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ABSTRACT

This study deals with formulation and enhanced dissolution characteristics of ketoprofen through preparation of its
nanoparticles solid dispersion systems(NSDS) with different synthetic polymers aiming to increase its dissolution
rate of this poorly water soluble drug. The carriers used to prepare solid dispersion of nanoparticles include B-
cyclodextins , PEG3350 , PEG6000 , PVP K30 and PVPK90 . Results of studies revealed that ketoprofen depicted
its least solubility at lower pH values and had good solubility in basic medium. The official dissolution medium of
ketoprofen is pH 7.5 pH .Lyophilization of ketoprofen with different polymers improved its flowability to great
extent which in-turn improved its solubility and dissolution in comparision with plain drug. Ketoprofen
nanoparticles prepared with a blend of B-cyclodextins , PEG 6000 and PVP K30 exhibited the highest dissolution
rate(102.2%) when compared with other nanoparticles prepared with other polymers . It was found that the
dissolution and solubility data were in accordance with XRPD , DSC and FTIR. The kinetic analysis revealed that
dissolution data of the most formulae were according to Higuchi model, zero and first order kinetics.
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INTRODUCTION

Ketoprofen [2-(3-benzoylphenyl)propionic acid] halsarmacologic actions similar to those of othertqiygpical
NSAIDs, widely used in order to reduce pain, inflaation and stiffness caused by several conditiath ®s
osteorarthritis,rheumatoid arthritis, ankylosingsgylitis or abdominal cramps associated with nrelasion. The
gastrointestinal irritation and ulcerogenic effaéth short half - life (1.5 to 2 hours) has ledth® design of film
coated ketoprofen tablets . The mechanism of aaifoketoprofen is mainly associated to the inhditiof the
body’s ability to synthesise prostaglandins. Ketd@n is usually formulated and administered ascamac mixture

of R and S enantiomers, which are equivalent oreraweight basis. It exhibits enantiomeric seletgivonly
enantiomer displaying pharmacodynamic activity[1ZP\inventional dosage forms of this drug, administered
orally, are rapidly and almost completely absorfredh the gastro-intestinal tract, the peak plasimacentrations
occurring within 1-3 h [3-5]. Ketoprofen is an appropriate model drug for forrtiolaof controlled release dosage
forms due to its short plasma elimination half-lé@d poor solubility in un ionised water, which eafts its
biovailability[6,7] . Therefore, in order to maintain therapeutic plasewals, modified release dosage forms may be
beneficial, allowing only one daily administratioof the drug with consequent improvement of patient
complianc¢8].

Thus, the present work includes the investigatibrihe effects of diluents and binding agents onramritic
properties , moisture content of drug powder ardpitepared granules of different formulations a agto study
the effect of film coating on tablets evaluatioolirding their characteristics and bioavailability.
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MATERIALS AND METHODS
Materials
Kp was kindly , supplied from Kahira Co.( Cairo gypt) ;Maize starch , Hydroxypropyl methycellulad®MVC) ,
Propylene glycol , Talc , Stearic acid , Potassiditrydrogen phosphate and disodium hydrogen phdsgha
hydrate were donated by Pfizer Co.(Egypt) ; otkagents and chemicals are of analytical grades.

Formulation of different prepared ketoprofen tablets
These formulations are illustrated in table(l)

Table(1): Different Formulations of kp Tablets

*Lubricant: stearic acid and talc(1:1) **Film coat: HPMC , Propylene glycol and talc(5:
Starch Starch HPMC I
Formulation ketoprofen Stag:ggmg) (mg) (mg) (mg) C(rrrt])gs)c:;n;elzjlgzre Lubricant* Fél;r(?at
Number* (mg) diluent asa As a asa disintegrant (ma) (mg)
biner disintegrant binder

| 100 17 6 17 - - 6 4

I 100 34 6 - - 6 4

n 100 6 34 - - 6 4

v 100 28 - - 45 7.5 6 4

\% 100 26.5 - - 6 7.5 6 4

\ 100 25 - - 7.5 7.5 6 4

Preparation of starch paste
Disperse the calculated weight of maize starchbiouaiits weight cold water , after about 15 minutassfer into
ten times the weight of boiled water , stir urtti¢ tformation of a translucent mass free from lumps.

