Available online at www.scholarsresearchlibrary.com

\(\a‘mac,b(
. <L AW
Scholars Research Library o‘”:@a 3
Scholars Research . ; :
Der Pharmacia Lettre, 2010, 2(3):123-135 «‘i»
(http://scholarsresear chlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Industry feasible method to improve solubility of Rroxicam with
Crospovidone: Preparation, Characterization and talbketing
consideration

Dinesh Kumar Sharma'*, Vipin Bihari Gupta * and Suresh Purohit

1.B.R.Nahata College of Pharmacy, Department ofrflaaeutics, Mhow-Neemuch Road,
Mandsaur —458001, M.P. India
2. Marwar College of Pharmacy, Jodhpur, India.

Abstract

Nearly 30-45 % of new seeds discovered by receaiinigues suffer from poor aqueous
solubility. Various techniques, used to enhanceaiipgeous solubility, are reported to produce
many disadvantages. Solid dispersion techniqueidglywused to enhance aqueous solubility.
In spite of consciousness in solid dispersionsrtegle, investigators have been able to provide
only few numbers of carriers to the industry. Mar@othese carriers are reported to produce
many disadvantages. Therefore, definitely thereeisd to explore such new carriers. Current
study was undertaken to explore suitability of aueh carrier crospovidone as solubility
enhancer. Physical mixtures, kneading mixtures soldl dispersions were prepared by solvent
evaporation technique using piroxicam as model diuigeading mixtures at drug carrier ratio
of 1.7 produced maximum solubility. The resultiggtems were subjected to solubility analysis
and in vitro dissolution studies, flow propertie&ray diffraction, Infrared Fourier Transform
Spectroscopy (FTIR) and differential scanning cahatry. Kneading mixtures at 1:7 ratio
produced improved flow properties in comparisomptoe piroxicam. The % drug dissolved after
5 minutes for PRX: CrosPVP KM 1:7 and pure piroxicevas 26.43 % and 11.49% respectively.
86.57 % of piroxicam was dissolved from PRX: CrdBRWM 1:7 after 120 minutes. Kneading
mixtures were successfully compressed in tabletmaall post compression parameters within
limit in comparison to tablets prepared using MC€ aalcium phosphate as diluent. Lower

energy required for dissolution due to change iystal lattice is responsible for improvement in
solubility of drug

Keywords: Piroxicam, Poorly water soluble drug, Dissolutiéfow properties
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INTRODUCTION

A drug must posses some aqueous solubility foraphertic efficacy [1]. Recent technologies
innovation of combinatorial chemistry and high tngbput screening can effectively discover
the seeds of new drugs, which present good phatogical activities. However 35-40 % of
these new drugs discovered by those technologfésr $tom poor aqueous solubility [2-3]. The
solubility/dissolution behavior of a drug is keyteleninant to its oral bioavailability, the latest
frequency being the rate-limiting step to absomptd drugs from the gastrointestinal tract [4-6].
The techniques/approaches that have commonly bgsem to overcome drawbacks associated
with poorly water-soluble drugs, in general incladmicronization, salt formation, use of
surfactant and use of pro- drug. However all tiesbniques have potential limitations [7-8].
Solid dispersion (SD) technique has been widelyl usemprove the dissolution rate, solubility
and oral absorption of poorly water-soluble drugs Q]. The term solid dispersions have been
utilized to describe a family of dosage forms whegrthe drug is dispersed in a biologically inert
matrix, usually with a view to enhancing oral biadability. Chiou and Riegelman defined these
systems as the dispersion of one or more activedignt in an inert carrier matrix at solid state
prepared by the melting (fusion), solvent or mghsolvent method [11-13].

Notwithstanding incessant awareness in solid dssper very diminutive number of different
polymeric carriers has been investigated in pastet0s. In fact majorities of studies have been
published so far account on the use of polyethgbrel or polyvinypyrrolidone,
hydroxypoprylmethylalcohol, polysorbate alone ocambination with polymers or surfactants.
Therefore, categorically there is need to investigeew carriers for solubility enhancement [3].
Present study is undertaken to explore one suclecarospovidone.

