Dissolution rate enhancement of piroxicam by ordered mixing
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Abstract: Micronized piroxicam was mixed with lactose, mannitol, sorbitol, maltitol and sodium chloride to produce
ordered mixture in a glass vial by manual hand shaking method. The effect of excipients, surfactant, superdisintegrant,
drug concentration and carrier particle size on dissolution rate was investigated. Dissolution rate studies of the prepared
ordered mixtures revealed that all water soluble excipients increased the dissolution rate of piroxicam when compared to
the dissolution rate of piroxicam or its suspension. Ordered mixture formulation PLF4, consisting of lactose as water
soluble excipient, SSG (8% w/s) and SLS (1% w/w), released piroxcam at a very fast rate so much so that about 90% of
the composition had passed into solution within 2 min. The order of the dissolution rate enhancement for ordered
mixtures of various water soluble excipients was: lactose > mannitol > maltitol > sorbitol > sodium chloride. Carrier
granules of size 355-710 um were most effective in increasing the dissolution rate of drug from ordered mixtures.
Decreasing the carrier particle size reduced drug dissolution from ordered mixtures. The dissolution rate of ordered
mixtures consisisting of 1-5% w/w piroxicam was superior to dissolution rate of piroxicam suspension. The dissolution
data fitting and the resulting regression parameters indicated Hixson Crowell, cube root law, as the best fit to drug

release data of ordered mixtures.
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INTRODUCTION

Piroxicam is a cyclo-oxygenase inhibiting, non-steroidal
anti-inflammatory agent (NSAID) that is used in
treatment of rheumatoid arthritis, osteoarthritis,
musculoskeletal disorders, dysmenorrhea, and
postoperative pain (Pubchem, 2009). Piroxicam is also
indicated for ankylosing spondylitis, postoperative pain,
acute gout, dentistry, and episiotomy (Roberts and
Morrow, 2001; Tripathi, 2004). Intrinsic solubility (log
S,) expressed as the average log molar concentration +1
standard deviation (S.D.) is 4.03+£0.01 (Wassvik et al.,
2006). It is having cLogP 1.89 cm/s and pKa 4.5:3.6
(Wassvik et al., 2006). Intrinsic dissolution rate at pH 1.2,
4.5 and 6.8 was determined as 0.022 + 0.001 0.0043 +
0.0006 0.088 + 0.002 mg/min/cm® (Yu et al., 2004).
According to the BCS (Biopharmaceutics Classification
System) (Amidon et al., 1995),. piroxicam is regarded as
class II drug characterized by a low water solubility and
dissolution rate.

Several techniques have been used to improve the oral
bioavailability of piroxicam by accelerating its dissolution
rate. These include, mainly, reduction of the drug particle
size (Swanepoel et al., 2000), increasing wettability by
addition of hydrophilic fillers and surfactants (Swanepoel
et al, 2000), preparing solid dispersions
(Ingkatawornwong et al., 2001; Karatas et al., 2005; Pan
et al., 2000; Pignatello et al., 2002; Tantishaiyakul et al.,
1999; Valizadeh et al., 2007; Verma et al., 2003; Wu et
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al., 2008; Yuksel et al., 2003), and cyclodextrin (CD)
inclusion complexation (Cavallari et al., 2002; Woodcock
etal., 1993).

Ordered mixtures consist of adhered fine particles of a
hydrophobic drug to the surfaces of larger particles of a
water soluble carrier substance (Saharan et al., 2008).
Literature revealed that lactose (Ibrahim et al., 1989; lida
et al., 2004; Nilsson et al., 1988; Padmadisastra et al.,
1994; Swaminathan & Kildsig, 2000; Thiel & Nguyen,
1984; Thiel et al., 1983), mannitol (Nilsson et al., 1988;
Westerberg & Nystrom, 1991; Westerberg & Nystrom,
1993), sorbitol (Ibrahim et al., 1989; Nikolakakis &
Newton, 1989; Nikolakakis et al., 2002; Schmidth &
Benke, 1985), and sodium chloride (de Villiers & van der
Watt, 1989; de Villiers & Van der Watt, 1994; Ibrahim et
al., 1989; Mosharraf & Nystrom, 1999; Nystrom &
Westerberg, 1986) were extensively used in preparation
of ordered mixtures. The carrier particles dissolve in the
presence of water, causing the adherent particles of
pharmaceutical substance to disperse throughout the
liquid. This eliminates the inherent tendency of the
particles of hydrophobic drug to collect into not-readily
dissolvable and dispersible aggregate.

