The particle size analysis was carried out by using electron
microscopy. The microspheres were analyzed for size and
size distribution by dispersing them in 20 % v/v isopropyl
alcohol. About 100 microspheres were selected randomly
and their size was determined [9].

2.3.5. Scanning electron microscopy

SEM analysis was carried out in order to determine the size
and shape of the microspheres [10].

2.3.6. Evaluation of in vitro release by static method
Microspheres, equivalent to 10 mg of Ketorolac
tromethamine, were accurately weighed and transferred to
conical flask containing 100 ml phosphate buffer (pH 6.8).
The flask was kept in an incubator maintained at 37 °C,
Five minutes before each sampling, the flask was shaken
manually to minimize any concentration gradient within the
release medium. The microspheres were alowed to settle
down and clear supernatant medium was withdrawn for
drug analysis. 1 ml of sample solution was withdrawn at
regular intervals of time and after suitable dilution, the
amount of drug released was determined using a
spectrophotometer at 240 nm. For each sample withdrawal,
1 ml of fresh phosphate buffer of pH 6.8 was added to the
release medium to replenish it [11].
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2.4. Preparation of gel

Accurately weighed Ketorolac tromethamine (100 mg) was
added to 15 ml of water in a beaker and stirred well to
dissolve the drug, Carbopol-934/HPMC/NACMC with
300,400,500 mg of varying proportions was dissolved in
this drug solution. Gelatin microspheres loaded with 100
mg of Ketorolac tromethamine was added to the drug
polymer solution and mixed well. Methyl hydroxybenzoate
(0.15 %w/w), propyl hydroxybenzoate (0.05 %w/w) and
sodium metabisulphate (0.1 %w/w)) were then added to
microsphere/drug/polymer mixture, triturate dightly in
mortor and pestle to obtain a homogenous mixture. Stirring

ISSN: 2321-3760

was continued until a lump-free suspension was obtained.
Thereafter, 0.3 ml of triethanolamine was added to produce
a gel. This was followed by the addition of a sweetening
agent (saccharin sodium, 0.1 %w/w) and more water to
make up to 20 g of gel'? Different bioadhesive gel
formulations were prepared from microspheres obtained by
two types of solvent system shown in table no:7.

FGL=Formulated gels prepared
obtained from liquid paraffin solvent
FGS= Formulated gels prepared from microspheres
obtained from sesame oil solvent

from microspheres

Table 7: Formulation table of bioadhesive gel

Formulations

Polymer concentration(mg)

Carbopol-934

HPMC NA CMC

FGL1 300

FGL2 400

FGL3 500

FGL4 -

FGLS5 -

FGL6 -

FGL7 -

FGL8 -

FGL9

FGS10

FGS11

FGS12

FGS13 -

FGS14 -

FGS15 -

FGS16 -

FGS17 -

FGS18 -

- 500

2.5. Evaluation of bioadhesive gel incorporated
microspheres

2.5.1. Surface pH of the gel:

An acidic or akaine formulation is bound to cause
irritation on mucosal membrane and hence this parameter
assumes significance while developing a bioadhesive
formulation. A digital glass electrode pH meter was used
for this purpose. pH was noted by bringing the electrode
near the surface of the formulations and allowing it to
equilibrate for 1 min[13].

2.5.2. Viscosity Study:

Viscosity of gels was studied on Brookfield viscometer by
using spindle number 42 at 0.5 revolutions per minute at
constant temperature [14] .

2.5.3. Estimation of drug content in formulated gels:
Formulations containing 1 mg of drug was taken in 10 ml
volumetric flask, dissolved in pH 6.8 phosphate buffer
made up the volume to 10 ml with pH 6.8 phosphate buffer
and then filtered. Absorbance values were measured at 240
nm for the drug. Concentrations of drug were calculated
from the standard calibration curve prepared in pH 6.8
phosphate buffers[15].