Piroxicam was selected for current study. Piroxi¢@m4-hydroxy-2-methyl-N-(2-piridyl) 2H-1,
2-benzothiazine-3-carboxamide-1, 1-dioxide), a npagént non-steroidal anti-inflammatory and
potentially analgesic drug, is an intrinsicallyaresting chemical molecule. It is used in various
acute and chronic musculoskeletal and joint dissrdsuch as ankolysing spondylitis,
osteoarthritis and rheumatoid arthritis and in e@dut, dysmenorrhoea and some times for pain
associated with inflammation. It belongs to classith a low solubility and high permeability
based on the Biopharmaceutics Classification Systems reported that it takes more than 2
hours to reach the maximum concentration, indigatime slow absorption rate after being
administered orally [14-16].

MATERIALS AND METHODS

Piroxicam generously gifted by Asoj Soft Gel, Baapthdia Crospovidone was gifted by Signet
Chemical Corporation, Mumbai. All Other ingrediemtsre used as such and were of analytical
grade

Preparation of Physical Mixtures (Pm) or Kneading Mxtures (Km) or Solid Dispersions
(SD) with Crospovidone (CrosPVP)

Solvent evaporation technique was employed foiptieparation of SD of piroxicam (PRX) with
the CrosPVP at drug carrier ratios 1: 1, 1:3, 1:8,and 1:9. Accurately weighed quantity of the
CrosPVP was added to a solution of piroxicam (100mgdichlomethane, the solvent was
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evaporated at 37 + 0%5C with constant stirring using magnetic stirrengéding mixtures were
prepared by kneading the drug and carrier with @gprately 1.5 times their amount of ethanol
(90%) for 20 minutes. Physical mixtures were frgghepared prior to analysis by thoroughly
blending the accurately-weighed amount of the dang selected carrier at above mentioned
drug to carrier weight ratios. The resulting systemere subjected to drying in oven till constant
weight was achieved at 40C. These systems were pulverized and screenedgihrb00 mesh
and were kept in desiccator for further study.

Flow Properties of Drug

Bulk Density and Tapped Density[17]

Bulk density and tapped densities were determingdlibital bulk (Dolphin, India) density
apparatus. For bulk density determinations, 10matigated cylinder containing sample (2.5 gm)
was dropped onto a hard base three times and tlkedbusity was calculated by following
formula

(Dp)= M/Vo
Where, M = mass of powder taken
Vo = unsetteled apparent volume
Db= bulk density

While tapped density was determined by tappinggitaeluated 10 ml measuring cylinder 100
times. The tapped density was calculated by using folhgwormula

pt= M/ V;

Where, pi= Tapped density (g/ctn
M = Mass of powdg)
* Tapped volume (cth

Percentage Compressibility[18].
The percentage compressibility was calculated ygusllowing formula

Tapped densitgulk density
Percentage compressibility = 180
Tapped density

Hausner’'s Ratio [18]
The Hausner’s ratio was calculated by using follayiormula

Hausner’s ratio = Tapped density / Bulk density

Solubility Analysis

The solubility studies were performed according tmethod described by Higuchi and Connors
[19]. Simulated gastric fluid (SGF) was used for detamng the solubility of the resulting
systems. A quantity equivalent to 10 mg of drugesiulting systems was added to 5 ml of SGF
in a conical flask with screw cap, kept at a shaiet temperature was maintained at8%5° C
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for 24 h. Next morning, the solutions were filtergatough 0.45um millipore filter and the
filtrate was analyzed spectrophotometrically at 884 for piroxicam. The results are depicted in

table 1.