Water soluble excipients (lactose, mannitol, maltitol,
sorbitol and sodium chloride), superdisintegrant (sodium
starch glycolate, SSG) and surfactant (sodium lauryl
sulphate, SLS) were used for improving the dissolution
rate of drugs in different formulae prepared by ordered
mixing. The study was novel in aspect that the drug and
excipients used for preparation of ordered mixtures have
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not been studied and reported so far. Furthermore, the
study provides additional avenues for proper selection of
excipients, especially water soluble excipients for
preparation of tablets which dissolves the active
ingredients quickly. Prepared ordered mixtures of
adequate dissolution properties may be selected for direct
compression of tablets by adding suitable diluents,
lubricants and other additives.

MATERIALS AND METHODS

Materials

Piroxicam was a gift sample from Cipla (Manufacturing
and Research Division, LBS marg, Vikhroli, Mumbali,
India). Lactose (Lactochem Fine Powder; Domo
Holland), mannitol (Pearlitol 200 SD; Roquette, Hetero
Drugs), maltitol (Maltisorb P90; Roquette, Rhodia
Chemicals), sorbitol (Neosorb P60; Roquette, Rhodia
India), SSG (Glycolys LV; Roquette) were received as ex-
gratis samples from Signet Chemical Corporation,
Mumbai, India. Sodium chloride and SLS were procured
from Central Drug House, New Delhi, India.

Methods

Average particle size and size distribution of drug
Particle size and size distribution of piroxicam was
determined by laser light diffraction. The equipment
consisted of a Malvern Mastersizer 2000 (Malvern
Instruments Ltd, Worcestershire, UK) including a
Scirocco 2000 module for dry measurement purposes
operating at 3.0 bar air pressure for dispersion. Evaluation
of data was performed by Malvern software version 5.22
using the Fraunhofer approximation. It had been
established that a sufficient dispersion of particles but no
milling occurred at 3.0 bar air pressure. Polystyrene latex
particles were used as dispersion medium.

Preparation of composite carrier granules

Water soluble excipient (mannitol or maltitol or lactose or
sorbitol or sodium chloride), and/or SSG and/or SLS were
mixed in V blender (200 g working capacity, customized
V blender, Shakti Engineering, Ahmedabad, India) for 30
minutes. Absolute ethanol was added to the powder
mixture to prepare dough. The dough was screened
through sieve no. 16 (aperture size 1000 um) and dried to
obtain composite carrier granules.

Mixing of composite carrier granules and piroxicam
Ordered mixture of piroxicam (table 1) were prepared by
placing the micronized drug between two layers of
composite carrier granules in a borosil glass vial (10 ml)
and shaken vigorously by hand for 5 min. This method
was found to produce consistently good quality ordered
mixtures when observed by photomicrographs and also
content uniformity assessed by homogeneity studies. The
procedure had advantage that it did not cause size
reduction of carrier during mixing.

Sampling from ordered mixtures

Prepared ordered mixtures in the glass vial were spread
on a piece of butter paper and six samples from different
locations were collected with the help of stainless steel
spatula.

Homogeneity of piroxicam in ordered mixtures
Accurately weighed ordered mixture (200 mg) was
transferred to a volumetric flask (10 ml). Volume- was
made up to the mark by methanol and sonicated
(Ultrasonicator 6.5L200H, PCI Analytics, Mumbai, India)
for 30 minutes. The liquid samples were then centrifuged.
Supernatant aliquot (500 pl) was diluted with distilled
water upto 10 ml and analyzed for absorbance at 353.5
nm Ay The concentration was read off from the standard
calibration curve of piroxicam.

Particle size classification of ordered mixtures

British standard sieves (BSS) of mesh number 22, 44, 60,
85, 100 and 120 having aperture size 710 pm, 355 pum,
250 um, 180 um, 150 pm and 125 um respectively were
used for classification of ordered mixtures or powders.
Sieves were arranged in order of their decreasing aperture
size i.e. having a coarsest sieve at the top and finest at the
bottom. A cover was placed on top and a pan was fitted
below the finest sieve. Ordered mixture/powder was
placed in the top sieve. Sieve stack was mounted in a
sieve shaker unit and agitated for 15 minutes. Sieve stack
was removed form the sieve shaker and different fractions
of ordered mixtures/powders were collected from
different sieves.