International Journal of Current Trends in Pharmaceutical Research

2.5.4. Evaluation of in vitro release by dynamic method
In vitro release studies of Ketorolac tromethamine from the
gels were carried out at 37 °C using phosphate buffer of pH
6.8 as release medium. Gel (1 g) containing Ketorolac
tromethamine was accurately weighed and transferred to
receptor compartment of franz diffusion cell. The gel was
gently pushed down to the surface of the egg membrane
with the help of a stainless steel spatula to ensure that all
the gel was in contact with the membrane. 1ml of
Phosphate buffer of pH 6.8 was added to the reservoir
compartment to wet the gel. Egg membrane is just
immersed in the phosphate buffer which acted as the
receiving compartment. The receiving compartment was
magnetically stirred at 150 rpm, maintaining at 37 °C. 1ml
of sample was withdrawn from the receiving compartment
at regular intervas and the amount of Ketorolac
tromethamine released from the gel was determined using a
spectrophotometer at 240 nm. After each withdrawal of
sample, equal quantity of phosphate buffer was added to the
receiving compartment to replenish it [16].

2.5.5. Bioadhesion study:

809



P. Parveen, IJCTPR, 2015, 3(2): 806-816

In the present study, goat cheek pouch was used as a model
mucosal surface for bioadhesion testing. The goat cheek
pouch was procured from slaughter house, then excised and
trimmed evenly from the sides. It was then washed with
phosphate buffer of pH 6.8 and used immediately and tired
tightly with the mucosal side upwards using rubber band
over an inverted vial. Bioadhesive gel was applied to the
mucosal surface and adhered with the surface of another
vial and kept below the left hand set up of the balance. The
balance was kept in this position for 8 min and then sand
was added in the right pan by the spatula. The addition of
sand was stopped as soon as the detachment of two surfaces
was obtained. Weight of sand was measured. This gave the
bioadhesive strength of the formulation in grams [17].

2.5.6. Ex-vivo per meation studies

The modified Franz diffusion cell was used for permeation
studies. It consists of two compartments, one is donor
compartment and another is receptor compartment of 10 ml
capacity. The separated buccal epithelium was mounted
between the chamber, and the receptor compartment was
filled with 10 ml of phosphate buffer of pH 6.8 phosphate
buffer. A Teflon-coated magnetic bead was placed in the
receptor compartment, and the whole assembly was placed
on the magnetic stirrer, and buccal epithelium was allowed
to stabilize for a while. After stabilization, samples of 1 ml
were withdrawn at regular intervals, suitably diluted, and
were analyzed spectrophotometrically at 240 nm[18].

2.5.7. In-Vitro Diffusion Study

3. Resultsand Discussions

Compatibility Studies:

From the FTIR spectra of physical mixture of the drug,
polymer, and other ingredients, it was observed that the
peak of the major functional groups of Ketorolac
tromethamine were present in the spectrum of pure drug

Ketorolac tromethamine pure drug
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Figure 1. FTIR spectrum of pure drug Ketorolac tromethamine

For All the formulations used in the microsphere
preparation only for F 16 formulation microspheres are
obtained thus it is selected as optimized formulation for
preparation of  Ketorolac  tromethamine loaded
microspheres depending on stirring rate 1000rpm, 1ml
glutaraldehyde amount, 100ml continuous phase, 1:3 drug:
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In-vitro diffusion study of optimized formulation of
bioadhesive gel incorporated Ketorolac tromethamine
loaded microspheres was compared with in-vitro diffusion
study of Ketorolac tromethamine loaded microspheres.
2.5.8. Characterisation of drug in bicadhesive gel
formulation

FTIR studies were conducted for characterisation of drug in
bioadhesive gel of selected formulation. The IR spectrum
was recorded using Fourier Transform Infrared
Spectrometer. The IR spectrum of pure drug Ketorolac
tromethamine and best formulation was taken, interpreted
and compared with each other.

2.5.9. Release kinetics

The data obtained from in vitro experiments was fitted to
various mathematical models that are employed to assess
the drug release kinetics. Based on the R*- value or n-
value, the best-fitted model was selected.

Zero - order kinetic model - Cumulative % drug release
versustime.

First - order kinetic model - Log cumulative percent drug
remaining versustime.

Higuchi’s model - Cumulative percent drug released
versus square root of time.

Erosion model® - cubic root of unreleased fraction of the
drug versus time.

Korsmeyer equation / Peppa’s model 21,22- Log My M,
versuslog time.