Table 1: Solubility analysis of resulting systemsfgiroxicam

Resulting systems of Solubility Solubility | Solubility | Solubility | Solubility
piroxicam weight | (ug/ml) at (ug/ml) at | (ug/ml) at | (ug/ml) at | (ug/ml) at
ratios 1:1 ratio 1:3 ratio 1:5 ratio 1:7 ratio 1:9 ratio
KM-PRX-CrosPVP 341.72 352.13 387.01 394.26 334.48
PM-PRX-CrosPVP 316.36 354.35 363.76 386.7]1 366.78
SD-PRX-CrosPVP 261.11 265.22 269.56 242.69 277.11

PRX: piroxicam CrosPVP-crospovidone, PM-Physicattare, KM-Kneading mixtures, SD-

solid dispersions, pure piroxicam solubility wa®26(g/ml)

Dissolution Rate Studies of Resulting Systems andablets
Dissolution studies were performed using UPS apparkarotating basket for powers and UPS
apparatus Il rotating paddle for tablets . A qugrgguivalent to 20 mg of pure drug or resulting

systems or a tablet was added to 900 ml of digsoluhedium (SGF) maintained at 3% 0.5°

C at 100 rpm speed. Three ml of dissolution median withdrawn at different time intervals 5,
15, 30, 45, 60, 90 & 120 minutes and filtered tiglo@.45um millipore filter and the filtrate was

analyzed spectrophotometrically at 334 nm using §6+1.2) as blank. Three ml of SGF was
added to dissolution medium after every determimato maintain the sink conditions. The
experiments were performed in triplicate. The meancentration of the drug was plotted
against time. The results are depicted in fig.R2.&
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Figure 1 Dissolution profile of piroxicam: crospovdone resulting systems
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Dissolution profile of PRX:CrosPVP KM 1:7 tablets
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Figure 2 Dissolution profile of PRX: CrosPVP tables

X-ray Diffraction

X-ray diffraction patterns of the samples were rded using X-ray diffractometer (Punjab
university, India PW3050/60: Goniometer). The ekpents were carried out at 26 under the
following conditions: voltage 40kV, current 30 m29 angle with scan step time of 10.33 s with
specimen length of 10 mm. The results are depiotéid. 3 & table 2.

Differential Scanning Calorimetry (DSC)

The DSC thermograms were recorded using a diffidlestanning calorimeter. Approximately
2-5 mg of each sample was heated in an open alumpan from 30-308 C at a scanning rate
of 10 ° C/min under a stream of nitrogen. DSC was peréofrat S. K. Patel college of
Pharmaceutical education, Mehsana, Gujrat, India.

DSC thermograms of selected solid dispersions vedtained on a TA Inst 2000 MTDSC
instrument. About 2-3 mg of sample was taken in @inne matched aluminium pan and heated
with a continuous purge of argon (44 ml/min). Thermograms recorded for piroxicam & their
resulting systems are presented in fig. 4.

FTIR Spectroscopy

The KBr disk sample preparation technique was tseibtain the IR spectra of the samples on
an IR spectrophotometer (Shimazdu-FTIR-8400S.).répmately 100 mg of potassium bromide
(spectroscopic grade) was thoroughly mixed withradmately one mg of piroxicam in a glass
mortar. The mixture was compressed into transpatieks in a moisture free atmosphere and IR
spectra were obtained on a FTIR 8000 spectrophdtoniene scanning range was selected between

4000 and 400 cmThe obtained spectra were compared with thosetespm official compendia.
The FTIR spectra of samples of piroxicam are shmwiig. 5 Characteristic peaks attributable to
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functional groups present in the molecule of driegenassigned to establish the identity (table 3).
The study was performed at B.R.Nahata College afrphcy, Mandsaur, M.P., India.

Formulation of PRX: CrosPVP KM 1:7 tablets

Formulations FPC1 to FPC12 were prepared by usiegtdcompression method. Formulations
FPC1 to FPC4 used sodium starch glycolate as Varigigredient at 10, 20, 40, 60 mg
respectively to prepare tablets. These tablets waepared without using any directly
compressible diluent The ingredients mentionedabiet 4 were mixed and lubricated with talc
and magnesium stearate. This blend was compresestblets of average weight of 450 mg
using eight station rotary tablet punching machi€VP-8M/C No. 165. Cadmach,
Ahmedabad). These tablets used MCC as diluent.