Preparation of HPMC binder
The calculated weight of HPMC was dispersed in aviater at about 8C , then stir until a clear mucilage is
formed.

Preparation of coating material

The calculated weight of HPMC was dissolved inilligsst water as previously mentioned to obtain 108futson.
The amount of propylene glycol was added and mixell with HPMC solution then the calculated weigffttalc
was dispersed in the final solution by shaking hachogenizing.

Preparation of granules using starch paste

The calculated weight of kp and maize starch(catedl on the dried bases)diluent was dry mixed foifb using

planetary mixer(Progressive Instruments , Bombagia) , then the mixed powder was mixed well witte t
prepared starch paste until an acceptable coherasd is formed(FI and Fll). The calculated weighkmalone is

directly mixed with starch paste to obtain the egehemass(FllII).

The coherent masses were granulated by passingrteroally through a no.12 mesh sieve(1400um) ddriea
hot air oven for 18 hr at 8@ and then re -sieved through a no. 16 mesh si@08(im). The calculated amount of
starch(disintegrant) and lubricant are mixed wethwiried granules of different formulations (Fl,land FlIl). The
time of drying was taken as 18 hrs because it givemisture content of the range of 1-2%.

Preparation of granules using HPMC mucilage

The calculated amount of kp and maize starch wéxedrfor 5 min in a planetary mixer and then maisi with

the binder solutions(HPMC mucilage) to produce ghas containing different concentrations of thedeir{3,4 and
5%). Massing was continued for 5 min , and the masses were granulated by passing them manuatiyghra
no.12 mesh sieve , dried in a hot air oven for L&th50C , and then re-sieved through a no. 16 sieve . The
calculated amounts of croscarmelose (superdisiatggrand lubricant were mixed well with different
formulations(FIV , FV and FVI).
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Validation the prepared granules

The degree of mixing(M) of granules was determinéttee different samples of each formulation wetednined
by spectrophotometric assay using spectrophoto(mgtedel SPD-10A , Shimadzu, Japan) at 260nm. Thepta
size was 100mg of granules . The value of M wasutaied using the equation

M=1-D/D, where D is the standard deviation estimated fthe analyzed samples , ang B the standard
deviation of the completely unmixed system . That i

Do={Y(1-Y)} ¥ where Y is the proportion of kp in granule foratitn . In each case , M was found to be >0.97

Preparation of tablets

Quantities(146 mg) of the mixed formulations weoempressed for 1 min , predetermined loads(40-6@diHg
tablet machine(Royal Artist , Bombay,India) . A qumassion set of 10 mm biconcave round shape wee hefore
each compression . The weights and dimensions detegmined to be within £1mg and 0.01 mm respelgtive

Film coating of tablets

Tablets were coated in a pan coater(Progressiteumsnt , Bomay , India) using the previously pregacoating
dispersion . Pan rotation speed 15 rpm , sprayitg was adjusted and continue until an increaskemweight of
the tablets of about 8+1 mg was obtaii@dThe coated tablets were dried for a period off80 using IR lamp
(Progressive Instuments, Bombay, India) then hobeén (Progressive Instrument , Bomay , Indiaf@C5for 18
hrs.

Evaluation of kp powder and granules of differentformulations

Determination of micromeritic properties

Exactly 10 gm of kp powder or granules were weigbeahemical balance and transferred into a 10theasuring
cylinder. The cylinder was dropped on a wooderf@iat from a height of 2.5 cm three times at 2 selsointerval.
The volume occupied by the drug or granules wasrded as BV. The cylinder was then tapped on theden
platform until the volume occupied by the drug oamules remained constant. This was repeated thmes for
drug powder and granules of different formulationBe data generated was used in calculating BD , Thand
Hausner’s ratio (HR) [10] .