Scanning Electron Microscopy (SEM) studies
Perfectly dried sample of powder or ordered mixture was
mounted onto the stubs using double-sided adhesive tape.
Mounted sample was coated with gold palladium alloy
(150-200 A®) using fine coat ion sputter (Jeol, fine coat
ion sputter, JFC-1100, Jeol, Japan). The samples were
subsequently analyzed under the SEM (JSM 6100, Joel,
Japan) for external morphology.

Dissolution studies of ordered mixtures

The dissolution studies were performed in USP 24 Type
I (Paddle type) apparatus (TDT-08L, Electrolab,
Mumbeai, India) at rotational speed of 100 rpm in distilled
water. Samples of ordered mixture (200 mg) were added
to the 900 ml of distilled water, maintained at 37°C =+
0.5°C. Aliquots of 5 ml as samples were withdrawn for
analysis and an equal amount of fresh distilled water was
replaced in the dissolution vessel. Obtained samples were
analyzed for their absorbance at 353.5 nm and
concentration was determined by standard curve of
piroxicam. The univariate ANOVA was applied on the
dissolution data at each time point by using DDSolver
(Zhang et al., 2010) to determine significant timexgroup
interaction between formulations.
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Table 1: Piroxicam ordered mixture formulations
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Formulation Code Water Soluble Superdisintegrant Surfactant Powder Fraction Drug Conc.
Excipient (8% wiw) (1% w/w) (um) (% w/w)
PLF1 Lactose | = - | - 125-710 5
PLF2 Lactose SSG | - 125-710 5
PLF3 Lactose | = - SLS 125-710 5
PLF4 Lactose SSG SLS 125-710 5
PLF5 Lactose SSG SLS 355-710 5
PLF6 Lactose SSG SLS 250-355 5
PLF7 Lactose SSG SLS 180-250 5
PLF8 Lactose SSG SLS 150-180 5
PLF9 Lactose SSG SLS 125-710 1
PLF10 Lactose SSG SLS 125-710 7
PLF11 Lactose SSG SLS 125-710 10
PMF1 Mannitol | - e 125-710 5
PMF2 Mannitol SSG | 0 - 125-710 5
PMF3 Mannitol | @ - SLS 125-710 5
PMF4 Mannitol SSG SLS 125-710 5
PMF5 Mannitol SSG SLS 355-710 5
PMF6 Mannitol SSG SLS 250-355 5
PMF7 Mannitol SSG SLS 180-250 5
PMF8 Mannitol SSG SLS 150-180 5
PMF9 Mannitol SSG SLS 125-710 1
PMF10 Mannitol SSG SLS 125-710 7
PMF11 Mannitol SSG SLS 125-710 10
PSF1 Sorbitol | | e 125-710 5
PSF2 Sorbitol SSG | - 125-710 5
PSF3 Sorbitol | - SLS 125-710 5
PSF4 Sorbitol SSG SLS 125-710 5
PSF5 Sorbitol SSG SLS 355-710 5
PSF6 Sorbitol SSG SLS 250-355 5
PSF7 Sorbitol SSG SLS 180-250 5
PSF8 Sorbitol SSG SLS 150-180 5
PSF9 Sorbitol SSG SLS 125-710 1
PSF10 Sorbitol SSG SLS 125-710 7
PSF11 Sorbitol SSG SLS 125-710 10
PMTF1 Maltitol | - | e 125-710 5
PMTEF2 Maltitol SSG | - 125-710 5
PMTEF3 Maltitol | = - SLS 125-710 5
PMTF4 Maltitol SSG SLS 125-710 5
PMTF5 Maltitol SSG SLS 355-710 5
PMTF6 Maltitol SSG SLS 250-355 5
PMTF7 Maltitol SSG SLS 180-250 5
PMTF8 Maltitol SSG SLS 150-180 5
PMTF9 Maltitol SSG SLS 125-710 1
PMTF10 Maltitol SSG SLS 125-710 7
PMTF11 Maltitol SSG SLS 125-710 10
PSCF1 Sodium Chloride | = - | = - 125-710 5
PSCF2 Sodium Chloride SSsG | 0 - 125-710 5
PSCF3 Sodium Chloride | = ----- SLS 125-710 5
PSCF4 Sodium Chloride SSG SLS 125-710 5
PSCF5 Sodium Chloride SSG SLS 355-710 5
PSCF6 Sodium Chloride SSG SLS 250-355 5
PSCF7 Sodium Chloride SSG SLS 180-250 5
PSCF8 Sodium Chloride SSG SLS 150-180 5
PSCF9 Sodium Chloride SSG SLS 125-710 1
PSCF10 Sodium Chloride SSG SLS 125-710 7
PSCF11 Sodium Chloride SSG SLS 125-710 10

