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Abstract

Clarithromycin is a board spectrum antibacterial agent which is poorly soluble in water. It is
classified in BCS (Biopharmaceutical Classification System) class Il. The oral bioavailability of clarithromycin
is only 50% due to the slow dissolution rate. The aim of this study was to develop clarithromycin
nanocrystals having high dissolution for oral delivery. In the experiment, the production technique and other
factors involving the preparation such as type and amount of surfactant, co-surfactant, and initial drug loading
were studied to obtain an optimized formulation. The results indicated that the preparation of clarithromycin
nanocrystals by precipitation-homogenization-lyophilization (PLH) method provided more effective and
reduced the passing cycle through the high pressure homogenizer as compared with high pressure
homogenization (HPH) method. The optimized formulations were C1F2S01 and C1F5S01 which were
consisted of poloxamer 407 as a surfactant 2 %w/v and 5 %w/v, respectively and SLS as a co-surfactant 0.1
%wl/v. Nanocrystals of clarithromycin had mean particle size approximately of 400 nm and zeta potential
higher than -30 mV. The results from SEM showed that clarithromycin nanocrystals were in cubic-like shape.
The DSC thermogram and x-ray diffraction pattern showed that clarithromycin nanocrystals were in crystalline
state and/or partial amorphous form. The results from saturation solubility and dissolution study indicated
that the clarithromycin nanocrystals had higher saturation solubility and dissolution when compared to the
clarithromycin powder and the coarse suspension in both dissolution buffer pH 5.0 and 6.8. The better
dissolution performance of nanocrystals would be the result from the reduction of the particle size into
nanometer range. The saturation solubility and dissolution profile of both nanocrystal formulations were
comparable which were due to the similar size of the particles. The results from cytotoxicity study of
clarithromycin nanocrystals revealed that cellular monolayer was viable when the clarithromycin concentration
in nanocrystals was less than 50 pM. Moreover, the stability study suggested that both nanocrystal

formulations had good physical stability at 4 °C, 30 °C and 45 °C for 4 months.

Keywords: Nanocrystal, Clarithromycin, Saturation solubility, Dissolution, Stability
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AFatnITNAany

astadiuazailnsal

m: Clarithromycin (Suzhou Rovathin Foreign Trade, China), Poloxamer 407 (BASF, Germany),
Poloxamer 188 (BASF, Germany), Polyvinyl alcohol (PVA) (Carlo Erba Reagenti, Italy), Tween 80 (S.Tong
chemical, Thailand), Sodium lauryl sulfate (SLS) (S.Tong chemical, Thailand), Potassium dihydrogen
orthophosphate A.R. grade (Fisher scientific, UK), Acetone A.R. grade (RCI-Labscan, Thailand), Acetonitrile
HPLC grade (Burdick & Jackson, Korea), Sodium acetate trihydrate (VWR BDH Prolabo, Belgium), Acetic
acid, glacial A.R. grade (RCl-Labscan, Thailand), Dulbecco’s Modified Eagle Medium (DMEM, Gibco, UK),
Roswell Park Memorial Institute medium 1640 (RPMI-1640, Gibco, USA)

gﬂﬂ_ﬁiﬂi: High pressure homogenizer (APV-2000, SPX Flow Technology, Germany), High speed
homogenizer (UItra-Turrax® T25, |IKA, Germany), Freeze dryer (Alpha 1-4, Martin Christ
Gefriertrocknungsanlagen GmBH, Germany), Zetasizer NanoZS (Malvern Instruments, Worcestershire, UK),
Mastersizer 2000 (Malvern Instruments, Worcestershire, UK), Scanning electron microscope (JSM-6400,
JEOL, Japan), Differential scanning calorimeter (DSC 8000, Perkin Elmer, USA), X-ray powder diffractometer
(D8 Advance, Bruker AXS GmBH, Germany), Fourier Transform Infrared spectrometer (Nicolet 6700, Thermo
Scientific, USA), Dissolution tester (Erweka ET 1500l, Erweka GmBH, Germany), High performance liquid
chromatography (Shimadzu® series 20AD, Shimadzu Corporation, Japan), Multi-well scanning
spectrophotometer (Infinite® F200, Tecan, Switzerland), Incubator (HERAceII®240, Thermo Electron LED,

Germany)

A5nInaaag

(1) NIAIYN nanocrystals 284 clarithromycin

1.1 NM3LAIYN nanocrystal 284 clarithromycin ANARA High pressure homogenization (HPH)

m'%'mumia:mﬂmiammaaﬁﬂuﬁﬂmuﬂ%mmﬁﬁmu@"[ﬂugm@‘iﬁumumﬂaﬁ1 LRZNIZAVL N
81 clarithromycin 1%w/v 891%a1382A1981IALIIAIRIAINET LLﬁaﬁﬂvlﬂﬁuwawﬁumﬂ%adﬁuwawmmﬁaqa
(Ultra-Turrax T25, IKA, Germany) Lﬁaaﬂ’ummagmm‘ﬁraaﬁuﬁauﬁﬂﬂN"mm'%fau high pressure homogenizer
(APV-2000, SPX Flow Technology, Germany) mséhaﬂwqazgﬂﬂuwauLﬁaa@“um@a‘l@mﬂ Lmzijuaaﬂm
WRITINHINNIZUINNT pre-milling WRTHAIIINNIITUNENT 1500 bar 1 cycle 1, 5, 10, 15, 20, 25 waz 30
ANRGU m‘sﬁ’aaahaﬁgﬂqmaanma:gﬂﬁﬂﬂ%Lm'l:ﬁqmé’ﬂwmzmdmﬂmwmaaN'ﬁﬂuﬂu ldud m37a
mumagm@ﬁ’mm’%"aa photon correlation spectroscopy (Zetasizer NanoZS, Malvern Instrument, UK) &g

LA384 laser diffraction (Mastersizer 2000, Malvern Instrument, UK)
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1.2 ﬂ’]im%ﬂuau‘m’lﬂ nanocrystal 289 clarithromycin AEnAnA Precipitation-lyophilization-
homogenization (PLH)
nn 2 A & a a o o P a
Lmyumiazmalmiammmmiuuﬂuﬂimmwn’mu@lugm@mmrmmﬁm 2 LRZLGIVURITINEANY

489 clarithromycin 1% acetone NUUANAzNaUlAINNIRLAFIIAZANEVY clarithromycin 1% acetone adlu

msazmﬁmsa@Lmﬁaﬁa‘[@]ﬂﬁ'mﬁmuquqmmﬂﬁmmmﬂmﬂauﬁ 8-10 °C uazABAREALIANGIE magnetic

v @
o

stirer  @971913au acetone szmpuazin U W dunsuisdiniaSas lyophilizer (Alpha 1-4, Martin Christ
Gefriertronungsanlagen GmbH, Germany) mLLﬁqé’qﬂmw:Qnmmm:mﬂé‘h%ﬂﬂ%ﬂ‘tm{mﬁamum%m high
pressure homogenizer I@lﬂmiéﬁaﬂﬁd%zgﬂﬁuwawaﬂmmﬂﬁ 1500 bar 30-70 cycle LLazQﬂ?j&Jaaﬂm%g\‘ﬁnﬂ
HAUNTZUIUMS pre-milling UasWaIINNNNITUKEY 7 cycle 1, 5, 10, 15, 20, 25, 30, 40, 50, 60 Waz 70
AUENGL  (MITUNENaATWIAAREY 70 cycle ﬁ]zﬁwmwniugmv‘iﬁu C3F2S01 uaz C5F2S01 tiefnm
BNTWANNLTNNAUALNADNIAATUINDUNNA) ms@haﬂnﬁgmﬁuaanma:gnﬁﬂﬂ%Lmﬁzﬁqmé'ﬂwmzmd
NMYNIWVBI nanocrystal leun ﬂﬂifﬂ‘ﬂu’l@lagn’lﬂﬁ’amﬂ%ad photon correlation spectroscopy (Zetasizer

NanoZS, Malvern Instrument, UK) LLazLﬂ%‘aG laser diffraction (Mastersizer 2000, Malvern Instrument, UK)

(2) ANVANIINIBNTND DI nanocrystal 284 clarithromycin
2.1 s veasanma

m’maaugﬂ‘in al};ﬂ']ﬂ"]] [ARNIAR El'?ﬂﬂ’ﬁ]:ﬁﬁﬂ;ﬁ%ﬁvlaj HIUNTEUIUNITRAYWIA %’]Iuﬂ%ﬁ(;]’ﬂ"ll 28J81A Eﬂ']%I‘ﬁ

'
o A

Joduiadoaulesds HPH  uassnlue3adavessnaa3lsdoduiiadonlasis PLH lasldndesganssest
818navau (JSM-6400, JEOL, Japan) milasu@atniriaunIasaseudundasganssaidianasaurinlas
mah@metifidainsamseausiarsdsinauauiionututuivaunzay #13AL19AINE1EDN
NIZNLMILRLYUTEITUGIRE uazvhldudsmeldgyane PntuimMaedeuiifaasaiadisfideins
Tadsnasdiaurinissdesdiundesaansraudianasan

2.2 anandundnuaznndmgiwvasuiluasanazasanaaiilsdodn

arsauanduninuaznamgwasinluaiadavessaailoisdulasaduinafia Differential
scanning calorimetry (DSC) Wazinafia X-ray powder diffraction (XRPD) U3znaunu lasiisnuazidaa
sasioluil

Differential scanning calorimetry (DSC) : uszifiuanuiiunanuazwndmgiudronisld DSC 8000

Perkin Elmer 35nslasnssiansaladniuseunm 1-2 §adn3y balu aluminum pan wazld aluminum pan
wadu reference maiugmuniiann 30 °c 1w 250 °C waarinlwmawilu 30 °C Snavslasltaasinig

LﬂﬁﬂuLLﬂadqmﬁQﬁﬁ 10 °C/min Usziiuganaauingd (melting point) uaz enthalpy 911 DSC thermogram

X-ray powder diffraction (XRPD) : ﬂiszJum’mLﬂuNﬁﬂLLﬂzW‘IQf,%'mg’mﬁ’JF.lﬂ’]‘ﬂ%’m%ad X-ray

diffractometer D8 Advance, Bruker AXS GmbH I e R P diffractogram °naamsﬁaamﬂwmnﬁuﬁaga 29

910 2° 09 70° I@mﬁm:m:m\ﬂumﬂﬁu%a&aﬂ%ﬁa: 0.04° nn 4 Juh
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A13197 1 gmﬁ’l%'u nanocrystal W84 clarithromycin Masoulasis High pressure homogenization (HPH)

fIaaRIIRIAITRan 1 f13aaRIIRIARAR 2
NG5 U3anawen R 33 R 33
1A AUA
(%owlv) (%wiv) (%wiv)
C1Tween 1 Tween 80 10 - -
C1PVA 1 PVA 1 - -
C1SLS 1 SLS 0.1 - -
C1F188 1 Poloxamer 188 5 - -
C1F5 1 Poloxamer 407 5 - -
C1F2 1 Poloxamer 407 2 - -
C1F2S005 1 Poloxamer 407 2 SLS 0.05
C1F2S01 1 Poloxamer 407 2 SLS 0.1

A o @ . . A a an e 4. - .
AWM 2 FAIANIVVAIORNNA nanocrystal UaI clarithromycin Aesoulasds Precipitation-lyophilization-

homogenization (PLH)

s 3uman A138AUTIRIAITRAN 1 f13aANSIRIAITRAN 2

ANIAIIU

? (%wiv) B USanoe (%wiv) | o#a USanoe (%wiv)
C1F2 1 Poloxamer 407 2 - -
C1F5 1 Poloxamer 407 5 - -
C1F2S01 1 Poloxamer 407 2 SLS 0.1
C1F5S01 1 Poloxamer 407 5 SLS 0.1
C3F2S01 3 Poloxamer 407 2 SLS 0.1
C5F2S01 5 Poloxamer 407 2 SLS 0.1
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VY A £

2.3 31A3129 N34 A interaction TR NIWIIBATAAALALAITAALIIAIAIN LZLANAITNAIAIV D
2UL

n3LA interaction  3xMINIM INASAAUALEITRAUIIAIAINIFIRNAINNAIGIVEITZULEINIT
avamavldlasanduinafia Fourier transformed infrared spectroscopy (FT-IR) ‘%\‘l FT-IR spectra ﬁ]:gﬂﬁuﬁﬂ
HAINLA38I FT-IR spectrometer Nicolet 6700 Thermo Scientific luta9gtaasy 4000 - 400 cm ' 135628819
ﬁﬁ'lmii'ngnﬁﬂmmmawﬁ'u KBr uazvinmsaanbiiduunuursladioanuanlalasdindeusinunieie

[y a o A . ' Y -1
e FT-IR Gluﬂﬁ’l Lﬂi’]zﬁa’]ﬂﬂlﬁﬂﬂuﬂ transmittance I@Iﬂﬂﬁﬁ scan N1k 32 AAN EJﬂ’J’];JﬂzLﬁLI@ 4 cm

(3) M3ANBIAINTTAZANY (saturation solubility) 2asulwaSanazasaiaaIlasaudn
= ' 3 - o . Ae =2 o Y &
AnwnAInIazany (saturation solubility) ada1IAlaENINdasMIAnE luaInaIMIazatatninas 2
3afe 0.05M KH,PO, buffer pH 6.8 LLaz 0.1M CH;COONa buffer pH 5.0 lunmasasraInsazany a1s

a o @

@089 AT AV 0IAa I IDINUTUFATAITU C1F2S01 was C1F5S01 azsinandnwlSsuisunuans

U

'
= [N o '

A0819NIIAANI LETN U T UL N NI BN TEUAIRNITAATWIALRLRITAIDEIINILIARIT LTIV TUN Lalpin
A a o . A o Aa o @ o ' & A
m:mumiammﬂmwaumitwumwmmL%%L@mmﬂﬂugmmm C1F2S01 &13a8t9Ny 4 Tikadzgn
PINTILU NN LA aNaaad luUSI N ARNe  ARRAIINTENTWINasAINaINITRzA18AdINT
anedSanm 5 ml laluraaanasad dinaaanaassadnad e luansia H1AIUAN NN NN 37.0£0.5 °C

WHwaan 72 TN ﬁﬂmsejumsﬁjasm 1 ml oh ANHRUA  wazinunarstniWasanasnITazanuLlan

'
A

luﬂ%mmﬁM'lﬁuixﬂﬂﬁuﬁ%é‘amnmiq}uﬁmziwl,wia:ﬂ%a ﬁnmié‘aasi’m%qu"lﬁmmaaﬁ’m 0.2 um
membrane filter (Minisart®, Sartorius, Germany) mnfumsﬁaaﬂﬁdé’dﬂm'sazgnmmL%ama@hsJ HPLC
mobile phase Tilanududuiimanzsulumsiiensdimdsunmendis HPLC dald vinmsnasssdn 3 ass
WAIWRBANTINTZAITANUTNT UV BI8AaT3I5TNETU (solubility) wazLIaN
FATUMIAATIERMYUTIN o clarithromycin ¥iNnN53LATzR las HPLC  spectrophotometer  (Series

20AD, Shimadzu Corporation, Japan) l¥&n2zm3s31a3=siee isocratic mode aupazidoasiaalui

Stationary phase : Hypersil® ODS C18 reversed-phase column, 250 mm x 4.6 mm, particle

size of packing 5 Flm (Thermo Scientific, Germany)

Mobile phase : Acetonitrile : KH,PO, buffer pH 6.0 (65 : 35 v/v)

Flow rate : 1 ml/min

Column temperature : 40 °c

Detector wavelength : 210 nm

Injection volume : 50 LI
Faanzaanaa 1w linearity Tutasanuidutu 1.563-200 pgimi las R® > 0.999 uazd intraday-interday

precision %8N 2 %
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@) miAnmqmantiAnisazaiy (dissolution) zaswilwaiadavasanaar3lavaindn

ansguaud@niszaisredw luaiadazeso1naniloisdugasdniu C1F2801 uaz C1F5S01

a A o a o A AN a o A AN 4
WU ASUAUKIBIAaNIIeTu W UaN A lH1IWATIUIRANTAAVUNIA UATNIBNAASITTN DU Laisi1u
A A o ' o A o o ° [

NIZLIUMINAVIATIHFNINTANANAITUTMALITLNTUugaTd Ty C1F2501 nanasaumsazapyinle
lasnsldiadasinasaunisazals USP apparatus 2 (Erweka ET 15001, Germany) N@a®aun1IazaIgyaIany
10819 USN MENAANIIBINEEU 125 mg luainarsnsazaratwiwes 2 sfiada 0.05 M KH,PO, buffer
pH 6.8 uaz 0.1 M CH,COONa buffer pH 5.0 laglguSanasaanaramsazaisfl 900 mi meldan1izaiugw
9ol 3740.5 °C UAZAIUANNTAYUBBY paddie 71 50 rpm FUAINAINIAEAHVDIFNTABL19LTUAT 1
ml - AUIANHNRKE LLa:Lmuﬁﬁ'sﬂ'ﬂ'vxlwxlai(éf'mmdmm:amLﬂa'ﬂuﬂ%mmﬁwhﬁ'uimﬁuﬁﬂé'\‘lmmiw
Y , o A 9 o % . . ® . v,
ALY mimammqﬂm:gnmmmmmm 0.2 ym membrane filter (Minisart , Sartorius, Germany) L8
FaziUSInwaa3lsINsSual8 HPLC spectroscophy 6a'hl) ¥innInaasddi 3 a3d

o a 6 1 Qs aa ﬂ/ L L 1 dq/

mAtangrmaudimesiavasnmiaszans lasandaaiulsasealui

4.1 Relative dissolution rate (RD) fia dand@iuszniledisudengniandsasaindriunnasay

(test formulation) §ia¢iNIUB19DY (reference) th L’Jmsl,@ﬁ]

4.2 Percent dissolution efficiency (%DE) (JuaflfidSsuifisunginssumsasansvadudaz sy

v I} '
A =

108 %DE @uI b k3N AIIEIBITRINNWALANIINNNTRZALIRDILIRT t AaNWNFLARYNTILRAIDINT
82818 100% NIALALING AIRNAITN 1

t

_[y.dt

%DE =| 00 (N3 1)
YiooL

4.3 Mean dissolution time (MDT) usasddlanafsnellunisazats 50% SIdwImslaain

N&lﬂ’]i‘ﬁ' 2
Zn Lyig AM o
MDT =& — (RN 2)
. AM
i=1
lag i = dissolution sample number

n = number of dissolution times
tmiq = time at the midpoint between t; and

AM = amount of drug dissolved (ug) during ¢, to t 4

o A

4.4 Difference factor (f,) tJuenflgisz18% percent error 32n319nTINMITAZANY 2 §13UNGEINTT

° = = a tﬂl o v ldl
I utngun% ‘UGﬁ’]&l’]iﬂﬂ’]u’]mﬂ(ﬂﬂ’]ﬂﬁ&lﬂ’ﬁ“ﬂ 3

"R -T
fl — Zi:l

Zinzl Ri

x100 (aumi'ﬁ 3)
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law i = dissolution sample number
n = number of dissolution times
T, = dissolved amounts of test drug at each time point i
R, = dissolved amounts of reference at each time point i
@ f, ﬁlzﬁ@hlﬁ’]lﬂﬁﬂuﬁlﬂa test drug uaz reference AN13azany (dissolution profile) NLYINNK WAZAIAINE1IDL
P S, & o o (e
wamﬁamia:mwmmaaom'suﬁm’mLmﬂmoﬂu
T &1 A | = o 2 o . .
4.5 Similarity factor (f,) WudrnldlunisdivaniisnnuaaneafanuuadnIazang (dissolution

. ! o et ‘g o v {
profile) 3¥RINNRDIATU smmminmu’smvlmmﬂam'ﬁﬁ 4

f, = 50X |og{ﬁ+ wn>" R —THO'5 x100} g

lag i = dissolution sample number

n = number of dissolution times

T, = dissolved amounts of test drug at each time point i

R, = dissolved amounts of reference at each time point i
@ f, azfidgnlng 100 1ia test drug waz reference In13azany (dissolution profile) Muinfiu uazA1GINENI9E
AIng 0 lamyazansvassmasdrudanuuandnan laoniall dissolution profile P8IFBIAITULYN

Nsandanuisunwiad £, $8nin 15 (0-15) uazen f, 4NN 50 (50-100)

(5) @nmranuiduieaalnas (cytotoxicity) vasuiluasadazasanaaislasaudn
&2 ¢ A A

5.1 NMINNzLRBILEAaLbaLaa (cell cultures)

o g ¢ & A A A 4 = o & A o v &

ANMItWzLReLTasLiattia 2 aiana Caco-2 cell mﬂmmumaawaamaamaqm"[manmaumgwu
WAz NCI-N87 cell Tailluuuuinaaduaisaalioynizinizanns lasfinuazduandde it

o ¥ 2 Y o .

