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ABSTRACT

Ketoprofen exhibits short half-life, poor comprédgy, caking tendency, gastrointestinal
irritation & ulcerogenic effect. Hence, it is desble to formulate into sustained release dosage
form. Amongst different techniques, melt solidif@a technique is the recently developed
technique used to produce sustained release ddsaye Ketoprofen beads were prepared by
employing melt solidification technique with lonaanount of excipient like cetyl alcohol. This
technique involved emulsification and solidificatiof Ketoprofen-cetyl alcohol melt in an
agueous system followed by cooling and stirringylCacohol being a wax, has ability to retard
the drug release and acts as emulsifier. Hencs,tdthnique was used to retard release of drug
from waxy beads. Amount of Cetyl alcohol used vwagble. The Ketoprofen beads were
evaluated by DSC, FT-IR, XRD and SEM. Micromeatid dissolution behavior studies were
carried out. Beads exhibited decreased crystallimhd improved micromeritic properties.
Release kinetics was studied in simulated gastud fand simulated intestinal fluid. No
interaction was observed between drug and excipi®eads obtained were spherical in shape
and the yield was about 87%. XRD data were analymadg Multidimensional minimization
Programme, X- ray diffractogramms of drug and belhdge shown no significant difference in
the inter planar distance (d) values. Crystals nfgland beads were found to be of monoclinic.
Drug release from the beads was by diffusion arthvied first order kinetics. The study
suggests that the Ketoprofen bead prepared by soéttification technique is a novel approach
to formulate sustained release dosage form.

Key words: Beads, ketoprofen, crystallinity, sustained rededsssolution.

INTRODUCTION

Ketoprofen (RS)-2-(3-benzoylphenyl) propionic aisich non - steroidal anti - inflammatory drug
used to treat rheumatoid arthritis, osteoorthatisl mild to moderate pain. The gastrointestinal
irritation and ulcerogenic effect with short halfife (1.5 to 2 hours) has led to the design of
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sustained release formulations of ketoprofenQ¢ to its hydrophobic nature many attempts
have been made to develop wax based sustainededtmanulation [2New techniques such as
extrusion-spheronization, spherical crystal aggl@ten, melt extrusion and melt granulation
are being studied as alternative techniques to cowee the limitations of conventional
granulation. Earlier Ketoprofen granules were pregaby melting Ketoprofen powder and
cooling the melt. The solidified melt, which cong®d of blocks of crystalline Ketoprofen, was
subsequently crushed into granules. This multiptegess is time consuming. Therefore Melt
solidification technique has been designed. Meliddization technique (MST) involves
emulsification and solidification of molten drugdaexcipient in an agueous system followed by
cooling. Cetyl alcohol has been chosen as excipi€eptyl alcohol being a wax, acts as an
emulsifier and release retardant. Ketoprofen foanhew viscosity melt, which due to its lowy T
(-26 °C) remains in liquid for longer period of time. Biification of melt can be accelerated by
application of shea[3]. On the basis of these properties a single stegit solidification
technique (MST) is employed to obtain beads of fetfen.

Melt solidification technique is an important preseto control the transition from liquid into
solid phase to obtain product in an appropriatenféor their transport, storage and subsequent
use. This should be done by an economical proesploying the smallest and the simplest
equipment possible. The transformation of a metl ia solid with a certain appearance and
specific physical properties is an important operain chemical and process industries. In most
cases, the solidification is a crystallization with the aim of separation. Crystallization under
defined process conditions influence propertiesth#f solidified melt such as shape, size,
crystalline structure, hardness and dust contentinD the last couple of decades the large
variety of different requirements for the final siand shape of a product has led to a
considerable number of solidification processes[4]

The aim of the present study was to develop siedaialease ketoprofen beads employing the
strength of melt solidified and to impart sphegiciith minimum amount of excipient. The
beads were characterized using scanning electrorsaope (SEM), FT — IR, X-ray diffraction,
yield, micromeritic properties and various relegsgameters were evaluated using different
medias like simulated intestinal fluid and simuthggstric fluid.