SLS: sodium lauryl sulphate; SSG: sodium starch glycolate; NaCl: sodium chloride, Powder fractions: #22/120 = 125-710 pm; #22/44 = 355-710
um; #44/60 = 250-355 um; #60/85 = 180-250 um; #85/100 = 150-180 um
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Dissolution studies of pure piroxicam and its
suspension

The pure drug (aggregate form) and suspension of the
drug equivalent to the amount contained in ordered
mixtures were also analyzed for dissolution rate. Drug
suspension was prepared in distilled water and added
0.5% SLS and stirred for 5 min. by propeller mixer. All
the dissolution studies were performed in triplicates and
their average results have been reported.

Mathematical modeling of release kinetics

In vitro drug release data were fitted to various release
kinetic models (Ahuja et al., 2007; Costa & Lobo, 2001),
viz., zero order, first-order, Higuchi and Hixson-Crowell
cube roo employing the following set of equations:
First-order model

In(My/M,) = kit

Zero-order kinetic model

Mo — Mt =Kkt
Higuchi model
M, =Kt

Hixon-Crowell cube root model
(Wo)l/3 - (W) B =kt

where, M,, M, and M,, correspond to the drug amount
taken at time equal to zero, dissolved at a particular time,
t, and at infinite time, respectively. The terms W, and W,
refer to the weight of the drug taken initially and at time t,
respectively. Various other terms viz. k,, k;, k;3 and K
refer to the release kinetic constants obtained from the
linear curves of zero-order, first-order, Hixson-Crowell
cube root law and Higuchi model, respectively.

RESULTS

Drug particle size, homogeneity of ordered mixtures and
scanning electron micrographs

Micronized piroxicam was used for preparation of various
ordered mixtures. The surface weighted mean diameter
and volume weighted mean diameter of drug particles
were 2.901 pm and 3.396 pm respectively. Specific
surface area of piroxicam drug particles was 1.97 m%/g.
Particle sizes for 0.1%, 50% and 90% volume under size
were 1.894 um, 3.180 pm and 5.217 um respectively.

Manual hand shaking method was found consistent to
produce good quality ordered mixtures, RSD (%) for

o ™ A ., -

Fig. 1: Photomicrograph of ordered mixtures of piroxicam with different granules (a) lactose granules (x1500) (b)
lactose granules surface view (x2100) (c) mannitol granule (x1500) (d) mannitol granule surface view (x2500).
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different formulations were less than 2.5 (table 2). The
procedure had the advantage that it did not cause size
reduction of carrier during mixing. Furthermore, fewer
amounts of drug and carrier were required.

Table 2: Homogeneity studies of piroxicam ordered
mixtures.

Formulation Average

Code Assay* (%) SD RSD (%)
PLF4 99.29 2.48 2.5
PMF4 101.13 1.12 1.1
PMTF4 101.39 2.17 2.14
PSF4 101.78 1.11 1.09
PSCF4 101.96 1.97 1.94

* Each value is an average of six determinations.

Scanning electron photomicrographs (fig. 1) of piroxicam
ordered mixture with granules of lactose and mannitol
were obtained. Granules of lactose and mannitoltol
adsorbed with piroxicam particles were clearly visualized.
The presence of crevices and surface irregularities in
photomicrographs are considered potential sites where
micronized piroxicam particles were lodged. More
distinctive surface view of lactose granule (fig. 1b) and
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mannitol granule (fig. 1d) confirmed that micronized
piroxicam particles were adhered to and distributed on the
surface of large size carrier granules.

Variables affecting release of piroxicam from ordered
mixtures

Ordered mixtures of piroxicam were evaluated by
dissolution studies to determine the effect of formulation
variables, carrier particle size and drug concentration.