Formulations FPC5 to FPC8 used calcium phosphaseead of MCC as diluent while
concentration of sodium starch glycolate was 1Q,4and 60 mg as variable ingredient for
FPC5, FPC6, FPC7 and FPC8 respectively.

Formulations FPC9 to FPC12 used only aerosil talgnesium stearate, vanillin and neotame
without any diluent. Sodium starch glycolate wasdust 10, 20, 40 and 60 mg as variable
ingredient. Average weight of tablets was keptld/225 mg (table 4).

All above preparation contained a quantity equivate 20 mg of piroxicam.

Table 4 Formulation of tablets of Piroxicam using?RX: CrosPVP KM 1:7

Ingredients Quantity of ingredients/ tablets (mg)

FPC1| FPC2| FPC3| FPC4| FPC5| FPC6| FPC7| FPC8| FPC9 | FPC10| FPC11| FPC12
PRX: CrosPVP | 160 |160 | 160 | 160 |160 |160 | 160 | 160 | 160 | 160 160 160
KM 1:7
Microcrystalline| 67 67 67 67 |- - - - - - - -
cellulose
Calcium - - - - 67 67 67 67 |- - - -
Phosphate
Mannitol 171 |161 | 141 | 121 [171 |161 | 141 | 121 |- - - -
SSG 10 20 40 60 |10 20 40 60 |10 20 40 60
Aerosil 35 35 35 35 |35 35 35 35 |33 23 03 00
Talc 3 3 3 3 3 3 3 3 3 3 3 3
Magnesium 3 3 3 3 3 3 3 3 3 3 3 3
stearate
Vannilin QS |QS |[QS | QS |QS |QS | QS | QS |QS |QS Q.S Q.S
Neotame QS |QS |QS | QS |QS |QS | QS | QS |QS |Q.S Q.S Q.S
Total weight 450 |450 | 450 | 450 | 450 |450 | 450 | 450 | 210 | 210 210 225
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Evaluation of Tablets
Weight Variation, Tablet Hardness, Friability
Twenty tablets were weighed individually and cadtetl for average weight of tablet and was
presented as meantsem. Hardness was measured oy aidiablet hardness tester (Pfizer
Hardness Tester). The test was performed withaets. Friability was determined by using
Roche friabilator and the percentage friability wlasermined using following formula

% F= {(W-W) /W} *100

Where, %F = friability in percent
W = Initial weight of tablet
W, =weight of tablet after test

Disintegration

For determination of disintegration time a tabletswplaced in each of six tubes of basket and
through the mechanical device, the basket weredasd lowered in the immersion fluid (water
maintained at 37°C). The disintegration time isresped as meantsem (table 5).

RESULTS AND DISCUSSION

Solubility Analysis and Dissolution Profile

The solubility analysis results are depicted ifgdb Among all methods, kneading method was
reported as most promising method to enhance thubibty of the drug. Kneading mixture at
drug carrier ratio 1:7 fashioned maximum solubibify394.26pg/ml while pure piroxicam was
capable to produce solubility of 179.26 pg/ml inFS@ble 1)

Dissolution profile of piroxicam and their resufiisystems are depicted in fig. 1 &I8. vitro
dissolution profile of all resulting systems prodddigher dissolution rates in comparison with
pure piroxicam. The % drug dissolved after 5 miauier PRX: CrosPVP KM 1:7 and pure
piroxicam was 26.43 % and 11.49% respectively. B&® of piroxicam was dissolved from
PRX: CrosPVP KM 1:7 after 120 minutes.

Flow Properties

Characterization of flow properties is very impottgparameter to determine suitability of
compression properties. The bulk density of piraricwas found to be 0.297g/ml. Determined
Hausner's ratio (1.35) and Carr's index (26.32 9%) piroxicam indicated poor flow
characteristic of the drug. (Table 6).

