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ABSTRACT

Celecoxib spherical agglomerates were prepared withlyvinylpyrrolidone (PVP) using
acetone, water and chloroform as solvent, non-swhand bridging liquid, respectively.The
agglomerates were characterized by differentialnsag calorimetry (DSC), X-ray diffraction
(XRD), IR spectroscopic studies and scanning aedectnicroscopy (SEM). The IR spectroscopy
and DSC results indicated the absence of any intemas between drug and additives. XRD
studies showed a decrease in crystallinity in aggioates. The crystals exhibited significantly
improved micromeritic properties compared to puragd The loading efficiency (% or mg drug
per 100 mg crystals) was in the range of 93.9 + ar®l 97.3 £ 1.3% (n = 3) with all
formulations. The aqueous solubility and dissolutimte of the drug from crystals was
significantly (p < 0.05) increased (nearly two tisdeThe solubility and in vitro drug release
rates increased with an increase in PVP concerdgratifrom 2.5 to 10%). The SEM studies
showed that the crystal posseses a good sphehagleswith smooth and regular surface. Based
on these results, formulation prepared using 10% WNP K 30 selected as optimized
formulation. In vivo studies carried out on humarunteers with optimized formulation and the
pharmacokinetic parameters were compared with natkéormulation. The celecoxib spherical
crystals have shown enhanced therapeutic actikép the marketed formulation.

Key Words: Celecoxib, spherical crystallization, solubilitgissolution rate, micromeritic
properties, In vivo evaluation
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INTRODUCTION

Direct tabletting of pharmaceutical materials isicEble to reduce the cost of production [1].
However, compressing a high-dosed drug directlyireg good micromeritic properties, such as
flowability, and good and reproducible compresdiehavior. Spherical crystallization technique
transforms directly the fine particles producedipstallization or in the reaction process into a
spherical shape. Agglomerates exhibit improved rsgaxy characteristics, like flowability and
compressibility, so that direct tabletting or cagtiis possible without further processing
(mixing, agglomeration, sievingtc) [2, 3]. Celecoxib, a non-steroidal anti-inflantoxy drug
(NSAID), is the first selective cyclooxygenase-Ribitor used in the treatment of osteoarthritis
and rheumatoid arthritis in adult patients [4]. €eixib exhibits poor flow and compression
characteristics and is hence a suitable candidatepherical crystallization process to improve
the flow properties and compressibility. Also, celeib shows incomplete and poor oral
bioavailability due to low aqueous solubility [Flence, the improvement of aqueous solubility
in such a case is a valuable goal to improve tleerap efficacy [6]. Apart from particle
enlargement, this technique has also been apgregafious purposes such as taste masking and
particle size enlargement [7-10]. Spherical cryigition of celecoxib with Hydroxypropyl
methyl cellulose has been investigated to imprénverhicromeritic properties of celecoxib but
the aqueous solubility of spherical crystallizedglwas not satisfactorily improved [11]. There
are no reports available on the spherical crygttlbn of celecoxib by using a more hydrophilic
polymer, polyvinylpyrrolidone K-30 (PVP), to imprevaqueous solubility and dissolution rates
there by to enhance the bioavailability, in additto improving its micrometric properties, and
hence the present work has been undertaken wilobjective.

MATERIALS AND METHODS

Materials
Celecoxib was a gift sample from Aurobindo Pharindja. PVP was purchased from s.d. Fine
Chemicals, India. All other chemicals used werarddlytical reagent grade.

Methods

Preparation of celecoxib spherical crystals

A solution of celecoxib (2 g) in acetone (3 mL) wakled to a solution of hydrophilicpolymer
(PVP, 2.5-10%m/V) in 100 mL distilled water. The mixture was stidcentinuously using a
mechanical stirrer (Remi Motors, India) at 500 rponobtain spherical agglomerates. The
bridging liquid (chloroform, 0.5 mL) was added dwope. The agglomerates were separated by
filtration using Whatman filter paper (No. 1) anded for 24 h at room temperature. The
physical mixture of drug and polymer (celecoxib+M\vas prepared by triturating 1:1 ratio of
celecoxib and PVP using mortar and pestle.

