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ABSTRACT

Flurbiprofen is a potent antillinflammatory analgesic agent indicated for acute and chronic
treatment of rheumatoid arthritis, osteoarthritis, and ankylosing spondylytis. Flurbiprofen is
poorly water soluble and may show dissolution limited absor ption. The Solid dispersions (SD) of
Flurbiprofen by fusion method were prepared using 1:1, 1:4 and 1:5 ratios of drug and polymers
(PEG 6000, PVP K30 and Urea). The Solid dispersions (SD) were characterized for physical
appearance, solubility, FT-1.R. and in vitro dissolution studies. FT-IR study revealed that drug
was stable in Solid dispersions (D). Solubility of Flurbiprofen from Solid dispersions increased
in distilled water. The drug content was found to be high and uniformly distributed in all
formulations. The in vitro dissolution studies were carried using USP type XXVII (paddie) type
dissolution apparatus. The prepared Solid dispersions showed marked increase in the dissolution
rate of Flurbiprofen than that of pure Flurbiprofen drug. The dispersion with PEG 6000 (1:5) by
fusion method showed faster dissolution rate (99.56%) as compared to other dispersions with
PVP K30 and Urea (1:1, 1:4 and 1:5) whichever prepared by physical mixture (PM) and fusion
method. Of the three carriers used, dissolution of the drug was more in PEG 6000 based Solid
dispersions. It is concluded that dissolution of the Flurbiprofen could be improved by the Solid
dispersion and PEG 6000 based solid dispersions were more effective in enhancing the
dissolution.
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INTRODUCTION

The enhancement of oral bioavailability of poorlgter soluble drugs remains one of the most
challenging aspects of drug development [1]. Togethith the permeability, the solubility
behavior of a drug is a key determinant of its diahvailability. There have always been certain
drugs for which solubility has presented a chakketwthe development of a suitable formulation
for oral administration. The formulation of poordpluble compounds for oral delivery now
presents one of the most frequent and greatestengek to formulation scientists in the
pharmaceutical industry. However, the most attvactiption for increasing the release rate is
improvement of the solubility through formulatiorpproaches. Although salt formation,
solubilization, and particle size reduction havenomnly been used to increase dissolution rate
and thereby oral absorption and bioavailabilityavl water soluble drugs [2-4], there is practical
limitation of these techniques. In 1961, Sekiguahd Obi [5]developed a practical method
whereby many of the limitations with the bioavailip enhancement of poorly water-soluble
drugs can be overcome. This method, which was latened solid dispersion, involved the
formation of eutectic mixture of drugs with watersble carriers by the melting of their
physical mixtures.

More than 90% of the drugs arrowed since 1995 o solubility, poor permeability and
more than 40% of new chemical entities have litleno water solubility. Absorption of drug
into the systemic blood circulation by dermal, pairal, nasal, sublingual, or gastro-intestinal
administration always involves transport of separ@issolved) drug molecules through an
absorbing membrane. Solubility places a great iolthe investigations of the poorly soluble
drug compounds. Flurbiprofen, a Non steroidal arftammatory drug has poor water solubility
there by posing problems in their formulations lis@rption leads to poor bioavailability. As it is
Non steroidal anti-inflammatory drug it has to blesabed rapidly for the treatment of
Inflammation and Pain. Therefore enhancement ofstilability of drug is very important in
those cases. Now-a-days, different techniques weglable to enhance the solubility and
bioavailability of drug like co-solvent, change direlectric constant, chemical modification of
drug and complexation methods. In the present sadgittempt was made to enhance the drug
solubility by using Fusion method. PEG 6000, PVPOK3Jrea were used as carriers.
Pharmaceutical marketing and pharmaceutical matwreas to develop a given drug entity in a
new and improved dosage form. A new dosage forowalla manufacturer to extend market
exclusivity, while offering its patient populati@amore convenient dosage form[15-17].

EXPERIMENTAL SECTION

Flurbiprofen was obtained from Oceanic Pharma ChHdomnbai as a gift sample. PEG 6000,
PVP K30, Urea, Sodium hydroxide (NaOH) and Hydrodblacid were purchased from S. D.
fine chemicals limited, Mumbai. Magnetic stirrerdamacuum pump were purchased from
Scientific International, Chennai. All the carriensd solvents used were of analytical grade.

