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ABSTRACT

Olmesartan medoxomil (OM) is an angiotensin Il poe blocker. It is practically insoluble in watend has an
oral bioavailability of 26% with a terminal halffé of approximately 13 hours. In the present stadgpray drying
technique has been used to prepare solid disper&s®) of OM with Polyvinyl pyrrolidone (PVP K) 3@nd
Gelucire® 50/13 with silicon dioxide (Aerosil®20@s carrier to improve drug solubility. The SDs were
characterized in comparison with pure drug and esponding Physical mixture (PM) in the same ratjouking
drug content, saturation solubility, scanning eteat microscopy (SEM), diffuse reflectance infrateansform
spectroscopy (DRIFTS), X-ray powder diffraction BXR and in vitro drug release. SDs were furtherjsated to
aging at room temperature (30 / 60% RH) for three months and characterized ifovitro drug release and
presence of crystallanity using XRPD.Absence o€ DM peaks in XRPD suggests transformation of aljyrst
OM into an amorphous form. DRIFT spectra revealedspnce of hydrogen bonding interactions in solid
dispersion. Significant improvement in dissolut@fSDOMGA compared to SDOMP, crystalline OM, spotegd
OM, and physical mixtures of drug with carrier. Té@re solid dispersion by spray drying with muiti€tional
excipient Gelucire® 50/13 can stabilize OM in anfwps form, improve solubility and prevent hydrdysi
providing better alternative to conventional stid®fs like PVPK30.
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INTRODUCTION

Solubility of many newly discovered drugs is a seveurdle in formulation and development, due tormmlubility
in agueous and organic media, which lead to poaaoying bioavailability after oral administratioAccording to
BCS system, class Il and class IV drugs shows potubility and dissolution is rate limiting factdor their
absorption [1]. Solid dispersion is most widely digechnique to improve dissolution rate and bidabdity of

poorly water soluble drugs [2, 3]. Chiou and Riegeh defined solid dispersion as the dispersionnef ar more
active ingredient in an inert carrier matrix atiddatate prepared by the melting (fusion), soh@ninelting-solvent
method [4]. Various strategies investigated to eckasolubility in solid dispersions like fusion (itiveg), solvent
evaporation, lyophilization (freeze drying), medfgdomeration process, extruding method, spray dry@chnology,
use of surfactant, electro static spinning methwisuper critical fluid technology [5].

Hydrophilic carriers which are most commonly usedhe preparation of solid dispersion are polyyiyytolidone
[6], polyethylene glycols [7], polyvinylalcohol [8]colloidal silicon dioxide [9] ad lipids such as Gelucire® (
polyglycolized glycerides)[10,11].
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Gelucire® is a family of vehicles derived from timéxtures of mono-, di- and triglycerides with pdiyglene glycol
(PEG) esters of fatty acids. These are availabté wirange of properties depending on their HLBL&)-and
melting point range (33-65 °C) [12, 1&elucires improves dissolution of drug by improvimgttability, reduction
in particle size and reduction of crystallinity dfug [14, 15].Polyglycolized glycerides are low melting point
excipients produces sticky and tacky mass whenessszl by conventional spray drying technique. Teraame
this problem they are used with high melting ligidrriers like compritol, sterotex K NF [16] or adsent like
silicon dioxide which has surface silanol groupsiynbe able to form hydrogen bonds with drug mokeswuring
formation of SDs and enhances dissolution of dftigs18].

OM is a prodrug ester. In vivo it is completely arapidly de-esterified to active metabolite olméesarvia an
enzyme, arylesterase [20]. OM belongs to BCS clas# is practically insoluble in water and has amal

bioavailability of 26% with a terminal half life afpproximately 13 hours [21]. In the present studgpray drying
technique has been used to prepare solid dispen§ioM with PVPK30 and Gelucire® 50/13 with silicalioxide
(Aerosil® 200) as carrier to improve drug solulyiland bioavailability. Few attempts have been madenprove
solubility of OM by complexation with Cyclodextri29], with poly ethylene glycol 4000 (PEG 4000), M@ K4,

HPMC K100, Poloxamer-407 and crospovidone [30],ticdled release floating tablet [31] and crysta-
agglomeration technique [32]. But slow process ofplexation, high molecular weight of cyclodextriaad
crystalline nature of drug may limit their practicdility.