Caco-2 cell : ¥M3iwziaeslu 75 cm” T-flasks @28 Dulbecco’s modified Eagle’s medium (DMEM)
‘é U
PINRUAIL 10% FBS, 1% NEAA ez 1% PEST

o & 2 v . . .
NCI-N87 cell : ANTWzLa s b 75 cm T-flasks @238 Roswell Park Memorial Institute medium 1640
~ Y .
(RPMI-1640) 03Ngua8 10% FBS, 1% sodium pyruvate, 4.5 g/L D-glucose, 10 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), a8 1% PEST
& A & o .

LfnaﬁmaLﬁémwazmmazgﬂmuqumﬂlmmaz 37 °C, 5% CO,, 90% relative humidity uaz¥inn1s

WasuomITRLILTAAYN g 2 TU
[ a 1 . .
5.2 n1snadauanatiluiinaailaas (In vitro cytotoxicity)
N TINNZLAE Caco-2 cell uaz NCI-N87 cell a4l 96-well plate d28a3LTNTW 5000 cells/well
o o . P ks v v A ad o] A =

W&z 20000 cells/well @UF19L  ¥INN13 incubate plate mww:mm%mmﬂmmuquqmv&gm 37 “C Luany
VANARBITNIMIIBINRIIAIBENINGBINTNAF (uﬂuﬂ‘%aﬁa"uamaﬁiﬁﬁy%ugmﬁﬁu C1F2S01 uaz
C1F5S01, HIU1ART3 I5INTULL SN IIHIBNIZUIRNNTAATIIA LAZHILIARTS LFINUTUN LM WA TZUINNIIAa

PNATIRFNTITRNAMWAIANTUABINUNTlugasdT C1F2801) asluamsiduaaad inalildaana
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WWaTwas 9 asdolUf 0, 5, 25, 37.5, 50, 100, 150 UM anTufnaseaat19NgnIRaaenInAududu

fananiaalu plate nnzidemaald %1n17 incubate plate Wuinan 24 dalue udamadaudiaa MTT assay Iae

=

35019 D RAAIIFAIBENNT incubate 719 AN MTT working solution a4l plate Uaz incubate 71413 30 WA Lie

ATUAINIIAT AR MTT working solution #quazifisl DMSO a4lu plate Lieazans formazan crystals MLAATY

AINTUIA optical density 184 formazan AnnTUAE spectrophotometer (Infinite® F200, Tecan, Switzerland) f

AWYIARK 560 nm LART incubate AogaNTREITAS AT HaN Rt NFaIn Imagauar IHTungy
AILIAN (control group) TN sufFaLIfEL iMN1sNAAELEN 8 AT AL percent cell viability ANNANNGT 5

% cell viability = psorbance of treated cell ., . d s

Absorbance of control cell

(6) An¥rIANNAIAMIIMEANVBIWIIBATHAALDILNAATIIETN LB
uﬂuﬂ%aﬁamaamﬂaﬁkﬁﬁuqﬂﬁﬁ'ﬂ C1F201 waz C1F5S01 fiknums lyophilized waziuluguug
LLﬁdﬁ]:ﬁn"l,ﬂmiﬁﬂummuzmiqﬂﬂaﬁﬂLLa:Lﬁu1uQﬁﬂauquﬁ 4 °C, 30 °C uaz 45 °C Lulaa1 4 1Hak %adan
mufuinsnlusisdasassaailalsduazgnihumaseuanuasdiniimeniwlasnsiauwiaaynie
s (z-ave), polydispersity index (PI) LLﬂzﬁ’]ﬂ’J’m@i’Nﬁ'ﬂgﬁﬁ?awﬂﬂﬂ (zeta potential) NAWNINARDIIAVUIA
mgmmm:mwmﬁaﬁﬂﬁﬁﬁamgmﬂm‘[uﬂ%aé’ammmmﬁ‘[sﬁb%m:gﬂﬁwmﬁamaéﬁU deionized water 31l

aNUNTwAMINzEN WA
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AAINIINAa aauaz‘?m‘szﬂfna

(1) n13L@I8N nanocrystals Va9 clarithromycin

1.1 NIATYN nanocrystal 2849 clarithromycin AEmaAiA High pressure homogenization (HPH)
TN 3 WEAIVUIABUNIA nanocrystal UdI clarithromycin Fsnaminasastazih lulglumsiinua
g@li(ﬁ’]%ﬂﬁL%N’]ZﬁN I@unwsﬁmsmﬁw’ﬁwamaaema@LLsaﬁdﬂ'sLLa:msammﬁaﬂn’m @iamsaﬂﬂum@m&mﬂ
o A &
nanocrystal @4M8azidsada i

BNDIWAVDIFNINALIIAIR

NRTBITUIRBYNIA  nanocrystal Va4 clarithromycin ARINNMITUHFNABINATRA High pressure

'
A

homogenization 91 1500 bar 30 cycle uaaslwifinluassi 3 wmfﬂqme‘h%‘uﬁﬁmﬂ”ﬁ Poloxamer 407 Ju
sInauTIdAa Tl IzRM T wgegalumIaauwInaun1a nanocrystal 184 claritiromycin mu@i’mgm@‘h%’uﬁl‘*ﬁ
PVA, SLS, Poloxamer 188 sz Tween 80 @a& 6L 14anaNnti gm@‘h%’uﬁ’l‘*ﬁ Poloxamer 407 \J#a138aLL3
ﬁ\‘iﬁaft“’ﬂﬁﬁwmsm:mwmmaam&mﬂ (Plvalue) N3N 0.5  &9U93A9ANNAIGIVEITZULRG  otin
Poloxamer 407 39.ussanussfainmanzanlunswalndr3y nanocrystal o9 clarithromycin @a'ly

ANTNARIIAALIIAINITIN (co-surfactant)

namMInaasdiald Poloxamer 407 USanms 2%wiv lusnsaaussdsmmanuesdiy uasld sLs 1in
RINAUTIAIRITIN (co-surfactant) lum‘m@"um@m%ﬂ’mmad nanocrystal a4 clarithromycin uaad i Anln
M50 3 Lﬁam'%sjmﬁﬁumamiw@maoizijgm@‘h%’uﬁvlajﬁmﬂﬁu SLS uaz gm@‘h%‘uﬁﬁmiﬁm SLS 1fu
fIaausIasRITINIUYTIN L 0.05%wiv LAz 0.1%wiv wuﬁgm@iﬁuﬁﬁmilﬁm SLS Y31 0.1%wiv ¥inld
PRI RNIAVAY nanocrystal 984 clarithromycin fendvzunme 400 nm LASFINIDNRATUINB BN nanocrystal
984 clarithromycin "Lﬁaﬂiwgméh%'uﬁvlajﬁ SLS uaz gm@h%’uﬁﬁ sLS lud3unm 0.05%wiv Iﬂﬂg@i@‘h%’ﬂﬁﬁ
m3Len SLS lutSunow 0.05%wiv IﬁwamiaﬂmmmmgmﬂvlajLmn@mmngm@‘h%'uﬁ'hiﬁmitﬁu SLS a9t
m3ld sLs usmsaaussieinsanludSinmfiaunzan (0.1%wiv) lugasdriu amanIntisanswinaunialu

MILAIL nanocrystal U84 clarithromycin 1o
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A13199 3 iﬁ@li@‘i’]%"i.ll,l,amu'l@]a%ﬂ'lﬂ nanocrystal U84 clarithromycin fasoulasds High pressure homogenization (HPH)

A15AALIIAIRITIHAN 1

A1TAALIIAIRITIRAN

gasansy | Y3nmen R dSum R USum z-ave (nm)* PI* d(0.5) (Lm) d(0.9) (Lm)
TUHA DUWA
(%ewlv) (%wiv) (%wiv)
C1Tween 1 Tween 80 10 - - 3018+241 0.564+0.105 3.167 5.203
C1PVA 1 PVA 1 - - 893174 0.743+0.191 1.786 4.695
C1SLS 1 SLS 0.1 - - 851+£132 0.690+0.081 2.373 11.874
C1F188 1 Poloxamer 5 - - 1534114 0.633+0.094 2.726 6.900
C1F5 1 Poloxamer 5 - - 732181 0.429+0.040 0.694 1.651
C1F2 1 Poloxamer 2 - - 737126 0.433+0.056 1.150 2.462
C1F2S005 1 Poloxamer 2 SLS 0.05 761146 0.637+£0.087 0.761 2.406
C1F2S01 1 Poloxamer 2 SLS 0.1 438112 0.397+0.072 0.467 1.158

*ALARLVBINTNARDS 3 AT
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1.2 ﬂ’]im‘%ﬂuauzn’lﬂ nanocrystal 289 clarithromycin AEnAnA Precipitation-lyophilization-
homogenization (PLH)

waﬁnﬂmﬁlmwzﬁmm@mgmﬂmmmaqﬂﬁa%’aﬁﬁﬁﬂ%wa@iamsaﬂﬂum@amgmﬂ nanocrystal V84
clarithromycin 'lé" sadaludl

AnTwaradnaialun1IeIouaRNIA nanocrystal

§A36TU C1F2501 QﬂﬁwﬂﬁumimaaaLﬁﬂLﬂ%ﬁuLﬁsmmﬂﬁﬂmmam:wj'lﬁ% High pressure
homogenization (HPH) uaeds Precipitation-lyophilization-homogenization (PLH) Namiﬂﬂaadﬁduﬁﬂﬂugﬂﬁ 1
mﬂmsmamwudﬂmﬂﬁﬂﬁv’qaaammmamm@mgmﬂmmwﬁnuﬂummmmm%hﬁm%u"té%ﬂﬁmm@mgmﬂ
q@ﬁmﬁi:mm 400 nm g lsAeNnAia PLH ﬁﬂizﬁw%mwhmsamm@mgmﬂ‘ﬁ'aniw \Wasanld
SNUIUASINITHIWLASEY high pressure homogenizer ‘Hﬂdﬂi&ﬂ’]ﬂwﬁﬂuﬂuﬁﬁfﬁlﬂﬂiﬂLﬁaLﬂ%UULﬁﬁuﬁULﬂﬂﬁﬂ
HPH lasflinaiia PLH sNIIAATMIAauNIATaIRANW luvasu eI lsdoduldnalugag 444-478 nm dae
mslswuseumstiunauies 5 sau luwmefitnadia HPH dasldsuusavlumstlunanis 30 souialw
ﬁﬂum@mgmﬂﬁlﬂ&ﬁmﬁ'ﬂuﬁw 400 nm

AnTwarasUIuiaennlglunsnga

mnmimaaaLﬂ’%ﬂuLﬁﬂuﬁﬂ%wmjadﬂ%mmml,'%'mﬁ”usl,umwﬁ@lﬁﬁ@iammmm@agm@mﬁnm‘[u
wadia PLH ldgnihanlglunmInfaaunia nanocrystal w84 clarithromycin ToamstmualwiUSanmensudu
lumIndauand19iu fa 1, 3 uaz 5 %wiv (§A36130 C1F2801, C3F2S01 uaz C5F2S01 AMEGL) HANNT
maamamlﬁﬁﬂugﬁﬁ 2 wuhlunmssezweeunialiadluszauuilu (< 1,000 nm) wanvasaynadudu

ar@aIrIULAS D9 high pressure homogenizer 1, 25 Lazd1AN71 70 39U ﬁ%’m%'ugm@h%'u C1F2S01, C3F2S01

=

o a t§ v a t&l v a ; ' v a ~a
ILaz C5F2S01 guaay ‘dea']ﬁ]ﬁ?aﬂvL@]’J']ﬂiﬁﬂm{l']LSN@]%I%TH?NQ@W]HG?I%Q'H]NONai%ﬂizﬁ‘ﬂﬁﬂﬁwsl%ﬂ’ﬁa(ﬂ

U

d o @ o @ A L A a X A o o
mu’]@a%ﬂqﬂﬂﬂaﬂ‘ﬁﬁ"ﬂ’uﬂu"nzmﬂ\ﬂﬂjwaﬁﬂjuﬁiaiﬂﬂiuﬂ’]iﬁuwﬁuﬂLWNmuLWafﬂ(ﬂ“ﬂu’]@a%ﬂqﬂiﬂagluizﬂuquu

BNTNAVDITNIANLTININILAZENTAALTIRINITIN

NANINAARY preliminary study (@ada 1.1) WUINTMTITaNTAALIIAIRAL Poloxamer 407 (Huansan
WIIAIAINAN ez SLS Lﬂumiammﬁoﬁﬁ'mmmﬁ'ummmé’wadagmﬂ nanocrystal 284 clarithromycin
3eldmsramaslumsnda nanocrystal 289 clarithromycin lunsnasasfield3oufeudnsnanasmsaaussds
ﬁaﬁﬁ@iamiamm@m&mﬂm'ﬁﬂuﬂu lasia3sa nanocrystal wa4 clarithromycin ¢nawnafia PLH @285
MAUALTINUETAAUTIAIAINAN (Poloxamer 407) TWlidSanauansdwiulugasdniy 2 waz 5 %wn) lu
gnmzfinadunss eumIaausIdefinny (0.1 %wiv SLS) ussUsziiunaniznuaasUSinmanIaaussi
ﬁa‘ﬁﬁ@iammmm@mgmﬂwﬁﬂm‘[u I@Umﬂﬂ%ﬂuLﬁzlmjmﬂmi,mﬂ‘ﬁ'm’%ﬂw"lﬁmngme‘h%’uﬁﬁﬂ%mmmmﬂ
WHAIRIEN (§0361TU CIF2 uaz C1F5) éﬁgﬂﬁ 3 wuiwgme‘h%’uﬁﬁﬂ%mm Poloxamer 407 5 %w/v
(C1F5) mmsnamJm@1am&mﬂvl,éﬁ%’;ﬂ'jwqméﬁuﬁﬁﬂ%mm Poloxamer 407 2 %w/v (C1F2) UAZWNATBINTT
\AuENIRaUIIRIRITIN (0.1 %wiv SLS) damIsazmiaaymananuly LLamlﬁLﬁulugﬂﬁ 3 wuiwgmsﬁ%’uﬁ
im3l@y SLS (ga3d3u C1F2S01 uaz C1F5S01) ﬁﬂi:%‘ﬂ%mwa@r‘umﬂmgmﬂvl,@?ﬁ’aﬂdwgme‘iﬁuﬁ"l&iﬁmi

\@y SLS (§@36130 C1F2uaz C1F5)
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3000 - » rl

3] 4500 - » zaveHFH -0
45 5)HPH
md(0.5) 4000 - § & =-ave FLH L ns
7 Od(.5) FLH "
35 | d0 5 H35un . 4 * - 07
3 oo -6

d(05) pm
PI

2.5 - eI500 | # 4 3 ¥ * o 03

21 % 2000 : $¥ Los
¥

l'f L L L 1500 - * t ¢ 03

0 ] 1000 - 02

0 I_\ | W sm |'| ﬂ 01

NN IETET
Premill Premﬂl 15UUbar 1500 bat 15EIU bar 15UEIbar 15UEIbar 1500 bar 1500 bar =1 0
500bar 1000bar leycle Scycle 10cyele 15eycle 20cycle 25 eycle 30 cycle HH’*"—Hl k-IPHi:’LHi k-IPHi:'LHi k’IPHiJLH| k{”‘i’LH| L{PH{F’LHl |HH'*:'LH| k’IH'h—Hl k-IPl-iPLHi

10cycle 10 cycle Premill | Fremill | 1500bar | 1500bar | 1500bar | 1500bar | 1500bar | 1500bar | 1500bar
500bar 1000t ar 1 eyele Scoyele 10cycle 15eyele 20eycle 25eycle 30 eyele
10 eyele 10 eyele

gllﬁ 1 ﬂﬂiLﬂ%ﬂULﬁﬂumuﬁﬂay‘Lmﬂmm nanocrystal W84 clarithromycin avpuasnaie High pressure homogenization (HPH) Lazinaita Precipitation-lyophilization-

. . A o @ @ { . . v { .
homogenization (PLH) TINNTING8LAIY laser diffraction (Ty) uazLAIad photon correlation spectroscopy (¥37)
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57 5000 -

45 4 teug 19 4500
s W drg 1% 2000 | Wdrug 1%
35 4 B drug 3% 3500 4 W drug 3%
g 3 Odrug 5% ‘3000 - Odrug 5%
225 Zas00 -
" 4
o I 2000 -
Y15 1500 -
LA 1000
0.5 500 A
0 - T T T T 0 - T T T T
Premill Premill 1500 barl 500 barl 500 barl 500 bar1500 barl 500 barl 500 barl 500 barl 500 barl 500 bar1500 bar Premill Premill 1500 bar1500 bar1500 bar1500 bar 1500 bar1500barl 500 bar1500 bar 1500 barl 500 bar1500 bar
500%bar 1000bar 1eyele 5eyele 10 cyele 15 eyele 20 cycle 25 cycle 30 cycle 40 eycle 50 cycle 60 cycle 70 cyele 500bar 1000 bar 1 cycle 5 cycle 10cycle 15 cycle 20 cycle 25 eyele 30 cyele 40 cycle 50 cyele 60 cycle 70 cyele
10 cyele 10 eyele 10 cyele 10 cycle

31N 2 miLﬂ%ﬂuLﬁmJﬁﬂ%wamaoﬂ%mmmL’%uﬁuﬁlﬂumma@ﬁﬁ@iam‘m@mm@mgmﬂ nanocrystal 284 clarithromycin la8n133aa8LAI84 laser diffraction (F18) was

LA3DY photon correlation spectroscopy (2731)
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45 4 2500

4 _
mCLFZ
2000
3.5 BC1Fs
3 Oc1F2a01 =
g 25 B OC1Fss01 ) 1500
: :
| - =
S z
‘,_.:’ ]

{17

Premull Premill 1500 bar 1500 bar 1500 bar 1500 bar 1500 bar 1500 bar 1500 bar
S00bar 1000bar 1cycle Scoycle 10cyele 15cycle 20 cycle 25 cycle 20cycle
10 cycle 10 cycle

mC1FZ
BC1F:

FPhbbbbees

Premill  Premill 1500bar 15300bar 1500bar 1500bar 1500bar 1500bar 1500bar
00bar 1000bar leycle  Scycle 10cycle 15eycle 20cycle 25cycle 30cvcle
10cycle 10cycle

3UN 3 MafSouiisuBninaraimInauIAIRILATMIAALTIAIRI TINNidanIaAIIIAaATA nanocrystal Ua4 clarithromycin Ala3uadsinaia PLH S3vimiiadis

\@1384 laser diffraction (Te) HGERN photon correlation spectroscopy (237)
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INNANIINANDITIAY WU nanocrystal B84 clarithromycin g@li@ci’l%"i_l C1F2S01 uaz C1F5S01 7
a 3 a v =3 ] s Knlln a A & o
LATBANUNAA PLH Iﬂ?.luﬂ(ﬂau‘»ﬂ']ﬂNﬂﬂquuLLﬂzﬂ?’]N@nﬂﬂﬂﬂ'ﬂN']al#ﬂ’]ﬂ(ﬂﬂuﬁ@]ﬂslu@']ﬁqﬂﬂ 4 Lﬂuiﬁ@]ﬁ@n‘iu