Effect of formulation variables

At initial time points, 2 min., 5 min. and 60 min., drug
release from pure drug powder (aggregate) and drug
suspension was 4.98%, 7.69% and 44.56% respectively.
Well stirred aqueous suspension of piroxciam released
59.62%, 76.14% and 86.09% drug at 2 min., 10 min. and
60 min. respectively. All the ordered mixture
formulations of piroxicam increased the dissolution of
piroxicam. Ordered mixture formulation PLF4, consisting
of lactose as water soluble excipient, SSG (8% w/s) and
SLS (1% w/w), released piroxcam at a very fast rate so
much so that about 90% of the composition had passed
into solution within 2 min. The dissolution rate
enhancement with different water soluble excipients was
in the order: lactose > mannitol > maltitol > sorbitol >
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Fig. 2: Effect of different composition of carrier granules on dissolution rate enhancement of piroxicam from ordered
mixtures. (a) Water soluble excipient without SSG and SLS (b) Water soluble excipient with SSG (c) Water soluble
excipient with SLS (d) Water soluble excipient with SSG and SLS.

Abbreviations: L: Lactose; M: Mannitol; S: Sorbitol; MT: Maltitol; SC: Sodium Chloride; SSG: Sodium Starch Glycolate; SLS:

Sodium Lauryl Sulphate
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sodium chloride (fig. 2). The dissolution rate of ordered
mixture formulations was superior to drug suspension
except the formulations GSCF1-GSCF4 which had low
dissolution rate at initial time points upto 10 min (fig. 3).
However, the overall piroxicam dissolution rate of
formulations GSCF1-GSCF4 improved after 10 min and
was superior to dissolution rate of piroxicam from
suspension (fig. 3e). The increase in dissolution rate by
ordered mixing is attributed to an increase in the surface
area available for dissolution by presenting the drug
particles in the form of primary particles and the change
in the hydrodynamic microenvironment around the
particles.

The addition of superdisintegrant in granules (PLF2;
PMF2; PSF2; PMTF2; PSCF2) contribute to increase in
dissolution of piroxicam from ordered mixtures when
compared to formulations lacking superdisintegrant
(PLF1, PMF1, PSF1, PMTF1, PSCF1). Thus, the addition
of superdisintegrant in all carriers increased dissolution of
piroxicam from ordered mixtures (fig. 2b). The increase
was maximum in PLF2 being 11.19% and 9.02% at 5 and
10 min. respectively when compared to PLF1
formulation. The minimum effect of superdisintegrant
addition was observed in PSCF2 with only 3.71% at 10
minutes. Incorporation of superdisintegrant is supposed to
be effective in causing the carrier particles to disintegrate
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Fig. 3: Effect of formulation variables on drug release from ordered mixtures prepared from different water soluble

excipients. (a) lactose (b) mannitol (c) maltitol (d) sorbitol (e) sodium chloride

Abbreviations: L: Lactose; M: Mannitol; S: Sorbitol; MT: Maltitol; SC: Sodium Chloride; SSG: Sodium Starch Glycolate; SLS:

Sodium Laurvl Sulphate
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and dissolve rapidly in contact with water, so as to release
the individual, mutually discrete primary drug particles
(Nystrom et al., 1989).

Incorporating surfactant in the ordered mixtures (PLF3,
PMF3, PSF3, PMTF3, PSCF3) lead to an increase of 0-
9%, at initial time points upto 10 min, in dissolution rate
of piroxicam when compared to ordered mixture
formulations which did not contain surfactant (PLFI,
PMF1, PSF1, PMTF1, PSCF1 respectively) (fig. 3).
When both superdisintegrant and surfactant were added
(PLF4, PMF4, PSF4, PMTF4, PSCF4) to composite

Vikas Anand Saharan and Pratim Kumar Choudhury

granule, synergistic effect of 5-14% increase on
dissolution rate upto 10 minute was observed (fig. 3).

