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ABSTRACT

Olmesartan medoxomil is a novel antihypertensive drug having low aqueous solubility and poor micromeritic
properties. Therefore the crystallo-co-agglomeration of olmesartan have been attempted to improve its
physicochemical and micromeritic characteristics. The effect of different polymers such as poly-vinyl pyrollidone
(PVPK30), and hydroxypropyl- - cyclodextrin (HPBCD) on solubility, dissolution rate and flowability of
olmesartan medoxomil was studied by crystallo-co-agglomeration technique. The agglomerates were characterized
by X-ray powder diffractometry (XRPD), Scanning electronic microscopy (SEM) and Fourier transformation-
infrared spectroscopy (FTIR). It was found that saturation solubility, micromeritic properties and dissolution
characteristics of agglomerates wer e significantly improved than that of pure olmesartan medoxomil. Hence it could
be concluded that crystall o-co-agglomeration could be one of the effective approaches for improved performance of
olmesartan medoxomil.

INTRODUCTION

Increasing preference is now being given to theshorystallo-co-agglomeration technique. It invavaodification
of pharmaceutical powders so as to improve proggerich as flow properties, packability, soluhilifjssolution
and bioavailability of the product [1]. Generallzetmodynamically stable crystalline form of compduis
preferred. However inadequate solubility and digsoh rate are the several problems associated stible
crystalline form that results in poor oral absarptand less bioavailability. Now-a-days crystalagglomeration
technique has been attracting attention of reseescfor increasing the solubility, dissolution amdicromeritic
properties of the drug [2, 3]. It is the versafii®cess to control size and type of crystals awveé fienefits over
granulation technique in which more time, cost amérgy is consumed. It can also be a good techrigue
improvement of dissolution behavior of certain dratparacterized by low solubility and dissolutiater Crystallo-
co-agglomeration is modification of spherical cajtation technique in which drug is crystallizeahd
agglomerated with an excipient or another drug tvim@y or may not be crystallized in system [4,,5]6

Olmesartan medoxomil (Figure 1) is chemically 2iBydroxy-2-butenyl 4-[1-hydroxy-1-methylethy]-2-grgl-1-
[p(0-1H-tetrazol-5-ylphenyl) benzyl] imida-zole-Buboxylate, cyclic 2,3-carbonate [8, 9, 10, 11jniChl studies
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have suggested that olmesartan medoxomil exertsnafisial effect on the treatment of hypertensitinis an
angiotensin antagonist (Angiotensin receptor blockeARBS) [8, 9, 10, 11]it is a white crystalline powder and
has limited solubilityOlmesartan medoxomil has poor flow properties amdkesirable dissolution properties. In the
present study, an attempt was made to improve pbgisemical properties by preparing crystallo-colaggrates

of olmesartan medoxomil in the presence of polyawed/or hydrophilic carrier for the enhancement wérall
physicochemical performance. Dichloromethane wasduss bringing liquid to prepare agglomerates.
Physicochemical properties of raw olmesartan menhixcand olmesartan medoxomil agglomerates were
characterized in the solid state using severalnigcies such as scanning electronic microscopy (SEdrier
transformation-infrared spectroscopy (FTIR), X-nagwder diffraction analysis (XRPD), solubility stad and
dissolution test. The improvement in micromeritimperties was determined by calculating angle gose,
Hausner ratio, Carr’s index of olmesartan medoxamd agglomerates respectively.

Figure 1 Chemical structure of olmesartan medoxomil
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MATERIALS AND METHODS

Materials:

Olmesartan medoxomil, poly-vinyl pyrollidone (PVP®3and hydroxypropylp cyclodextrin (HBCD) were
generously supplied by Indoco Remedies, Mumbaialad gift samples. All the chemicals were of atiedy grade
purchased from Loba Chemie, Mumbai, India. DidfiNeater was used throughout the experiment.