P ' ° = wn '
tmunzauuszihaulalumaihl@nsquand@vasaynia nanocrystal da’ld

A13N 4 mummgmmm:m’]mhﬁnﬁﬁﬁamgmﬂmaamgmﬂ nanocrystal U84 clarithromycin gm@‘h%’u

C1F2S01 iaz C1F5S01 ﬁLGI%EJ%Jﬁ’JFJmﬂﬁﬂ PLH

L. ANNGA9Ang
a3y z-ave (nm) Pl d(0.5) (pum) d(0.9) (ptm) aa
fRtanma
(mV)
C1F2S01 460+10 0.423+0.044 0.396+0.020 2.352+0.236 -36.0
C1F5S01 38617 0.304+0.028 0.339+0.006 1.067+0.076 -32.7

(2) qmauﬁ'ﬁmamﬂmwwm nanocrystal 284 clarithromycin
2.1 3Usvasanma
NN INLauNadIENdaIanTIARBIanaTaustil 4 wudn aunavaswluaiadavedsnaanledy
Fuiaoudsis PLH (U7 4C) uaz HPH (3U7 4AB) Suwaidnnimssaaalolodui ldunzuiuniian
P ' < x> ' = ' a o a v a 4d a v  ad
210 (U7 4A) athaduldda adnelsfiaw Juiweumazesmluaiadaatennanilsdoduiieioudio3s
@ . a ' v A A = ' ' '
PLH uaz HPH dananfizdinegmansefindsugnuiar (cubic-like shape) T4 liuane99nguinavasnie

AR LENUTUN BHIWATZUIRMINATUNG

0 15mm ——1 pum

sUN 4 awdwaumadisndastansiaBidnasauzas (A) wsnaa3lodpdud likunszuiumIanma
(B) W luA3IFAaTaI81AaT3 IsNETUNLAIINAI83DT HPH uaz (C) 1 luasaaaradsnaai3 lsnsduiiasouaiuin

PLH
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2.2 anadluninuaznpdmgmzasmluadaaavaseaailsdadn

nadszidinenudundnuaznndugusesmluaisdazasenaarilosisdusmuinfinsanldnn
FoyamyiaTzidas DSC dsznauiudayamyiiaazidas XRPD nnmIAnfelsenuen 3lEAwn
ﬂmﬂﬁiﬁ&l%uﬁWﬂﬁmg’lﬂugﬂ“ﬂadwﬁﬂ (crystalline) agn9das 5 EﬂLLuuﬁa Form I, Form Il, Form IV, Form V
ez Form O uaz3iagmsg1u (amorphous) Icﬂm;nwwé’mg’]m:ﬁqw%(mamé"’ﬁﬂmwhr?iwﬁ'u agndlsfaw
WU71 Form I Lﬂugﬂwﬁﬂﬁﬁmmmé‘agoqmm:ﬁmaﬁimmﬂugﬂmﬁ"’;"l,ﬂ NNANINARDI INTILATIZR

[} =

@18 DSC (é’dLLamluEﬂﬁ 5) WU W481AaN3LEINaTUU AT bININTZUIUNANTANUWIAL DSC thermogram

a39nu3Uwdn Form II ‘[mﬁgwaaumm (endothermic melting peak) Falauagnlszanm 226 °C §wiu

J vV & Al s { 1 Qs v
poloxamer 407 waz SLS dslfilumiiiuauaidivasrzuuiimiisuulasdwdsnuuuuganuion
(endothermic peak) 711/3zanm 50 °C waz 100 °C MUAIOL YULALINUNLIN peak NUFAIIANADULAAITDY

wilue3adazasenaaislosddudvwaiin litaan wasiinsafansanluidntondivszanm 235 °C m3
Wasnulsssananeradnafiosmnananulundnuasaa3lssdndufians I@mn’mﬂﬁﬂuuﬂmvlﬂayﬂugﬂ
wﬁﬂguﬁﬁmmmé’aﬁfaUﬂdm%aayﬂugﬂaé’mgm 5'1’%0Lfiaﬁwmﬂizﬂauﬁuﬁ'aQamﬁmm:ﬁﬁm x-ray
diffractometer (LLaﬂﬂugﬂﬁ 6) WU1N x-ray diffractogram 83N a3 lsspduwl s liiunszuanmaaa

aiianymzIaInangUuuy Form Il G493 diffraction peak TLInANWMEIANIEREILANI 20 a9dolUf
8.5°+0.2, 9.5°+0.2, 10.8°20.2, 11.5°:0.2, 11.9°%0.2, 12.4°20.2, 13.7°:0.2, 14.1°:0.2, 15.2°%0.2,
16.5°+0.2, 16.9°£0.2, 17.3°+0.2, 18.1°+0.2, 18.4°+0.2, 19.0°+0.2, 19.9°+0.2 uaz 20.5°+0.2 laswuituiln

a o a o A . . & A, Y ' , Y g | a o
mammammﬂﬁmmuﬁ diffraction peak PYUNAUAUIAINANITULALING mmuam’]miumamm IR\

Fradpdunldannnmaaioueglugiresndngduuy Form Il amkzi@inaniudany diffraction peak vaIunlu

(e]

a g a L a a é/ o ' o ] [ ' g
ASFANY0IAAI LTIV TUANUnInAILrIS 20 dunsslnaiasdaluh 5.2°40.2, 6.7°:0.2, 10.2°:0.2,

A o ] el 1 I Qs

12.3°40.2, 14.2°£0.2, 15.4°+0.2, 15.7°+0.2 uaz 16.4°+0.2 TIAWRUIAINANTUANHULLANIZVDINEN

Yo ' . X A & a o
Juuuy Form | uanannidawuinanugazadiia (intensity) Sotsvananuiduninvasunluaisdazednan
a v a A < A a A o a . . a v A LA
SnsduduiivwaidnasdioToufisunuanugezadfia (intensity) vasnpaailssdoBuiainlainu
ATTLIUMIAAVUG Na1asisuan ldinaInTzuIunmMINAam luasaaarad1aan3 LssNaduu1saInaziians
wWasnudassmgwangduuuwinfiasds Form Il lduzduuun@n Form | wiagUuuuadmgnu (amorphous)
Aa o o ' A & o ' a & o A a _a ¥ o
nfianwasdidesndt Fungnmsaidananauninfaduldfasanlunszuiunmandadnislindanugelu
MIAAYUADYNNA (high pressure homogenization) wazm I ldtdnadnaTiasaluauaa lyophilization
é’dﬁfuﬁamaa‘gﬂ"lﬁ:i’mﬂuﬂ%aﬁammﬂﬁﬂaw%Iﬁiﬁ'ﬂ%unﬁﬂué’{lﬂszmumiwam:agl;slugﬂwﬁﬂ (crystalline) Form
Il uaz Form | uazfiunsdiuluglunnadmigau (amorphous) wluaIadavatonaaiilssdodulugUudn

) o A Y a o a o a o ' 2] ' Y
(crystalline) dzATadluiTasnunsarvaswmluaIaas °nm:mmﬂumiumammamumaglugﬂaamgm

(amorphous) xdnaliiatadlunaunIIazanEBaIEAILETH
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Clarithromycin

Poloxamer 407

— ]

SLS

]
4

N

=

Lyophilized nanocrystals

% Endothermic %

{\

-’lIO 60 80 100 120 140 160 180 200 220 240 260

Temperature (°C)

31Ul 5 DSC thermogram 284wi81aa 3 oG laikunszuIumMIaauwIa, poloxamer 407, SLS uazuilu

ATRANUDILNANTI LTIV UTU

J d Clarithromycin
VPN e
Poloxamer 407
m .
SLS

Uu'wwf}u- — -

Lyophilized nanocrystals

N o N e o
Aol ot by
10 20 30 40 50 60 70

2 Theta

31N 6 XRPD diffractogram YIHIINARI LFNITUN HIUNTZUINNTAATUNA, poloxamer 407, SLS LAz

TUASARYBILNARIS LT TN LT
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2.3 1A= N19LAA interaction TEHIIMIRATAAAUALANTAAUITIGIAIN IBLANAMNAIAIVDI
JEUY
P ' a o A AN a

90 FT-IR spectra (uaaalugufl 7) wudn aanslssdnduidanflidunszuiunmiaaswieal peak
. X a4, A , , . y .
AnuUANZIUNG A 1692 cm UAAIDAI C=0 stretching U83%Y ketone, AU 1733 cm WAAITINY
° ' -1 . ° ' -1

carbonyl Tuas lactone, @ML%AWI 1170-1053 cm LEAIDI C-O stretching 184 ether, @ATULRAWI 2974-2940 cm

. ' { ° ' -1 . [
UAAIHY C-H stretching 2aIWyUNUf alkyl-CH, uaz@uniby 3473 cm ' ugasfis O-H stretching lulassaini
22481Aa7315T08TU NaMINAaad WU wluaSaaarads1aan3lssNaduld peak va9 FT-IR spectra 14
gﬂLLumLa:@‘hLmﬂuamﬁ'uaaw%Iﬁiﬁﬂ%uLﬂdwﬁvlajmuﬂi:mumsamm@ lagldnwuduniivas peak 9
a & A =2 a . . Y ' 2 a A =2 o, o
ialulmaisuaaifianaifia interaction AuszwivuazaIaauwIIAsianltluzuy Ssenvagullddn nenas

mIaassum luaadavesonaanslssasduldnunisiddsuudadlasigienaafivasarsnianisiia

interaction NWITHINIAILINURITAALIIAIAIN MHLANANNAIAIVBITZUY

% Transmittance
]I A
]
/
\I
1
|
¢
<
=
)
4

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cmr?l)

gﬂﬁ 7 FT-IR spectra 983 (A) HIBNART3 BB EUA WA RN T LIRMTAATING, (B) poloxamer 407, (C) SLS

wae (D) wluaSaaazadnaan3loTNaTu

(3) mIANBIAINTITAZANY (saturation solubility) 283w lwASaAavasaIAA3 5 INUBY
MILRAAINNTAaNY (saturation  solubility) Lﬂuqmauﬁ'ﬁéwﬁtﬁaLﬂui'@]qﬂszmﬁslumwﬁmmiu
ASRAA Immnﬁ'uﬁuma\ammia:mULﬂuwammﬂﬂum@mgmﬂﬁa@mLm:mﬂﬁ'uﬁumaa dissolution pressure
ﬁﬁﬂﬁwaamgmﬂmiuﬂ%aﬁaéﬁdmmina’%mﬂ‘lﬁﬁqU Ostwald-Freundlich theory Laz Kelvin equation 31AKA
mInaaasmmmIazansluainasmIazasininasasriianys wudn dmsazansaeddisuaa3leTandu
Tutiines pH 5.0 azldrgenitlutiwines pH 6.8 (LLaﬂﬂugﬂﬁ 8) nMInaaasnidmMIazatslutininey

pH 6.8 (gﬂﬁ 8A) %8991n 72 T2 lusnuInun luesadavosanaas 5T ud5u C1F2S01 uay C1F5S01, W9
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A o A M A A o o o a
mﬂmﬂﬁmwnuﬁ"lumumzuaumiamm@ﬁmwaumnwum’mmmlugmmsu C1F2S01 WazHIBNARII DT
FoFwUfN B HIBNTZUIRNITIAUWIA FAINITRZAILLHINY 2.93+0.11, 3.10+£0.31, 2.09+0.13 WAz 0.57+0.13

o @ 4 ' a o a “ A A, a & ' '
mg/ml @1Ua1AU %GWU?W%WI%Q?@@@T@GU']ﬂa']iiﬁillU‘ﬁu&lﬂ”lﬂ']iﬂza']ﬂqugﬂmuﬂizﬁ\nm 6 N1 aﬁl"lﬂﬁ

'
o o e A ' )

wodAT (p < 0.05) Wossuieuiunsenea3lssdoud i luinunssuiumsaaumwa uazitwdeanu
NNHANMINaaadnIaINIazasluiwines pH 5.0 (Eﬂ"?i 8B) WU WMAI9N 72 TalusAnsazansvadwlu
A3 RAAT8981A813I5INUTUATY CIF2S01 waz C1F5S01, KpNART3 533 uui LI %N 32U %M TaATUIaES
Naumﬂﬁummmé’ﬂugmﬁw%’u C1F2S01 uazrisnaa3lssaoduadilidiunszuinnsaanuwiaiian
WA 17.51£0.556, 18.57+1.20, 15.08+0.95 Uaz 14.42+0.29 mg/ml ANEIAU TIMNHANIINANDILEAI LA

o

& a o a o A P P & oA oA = a
mu’nu’liuﬂiﬁ@a“ﬂadmﬂmﬂﬁi&lﬂsﬁul‘lﬂﬂ”m”ﬁatmUﬂﬁd“ﬂuamduuﬂﬁ’]ﬂfgﬂitw’]m 1.5 LV]”]L&IE]L‘L]?FJUL‘VIEJU

fuwspraan3lessndud i liiunszuaunsaauwie (p < 0.05) 8819 1IAMUNANITINARES WUTN AINNT
azanpuasm A3 Re AT IFeIdTY (C1F2S01 WAz C1F5S01) luudazarinarinsazarstninasazianla
uandNwad9lRe§IAT (p > 0.05) FamIifisuinuesfmMIszagaIna1n oLl unanINTUIREYNNA
°umuﬂuﬂ’%aﬁaﬁwhﬁ'uslu;jm@‘h%'uﬁgmaa

\lafa13m0 kinetics 289eMIazany Wuin wiluasadavassnaaiilssieduddimsazansifindu
aasaaiimelu 1 T lususnuasnsazany nEUIMIREABITADY 5 anssanudrnsfnele 6-12 Falus

a 1 a v { 1 a s A =3
‘].]i’]ﬂg]ﬂ'ﬁﬂi \‘]ﬂﬂ'l’Jﬁ']ll’]iﬂE]'D”‘]J’]EIVLG]LﬁE]ﬁ]'mI%T’NLLiﬂ‘lla\‘]ﬂ’liﬂf‘.:ﬂ'lEJai&ﬂﬂﬂuﬁi%ﬂiﬁ@ﬂ‘ﬁdﬁm%’]@nﬂﬂ (nano-

[
A

sized) uazlinunfalumaazmegadinalddnsazasiuduiionududuinn adslifianuiasanludi
A o o A ' Ao ' . i ~ Y ' ° v A i
wluaiadadinsfioumanidiuifivmalng (micro-sized) Tvagpmavwalngaananiazrimiafiiu nuclei
l#iAans recrystallization 1iluaynavmalnguazssnalidimiszasaaadlugianaiann dr1omgiis
A . . a ) A L A o A o A o f
artiayna micro-sized lutSinatasfigaviidullldludTuunluaiada inasnmdrnsazaiouazaim

AIAIVBITEUL
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<& Coarse suspension

3¢ Formulation C1F5S01

~¢- Clarithromycin
-« Formulation C1F2S01

(A) 25

o
=]

—
= ~3.50
St §300 v _* _
= . E250 3 e
g 1> 5200 fe-m"F e -
2 s '
= £150 i
= £ 1.00 3
£ 10 g
¥ o 050 !r ----- -————- e -
g 0.00 *
S 0 )
5 Time (hr)
Xk
4 —¥ —¥ §
0 ¢ * *
0 10 20 30 40 50 60 70

Time (hr)

(B) 25

(3]
=

[
N

[
<o

Concentration (mg/ml)

-¢- Clarithromycin

& Coarse suspension

-4 Formulation C1F2S01 ¢ Formulation C1F5501
3 A *
— = ﬁ
~ 25.00
5 2000 fo AR e y
Z 1500 proEe AT
£ 10.00 'E
g 500 4
—c 1
“ 000 %
0 2 3 4
Time (hr)
20 30 40 50 60 70 80

Time (hr)

{ . . ' a o A AN , \ a =1 = a
Ellﬁ 8 Kkinetics maamm‘m:mwmmmﬂmﬂﬁsuUﬁnummﬁvl,umum:mummmm@ (clarithromycin), N\‘]El'?ﬂﬂ’]{[‘ﬁi&lU‘Huﬁv[,&lN']uﬂitﬂ’)uﬂ’]‘iﬂ@“ﬂu’m‘]jdNﬁ&lﬁ']'iL‘W&l

mmmﬁ’ﬂugmﬁn%’u C1F2S01 (coarse suspension) WAz lua3aaavadenaa3loInadudnsu C1F2S01 waz C1F5S01 ludnandnmsazanatinines (A) pH 6.8 uaz (B)

pH 5.0 mﬂﬁama:mquqmﬂgﬁﬁ 37 °C (n=3) (#uaen8AUNTNILEAS kinetics VaIAMIazan8vaIn18EUTI9UINVBINTNARDS)

*FaNnuuand9ad It fIAL TR INIENAaT3 53N aTw N lHIWN I LIUMIAATNANLRIIA8E19@TUAR Y (p < 0.05)
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(4) nsEnwamaniiinisazaiy (dissolution) vaswiluadanavasaaai3losnsdu

a

ASANEINITAZAIEVDIU LUATRARVEIIIARII LTTNY ‘%%g@liﬁ’]%’ﬂ C1F2S01 wae C1F5S01

a al o a v A oA a o A AW
Ll]i&l‘]JL‘Y]&l‘]Jﬂ‘.UN\‘iEJ']ﬂ@’liIﬁi&lEJ‘I?%L‘]J@']‘Y]VLSJN’luﬂiz‘]_l’suﬂ'liﬂﬂ‘ll%'l@] LL@:NGEJ’Iﬂ@’]iIﬁillFJGIm‘Y]vL%JN’I%
A a o o A o @ o
ﬂiz‘i_l’Juﬂ’]ia@mu’mﬁljdNa&la’liLWNﬂ’J’]&lﬂd(ﬂ’JL“}juLaU’mUﬁﬁqumi@l’liu C1F2S01 Iumjﬂﬂ’]\‘]ﬂ’]iﬂzaqﬂ

tWes pH 6.8 (uaaalugdfl 9A) wud1 nelu 10 wifiusn wWesizudaa3lsmioduiiazaivoaninainus

1 | =

A3 LEIN YT WU AN LRI RATIUIRAITANI UG, HILIAATT LETNTUN b HIUNTEUIUNTAAUUIATINRNENT
LﬁmmmmﬁaLﬁuLamﬁuﬁﬁluqm@‘iﬁu C1F2S01 LLa:quﬂ%aﬁamadmmaﬁimﬁb%ugm@h%’u C1F2S01

WAz C1F5S01 SANLYINAL 4.91+1.28%, 39.24+3.7%. 78.81+18.89% Was 68.05:10.15% aNu& ey Datfiule

[

TALAWIT W IBATRARYDILIAATI LB INUTUNIFIRSUFINITOL AN Y a5 TudnITaza18T090a73 1INy Eu 14

o ) a & e a o a & a o
mumluma 10 WINLINVBINITRERNY  UANINNH wmﬂamﬂmm:mmlmmiumamﬁmwwuua:muma

2

plateau Nidszanns 80% nwlu 20 wiAvaINMIazans 2aash o4 ANAINUHIBNAAS LETN T A T HIU

=

A o A M 4 =~ ~ o ' o
NTEUIRMTRAUWIALRZNILIARI LFTNETUN b HIWNIZUIRNN IRV WIATINRNFI TR NAINAIALT AN
ﬁlugm@‘h%’u C1F2S01 IMidasiondnisasautNoIlseunos 15% was 50% ANA1aU WaIINNITazau

120 wifl wiluaIadavessnaa3loadeBugaidiiu C1F2S01  uaz C1F5801  lnisazansldgigan

U 9

84.80+2.77% uaz 87.49+2.96% MNAGL  luamidgatiunisnaaslssdedwdsfiliiiunizuinnmsaa
muwua:mmﬂm‘ﬂﬁsﬁw‘ﬁuﬁvl,ﬂmum:mumsamm@s‘ﬁawaumnﬁummmﬁaLﬁuLamﬁ'uﬁﬁlugmﬁﬁ'u
C1F2501 azliiasimudnisnzaugigaiing 50.31£0.96% uaz 79.51+1.88% Au§1GL
m‘sﬁnmmiazmwaamiuﬂ%aﬁamaamﬂmﬂﬁiﬁm%ugm@?ﬁu C1F2S01 uaz C1F5S01
Wisuifsununsgaan3lssTedulalidIunssuInnTanuwne wasnisnaans lssaaduilain

a o _ %

s a o \ o A @
NTTUIUNTAAYWIATINFUEITLANAINUAIA LT ULE mﬂuﬁﬂuammsu C1F2S01 lumﬂmamsazm ]

U

'
oA

twinas pH 5.0 (uaaaluzui 9B) WUIIMIRZA828IMTUENAANS TN eEuA pH 5.0 insazarafdning pH
6.8 lauuIluASRARVDILIAAI LTV ITUNIRDIA1TULTNTaran s leanINNIonaan3 I sTuaTul e bir1w

A o A M =~ ~ o ' o A
NTUIRMIRAUW AR HNILIARI LFTNUTUN LI HIWNTEUIWNNITIAVUIADININEITANAINNAIAT WL ALINUN
A o o = ' a & & a o A . A
ulugmmiu C1F2S01 msans wuINAelu 10 wiAusnl asirudn1sasansuadndsaan3Ilssasdutlan
TUNIBATIUIRAITRATWIN,  WIEIABII LTINS WA LN BNTEUIRNITAAUWIATINFUFITLNNAITNAIA
LﬁuLamﬁuﬁﬁlugm@‘iﬁu C1F2S01 LLaquﬂ%aﬁamaamﬂmﬂﬁﬁﬂﬁugm@iﬁu C1F2S01 waz C1F5S01 &
Anvinnu 63.89+2.87%, 64.09+5.88%, 71.40+5.82% uwae 90.34+3.76% ANEIAU J’]']EIEL% 20 wAUaINIT

A o A & & A £ = A a o A AN
REUWIUATRAF LY O SLTUANITRZANLANT DS 90% VIR NNILIARTI LTTHOTULY 8N LIHIWNIZUINNNT
a R A a o ' a o Ao

ammmm:mmﬂm{[ﬁmslsnuﬂvlumum:mummmm@mwaumﬂwummmmL%ummnumlugm
@150 C1F2S01 RINNTNAZANS NS 70% WaNIINHEINLIIRIIINNITAZANLATY 120 WA WIluATEA s
mmmlﬁmaimm‘fmm:mmgaqﬂﬁﬁa 95% lupmtauINt NIRRT IBINUTULLEN BRI BNTZUIRAITAA
m‘m@LLa:mmﬂaﬁiﬁﬁﬁﬂ%uﬁvlaimuni:mumsamm@%aNaumﬂﬁwmmméﬁLﬁuLﬁmﬁuﬁﬁ‘Luqmﬁﬁu

C1F2S01 a:mmsnlﬁﬂaisnuﬁmsa:mﬂggaqmvl,@?ﬂs:mm 80%
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WallaneAamaudsneaiidvasmsazats (Uaaslua19f 5) nuitmluasaaavasonnanslssie
a o @ A . . . . . A &
THEAINIU C1F2S01 uaz C1F5S01 A1 relative dissolution rate at 30 min (RD 30 min) LWNU% 4.31 LA

\ o ) a & | o @
4.36 i luanansmaazastwiwes pH 6.8 wastAndn 1.24 uaz 1.28 wihrluainarsnisazarouiniwes pH

A4 a !