BD=10/BV TD=10/TV Cl =100(TBb)/ TD HR = TD/BD

Angle of Repose:10 gm of kp powder or granules plased in a plugged glass funnel which had a distarf 10
cm from the flat surface. The drug powder or graawiere then allowed to flow through the 8 mm fliramigice by

removing the cotton plug from the funnel orificéneTheight of the heap (h) formed as well as thausaof the heap
(r) was noted. The angle of reposg\as calculated 4$0] 6 = tan® h/r

Determination MCof kp powder and granules of different formulations

10gm of kp powder or granules was put into a ciiecémd dried to constant weight in a hot air ovetiG&’C. the
moisture content(MC) was deduced as difference éatwthe initial(Wo) and final weight ()Vof the granules
expressed as a percentage and calculat®f asMC = 100 ( W— W;)/ W,

Tablet evaluation[11]
Tablet weight uniformity Twenty tablets were weighed individually using gi@il balance with the precision of
0.05 mg and readability of 0.1 mg, from which theam was calculated and standard deviations detedmin

Tablet Hardnessthe hardness of tablets were determined indivigruaith the Monsanto hardness tester, following
10 tablets were used and the mean hardness wadatatf12] . Friability: The friability of 10 tablets was
determined using Roche friabilator (Electrolab, Mhai). This device subjects the tablets to the coetbieffect of
abrasions and shock in a plastic chamber revolatrzh rpm and dropping the tablets at a heightiothes in each
revolution. Preweighed sample of tablets was place¢he friabilator and were subjected to 100 ratiohs. Tablets
were de-dusted using a soft muslin cloth and relesig The friability (F) is given by the formula;=(Wo-W)/
Wo) x 100

Disintegration Test

The disintegration time of tablets was determinecbeding to the method described in the BritishrRtzopoeia
1998. Six tablets were placed in each compartmitiiteodisintegration apparatus, with water thernadesl at 37 +
10°C as the medium. The tablets were considered te passed the test after the 6 tablets passed thtbagnesh
of the apparatus in 15 minutes.
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Drug Content Estimation

Five randomly chosen tablets of each of the fortiuia tested .The kp tablets each containing
approximatelyl00mg kp were grinded in mortar amssalved in methanol. The solutions filtered andlgred
spectrophotometrically (UV 1601, Shimadzu, Japan260nm after suitable dilution. All the experimemnere
performed in triplicate.

Dissolution study

The release rate of the tablets were determin@@+2.5C in a dissolution medium of 1000 ml pH 7.2 phaagh
buffer using USP 25 paddle method[13] (Pharmat&rmany) at 100 rpm . The amount of kp that hadalved
after different periods of time until 1 hr was deteed spectrophotometrically at 260nm , replading sample
with an equal volume of pH 7.2 phosphate buffahatsame temperature to keep the volume of digenlutedium
constant during dissolution test . All determinaiovere made in triplicate . The dissolution rdtdifferent tested
formulations was compared to the commercial tafolehulation(FC)

Study design

The studies were carried out to compare the orsbrgtion of kp from tablet formulation FIV (treatnteA) to the
commercial tablet formulation FC (treatment B) doling administration of single doses of 100 mg easimg
crossover design. Five healthy male volunteersigigated in the study . The subjects ranged in fage 29 to
41(mean32) , in height from 169-179 cm (mean 172amd in weight from 67 to 83 kg (mean 70 kg) . &\lbjects
were prohibited from taking medicines and smokiogdne week before the beginning of the studieghéoend of
the test . All subjects are fasted for at leashd®?before the study day. The tablets were ingesttd 200 ml of
water . No food was allowed for two hours after idgs. Venous blood samples (5 ml) were collectew in
heparinized tubes at the following time points:petdose) , 15, 30, 60 , 120 , 240, 360 , 4800, min after
administration . Plasma was obtained by centrifiogaat 2000 rpm for 10 min . The plasma was pipette glass
tubes and then frozen until the time of analysis.