Methods:

Water soluble carrier PVPK30 and olmesartan meddxwesre weighed in different ratios 1:1 and 1:3m@bkartan
medoxomil was dissolved in 10 and 30 mL of dichfoethane (DCM) as per the ratios 1:1 and 1:3 resmbgt
Drug agglomerates were formed by adding drug smiutdb 500 mL of glass vessel containing 100 mL isfilted

water (poor solvent) in which a water soluble @ar®VPK30 (1gm) was dissolved with a stirring rate.000 + 50
rpm for 30 min.

Agglomerates with HFCD were prepared by another method in whictBEP and drug were weighed in different
ratios 1:1 and 1:3. HED was dissolved along with olmesartan medoxomil@nand 30 mL of dichloromethane
(DMC) as per the ratios 1:1 and 1:3 and this sotutvas then added in to 500 mL of glass vesselagung 100
mL of distilled water (poor solvent) with a stirgnmate of 1000 + 50 rpm for 30 min. The prepareéhgglomerates
were collected, dried and stored in a desiccattl funther analysis.
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Saturation Solubility Studies:

Solubility studies were carried out in distilledteraaccording to the method reported by Higuchi @odnors [12].
Excess quantity of olmesartan medoxomil and / epared crystallo-co-agglomerates were introduce2DimL of

distilled water and shaken for 24 hours at roompterature. The content of each flask was then dittehrough a
Whatmann filter paper. The filtrate was then dititsnd assayed spectrophotometrically at 257 nimh EBalubility

was determined in triplicate (n=3). The resultsagi#d from saturation solubility studies were statally analyzed.

Drug Content:

Agglomerates (5mg) were triturated and dissolvecime methanol and volume was made up to 50 mL and
sonicated for 15 minutes. The solution was filtetledugh Whatmann filter paper. After appropriatiettbns with
water it was analysed spectrophotometrically at @57 Shimadzu 1800, Japan).

Dissolution Studies:

The dissolution rate studies of olmesartan medokatoine and crystallo-co-agglomeration were perfetnin
triplicate in a dissolution apparatus (Lab Indiagdél Disso 2000 Tablet dissolution test apparadtiwsnbai, India)
using the paddle method (USP Type II). Dissolusitudies were carried out using 900 mL of phosphafter (pH
6.8) at 37 + 0.5 °C at 50 rpm. The volume of disioh medium was adjusted to 900 mL by replacinghe& mL
aliquot withdrawn with 5 mL of fresh phosphate leunffpH6.8). The solutions were immediately filtetadough a
0.45 um membrane filter, suitably diluted and tlenaentrations of olmesartan medoxomil in samplesewe
determined spectrophotometrically at 253.5 nm. fHselts of dissolution studies were statisticaliglgzed.

X-Ray Powder Diffractometry (XRPD):

The XRPD data of pure olmesartan medoxomil andtaligsco-agglomerates were recorded on a Philipalical
X-ray-PW 3710 ( Phillips, Almedo, The Netherlandgjractometer with tube anode Cr over the inteld@70°/2D
under following set of conditions: The generatoisien (voltage): 40 kV and generator current: 25.mA

Fourier Transformation Infrared Spectroscopy (FTIR):
FTIR spectra were obtained using a Shimadzu FTEtspmeter (IR Affinity 1 Model, Japan) spectromefehe
samples were prepared into KBr disks. The scanr@inge was kept from 4000 to 500 cm-1.

Scanning Electron Microscopy (SEM):

The surface morphological properties of pure draod arystallo-co-agglomerates were investigated dansing
electron microscopy (SEM-Jeol Instruments, JSM-63@pan). Samples were mounted on a double-fadesbive
tape, sputtered with gold. Scanning electron phefaolgs were taken at an accelerating voltage of \I5akd
obtained micrographs were examined at X2000, X58Q00000 and X15000 magnifications.

Measurement of Flowability:

Flowability of olmesartan medoxomil and their aggkrated crystals were determined in terms of Aofjleepose,
Carr's Compressibility Index and Hausner ratio. Bmgle of repose of drug powder and the agglomenatye
assesed by fixed funnel method. The Carr's indéeats the compressibility of the agglomerates trate is a
correlation between the compressibility index ahd flowability of the crystallo-co-agglomerates. eThesults
presented are meanS.D. (n = 3).