Among all formulations, formulations prepared usit@yo w/v PVP-K30 selected as optimized

formulation [12]and invivo studies were carried out using optimiZednulation on human
volunteers.
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Characterization

Bioavailability and pharmacokinetic studies of ttheveloped formulation became an integral
part of drug development. Hence the aim of reseascls to study the bioavailability of newly
developed formulations. Thougimvitro dissolution tests seem to be sensitive and reliable
predictors of bioavailability, they cannot alwaysedgict invivo performance. Poor correlation
betweennvitro andinvivo has been observed due to various unpredictabkeiglbgical factors.
These factors can affect the rate and / or extéwlrwy absorption for any oral dosage form.
Therefore, validation of final product accomplisi®dinvivo testing in human subjects remains
the ultimate test of any dosage form.

The objective of pharmacokinetics is to descriteettime course of drug concentrations in blood
in mathematical terms so that (1) the performan@@mpaceutical dosage forms can be evaluated
in terms of the rate and amount of drug they delieethe blood and (2) the dosage regimen of
the drug can be adjusted produce and maintain ghetizally effective blood concentrations
with little or no toxicity.

The applicability of the prepared spherical crystak directly compressible materials was
thoroughly evaluated and characterized by fthgitro tests. The objective of present
investigation is to evaluate thavivo performance of these spherical crystals in corsparwith
commercial product.

Pharmacokinetic evaluation of celecoxib dense compts

Dense compacts prepared with spherical crystats0o% w/v PVP K 30 shown the required
micromeritc properties, solubility and drug relealsence these formulations were selected for
invivo evaluation in healthy human volunteers. Timwivo performance of commercially
available celecoxib capsules was also carriedamutdmparision.

Invivo experiments were carried out in healthy human nelers as per the following
experimental design and protocol. All subjects w@mesented with full details of the
investigation, both verbally and in written fornTjd? to providing written informed consent. An
independent ethics committee of Navodaya medicleg® hospital and Research center,
Raichur, Karnataka state approved this study.

Experimental design:

A crossover, non-blinded, open label randomizedocloldesign (RBD) (n=6) in which 6
volunteers received one treatment (product) eaehnyel5 days such that all products are tested
in all the six volunteers during the study.

In-vivo study protocol

Six healthy male subjects with a mean age of 25138 years (ranging from 23 to 27 years), a
mean body weight of 658 8.4 kg (ranging from 60 to 70 kg) and a mean hed§li65.1+ 5.8

cm (ranging from 160 to 171 cm) participated irsteiudy. The volunteers were judged healthy
on the basis of their previous medical history, gt examination and routine laboratory tests.
None of the subjects used alcohol or tobacco. éfexts were free from drugs 15 days before
and during the study.
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The subjects were fasted overnight at least 10shpuor to dose. After collecting the zero hour
blood sample (blank). Selected formulation and mt@d product were given with 200ml of
water. Blood samples were collected at 0.5, 1.5, 2.5, 4, 8, 12 and 24 hours. Plasma was
separated by centrifugation at 4000 rpm for 10 neisdrom the blood samples. All the samples
were stored in properly labeled tubes at°@@rior to analysis. The plasma concentration of
celecoxib from the selected formulation and madk@®duct were measured by HPLC method.

The amount of celecoxib concentration in plasmétahg the oral administration of selected
formulation and marketed product are given in Tslflg, (2) and shown in Fig. 2.

Determination of Pharmacokinetic Parameters:

Various pharmacokinetic parameters such as peamplaconcentration (£, time at which
Cmax occurred (Thay, area under the curve (AUC), elimination ratestant (k), biological
half-life (t12), Mean residence Time (MRT) in plasma were catedldn each case using the
data.