HPLC condition[14]

Specific, accurate, precise and reproducible higtigpmance liquid chromatography (HPLC) method vdibde-
array detector (DAD) was developed and validatedife determination of kp in human plasma usingifitofen as
an internal standard. The chromatographic separat@ms achieved on an onyx monolithic C18 (100 x rr@)
analytical column with an isocratic mobile phasensisting of acetonitrile/potassium dihydrogen pladp
(KH2PO4) 0.01 M, (40:60, v/v) adjusted to pH 3.heTflow was set at 5 ml x min(-1) and the wavelbrajt 254
nm. The total analysis time was less than 5 mire f&tio of peak area of analyte to internal stashaeais used for
guantification.

Calibration curve

Standard samples were prepared by transferringi@bgof standard solutions of kp at concentratioh$1-100

ng/ml) into centrifuge tubes provided with tightaieg polyethylene caps , containing 1 ml plasma& .each tube
add 1ml of flubiprofen (internal standard) in mesithOne ml acetonitrile was added to each sampitexed for 20
seconds and centrifuged for 10 minutes at 3000 rgrhe upper layer was transferred to another tulterefd

through 0.45 um Millipore filter , evaporated byrogen at ambient temperature , then reconstitwigil 100 Ul

mobile phase , 20 uL were injected(Rheodyne injechdodel 7161 , Cotate California , USA equippeithvi20 uL

injector loop) on to the column for analysis

Plasma analysis
The plasma obtained from the five subjects afteeiréng treatment A and treatment B was assayetkasribed
above without the addition of drug.

Pharmacokinetic analysis
Pharmacokinetic characteristics from plasma dataviing administration of the two treatments(treatth A and
treatment B) were used to calculaig f kg calculated as @& 0.693/),) , AUCmcaIcuIated( ,AUCO_t: Cpt

Cp/2t +Cp+Cp/ 2 .(bt) +ovvee i, AUC(O_ w) calculated/\\UC(O s CptCp/2ty +Cp+ Cpp/ 2
(rt) +o +CastKer

Statistical analysis
The release data of different kp tablet formuladiarere treated statistically applying t-test anabpbability.
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Kinetic analysis
The release data of different kp tablet formulatiovere treatedtinetically according to zero . first order kinetics ,
Higuchi Square Root , Korsmeyer Peppas and Hixaw€ll Cube Root models.

RESULTS

Table(Il): Micromeritic Properties and Moisture Con tent of kp powder and granules of different formulgions

Tested Property

Formula | DC(%) WU( gm) H (N) F (%) HFR* D (min)
Fl 99.85 149.8+1.05 68.4(x0.5 0.80(+0.0%) 85.30 (¥622)
Fll 99.99 149+1.16 | 41.3(+1.0] 0.85(x0.0d) 485D  +H6(8)
Fill 100.12 | 150.1+1.26] 16.2(+0.8 92.6(+0.02) 0.1T7 2(x0.06)
FIV 100.00 150.2+1.36 25.4(x1.4 0.90(x0.03) 28.42 5.0(+0.02)
FV 98.00 149.6+1.46 42(+0.9) 0.89(+0.03) 47.19 0508)
FVI 100.40 | 150.3+1.56]  65(x1.1)] 0.36(x0.03) 180.56 0(+8.04)