MATERIALS AND METHODS

Ketoprofen was obtained as a gift sample from Miatzs, Bangalore, India. All chemicals and
buffers used were of analytical grade.

Table.1 Formulation of Ketoprofen beads with varyirg concentration of Cetyl-alcohol.

Formulation No Amount of Ketoprofen Amount of Cetyl alcohol
F1 250mg 250mg
F2 250mg 500mg
F3 250mg 750mg
F4 250mg 1000mg
F5 250mg 1250mg

Preparation of Ketoprofen beads:

A mixture of Ketoprofen and cetyl alcohol at diet ratios (table.1) were melted and stirred on
a water bath maintained at 95°C to form a uniforoitem mass. The Ketoprofen-cetyl alcohol
melt was poured in 100ml water maintained at roemperature and was stirred continuously
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using propeller blade (2500rpm).The Ketoprofen Beatotained after solidification of dispersed
droplets were separated by filtration and drietbatn temperature.

Yield and drug content[27]

Beads were weighed after drying and percent yield galculated.

100mg of beads were dissolved in 100ml ethanolhakisg for 30 minutes. The solution was
analyzed spectrophotometrically (Shimadzu,JapanRéfinm after sufficient dilution with
phosphate buffer pH 7.4.

Differential scanning calorimetry (DSC)

A DSC study was carried out to detect possiblempolyphic transition during the crystallization
process. DSC measurements were performed on a D8rD 9900, differential scanning
calorimeter with a thermal analyzer.

Fourier transform infrared (FTIR) spectroscopy

The FTIR spectral measurements were taken at amta@emperature using a Shimadzu, Model
8033 (USA). Pure drug, spherical agglomerates awcdystallized samples were dispersed in
KBr powder and the pellets were made by applyingrbpressure. FTIR spectra were obtained
by powder diffuse reflectance on FTIR spectrophatan

X-ray analysis

X-Ray powder diffraction patterns were obtainedam temperature using a Philips X' Pert
MPD diffractometer, with Cu as anode material amdpbite monochromator, operated at a
voltage of 40 mA, 45 kV. The samples were analyredhe Dangle range of 3-50and the
process parameters used were set as scan stepf 928170 (B), 20 values were processed
using multidimensional minimization programme tdcoéate cell volume, cell parameters and
space grouping.

Scanning electron microscopy (SEM)
Scanning electron microscopic (Joel- LV-5600, U84th magnification of 250x) photographs
were obtained to identify and confirm sphericaunatand Surface topography of the crystals.

Micromeritic properties

Particle size of recrystallized samples and punepdas were determined by microscopic method
using calibrated ocular micrometer and size of Bpakagglomerates was determined by sieving
method. Apparent particle densities of agglomeratetiunagglomerated crystals were measured
using a Pycnometer. Carr's index was determinewh fopowder volumes at the initial stage and
after 1250 tappings to constant volume (Electoldhymbai). The angle of repose of
agglomerated and commercial crystals was measyrégda funnel method.

In vitro release studie[29]:

The dissolution studies were performed in simulagedtric fluid for 2 hours and replaced
simulated gastric fluid with simulated intestinalidf and dissolution was continued for 8 hours
using USP type Il dissolution test apparatus (Etd@b, India). Ketoprofen beads equivalent to
300mg drug was placed in the dissolution vessetatoing 900ml of dissolution medium
maintained at 370.5 °C and stirred at 100rpm. Samples were collieg&giodically and replaced
with  fresh  dissolution medium. Concentration of dmbfen was determined
spectrophotometrically at 260nm and 261nm respelgtivinalysis of dissolution data was done
by using ‘PCP-Disso-v2.08’ software, India.
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RESULTS AND DISCUSSION

Ketoprofen beads were prepared by Melt solidifmatiechnique using cetyl alcohol at different
concentrations. This technique involved additioketoprofen-cetyl alcohol mass to the aqueous
phase at room temperature followed by stirring 2@@pm. Since ketoprofen has low glass
transition temperature Tg (-26°C), it can maintigid state after melting for longer period of
time during which stirring of ketoprofen-cetyl aled melt can done to obtain beads. During this
process emulsification and hardening was achiewedtd formation of melt-solidified bonds
between drug patrticles.