(Fig no :1,2 ).All the peaks were remained unaltered in the
IR spectrum of physical mixture of drug and excipients this
revealed that there was no interaction.
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Figure 2: FTIR spectrum of Mixture

polymer ratio, amount of emulsifying agents ratio and type
of polymer used. Two types of solventsi.e liquid paraffin or
sesame oil are used in the preparation of optimized F16
formulation microspheres thus resulting two types of
microsphere formulations.
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FL 16 = Microspheres prepared from liquid paraffin solvent
FS16 = Microspheres prepared from sesame oil solvent

Figure3: Scanm ng electron microscope photograph of
microspheres

The microspheres were characterised for the two
formulations FL16 and FS16 by percentage yield , percent
drug loading, particle size and %drug release by static
method at the end of 6™ hr(table no:9).The percentage yield
of microsphere formulations were 97.52 %( FL16) and 98.5
%( FS16).It indicates good yield. The percentage drug
loading of microsphere formulation were 95.7 %( FL16)
and 85 %( FS16).It indicates formulations shows good
percent drug loading. The results obtained indicated that the
increase of drug: polymer ratio was associated with increase
in both the %dug loading and the microspheres production
yield. The average particle size of microspheres was

ISSN: 2321-3760

These microspheres appeared single, spherical, discrete
with smooth surface by SEM studies and electron
microscopy (fig no:3,4) .

Figure 4: Electron microscope images of mlcrospheres

61.92um(FL16) and 52.14um(FS16) .The particle sizes in
the two formulations is within the microsphere particle size
range of 1-1000um which ensured the uniformity of particle
sizes necessary for operations like mixing and preparation
of gels and also provides more uniform drug release . All
the formulations from SEM studies were single, spherical,
discrete with smooth surface. Also average particle size of
the prepared microspheres was within the size range of 50
to 90 um. The results indicate that microsphere
formulations are useful for uniform mixing of microspheres
in preparation of gels and produces uniform drug release
(table no:8).

Table 8: Evaluation parameters of Ketorolac tromethamine |oaded microspheres

Evaluation tests

% yield

%drug loading

Particle size(um)

%drug release at the end
of 6" hr

FL16 FS16
97.52+0.105 | 98.5+0.23
95.7+0.34 85+0.42
61.92+0.56 | 52.14+0.65

92+0.32 92.8+0.13

Drug is released from microsphere formulation in sustained
for prolonged period of time i.e>6hr(fig no:5).FT-IR
spectrum of microsphere formulation reveas that all the
peaks were remained unaltered in the IR spectrum of

In vitro drug release by static method
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3
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Figure5: Drug release profile of formulated microspheres

selected microspheres and  there was no chemical
interaction of drug with polymer and other ingredient in
prepared microspheres (Fig.no :6).
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Figure 6: FT-IR of formulation microspheres
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The bio adhesive gel from formulations FGL1-FGS18 were
characterised for pH of gels was within the range of 6.47-
6.78 which reflects that the gel will be non irritant to
periodontal pocket mucosaViscosity of prepared gel
formulations ranges between 55.9-635 cps. FGL7 showed
lowest viscosity and FGS12 showed highest viscosity.
Formulations prepared from carbopol-934 polymer with
microspheres prepared from sesame oil vehicle showed
high viscosity and gels prepared from sodium CMC
polymer showed lowest viscosity. The data represent that
with increase in the concentration of polymer viscosity was
increased. The drug content of the prepared gel
formulations was in the range of 92.1-99.7 %. All the
formulations exhibited fairly uniform drug content. This
indicates that the drug was uniformly distributed throughout
the formulations.FGL7 showed lowest drug content and
FGS12 showed highest drug content. Formulations

prepared from carbopol-934 polymer showed high drug

Figure 9: Addition of sand in theright pan

Drug release by dynamic method (98.9%for FGS10) at the
end of 6™ hr in fig no 11,12. Drug release was within 4hrs
in case of gels prepared from sodium CMC polymer and
5hrs in case of gels prepared from HPMC polymer thus
drug release was sustained for prolonged period of time in
case of gels prepared from carbopol-934 polymer. In vitro

International Journal of Current Trends in Pharmaceutical Research
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content compared with other formulations. This reveals that
improved drug content has been observed with increase in
polymer concentration. Bioadhesive strength was conducted
on the goat buccal mucosain fig no:7,8,9,10 and table no:9.
Bio adhesion properties of prepared gels (FGL1-FGS18) is
between 2.49-15.7gms. FGL7 showed lowest bio adhesion
and FGS12 showed highest bio adhesion. The result
showed that al the formulations had good bio adhesive
values. The formulation prepared from carbopol-934
polymer showed the highest bio adhesive property when
compared to other formulations which may be due to
greater polymeric cross linking structure and greater
cohesive force between polymeric gel and buccal mucosal
membrane. Increase in polymer concentration increases bio
adhesive strength of the gel which reflect that the bio
adhesive gel can be retained in periodontal socket for
prolonged period of time which will improve the patient
compliance.

