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ABSTRACT

Pioglitazone, a widely prescribed anti diabetic grioelongs to clasg under BCS and exhibit low and variable oral
bioavailability due to its poor aqueous solubilitys oral absorption is dissolution rate limited @it requires
enhancement in the solubility and dissolution fateincreasing its oral bioavailability. The objée¢ of the study is
to evaluate the feasibility of formulating pioglittne ACD— Poloxamer 407 /PVP K30 inclusion complexes into
tablets and to evaluate the effectsp@D, Poloxamer 407 and PVP K30 on the dissolutiote @and dissolution
efficiency of pioglitazone tablets irf factorial study. A comparative evaluation of wearglation and direct
compression methods was made for the preparatidabdéts employing drug SCD — Poloxamer 407 / PVP K30
inclusion complexes. Drug ACD- Poloxamer 407 / PVP K30 inclusion complexesewaepared by kneading
method. Tablets each containing 30 mg of pioglitezavere prepared by wet granulation and direct casgion
methods employing vario €D complexes as pef factorial design and the tablets were evaluateddissolution
rate and other physical properties. Pioglitazonbléts formulated employing dugs€eD — Poloxamer 407 / PVP
K30 inclusion complexes and prepared by direct aeisgion method disintegrated rapidly when compaeetthose
made by wet granulation method. Pioglitazone diggm was rapid and higher from the tablets forated
employing drugfCD- Poloxamer 407/ PVP K30 inclusion complexes wbempared to the tablets containing
pioglitazone alone in both wet granulation and direompression methods. The individual as well @ahined
effects of the three factors involved i#CD ( factor A), Poloxamer 407 ( factor B) and PKBO ( factor C) were
highly significant (P< 0.01) in enhancing the dikgmn rate (K) and dissolution efficiency (D) of pioglitazone
in both wet granulation and direct compression mdth Among the three factors Poloxamer 407 (faBjogave
highest enhancement in the dissolution ratg é6d dissolution efficiency (Dk) of pioglitazone tablets in both wet
granulation and direct compression methof€D alone gave low dissolution rates in both wedargdation and
direct compression methods. Combinations6D with Poloxamer 407 or PVP K30 gave a signifitartigher
dissolution rate (K of pioglitazone in both wet granulation and diresompression methods. Overall direct
compression method gave higher dissolution rateg @dd dissolution efficiency (DEy) values than the wet
granulation method in all the cases. Hence Poloxa#& alone or a combination ¢ICD with either Poloxamer
407 or PVP K30 is recommended to enhance the dissolrate and efficiency of pioglitazone tablefrect
compression method was more suitable to prepargli@aone tablets with rapid disintegration and sb&ution
characteristics employing druggCD - Poloxamer 407 / PVP K30 inclusion complexes.
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INTRODUCTION

Pioglitazone, a widely prescribed anti diabeticgdhelongs to clasd under BCS and exhibit
low and variable oral bioavailability due to itsqggaqueous solubility. It is practically in soluble
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in water and aqueous fluids. As such its oral gltgmm is dissolution rate limited and it requires
enhancement in the solubility and dissolution fateincreasing its oral bioavailability. Several
conventional methods such as micronization, chdmuadification, use of surfactants and
solubilizers, solid dispersion and a few new enmggitechnologies such as cyclodextrin
complexation, mucoadhesive microspheres, nanofegtisanosuspensions, micro emulsion and
self-emulsifying systems are available to enhanbe solubility, dissolution rate and
bioavailability of poorly soluble BCS Class Il dmsudl]. Among the various approaches
complexation with cyclodextrins has gained goodeptance in recent years in industry for
enhancing the solubility and dissolution rate obiiy soluble drugs. Cyclodextrins (CDs) are
cyclic torus-shaped molecules with a hydrophilidenusurface and a lipophilic central cavity
which can accommodate a variety of lipophilic drugs a consequence of inclusion process
many physico-chemical properties such as solubilidissolution rate, stability and
bioavailability can be favourably affected [2, 8lyclodextrins have been receiving increasing
application in pharmaceutical formulation in recemars due to their approval by various
regulatory agencies [4, 5]. Poloxamer 407 is a gblylene oxide- polypropylene oxide-
polyethylene oxide triblock co-polymer of non-iomature and is used as a solubilising agent [6-
8].

