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ABSTRACT

The use of hydrophilic carriers in solid dispersion systems plays a significant role in enhancing the dissolution rate of drugs
with poor aqueous solubility. Solid dispersion techniques improve solubility in both aqueous and organic media by
converting the drug from a crystalline to an amorphous form, thereby reducing particle size and increasing surface area. In
the present study, Ketorolac—a poorly water-soluble nonsteroidal anti-inflammatory drug—was selected to evaluate the
effect of various solubility enhancers on its aqueous solubility and dissolution behavior. Solid dispersions of Ketorolac
were prepared both individually and in combination with hydrophilic polymers, including Polyethylene Glycol 4000 (PEG
4000), Chitosan, and Hydroxypropyl Methylcellulose (HPMC), to assess their potential in improving drug solubility and
release characteristics.
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INTRODUCTION
Nanotechnology can be defined as a scientific field focused
on the design, characterization, production, and application
of systems and methodologies that manipulate materials at
the nanoscale (typically 1-100 nanometers) to control their
size, shape, and functionality. In the pharmaceutical
sciences, nanotechnology plays a vital role in the
development of innovative drug delivery systems aimed at
improving diagnosis, prevention, and treatment of a wide
range of diseases. It contributes to the advancement of
formulations by enhancing drug targeting, improving
delivery techniques, increasing drug efficacy, reducing
toxicity, and minimizing the dosage required to achieve
therapeutic effects.!
One of the key challenges in drug development is solubility,
particularly for poorly water-soluble drugs. Solubility refers
to the maximum amount of a substance (solute) that can be
dissolved in a given quantity of solvent at a specific
temperature, resulting in a saturated solution. It is a critical
physicochemical property that can be described both
quantitatively and qualitatively.?

e Quantitatively, solubility is expressed as the
concentration of the solute in a saturated solution, using
units such as parts per million (ppm), percentage,
molarity, molality, mole fraction, or volume fraction.

e Qualitatively, it refers to the spontaneous interaction
between two or more substances to form a homogeneous
molecular dispersion.’

Solubility varies depending on the physical states of the

solute and solvent, giving rise to different types such as:

e Solubility of gases in liquids

e Solubility of liquids in liquids

e Solubility of solids in liquids

Several factors influence a substance’s solubility, including
the physicochemical properties of the solute and solvent,
temperature, pressure, pH, and the presence of other
dissolved substances. Based on how well a substance
dissolves, it may be classified as highly soluble, sparingly
soluble, or practically insoluble.*

Improving solubility is essential in enhancing the
bioavailability of drugs, particularly those with poor
aqueous solubility. Techniques such as solid dispersion,
nanoformulations, micellar systems, and complexation are
widely used to address this issue in modern pharmaceutical
research.’

METHODOLOGY

Compatibility Studies of Drug with Excipients by FTIR
The pure form of Ketorolac and excipients were
performed to FT-IR studies individually as well as in
formulation, to evaluate the drug and polymers
interferences.

FT-IR

The effective formation of a safe and efficient solid
dosage type relies on careful consideration of the option
of excipients that are added to facilitate administration,
encourage the drug's consistent release and
bioavailability, and protect it from degradation. Fourier
Transform Infrared Spectroscopy identified the
compatibility of Ketorolac with the respective polymer
in the formation of polymeric nanoparticles, individual
cross-link agents and physical mixtures of the main

*Author for Correspondence: bks40199@gmail.com
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Table 1: Composition of different batches Oral disintegrating Ketorolac tablets

S.No Formulation code F1 (mg) F2 (mg) F3 (mg) F4 (mg) F5 (mg) F6 (mg)
1 Ketorolac dispersed particles 30 30 30 30 30 30

2 Sodium Starch Glycolate 8 10 12 14 16 18

3 Microcrystalline cellulose 30 28 26 24 22 20

4 Mannitol 20 20 20 20 20 20

5 Aspartame 2 2 2 2 2 2

6 Talc 3 3 3 3 3 3

7 Magnesium stearate 5 5 5 5 5 5

8 Mint 2 2 2 2 2 2

formulation (FT-IR). Any change in the chemical
composition was explored with IR spectral analysis after
combining with the excipients. Method: Weighed
amount was added to KBr to form KBr pellet and
exposed for scanning from 4000cm-1 to 400cm-1 using
FT-IR (Perkin Elmer Spectrum Rx, Serial No. -79225).%
8