Effect of carrier particle size

Particle fraction 22/44 (355-710 um) was found the most
effective in improving the dissolution of piroxicam with
all the carrier particles (fig. 4). Decreasing the particle
size of carrier particles decreased the effect of dissolution
enhancement with all the carrier particles. In sodium
chloride ordered mixtures, the effect of particle size on
dissolution rate was comparatively higher and more
evident (fig. 4¢). Fine ordered mixture (#85/100; 150-180
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Fig. 4: Effect of carrier particle size on drug release from ordered mixtures prepared from different water soluble
excipients. (a) lactose (b) mannitol (c) maltitol (d) sorbitol (¢) sodium chloride

Notation of powder fraction: e.g., #22/44: Fraction of composite granule which passed through BSS sieve no. 22 and retained on BSS
sieve no. 44. Powder fractions: #22/120 = 125-710 pm; #22/44 = 355-710 pum; #44/60 = 250-355 pum; #60/85 = 180-250 um;

#85/100 = 150-180 pm
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um; PSCF8) released about 36.16% drug while coarser
ordered mixtures (#22/44, 355-710 um; PSCF5) released
78.32% drug in 15 minutes, which signified a twofold
increase. Coarser particles possess greater tendency to
deviate from spherical size and possess cavities,
capillaries and crevices which increases the chances of
adhesion of the fine drug particles on the surface. The
effect may affect the homogeneity of the formulation.
Polydisperse carrier particles (#22/120; 125-710 pmy;
Formulations PLF4, PMF4, PSF4, PMTF4, PSCF4),
mixture of all size ranges of particles, were equally
effective to the coarsest size composite particles in
improving the dissolution rate. This is presumably due to
the effect of fines which are present along with the coarse
carrier particles.

Fine particles of lactose (5% by weight) were added to
ordered mixture and the effect on dissolution was
observed. Piroxicam dissolution at initial time points was
enhanced by 2% after such incorporation (fig. 5). Such
effect was attributed to adsorption of fine particles on the
surface of carrier particle and in between the micronized
drug particles. This effect was supposed to additionally
help in deagglomerating the drug particles. However it
was also observed dissolution rate was superior when
carrier particles of all size ranges were used (fig. 4). This
may be due to the effect of fines which are present
alongwith the coarse carrier particles.

Effect of drug concentration

Ordered mixtures of piroxicam and carriers were prepared
at 1-10% w/w piroxicam concentration. Dissolution
studies revealed that the dissolution was rapid in ordered
mixture with 1-5% (fig. 6) drug concentration and
superior to piroxicam suspension. However, when drug
concentration was increased to 10%, the dissolution rate
was either similar (figs. 6a to 6d) or inferior (fig. 6e) to
piroxicam suspension. Comparative dissolution profiles of
different ordered mixture revealed inverse relationship
between drug concentration and dissolution rate (fig. 6).
The drug concentration is, therefore, related to the
coverage of carrier particles with drug particles which
may be multimolecular when high drug concentrations
were used.

Mathematical modeling of the release kinetics

The goodness of fit, for various models investigated for
ordered mixtures, ranked in the order of Hixson-Crowell
> Higuchi > First Order > Zero Order (table 3). The
Hixson-Crowell model described drug release kinetics in
the most befitting manner. The Higuchi model described
the drug release data modestly with R* (regression
coefficient) values ranging from 0.609 to 0.848. GMF4
and GSCF4 drug release data supported first order as
well. Generally, the determination coefficients were low
for all mathematical models except for Hixson-Crowell,
therefore, the drug release kinetics for all the ordered

mixture fitted best to the Hixson-Crowell model. The
ordered mixtures disintegrate rapidly followed by quick
dissolution of water soluble excipient (lactose, mannitol,
sorbitol, maltitol and sodium chloride) thereby forming a
drug suspension consisting of discrete primary drug
particles. Wetting of hydrophobic drug particles is further
aided by the presence of surfactant which also reduces
aggregation. Surface specific dissolution rate increases as
the particle size of hydrophobic drugs decreases,
especially for micronized drugs. The dissolution rate
enhancement is anticipated due to a rapid decrease in the
thickness of the stagnant diffusion layer around
micronized drug particles. Small diffusion boundary layer
thickness results in faster transport of the dissolved
molecules from the particle surface. Therefore, it is
anticipated all the ordered mixture formulations followed
the cube root law enunciated by Hixson Crowell.

120
100 ==
- ’~
o
2 =0
& —— Noadded fine lactose
£ 60
o —=— Added 10% fine lactose
g
3 40
£
3
“
20
0
0 20 40 60 80
Time {min.)

Fig. 5: Effect of carrier particle size on dissolution rate.

Table 3: Regression parameters of selected formulations
obtained after fitting the drug release data to various
release kinetics models.