We reportedearlier that combination of cyclodextrin®QD and HBCD) with Poloxamer 407
and PVP K30 or Poloxamer 407 and PVP K30 alone hza&edly enhanced the solubility and
dissolution rate of pioglitazone, a BCS class Uglthan is possible with them individually. The
objective of the present study is to evaluate #sibility of formulating pioglitazone BCD—
Poloxamer 407 and pioglitazongdGD —PVP K30 inclusion complexes into tablets and to
evaluate the effects §ICD, Poloxamer 407 and PVP K30 on the dissolutid@ od pioglitazone
tablets in a 2factorial study. Two methods i.e. wet granulatom direct compression methods
were tried for the preparation of pioglitazone ¢blemploying pioglitazonggCD- Poloxamer
407 and pioglitazonggCD- PVP K30 inclusion complexes. A comparative aatibn of the two
methods of preparation was also made.

MATERIALS AND METHODS

Materials:

Pioglitazone was a gift sample from M/s Hetero Br&yt. Ltd., Hyderabad. Crospovidone and
poly vinyl pyrrolidone (PVP K30) were gift sampldeom M/s Dr. Reddy Laboratories,
Hyderabad. - Cyclodextrin was gift sample from M/s. Cerestarc.] USA. Methanol
(Qualigens) and Poloxamer 407, lactose IP, talc madnesium stearate were procured from
commercial sources.

Estimation of pioglitazone:

A UV Spectrophotometric method based on the measemeof absorbance at 269 nm in 0.1 N
hydrochloric acid of pH 1.2 was used for the estioma of pioglitazone. The method was
validated for linearity, accuracy, precision anteiference. The method obeyed Beer’'s law in
the concentration range of 1-10 pg/ml. When a stahdrug solution was repeatedly assayed
(n=6), the relative error and coefficient of vadanwere found to be 0.68% and 1.02%
respectively. No interference by the excipientgusethe study was observed.

Preparation of pioglitazone-pCD- Poloxamer 407/ PVP K30 complexes:

Solid inclusion complexes of pioglitazor;D, Poloxamer 407 and PVP K30 were prepared as
per 2 — factorial study by kneading method. Pioglitazds@D, Poloxamer 407 and PVP K30
were triturated in a mortar with a small volume safivent consisting of a blend of water:

25
Scholar Research Library



K. P. R. Chowdaryet al Der Pharmacia Lettre, 2011, 3 (6):24-30

methanol (1:1). The thick slurry formed was kneafbedt5 min and then dried at %5 until dry.
The dried mass was powdered and sieved to mesh2@o.

Preparation of pioglitazone-pCD - Poloxamer 407/ PVP K3Qablets:

Compressed tablets each containing 30 mg of pixglite were prepared as pér-2factorial
study by (i) wet granulation and (ii) direct corapsion methods employing Pioglitazof€D -
Poloxamer 407/ PVP K30 inclusion complexes. Thenfdae of the tablets prepared are given in
Table 1.

Preparation of tablets by wet granulation method:

Lactose was used as filler. Crospovidone (5%), a%) and magnesium stearate (2%) were
incorporated, respectively as disintegrant andidabis. Purified water was used as granulating
fluid in wet granulation method. The required qutzed of drug, drugfCD- Poloxamer 407 -
PVP inclusion complexes and lactose were mixedotinginly in a mortar by following geometric
dilution technique. Water was added and mixed thginty to form dough mass. The mass was
passed through mesh No. 12 to obtain wet grantites.wet granules were dried at°8D for 4

h. Dried granules were passed through mesh N béeak aggregates. Crospovidone (5%) and
lubricants talc (2%) and magnesium stearate (2% wassed through mesh No. 100 on to dry
granules and blended in a closed polyethylene bhg.tablet granules were compressed into
tablets on a 16- station tablet punching machinds(lMadmach machineries Pvt. Ltd.,
Ahmedabad) to a hardness of 5- 6 kgffasing 9 mm flat punches. In each case 100 tablets w
compressed.

Preparation of tablets by direct compression method

All the materials required as per the formulae waended in a closed polyethylene bag. The
blends were directly compressed into tablets orb-asiation tablet punching machine (M/s
Cadmach machineries Pvt. Ltd., Ahmedabad) to anessiof 5- 6 kg/cfusing 9 mm flat
punches. In each case 100 tablets were compressed.

Evaluation of tablets:

Hardness of the tablets was tested using a Monsemtiness tester. Friability of the tablets was
determined in a Roche friabilator. Disintegratiome of the tablets prepared was determined
using a Thermonic tablet disintegration test maehising water as test fluid.