Formulation of Ketorolac Loaded Hydrotrophs
Formulation of Ketorolac loaded hydrotropes was done
using emulsion solvent diffusion method. In this method,
two phases were prepared i.e, the organic phase, and the
aqueous phase. Initially drug-Ketorolac and ethyl cellulose
was mixed and dissolved in 20 ml of dichloromethane to
produce organic phase. Into another beaker, 100ml of
distilled water was taken, to which, desired quantity of
polyvinyl alcohol was added to produce aqueous phase. The
aqueous phase was kept as magnetic stirrer at 1000 rpm for
2 hours with continuous mixing of organic phase for the
formulation of hydrotropes. The formulated product was
filtered grade-1 Whatmann filter paper. The obtained
product was dried under hot air oven at 40°C under and then
stored.”!?

Evaluation of Ketorolac Loaded Hydrotropes

Particle Size Determination

In each formulation the DLS method i.e., dynamic light
scattering was used to determine the particle size in the
formulation. Dynamic light scattering is a latest technology
that is used for measuring the size of the particle and also
used to describe the size distribution of particles.!! The

Figure 1: Hydrotropes Formulations

Dy - Sieving

excipients

Table 2: Observed Solubility of ketorolac with different
hydrotropic agents

S.No Category
Drug Physical Mixture Observed
Wy Solubility (ug/ml)
1 Ketorolac - 9.2
2 Ketorolac + 13.64
PEG-4000
3 - Ketorolac + 15.30
Chitosan
4 - Ketorolac + 15.50
HPMC-15cps

basic principle of DLS involves the Brownian motion of
motion of dispersed particles, when it comes in contact with
the light. It measures the hydrodynamic diameter of the
particle by measuring the speed of the particles.'?
Drug Entrapment
In this method, required quantity of hydrotropes were taken
equivalent to quantity of drug. The hydrotropes were
dissolved in methanol and centrifuged for two hours. After
completion, of centrifugation, 0.1ml of clear liquid was
taken into 10 ml of volumetric flask, make up volume with
0.IN HCI. Absorbance was calculated using UV
spectroscopy at 323 nm. '3
Percentage Drug Release
For each formulation, percentage drug release of was
calculated by determining the absorbance of sample.!*
Percentage Yield
The percentage yield was measured by determining raw
material initial weight and hydrotropes final weight.!
% yield = (Hydrotropes weighed practically

/ Theoretical mass) X 100
Morphology and Surface Topography
Electron Microscopy
Scanning electron microscopy was performed to study the
surface morphology of hydrotropes. The morphological
properties of Ketorolac loaded hydrotropes was determined
using SEM analysis. !
Formulation Development
Method of Preparation of Rapid Disintegrating Tablets
of Ketorolac
One popular approach is the direct compression procedure,
which is the simplest and most straightforward way to make

-Scanning

Mixing Compression

Figure 2: Steps involve in direct compression method

IJPQA, Volume 15 Issue 4, October - December 2024

Page 2666



Solubility Enhancement of Anti-Inflammatory

Table 2: Response 1. PARTICLE SIZE

Source Sum of Squares df Mean Square  F-value p-value

Model 5653.74 9 628.19 1.37 0.3475 significant

A-KETOROLAC 205.54 1 20554 0.4475 0.5250

B-PEG-4000 249.76 1 249.76 0.5438 0.4848

C -DICHLOROMETHANE  126.80 1 126.80 0.2761 0.6155

AB 323.10 1 323.10 0.7035 0.4293

AC 441 1 441 0.0096 0.9247

BC 2.03 1 2.03 0.0044 0.9488

A? 136.44 1 13644 0.2971 0.6027

B? 695.79 1 69579 1.51 0.2581

C? 3594.37 1 359437 7.83 0.0266

Residual 3215.12 7 45930

Lack of Fit 2380.29 3 79343 3.80 0.1149 not significant

Pure Error 834.83 4 208.71

Cor Total 8868.86 16

Table 3: Fit Statistics Table 4: Final Equation in Terms of Actual Factors

Std. Dev. 21.43 R? 0.6375 PARTICLE =

Mean 376.92 Adjusted R? 0.1714 SIZE

CV.% 5.69 Predicted R? -3.4413 +1037.60333

Adeq Precision  3.0984 -35.88517  KETOROLAC
o . +1.62317 PEG-4000

tablets. Rapid-dissolving tablets based on ketorolac were 2538650 DICHLOROMETHANE
made by direct compression. The medication candidate and 20239667 KETOROLAC * PEG-4000
additional formulation ingredients were weighed using an 40.056000 KETOROLAC * DICHLOROMETHANE
analytical weighing balance. The additive mixture +0.006333  PEG-4000 * DICHLOROMETHANE
mentioned above was supplemented with a medication. 40910800 KETOROLAC?
Following a sieve to ensure uniform size, they were 4+0.057133  PEG-40002
thoroughly combined and then compressed into tablets.!” 40519422 DICHLOROMETHANE2
RESULT AND DISCUSSION Model Analysis