Figure 1: The chemical structure of OM
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In the present study, a spray drying techniquebieen used to prepare solid dispersion of OM witlPR$0 and
Gelucire® 50/13 with silicon dioxide dioxide (Aeil® 200) as carrier to improve drug solubility and
bioavailability. The SDs were characterized in cangpn with pure drug and corresponding PM in tames ratio
by using drug content, saturation solubility, sdagnelectron microscopy (SEM), diffuse reflectariograred
transform spectroscopy (DRIFTS), X-ray powder diftion (PXPD),and in vitro drug release. SDs wenghkr
subjected to aging at room temperaturdC3060% RH for three months and characterizedrforitro drug release
and presence of crystallanity using XRPD. To avbihuent repetition of long phrases, we abbrevihie
compositions of prepared material as follows: Raneesartan medoxomil as OM, Solid dispersion as Biysical
mixture as PM, spray dried pure drug as AOM, sdlgpersion of olmesartan medoxomil with Gelucire®13 and
silicon dioxide (adsorbent) as SDOMGA and with P\BPKas SDOMP. Corresponding physical mixture as
PMOMGA and PMOMP.
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N~ N
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MATERIALS AND METHODS

Materials

OM was obtained as a gift sample from Glenmarkfhaeuticals Ltd. (Mumbai, India), Geluci&0/13 ( stearoyl
Macrogoglycerides ) EP, solid pastilles, nominal #7#7-50°C, HLB = 13 were generous gift from Gattefo$St.

Priest, Cedex, France), Silicon dioxide (Aerosil@® (Degussa, Dusseldorf, Germany) was supplie®GétyRid
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Pharmaceuticals Ltd. (Pune, India). PVPK30 (BASHEdwigshafen, Germany). All other chemicals and asols
were of analytical grade and used as received.

Preparation of SDs and PMs

OM either alone or in combination with PVP K30 (ldnd Gelucire® 50/13(1:1) was dissolved in suéfiti
amount of dichloromethane to obtain 10% (w/v) doh&. To the clear solution of OM and Gelucire®1&)/silicon
dioxide (Aerosil®200) (one parts by weight of OMasvslowly added to obtain uniform suspensions. \5grgng
of these suspensions were carried out using latmgratcale spray dryer (LU-222 Advanced model, Laima,
Mumbai, India) under following set of conditionsiet temperature, 48-80; outlet temperature, 38-40) feed
rate, 4—6 ml/min; atomization air pressure 2 kg/amd aspiration ~150mmWC.

PMs in the same ratios were also prepared by paljsimixing drug and excipients thoroughly for 10nnin a
mortar until a homogeneous mixture was obtainetith samples were passed through fine mesh (@H0and
stored in desiccated environment until further gtud

Drug Content

The percentage drug content in SDs were estimatelisbolving quantities equivalent to 10 mg of pewah 10 ml
methanol, vortex for 10 min and filtered through3m membrane filter, appropriately diluted with distl water
and the UV absorbance were recorded at 252 nmihg Wb/-visible spectrophotometer (Jasco V-530, dapaéhe
percentage drug content was recorded by slope mhetho

Saturation Solubility

The saturation solubility of pure drug OM, AOM, SBxsd PMs were determined by equilibrating excesedeo in
distilled water and Phosphate buffer (pH 6.8). $hgpensions were stirred for 48 hours on a rotenytiator shaker
(C24KC refrigerated incubator shaker, New Brunswidkentific Co., New Jersey, USA) at the room terapge.
The solutions were then centrifuged (Eppendorf-5B1@apan) at 4000 rpm for 10 min; supernatant filtesed
through 0.45m membrane filter, appropriately diluted and anedyfor OM spectrophotometrically at 252 nm.

Scanning electron microscopy (SEM)

Samples were mounted on a double faced adhesigeatagh sputtered with thin gold palladium layer Ipytser
coater unit (JOEL, JFC, Tokyo, Japan) and surfapedraphy were analyzed with a scanning electramascope
(JEOL-JSM, 6360, Tokyo, Japan)

X-ray powder diffraction (XRPD)

PXRD patterns of pure drug OM, AOM, SDs and PMsewnexcorded on X-ray diffractometer (D8 Advance,
Brucker, USA) with Cu line as source of radiatidime samples were analyzed it @ngle range of 5 to 80The
range and the chart speed were 2>@BS and 10 mm/degre®, 2espectively.