Construction of Standard calibration curve

Flurbiprofen can be estimated spectrophotometyicl254 nm as it obeys Beer-Lambert’s law.
From Stock solution, dilutions are done finallyigiy the concentration of each solution ranging
from 1-8 pg/ml. Absorbance of each solution was suesd at 254 nm against 0.1N HCI as a
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blank. A plot of concentrations of drug versus abaoce was plotted. The linear regression
analysis was done on absorbance data points aad givigure 1.

Preparation of Solid dispersion [10-13]

Solid dispersions were prepared by melting the @tely weighed amounts of carriers (PEG
6000, PVP K30 and Urea) in a water bath and thg dras dispersed in the molten solution.
Fusion method was used for the preparation of sbéfdersions. Briefly appropriate amount of
Flurbiprofen was taken in china dish and requiresbant of carriers (PEG 6000, PVP K30 and
urea) were added to prepare required drug to caai® for formulations as shown in Table 1.
Then the mixture was heated under controlled teatper to melt drug and carrier with
continuous stirring. The melted preparation wasidferred to porcelain tile to solidify and
cooled in an ice bath. The Solid dispersions pregharere pulverized and sifted (80#) and stored
in a desiccator.

Preparation of physical mixtureand drug content unifor mity

Drug and carriers physical mixture were preparedslhtly grinding drug Flurbiprofen and
carriers (PEG 6000, PVP K30 and Urea) in morta2famin at the required drug/carriers ratio as
shown in Table 2. Then the powder was passed thrthgysieve ne 80. The resulted product
was stored in desiccator to carry out further agialylhe drug content uniformity was estimated
using solid dispersion of 100 mg equivalent of iprofen in pH 5.8 phosphate buffer as
solvent. The estimation was done in a UV/Visible&mphotometer at 254nm.

Evaluation of solid dispersions

Physical characterization and saturation solubility study [9]

The excess amount of the Physical mixture and Stiigersion formulation (PMs and SDs) was
added to conical flasks containing 10 ml of distlliwater and subjected to shaking on a rotary
shaker for 48 hours at 37°C. Then the flasks weneorved and filtered. Suitable aliquots were
withdrawn from the filtered solution and analyzed the drug content after appropriate dilution
with distilled water and compared with pure drutubdity.

FT-IR Study of puredrug and all preparations[14]

For all the formulations and Flurbiprofen the pislldhave been prepared using potassium
bromide (KBr) for FFIR study. The pellets were subjected to-IRTinstrument ‘Perkin Elmer
FT-IR spectrometer, spectrum 1000 Germany’ forcthiection of IR spectra.

Drug content analysis

Preparations equivalent to 20 mg was weighed atmlyrand transferred to 100 ml volumetric

flask and dissolved in phosphate buffer pH 6.8. Tdleme was made up with phosphate buffer
pH 6.8 up to the mark. After suitable dilution, thbsorbance of the above solution was
measured at 254 nm using appropriate blank solufitve drug content of Flurbiprofen was

calculated using calibration curve.

I'n vitro dissolution release studies [6-8]

Accurately weighed amount of sample was taken fesalution studies. Aliquots of sample
were withdrawn at predetermined intervals of time analyzed for drug release by measuring
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the medium. The volume withdrawn at each time valsr were replaced with same quantity of
fresh medium.

Stability studies

Each Solid dispersion formulation was prepareduplidate and each analysis was duplicated.
Effect of formulation variables release paramet&868 and t80%) were tested for significance
by using analysis of variance (ANOVA: single fagtarith the aid of Microsoft® Excel 2002.
Difference was considered significant wHer0.05.

RESULTSAND DISCUSSION

Physical characterization and saturation solubility study

Flurbiprofen is practically insoluble in water deetintrinsic solubility of flurbiprofen in pure
water at room temperature is found to be 0.084mgAniong PMs and SDs (1:5) the carrier
PEG 6000 containing PM and SD showed highest dagaraolubility. This may be due to the
inherent differences between the carriers in tewhshydration, dissolution and possible
complexation of drug with different carriers. Détadf Physical mixtures and Solid dispersions
were illustrated in Table 3.

Drug content analysis

Drug content is found to be between 95.72 % and4B0%. All the Physical mixtures and Solid
dispersions showed presence of high drug conteshii@m standard deviations of results. It is
indicated that the drug is uniformly dispersedha powder formulation. Therefore, the method
used in this study appears to be reproduciblen®preparation of Solid dispersions.