Beads were weighed after drying, percentage yiald @alculated and data are shown in table.2.
For determination of drug content, 100mg of beagsivalent to 5mg of Ketoprofen were
triturated and dissolved in 100ml of ethanol bykshg for 30min. The solution was analyzed
spectrophotometrically at 260nm after sufficieduton with phosphate buffer pH 7.4 and the
results is shown in table 3. The results showsadkdhe concentration of cetyl alcohol increases,
percentage yield of beads decreases. It was olas#mae Ketoprofen was uniformly distributed
in all the formulations.

Table 2: Percentage yield of ketoprofen beads

Formulation code | Quantity of | Amount of | Percentage vyield
ketoprofen and cetyl| ketoprofen beads
alcohol used obtained (gms)
F1 5gm 4.35+ 0.5 87%
F2 5gm 4.31+£0.2 86.2%
F3 5gm 4.21+ 0.6 84.2%
F4 5gm 4.31+0.3 86%
F5 5gm 4.14+ -0.7 82%

Standard Deviation mean n=3

Table 3 - Results of drug content (mg/ 100ml)

SL.No | Formulation No. Drug content (mg/100 ml)
Trial | Trial 1l | Trial Mean +D* %DrugContent
1 F1 I 4.85 4.75 . 4.92 4.84 + 0.0§ 98.4
2 F2 4.96 4.9 4.97 4.94 + 0.03 98.8
3 F3 4.89 4.94 4.95 4.93 +0.03 98.6
4 F4 4.98 4.9 4.84 4,91+ 0.07 98.2
5 F5 4.76 4.82 4.88 4.827+0.04 96.5

Standard Deviation mean n=3

The DSC thermograms (fig. 1) shows a sharp endwoikbgoeak for all the ketoprofen crystals.
This one step melt might be due to only one crylstah (Triclinic) of the ketoprofen formed

during the crystallization process, thus indicatihgt ketoprofen did not under go any crystal
modification. The temperature range of the endotiepeak of all the ketoprofen crystals lies in
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the range of 4to 96. Melting points show slight variation as the natof the crystals might
have been affected by the solvent.The melting dmalot for agglomerated ketoprofen was
96.58° with decreased enthalpy of (175.01 J/g)etiing decreased crystallinity.

Fig. 1: DSCthermograms of Ketoprofen
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All the crystals have exhibited general charactierigeaks at 2983-2930 ¢ (Aromatic C-H
stretch carboxylic acid O-H stretch), 1695-1649'cf6=0 stretch), 1595 cim(Aromatic C=C
stretch), 1437 cih (CH-CH 3 deformation), 2891 cth ((C-H) stretch plus O-H deformation),
1690 cn (Carboxylic O-H out of plane deformation), 860864ni* (C-H out of plane
deformation for substituted aromatic) (fig. 2). Sijfie changes in IR spectra are not very clear,
could be due to variations in the resonance strectotation of a part of a molecule or certain
bonds. Alteration could be due to minor distortiohbond angles, or even a result of the
presence of a solvent of crystallization.

Fig. 2: FT-IR spectra of Ketoprofen Samples

Spherical
agoslomerates

. “ Pure sample

All the samples showed similar peak position8) (B X-ray diffraction, formation of different
polymorphs of ketoprofen was ruled out. Howevematreé intensities of XRD peaks were
modified (fig. 3). This could be attributed to thrarkedly different crystal habits of the samples
(Table 4). Therefore the relative abundance ofplames exposed to the X-ray source would
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have been altered, producing the variations irr¢tagive intensities of the peak or may be due to
differences in crystal sizes.

Table 4: different cell parameters obtained for kéoprofen pure sample and beads from xrd data.