Determination of elimination rate constant and biobgical half-life:
The graphs of plasma concentration versus time wata plotted on a semi logarithmic graph.
The elimination rate constant,.Kvas calculated from the slope of the linear linetle
elimination phase. The “best-fit” linear regressime for the points in the elimination phase was
drawn by the method of least squares. The correbpgr» was calculated using the following
equation.

ti, = 0.693

- & equation ---- (1)

Determination of area under curve (AUC):
The area under the plasma concentration versusctimve from 0 to t hrs AUg was measured
by applying trapezoidal rule. The area under th&ecdrom 0 to[] hrs AUG.; was calculated
using the equation as given below.
t
AUCy; = | C(t) dt equation ---- (2)
0
AUCy.n= AUCy + C/Kg equation ---- (3)

Where, Gis plasma cocentration of drug at t hrs. The vatieSUCy.,4 and AUG;are given in
Table - 3.

Determination of Mean residence time (MRT)

The tendency of drugs and metabolites to remathenbody can be assessed by measuring the
mean residence time (MRT). Assuming that the druthe organs of elimination is always in
equilibrium with drug in plasma, the mean residetice can be defined as the average amount
of time spent by drug molecules in the body befmgang eliminated (under constant clearance
conditions). The MRT is considered as the statistitovement analogy to the half-life/{}.

Mean residence time upto t hr (MRJ is calculated from plasma drug concentration by
following equation.
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MRTo.t = AUMCy.t / AUCo equation ---- (4)
Where, AUG. is the area under the time versus plasma contentreurve from O-t hrs and
measured by applying trapezoidal rule. AUMGG the area under the first movement curve and
is obtained from a plot of the product of drug camtcation in plasma and time versus time from
zerotothrs.

t

AUMCy, = [t C (t)dt

0

equation ---- (5)

Plots of product of plasma concentration and tireswys time [C(t) vs t] were plotted and area
under the corresponding curve i.e. AUM@as computed.

Statistical analysis:
The data obtained from each experiment wesebjected to statistical analysis by

Student t-test and one-way analysis ofamae (ANOVA) using Graph Pad Instat
software. P<0.05 was considered to be indicativagmificance.

RESULTS

The concentration of celecoxib in plasma and tlepeetive average values at different time
intervals following the oral administration of sefied formulations and commercial product are
given in tables (1), (2) and the average plasmaeaunation versus time were shown in figure 1
& 2. The mean pharmacokinetic parameters (8MCAUCo.0, Tmax Cmax Kel, ti2 and MRT.24)

calculated from the average serum concentratiam the invivo experiments are in shown in

table - 3.

Table - 1:- Plasma celecoxib concentration (ng/mtjme profile following an oral
administration of 200 mg celecoxib (Marketed produt) to six healthy male volunteers

Time Plasma concentration (ng/ml)

(hrs) A B C D E F Average S.D.
0 0 0 0 0 0 0 0 0.00
0.5 49.85 62.89 195.3( 87.3( 117.96 73.87 97.86 1353,
1.5 312.27| 240.84) 180.77f 501.57 245.y8 438{14 819.8 125.02
2.5 636.93| 556.30f 41599 673.81 41499  749(75 2746 138.11
3.5 648.14| 516.03 713.04 739.16 523.19 66123 633.4 94.28
4 489.16 | 593.17| 581.28 70191 624.18 601|39 598.51 68.76
8 318.14 | 341.21) 255.16 449.63 321.Y9 390|85 346.13 66.91
12 203.78 | 177.04| 169.38 234.10 50.60 86.74 153.60 0.547
24 48.97 56.84 103.42 38.38 21.43 48.23 52.8)7 27.p9
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Table — 2:-Plasma celecoxib concentration (ng/ml)-time profiléollowing an oral
administration of 200 mg celecoxib dense compactselected formulation) to six healthy
male volunteers.

Time Plasma concentration (ng/ml)
(hrs) A B C D E F Average S.D.