In vitro dissolution study

The formulation of solid dispersion of Flurbiprofenth various carriers like PEG 6000, PVP
K30 and Urea were screened for the selection aélske carriers. These carriers were found to
be encouraging since they did not undergo any atemchange during the preparation of solid
dispersion. The solid dispersion of Flurbiproferthacarriers PEG 6000, PVP K30, and Urea
showed a marked increase in the dissolution rafeHir5.8 phosphate buffer. Dissolution of the
flurbiprofen increased with increasing proportimiscarriers and from all the formulations, the
ratio of Flurbiprofen : PEG 6000 (SP showed (1:5) maximum proving that higher
concentration of matrix formed with PEG 6000 ofadt:5 increased the dissolution rate. These
observations indicate the enhanced dissolution @lidSdispersions with increase in the
concentration of carriers possibly due to the iasesl wetbility of the drug by the carrier, drug
particle size reduction in the course of the sotldpersion preparation, polymorphic
transformation of drug crystals and chemical inteosms between drug and carrier.

Stability studies

Formulations (SDPEG6000, SDPVP K30 and SDUrea) hvisttowed promising results were
subjected to stability studies at ambient room dants for 3 months. After 3 months, Solid
dispersions did not show any change in physicaéamgmce or drug content. It indicates that the
drug was stable in Solid dispersions even afteeetimonths of short term storage. Initially
solubility studies were conducted to analyze thdulslity of Flurbiprofen in different
solvents/buffers. Formulation studies included pheparation of Physical mixtures (PMs) and
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Solid dispersion (SDs) of Flurbiprofen with diffatecarrier (PEG 6000, PVP K30 and Urea)
with Fusion method and their physicochemical charaation using FAIR spectroscopy,
Solubility studies, Drug content analysis, Dissiolntstudies and Stability studies. All Physical
mixtures and Solid dispersions shows high drugeant>95 %).

Tablel: Composition of Various Solid dispersions of Flurbiprofen

Ingredients F1(1:1) F2(1:4) F3 (1)

Flurbiprofen (mg) 100 100 100

PEG 6000 (mg) 100 400 500

PVP K30 (mg) 100 400 500

Urea (mg) 100 400 500

Tablell: Details of Formulations
Formulation Code | Carrier | Drug:carrier ratio M ethod

PM; 11 Physical Mixture
SD; 1:1
SD, PEG 6000 1:4 Solid Dispersions
SD; 1.5 (Fusion Method)
PM, 1.1 Physical Mixture
SD, 11
SDs PVP K30 1:4 Solid Dispersions
SDs 1.5 (Fusion Method)
PM; 11 Physical Mixture
SDy, 1:1
SDg Urea 1:4 Solid Dispersions
SDq 15 (Fusion Method)

Tablelll: Physical Charactersand Solubility of formulations (PMsand SDs) in distilled water

Formulation Code Nature of Formulation Drug Solubility in Water (mg/ml)
Pure drug White Crystalline powder 0.008+0.001
PM; Off White Sticky particles 0.068+0.002
SD; Off White soft particles 0.147+0.001
SD, Solid Sticky lumps 0.254+0.003
SD; Solid Sticky lumps 0.296+0.001
PM, White free flowing particles 0.048+0.003
SD, White free flowing particles 0.096+0.001
SDs White free flowing particles 0.128+0.001
SDs White free flowing particles 0.202+0.002
PM; White free flowing particles 0.042+0.001
SDy, White free flowing particles 0.102+0.002
SDg White free flowing particles 0.135+0.001
SDq White free flowing particles 0.189+0.001

The dissolution of Flurbiprofen from the Physicaixtares was higher than pure drug. The
formulations of Flurbiprofen in Solid dispersiongyrsficantly improved the dissolution of