Diffuse reflectance infrared fourier transform spedroscopy (DRIFTS)

The DRIFTS spectra’s were obtained, after approprizackground subtraction; using an FTIR spectremet
(FT/IR-4100, Jasco, Japan). The sample was mixéd dviy potassium bromide and was scanned from 4800D—
cm™, Jasco spectra manager ver.2 was used for datisiicn and analysis.

Dissolution study

The dissolution studies were performed using UgBe tl dissolution test apparatus (Electrolab TCBL-0Mumbai,
India). The samples equivalent to 40 mg of OM waeeed in the dissolution vessel containing 90(phdsphate
buffer (pH 6.8) maintained at 37+6Gand stirred at 50 rpm. Samples were collecteibgieally and replaced with
a fresh dissolution medium. After filtration thrdu@.45 p membrane filter, a concentration of OM wetermined
spectrophotometrically at 252 nm. Analysis of dat@s done using PCP-Disso software (V3, Poona Golteg
Pharmacy, Pune, India.).

Effect of ageing
The SDs were stored at room temperatu®CBiD% RH for 3 months and the effect of ageing kv $Ds were
studied by measuring in vitro drug release andgmes of crystallinity using XRPD studies.
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RESULTS AND DISCUSSION

OM alone and in various ratios (1:0.5, 1:1 and Wh PVP K30 or Gelucire® 50/13 & Aerosil 200 adsarbent
was spray dried. Depending on powder charactesjstioug content and saturation solubility, dissohutprofile;
optimum ratio of 1:1 parts by weight of OM and PV3Kand 1:1:1 parts by weight of OM, or Gelucire®13&
Aerosil® 200 was finalized.

Production yield of AOM and SDOMP (1:1) was 50% aiwbut 90% respectively. Drug content of AOM and
SDOMP was 98 + 1 % (w/w) and 97.5 +1 % (w/w).

Regarding to SD of OM with Gelucire® 50/13, at I@tv@roportion of Gelucire® (1:0.5) and at lowessgible
temperature (), the product could not obtained due to sticldfigrroduct to the walls of drying chamber. This
indicates limitation of spray drying technique. 8pfreeze drying is one of the techniques to dsperugs in lipid
excipients but it lacks commercial feasibility [2Zhe outlet temperature should not exceed theémgeemperature
of Gelucire so dichloromethane was the only solvainthoice because of its low boiling point and Givid
Gelucire® 50/13 were easily soluble in it.

Figure 2 : SEM of OM, AOM, SDOMP and SDOMGA

SDOMGA

SD of OM, Gelucire® 50/13 and silicon dioxide irethatio 1:1:1 is free flowing powder with 80-85%elg and
98.5 + 1% (w/w) drug content. The saturation sditbfor pure drug OM was 0.18+0.01 mg/ml in phoapbuffer
(pH 6.8). All the rest test samples showed incréas®ubility over crystalline OM. The difference saturation
solubility of PM and SD is probably attributed teduction in particle size during processing; anespnce of
amorphous form in SDs as compared with PMs in whicly was present in crystalline form.
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Table 1 : Saturation solubility’s of different formulations of OM

Type of formulation  Saturation solubility in dis¢itl water (mg/ml) £ SD  Saturation solubility in [gphate buffer pH 6.8 (mg/ml) £ SD

Pure drug 0.10+0.03 0.18+0.01

AOM 0.37+0.06 0.48+0.09
PMOMP 0.14+0.05 0.29+0.08
PMOMGA 0.25+0.06 0.36+0.07
SDOMP 0.82+0.13 1.05+0.24
SDOMGA 0.94+0.2( 1.26+0.1:

Mean +S.D., n=3

SEM

SEM of Pure OM exhibited some large crystals wétv fmicroparticles, which might have been generalgsl to
micronization or any other process of size reducti the time of manufacturing. AOM and SDOMP shdwe
smooth and spherical particles of varying size githooth surfaces. SDOMGA particles looked like magular
shaped matrices which suggest that particle shagearface topography is changed during formatioefiective
solid dispersion system. These findings demonsthetereduction in particle size, increased surfa@a and close
contact between drug and carrier may be responfgibtee enhanced solubility of drug in SDs.