RESULTS AND DISCUSSION

Determination of Drug Content:
Percentage drug contents of prepared crystalloggteanerates were found to be in the range of 92.1320 w/w
to 100.00 + 1.18w/w.

Saturation Solubility Studies:

Table 1 shows results of saturation solubility s#ad The solubility of crystallo-co-agglomeratesswaund to be
increased than pure olmesartan medoxomil. Theredwiasnd 6.6 fold increase in solubility of aggloates with
HPBCD of 1:1 and 1:3 ratios respectively. In case ¥WPR30 (1:1), there was 4.8 fold while in PVPK303)Lratio
it was found to be 4.6 fold. The improvement inukdlity by crystallo-co-agglomeration was foundite extremely
significant. This might be due to changes in ciys&bit, structure and surface morphology [3]. tidigion to that,
solvent included in crystal form solvates that midgtave changed the reactivity of drug particles;fasie
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morphology and internal energy of the molecules ciwhivould be responsible for increasing solubilith o
agglomerates [3]. The solubility of BED (1:3) and PVPK30 (1:1) was found to be greatentraw olmesartan
and other ratioglemonstrating that the incorporation of PVPK30 &®BCD enhanced the drug solubility by
improving wettability [14].

Table 1. Saturation solubility of pure olmesartan nedoxomil and crystallo-co-agglomerates

System  Saturation solubility
(mg / mL)*
(e} 0.1961+ 0.009
OP1 0.898+ 0.2%°
OP3 1.301+0.17
OH1 0.944+ 0.15
OH3 0.8432+ 0.1¢
2 ggnificant difference compared to pure drug and crystallo-co-agglomerates
O: Olmesartan medoxomil, OP1: Olmesartan medoxomil + PVPK30 (1:1), OP3: Olmesartan medoxomil + PVP K30 (1:3), OH1: Olmesartan
medoxomil + HPACD (1:1), OH3: Olmesartan medoxomil + HPSCD (1:3)

Dissolution Studies:

The results of dissolution studies are shown inld &and dissolution patterns are depicted in Ed2& and 2B.
The results reflected high improvement in dissolutdf agglomerates as compared to pure olmesartgioxomil.
It was observed that dissolution rate of agglonesratere increased significantly compared to origittag ( <

0.001). The increase in dissolution rate was found td defold greater in PVPK30 (1:1) ratio, 1.96 fahdPVPK30
(1:3) ratio, 2.5 fold greater in HIZD (1:1) ratio and 6.13 fold greater in BED (1:3).

The drug release in drug: PVPK30 (1:1) ratio wasfbto be 100% in 45 min and in (1:3) ratio it Wi&% after 2
hours. Moreover in drug: H®ED (1:1) ratio, drug release after 120 min was oleskto be 71% and in (1:3) ratio
complete drug release was obtained in only 30 e stastical analysis revealed significant impnoget in
dissolution at (Dky) (p < 0.001). Faster dissolution from crystallo-co-agglomesateas attributed to changed
crystalline shape, size and habit which might spoasible for increase in dissolution of agglomesats compared
to pure drugs in dissolution medium.

The mechanism for the enhanced dissolution rateyistallo-co-agglomerates might be similar to thechanism in

solid dispersion though particle size of the aggomtes was larger [14-17]. The adsorbed PVPK3hersurface

of crystals might have improved wetability and weblgad to enhanced dissolution [14-17]. These tesléarly

revealed that the dissolution rate of olmesartas iwereased in the form of agglomerates when coeapiar its pure

form. The results also demonstrated that PVP isiitalde polymer and HFCD is suitable stabilizer for the
preparation of crystallo-co agglomerates of olmesejl4-18].

Table 2: The dissolution data of olmesartan medoxoinand its crystallo-co-agglomerates phosphate bugf
(pH 6.8) at 37 £ 0.5°C

System DP5+S.D. DP30+S.D. DE5+S.D. DE30 + S.D.