0 0 0 0 0 0 0 0 0.00
0.5 57.63 121.85 93.61 89.95 189.61 135,89 114.75 5.664
1.5 273.68| 581.61 181.19 299.01 461.17  331}27 354.6 143.63
2.5 787.15| 698.61 914.33 556.94 819.13  749(75 154.3 120.80
3.5 716.58| 761.32) 81891 681.16 769.Y5 85116 866.4 62.81
4 402.94 | 643.45| 660.97 611.34 754.10 70934 630.35122.26
8 142.62 | 44211 24992 347.31 366.Y3 258/68 301.22105.70
12 97.90 184.74| 158.22 11599 132.94  143/28 138.84 30.77
24 51.79 70.12 103.42 84.48 65.99 30.43 67.70 25
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Figure 2: Average plasma concentration- time curves of celexib following oral
administration of (a) marketed product (b) Sphericd Crystals of Optimized formulation.

Table - 3: Pharmacokinetic parameters (meat SE) of celecoxib after oral administration
of selected formulation (200 mg) and marketed prodtt (200 mg filled in capsules) to six
healthy male volunteers.

Pharmacokinetic parameter Selected Formulation Marleted product
Cmax (ng/ml) 802.37+ 79.75 677.9& 64.96
T max (hours) 3+0.547 3.5+ 0.5477
AUCq.24(ng " hr/ml) 5910.10+ 985.7 5720.1@ 925.45
AUCq.g(ng " hr/ml) 6420.08+ 1066.114 5890.0% 914.30
MRT g.4(hrs) 7.25+0.15 7.41+ 0.23
Kel (hrs™ -0.047+ 0.0106 -0.054% 0.0135
ti2 (hrs) 15.317+ 3.158 13.35% 3.84
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Figure 1: Typical HPLC chromatogram of (a) blank plasma (b) plasma spiked with 800 ng
/ml of celecoxib (c) celecoxib of a volunteer admistered with formulation and (d)

celecoxib of a volunteer administered with marketegbroduct.

The G ax Of celecoxib from selected formulation and marégteoduct were found to be 802.37
+ 79.75 and 677.98 64.96 ng/ml respectively and the values of theketadd product are below
the selected formulations. Thegut values from selected formulation and marketed ypecodvere
found to be 3t 0.547 and 3.5 0.5477 hr respectively and the values of the madckeroduct
are below the selected formulations. Thg ¥alues were found to be -0.0470.0106 and -
0.0545+ 0.0135 ht after oral administration of selected formulationdamarketed product
respectively calculated from the slope of the teahiportion of log plasma concentration of
celecoxib versus time. The correspondipgMalues were found to be 15.313.158 and 13.351
+ 3.84 hrs respectively table - 3. Thg values are almost similar to the reported values.

The values of AUg,4, and MRT.24 of selected formulation and marketed product v&&®0.10
+985.7, 7.25% 0.15 and 5720.18 925.45, 7.4% 0.23 respectively.

DISCUSSION

The major problems associated with the drug Celecoks poor solubility and poor
micromeritic properties. However the micromeritrojperties were improved to certain extent by
using polymers like HPMC by making Celecoxib aggtwates. But the above phenomenon does
not increase its poor solubility to desirable ex{én11].

The objective of the present study is to enhaneesthubility of celecoxib, their by to enhance

the bioavailability of the celecoxib by making spbal agglomerates using different
concentrations of hydrophilic polymer PVP-K30 an@ welected formulation prepared by
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usingl10%w/v PVP-K30 as optimized formulation [1The results of In-vivo studies carried out
on human volunteers using optimized formulationexesmpared with marketed formulation.

The AUC values of selected formulation were highempared to the commercial product

indicating the higher bioavailability of the seledtformulation. Thus the results of present study
indicated the applicability of spherical crystafscelecoxib as directly compressible material in

direct tableting.

CONCLUSION

Thus the results of present study indicated thdiagiplity of spherical crystals of celecoxib as
directly compressible material in direct tabletirthe technique which reduces the cost of
production and improves the micromeritic properéiad bioavailability of celecoxib.
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