5.0 HaSuusunurInaan3losNuSuiUa N ldd NIz uInn13aaTwa LiaNINTMIANALUT mean
dissolution time (MDT) mathﬂ‘%aﬁamadmamﬂmﬁw‘ﬁuﬁaaaqgme‘h%’u WU FAdInIkINaan3loTae
A AN A o A AN 4 A P

Fult 17 L HIWNTZUIWNNTRAY W ALAZHIINARTS LI TN EUN LN WA TZUIRNTRAU U ATINFUFITL AN AIINA

%

é'fwﬁmﬁmﬁ'uﬁﬁlugmﬁw%’u C1F2S01 @9Lsvanitdrsumluasadabtiianadslunisazais 50% waunin

uazfldnTmIarasfginindTusssnliniuniIansua wananfdawudn percent dissolution efficiency
A a o & o @ ' '

at 30 min (%DE 30 min) TIuga9D9 dissolution performance °JJadu’liuﬂiﬁ@laﬂdaadmi‘uflmgjdﬂ”s’m\‘lmﬂm

STova w7 LI WATELIWINTAAT U AL ZNIINAATI LI BEUN HIWATZUIWNITRAY U ATI N FUEI TN

ANUAIGITWABIAUNTlugaIdTy C1F2801 danudnaInanFaduniaBliiAuds dissolution performance

A a £ a o & o o & A a . . .

AANT U9 LUATFARNIRBIANTL  WanINHU LaNaTwN difference factor (f,) Waz similarity factor (f,)
PRI IUATEARVDILNNATI DTN BT U B UNUKNIBNARTI LD B F WU N LUEUATZTUIUAITAAT I WL TN
a e g: o Q/ v o 1 1 v 1 é 1 1 o o =Y Qs g;
miuma@amaaagmmiﬂwm f, 1INN31 15 wazdn £, Yaendn 50 Glsuanindrsumiluadaaanisasdl
dissolution profile NULANA1IINNNILIAATIFTNETULUAA IHIUWNTZUINATAAVINA INAIGULTNIFEHE
fnIunisazaneainad1y Jenaaydlddiiniseisnsnaailosdodulugduuuuluaiadasginaliend

wad A g A A = [ & da A a &
mwmminhmia:mﬂvl,ﬂmumL‘]Juwamaamﬁrmmm@mgnmwLaﬂaﬂm:@uuﬂu, AunRa AL RN TY

a & '
LRSNIILNNT BT BIATNIIRSREY
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(A) (B)

100 - 100
90 x 90
80 —N 80
-
- 70 - 2 70
2 60 2 60
250 - T 50
2z =]
= o ) .
2040 -#-Clarithromycin a 40 -O-Clanthromycm'
5 30 W Coarse suspension ° 30 4 Coarse suspension
X 20 - Formulation C1F2S01 20 -4 Formulation C1F2S01
10 >¢Formulation C1F5501 10 »¢Formulation C1F5801
0 0 . . ‘ . .
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (min) Time (min)

gﬂﬁ 9 dissolution profile UBIKILNARTI LETAETULUENA MIHIWATZLIRANTAAVWIA (clarithromycin), KI81AATS LTNETUA INIBATZLIUMTAAVMIATINFNEITLANAINNAD
é’aiugm@‘h%’u C1F2S01 (coarse suspension) LAz luASaAaY2I81AR3 IBINEEUMTY C1F2S01 waz C1F5S01 ludinansmsazanstiwinas (A) pH 6.8 uaz (B) pH 5.0

mﬂslﬁamazmuqqumn“ﬁﬁ 37 °C (n=3)
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1397 5 ArdutInsaiifvasnisazaneldun percent dissolution efficiency at 30 min (%DE 30 min),
relative dissolution rate at 30 min (RD 30 min), mean dissolution time (MDT), difference factor (f;) L%
similarity factor (f,) V89%481AMNIIBINBTULAN IUHIUATZTLIUMTAAVIIA (Clarithromycin), HIE1ARTILETAIE
a AN o = a o ' a v Aa o o

GIJM‘VIVLQJN’]uﬂi&u%uﬂ’]ia(ﬂ“ﬂu’](ﬂ‘ﬁdNﬁuﬁ’]ﬂ‘w&lﬂ’]’mﬂdﬂ’lL”ﬁuL@]U’JﬂUWNI%QE@]i@]’]iu C1F2S01 (coarse

suspension) LLa:quﬂ%aé’ammUWﬂaW%Iﬁiﬁm%ugmsﬁw%'u C1F2S01 waz C1F5S01

Formulations in acetate buffer Statistical values
pHS.0 %DE 30 min RD30min MDT  f; ,
Clarithromycin 56.67 - 11.94 - -
Coarse suspension 57.10 1.01 12.88 131 90.84
Formulation C1F2S01 68.74 1.24 9.34 20.60 46.73
Formulation C1F5S01 76.58 1.28 6.42 2690 4121
Formulations in phosphate buffer Statistical values
pH 6.8 %DE 30 min RD 30 min MDT  f; f,
Clarithromycin 9.69 - 47.34 - -
Coarse suspension 40.81 3.42 19.16 153.09 27.03
Formulation C1F2S01 67.19 4.31 7.61 226.97 18.20
Formulation C1F5S01 61.79 4.36 10.86 220.24 19.09

(5) nsAnsANaTuiinaalrag (cytotoxicity) Zaswlwasaaanaduiaa13lssaladn
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INNANIINANDINT % cell viability B89 Caco-2 cell taz NCI-N87 cell 628 MTT assay WRIAINNNT
incubate fuaIeragnaduiam 24 dalus (é’almmsl,ugﬂﬁ 10 uaz 11 MUEGY) WU TadTIRaITRalRHE
minasaadnldluiamadainn I@mmaﬁa:mmsnﬁ%’imagj"lﬁmaamwmmﬁﬁwmiﬁﬂwmﬁamwmﬁwiu
pasnn3loadduludnulsifiu 50 M agrelsianuiileanuituiuasaaslsideduludsuRntinannnia
50 UM WU % cell viabilty azaaad lasawizadsbiansdatainluadadarasna3lsssiodudniy
C1F2S01 uaz C1F5S01 Wuiniilevinmis incubate cell monolayer ywaasafiadnsdriumnluasadadsnanf
AMUTT® 100 uaz 150 UM % cell viability U83LTART incubate dpsniUnluASEARIZAARIGINTT 80%
Lﬁam’%sjmﬁﬂuﬁ‘un&jwmuqu (P < 005 Tvonausasisenuiuivdairasuosdrsumluadasaiiolln

a A &
ﬂsmm‘ngwu

120

100

80

60

-+ Clarithromycin

40

% Cell Viability

# Coarse suspension
20 -4 Formulation C1F2S01
" > Formulation C1F5801
0 20 40 60 80 100 120 140 160
Clarithromycin concentration (LN )

a

gﬂﬁ' 10 aw%wamaammvﬁwﬁwnaauwluﬂ’%aﬁag@i@iw%'u C1F2S01 uaz C1F5S01, HignaaT3lssapdudsnd
Lairun Iz UIUNITAATUNG LazNIBIAaT3 T3 EEuN lUAIUNTZLINNNTRAT U ATINFNENTLRNAIINAIGA
LﬁuLﬁmﬁuﬁmugme‘iﬁu C1F2S01 @@ % cell viability 289 Caco-2 cell W§4M3 incubate 71 37 °C 1w
24 17lug (n=8)

* LEAIANAULANGANBIITIREEATYIEWIN % cell viability 289G UALNGUAIUANYBILARZ AT
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100
Z 80
o~ §
= 60 i
o 4 Clarithromycin
=
s 40 & Coarse suspension
20 < Formulation C1F2501
0 € Formulation C1F5S01

0 20 40 60 80 100 120 140 160
Clarithromycin concentration (uM)

gﬂﬁ 11 BnSwazasanudntusesluaIadagaidiu C1F2S01 uaz C1F5S01, H9gNaa3 53l Susnd
L UN32UIRNTAATUIA waZHIBNAaN3 1T Fui LA WNTEUINNITRAT U A TINENFNI TR ANAIRI
LﬁuLﬁmﬁuﬁmugmﬁﬁu C1F2S01 61 % cell viability 789 NCI-N87 cell #&m7 incubate 71 37 °C 1flutaan
24 F1lu9 (n=8)

* LEAIANULANGANIBENIAREAATYTENING % cell viability 2896 TUNUNGUAILANYDILANZATLINL Y
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(6) nsANEIANMNAIAINIINIENNVaIwlwASaARYaIENAAS oI B E®

gﬂﬁ 12 LRAINANMIANHIAUAIAINIINEATNDBIW L UAITAAVBIINAMNI L TTNE T AN RRINTHAN
LLa:mwé’amnﬁu%’nmﬁqm%gﬁ 4 °C, 30 °C uaz 45 °C tJul1a1 4 LAak INNANIINARDINLITRAINTT
wusnetidug 4 Lﬁaulunﬂam’szqmwnﬁ uﬂuﬂ‘%aﬁaﬁy’maqgm@‘h%’u (C1F2S01 uaz C1F5S01) lvua
mg,mﬂmﬁm (z-ave) uaz polydispersit index (P1) liuandsanuluasaaadildnasainnisndalna (p > 0.05)

eda . a

wannilafRNTanmanuadngnirannanuIrasnIsinuIns L duwaa 4 Laaulunﬂama:qm%nu

9 U

a s a w a s A ' s dlﬁ 1 tﬁ ] 1 a s
uﬂumammaamﬂmﬂﬁmmummummmmmﬂﬁﬂmmgmﬂgqmw |30 mv| stsuanitwluaiansses
mﬂm’%Imﬁa%uﬁaaaagmﬁﬁu (C1F2S01 uaz C1F5S01) UANUAIAINIINIEATNAREATZLZLIAINIILAY
g ld | lﬂ‘ a V e 1 [l v & a a
N 4 LAOW Sﬁamﬁ]LﬂuwamaammnuﬂumammnmaaglugmmwaamLmaﬁmmmmﬁaoﬂumim@mi

' Qs l;/ e
Lﬂ’]::ﬂ@&lﬂ%?.l a3 E]‘i«&.ﬂ’]ﬂ LLaZﬂ’]iI@l“ll wUa E]‘H:J‘I'lﬂvl,@]

[Jinitial time ~ [J4°C [m30°C [ ESKe OPI
800.0 - -~ 1.000
700.0 - - 0.900
- 0.800
600.0 -
= 0.700
~500.0 - qL .
E . + - + - 0.600
7 400.0 % % - 05008
- ¢
N 300.0 - % - 0.400
0.300
200.0
- 0.200
100.0 - 0.100
0.0 — — = 0.000
L-311 =322 2327 -305 352 2323 351 -305
ZPV) 06 112 413 422 147 416 06 +109
Formulation C1F2S01 Formulation C1F5S01

o eda

gﬂﬁ 12 mm@wagmma&'ﬂ (z-ave, column), polydispersity index (Pl, diamond spot), A1AAGIANLNHD

auna (ZP) vesnluaiadazasunnan3losdodugasdiiu C1F2S01 uaz C1F5S01 IIATMAINIINAS (217)

=

waznaIMIAUTIE LRI 4 1Geungmnnil 4 °C ((ndaw), 30°C (1) waz 45°C (1NLd)
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a&gﬂwam‘mﬂaaa

a '

msiaTsuwluasaaavasunaa3iedu wuitnafianisndauluasaaadis33 precipitation-
homogenization-lyophilization (PLH) ‘l,ﬁﬂiz%ﬂ%mwsl,ummwmwmg,mﬂ"l,ﬁ?umﬂ%a‘hmuﬂ%mimuméaa
high pressure homogenizer ﬁaﬂﬂ’j’uf}am%ﬂuLﬁﬂuﬁumﬂﬁﬂ high pressure homogenization (HPH) I@l&lgm
#13U C1F2S01 Waz C1F5S01 %aﬁd’mﬂszﬂau“uaamsammﬁaﬁ’; poloxamer 407 2 %w/v U8 5 %wl/v
AURIAL LAZENTAALIIAINITIN SLS 0.1 %wiv Lﬂugmv‘h%’uﬁmmmui@mlﬁmm@a%mﬂﬁlﬁmm:ﬁmi

a A

nzNBVMANFILEN miuﬂ’%aﬁaﬂuaamﬂaﬁiﬁiﬁm%uﬁﬁomswammmmmgmﬂmﬁﬂﬂi:mm 400 nm WAy
' ' ' o eda A ' A =<
ANINENTWIAaRMALTZINM 0.3-0.4 LazwLIIANANFNGNRIaYAARAININATT -30 MV TIuaadDs
ANNAIAIVDITIUY mimaaué’ﬂwmfsmamymw"ﬂaaatgmﬂmiuﬂ‘%ﬁﬁawu'jwagmﬂﬁgﬂiwﬂﬁwﬂ?%m‘é‘w
6 ' =2 . a ' ' g a & =S
anunen aglugﬂwaﬂ (crystalline) Lm:umomuaglugﬂaamyu (amorphous) nsdsziiwanuidundnias
WA B Iw luaIrdazasmnaailsnibduaaninfinsan ldandayanisiianzidis DSC Usznaumy
ia%lamﬁlmwzﬁﬁm XRPD uwaaslwiinin i luaszaavad mﬂaﬁ‘[ﬁsﬁ'ﬂ%umwé’qmzmumw’ﬁm:agjsl,u
Eﬂwﬁﬂ (crystalline) Form 1l 8 Form | LLazﬁmqﬁhusl,ugmmuaﬁmgm (amorphous) LazNaa1N FT-IR
FIAARIT NURFINIATIN I IUATEARVDINAaT3 o8 Eu lnumM U asuutadlasigsaniandvasaqsn
#30n1347@ interaction NUWITRINAILINUENINALITIAIRNINITLRNAIMNAIAIVBITZUY
INMIANBIAINNTALANY (saturation solubility) waznmsFuLANIaEa1e (dissolution) Tudananenis
azansuWiwes pH 5.0 uaz 6.8 W‘udw‘iﬁ"uuﬂuﬂ‘%aﬁaﬁmmsazmUﬁgaﬂ'jmazﬁ@mauﬁ'ﬁmiazmuﬁﬁm’wm
a o A AV 1 e & ~ o
HNAATI ITINETUN BINNIWNIZUIRNITAATUI mmanﬂuwammnmm@mgmﬂm@mlmmuuﬂwauuﬂu
AIRAR I@ﬂmmsa:mﬂLLa:qmawﬂ'ﬁmia:mwaw‘h%’umiuﬂ%aﬁaﬁdaaoﬂﬁwmsﬁﬂmvlwLLmﬂ@iwaﬁumﬂﬁfﬂ
A a o & A A v A o = & A ' & ' & A
Luaammnmiumammaaawmﬂagmﬂwlﬂammnu namsansaNuiuivdaimaawuinoadiiay
a Ada ] 2 d' o = 4’ v v v o o a s 1
madnamssanIniidieeg ldaasazazamainsfnsdielfanudutuveseludiuvmlueiadn i

LAt 50 M LLazwudmﬂuﬂ%aé’amaamﬂaﬁiﬁiﬁﬂ%uﬁaaaa@‘h%’uﬁmmmé’umamﬂmwﬁqmvxgﬁ 4 °C, 30

°C 1@z 45 °C ARaaIzazIan 4 Wwanlumsiusnm
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Article history: Manocrystalsis one of effective technologies used to improve solubility and dissolution behavior of poorly
Received 20 May 2013 soluble drugs. Clarithromyein is classified in BCS class 1 having bow binavailability due to very low dis-
Recsived in revised farm 13 August 2013 solution behawvior. The main purpose of this study was to investigate an efficiency of darithromycin

Accepted 1] September 2013

Ayaitable cnline xx nanocrystals preparation by precipitation-lyophilization-homogenizatson (FLH) combination method

in comparison with high pressure homogenization (HPH) method. The factors influencing particle size
reduction and physscal stabslity were assessed. The results showed that the PLH technique provided an

ﬁ?::r::;ik effective and rapid reduction of particle size of nanocrystals to 460+ 10 nm with homogeneity size dis-
Clarithromycin tribution after cnly the fifth cycle of homogenization, whereas the same size was attained after 30 cycles
Precipitation-lyophile ation- by the HFH method. The smallest nanocrystals were achieved by using the combination of poloxamer
‘hamaegenization AT (2%, wiv]) and 515 (0.1%, wiv) as stabilizers. This combination could prevent the particle aggregation
High pressine homogenization over 3-month storage at 4-C The results from SEM showed that the clarithromycin nanocrystals were in
Poarly scluble dnag cubic-shaped similar toits initial particle morphology. The DSC thermogram and X-ray diffraction pattern

of nanocrystals were not different from the original drug except for intensity of peaks which indicated
the presenting of nanocrystals in the crystalline state and/or partial amorphouws form. In addition, the
dissolution of the clarithromycin nanocrystals was dramatically increased as compared to the coarse
clarithromycin.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Poorly water-soluble drugs are a general problem in phar-
maceutical formulation (Miiller et al, 1998). According to the
Biopharmaceutics Classification System ( BC5), a drug with poor sol-
ubility but high permeability is classified as a BCS class Il drug. The
drugin thisclass usually provides low bioavailability due to low dis-
solution in gastrointestinal fAuid (Teeranachaideekul et al., 200E).
Clarithromyvin is a macrolide antibiotic classified as a BCS class
Il drug with high molecular weight and crystalline state of solid
particles. [t exerts low bicavailability due to its practical insolubil-
ity in water leading to limited and slow absorption (Alladi et al.,
2011; Yonemaochi et al, 1999}, Nanonization is an approach used

Abfreviations:  PLH, precipitation-lyophilization-homageneration; HPH, high
pressune homogsnization.
# Coeresponding author ai- Depariment of Pharmacy, Faculty of Pharmacy, Mahi-
dol Uriversity, Rajatheves, Bangkiok 10400, Thailand. Tel.: 46632 644 BE77 91;
fax: +E52 644 BROA.
E-muod oddress: varaporn jun@mahidolac.th (VB [unyaprasest]

0ITB-51THS - se= front matter © M3 Elsevier BV All rights reserved.
httpf fdx.doiorgd 10 101G gpharm 201 300022
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to solve such problem by increasing the dissolution velocity and
the saturation solubility of drug (Miiller et al., 200'1). Nanocrystals
are nanascopic crystals of a parent compound with a dimension
of less than 1 pm (Chen et al, 201 1) The drug nanocrystals dis-
persed in a liguid medium are so-called nanosuspensions. The
system is principally composed of 100% pure drug particles and
stabilized by surfactant or polymeric stabilizer in either agueous or
nonagueous solution. The high loading makes them very efficient
in transporting high therapeutic concentration for the pharmaco-
logical effect (Miiller et al, 2011). Therefore, the nanocrystals are
suitable carrier of clarithromycin which requires high oral dosage
regimen of 250-500 mg every 4-6 hfor treatment of bacterial infec-
tion { Alladi et al., 2011} In addition the nanocrystals may improve
the dissolution behavior of clarithromycin leading to an increase in
bioavailability of the drug.