Dissolution rate study:

The dissolution rate of pioglitazone tablets predawas studied in 0.1 N hydrochloric acid of
pH 1.2 using Disso 2000 (Labindia), 8-station disBon test apparatus with a paddle stirrer at
50 rpm. A temperature 37%1 was maintained throughout the study. One talwataining 30
mg of pioglitazone was used in each test. Samglelssolution media (5ml) were withdrawn
through a filter (0.45u) at different intervalstofe, suitably diluted and assayed at 269 nm for
pioglitazone. The samples of dissolution fluid wlittwn at each time were replaced with fresh
fluid. The dissolution experiments were replicatieee times each (n=3).

Analysis of results:

Dissolution data were subjected to analysis aszpev order and first order kinetics and the
corresponding dissolution rates were calculatedss@ution efficiency (Dby) values were
calculated as suggested by Kian
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RESULTS AND DISCUSSION

The pioglitazone3CD- Poloxamer 407 / PVP K30 inclusion complexespas Z factorial
design were prepared by kneading method with a Weanhance the solubility and dissolution
rate of pioglitazone, a BCS class Il drug. All teelid inclusion complexes of DrugCD-
Poloxamer 407 / PVP K30 prepared were found toibe &nd free flowing powders. Low
coefficient of variation (c.v) values (< 1%) in tipercent drug content indicated uniformity of
drug content in each batch of solid inclusion cawpk prepared. The dissolution rate
characteristics of thesgCD- Poloxamer 407 / PVP K30 inclusion complexesemaported
earlier.

The feasibility of formulating pioglitazon2CD - Poloxamer 407/ PVP K30 solid inclusion
complexes into tablets was evaluated by preparioglitazone tablets employing the solid
inclusion complexes by wet granulation and direompression methods. To evaluate the
individual and combined effects §CD, Poloxamer 407 and PVP K30 on the dissolutida ra
and efficiency of pioglitazone tablets, tablets heaontaining 30 mg of pioglitazone were
formulated employing solid inclusion complexes ofigt BCD - Poloxamer 407/ PVP K30 as
per 2 factorial design. For this purpose two level$$6D (0 and 12 ratio of Drug :BCD) and
two levels of each of Poloxamer 407 and PVP K30 amdl 2%) were selected and the
corresponding eight treatments involved in the fdation of tablets as per-2actorial study
were pioglitazone pure drug (1); PI@ED (1:2) inclusion binary complex (a); Pio - Poloxar
407 (2%) binary mixture (b); PiggCD (1:2) — Poloxamer 407 (2%) ternary complex (&, —
PVP K30 (2%) binary mixture (c); Pi¢CD (1:2) — PVP K30 (2%) ternary complex (ac); Pio —
Poloxamer 407 (2%) - PVP K30 (2%) ternary compleg);( Pio- BCD (1:2)- Poloxamer 407
(2%) - PVP K30 (2%) inclusion complex (abc). Thenfalae of pioglitazone tablets prepared as
per 2 factorial design employing the above mentionedagextrin inclusion complexes are
given in Table 1. All the prepared tablets werel@eatd for drug content, hardness, friability
and disintegration time and dissolution rate ofjptazone. The physical properties of the tablets
prepared are given in Tables 2-3 and the dissoluparameters of the tablets prepared are
summarised in Table 4.

All the tablets prepared were found to contain [iiagone within 100£5% of the labelled claim.
Hardness of the tablets was in the range 4.5- @/@r. Percentage weight loss in the friability
test was less than 0.98% in all the cases. In Wwethgranulation and direct compression method
plain tablets formulated employing pioglitazoneraalisintegrated within 1 min. All the tablets
prepared by direct compression method employi@®— Poloxamer 407/ PVP K30 inclusion
complexes also disintegrated rapidly within 2 m# gec. Whereas tablets prepared by wet
granulation method employindCD— Poloxamer 407/ PVP K30 inclusion complexes
disintegrated slowly and the disintegration timéshese tablets were in the range 3- 13 min.
However all the tablets prepared employif@D— Poloxamer 407/ PVP K30 inclusion
complexes by both wet granulation and direct cosgiom methods fulfilled the official (1.P)
disintegration time specification of uncoated téhle

The dissolution rate of pioglitazone from the téblprepared was studied in 900 ml of 0.1 N
hydrochloric acid of pH 1.2. Dissolution of piogitone from all the tablets prepared followed
first order kinetics. The correlation coefficien yalues were higher in the first order model than
those in the zero order model in all the cases.di$solution parameters {jf K; and DEjzg) of

various tablets are summarized in Table 4. Piagite dissolution was rapid and higher from
the tablets formulated employing drugED- Poloxamer 407/ PVP K30 inclusion complexes
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when compared to the tablets containing pioglitazalone in both wet granulation and direct
compression methods. Dissolution parametersaikd DE3pin each case were subjected to
ANOVA to find out the significance of the individuand combined effects of the three factors
(BCD, Poloxamer 407, PVP K30) in enhancing the digsmt rate and efficiency of pioglitazone
tablets. The individual as well as combined eff@ttthe three factors involved i.CD ( factor
A), Poloxamer 407 ( factor B) and PVP K30 ( fac@rwere highly significant (P< 0.01) in
enhancing the dissolution rate;jkand dissolution efficiency (Dby) of pioglitazone in both wet
granulation and direct compression methods. Ambegliree factors Poloxamer 407 (factor B)
gave highest enhancement in the dissolution rat¢ &dd dissolution efficiency (DEkg) of
pioglitazone tablets in both wet granulation armmécticompression methods.