Flurbiprofen. Solid dispersions of Flurbiprofen kwithe same proportion of PEG 6000 as a
carrier was superior in dissolving Flurbiprofen gared with PVP K30 and Urea. The
dissolution of Flurbiprofen from Solid dispersiom$ PEG 6000 increased with increasing
proportion of carrier from 1:1 to 1:5. Three mongtability studies of selected formulations at
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ambient room conditions showed no change in thesiphly character and drug content. It is
concluded that dissolution of the Flurbiprofen abbk improved by solid dispersions and PEG
6000 based Solid dispersions are more effectitkarenhancing the dissolution. The dissolution
of a poorly/sparingly soluble drug is based on ltfeavailability and method employed for the
particle size reduction of different methods used the preparation of Solid dispersion was
briefly reviewed in the introduction. The spectrometric method was most suitable for
estimation of the drug content and dissolution wtofdvarious Solid dispersion of Flurbiprofen
which was adopted throughout the investigation. Taenulation of Solid dispersion of
Flurbiprofen with various carriers like PEG 6000/FP K30 and Urea were screened for the
selection of suitable carriers. These carriers weuad to be encouraging since they did not
undergo any chemical change during the preparatid®olid dispersion. Solid dispersions of
Flurbiprofen in pH 6.8 phosphate buffer were pregassing the dissolution apparatus described
in the USP Paddid. The results obtained in the dissolution studgrevfound to be satisfactory.
This revealed that the solid dispersion of Flurbipn with carriers PEG 6000, PVP K30, and
Urea showed a marked increase in the dissoluti@nimgpH 6.8 phosphate buffer. Above all the
formulations the ratio of Flurbiprofen : PEG 603D§) showed (1:5) maximum proving that
higher concentration of matrix formed with PEG 6@J0atio 1:5 increased the dissolution rate.
The increase in thén vitro characteristics can be attributed due to the faamaof Solid
dispersion of Flurbiprofen with carriers, with régéwg size reduction. In addition to the size
reduction of the crystalline substance, the fadissolution rate of the drug may be due to
excellent wettability and dispersability of drugirin a Solid dispersion system prepared with
water soluble carriers. A comparative studyird@vitro dissolution profile of different ratios of
Flurbiprofen and its various carriers were studied shown in Figure 2, 3, 4 and FT-IR spectra
of Solid dispersions were shown in Figure 5, 6, 7.

Invitro dissolution data for Flurbiprofen-PEG6000, Flurbiprofen-PVP K30, Flurbiprofen-
Urea Solid dispersion for mulations

Table-IV: Dissolution data of Flurbiprofen-PEG6000 Solid Dispersion

. Solid Dispersion (Flurbiprofen : PEG 6000)
Time | Pure dug—5p s - Mmixtured 101 1.4 15
15 | 15.06+1.8 16.02+1.6 18.03+1}3 21.03+#1.5 25.08%1.
30 | 29.78+1.6 32.43+1.5 44.12+118 47.12+2.2 56.1241.
60 | 46.42+2.1 50.29+2.4 76.68+2|3 81.68+2.4 89.68+2.
90 | 59.62+1.9 68.38+1.8 80.56+2|0 92.56+2.3 99.5612.
Table-V: Dissolution data of Flurbiprofen-PVP K30 Solid Dispersion
. Solid Dispersion (Flurbiprofen : PVP K30)
Time | Pure dug—5p e Mmixturd 111 14 15
15 | 15.06+1.8 16.01+1.4 17.02+£1)7 20.08+1.4 28.04%1.
30 | 29.78+£1.6 35.13+£1.2 30.56+112 35.62+1.2 50.12+1.
60 | 46.42+2.1 62.49+2.3 48.49+2\4 52.42+1.3 72.5P41.
90 | 59.62+1.9 74.12+1.8 68.32+110 78.62+2.6 83.32%2.
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Table-VI: Dissolution data of Flurbiprofen-Urea Solid Dispersion

Solid Dispersion (Flurbiprofen : Urea)
Physical mixture| 1:1 1:4 1:5
15 | 15.06+1.8 39.01+1.3 43.18+112 58.01+1.5 66.02+
30 | 29.78+£1.6 50.53+1.6 60.12+110 71.13+1.9 78.5B%

.1
.6

Time | Pure dru

60 | 46.42+2.1 60.49+2.5 72.42+]] 83.65+1.5 88.19+
90 | 59.62+1.9 78.32+1.1 88.62+2 93.3242.8 97.33%

PP PE

CALIBRATION CURVE
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Fig.1: Calibration curvefor the estimation of Flurbiprofen in 0.1 N HCI at 254nm
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Fig.2: Dissolution profilesin phosphate buffer pH 6.8 of Flurbiprofen: PEG6000 Solid
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dispersions (1:1, 1:4, 1:5)
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Fig.3: Dissolution profilesin phosphate buffer pH 6.8 of Flurbiprofen: PVP K30 Solid dispersions (1:1, 1:4, 1.5)
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Fig.4: Dissolution profilesin phosphate buffer pH 6.8 of Flurbiprofen: Urea Solid dispersions (1:1, 1:4, 1:5)
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Fig5: FT-IR spectra of Flurbiprofen-PEG6000 Solid dispersion (1:5)
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Fig 6: FT-1R spectra of Flurbiprofen-PVP K30 Solid dispersion (1:5)
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Fig 7: FT-1R spectraof Flurbiprofen-Urea Solid dispersion (1:5)
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