(0] 6.25+1.€ 15.97+ 2. 5.21+1.4 10.74+ 1.2

OP1 13.95+1.4 97.82t1.6 1443t 1.47°  47.25+1.92°

OoP3 8.56+ 2.7 30.34: 2.5 8.26+ 1.46° 65.86+ 2.26°

OH1 15.19+ 2.2 38.79+2.4 12.37+1.27%%  26.79+ 2.1¢?

OH3 23.19+1.7 100+2.2 23.10t 1.81°  65.86+ 1.97°

SD.: Sandard deviation; DP: % drug dissolved; DE: dissolution efficiency; significant difference compared to pure olmesartan medoxomil i.e.
significant (p <0.001)
O: Olmesartan medoxomil, OP1: Olmesartan medoxomil + PVPK30 (1:1), OP3: Olmesartan medoxomil + PVP K30 (1:3), OH1: Olmesartan

medoxomil + HPACD (1:1), OH3: Olmesartan medoxomil + HPSCD (1:3)
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Figure 2 Dissolution curves of olmesartan medoxoménd its corresponding crystallo-co agglomerates

O: Olmesartan medoxomil, OP1: Olmesartan medoxomil + PVPK30 (1:1), OP3: Olmesartan medoxomil + PVP
K30 (1:3), OH1: Olmesartan medoxomil + HPACD (1:1), OH3: Olmesartan medoxomil + HPACD (1:3)
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Flowability:

The micromeritic properties have shown in Tablé&8od flowability was reflected by values of anglferepose,
Carr's index and Hausner ratio as shown in Tablgtatistical analysis indicated significant redoitin values of
angle of repose and Carr’s index of agglomeratesoaspared to original drugp(< 0.001) [19]. However no
significant differences among the formulations weteserved [§ > 0.05) in the above parameters. Olmesartan
medoxomil had significantly higher angle of repasecomparison to agglomerates which might be du¢hto
irregular shape of pure drug and put barrier irfarm flow crystals from funnel. The perfect shame darger size
of crystals decreased interparticle friction andatild be suggested as one of the reason for easyraform flow
of agglomerates leading to excellent flowabilityd[1Further the agglomerates had lower Carr's inden pure
drug which revealed that the flowability of olmesarwas significantly poor than that of agglomedatgystals | <
0.01). The value of Hausner ratio in agglomerated etgstvas found to be less than 1.25 which also atdit

improvement in flowability [20].
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Figure 3 FTIR spectra of pure olmesartan medoximilpolymer and crystallo-co-agglomerates

A: Olmesartan medoxomil, B: PVPK30, C: HPACD, D: Olmesartan medoxomil + PVPK30 (1:1), E: Olmesartan medoxomil +
PVP K30 (1:3), F: Olmesartan medoxomil + HPSCD (1:1), G: Olmesartan medoxomil + HPASCD (1:3)
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Figure 4 XRPD patterns of pure olmesartan medoximijlpolymer and crystallo-co-agglomerates
A: Olmesartan medoxomil, B: PVPK30, C: HPACD, D: Olmesartan medoxomil + PVPK30 (1:1), E: Olmesartan medoxomil +
PVP K30 (1:3), F: Olmesartan medoxomil + HPSCD (1:1), G: Olmesartan medoxomil + HPASCD (1:3)
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Table 3: Flowability parameters of olmesartan medoamil and their agglomerated crystals.