Table 1: Formulae of Pioglitazone Tablets Preparetly Wet Granulation and Direct Compression Methods
Employing Drug- BCD — Poloxamer 407- PVP K30 Inclusion Complexes @&r 2° Factorial Study

*W: Wet Granulation Method; D: Direct Compressioretiod; Pio: PioglitazoneSCD: § cyclodextrin; P 407:

Poloxamer 407; PVP K30: poly vinyl pyrrolidone K30* Figures in parentheses are codes as pefatorial

Design
Pioglitazone Tablet Formulation
Ingredient WTy | WTo | WTyp | WTap | WTe | WT e | WT pe | WT e
(mg / tablet) / / / / / / / /
DT, | DT, | DTy, | DT | DT, | DTa | DTy | DT ane
Pioglitazone (1)** 30.0 - - - - - - -
Pio -BCD (1:2) (a) - 90.0 - - - - - -
Pio - P 407(2%) (b) - - 30.6 - - - - -
Pio -BCD (1:2) - P 407(2%) (ab) - - - 91.8 - - - -
Pio - PVP K30 (2%) (c) - - - - 30.6 - - -
Pio -BCD (1:2) - PVP K30 (2%) (ac) - - - - - 91.9 - -
Pio - P 407(2%) - PVP K30 (2%) (bc) - - - - - - 31. -

Pio -BCD (1:2) - P 407 (2%) - PVP K30

(2%) (abe) - - - - - ) - | 936
Crospovidone 11.0 11.0 11.0 11.0 1110 11.0 11.0 011
Talc 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
Magnesium Stearate 4.4 4.4 4.4 4.4 4{4 414 4.4 4.4
Lactose 170.2 110.2 169/6 108/4 169.6 108.4 169.006.61
Total weight 220.00 220.0 220.p 2200 220.0 220.0 0.22 220.0

BCD alone gave a dissolution rate;(Kof 3.71 x 1¢ and 6.11 x 18 min™ respectively in the
wet granulation and direct compression methods.eM4g3CD in combination with Poloxamer
407 gave a dissolution rate {Kof 7.66 x 1¢ and 7.89 x 18 min™ respectively in the wet
granulation and direct compression methods. SitpiCD in combination with PVP K30 gave
a dissolution rate (§ of 4.38 x 1¢ and 6.45 x 18 min™ respectively in the wet granulation and
direct compression methods. Thus combinatiofGid with Poloxamer 407 or PVP K30 gave a
significantly higher dissolution rate (Kof pioglitazone in both wet granulation and direc
compression methods. Overall direct compressiomaaegave higher dissolution rates;\and
dissolution efficiency (DEyg) values than the wet granulation method in all¢ases. I.P 2010
prescribed a dissolution rate specification of NIO% in 45 min for pioglitazone tablets. All the
pioglitazone tablets formulated employing drgsD - Poloxamer 407 / PVP K30 inclusion
complexes and prepared by both wet granulationdarett compression methods fulfilled the
official (I.P) dissolution rate specification of qglitazone tablets. Whereas plain tablets
formulated employing pioglitazone alone did nofifuhe official dissolution rate specification.
Hence Poloxamer 407 alone or a combinatiof@D with either Poloxamer 407 or PVP K30 is
recommended to enhance the dissolution rate andeeify of pioglitazone tablets. Direct
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compression method was found more suitable to peepoglitazone tablets with rapid
disintegration and dissolution characteristics ayiplg drug-fCD - Poloxamer 407 / PVP K30
inclusion complexes.