Evaluation of Hydrotropes

Observed Solubility of Ketorolac and Polymers in Aqueous
Condition (Table 1)

FT-IR of Pure Drug and in Combination with Hydrotropic
Agents (Graph 1)

FT-IR of Optimized Formulation of Ketorolac with PEG-
4000 (Graph 2)

Factor Coding: Actual
Response: PARTICLE SIZE (nm) 50

@ Design Points
3358 [ 41555
Actual Factor:
=225

PARTICLE SIZE (nm)

B: PEG-4000

26

20 2 2 23 24 25

A KETOROLAC

ANOVA for Quadratic Model

Factor coding is Coded.

Sum of squares is Type III — Partial

The model F-value of 1.37 indicates that particular model
is important. Only 34.75% chance that due to noise, the
large F-value can be appear.

Factor Coding: Actual
Response: PARTICLE SIZE (nm)
Design Points:

@ Above Surface

O Below Surface

3358 [ 55

Actual Factor:
C=25

3D Surface

PARTICLE SIZE (nm)

A: KETOROLAC

Figure 3: Contour plot for effect of particle size by ratio of A and B fluctuations
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Factor Coding: Actual Factor Coding: Actual
Response: DRUG ENTRAPMENT (%) DRUG ENTRAPMENT (%) . Response: DRUG ENTRAPMENT (%) 3D Surface
@ Design Points. Design Points:
os2 [ °35 @ Above Surface
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c=225 os2 [ =5
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c=225
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Figure 4: Contour plot for effect of % drug entrapment by ratio of A and B fluctuations
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Figure 5: Contour plot for effect of % drug release by ratio of A and B fluctuations
Factor Coding: Actual Factor Coding: Actual
Response: YIELD (%) YIELD (%) Response: YIELD (%) 3D Surface
@ Design Points 50 Design Points:
o4s7 [ o2 @ Above Surface
Actual Factor: © Below Surface
Cc=25 6487 - 962

Actual Factor:
c=225

B: PEG-4000

YIELD (%)

B: PEG-4000

A: KETOROLAC

Figure 6: Contour plot for effect of % yield by ratio of A and B fluctuations

P-value below 0.0500 implies that it is an important model =~ The F-value of Lack of Fit is 3.80 suggest the not
term. Readings above 0.1000 suggests about the model-  significant Lack of Fit to the pure error. Only 11.49%
term is non-significant. In case of larger model terms are  chance that a F-value Lack of Fit. due to noise this large F-
insignificant, reduction of model makes your model better.
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value could occur. Lack of fit significant is bad -we want
the model to fit.

A drawback the overall mean might be a more accurate
predictor of your reaction than the current model, according
to the predicted R2. In certain instances, a higher order
model might also make more accurate predictions.

Adeq Precision measures the signal in the form ratio of
noise. If desirable ratio is above 4. The obtained ratio is 3.10
indicating sufficient signal. The model can be implemented
This model may be utilised steer the design space.
Prediction Equation

The equation, expressed in terms of actual factors, enables
predictions of the response for specified levels of each
factor.

Important Considerations

When using this equation:

Specify factor levels in original units.

Refrain from using this equation to assess relative factor
impact, as coefficients are unit-dependent and the intercept
is not cantered in the design space.

L=i=n

N
-.\/_"_,_,_._,_F-
08

IS

ANOVA for Quadratic Model

Factor coding is Coded.

Sum of squares is Type III - Partial

The model F-value of 1.42 indicates that particular model
is important. Only 33.04% chance that due to noise, the
large F-value can be appear.

P-value below 0.0500 implies that it is an important model
term. Readings above 0.1000 suggests about the model-
term is non-significant. In case of larger model terms are
insignificant, reduction of model makes your model better.
The F-value of Lack of Fit is 10.76 suggest the significant
Lack of Fit to the pure error. Only 2.19% chance that a F-
value Lack of Fit. due to noise this large F-value could
occur. Lack of fit significant is bad -we want the model to
fit.