Agglomerates code O OP1 OP3 OH1 OH3
Angle of repose 38.65+1.5 31.88+1%2 3246+09 3211+08 30.96+1.3
Carr's index (%) 22.00+0.45 11.00+0.3f 9+0.2% 122+02F 7+0.3%
Hausner's ratio 1.29+0.006 1.12+0.003 1.09+0.008 1.13+0.004 1.08+0.005
# significant difference compared to pure olmesartan i.e. significant (p < 0.001); O: Olmesartan medoxomil, OP1: Olmesartan medoxomil +
PVPK30 (1:1), OP3: Olmesartan medoxomil + PVP K30 (1:3), OH1: Olmesartan medoxomil + HPACD (1:1), OH3: Olmesartan medoxomil +
HPACD (1:3)

Fourier Transformation-Infrared Spectroscopy (FTIR):

The possible interaction between the drug and éinéec was studied by FTIR spectroscopy (FigurdRB)spectra of
olmesartanshowed characteristic peaks 2874 cnmi (Aliphatic C—H strech), 3039 c¢m(Aromatic C-H strech),
3271 cnt (Broad, intermolecular hydrogen bonded, O-H styetf20 cnit (C=0 of carboxylic group), 1504 ¢hm
(ring C=C stretch), 1483 ci(C—N strech), 1371 cifin plane O-H bend), 1053 ¢h{ring C-O-C stretch)

The FTIR spectra of HEED displayed prominent peaks at 3,395%ct®-H), 2,930 crit (C-H), 1,647 crit (H-O-H
bending) and 1,035 c¢hn(C-O-C). PVPK30 showed characteristic broad ban84&4cn(O-H, stretch, broad),
1666 cnt (C=0) owing to its oxygen functionalities.

It was found that there were no considerable chaung¢he IR peaks of the agglomerates when compargdire
olmesartan. In the FTIR study, the breakdown ofititermolecular hydrogen bond between the crys&llirug
molecule and formation of hydrogen bond betweerdting and the polymers might be related to thenskdift of
the absorption band. However FTIR spectra of agglates showed that no changes have occurred inicilem
structure. The strong interaction between drugaarder, often leads to identifiable changes inlRerofile of the
drug but the results of IR spectra indicated areabs of any well-defined interaction between olmesaand
PVPK30 and / or HECD [21, 22].

X-Ray Powder Diffractometry (XRPD):

The presence of polymorphs, crystal habit modifocet in drug crystals and / or generation of neystal form
during crystallo-co-agglomerates process can bgaatey examined using XRPD technique [23, 28ig(re 4).
Examinationof XRPD patterns of pure drug and crystallo-co-aggl@ates confirmed formation of agglomerates.
While studying the X-ray diffractograms of agglomtes it was observed that some of the peaks wereasgd
while some of them were disappeared when comparediffractogram of pure olmesartan. The formatidn o
different polymorphic form was stated on the badighanges in intensity of peaks in diffractogranfiolymer
indicating different rearrangement of molecules][T3us the agglomerates exhibited spectra witfeiht peak
positions (patterns) from their respective host gndst crystals which depicted that different in&trstructure
might have formed with significant modificationénystals habit.

Scanning Electron Microscopy (SEM):

The results of surface morphology studies are shiowkigure 5. The purelmesartarpowder was appeared in the
form of irregular shaped crystals. This formabiesartarieads to very poor flow and compressional diffiad.
These photo-micrographs showed that the prepargidragrates were regular in shape with a smoothragdlar
surface, which enabled them to flow very eas®Dn the basis of these findings, it was considetett good
flowability and packability for agglomerates wetériauted to the regular shape and smooth surf2&,since the
area of contacts in the powder bed for agglomeratesssmaller than that for conventional irreguiastals [26].
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Figure 5 Scanning electron microphotographs pure ohesartan medoxomil and crystallo-co agglomerates
A: Olmesartan medoxomil, B: Olmesartan medoxomil + PVPK30 (1:1), C: Olmesartan medoxomil + HPSCD (1:3)

CONCLUSION

The present study revealed that crystallo-co-aggtatesof olmesartanprepared with PVPK30 and BED
exhibited improved solubility and dissolution rate addition to improving the micromeritic propedieThis
technique might be applicable for producing ordidsdosage forms oblmesartan medoxomilvith improved
dissolution rate and oral bioavailability. Thusteed of preparation of granules, formation of aggoates of
olmesartan medoxomil would be expected to enhahgsigochemical, biopharmaceutical and tablettirgpprties.
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