Several methods have been used for production of drog
nanocrystals such as precipitation { Trotta et al., 2001 ), pear] milling
(Liversidge et al.. 2003 ), and high pressure homogenization ( Miiller
et al., 2000). Although the last method has been frequently used,
due to its simplicity, feasibility in large-scale production and low
product contamination (Miiller and Keck, 2004), it still encounters
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Tabile 1
Composition of clanthromycin nanocrystal formulations prepared by high pressure homogenzation (HPH) method and predipitation-kyophilization-homogenization (FLH)
method.

Formulations Amount aof dnsg (%, whv) Surfactant Co-surfactant Preparation methiod

Typ= Amount (%, wiv) Type Amourt (X, wiv)

ClTwesn 1 Tween 81 ] - - HEH

CIPVA 1 VA 1 - - HPH

Cl1515 1 515 ol - - HFH

CIF1B8 1 Poloxamer 168 5 - - HFH

CIFs 1 Polaxamer 407 5 - - HEH PLH

ClF2 1 Poloxamer 407 I - - HPFH,FLH

CIF25005 1 Poloxamer 407 I 5L 005 HFH

CIF2501 1 Poloxamer 407 I 5l o1 HPHFLH

CIF5501 1 Poloxamer 407 5 5L 01 PLH

C3F2501 3 Poloxamer 407 x 5L o1 FLH

C5F2501 5 Poloxamer 407 z 5l o1 PLH

some limitations. Forthe high hardness solid drug, an extreme pres-
sure and more homogenization cycles are considerably required.
Moreover, the particle size of starting material must be small
enough to pass throwgh a homogenizer gap to avaoid its block-
age. Therefore, the combination technology has been developed
to facilitate the nanocrystal production to reduce the passage
number of homogenization or provide very small particles prior
to homogenization (Mdschwitzer, 2010). The patent combination
technologies are, for example, NanoEdge® (a combination of pre-
cipitation and high pressure homogenization) (Keck and Miiller,
2006) and SmartCrystal® {e.g H42 process: a combination of spray
drying with high pressure homogenization, and H96 process: a
combination of lyophilization and high pressure homogenization)
(Keck et al., 2008). Mevertheless, three combination technologies
hawve been scantily developed for preparation of drug nanocrystals.
Therefore, itis of our interest to explore the use of the combination
technique of precipitation, lyophilization and homogenization to
produce nanocrystals of clarithromycin, On the basis of solvent-
antisolvent technigue, the precipitation method can be used to
reduce an initial particle size prior to homogenization. During
precipitation, any factor affecting the precipitation rate is necessar-
ily controlled to avoid the particle growth. Additionally, the used
organic solvent must be carefully removed otherwise it will act
as a cosolvent resulting in the growth of particles (Mdschwitzer,
2010} The following lyophilization enables a complete removal of
solvent in the formulation and provides porous and friable drug
particles (Bansal et al, 2012; Katteboinaa et al, 2009; Sterling,
2005). After lyophilization, the subsequent application of high pres-
sure homogenization may facilitate the reduction of dreg crystals
to the nanometer size range.

Various factors affect the particle size reduction and stability of
nanocrystals. In general, the increasing homogenization pressure
and cycle lead to a decrease in particle size with narrow siz e distri-
bution. The crystals break preferentially at the imperfection points.
Forces required for breaking the crystals increase with decreasing
particle size leading to fewer remaining imperfection points of the
crystals. If the forces applied by the homogenizer are equal to the
interaction forces in the crystals, the particles will not be further
diminished, even when additional cycles are applied (Keck and
Miiller, 2006]. In the process of particle size reduction, the obtained
nanometer size crystals create an increase in the particle surface
area, which is thermodynamically unstable. Then, the nano-sized
particles tend to agglomerate to reduce their highly active surface
area (Cerdeira et al., 2000). An addition of stabilizer affects the
activation energy and possesses a barrier against the agglomera-
tion of particles {Eerdenbrugh et al., 2008 The use of suitable type
and adequate concentration of stabilizer is thus important during
the particle size reduction and for the physical stability of drug
nanocrystals.
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Therefore, our investigation was aimed to investigate an effi-
cient production of clarithromycin nanocrystals by a new combi-
nation technology of precipitation-lyophilization- homogenization
(PLH} method in comparison with the high pressure homogeniza-
tion {HPH) method. The factors affecting the particle size reduction
and physical stability of clarithromycin nanocrystals were exam-
ined including preparation technigue, number of homogenization
cycle, initial drug loading, type and amount of surfactant, and an
addition of co-surfactant.

2. Materials and methods
21. Muoterials

Clarithromycin was purchased from Suzhou Rowvathin For-
eign Trade Co, Ltd, China. Poloxamer 407, poloxamer 138 and
sodium lauryl sulfate (SLS) were obtained as gifts from BASF,
Germany. Polyvinyl alcohol (FVA) was purchased from Carlo Erba
Reagenti, ltaly. Tween B0 was bought from Croda Singapore Pte Led,
Singapore. Acetone AR grade was purchased from RCI-Labscan,
Thailand. Sterile water for injection was obtained from Thai Makom
Patana Co., LTD, Thailand.

22 Preparation of clarithromycin nanooystals

2.2.1. High pressure homogenization (HPH) method

The nanocrystals prepared by the HPH method were used for
comparison. Briefly, a preset amount of surfactant as shown in
Table | was dissolved in sterile water. To a surfactant solution,
1% (wifw) of clarithromycin was sequentially dispersed under mag-
netic stirring. The dispersion formulation was homogenized by
a high speed homogenizer (Ultra-Turrax T25, KA, Germany) at
10,000 rpm, 10 min/cycle for 3 cycles. The dispersion was then
passed through a high pressure homogenizer [ APV-2000, 5PX, Flow
Technology, Germany). The sample was subjected to the pre-
milling step as per the following order; at S0bar for 5 cycles, at
1080 bar for & cycles, at 500 bar for 10 cycles, and at 1000 bar for 10
cycles. Afterward the suspension was homogenized at 1500bar for
30 cycles. During the process of HPH, the temperature of samples
was controlled by an external cooling ice bath to prevent a gen-
erating heat causing an evaporation of solvent and conseguently
immediate precipitation of drug crystals. The sample was collected
after pre-milling and during homogenization at cycle 1, 5, 10, 15,
20, 25, and 30 for further analysis.

To preliminarily determine a suitable amount of co-surfactant,
the nanosuspensions containing 1% (wi'v) of clarithromycin, 2%
(wiv) of poloxamer 407 and warious amounts of 515 (C1F,
C1F25005, C1F2501 ) were stored at room temperature for | monthe
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The parameters affecting the stability of nanocrystals were assessed
in terms of particle size, polydispersity index, and zeta potential.

222 Precipitation-lyophilization-homogenization (FLH)
combination method

The composition of all formulations is shown in Table 1.
The cdlarithromycin nanocrystals were prepared by combination
technology as follows. The predetermined amount of surfactant
was dissolved in sterile water. In the meantime, 1% (wjv) of
clarithromycin was totally dissolved in 680 ml of acetone. The clar-
ithromycin solution was admixed into the surfactant solution
under magnetic stirring at 8-10°C. The mixture was contin-
uously stimed until acetone was completely evaporated. The
clarithromycin suspension was then lyophilized for 32h. The
lyophilized powderwas redispersed in the water toa homogeneous
dispersion and then passed through the high pressure homoge-
nizer. The sample was pre-milled according to the following step:
homogenization at S0bar for & cycles, at 100bar for 5 cycles, at
B00bar for 10 cycles, and at 1000 bar for 10 cycles. Subsequently,
it was homogenized at 1500 bar for 30-70 cycles. The sample was
collected after pre-milling and during homogenization at cycle 1,
5,10, 15,20, 25, 30, 40, 50, 60 and 70 for further analysis.

23. Preparation of clarithromycin conventional suspension

The conventional suspension was prepared as a reference sam-
ple for comparison. The formulation consisted of 1% (wiv) of drug,
2% (wiv) of poloxamer 407 and 0.1% {w/'v) of 5L5. The suspension
was prepared according to the same procedure as HPH method
except for the passage of reference sample to the ultra-turrax and
high pressure homogenizer.

24, Lyophilization of nanocrystals and reference sample

The optimal formulation of nanocrystals and reference sample
wiere finally prepared in the dried powder form by lyophilization.
The samples were pre-frozen at —75°C for 12h Samples were
subsequently primarily dried at —36°C and 0200 mbar for 24h
and secondarily dried at —50°C and 0.040mbar for & h by freeze
dryer {Alpha 1-4, Martin Christ Gefriertrocknungsanlagen GmbH,
Germany).

2.5, Physicochemical characterization

25.1. Particle size analysis

The mean particle size (z-ave)and polydispersity index (Pl were
determined by photon correlation spectroscopy ( PCS) using Zeta-
sizer ManoZ5 (Malvern Instruments, UK). The real refractive index
and the imaginary refractive index were set at 1526 and 001,
respectively. The particle size analysis was determined using the
Mie theory. The z-ave and PI values were obtained by averaging
of three measurements. Before the measurement, a small aliquot
of nanosuspensions was diluted with 5ml of deionized water to
hawe a suitablescattering intensity. The analysis of volume distribu-
tion diameters, d{ 0.5 ) and d{ 0.9}, was performed by laser diffraction
(LD using Mastersizer 2000 (Malvern Instruments, UK). The d{0.5)
and di0.9) represent that 50% and 90%, respectively, of the particles
wiere below the reported values.

252 Zeto potential

The zeta potential was assessed by determining particle elec-
trophoretic mobility using Zetasizer ManoZs (Malvern Instruments,
UK} The zeta potential values were calculated using the Helmholtz -
Smoluchowsky equation. The analysis was performed after a small
aliquot of nancsuspension was diluted with S5ml of deionized
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water. The measurements were repeated in triplicate at 25°C with
field strength of 20 V/cm.

253, Particle morphology

The morphological examination was performed using scanning
electron microscope (JSM-6400, JEOL, Japan). Prior to analysis, the
sample was diluted with ultra-purified water to obtain a suitable
concentration. Then, the sample was spread on 2 sample holder,
dried under vacuum and eventually coated with gold.

254, Differenticl scanning calorimetry (DSC)

The thermal analysis was performed using DSC BD0D Perkin
Elmer differential scanning calorimeter (Perkin Elmer, USA)L All
samples were weighed approximately 1-2 mg in an aluminum pan.
The heating and cooling scans were performed from 30=C to 250=C
at the heating and cooling rates of 10 °C/min. An empty aluminum
pan was used as areference. The melting temperature and enthalpy
were calculated from the DSC thermograms.

255 X-ray powder diffrection (XRPD)

The X-ray diffraction measurement was carried out using X-
ray diffractometer (D8 Advance, Bruker AXS GmbH, Germany). The
obtained data were typically collected from 2° to 707 with a step
width of 0.04° and a count time of 45.

256, Fourier ransformed infrared spactroscopy (FT-IR)

FT-IR techmique was applied to determine the interaction
between surfactant and dreg nanocrystals. FT-IR spectra were
recorded by FT-1R spectrometer (Nicolet 6700, Thermo Scientific,
USA) within the spectral region of 4000 and 400 cm—'. The sample
was mixed with KBrina mortar and compressed ina hydraulic press
to a thin disk. The analysis was conducted by transmittance tech-
nique with 32 scansions and 4 cm-" resolution. The FT-IR spectra
were continwously collected by Nicolet Omnic software.

2.6, Stability of lyophilized clarithromydn nanocrystals

The lyophiliz ed powder of the optimal formulation nanocrystals
prepared by PLH method was kept in a tight container at 4=C, 30°C,
and 45=C for 3 months. At predetermined time intervals, the sam-
ples were characterized in terms of particle size and zeta potential.
The samples were redispersed in deionized water by hand-shaking
prior to the measurement.

2.7, Dissolution study

The dissolution test of coarse clarithromycin and lyophilized
nanocrystals (C1F2501) prepared by HPH and PLH method was
carried out in 900 ml phosphate buffer solution {pH 6.8) by UsP
Apparatus 2 dissolution tester (Erweka ET 15001, Erweka GmbH,
Germany) at a stirring speed of 50rpm. The sample equivalent
to 125 mg of clarithromycin was tested and the temperature was
maintained at 37 £ 0.5=C. The dissolution medium was withdrawn
at certain time intervals and immediately replenished with the
fresh medium. The collected sample was immediately filtered
through 0.2 pm membrane filter (Minisart™, Sartorius, Germany)
and further determined by HPLC analysis. The dissolution tests
were performed in triplicate. HPLC analysis of clarithromycin was
performed on Series J0AD{ShimadzuCorporation, Japan jequipped
withan autosampler system and a variable wavelength UV detector
with a detection wavelength of 210 nm. The chromatographic sep-
aration was carried out through Hypersil® 005 C18 reversed-phase
column (250 mm = 46 mm, 5 pm) using the mixture of acetoni-
trile and pH 6.0 phosphate buffer solution (65:35, vjv] as a2 mobile
phase at a flow rate of 1.0ml/min. The column temperature was
maintained at 40°C and the injection volume of sample was 50wl
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Table 2

Effect of stabilizer on mean particle size (z-ave), polydispersity index (FIL, and particle undersize diameters d{0.5) and d{{.9) of clarithromycin nanecrystals produced by high

pressure homogeniation (HPH) at 1500 bar for 30 cycles {n= 30

Formulations z-awe [nm) A HOS5) [m) a9 {pm)
ClTween 018 + 241 EEAnLER 0564 + D05 1167 5203
CIPVA B0 4 74udb 0743 + D1E1 1786 4GOS
CI515 B51 + 132° 0550 + D081 2373 11.E74
CIF188 1534 & 14 antpe 0633 + 009 2726 G800

CIES 732+ B4 0420 + Dodd a4 1651

CIF2 TI7 + Har 0433 + DOSE 1150 2462
CIFZS005 TG + dig=a® 0E37 + D.OET 761 2406
CIF2501 43R + |PAALE 0397 + DIv2 0457 L158

3 There was significant difference between the particle sive of Ol Tween and other formulations.

® There was sigmificant difference betwean the particle sive of C1PVA and other farmulations.

© There was significant difference between the particle sive of C1515 and other formulations.

4 There was significant difference between the particle sive of C1F] B8 and other formulations.

* There was significant difference between the particle sive of C1F5 and other formulations.

! There was sigmificant difference between the particle sive of C1F2 and cther formulations.

E There was significant difference between the particle sive of C1F25005 and other fermulations.

® There was significant difference between the particle sive of C1F2500 and other formulations (p< 0.05].

The response was linear between 15625 and 200 pg/ml and the
inter- and intraday precisions of the method were less than 2.0,

2.8 Statistical anafysis

The reported data represented the mean value + standard devi-
ation (5.00). Significance of difference was evaluated using t-test
and one-way ANMOVA at the probahbility level of 0.05. Two disso-
lution profiles were compared by wsing the similarity factor ()
calculated according to Eq. (1).

-o5
fo— 50 x log [1+[%]|Z|Ri—ri2} =100 )
1

=

The f; value of 50 or greater (50— 100) ensures the similarity of
the two dissolution profiles.

3. Results and discussion
3.1, Preliminary study of darithromycin nanocrystals

Prior to the preparation of darithromycin nanocrystals by the
combination technology, the factors affecting particle size reduc-
tion and physical stability of nanocrystals prepared by the HPH
method were determined.

3.1.1. Type of surfectant

According to a typical HPFH method, the homogenization at
1500 kar for 30 cycles was wsed to prepare the clarithromycin
nanocrystals for the selection of a suitable surfactant. Various
types of surfactants may possess the different stabilizing mech-
anism and thus have an impact on the stabilizing effidency for
the clarithromycin nanocrystals. The nonionic polymeric stabili-
zers (poloxamer 138, 407, and PVA), nonionic surfactant {Tween
807, and anionic surfactant {5L%) were employed at the concentra-
tion often used for clarithromycin nanocrystal preparation. Table 2
shows an influence of various surfactants on the particle size and
size distribution of darithromycin nanocrystals. Poloxamer 407
exhibited the most effectiveness to stabilize the clarithromycin
nanocrystals, followed by PVA, 5LS, poloxamer 188, and Tween 80,
respectively. Among nonionic polymeric stabiliz ers, poloxamer 407
and PVA could reduce the particle size of clarithromycin to nano-
meter size range (732 £ &l nm or d{0.5) 0.694 pm for polocamer
407 and 893 + 74 nm or &{0.5) 1.786 pm for PVA) Meanwhile, the
particles of largerthan 1 pm were obtained when using polocamer
188 asa stabilizer (1534 £ 14nm or d(0.5) 2.726 pm). The obtained
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results could be ascribed by the higher molecular weight of polox-
amer 407 and PVA. The higher molecular weight could provide
more physically adsorbing and higher steric hindrance resulting
in more effective prevention of particle aggregation | Eerdenbrugh
etal, 2008 ). Comparing between poloxamer 407 and PVA, although
VA had a higher molecular weight and could provide higher steric
effect, its large molecule may exert maore kinetic restriction for
adsorption on the surface of particles and conseguently slower dif-
fusion. Thus, the particle size of nanocrystals stabilized by PVA was
larger (Lee et al.. 2008). Concerning a nonionic small molecule sur-
factant, Tween B0 gave the mean particle size of larger than 3 pm
(3018 + 241 nm and d{0.5) 3167 pm) because Tween 30 solely
formed a thin adsorption layer around the particles leading to less
effective stabilization (Sepassi et al, 2007). In case of an anionic
surfactant, S5L5 could prevent the agglomeration of particles by
electrostatic repulsion. It could diminish the mean particle size to
851 £ 132 nm and d(0.5) 2.373 pm which was smaller than the par-
ticles stabilized by poloxamer 138 and Tween 80. 515 had the low
maolecular weight; therefore, the covering of surface of nanocrys-
tals could occur rapidly during the particle size reduction and
thus preventing the particle agglomeration (Mehnert and Mader,
20017 Owing to the electrostatic repulsion, 515 caused higher effec-
tive prevention on particle aggregation than Tween 80, However,
an exertion of 515 as a single surfactant in the formulation was
not enough to attain the homogenows nano-sized particles. The
P walues of all formulations were higher than 0.500 except for
the nanocrystals stahilized by poloxamer 407 Of these results, the
formulation containing poloamer 407 was further used for the
development of clarithromycin nanocrystals.