A drawback The overall mean might be a more accurate
predictor of your reaction than the current model, according
to the predicted R2. In certain instances, a higher order
model might also make more accurate predictions.

ABD0 ] 28bo
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Graph 2: FT-IR of optimized formulation of Ketorolac with PEG-4000
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Table 5: Response 2. DRUG ENTRAPMENT

Source Sum of Squares  df Mean Square  F-value  p-value
Model 888.99 9 98.78 1.42 0.3304  significant
A-KETOROLAC 27.38 1 2738 0.3926  0.5508
B-PEG-4000 11.05 1 11.05 0.1584  0.7025
C-DICHLOROMETHANE 47.05 1 47.05 0.6746  0.4385
AB 65.61 1 65.61 0.9408  0.3644
AC 0.0100 1 0.0100 0.0001  0.9908
BC 2.89 1 289 0.0414  0.8445
Az 15.60 1 15.60 0.2237  0.6506
B2 121.64 1 121.64 1.74 0.2281
C? 549.60 1 549.60 7.88 0.0262
Residual 488.17 7  69.74
Lack of Fit 434.35 3 144.78 10.76 0.0219  significant
Pure Error 53.82 4 13.45
Cor Total 1377.16 16
Table 6: Fit Statistics Table 7: Final Equation in Terms of Coded Factors
Std. Dev.  8.35 R? 0.6455 DRUG ENTRAPMENT =
Mean 80.19 Adjusted R? 0.1898 +89.00
CV.% 10.41 Predicted R? -4.1074 +1.85 A
Adeq Precision  3.3178 -1.17 B
. ) ) ) +2.43 C
Adeq Precision measures the signal in the form ratio of +4.05 AB
noise. If desirable ratio is above 4. The obtained ratio is 3.32 -0.0500 AC
indicating sufficient signal. The model can be implemented +0.8500 BC
This model may be utilised steer the design space. -1.92 A2
Prediction Equation 537 B?
The equation, expressed in terms of actual factors, enables 1143 2

predictions of the response for specified levels of each
factor.

Important Considerations

When using this equation:

Specify factor levels in original units.

Refrain from using this equation to assess relative factor
impact, as coefficients are unit-dependent and the intercept
is not cantered in the design space.

ANOVA for Quadratic Model

Factor coding is Coded.

Sum of squares is Type III - Partial

The model F-value of 1.02 indicates that particular model
is important. Only 50.04% chance that due to noise, the
large F-value can be appear.

P-value below 0.0500 implies that it is an important model
term. Readings above 0.1000 suggests about the model-
term is non-significant. In case of larger model terms are
insignificant, reduction of model makes your model better.
The F-value of Lack of Fit is 2.43 suggest the not
significant Lack of Fit to the pure error. Only 20.49%
chance that a F-value Lack of Fit. due to noise this large F-
value could occur. Lack of fit significant is bad -we want
the model to fit.

A drawback The overall mean might be a more accurate
predictor of your reaction than the current model, according
to the predicted R2. In certain instances, a higher order
model might also make more accurate predictions.
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Graph 3: Graph showing Wetting time and water absorption ratio
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Table 8: Response 3. DRUG RELEASE

Source Sum of Squares df  Mean Square F-value  p-value
Model 359.55 9 39.95 1.02 0.5004 significant
A-KETOROLAC 12.25 1 12.25 0.3133 0.5931
B-PEG-4000 23.29 1 23.29 0.5956 0.4655
C-DICHLOROMETHANE 13.13 1 13.13 0.3359 0.5804
AB 18.92 1 18.92 0.4839 0.5091
AC 0.1600 1 0.1600 0.0041 0.9508
BC 0.0306 1 0.0306 0.0008 0.9785
A? 12.47 1 12.47 0.3190 0.5898
B2 48.21 1 48.21 1.23 0.3035
C? 209.79 1 209.79 5.37 0.0537
Residual 273.71 7 39.10
Lack of Fit 176.87 3 58.96 243 0.2049 not significant
Pure Error 96.85 4 24.21
Cor Total 633.27 16
Table 9: Fit Statistics Table 10: Final Equation in Terms of Coded Factors
Std. Dev. 6.25 R? 0.5678 DRUG RELEASE =
Mean 79.26 Adjusted R? 0.0121 +84.98
CV.% 7.89 Predicted R? -3.7076 +1.24 A
Adeq Precision  2.8185 -1.71 B
. ) ) ) +1.28 C
Adeq Precision measures the signal in the form ratio of 217 AB
noise. If desirable ratio is above 4. The obtained ratio is 2.82 +0.2000 AC
indicating sufficient signal. The model can be implemented +0.0875 BC
This model may be utilised steer the design space. 172 A2
Prediction Equation 338 B2
The equation, expressed in terms of actual factors, enables -7.06 2

predictions of the response for specified levels of each
factor.