A B C A B r Unit cell
volume
Pure sample 12.0807 12.213 16.227 94.22 71.76 145.4 1212.1
Ketoprofen 6.8634 10.890 14.494 96.27 83.42 5497 860.61
beads

a, b, c —three sides of cell expressed i A
a, B, y - three angles of the cell expressed in degrees

Fig. 3:X-ray diffractiorspectra of Ketoprofen

spherical agglomerates
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Crystals of pure ketoprofen sample are of the swabize (5-11 um) and they have irregular
shapes. So the resultant agglomerates had a rauffites (fig's. 4-5). Agglomerates obtained
were spherical in shape with size 350-830 pum.

FigSEM of Ketoprofen pure sample.
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Fig. 5 SEM of Ketoprofen bead
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The differences in the bulk densities may be rdlatetheir markedly differencrystal habits,
leading to different contact points, frictional acohesive forces between the crystals Sphe
agglomerates exhibited higher packing ability tipame sample. It is due to lower surface ¢
and wider particle size distribution of syrical agglomerates. The smaller crystals might t
settled in voids between larger particles. Threasuees of flowability were utilized to analy
the flow of particles. Flow rate measurement alldwgeick estimation of flow properties. Anc
of reposeis able to provide gross measurements of the fldiyalf crystals. Pure samp

exhibited higher angle of repose than sphericaloagerates, due to irregular shape and sm

crystal size. The higher flowability of sphericggbomerates was due to fect sphericity and
larger size of the crystals. The compressibilitgeix is a simple and fast method for estima
flow of powder. Powders with compressibility abo#@% had poor flow. Flow rates are

agreement with morphology and bulk density, sical agglomerates with low bulk dens

exhibitsbetter flow properties (Table).

Table Smicromeritic properties of ketoprofen pure sample ad beads

Properties Pure sample Ketoprofen bead:
Particle size|{m) 5-11 35083C
Flow rate (gm/Se No flow 8.37
Angle of repose 41.01 28.0%
Tapped 0.9302+0.006 0.2159+0.0
density (gm/ml)

Bulk density(gm/ ml 0.6692+0.0034 0.1892+0.00
Carr’s index 28.05 12.3i
Porosity (%) 0.3844 0.908t¢
Friability (%) - 0.7439+0.3
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In-vitrodissolution studies were carried out ussiguulated gastric fluid and simulated intestinal
fluid for pure drug and formulations. The results ahown in table.6-11 and figure.6-12. From
the results it was observed that the concentratfocetyl alcohol has affected the percentage
release. With increase in cetyl alcohol concerimtihe drug diffusion was decreased. This
could be due to insoluble nature of cetyl alcohhin which the drug is entrapped. The plots of
release kinetics, Higuchi plots demonstrates thatdrug release was by diffusion mechanism

and follow first order kinetics.

Table 6: Dissolution of pure drug (Ketoprofen) in émulated gastric fluid

Pure drug

Percentage drug release in time

(hours) MeatS.C

1 2

Ketoprofen

0.8+0.56

1.01+1.35

Standard deviation n=3

Table 7: Dissolution of pure drug (Ketoprofen) in gmulated intestinal fluid

Percentage drug release in time (hours) Mea+ S.C
Pure drug
1 2 3
Ketoprofen 42.56+0.28 76.09+1.83 98.96+0.83

Standard deviation n=3

Table 8: Dissolution of Ketoprofen beads formulatios F1-F5 in simulated gastric fluid from 1- 2

hours.

Formulation No.

Percentage drug release in time (hours) MeatS.C

1 2
F1 1.59+0.8 1.78+1.3
F2 1.47+0.1 1.69+0.5
F3 1.39+0.9 1.63+1.2
F4 1.26+1.1 1.49+1.2
F5 1.07+0.5 1.31+1.6

Standard deviation n=3
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Table 9: Dissolution of Ketoprofen beads formulatios F1-F5 in simulated intestinal fluid from 3-10