Figure 3 : XRPD patterns of OM, AOM, SDOMP, SDOMGA,PMOMP and PMOMGA

i . co 1A
e om0 (\ fp-. A st g
b HJ.L"’- ! "ﬂLn LR AR b I1I'.‘ L
i T AR - . .. .. PMOMGA
|
i n ft ,p: I r'\' } lﬁ
IR SR L WP S AN S B b Ad
L it W i .
R e S e sy o e i e .. PMOMP
ST h 5
u- \"""""'"qlr' 'llx. s ’!'h o a1 I:r A e 'rll‘_,l"‘i,‘ﬁ’_\
T e L e v e e e e . SDOMGA
R S bi.lmu.-v.---.‘-.v-...-., Ay _IJ.t_.-\__:..-.f-J".\r\,l \J'%.Lb‘\‘-l}‘rk
Siata R
T el e . SDOMP
|= ]
II k¥
y w; ’ b B
Lo TH I SR B ¥ o N = W
R L, e . e . ROM
ﬂ
| i
‘I. | ' |'
N TR L] \
.JIL. s i i
whoon _.rL'[-\:fLe L Jf"t_._,« { r'ln[, } |"]__r‘l;‘__f“hl"|\1r:-\_ A ngiren Ao ~OLM
"i_"\_?""'_‘—i"[lI-I_r_|'lf‘|-II|="_'-"'l||!|I|I"'-|'"J|I|I||"!'_"'f_|'|||_||_|l'_-|_"1—'_|'_r_'T'-_"_'l'
iy z g 48 Fald & H F*2a]

XRPD

XRPD of pure OM showed numerous distinctive peakthée region of 10 to 4¢20) at 18.956, 21.828, 24.956,
29.60% 31.078 and 33.19% indicating that pure OM is highly crystalline imtre. PMs with PVP or Gelucire®
50/13 showed characteristics diffraction peaks bf, ®ut there was significant decrease in intensftgome major
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OM crystalline peaks suggesting that there wasigbddss of crystallinity, may be due to physicakgence of
amorphous excepients and grinding with carrier aatgbrbent.

On the other hand the XRPD patterns of AOM and 8Dpaepared by spray drying were completely difiefeom
those of pure OM and PMs. It showed hollow, broad diffuse maxima, caused by relatively randomrageanent
of the constituent molecules, which produced poadherent scatters. This confirmed the transfownatf
crystalline OM into an amorphous OM.

DRIFT
To study the possible interaction of OM with therigas, DRIFT spectroscopy was carried out. Thecspen of

OM was characterized by peaks at 3650 cm-1 (OHckirgy), 3290cm-1 (NH stretching), 2927 cm-1 (adijh
CH stretching), 1830 cm-1 (ester stretching), 131031 (acetate stretching) and 1527-1446 cm—1(Crelcking).
In case of spray dried OM (AOM) , a slight shift-#\H stretching vibrations (3450 cm-1) and broadgrof C=0
stretching vibrations was observed, suggestingilpitiss of intermolecular hydrogen bonding betweadjunct OM
molecules.

Figure 4 : DRIFT spectra of OM, AOM, SDOMP, SDOMGA, PMOMP and PMOMGA
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The FT-IR spectrum of PVP showed a characteridhgogption band at 1660 cm-1 (C=0) and a very broad
absorption band at 3435 cm—1 due to the presensatef. The absorption bands corresponding to altirst OM
were observed for the physical mixtures with PMIRggesting that there is no interaction between @ive and
PVP. In contrast, absorption bands correspondirijedcC=0 stretching bands at 1650 cm—1 were nagrgbd, and
the symmetrical and asymmetrical N—H stretchingatibns of OM at 3290 cm—1 were broadened in th€SP
spectra. [23] PVP has two functional groups, ild—=and C=0, that can potentially form hydrogen tsownith the
drug. However, stearic hindrance precludes theluswment of nitrogen atoms in intermolecular intéi@ts, thus
making the carbonyl group more favorable for hy@mdponding. These results suggest that the N—Htiturad
groups of OM act as a hydrogen donor while the @£®VP is a hydrogen acceptor, forming hydrogendsoin
SD and resulting in the formation of stable amorghform of OM. Ideally, the DRIFT spectra of PMosld be
equivalent to addition spectrum of excipients ahd trystalline drug. However, the overall spectrafnand
PMOMGA appeared to be influenced by the incorporabf silicon dioxide. The presence of a broad pnemt
peak at 1107 cm-1 (strong Si—O linkage) is charatiie of silicon dioxide.[17] As stated earliehet hydrogen
bonding potential of silanol groups in the localvieonment of silica is well documented, so therealways a
possibility that during preparation of PMs the —Nkbup of OM can form very weak hydrogen bonds with
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silanol groups of A200. All major peaks of carbosytetching vibrations (C=0) were absent and arpie&ks (-
NH) were broadened in the DRIFT spectra of SDCAQAIs indicated the possibility of hydrogen bonding
between OM and the carriers. However, the sitentadraction of Gelucire® would be expected to behiem C=0
group, affecting the N—H vibration, [24] In fachetinteraction may possibly also occur betweenh® group of
OM and the —OH group of Gelucire® [16] This was moped by the significantly decreased intensitypefiks
corresponding to the carbonyl stretching vibratioNghough both the carriers show formation of abdé¢ SD with
OM by hydrogen bonding, the functional groups ived are different. While in hydrogen bonding of Qiith
PVP an -NH is involved, with Gelucire® both C=0 aH functional groups are involved. A200 may alake
part in hydrogen bonding with OM. However, no suoteraction was observed in SDOMGA. Since A200 is
dispersed in DCM it is not freely available for hgden bonding interactions. This is in accordandth the
findings of Raghavan et al.[25]