Important Considerations

When using this equation:

Specify factor levels in original units.

Refrain from using this equation to assess relative factor
impact, as coefficients are unit-dependent and the intercept
is not cantered in the design space.

ANOVA for Quadratic Model

Factor coding is Coded.

Sum of squares is Type III - Partial

The model F-value of 1.31 indicates that particular model
is important. Only 36.71% chance that due to noise, the
large F-value can be appear.

P-value below 0.0500 implies that it is an important model
term. Readings above 0.1000 suggests about the model-
term is non-significant. In case of larger model terms are
insignificant, reduction of model makes your model better.
The F-value of Lack of Fit is 1.86 suggest the not
significant Lack of Fit to the pure error. Only 27.67%
chance that a F-value Lack of Fit. due to noise this large F-
value could occur. Lack of fit significant is bad -we want
the model to fit.

A drawback The overall mean might be a more accurate
predictor of your reaction than the current model, according
to the predicted R2. In certain instances, a higher order
model might also make more accurate predictions.
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Graph 4: Graph showing /n-vitro Disintegration time
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Table 11: Response 4. YIELD

Source Sum of Squares df  Mean Square F-value  p-value
Model 827.85 9 91.98 1.31 0.3671 significant
A-KETOROLAC 13.34 1 13.34 0.1907 0.6755
B-PEG-4000 50.65 1 50.65 0.7240 0.4230
C-DICHLOROMETHANE 26.64 1 26.64 0.3809 0.5567
AB 35.58 1 35.58 0.5086 0.4988
AC 1.21 1 1.21 0.0173 0.8991
BC 0.1600 1 0.1600 0.0023 0.9632
A? 25.92 1 25.92 0.3706 0.5619
B? 98.28 1 98.28 1.40 0.2746
C? 528.05 1 528.05 7.55 0.0286
Residual 489.70 7 69.96
Lack of Fit 285.39 3 95.13 1.86 0.2767 not significant
Pure Error 204.31 4 51.08
Cor Total 1317.55 16
Table 12: Fit Statistics Table 13: Final Equation in Terms of Coded Factors
Std. Dev.  8.36 R? 0.6283 YIELD =
Mean 78.12 Adjusted R? 0.1505 +86.83
CV.% 10.71 Predicted R? -2.7080 +1.29 A
Adeq Precision  3.2068 -2.52 B
. ) i ) +1.83 C
Adeq Precision measures the signal in the form ratio of +2.98 AB
noise. If desirable ratio is above 4. The obtained ratio is 3.21 -0.5500 AC
indicating sufficient signal. The model can be implemented +0.2000 BC
This model may be utilised steer the design space. 248 A2
Prediction Equation 4.83 B?
The equation, expressed in terms of actual factors, enables -11.20 2

predictions of the response for specified levels of each
factor.

Important Considerations

When using this equation:

Specify factor levels in original units.

Refrain from using this equation to assess relative factor
impact, as coefficients are unit-dependent and the intercept
is not cantered in the design space.

Pre-Compression Parameters

A formulation powder is a powdered combination of a
medication and appropriate formulation ingredients or
excipients. Pre-compression evaluation tests or metrics
such as bulk and tapped densities, compressibility index,
Hausner's ratio, and angle of repose are used for this

formulation powder prior to the compression process. In
order to ascertain the granule flow, pre-compressional
parameters (Micromeritic properties) were examined.
Angle of Repose

The angle of repose for the optimised formulation (F6) was
determined to be 23.56 o. An acceptable flow quality was
shown by the angle of repose for each formulation, which
ranged from 23.56 to 31.51 degrees.

Bulk Density

The bulk density of the optimised formulation (F6) was
determined to be 0.473 gm/cm3. The bulk densities of all
formulations ranged from 0.473 to 0.498 gm/cm3,
suggesting adequate flow properties.

120 % cummulative drug release of all batches
[*]
S 100
£ ——F1
%ﬂ 80 ——F2
=
2 60 —4—F3
*é 40 F4
——

i) 20 F5
B —o—F6

0

0 5 10 15 20 25 30
Time (minutes)

Graph 5: cumulative drug release of F1-F6 formulations of ketorolac in phosphate buffer 6.8 pH
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Tapped Density

It was discovered that the tapped density of the optimised
formulation (F6) was 0.598 gm/cm3. The tapped densities
of all formulations ranged from 0.598 to 0.625 gm/cm3,
which indicates a good flow property.