Kneading mixtures prepared with CrosPVP at drugiearatio 1:7 were found to have
Hausner’s ratio and % compressibility of 1.16 add34 % respectively indicating good flow
properties.

On the basis of solubility analysis and dissolujwafile PRX: CrosPVP KM 1:7 were selected
for further characterization and subjected to X-défraction, Differential scanning calorimetry
and FTIR studies.
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XRD Studies

X-ray diffraction of piroxicam displayed four majpeaks marked as 1, 2, 3 and 4 &t 3.62
(4273), 14.51 (5088), 17.71 (7978), 27.41(8552)esknh four major peaks of piroxicam in
kneading mixtures of piroxicam with CrosPVP at fa#io were reduced to 87 %, 88 %, 87 %
and 86 % intensity respectively (Fig. 3 & table 2)
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Figure 3 XRD of (from bottom to top)PRX, PRX: CrosP/P KM 1: 7,
CrosPVP
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Table 2 XRD results and % reduction of intensity ofpeaks for piroxicam and
corresponding systems

S.No.| Major Peaks Major % reduction of intensity of
Piroxicam Peaks peaks
PRX: CrosPVP: KM
1.7
1.|8.62(4273) 8.62(521) 87.80
2.]14.51(5088) 14.5(579) 88.62
3.]17.71(7978) 17.68(1020) 87.21
4.|27.41(8552) 27.35(1165) 86.37

Differential Scanning Calorimetry

As apparent from the figure 4, piroxicam has a phmelting endotherm at 204.87C. Cross
PVP has melting at 96.96. However, drug melting endotherm for piroxicanPiRX: CrosPVP
KM 1:7 was observed but it was slightly shifted2@1.17? C and an additional endotherm was
also observed at 229.8T indicating that drug was changed to differemtrfoPresent results in
association with prominent lessening in peaks ima¥X-diffraction suggest formation of
amorphous forms or change of different crystaldatt(the results are shown in fig.4)

FTIR of Piroxicam and PRX: CrosPVP KM 1:7

FTIR spectra of Piroxicam reported characteriséiaks of aromatic C-H stretching, aromatic C-
H bending, C-S stretching, C=0 stretching, C=C, Cry stretching, asymmetric S(=0)
stretching, symmetric S(=@3tretching, secondary amine N-H stretching and @etching at
3022, 877, 690, 1741, 1527, 1348, 1149, 3338 adl8 B&spectively.

CrosPVP KM 1:7 reported absence of characterigtakg for OH stretching in range 3650-3584
indicating formation of different crystal latticehieh is further confirmed in DSC and XRD
results. While all other characteristic peaks wapeerted with insignificant changes. (fig. 5 &
table 3)

Table 3 Functional groups and corresponding IR peakof piroxicam

Group Reported Observed Values for | PRX:CrosPVP KM
Values PRX 1:7
Aromatic C-H stretching 3100-3000 3022 2962
Aromatic C-H bending 900-675 877 837
C-S, stretching 700-600 690 633
C=0 stretching 1870-1540 1741 1647
C=C, C=N ring stretching 1600-1430 1527 1531
Asymmetric S(=0) 1350-1430 1348 1359
stretching
Symmetric 1160-1120 1149 1168
S(=0O) stretching
Secondary amine N-H 3350-3310 3338 3338
stretching
OH stretching 3650-3584 3645 Absent
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ol Thermal Analysis Result
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Figure 4 DSC of (from bottom to top)PRX, PRX CrosPW KM 1.7, CrosPVP

Evaluation of the Prepared Tablets
The prepared tablets were evaluated for differexdt gompression parameters like hardness,
weight variation, friability, thickness, drug conteand disintegration.
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Evaluation of PRX: CrosPVP KM 1:7 Tablets:

All the prepared formulations showed good hardmasging from 2.6+0.1 to 3.6+0.2dg/cnt
indicating good mechanical strength to tolerate mhechanical stress during handling and
transportation. While tablets prepared without M@E calcium phosphate showed lower
hardness attributed to absence of any directly cessible material.