R? Values
S. Formu- - -

No. | lation Zero | First Higuchi Hixson-

Order | Order Crowell
1 GLF4 0.547 | 0.586 0.691 0.696
2 GMF4 0.449 | 0.915 0.609 0.983
3 GSF4 0.652 | 0.588 0.87 0.971
4 GMTF4 | 0.658 | 0.695 0.801 0917
5 GSCF4 | 0.702 | 0.937 0.848 0.99

Comparison of dissolution data

The dissolution parameters of ordered mixtures of
piroxicam are enlisted in table 4. These ordered mixtures
had different water soluble excipient, like lactose (PLF4),
mannitol (PMF4), sorbitol (PSF4), maltitol (PMTF4) and
sodium chloride (PSCF4), in the carrier granule
composition. Ordered mixtures formulated with all water
soluble excipients exhibited significant improvement in
the dissolution parameters of the drug. Increase of 5.77 to
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8.42 fold in cumulative percent drug release at 10 minute
was observed. The order of dissolution rate enhancement
was found was: lactose (PLF4) > maltitol (PMTF4) >
mannitol (PMF4) > sorbitol (PSF4) > sodium chloride
(PSCF4). The results indicated that PLF4 was superior
formulation among all other ordered mixtures studied for
dissolution rate enhacement. Relative dissolution rate
(RDr) of different formulations indicated that at all sugar
and sugar alcohols were equally effective in increasing
dissolution rate upto 30 minute.

The results of univariate ANOVA (table 4) showed that
the cumulative percents drug dissolved were significantly

[a]

[b]

Vikas Anand Saharan and Pratim Kumar Choudhury

different at each time point for different formulations so
time X group interactions were found to be significant in
all formulations (P<0.05) when compared to piroxicam
suspension, i.e. that percent drug dissolved are
significantly different and the dissolution profiles are not
parallel and all the prepared ordered mixture formulations
and there is improvement in the dissolution rate. When
the other ordered mixture formulations were compared to
the PLF4 formulation (P<0.05) by univariate ANOVA,
the percents drug dissolved from PMF4, PSF4, PMTF4
and PSCF4 were significantly different at all time points
(P<0.05) which means that dissolution profiles were not
parallel. The difference in drug dissolution rate was
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@
2 w
I —e—Drug 1% (PLF9} § 20 —=—Drug 5% (PMF4)
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S S
% Drug 10% (PLF11} g —s—Drug 100%
40
g Drug 100% §
o o
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Fig. 6: Effect of drug concentration (% w/w) on drug release from ordered mixtures prepared from different water
soluble excipients. (a) lactose (b) mannitol (c) maltitol (d) sorbitol (e) sodium chloride.
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Table 4: Dissolution parameters of various ordered mixtures.

. Formulation Dissolution Parameters
No. DP*) 1in (%) | DP*i0min (%) | DP60min(%) | DE"s yin(%) | DEismin(%) | RDr%30min
1 | PLF4 90.26“ 101.07¢ 105.36% 92.54 97.78 3.94
2 | PMF4 75.64%@ 98.33"@ 102.75"@ 83.57 98.62 3.79
3 | PSF4 70.4%@ 90.28"@ 102.88"@ 77.35 92.46 3.78
4 | PMTF4 81.13"@ 95.11%@ 103.52%@ 86.01 94.91 3.78
5 | PSCF4 27.83"@ 69.27"@ 96.61"@ 38.34 78.36 3.33
6 | Piroxicam 59.62 76.43 86.09 31.17 36.77 3.09
Suspension

*DP: Cumulative percent drug release at particular time.
*DE (%): Dissolution efficiency at particular time. Dissolution efficiency (%) up to 5 min (DE 5 ;;,) and 15 minutes (DE;s ,;,,) were
calculated according to the following equation:

DEY, = = 100

=3

.]- IpC)

“ RDr3g min: Relative dissolution rate at 30 minute, i.e., ratio of cumulative percent drug release from formulation at 30 minute to
cumulative percent drug release from pure drug.

# Significant difference in cumulative percent drug release between the formulation and PLF4 formulation by univariate ANOVA,
p<0.05, at the same time point.

@Significant difference in cumulative percent drug release between the formulation and piroxicam suspension by univariate

ANOVA, p<0.05, at the same time point.

probably due to difference in solubilizing power of
excipients, which needs to further explored.