3.1.2. Addition of co-surfactant

It has been well stated that SL% can be used as a co-surfactant
during particle size reduction by HPH due to its small molecule
and highly electrostatic repulsive force. 515 had more capability
of rapid redistribution process to cover a new happening surface of
nanocrystalsduring HPH than the highmolecularweight surfactant
contributing to the rapid achievement of small particles (Mehnert
and Mider, 2001). Additionally, the combination of ionic surfac-
tant and polymeric stabilizer can mediate electrostatic and steric
mechanisms associated with smaller particles and higher storage
stahility as compared to the use of a single surfactant (Fabinow,
2004). As shown in Table 2, it was found that the lower amount
of 515 (0.05%, wiv) in the formulation did not show the significant
reduction of nanocrystal size as compared to the formulation with-
out co-surfactant (p= 0.05). In the meantime, the mean particle size
of nanocrystals was significantly reducible to around 400 nm when
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Fig. 1. Inflsences of (A) processing step, (B) homogeniration cycle an particle sive reduction of clarithromycin nanocrystal C1F2501 foemulation and {C) homogenization
cycle on the physical stability of nanosuspension C1FZ301 formulation during | month of storage at rocen temperatune. The error bars represent the standand deviation of

thres repeated measarements.

0.1% (wefw) of SLS was used in combination with poloxamer 407 (2%,
wjv) (p<005).

3.1.3. Homogenization cycle

Toinvestigate the optimum homogenization cycle for HPH, clar-
ithromycin nanocrystal (C1F2501 ) formulation was chosen in this
experiment. As shown in Fiz. 1A, the particles of clarithromycin raw
material (d[0.5) 112.174 pm) were milled to di0.5) of 38 489 pm by
ultra-turrax and further decreased to d{0.5) of 2.886 um after pre-
milling step. The drug reached the smallest particle size of 0.467 pm
after passing through HPH for 30 cycles. The data showed that an
increase in applied pressure led to a reduction of nanocrystal size
of approximately 200 folds smaller than the raw material.

Focusing on the homogeniz ation cycle, the homogenization was
performed at 1500 bar with varying numbers of homogenization
cycles from 1 to 30. From the results illustrated in Fig. 1B, the par-
ticle size and PI values of clarithromycin nanocrystals gradually
decreased when the number of homogenization cycles increased.

BRG5680020 MINaAIWI 1 IUAS§AR28IAaN3 Lo B TUY

The particle size was less than | pm after 15-20 cycles and the
smallest particles of around 400 nm were chtained at 30 cycles with
Pf value of less than 0.400.

3.14. Physical stobility

The good physical stability of nanosuspensions could be attained
by an optimal amount of suitable surfactant which provided a
well protective effect for stabilization and a homogeneous parti-
cle size distribution. Furthermore, the homogeneous particle size
of nanocrystals could hinder the Ostwald-ripening phenomenon
{Liu et al, 2011). From the results in the previous section, the
nanosuspension formulations of C1F2, C1F25005, and C1F2501
were evaluated the physical stability for 1 month at room tem-
perature. As shown in Table 3, CIF2501 formulation presented
the mast stable. The higher concentration of 515 in C1F2501 for-
mulation resulted in the insignificant changes in particle size,
P, and zeta potential after storage for 1| month at room tem-
perature (p>0.05). Conversely, the stability of nanosuspensions
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Table 3

Mean panticle sie (z-avel, polydispersity index (PI), particle undersize diameters d{0.5) and d{0.9), and zeta potential (ZF) values of clarithromyrcin nanosuspension forma-
lations (CLFE CI P05, and C1FS01) during | month of storage at room temperature (n=31.

Formulations z-ave [nm] ] d(0.5) {pm) d{09) {pm) FP(mV)
CIEZ DayD T+ 36 0,433 = 0056 1150 2452 ~125:08
Day3 950 + 14 (L5118 = 0.043 L17a 1603 ~FaZzl1
1'Week Q44 + 58 0.566 = 0.015 1210 2761 ]
1 Momth 977 + 35 0547 = 0056 1.240 ErRli] -Ma0zE1"
C1FZS005 DayD TE1 + 46 (LEIT = 0087 0761 2406 ~158 =00
Day3 TB4 + 157 (L.604 = 0016 07X 21382 -M4=02
1 Week a17 + BT 0.59G = 0.140 DLEDS 26% -¥3=04
1 Momth Q45+ 5 L5086 + 0289 1143 26002 -140 = 077
CIFZS01 DayD 438 + 12 0397 < 0072 DLAGET 1158 -1B4=00
Day3 408 £ 77 0.283 = 0L.O38 0485 1.220 -MB=22
1'Week 443+ 57 0.267 = 0.0G3 D466 1174 -38Z2=07
1 Month A4+ 137 0385 + 00447 0475 1181 -185 & 0E”

" There was significant difference between day 0 and ather times of =ach formulation (p< D051
™ There was no significard difference betwesn day 0 and other times of 2ach farmulation (p> 0L.OS)

formulating with lower 51S concentration (C1F25005) and with-
out 515 [C1F2) decreased with timing and the particle size
significantly increased rapidly even after 1-week and 3-days stor-
age, respectively (p<0.05). Moreover, the zeta potential of C1F2
nanosuspensions became less negative as compared to the initial
value indicating the lowering stability of nanocrystals. Therefore,
0.1% (wiv) of 515 sufficiently stabilized the drug particles from
aggregation during 1-month storage. Fig. 1C demonstrates the
effect of homogenization cycle on the stability of nanosuspen-
sions in terms of particle size and size distribution during 1-month
storage. The increasing numbers of homogenization cycles led to
maore homogeneous size distribution of nanocrystals. At least 20
cycles of homogenization could prevent the growth of particles
after 1 month possibly due to the homogeneous size distribution
preventing the particle aggregation and/or Ostwald-ripening phe-
NOMEnon.

3.2, Preparetion of darithromycin nanocrystals by PLH method

3.2.1. Effect of preperation technigue

According to the aforementioned results of clarithromycin
nanocrystals prepared by the HPH method, CIF2501 formulation
was prepared by the PLH method to compare with the HPH method.
As shown in Fig. 24, both methods yielded the nanocrystals with
the final particle size of around 400 nm. Howewver, the HPH tech-
nigque reguired at least 15-20 cycles of homogenization to reduce
the particle size of nanocrystals below 1000 nm and the particle size
reached to about 400 nm after 30 cycles of homogenization, Mean-
while, only 1 cycle of PLH technique could diminish the particle size
of nanocrystals less than 1000 nm. The particle size decreased to
approximately 400 nm and remained almost constant after 5 cycles
of homogenization. The higher number of homogenization cycles
required for the HPH method could be ascribed as follows. Since
the number of cycles depended on the hardness of crystalline drug,
the increasing cycle numbers led to more energy to break down
the crystalline at an imperfection point. Besides, the fluid passed
the homogenization gap within a flash time was not sufficient to
make all particles into a uniform size. Additionally, a flow rate of
fAuid at an egual cross-section was not identical and the fluid has
higher velocity in the central zone than nearby the wall. Therefore,
an increment of cycle numbers increased the probability of larger
particles subjected to the high power zone during homogenization,
sothat the nanocrystals could be produced with homogeneous size
distribution [Keck and Miiller, 2006). Meanwhile, the PLH combi-
nation technique greatly decreased the number of homogeniz ation
cycles by the following reasons; firstly, the precipitation at first
step reduced the particle size of initial drug crystals from d{0.5)
of 112174 pm to09.113 pm. Secondly, the following lyophilization
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did not only completely remowe the solvent but it also caused more
porous and friable crystals which were thus easily broken dur-
ing homogenization. Only one cycle of homogenization at 1500 bar
resulted in the mean particle sizeof535 £+ 31 nmwiththe f value of
0,443 £ 01055 and further decreased to a considerably stable size of
466 + 13 nm with the Plvalee of 0.349 £ 0.017 at 5 cycles of homog-
enization. After 5 cycles, the particle size was considerably constant
and fell in the range of 444—47 & nm. From the results, it was found
that the PLH technique could effectively reduce the number of
homogenization cycles as compared to the HPH technique.

322 Effect of amount of drug looding

To evaluate the effect of drug loading on the preparation of clar-
ithromycin nanocrystals by the PLH method. the amount of initial
drug loading was varied at 1, 3 and 5% (w/'v). As shown in Fig. 2B,
the particle size of drug nanocrystals was reduced to the nanometer
sizerange after passing through homogenization for 1,25, and more
than 70 cycles for the formulations containing 1% (wiv) (C1F25017,
3% (wifw) (CIF2501), and 5% (wiv) (C5F2501) of drug, respectively.
A high amount of feeding drug at initial contributed to an increase
in particle size of nanocrystals. This result is consistent with the
previous report on the increase of particle size with the particle
content of nanosuspensions (Dalvi et al, 2012). Higher content of
drug loading caused more number of drug particles to pass through
the piston gap and more remaining imperfection points of crystals.
Therefore, the particle size reduction by homogenization consumed
more energy to achieve the homogeneous nano-sized particles. In
addition, the high initial drug loading may require more concentra-
tion of surfactant to stabilize the particles. An insufficient amount
of surfactant could bring about the large particle and instability of
drug nanocrystals.

323, Effect of amount of surfactant

Since the concentration of surfactant was of great impact on
the particle size and stability of nanocrystals, 2 and 5% (wjv) of
poloccamer 407 were used for investigation. Fig. 3A presents an
effect of surfactant concentration on the particle size reduction
of clarithromycin nanocrystals prepared by PLH technigue. Polox-
amer 407 at 5% (wi'v) (C1F5) could reduce the particle size more
rapidly than the 2% (wjv) formulation {C1F2). The particle size of
C1F5 formulation reduced to less than 1000 nm after only | cycle
of homogenization, whereas C1F2 formulation consumed about
20 cycles of homogenization. Higher surfactant concentration
decreased the interfacial tension and facilitated the particle parti-
tion during homogenization (Mehnert and Mader, 2001 ). Therefore,
it provided more rapid and sufficient coverage of the new apparent
surface and led to better particle size reduction and stability than
the lower surfactant concentration.
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324 Hfect of addition of 515

As previously mentioned in the HPH method, the combination
of 515 and poloxamer 407 yielded electrostatic and steric stabiliza-
tion which led to lower particle size and better storage stability
(Rabinow, 2004). With the addition of 5LS at 0.1% {wjv) in the for-
miulations (C1F2501 and C1F5501), the nanocrystals produced by
the PLH technigue quickly reduced to the particles of smaller than
1000 nm at the first cycle of homogenization and achieved almost
constant particle size at around 400 nm after the fifth cycle (Fiz. 3B
The addition of 5L5 efficiently reduced the number of homogeniza-
tion cycle as compared to the formulation withowt 515 (Fiz. 3A and

B). Furthermore, the particle size at each homogenization cycle of
C1F2501 and C1F5501 formulations were not significantly different
(p>0.05}); therefore, the added 5LS at 0.1% {w/v) could decrease the
amount of poloxamer 407 from 5 to 2% (wi'v). The further analysis
was thus performed and focused on C1F2501 formulation.

3.3, S5EM analysis

Fig. 4 illustrates SEM images of clarithromycin conventional
suspension and the nanocrystals prepared by the HPH and the
PLH methods. It was observed that the clarithromycin nanocrystals
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Fig. 3. Influences of amownt of surfactant and addition of 5.5 on particle sie reduction of darithromycin nanoorystals. The particle sizes were obtained from LD (upper) and
PCS {lower] The error bars represent the standard dewiation of three repeated measurements.
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Fig 4 SEM microphatographs of (A) conventional ssspension, (B) nanosuspensians prepared by high pressure homagenization (HPH) method, and (C) nanosuspensions
prepared by precipitation-lyophilzation- homegenization (PLH) method of C1F2501 clarithromycin formulation.

prepared by the PLH method showed no difference in morphol-
ogy when comparing with the nano-sized drug produced by the
HPH method and the conventional suspension. SEM images showed
that the clarithromycin nanccrystals prepared by both technigues
were cubic-like shape and were in agreement with the previous
reports of other drugs such as ascorbyl palmitate and bupar-
vaquone nanocrystals({Miiller and Jacobs, 2002; Teeranachaideelul
et al, 2008).

34, Gystollinity of clarithromycin nanooystals

Since any changes in thermal behavior and crystallinity of drug
after processing may affect the physicochemical property, the
thermal behavior and crystallinity of nanocrystals were examined
by DSC analysis. The DSC thermograms of clarithromycin powder,
poloxamer 407, 515, and lyophilized clarithromycin nanocrystals
are presented in Fig. SA. In this study, the clarithromycin powder
had a sharp endothermic melting peak at ~226°C. Poloxamer 407
and 515 had the characteristic endothermic peaks at ~50=C and
~100+C, respectively. Clarithromycin has been known to exist
in at least five polymorphic crystalline forms “Form 7, “Form 117,
“Form V™, “Form V™ and “Form 07 and also an amorphous form.
All polymorphisms possess an equivalent pharmacological activ-
ity. Mevertheless, the commercially available drug products are
formulated from the thermodynamically stable Form [ The DSC
thermograms of Form Il and ather crystalline forms showed the
same position of endothermic melting peak at around 223-229=C
(Gruss, 2008) In addition to the peak at 223-229=C, the other
crystalline forms exhibited another characteristic peak at the
different position, for instances, an exothermic transition of Form
I at 1322°C and an endothermic peak of Form V at 1063-C
(Lifshitz et al, 2003; Gruss, 2008), The D5C thermogram of clar-
ithromycin pure dreg shown in Fig. 5A showed the peak pattern
comesponding to Form IL In the meantime, the clarithromycin
nanocrystals showed the small endothermic melting peak slightly
shifted to approcdimately at 235 =C. This change might be due to
the dilution effect of presented surfactant or the certain loss of
crystallinity of dreg (Dolenc et al., 2009; Sahoo et al, 2010). This
result was further confirmed by XRPD analysis. Fig. 5B demon-
strates the diffractograms of bulk clarithromycin, poloxamer 407,
515, and lyophilized clarithromycin nanocrystals without cry-
oprotective agent. The bulk clarithromycin showed the crystalline
pattern of Form 11 having the characteristic diffraction peak at an
angle 2-theta of B5°+032, 95-£02, 106202 115202,
1% +02, 124702, 137202, 141°202, 1527202,
165°+02, 169°+02, 173-+02, 181°+02, 134-202,
19.0° £02, 199°+02 and 205" £02. Likewise, all diffraction
peaks of Form Il clarithromycin of the lyophilized nanocrystals
were apparently observed at the same position as those of original
drug. Additionally, the new peaks of the lyophilized nanocrys-
tals were detected in the diffractogram at the angle 2-theta of
L2F+02,67°+02, 1027 £02,123°+02,142- 202,154 202,
157°+£02 and 164" +02. These new peaks corresponded to
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Fig. 5. Differential scanming calorimetry thermograms{A) and X-ray diffractograms
(B) of clarithromycn raw material, poloxamer 407, 515, and Iyophilized clar-
ithromycin nanocrys!
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Tabde4

Mean particle size (z-ave], polydispersity index (1], particle undersize diameters d{0.5) and &0.9), and zeta pobential (ZF) values of lyophilized clanthromycin nanocrystals

(C1F2501) stored at 4 =C, 30=C, and 45 =C for 3 moaths (n= 31

Temperature z-awe (nm) A d[0.5) [pum] d(0.8) (pum) FP[mV)

4=C Day 0 446 = 37 LA55 = 01024 454 1386 ~31 06
Day7 6234 0455 = 01045 L.480 1412 120+ 05
| Month 471 = 18 0474 = 0022 0443 1350 -368 44
2 Months 41210 (.468 = 0.045 0.469 1417 -133zx15
1 Montke 484 = 7T 0473 = 00417 484 1434 -G =277

wo-C Day 0 446 = 37 0455 = 01024 0454 1385 -1 206
Day7 6211 0473 = 01024 0473 1.440 -303 10
1 Month 479 2 Gl .40 = 0057 0475 1354 -130:34
2 Montke 4B} = G0 582 = 0029 0538 15614 -15D+E4
1 Months Ao = 207 0458 = 00297 o511 155 -7 235

45=C Day 0 446 = 32 0,455 = 01024 0454 1385 -31.1 06
Day7 4B5 = 35 0624 = 0.034 0478 1.569 116+ 206
| Month AET = 28 L467 = 01042 0484 1574 -125:94
2 Months S0 = 50 .42 = 0019 0532 1.558 -X50:59
1 Months AET + 497 0479 = 00507 05T 1602 . S

™ There was no significant difference between day 0 and 3 months of storage (p> 005

the characteristic peaks of Form | clarithromycin (Lifshitz et al.,
2003). Besides, the peak intensity of the lyophilized nanocrystals
was smaller as compared to that of original drug. The detectable
new characteristic peaks and the lower peak intensity of the
lyophilized nanocrystals indicated the change in crystallinity of
some fraction of the obtained nanocrystals from more thermo-
dynamically stable Form 11 to less stable crystalline form (Form
I} and amorphous form. Apart from the change in crystallinity,
the low peak intensity in nanoformulation might additionally be
due to a dilution effect of stabilizers (Hecg et al. 2005; Liu et al.,
2011). The partial transformation of nanocrystals to amorphous
state was possibly caused by the applied energy during high pres-
sure homogenization and the rapid cooling during lyophilization
process. Thus, the obtained clarithromycin nmanocrystals were
probably in the crystalline form (Forms [ and II) and partially in
amorphous form. It has been well established that the amorphous
substance showed higher solubility compared to the crystalline
state; howewer, the crystalline substance was maore physically
stable than the amorphous state. Therefore, the drug nanocrystals
in crystalline form and/or partial amorphous form may enhance
the dissolution behavior and increase the physical stability
(Sahoo et al, 20100

3.5. Fourier transformed infrared spectroscopy { FT-IR ) analysis

The FT-IR spectroscopy was used to determine the interaction
between surfactant and drug nanocrystals. Fig. & demonstrates
the FT-IR spectra of bulk clarithromycin, poloxamer 407, 515, and
lyophilized clarithromycin nanocrystals. Clarithromycin showed
the characteristic peaks of (=0 stretching vibrations of ketone
group at 1692cm~' and of carbonyl group in lactone ring at
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Fig. 6. FT-IR spectra of carithromycin raw material {A), poloxamer 407 (B, 515 (L),
and Is (L

Iyophilized clarithromycin nanacrystals (|
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1733cm-1, —0 stretching of ether at 1170-1053cm-1, &—H
stretching of alkyl-CHy substitution at 2974-2940cm-' and O—H
stretching at 3473 cm-1 (Inoue et al, 2007 ). The FT-IR spectra of
bulk clarithromycin and Iyophilized clarithromycin nanocrystals
were similar in peak pattern and frequency. From the results, it indi-
cated no change in the chemical strecture of drug after preparation
and no interaction between drug and surfactants.

3.6, Stability of lyophilized clarithromycn nanocrystals

By the PLH technigque, the lyophilized clarithromycin nanocrys-
tals were stored at 4=C, 30°C, and 45°C. The particle size, A, and
zeta potential values were monitored over 3 months as shown in
Table 4. After stored at 4°C, the z-ave, Pl values and zeta potential
values showed no significant change over a period of 3 months
(p=0005). At 30 and 45°C, the z-ave and M values were almost
constant while the particle size measured by LD slightly increased
after 3-month storage indicating an occurrence of particle aggrega-
tion. Manocrystal system of hydrophobic drug typically possesses
hydrophobic interactions which are negative entropic processes.
At high temperature, the system becomes more thermodynami-
cally unfavorable resulting in the tendency of particle aggregation
{Lu et al, 2005). The change in zeta potential can also predict
the stability of nanocrystals. According to Table 4, the zeta poten-
tial did not change during 3-month storage at 4°C and 30°C, but
tended to decrease when storing at 45 °C. Based on these results,
the C1F2501 formulation showed a good stability when storing at
4=C for 3 months. However, an assessment of the stability needs to
be further investigated for determining an accurate shelf-life of the
clarithromycin nanocrystal product.