Disintegration of all tablets was ranging from ®BO@5 to 46.17+0.47 seconds. Weight
variation, friability, thickness and drug contenere also found within the limits for all
preparations (Table 5).

Figure 5 FTIR of (from bottom to top) PRX, PRX: CrosPVP KM 1: 7,
CrosPVP
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Table 5 Evaluation of PRX: CrosPVP KM 1:7 tablets

Evaluation Formulation codes
parameters
Hardnes$ Weight Friability Thicknes$ Drug Disintegratiof
variatiorf (mm) Conten?

FPC1 3.1£0.24| 102.9+0.47 | 0.771+0.03 3.75+0.09 99.5+0.27 16.17+£0.47
FPC2 2.9140.1 103.5+0.31 0.65%0.05 3.16+0.06 99.7+0.15 15.67+0.83
FPC3 2.7£0.122| 102.00.27 0.717+0.073.67+0.04 99.4+0.01| 15.83+0.40
FPC4 2.6£0.1 102.2+0.23 0.81+0.03p 3.60%0.04 99.7+0.08 16.0+0.44
FPC5 3.61£0.24 103.9+0.17 | 0.808+0.03] 3.72+0.05 99.7+0.05 15.33+0.84
FPC6 3.2+£0.2 104.5+£0.19 0.840+£0.02 3.55%+0.06 99.6+0.14 15.0+0.36
FPC7 3.1+0.24 103.7+0.19 0.847+0.01 3.38x0.05 99.8+0.43 14.0+0.25
FPC8 3.0+£0.00 103.8+0.19 0.691+0.04 3.51+0.06 99.7+0.03| 15.33+0.33
FPC9 2.3+0.21 101.3+0.13 0.717+0.04 3.35x0.02 99.6+£0.12 67.5£0.5
FPC10 2.5+0.21 99.0+£0.15 | 0.831+0.01f 3.39+0.01 99.8+0.05 22.5+£0.61
FPC11 2.2+0.16| 101.3+0.14 0.851+0.01 3.36%+0.01 99.8+0.05 39.00+1.46
FPC12 2.6£0.24 102.3+0.13 0.802+0.01 3.32+0.03 99.7£0.05| 46.17+0.477

2 indicates mean+ sem of six tablét&dicates mean+ sem of three tabléisdicates mean+
sem of ten tablets! indicates mean+ sem of twenty tablets

Table 6 Flow properties of piroxicam and its correponding systems

Drugs Bulk Tapped density | Hausner’'s | Carr's Index/ %
density | g/ml ratio) compressibility
g/ml

Piroxicam 0.297 0.40 1.35 26.32

PRX:CrosPVP alone 0.132 0.163 1.16 14.34

PRX: CrosPVP with 0.157 0.232 1.38 30.12

MCC

PRX: CrosPVP with 0.146 0.221 1.18 29.19

Calcium phosphate

The values represent average of three determinants

FPC 1 (containing only kneading mixtures), FPC é&nfaining MCC in addition to kneading
mixtures) and FPC 10 (containing calcium phosphiataddition to kneading mixtures) for
piroxicam produced desirable post compression patersm The FPC 1, FPC 5 and FPC 10
formulations were studied fan vitro dissolution profiles alsdn vitro dissolution profiles and
post compression parameters of FPC 1 (containihgloreading mixtures) were comparable to
FPC 5 and FPC 10. Thus studies propose the ussfubfecrospovidone as solubility enhancer
to enhance the solubility of piroxicam. Further |¢ad prepared using crospovidone also
suggested promising application of the carriemmprioving tableting properties of poorly water

soluble drugs (table 5).
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CONCLUSION

Crospovidone successfully improved the solubilitydan vitro dissolution for piroxicam in
kneading mixtures at drug carrier ratio 1:7. Thigrovementin vitro dissolution is expected
due to of amorphous form revealed by X-ray diffiaect and DCS studies. Moreover,
crospovidone is widely used in pharmaceutical itgusnd is also reported to enhance
solubility.
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