hours.
Forl. Percentage drug release in time (hours) Meax S.C
no.
3 4 5 6 7 8 9 10
F1 43.63+0.6| 64.59+0.4 | 70.49+0.2 | 74.29+2.5 78.90+08 | 82.00+1.4 | 87.44+2.5| 96.22+0.1
F2 35.88+0.9| 42.07+0.3 | 53.35+2.1 | 66.35+1.6| 73.00+1.4| 79.58+3.6 | 86.02+2.3 | 90.66+2.1
F3 24.52+0.4| 26.85+1.2 36.01+0.9 47.19+3.261.16+2.4| 71.42+0.8| 78.87+1.7| 86.02+1.8
F4 5.21+1.3| 30.04+0.9 | 44.36+2.6 | 49.50+3.6| 53.57+2.2| 72.72+1.7 | 76.68+2.5| 81.98+1.9
E5 19.67+0.9 | 21.26+0.7 | 28.34+2.8) 35.06%0.9 39.57+3.6| 45.57+1.4 | 53.67+2.3| 64.00+1.6
Standard deviation n=3
Table 10: Release kinetics of Ketoprofen beads foations F1-F5 in simulated gastric fluid
Time In Formulation No
Hours F1 F2 F3 F4 F5
%C.R | Log%C. | %C.R | Log%C. | %C.R | Log%C. | %C.R | Log%C. | %C.R | Log%C.
R R R R R
1 98.41 | 1.993 98.53 1.993 98.61 1.994 98.74 1994  9398.1.995
2 98.22 | 1.992 98.31 1.992 98.3f 1.992 98.61 1993 698§.1.994
Table 11: Release kinetics of Ketoprofen beads fomations F1-F5 in simulated intestinal fluid
Time Formulation No
In Hours F1 F2 F3 F4 F5
%C.R | Log%C. | %C.R | Log%C. | %C.R | Log%C. | %C.R | Log%C. | %C.R | Log%
R R R R C.R
3 56.37 | 1.75 64.12| 1.81 75.48 1.88 74.79 1.87 803390 1
4 35.41 | 1.55 57.93| 1.76 73.15 1.86 69.96 1.84 78,7489 1
5 29.51 | 1.47 46.65| 1.67 63.99 1.80 55.64 1.74 71,6685 1
6 2571 | 1.41 33.65| 1.53 5281 1.72 50.%5 1.70 649481 1.
7 21.1 1.32 27 1.43 38.84 1.59 46.43 1.66 6043 1.78
8 18 1.25 20.42| 1.31 28.58 1.46 27.28 1.43 5443 1.73
9 1256 | 1.1 13.98| 1.14 21.13 1.32 23.32 1.36 463366 1.
10 3.78 0.58 9.34 0.97 1398 1.14 18.02 1.25 36 1.55
C.R — Cumulative retained
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Figure 6: Dissolution graph of pure drug (Ketoprofen) in simulated

Gastric fluid.
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Figure 9: Release kinetics of formulations F1-F5 isimulated gastric fluid

Figure 10. Higuchi plots of formulations F1-F5 insimulated gastric fluid
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Figure 12. Higuchi plots of formulations F1-F5 insimulated intestinal fluid
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CONCLUTION

Ketoprofen beads were prepared by melt solidificatising cetyl alcohol as an excipient. The
prepared beads were evaluated for physicochemicglepies such as percent vyield, drug
content, compatibility of drug with excipient by HR spectroscopy, scanning electron
microscopy, micromeritic properties, drug releasaracteristics, x-ray diffraction. Ketoprofen is
a potential candidate for the preparation of bdaglsnelt solidification technique. The beads
obtained were spherical in shape. Formulation FKlsh@awed highest yield (87%), The drug was
uniformly distributed in all the formulations. Drugas found to be compatible with the excipient
used. The beads exhibited good flow propertiesmitation 1 has showed highest drug
release96.22% at {thour. The mechanism of drug release was by difusind following T
order kinetics. X-ray powder diffractograms of dragd beads have shown no significant
difference in the inter planar distance (d) valudsence there are no polymorphic changes.
Hence it is concluded that Ketoprofen could be idated into beads as sustained drug release
dosage form by melt solidification technique.
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