DISCUSSIONS

Carrier solubility is the most important factor in
determining the degree of improvement in dissolution rate
(Tbrahim et al., 1988). The dissolution rate of sparingly
soluble, fine particulate, suspended drug is assumed to be
diffusion-controlled (Bisrat et al., 1992). The apparent
diffusional distance decreased substantially with particle
size leading to an increase in dissolution rate. Thus, the
apparent diffusional distance is relatively short for a free
suspended drug particle and is a function of the particle
size (Bisrat & Nystrom, 1988). When the same drug
particle is released from the dissolving carriers it was
suggested that the diffusional distance was even lower,
resulting in a rapid dissolution rate (Westerberg &
Nystrom, 1993). Another study reported an ordered
mixture of griseofulvin with various carriers, like sodium
chloride, lactose, tricalciumdicitrate, —emcompress
(dicalciumphosphate dihydrate), glass beads and paraffins
(Westerberg et al., 1986). The carriers possessing high
solubility in the dissolution medium (sodium chloride,
lactose and tricalciumdicitrate) showed high dissolution
rates and the effect of agitation intensity was minimum.
Micronized substances often form agglomerates, causing
smaller surface area available to the solvents and resulting
in a slower dissolution rate. Surfactants have been used to

promote the dissolution of pharmaceutical substances in
micronized form. Increased wettability and an increase in
the apparent surface area play important roles in the
marked improvement in drug dissolution (Ishizaka et al.,
1993; Ishizaka et al., 1988). The increase in dissolution
rate was thus attributed to deaggregation during the
mixing process which produced a system in which the
entire external surface of the drug particles was exposed
to the dissolution medium. So, the system thus produced
could be regarded as a well dispersed suspension of drug
particles. Superdisintegrant swells at a rapid rate and
thereby disintegrate the granule so that carrier particles
dissolves at a faster rate which further increase the ability
of the composite granule to release the individual,
mutually discrete primary drug particles (Nystrom et al.,
1989). Studies with griseofulvin and water soluble
maltose/dextrose carrier indicated that the dissolution
rates were inversely proportional to the concentration
(McGinity et al., 1985). At higher concentrations, uneven
coating of the drug was anticipated and it showed reduced
dissolution rates particularly at loadings above monolayer
coverage which resulted in incomplete drug deagglomera-
tion.

In our studies, higher dissolution rate of piroxicam in
ordered mixture is attributed to improved wetting of drug
owing to attachment of smaller size drug particles on the
surface of water soluble excipients, i.e., mannitol, lactose
etc. Mannitol and lactose thus physically separates drug
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particles thereby preventing aggregation in dissolution
medium. Mannitol and lactose thus incite solubilizing
effect by interacting with drug molecules mainly by
electrostatic forces and occasionally by other types of
forces like hydrogen bonds but this phenomenon is drug
and excipient-specific and need to be confirmed by
further studies. The difference in ability of carrier
particles to enhance dissolution rate is considered due to
difference in the solubilizing effect in the dissolution
medium. The hydrophilic carriers attract the dissolution
medium and increase its amount in the immediate vicinity
of the piroxicam surface. Addition of surfactant, SLS, to
the ordered mixture further aids in reduction of surface
tension of the dissolution medium thereby improved
wetting and prevent aggregation of drug particles.
Superdisintegrant, SSG, was helpful in disintegrating the
granules and dispersing the discrete drug particles in the
entire dissolution medium so that the system behaved like
a well stirred aqueous dispersion.

CONCLUSIONS

Micronized drugs can be formulated as ordered mixtures
by simple, inexpensive manual mixing in a glass vial.
Drug particles adsorb on the surface of water soluble
carrier particles. Choice of carrier plays important role in
dissolution enhancement. Lactose and mannitol were
superior among all the water soluble excipients studied.
Ordered mixture formulations quickly disperse the drug
particles in the dissolution medium and thus provides a
system which behaves similar to a well stirred aqueous
suspension. Improvement in disintegration and wetting
characteristics of ordered mixtures can be achieved by
incorporation superdisintegrant and surfactant. High drug
concentration, 10% w/w or more, on the carrier particles
may retard the drug release by forming hydrophobic
layers on water soluble carrier particles which may retard
the quick dispersion of drug particles. Greater the size of
carrier particles, higher will be the number of crevices and
capillaries where the drug particles may adsorb. Hixson
Crowell model described the drug release from ordered
mixtures which is presumably due to surface specific drug
dissolution from discrete piroxicam particles in distilled
water.
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