3.7, Dissolution study

The main purpose of the nanocrystal system is to increase
the dissolution of poorly water-soluble drug. According to the
Moyes-Whitney equation, it is widely accepted that the parti-
cle size reduction can enhance the drug dissolution (Chen et al.,
201 71; Miller et al, 2001). Especially the nano-sized particles, the
increases in surface area and saturation solubility of the nano-sized
particles would result in an increased dissolution velocity of the
drug (Miiller et al, 2001}

In this study, the dissolution profile of coarse clarithromycin
and both formulations of CIF2501 lyophilized nanocrystals pre-
pared by HPH and PLH methods was investigated. As shown in
Fig. 7, the amounts of dissolved drug of coarse clarithromycin,
HPH and PLH nanocrystals were 50.31%, 84.33% and 84.89% within
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Fig. 7. Dissolution profiles of coarse darithromycin and yophilized danthromycin
manccrystals prepared by HPH and PLH methods.

120'min, respectively. The dissolution velocity of both nanocrystal
formulations was markedly enhanced as compared to that of the
coarse clarithromycin, The increased velocity of drug dissolution
was caused by the increased surface area and saturation solubility
of nanocrystals, Nevertheless, the dissolution profiles of nanocrys-
tals prepared by both methods were comparable (fz value =538.7)
probably due tothe same particle size of nanocrystals (438 £ 12 nm
and 460+ 10nm for HPH and PLH methods, respectively, p-value
=0.05). Although, no significant difference in dissolution profiles
of both nanocorystal formulations, the PLH method could consid-
erably reduce the homogenization cycle for the preparation of the
nanocrystals.

4. Conclusion

The present study showed that the precipitation-lyophilization-
homogenization combination technique provided the advantages
over the high pressure homogenization technigue in terms of
feasibility and ease of particle size reduction. The nano-sized
crystals could be easily achieved by the PLH method and the
number of homogenization cycle was significantly smaller as
compared to the HPH method. The combination of amphililic
block copolymers (poloxamer 407) and ionic surfactant (5L5)
appeared more efficient for particle size reduction and physical
stability. The obtained dlarithromycin nanocrystals were in crys-
talline forms (Form [ and 1) and partial amorphous form and
no interaction between surfactants and drug was observed. The
clarithromycin nanocrystal formulation containing 1% {wv) of clar-
ithromycin, 2% (wv) of poloxamer 407, and 0.1% (w/v) of SLS
could increase the physical stability of clarithromycin over 3-
month storage at 4°C and dramatically enhance the dizsolution of

drug.
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The gastroduodenal disesses caused by Hdicobader plon were commanly treated with antibiotic clan-
thromycin a8 1 standand regimen. Acconding tothe poorly water-soluble of clarthromycin, the manocrys-
tal frmulstion was prepared The sim of this study was to invedtigate an enhancement efect of
clarithronmycin nanoaystals produced by preciptation-ophil ization- homogeni zation (PFLH) methad
an the aturation solubdlity, disolution velocity, antibéotic sctivity, permeabdlity through the gasthic

Kz pwrcls: mucus and csllular permeabdlity. Polatamer 407 and sodium Lyl sullare (515) were dwden a8 com-
Mm_ﬂl?‘ bined stshilirers in the nanocrystsl system The obtained danithromycin nanocrystals were identifisd
. e x4 cubic particles by SEM with a bulk population of approximately 400nm existed in crystalline andjor
Permeability partial amorphous form 28 inves tigated by DSC and XEPD. The saturation solubility of the clarthromycin

nanocryslals was increxied by 1.5- and G-fokls higher than clarthromycin powder in buffer pH 5.0
and 6.8, respactively. The disalution profiles of ¢larthromycin nanocrystals st pH 50 and 6.8 were gig-
nilicantly dilferent from clarthromycin powder and the marketed product (f; valee =15 and [ value <500
Al dissolution parameters | relative disolution rate, pereent dissolution elliciency and mean dissolution
time) shawed that darthronycin nanocrystal had higher digolution rate when comparsd with the
larithromy cin powder, the lyophilized coarse suspension and the marketed product. The bicasssy study
by dilfhsion agar method showed a maintained antibiotic sctivity of dartromycin anocrystals
snlubilized in bulfer solution which was greater potency than the lyophilized coarse suspension and
the clarithromycin powder. Additionally, the manocrystals pasdesed higher permesbility through gastric
mucus and cellular monolsyer of Caco-2 and RCHENET cells a3 compared to the lyophilized aarse suspen-
sian and the clarithromycin powder. The results indicated that, the developed clarithromycin manocrys-
Lals were a patential delivery system that exerts more elledivenes in H pylon ersdication
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One of important risk factors in several gastroducdenal dis-
eases, incuding gastric malignancy and peptic ulcer is Helicobacter
pyori, gam-negative micmaemphilic bacteria residing in the
mucus gel closed proccimity to the gastric epithelial surface and
selectively colonizing in the gastric mucosa [1-3] Currently, the
eradication of H. pylori is recormmended in patients to prevent
the recurrence of peptic ulcer and the incidence of gastric cancer,
and thus antibiotic treatments are necessary. In several standand
regimens, no singe antibiotic agent enables to obliterate H. pon

o-
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wing to some problems such as inhomogeneous local distribution,
poor penetration into gastric mucws, and poor availability at the
siteafaction [4.5]. After ol administmtion of drug in solid dosage
form, the drug has to be dissolved in gastrointestinal fluid. For the
topical action of antibiotics in H pdon eradication, the dissolved
malecules should penetrate through the mucous layer to reach the
siteof bacterial localization. Moreover, to have the systemic action,
the dissobved drug should be absorbed in the intestinal tract to the
systemic circulation and re-secreted in the gastric secretory fluid
to act against K pylori Notwithstanding the routes of action, anti-
biotics must be dizsohved and penetrate through the mucus layer
toeradicate H. pylari which deeply buries in the muous gel to pro-
vide a sufficient concentration for antibacterial activity.

Clarithromycin, a semi-synthetic 14-membered macrolide, is
the mast potent and commaonly used antibiotic in the standand reg-
imens of H pyon eradication combining with a second antibiotic
and an acid-suppressing agent |67 ] Clarithromycin is classified
as Biopharmaceutical Classification System (BCS) class 2 which is
practically insoluble in water and itz solubility is pH-dependent.
Typical problems associated with the poorly water-soluble drugs
are very lbow oral bicavailability and emratic absorption due tovery
low saturation solubility and dissolution velocity. The poor disso-
lution behavior brings abowt the limited absorption of clart hromy-
cin. After ingestion, clarithromycin has to be soluhilized to allow
its diffusion into the gastric mucus, a complex mixture of water
(maincomposition ), gycoproteins, proteins, and lipids. The gastric
mucus covers the surface of gastric mucosa and restricts the diffu-
sion of drug to the site of action [E-10]. An increase in dissolution
behavior of carthmomydn can increase more numbers of dmg
maolecules penetrating through the gastric mucus layer to act at
which H pdar exists. Therefore, an improvement in therapeutic
efficacy is possibly obtained and the failure of H. pyroli emdication
can he reduced.

Manonization strategy has been emerged over the last two dec-
ades to increaze dissolution mte and bioavailability of numerous
poorly water<souble drugs [11]. Manonization of hydmphobic
dmgs generally imvolves the production of drug nanocrystals
through either chemical precipitation or disintegration [11,12]
Nanocrystals are consisted of pure drugs and surface active agents
required for stabilizaton This system is considered as camier-free
submicron drug delivery with the mean particle size in the nano-
meter range, typically less than 1 pm [13]. The drug nanocrystals
provide more benefits over the micm particles. The very small par-
ticles of nanocrystals have larger surface area and possess an
increased saturation solubility. Therefore, the dissolution velocity
is increased leading to higher oral absorption and more improve-
ment of binavailability. Several techniques have been used for
nanocrystal prepamtions such as precipitation, pearl milling, and
high pressure homogenization. Moreover, the combination of
preparation techniques has been developed to obtain the efficient
method to prepare the nanocrysals. Previously, clarithromycin
nanocrystals were efficiently produced by the three combination
method  called  precipitation- lyophilization-homogenization
(PLH) |14 ]. It has been reported that the PLH technology was prop-
erly employed for the starting materials that require high pressure
and mare cycle numbers of homoegenization to decrease the size of
particles. The pre-treatment by precipitation could reduce the ini-
tial particle size of the starting materials to be small enough to pass
through the homogenization gap The additional pre-treatment by
Iyophilization could further provide more porous and friable parti-
cles that were easily breakable to nanometer size by high pressure
homogenization. The combination technology of PLH led to the
reduced homogenization cycle number and the rapid achievement
of nanosized crystak as compared to the high pressure homogeni-
zation method In this study, the nanocrystal system was
investigated for enhancement effect on satumation solubility and
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dissolution behavior. Furthermore, the bioaszay for antibiotic
activity, permeahility through the gastric mucus, cellular perme-
ahility and cytotoodicity of the obtained clarithromycin nanocrys-
tals were also evaluated.

2. Materiakk and methods
21. Materials

Clarithromycin was purchased from Suzhou Rowvathin Foreign
Trade Co. Ltd. China. Poloxamer 407 and sodium lauryl sulfate
(515 )were obtained as gifts from BASF, Germany. Potassium dihy-
drmogen orthophosphate (KH PO, ) was obtained from Fisher scien-
tific, UK. Sodium acetate tribydrate was supplied from VWHE BDH
Prolabo, Belgium, Acetone and glacial acetic acid were purchased
from R{I-Labscan, Thailand. Citric acid was obtained from Carlo
Erba Reagenti, Italy. Acetonitrile and methanol were of high perfor-
mance liguid chromatography (HPLC) gade (Bundick & Jackson,
Korea). Sterile water for injection was obtained from Thai Makarn
Patana Co., Itd, Thailand. Porcine gastric mucin was supplied from
Jiagen Biotechnologies, Canada. Caco-2 and NC-NET cell lines used
in cellular permeability and Bocillies subdlis (ATCO6633) used in
bioaszay of antibiotic activity were obtained from the ATCC
(American Type Culture Collection, USA) Dulbecco’s modified
Eagle’s mediurm (DM EM), Roswell Park Memorial Institute medium
1640 (RPMI-1640), fetal bovine serum (FBS), non-essential aming
acid (MEAA) and penicillin-streptamycin { PEST) were supplied by
Giboo, LK.

2.2 Methods

22 1. Prepanation of clarithromydn nanocrystalk and coarse
suspension

Clarithromycin nanocrystals were prepared by precipitation-
lyophilization-homogenization (PLH) method az  previously
reported [14] Briefly, 515 (0.1%wv) and poloxamer 407 (2 and
S%w v for Formulations A and B, respectively, as seen in Tahle 1)
were dissolved into the sterile water. Meamwhile, 13w /v of clari-
thromycin was completely dissolved into an excess amount of ace-
tone. Clarithromycin solution was mixed into the surfactant
solution. The mixture was continuously stirred at around §-10 C
until acetone was completely evaporated. Subsequently, the sus-
penszion was pre-frozen at —752C for 12 h Then, it was primarily
dried at —36*C and 0.200 mbar for 24 h and secondarily dred at
—50°C and 0040 mbar for 8 h by freeze dryer (Alpha 1-4, Martin
Christ Gefriertrocknungzanlagen GmbH, Germany |. The lyophilized
powader was redispersed in the sterile water and homogenaously
stirred. The nanosuspension was then obtained using a high pres-
sure homogenizer { APV-2000, SPX Fow Technology, Germany) by
applying the homogenization step in order of 5 cycles at 50har,
Soycles at 100bar, 10cycles at 500har, 10cpcles at 1000 bar,
and 30oycles at 1500bar. For the clarithrmycin coarse suspen-
sion, one-step prepamtion was performed by homogenously dis-
persing clarithromycin powder { 1%w('v) in the surfactant sohition
of Formulation A (see Table 1) Afterwand, the obtained nanosus-
pension and coarse suspension were fnally converted into the
dried powder form by hophilization under the aforementioned
condition.

222 Physical characterizaton

The particle size analysis was camied out using photon correla-
tion spectroscopy (PCS; Zetasizer ManoZS, Malvem Instruments,
UK) and laser diffractometry (LD; Mastersizer 2000 Malvern
Instruments, UK). PCS measurement provided the mean particle
diameter (z-ave] and the palydispersity index (PI). LD analysis gave
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Takie 1
Composition and charactenstics in tems of mean partide se (z-aw ), pobydispes iy index (PI), o005 ), 0.9), zeta poential () and Sdmg content of
danthromyon naneoystal foomulagans
Formubisions  Amount (Sw ) zave(nm) B A0Sy (um)  &09)(pm) IP(mv) g onent
Drug  Poloxamer 207 s
A 1 2 18] 0210 OL4ZE 2 02 03906 2000 235220236 =30 TO0LET & 163
B 1 El 18] FE=1T 0308 = 0028 0339 20006 1067 20076 -z E0E A 1A

the volume distribution diameters expressed as @{0.5) and 4{0.9)
indicating that 50% and 90% of the particls were below the
reported values, respectively. The particle size measurement was
performed at 25°C Pror to all measurements, samples were
diluted with deionized water to a suitable scattering intensity
and redispersed by hand-shaking. The zeta potential (ZP) was
assessed by determining particle electrophoretic mobility using
Zetasizer NanoZ5 (Malvemn Instruments, UK) ZP values were calou-
lated using the Helmholtz-Smoluchowsky equation. The particle
marpholegy of clarithromycin nanocrystals was examined using
scanning electron microscope ( SEM; JSM-6400, [EOL Japan ). Crys-
talline state of nanocrystals was evaluated by differential scanning
calorimetry [ 5C) and X-ray powder diffmction (XRPD). DSC mea-
surement was carried out using DSC 7 (Perkin Elmer, USA). The
zample was heated from 30°C to 250°C at a heating rate of
10*C/min. XRPD measurement was performed by X-ray diffac-
tometer (DB Advance, Bruker AXS GmbH, Cermany) over the mnge
of angle 2-theta of 2° to 70° with a step width of 004 and a count
time of 45

223 HPLC analysis of clarithramycin

The quantity of carthromycin was determined by HPLC
analysis. The chromatographic system consisted of Seres 20AD
mac hine (Shimadzu Corporation, Japan). The stationary phase was
Hypersil® ODS C18 reversed-phaze column (250 mm = 4.6 mm,
Sum) in isocratic mode and the tempermture was maintained at
40°C The mobile phase was composed of KH PO, buffer pH 6.0
and acetonitrile (35:65%viv). The darithmmycin was eluted
through a stationary phase at a flow rate of 1 mifmin and detected
at a wavelength of 210nm The injection volime was 50 pl
Prior to analysis, the HPLC condition was validated for linearity,
repeatability, meproducibility, and accuracy. The lineanty was
attained over the concentration range of 1.563-200 pgim] with a
correlation coefficient of at least 0999, The repeatability and
reproducibility were confirmed by coefficients of variation of less
than XX The accuracy was determnined by three replicate injec-
tions of three different concentrations of clarthromycin, and
the pemcent recovery was found to be 9939% Therefore, the
HPLC method used in this study demonstmated good linearity,
precision, and accuracy and suitable for the determination of
clarithromycin

224 Drug content [15]

The gquantitative determination of clarithmmycin content inthe
hophilized nanocrystals was determined by HPLC analysiz. The
formulation was completely dizsolved in acetone at a concentra-
tion of 1 mgfml and diluted with HPLC mobile phase to a concen-
tration of 100 pgimL The amount of dug ecovery was calculated
and expressed as the percentage of the total larithromycin pre-
sented in the formulation

225 Physical and chemical stabiliny

Lyophilized nanocrystal Formulations A and B were preparaed
and kept in a tightly sealed container at three different tem pera-
tures (450 30°C and 45°C). The physical and chemical stability
tests of Iyophilized clanthromycin nanocrystals were examined
after 4 months of storage. Regarding the physical stability aspect,
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samples were characterized in terms of mean particlke size
{z-ave), Pl and ZP. Prior to the measurement, the lyophilized sam-
ples were redispersed in deionized water by hand-shaking. For the
chemical stability, the percent clarithromycin content in lyophi-
lized nanocrystal Formulations A and B was determined as previ-
ously described in Section 224 and reported a5 £ label amount
compared to the initial preparation

226 Soreration solubdity

Saturation solubility evaluation was carried out in 0.05M
KH:POy buffer solution pH 68 and 0.1M sodium acetate
{CH000Ma ) buffer solition pH 5.0. An excess amount of clarithro-
mycin powder, hyophilized coarse suspension, and kyophilized
nanocrystals { Formulations A and B) was separately dispersed into
Sml of medium in a test tube The mixture was stirred in a
mechanical shaking water hath for 72 h at a tempemture of
370+05=C One milliliter of zampl was collected at the
predetermined times and filtered through 0.2 pm membrane filter
(Minisart®, Sartorius, Germany). An equal volume of fresh medium
was immediately added into the test tube after zampling. The fl-
trate was diluted with HFLC mobile phase toa suitable concentra-
tion and then analyzed by HPLC. The solubility data was expressed
as an average of three measurements of each formulation.

227 Dissolution sudy

2271, Dissoletion testing. The in viro dissolution of ¢ larithromy-
cin powder, lyophilized coarse suspension, lyophilized nanocrys-
tals (Formulations A and B) and marketed clarithromycin
granules for oral suspension was determined using USP Apparatus
2 dissolution tester (Erweka ET 15001, Enweka GmbH, Germany).
The dissolution test was camied out in 900 ml of 005 M KH:POs
buffer sohition pH 6.8 or 0.1 M CH;000Ma buffer solution pH 5.0.
The paddle rotation was 50 rpm. The temperature was maintained
at 37 +05 *C An amount of sample equivalent to 125 mg of clar-
thromycin was weighed and tested. One milliliter of dizzolution
medium was collected from the vessel at the predetermined time
points. The collected sample was immediately filtered through
02 pm membrane filter and the fresh dissolution buffer (1 ml)
was immediately replenizhed into the vessel For each zample,
three replicate dissolution tests were performed. The darithromy-
cin concentration was determined by HPLC analysis.

2272 Stafistical analysis for dissolution [16,17].

2272 1. Relative dissolution nate (RD). The relative dissolution rate
(RD) was calculated and expressed as the ratio of percent cumula-
tiveof drug release of the tested formulation ata particular time to
that of the reference.

22722 Percent dissolution efficiency (3DEL The percent dissolu-
tion efficiency (¥DE) was calculated to compare the relative perfor-
mance of clarithromycin powder, lyophilized coarse suspension,
hrophilized nanocrystals (Formulations A and B, and marketed
clarithromycin granules for oml suspension. The ¥DE at 30 min
(£DE 30 min) for each formulation was computed as the percent
mtio of area under the dissolution curve up to the time ¢
{t=30min} to that of the ectangle described by 100% dizsolution
at the same time as shown in Eq. (1)
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%DE= (E}"—‘“)mn i

¥ L

22723 Mean dissolution ime (MDT). The mean dissolution time
{MDT) was calculated to determine the average time required to
dizsohve S0 of the drug as given by Eq. (2]

MDT:M (2

B AM

where i is the dissolution sample number, nis the number of disso-
lution times, faea is the time at the mid point between tand oy, and
AMis the amount of drug dissobeed (pg) dudng ¢ to 5,

22724 Difference factar (i} The difference factor {f; ) evaliates
the percent error between bwo curves over all ime points as given

by Eg (3]
JrFLELE"E‘_T"';nnn (3

where i is the dissolution sample number, nis the number of disso-
lution times. T:and R are the dissolved amounts of the test drugand
reference at each time point 4, respectively. The percent ermor equals
tozero when thetest drug and reference profiles are identical and it
increases proportionally with the dissimilarity between the bwo
dissolution profiles.

22725 Simiarity factor (fy). The similarty factor (f;) iz a loga-
rithmic transformation of the sum-squared emor of differences
between the test (T, and reference( B;) over all ime points as given
inEqg. (4]

Iz=5ﬂf|0§{

. 05
1+ [IIHJZIR:'—TEIJ] b IDD} (4)

It equals to 100 when the test and reference profiles are identi-
cal and appmaches to 0 as the dissimilanty increases. In geneml, f;
value lower than 15 (0-15) and fi value higher than 50 (S0-100)
indicate the similarity of the two dizsolution profiles.