Table (I1l): Properties of Uncoated kp Tablets Usirg Different Formulations

Formulation/Drug Property
BD (gm/ml) | TD (gm/ml) HR Cl 0 (degrees) MC (%)
KP poder 0.256+0.003 0.395+0.006 1.540+0.021 35:0@10| 66.420+0.053 11.200+0.030
Fl 0.332+0.005| 0.372+0.008 1.120+0.040 10.753+0.p0¥8..833+0.002| 11.100+0.023
Fll 0.322+0.006| 0.380+0.008 1.180+0.002 15.263+0.(0719.633+0.026| 10.820+0.024
Flll 0.321+0.001| 0.385+0.00: 1.19940.005 16.62380.0 24.250+0.062] 11.100+0.021
FIV 0.392+0.002| 0.423+0.003 1.079+0.012  7.329+0.00€28.540+0.062| 8.680+0.024
FVv 0.353+0.003| 0.385+0.010 1.091+0.021  8.312+0.0433.241+0.025| 9.720+0.006
FVI 0.345+0.023] 0.379+0.004 1.099+0.006  8.971+0.05135.420+0.024| 10.010+0.00f
Table (IV): Properties of Coated Kp Tablets Using Offerent Formulations
Formulation Tested Property
Hardness(N) Friability(%) HFR** Disintegration(min)
Fl 74(+0.4) 0.22(+0.01) 336.36 110(+0.02)
Fll 50.1(x0.30) 0.48(x0.03) 104.4 96(+0.06)
Fll 18.6(+0.25) 74.1(x0.01) 0.25 2(+0.05)
FIV 29.7(x0.41) 0.50(x0.02) 59.4 8(x0.01)
FV 49.3(x0.4) 0.20(+0.01) 535.9 56(+0.08)
FVI 70(%0.16) 0.09(x0.01) 760.87 101(x0.03)
FC* 93(+0.20) 5.25(x0.21) 17.71 10(+0.02)

*commertial formula
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Fig(1):Dissolution Profile of Different Uncoated KP Tablet
Formulations in pH 7.2 Phosphate Buffer at 37°C.
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Fig(2):Dissolution Profile of Different Coated kp Tablet Formulations
in pH 7.2 Phosphate Buffer at 37°C.
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Fig( 3 ):Mean Plasma Concentration-Time Curve of Five Male
Volunteers after Oral Adminitration of 100 mg Ketoprofen Tablets.
Data are mean values(n=5)+SD

Table( V )Statistical Analysis of Pharmacokinetic Rrameters of Kp for FIV and FC

Pharmacokinetic parameter Standard error DF t Probability(P)
Cp 4.581 8 0.400 0.696
Cmax 1.019 4 12.640 0.0002
AUC 2.800 4 1.05 0.3528
AUC(O_ " 20.635 4 78 0.0001
t, 0.489 4 62.87 0.0003
P<0.05 : Significant db<t : significant tawat DF 4 =2.78 dhat DF8=2.31

Table(VI ):Mean pharmacokinetic parameters of kp ater administrarion of 100mg FIV tablets or FC tablets to five fasted volunteers

Parameter FIV FC
CPmax(ng/ml) 84.59 71.50
AUCm(ng min/ml) 15608.30 14212.80
AUC,, , (rgminim) 16313.49 14699.01
tuz(mm) 90 120
Kel(min-2) 0.0077 0.0058
Cprael Ka(ng .min mi™) 705.19 486.21
DISCUSSION

Table(2) shows the various properties of kp powidercomparison to the prepared granules of different
formulations. The kp powder exhibited a compardgivewer TD , BD and higher MC when compared tbest
granular formulations .The low TD and BD and higiChdicate that kp was not highly porous and ofrdtmwing
properties. The low BD results when the void spaceated by larger powder particles were not filbgdsmaller
particles in distribution leading to consolidatiof powder particles. The confirmation of the norefrflowing
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nature of kp powder was gotten from the fact thtg HR was greater than 1.2 which indicate loveiirgarticulate
friction powder[15] . The better flow properties gfanular formulations than kp were confirmed bgitthigher ClI
compared to that of kp powder. This index as a -engoint measurement does not always show the efase o
consolidation of powder granules[16] . The andlespose is known to be a measure of flowabilitg #re angle of
repose of kp powder was 66°44t indicates poor flowing properties of powder.Bvbas those of granular
formulations were as follow: for FI , FIl , FIIFIV , FVand FVI respectively. This , indicates gditmvability of
these formulation which was confirmed by their loweR which were less than 1.2 and lower CI.

Hardening strength(H) and friability(F) are impartdactors for pharmaceutical tablets that ofteanfra part of
manufactures own specifications. Friability is important besauthe tablet is likely to be subjected to différen
abrasive motions during production , film coatingilasubsequent use. These are now regirementsefee tiasts in
the British PharmacopoeiBhere is no cleaimits for acceptance or rejection te#blet batchesIn case of H, this
probably because the desired strength dependdyargethe intended use of the tabjéfg. For , the reason is
probably because the principles of the test areunderstood . In general , convential compressielétalose less
than 1% of their weight the F test are usually @ered acceptab]&s].