Table 2: Physical Properties of Pioglitazone TablstPreparedEmploying Drug- BCD — Poloxamer 407/ PVP
K30 by Wet Granulation Method as per 2 Factorial Study

I::(())rdrguitlr())enr Hardness Friqbility _DT Drug Content
2° factorial design (Kg/sq. cm)| (% weight loss)| (min-sec)| (mg/tablet)
WT, 4.5 0.75 0-48 30.6
WT, 4.5 0.61 5-16 29.8
WT 5.0 0.70 3-01 29.5
WT 4 4.5 0.69 4-24 29.4
WT . 5.5 0.55 8-45 30.1
WT 4 6.5 0.60 12-14 30.6
WT g 5.0 0.73 9-02 30.0
WT anc 6.0 0.64 13-00 29.7

Table 3: Physical Properties of Pioglitazone TablstPreparedEmploying Drug-BCD — Poloxamer 407/ PVP
K30 by Direct Compression Method as per 2Factorial Study

i%:jrgu;ztlsgr Hardness Friability DT Drug Content
2* factorial design (Kg/sg. cm)| (% weight loss)| (min-sec)| (mg/tablet)
DT, 4.5 0.92 0-10 29.2
DT, 5.0 0.80 1-10 29.3
DT, 4.5 0.81 0-08 30.4
DT . 4.5 0.76 1-57 30.3
DT, 6.0 0.51 2-12 30.6
DT . 6.0 0.79 2-48 29.7
DT pc 5.5 0.82 0-12 29.3
DT .o 5.5 0.61 2-46 29.4

Table 4: Dissolution Parameters of Pioglitazone Tabte PreparedEmploying Drug- BCD — Poloxamer 407/ PVP K30
Inclusion Complexes by Wet Granulation and Direct ®mpression Methods as per 2Factorial Study

Wet Granulation Method Direct Compression Method
Formulation Dissolution . . Dissolution . .
Increase| Dissolution Increase| Dissolution
code as per Rate . o Rate . o
3 . Tso in Ky Efficiency Tso in Ky Efficiency
2 factorial ; (Kyx 109 ; (Kix 109
. (min) ! (no. of | (DEsg) (%) | (min) ) (no. of | (DEg) (90)
design (min’) folds) | (xZs. d.) (MIT) XS | Folds) | (x£s. d)
(x£’s.d.) - d.) -
T, 30 1.27+0.0009 - 34.61+0.605 20 1.63+0.001 - 4230536
T, 15 3.71+0.0012 2.93 48.95+1.131 4 6.11+0.0031 3.7673.53+0.255
Ty 3 13.91+0.0115 10.98 81.07+0.614 3 11.43+0.0017 3 7.0 78.37+0.598
Ta 5 7.66+0.0012 6.05 60.45+0.896 3 7.89+0.00019 4.84 5.94/#0.834
T, 3 7.18+0.0021 5.67 76.31+1.596 4 8.41+0.00R4 5.17 7.94#1.316
Tac 8 4.38+0.0020 3.45 59.66+0.981 3 6.45+0.00p2 3.97 9.24#0.890
The 3 14.43+0.0027 11.39 82.75+0.261 3 8.50+0.0006 5.2283.23+0.458
Tanc 4 6.63+0.0016 5.24 56.58+1.192 4 6.46+0.00R5 3.97 5.5640.825

CONCLUSION

Pioglitazone tablets formulated employing dru§GD — Poloxamer 407 / PVP K30 inclusion
complexes and prepared by direct compression metlsnategrated rapidly when compared to
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those made by wet granulation method. Pioglitaatissolution was rapid and higher from the
tablets formulated employing drufED- Poloxamer 407/ PVP K30 inclusion complexes when
compared to the tablets containing pioglitazonenalan both wet granulation and direct
compression methods. The individual as well as d¢oetbeffects of the three factors involved
i.e.,BCD ( factor A), Poloxamer 407 ( factor B) and PK®O ( factor C) were highly significant
(P< 0.01) in enhancing the dissolution rate;)(kand dissolution efficiency (DB of
pioglitazone in both wet granulation and direct poession methods. Among the three factors
Poloxamer 407 (factor B) gave highest enhancenmetita dissolution rate (X and dissolution
efficiency (DE 30 of pioglitazone tablets in both wet granulationdadirect compression
methodsBCD alone gave low dissolution rates in both weingtation and direct compression
methods. Combination giCD with Poloxamer 407 or PVP K30 gave a signifibamtigher
dissolution rate (K of pioglitazone in both wet granulation and direompression methods.
Overall direct compression method gave higher tlisiem rates (K) and dissolution efficiency
(DE 30) values than the wet granulation method in allgages. Hence Poloxamer 407 alone or a
combination offCD with either Poloxamer 407 or PVP K30 is recomdeshto enhance the
dissolution rate and efficiency of pioglitazone l&b. Direct compression method was more
suitable to prepare pioglitazone tablets with ragigintegration and dissolution characteristics
employing drugfCD - Poloxamer 407 / PVP K30 inclusion complexes.
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