Dissolution study

OM was characterized by only 29.48+2.03 % drugasgewithin 60 min. AOM showed 40.47+1.86 % release
within 60 min. This improvement in dissolution cdue attributed to the presence of amorphous fdr@M, as
confirmed by XRPD studies. Spray drying generatedr@hous particles with enhanced thermodynamicpasga
tendency leads to faster dissolution rate and higbkibility. PMs showed slight improvement in tiheig release
and saturation solubility which probably attributedan improvement of wetting and to local soluaition by the
excipients in the diffusion layer [26]. PMOMGA shedslight increase in dissolution over PMOMP, maydbe to
the wetting characteristics of Gelucire® and solizbion through micelle formation [27]

Both the SDs showed statically improved dissolufjox0.05) compared to OM and AOM. Within first 10nnthe
SDs exhibited a higher burst of OM from the SDsisTWwas might be due to many possible mechanismis asic
reduction in particle size, increase in surfaceakedrug, conversion to amorphous form as confitog XRPD
studies (fig 3), solubilisation effect due to pmese of carriers and improved wettability and disgality of drug
from dispersion [27,28].

Figure 5 : Dissolution profiles of OM, PMOMP, PMOMGA, AOM, SDOMP and SDOMGA
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Figure 6: Dissolution profiles of OM, PMOMP, PMOMGA, AOM, SDOMP and SDOMGA after 3 months
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Figure 7 : XRPD patterns of OM, AOM, SDOMP, SDOMGA, PMOMP and PMOMGA after 3 month
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Stability studies

It is well known that amorphous drugs formulatedhia form of SDs tend to recrystallize on stordge.the present
study, ambient temperature and relative humidi’@3/ 60% RH) were selected. During aging study theas
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gradual decrease in dissolution rate of AOM , dherperiod of 3 months as compared to freshly peghaamples.
XRPD patterns of AOM showed characteristic diffragtpeaks of crystalline drug confirmed destabilaa of
amorphous state of OM. The consistent existencanofrphous nature of OM in SDs was evidenced from no
significant decrease in dissolution rate as compé&rdreshly prepared samples over the period wfodths. This
improved stability in case of SDOMP could be dueainiplasticizing property of PVP and hydrogen hogdof
drug with PVP. In case of SDOMGA due hydrogen bogdietween OM & Gelucire® 50/13 and adsorptiontan t
surface of amorphous silicon dioxide with potentigldrogen bonding, exhibiting additional mechanisin
stabilization.

CONCLUSION

Solid dispersions of poorly water soluble drug Odaman medoxomil (OM) were successfully preparecmay
drying technique, using PVP or Gelucire® 50/13 vgiicon dioxide as an adsorbent. DRIFT spectrogcepealed
the possibility of hydrogen bonding interactionssalid dispersions which was supported by XRPD pla®ns. In
vitro dissolution study showed a significant in@ean dissolution rate of solid dispersions as camreg to pure
OM, spray dried OM and physical mixtures of drughwéarrier. During aging study, slight decreaselissolution
was observed with evidence of very slight crystéli Thus present study demonstrates high pateanfi spray
drying technique to improve dissolution rate of pposoluble olmesartan medoxomil by using PVPK30 or
Gelucire® 50/13 with silicon dioxide as adsorbent.
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