Table(3) illustrates the drug content of differtatilet formulations , different values of WU , I#, HFR and D of
different uncoated kp tablet formulations. The ealwf DC were found to be not less than 98% ,.dtemsed , and
those of F decreased with increasing binder coraéot(FIV , FV and FVI). It is well known that ineasing the
concentration of plastoelastic binding agent letadan increase in plastic deformation of the foratioh of more
solid bonds in the resulting tablets to provide enogsistance to tablet fracture and abra§ién20] .H and Fof
formulations I, Il and Ill were greatly affected Hijuents-binder ratio rather than binder concdittra. H increases
with the increase of diluents-binder ratio. Theking order was FlI>FI>FIIl. kp tablet formulations 11 ,IV , V
and VI had F values<1% whereas , FIl had a venh Higvalue (92.6%). This suggests that , at certain
concentrations of HPMC polymer should be able tovigle adequate protection for the tablets agaihsasive
motions during handling . The values of H and Fvite measures of tablet strength and weaknespectgely.
Thus . the HFR can be used as a measure of theamieahstrength of kp tablets. The higher the HFfe,stronger
the tablet . The value of D increased as the bigdecentration increased. The ranking of valueB dbr tablets
containing different binder concentrations was FA>FIV whereas , the ranking of values of D for fthist three
formulations was FI>FII>FIIl. When the rank ordéos the six formulations are compared , it is né¢ahat tablets
of FllII exhibited the lowest strength.

Table(4) reveals the effect of film coating on HjdD of different formulations of kp tablets . Itdtear that the film
coating increased the values of both parametersnpeoved the mechanical strength of tablets . tA# tested
formulations gave acceptable friability values gtdelll and FC.

Fig(1l) depicted that the amount of kp dissolveaht different kp tablet formulations was a fupati of

disintegration D , because disintegration of tabjdays a vital role of the dissolution procesmgces it determines ,
to a large extent , the area of contact betwedd sod liquid as well as the ratio of additives dhelir characters.
The ranking of amounts of kp dissolved after 1rbnf different formulations was 88.6 , 81.8 , 7%,24, 21.5 and
17.9 % for FIV, FV , Flll , FVI ,FIl and FI resptiely. The amount of kp dissolved from FIV and B¥ter 1hr

were in accordance with USP

Fig(2) shows the effect of film coating on the eale profile of kp from different tablet formulat®onThe presence
of film coat reduced the rate of drug release fadnfiormulations. This is because , the presendémfcoat
increases the adhesive strength of the tablete aftounts of drug dissolved after 1 hr were 8245, 68.9 , 35,
27.9,18.0 and 4.8% for FIV , FC , FV, FVI, FlIFIl and FI respectively.

Bioavailability is defined as the rate and extenivhich the active ingredient or active moietylisarbed from a
drug product and becomes available at the sitetafra. the absorption of drug from GIT dependoth
pharmaceutical factors (particle size , bulk amb&al density etc.) and barrier functions (age trigasmptying time
, etc) [21,22] . The rate and extent of absorptibkp were found to be statistically differenteafadministration of
FIV and FC tablets (table 5) . The pharmacoking#ita of kp following administration of FIV andCRablets are
illustrated in table (6) . No remarkable differesde the shape of concentration-time courses betweetwo
treatments were found(fig3 ). The results reve#iad, Gy, AUC((} «) and {,, were significantly different whereas

Cp andAUCO_t were not significantly different.

Based on these results , it can be concluded-thatablets with improved properties is a potentiamulation for
kp.
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CONCLUSION

The results suggest that 3% HPMGuld be useful as s suitable binding agent to yredtablets with good
mechanical properties and acceptable drug releadiéepand hence considerable influence on theuzdability of
sparingly soluble drugs such as kp.
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