Figure 8: Bioadhesive gel on the goat mucosa tired over an
inverted vial

Figure 10: Detachment of two vial surfaces

drug release profiles of various gel formulations by
dynamic method reported that decrease of polymer
proportion resulted to increase of release rate. It was found
out that gels prepared from carbopol-934 showed highest
drug rel ease when compared to other formulations.
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Table 9: Evaluation parameters of bio adhesive gel

S.No | Formulation pH %drug Viscosity(cps) Bio adhesive
content strength(gms)
1. FGL1 6.60+0.13 97.1+0.13 327 10.50+0.12
2. FGL2 6.73+0.14 97.3+0.12 450 10.52+0.43
3. FGL3 6.40+0.23 97.5+0.10 550 10.54+0.32
4. FGL4 6.50+0.14 92.8+0.13 180 3.10+0.22
5. FGL5 6.51+0.13 | 93.2+0.17 210 4.12+0.67
6. FGL6 6.50+0.12 93.7+0.16 240 5.10+0.33
7. FGL7 6.48+0.11 92.1+0.12 55.9 2.49+0.22
8. FGL8 6.60+0.16 | 92.46+0.16 61.2 3.15+0.32
9. FGL9 6.52+0.18 92.6+0.14 72 4.30+0.45
10. FGS10 6.78+0.2 98.4+0.12 620 15.55+0.45
11. FGS11 6.72+0.23 98.5+0.17 630 15.64+0.67
12. FGS12 6.50+0.12 99.7+£0.18 635 15.7+0.78
13. FGS13 6.51+0.14 95.6+0.19 190 3.43+0.55
14. FGS14 6.50+0.14 95.7+0.13 230 4.28+0.55
15. FGS15 6.48+0.12 95.8+0.12 250 5.37+0.45
16. FGS16 6.47+0.15 92.5+0.11 59 2.58+0.65
17. FGS17 6.50+0.17 92.6+0.13 63 3.28+0.89
18. FGS18 6.51+0.18 92.7+0.19 74 4.42+0.76
\
Invitro drug release by dynamic method —4—FGL1 Invitro drug releasze by dynamic method
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Figure 11: Drug release of gel formulations by dynamic
method from FGL1-FGL9

In-vitro diffusion study of bio adhesive gel incorporated
Ketorolac tromethamine loaded microspheres (FGS10) was
compared with  Ketorolac  tromethamine loaded
microspheres (FS16) in Figure: 13. Drug from the
microspheres was released in a controlled manner for more
than 6hr. The release pattern was biphasic with an initial
burst release of 11% of the loaded drug in the first
30min.Thereafter release was slow but steady and by the
end of the 6" hr, 92.8%0f the loaded drug was released. In
bio adhesive gel incorporated Ketorolac tromethamine
loaded microspheres of FGS10 the release pattern was
biphasic with the initial burst release of 38.6% by the end of
first 30 min subsequently release was steady and by the end
of the 6th hr, 98.9 % of the drug was released. In vitro —
diffusion study indicates drug release from both
microspheres and gel formulations showed sustained
release pattern for prolonged period of time i.e >6hr in the

International Journal of Current Trends in Pharmaceutical Research

Figure 12: Drug release of gel formulations by dynamic
method from FGS10-FGS18

periodontal socket for the treatment of periodontal

inflammation.

In-vitro diffusion study

—#—microsphare
—l—pel

Sdrug release

0 100 200 300 400

time{min)

Figure 13: In-Vitro Diffusion Study of FS16 and FGS10
formulations
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FT-IR of bio adhesive gel incorporated Ketorolac
tromethamine loaded microspheres reveals that all the
peaks were remained unaltered in the IR spectrum of
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Figure 14 : FTIR spectrum of FGS10 bioadhesive gel
formulation
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selected optimized gel formulation thus there was no
chemical interaction of drug with polymer and other
ingredient in prepared bio adhesive gel(Fig no: 14) .