Carr’s Index

The carr's index for the optimised formulation (F6) was
17.59%. The carr's index for each formulation ranged from
14.23% to 17.59%. The appropriate flow and
compressibility characteristics are demonstrated.
Post-Compression Parameters

Weight Variation

The optimized formulation (F6) weight variation was found
to be 100.21mg. The weight variation was found in the
range of 99.25 to 101.60 mg for all formulations
Hardness

The optimized formulation (F6) hardness was found to be
4.01 kg/cm?. The hardness was found in the range of 4.01
kg/cm2 to 4.36 kg/cm? for all formulations. A good
mechanical strength indicated by hardness test for all the
formulations.

Friability

The optimized formulation (F6) friability was found to be
0.72%. The friability was found in the range of 0.24 to
0.70% for all formulations.

Wetting Time and Water Absorption Ratio

The optimized formulation (F6) wetting time and water
absorption ratio were found to be 25.28 seconds and 91.98
%. The wetting time and water absorption ratio was found
in the range of 25.28 to 40.56 seconds and 82.25 to 91.98
% for all formulations

In-Vitro Disintegration Time

Formulations prepared by direct compression method
showed disintegration time in range of 20sec to 40sec. The
optimized formulation (F6) disintegration time was found
to be 20 seconds.

In-Vitro Dissolution Studies

Within 25 minutes, 99.80% of the medication was released
in vitro from the optimised formulation (F6).

25-minute in vitro drug research was conducted utilising an
in vitro dissolving instrument (TDT-08L Electrolab, India)
in phosphate buffer 6.8 pH. Formulations F1, F2, and F3
released 78.881%, 80.598%, and 88.983% of the drug,
respectively, after 20 to 25 minutes, according to in-vitro
dissolution data; formulations F4, F5, and F6 released
93.234%, 98.283%, and 99.80% of the drug, respectively,
during the same time frame.

CONCLUSION

In the initial phase, the pre-formulation studies were done
to determine the organoleptic properties of the drug, the
solubility of drug individually in distilled water, and
melting point of the drug ketorolac. The drug complies all
the organoleptic properties as well as physico-chemical
properties. The solubility of the drug was determined and
was found to be soluble in water, easily soluble in DMSO
and 95% alcohol. The melting point of ketorolac was found
to be 163°C which complies the range of 162-165 °C. The
solubility studies of pure drug and in combination with
different hydrotropic agent was done at different

temperature to determine the effect of temperature on the
solubility of drug with respect to the different hydrotropic
agents. On the behalf of the solubility studies, the drug was
found to be best soluble in PEG-4000, which shows the
excellent solubility property of PEG-4000. Using BOX-
BEHNKEN DESIGN experiment, different formulations
were prepared through variation in the concentration PEG-
4000 from 20 mg to 50 mg so that 17 different runs were
obtained. These data were subjected to study of particle
size, % drug entrapment, % drug release and % yield. After
determination of required data, the final optimized
formulation or best formulation was obtained. The particle
size was found to be in the range of 335.8 nm to 415.65 nm
and particle size of the optimized formulation was found to
be 365.2 nm. The % drug entrapment was found in the range
of 65.2% to 93.5% and % drug entrapment of the final
optimized formulation was found to be 87%. The % drug
release was found to be in the range of 68.6% to 91.2% and
for optimized formulation, it was found to be 81.2%. the %
yield was found in the range of 64.87% to 96.2% and for
optimized final formulation, it was found to be 82.1%.
Finalizing the optimization technique, the optimized
formulation found with the concentration of 22.5 mg of
ketorolac, 35 mg of PEG -4000, and 22.5 ml of
dichloromethane which were used for the formulation of
optimized formulation. The FT-IR studies of optimized
formulation show no interactions between the drug and the
polymers- PEG-4000. The optimized formulation was
subjected to different pre-formulation studies like angle of
repose, bulk density, carr’s index, and solubility of drug.
The formulation of tablets of ketorolac hydrotropes was
done by direct compression method to enhance the aqueous
solubility of the drug. To overcome the disintegration time,
sodium starch glycolate was used as disintegrating agent,
that was found to be beneficial for formulation of rapid
disintegrating tablets of ketorolac. The optimized
formulation (F6) in-vitro drug release was found to be
99.80% within 25 minutes.
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