Release Kinetics:

In order to study the exact mechanism of drug release from
bio adhesive gel formulation drug release data were
analysed according to Zero order, First order, Higuchi
square root Erosion and Korsmeyer-peppas equation. Drug
release from al the formulations obeyed Higuchi kinetic
equation (Table.no:10). Regression coefficients of zero
order and first order was compared it is found that R?
values of first order was greater thus the formulation
follows first order kinetics in order to know exact drug
release mechanism regression values of Higuchi and
Erosion were compared it was found that R? values of
Higuchi was greater thus drug release was diffusion
controlled and n value is between 0.5-1 that indicates drug
release follows non fickian diffusion where drug release is
controlled by combination of diffusion and polymer chain
relaxation mechanisms.

Table 10: Regression values of gel formulations

Formulations | Zeroorder | First order | Higuchi | Erosion | Korsmeyer
(R% (R? (R% (R®) | peppas
n R*

FGL1 0.6033 0.8104 0.9736 0.4687 | 0.7523 | 0.9515
FGL2 0.6729 0.8306 0.9683 0.4817 | 0.7415 | 0.9528
FGL3 0.7746 0.8659 0.9231 0.5567 | 0.7101 | 0.9678
FGL4 0.748 0.8386 0.9911 0.511 0.802 | 0.9584
FGL5 0.734 0.8566 0.9923 0.502 0.785 | 0.9601
FGL6 0.701 0.8633 0.9913 0.491 0.768 | 0.9581
FGL7 0.695 0.7357 0.9725 0.516 0.8437 | 0.9514
FGL8 0.6636 0.8523 0.9776 0.496 0.8186 | 0.949
FGL9 0.7235 0.7599 0.9816 0.510 0.818 | 0.953
FGS10 0.5834 0.9683 0.9737 0.4639 | 0.761 | 0.9513
FGS11 0.6576 0.8742 0.968 0.4808 | 0.7491 | 0.9522
FGS12 0.7982 0.8892 0.9598 0.5066 | 0.7069 | 0.9546
FGS13 0.7085 0.8836 0.9889 0.5008 | 0.803 | 0.9548
FGS14 0.6734 0.8707 0.9881 0.486 0.7848 | 0.9533
FGS15 0.646 0.8647 0.9787 0.477 0.7678 | 0.9517
FGS16 0.6608 0.805 0.9693 0.508 0.8492 | 0.9507
FGS17 0.6176 0.8802 0.9705 0.486 0.8221 | 0.9458
FGS18 0.6854 0.7727 0.9792 0.502 0.8219 | 0.9512

Best formulation obtained from in vitro drug release studies
was selected for ex-vivo drug permeation studies (FGS10)
using goat cheek pouch between donar and receptor
compartment. FGS10 showed 75% drug release at the end
of 6hr (Fig no: 15). The result from ex vivo permeation
indicates drug release through biological membrane is
sustained for prolonged period of time.

Stability studies:

International Journal of Current Trends in Pharmaceutical Research

The Optimized bioadhesive gel formulation (FGS10) was
stored in three different temperatures 4 + 20C, 25 + 20C,
45+20C. The stored formulation was evaluated periodically
for drug content, pH and viscosity at predetermined time
interval. There was no significant change in %drug content,
pH and viscosity of bioadhesive gel formulation hence
FGS10 was stable even after 30 days of study(table no:11).
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2%drug release
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Figure 15: Ex-vivo drug release profile of FGS10 formulation

Table 11: Stability studies of optimized formulation (FGS10)

S.No. | Temp. Drug Content (%) | pH | Viscosity ( cps)
Days
0 15 30 0 15 30 0 15 30
1 4-8% 96.1 95 9412 | 6.72 6.65 6.62 | 620 621 623

4. Conclusion

The formulated Ketorolac tromethamine loaded gelatine
microspheres for sustain release was found to be potential
and effective in terms yield, encapsulation efficacy, particle
size and in-vitro release characteristics. The gel formulation
, which consisted of drug loaded gelatine microspheres,
showed sustain release of Ketorolac tromethamine = 6 hr,
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