228 Bioamay for antibiotic activity

The bicassay of clarithromycin was performed by diffusion agar
method as previously reparted [10 ] with minor modification. The
concentration of soluble clarthromycin of different formulations
{clarithmmycin powder, lrophilized coarse sus pension, and lyoph-
ilized manocrystals) was determined by microbiological diffusion
agar method. Since clarithromycin s incompletely soluble in
0.01 M phosphate—citrate buffer pH 7.0, the clarithromycin solution
in that buffer was determined in comparison with that in methanaol
used as a control. Sample equivalent to 6.4 mg of clardthmomycinin
each formulation was weighed and dispersed in 10 ml of phos-
phate—citrate buffer pH 7.0 by shaking for 2 h. The dispersion was
centrifuged at 10,000 mpm for 10 min and the supernatant was col-
lected and used as a stocksolution of the tested sample. Each formu-
lation dissolved in methanol was wsed as a control for its
comespanding formulation. Stock solution of the control was pre-
pared by completely dissolving sample equivalent to 6.4 mg of clar-
ithromycin in methanol (5 ml) and adjusting to the final volume
{ 10 ml) by phosphate—citrate buffer. The stock solution of the tested
zample and the control was then diluted with 001 M phosphate—
citrate buffer pH 7.0 toobtain a series of concentrations in the range
of 25640 pg'ml. In this experiment, B subilis (ATCC 6633 ) was
selected as a test micreorganism since it was more reliably cultur-
ahble, extensively useful in standardized bicazsay, and appropriate
in antibiotic activity assay of macmlides than H pyroll B subtilis
was hanvested from sheep blood agarplate and suspended in tryptic
=0y brath at an opacity eguivalent to a McFadand 05 opacity stan-
dard. Mueller-Hinton agarinoculated with B subeilis was used asan
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aszay medium An assay disk was soaked in each 20 pl of the series
af the tested sample and the cont rol solutions. The disk was further
applied to a plate containing an assay medium and incubated for
18-20 h at 37 *C. Subsequently, an inhibition zone diameter was
measured usingvemier calipers and plotted against the logarithmic
concentration of clarithromycin. All tests were done intriplicate.

229 Permeability through gastric muows

The clarthromycin permeability through the gastric mucus layer
was determined using porcine gastric mucin (PGM, 10 mg'ml) in
side-by-side diffusion cells (Fig. 1). The lyophilized nanocrystals
{ Formulations A and B ) were tested in compariso nwith clanth romy-
cinpowder andlyophilized coarse suspension. The optimumgrowth
and ability tocoknize the gastric mucosa of H. pylori was reported to
beatpH 7.0 [1819). Therefore, one-hundredth molar of phosphate—
citrate buffer solution pH 7.0wasused asa medium. The samplewas
dispersed in the medium at aconcentmtion of 5 mgfmland added to
a donor compartment. A receiver compartment was filled with the
zame medium and separated from the donor compartment by
PGM layer between two sheets of 02 pm celluloze acetate mem-
brane. All compartments were firmly mounted by the holder. The
experiment was conducted at 37 + 0.5 *C under a constant strring
rate of 100 rpm using magnetic stimer. At predetermined times
{10, 30, 60, 120,240, and 360 min), 500 plof the solution were with-
drawn from the receiver compartment and then determined for the
¢ larithromycin concentration by HPLC analysis. Anegual volume of
fresh buffer solution immediately replaced after zampling. Samples
af each formulation were analyzed insix times (n= 61

2210 In vitro cyrotaxicity and celwlar permeabiliny

22701, Cell culteres. The in vitne cytotoedicity and cellular perme-
ahility was imvestigated in Caco-2 cells and MCI-MET cells. Caco-2
cells were a representative of intestinal cell, whereas NO-MNET cells
were applied as a model of gastric cell for permeahility study.
Caco-2 cells were grown in 75 cm® T-flasks with Dulbecco’s modi-
fied Eagle's medium (DMEM) supplementsd with 108 FBS, 1%
NEAA and 1% PEST. NCI-MET celk were maintained with Roswell
Park Memonal Institute medium 1640 (RPMI-1640 ) supplemented
with 10% FBS, 1% sodium pyruvate, 4.5g/ o-glucose, 10 mM
44 2-hydrosgyethyl |- 1-piperazinest hanesulfonic acid (HEPES), and
1% PEST. The cultures were controlled under atmosphere (37 =0
5% C0y, 9 melative humidity]. The culture medium was changed
every 2 days until cells reached T0-90% confluence, using 025%
trypsin-EDTA at 37=C

22702 In vitro cptotmdcity. Caco-2 cells and NO-MET cells were
trypsinized and seeded at a density of approcimately 5000 cells)
well and 20,000 cellsjwell in 96-well plates, respectively. Cell cul-
tures were incubated overnight at 37 =C At a time of experiment,
the tested sample (clarithromycin powder, lyophilized coarse

Sample witkudrawal port

|_| PciM/Membfam |T_|
Do Receiver
Compariment Compariment
— [—
Magnetic irrer
Membrane holder

Fig 1. Schematic illustration of sidebpside diffosion cell wed to measure drog
pemeshility through the gastnc moons lyer.
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suspension, and hyophilized nanocrystal Formulations A and B)
were suspended in cell culture medium at different concentrations
{0, 5, 25, 375, 50, 100, 150 pM), added into each well and incu-
bated for 24 h. After incubation, the tested sample was remowved
and MTT working solution was added. The plate was incubated
for 30 min and then DMS50 was added to dissolve the insolublefor-
mazan crystals. Optical density was investigated by multi-wel]
scanning spectrophotometer (Infinite™ F200, Tecan, Switzedand)
at wavelength of 560 nm. The cell culture medium with no sample
was wsed as a contmol group. Samples of each formulation were
analyzed ineight times (n = ). The percent cell viability was calkcu-
lated acconding to following formula Eq. (5)
Absorbance of treated cell

% Cell viability ~ Abzorbance of control cell 100 (3)

227103 In vitro cellelar permeabiling Caco-2 cells and NO-NET
cells were cultured on tissue-cultureteated polycarbonate Trans-
well inserts (Coming Costar, Bodenheim, Cermany) at a density of
1% 10% and 2.5 x 10° cells/well, respectively. Tmnswell insers
were placed in 12-well tissue culture plates with (L6 m] of inside
(apical side) and 1.5 ml of outside (basalateral side) medium. The
cells were grmown in an atmosphere of 5% 003 and 90 humidity
at 37C given fresh medium every 2 days. Caco-2 celk and
NCI-MET cells were allowed to reach confluence and form
manolayers after seeding in 21 days and 18-24 days, respectively.
The integrity of cell monolayer was examined by measuring the
transepithelial electrical resistance (TEER) at the start and the
end of the experiment. Prior to the measurement, both compart-
ments of monolayers were rinsed and pre-incubated with drug-
free transport medium Hanks' balanced zalt solution (HBSS) for
15 min. The samples of clarithromycin powder, lyophilized coarse
suspension, lyophilized nanocrystals (Formulations A and B) were
diluted to a concentration of 50 pM in HESS pH 50 and 6.8 The
study was investigated in apical to basolateral transport. A (U5 ml
of tested sample in HESS (pH 6.8 for Caco-2 cells and pH 5.0 for
MNCI-MET cells) was intraduced to the apical compartment as donor
phase and 1.5 m] of drug-free HBESS pH 7.4 was added to the haso-
lateral compartment as the receptor phase. Immediately, 100 pl of
the tested sample was withdrawn from the donor phase to deter-
mine theinitial concentration { Ca). The monolayers were incuhated
for 120 min at 37 °C. Samples (200 pl) were taken from the reoep-
tor phase at the predetermined time intervals (0, 15, 30, 60, 90,
120min} and then an equal volume of fresh medium was replen-
ished immediately. The tmansport studies were performed in
5 and 6 times for Caco-2 cells and NCFMET cells, respectively.
The zamples were further analyzed by HPLC Apparent permeahil-
ity coefficient, Pge (cmys) was calculated according to Eq. (6)
P dCjdt = V

T G

where djdr is the flux mte of drug from the donor to the receptor
phasze given in concentration/time, Cs is the initial concentration of
drug in donor phase, ¥Vis the volume of receptor phase, and Ais the
surface area of the cell monolayers.

(6)

2211, Statstics

The reported data presented as the mean value + standard devi-
ation (5.0.) Significance of difference was determined using r-test
and one-way ANOVA at the probability level of 0LO5.

3. Results and disomssion
3.1. Chanacterization of clan thromycin nanocrystals

Im this study, two different formulations of clarithromycin nano-
crystals (Formulations A and B) were examined. The composition
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and physical characteristics of the Formulations A and B are shown
in Tahle 1. After production, both nanocrystal formulations had
comparable particle sizes in the nanometer range. The LD data also
suppaorted the PCS results. The particle sizes of non-homo gnized
clarithromycin crystals (@{0.5) of 112174 pm) were reduced to
0396 pm and 0339 pm for Formulation A and Formulation
B, respectively, after applying 30 homogenization cycles at 1500 bar.
Both formulations revealed absolute ZP walues higher than
|30 mV| indicating long-term physically stable systems |20]. The
marphological micrographs of darithmomycin nanocrystals were
examined by SEM az demonstrated in Fig. 2A. It was observed that
the clarithromycin nanocrystals were cubic-like shape. Reganding
the crystallinity of darthromycin nanocrystals, DEC thermograms
(Fig. 2B ) showed that the endot hermic melting peak of clarit hromy-
cin nanocrystals was small and slightly shifted when compared to
that of the clarit hromycin powder. These results indicated possibil-
ity of an alteration of crystallinity of drug to other crystalline forms
ar to amorphous stage and a presence of surfactant bound to the
surface of nanocrystals. In Fg. 20 the X-ray diffractograms of clar-
ithromycin nanocrystals demonstrated that the lyophilized nano-
crystals showed similar characteristic peaks to that of crystalline
clarithramycin powder except for lower intensity. Combining the
DESC and XRPD rezults, it indicated the coexistence of crystalline
and amaorphous forms of the obtained clarithromycin nanocrystals
as previously reported [14]. The prezence of amarphous fraction in
nanocrystals could provide the additional benefit on the dissolution
performance of drug. The nanometer size combining with the
amaorphouws state of particles contributed to the higher dizsolution
when compared to the equal size crystalline particles. However,
the recrystallization of amorphous to the stable crystalline form
{Form 1T} may occur upan storage and affect the dissolution perfor-
mance. Hence, the transformation of amormphous state during the
product shelfife should be considered when the nanocrystals are
further applied in pharmaceuticals [11]. Nevertheless, the dissolu-
tion performance of clarithromycin nanocrystals maynot be greatly
affected by the transformation of amorphous state if the particle
size of nanocrystals could be preserved in the nanometer range
upon the shelfife since a very few fraction of amorphous form
existed in the cdarithromycin nanocrystal formulation after
production

Concerning drug content of clarithromycin nanocrystals, clad-
thromycin content of hophilized nanocrystals (Formulations A
and B) was determined quantitatively by HPLC analysis. The
results are compiled in Table 1. The percent clarithromycin con-
tent of lyophilized nanocnstal (Formulations A and B) were
almost 100% after preparation. The high percent drug content
was ane benefit of nanocrystal system because most composition
of nanocrystals was the pure drug without camier materals [ 11].

3.2 Physical and chemical stability evaluations

Physical stability of hrophilized clarithromycin nanocrystal For-
mulations A and B stored at 4°C 30°C and 45 *C was evaluated
over 4 months. The z-awe, Pl and ZP values were measured by
PCS immediately after production and 4 months of storage as
shownin Fig. 3. The z-ave and Pl values of both nanocrystal formu-
lations after 4-month stored at three different tempemtures were
comparable with those at an initial time (p>=005). The absolute
ZP values remained higher than |30 mV| after 4-month stored at
all temperatures. These results indicated that both hophilized
nanocrystal formulations were physically stable which might be
due to the prezence in a lyophilized form. The lyophilized powder
could prevent particle aggregation and particlke growth from
Ceherald ripening phenomenon. Regarding the chemical stahbility,
the clarithromycin content in bath hrophilized nanocrystal Formu-
lations A and B slightly decreased (p = 0.05) after 4-month storage
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Fig 3 Mean particle size (z-ave, mbumn ), palydispersity index (P, diamond spor),
zety poental (7P) and percentage of drug remaining in lyophilized nanocrgstal
Formulations A and B after 4 months of storage at4 °C (lightgray) 30 °C(gay),and
457 (dark gray) companng with those & inmal time | white )

at all studied temperatures (Fig. 3). Monetheless, the percentages of
dmg remaining in the formulations were stll higher than 0%
which met the requirement stated in USP35/NF30 [21 | 1t has been
generally known that the degradation of drug is more pronounced
in the dizsolved form than the solid state |22]. Additionally, the
surfactant summounding the surface of drug nanocrystals may act
as a barrier to reduce an exposure of active pharmaceutical ingre-
dient to an ervimonment [23). Thus, the chemically stable clarithro-
mycin could be achieved by producing in form of lyophilized
nanocrystals.

3.3. Saturation solubdine

An increase in saturation sohibility of poorly water-soluble drug
is= one of distinctive charactenistics of nanocrystals [24] In this
study, kinetics of saturation solubility of clarithromycin formula-
tion were studied in the different dissolution media. It was found
that clarithromycin solubility was pH-dependent (Fig. 4). Higher

BRG5680020 MINaAIWI 1 IUAS§AR28IAaN3 Lo B TUY

solubility of carithromycin from all samples was observed in pH
S0 buffer a= compared to that in pH &8 buffer. The kinetics of sat-
uration solubility results indicated that lyophilized clarithromycin
nanocrystals rapidly reached a maimum sohbility approcimately
within the first hour of dissolution, and slightly decreased to reach
an equilibrium sohihility within 6-12 h of dizssolution. This result
could be explained by the fact that the high surface area of nano-
crystals could accelerate an initial kinetic solubility. However,
the presence of the micron-sized crystals in the formulations acted
as crystallization muclei leading to re-crystallization and gronrth of
micrcrystals and resulting in an immediate reduction in the
kimetic solubility. Fram this result, it was notable that a small frac-
tion of microcnystals inthe formulation could destabilize the kinet-
ically supersaturated solution Therefore, the microcrystal fraction
should remain as small as possible in the nanocrystal formulation
=0 as to maintain the kinetic solubility and stability of the system
[25].

In phosphate buffer solution pH 6.8 after 72-h incubation,
the clarithromycin powder had satumtion solubility of 057+
.13 mg/ml whereas the lyophilized coarse suspension and
Iyophilized nanocrystal Formulations Aand B had higher satumtion
solubility (209 +013, 293+ 011 and 3.10 £ 031 mg/ml, respec-
tively ). The lyophilized nanocrystals significantly increased the sat-
uration solubility by approsimately sixfold higher than that of the
clarithromycin powder (p < 0.05). Similady, the lyophilized nano-
crystal Formulation B showed higher saturation solubility in ace-
tate buffer pH 5.0 than the lyophilized nanocrystal Formulation A,
the lrophilized coarse suspension and the clarithromycin powder,
respectively. At T2 h, the zaturation sohibility values of the clari-
thromycin powder, the lyophilized coame suspension and the
lyophilized nanocrystal Formulations A and B were 14.42 + 0249,
1508 £095, 1751 £0556 and 1857 + 1.20 mg/ml, respectively.
The solubility of the lyophilized nanocrystal formulations signifi-
cantly increased by approximately 1.5 folds compared to that of
the clarithromycin powder (p < (L05). Nevertheless, the satumtion
solubility of both |yophilized nanocrystal Formulations A and B
was not significantly different in both solubility media (p = 0L05)
owing to the comparable size of the nanocrystals in both formula-
tions, Generally, the solubility of regular size powders is a com-
pound specific constant relying on tempemture and solvent
Howrever, when the particle size is smallerthan 1 pm, the solibility
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will be changed dependent on the size |24]. According to the
Ostwald-Freundlich theary, an increase in satumation solubility of
the nanosized clanthmomycin was as a result of the reduced particle
size. Momeover, the increasing satumtion solubility could he
explined by Kelvin eguation which states that the saturation
solubility is an equilibium process between the dizsolved and re-
crystallized molecules. A strong curvature of the nanocrystals leads
to anincreazein dissolution pressure and shifts equilibrium towand
the dizsohved molecules |26]. To sumup, the nanonization of clan-
thromycin by FLH method increazed the saturation solubility of
drug mainly due to the decreasing particle size and increasing dis-
solution pressure at the surface curvature of the nanocnystals.

34 Disselution study

Dizsolution profiles of the darithromycin powder, the lyophi-
lized coarse suspension, the lyophilized nanocrystals (Formula-
tions A and B), and the marketed product in phosphate buffer pH
68 and acetate buffer pH 5.0 are shown in Fig. 5A and B, respec-
tively. In phosphate buffer pH 6.8, the percent drug dissohed of
the lophilized coarse suspension (3924 +3.7%) increased by &
folds az compared to that of the carithromycin poweder
{491+ 1.28% ) at the first 10 min of dissolution. In com parison with
the clarthromycin powader and the lyophilized coarse suspension,
the lophilized nanocrystals dramatically increased the percent
drug dissolved within 10min (T8.81 + 1889% and 6E05+10.15%
for Formulations A and B, respectively). The dissolution mate was
markedly enhanced by the nanocrystals and reached the platean
at approximately 80% within 20 min. In contrast, only 15% and
50% of drug dissolved were obtained from the clarithromycin pow-
der and the lyophilized coarse suspension, respectively. After
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120min, the lyophilized nanocrystal formulations achieved the
maximum dissolution at 8489 + 277T% and 8749 + 296% for For-
mulations A and B, respectively. Meamwhile, the clarithromycin
powder and the hyophilized coarse suspension formulations g@wve
the maximum percent drug dissolved only at 5031 £ 096% and
TA51 +1.88%, respectively. When compared with the marketed
product, both Iyophilized nanocrystal Formulations (A and B} had
higher extent of drug dissolved. At the first 10min of dissolution,
the hophilized nanocrystal Formulations A and B provided 27
and 2.3 folds higher percent drug dissolved than the marketed
product, respectively. The percent drug dissolved of the marketed
product reached the plateau at about 7565+ 081% within
30min and the madmum dissolution of T996+6.26% after
120 min which was lower than that of both lyophilized nanocrystal
formulations.

In acetate buffer pH 5.0, the clarthromycin formulations had
higher dizsolution capability when compared to those in phos-
phate buffer pH 6.8 The percent dizsolution of the lyophilized clar-
ithromycin nanocrystals (Formulations A and B) was significantly
higher than that of the clafthmmycin powder and the lyophilized
coarse suspension Within the first 10 min, the Zdrug dissolved of
each formulation was 63 80+ 287X, 64,00 +588%, T1.40+5.83%
and 9034 + 3.76% for the clarithromycin poweder, the yophilized
coarse suspension, the lyophilized nanocrystal Formulations A
and B, respectively. After 20min, the nanocrystals had the
increased ¥drug dissolved to about 90% whemeas only T0% of drug
dissohred were obtained from the clarithromycin powder and the
hrophilized coarse suspension After 120 min of dizsolution, the
percent dissolution of drug from the nanocrystak reached
maximum at approccimately 95% while that of the clarithromycin
powder and the hyophilized coarse suspension was about S0E.
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[Fig 5 Dissalution profiles of danthramyan powder, hop hili 22d onarse: suspengion, | yophil ped nanoorystals (Farmulations A and B), and markesed prodoct in (A ) phosphate

lbuffer pH 6.8 and (B) actae buffer pH 50(n=3)
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The dizsolution of the marketed product in acetate buffer pH 5.0
was also investigated. Howewver, the marketed granules were
coated with hydrocgyl propy] methylcel lulose phthalate-55 copobymer
which was insoluble at pH below 5.5. Therefore, no drug dissohred
from the marketed product was observed in acetate buffer pH 5,00

To compare the dissolution parameters of the lyophilized nano-
crystals with the drug powder, the lyophilized coare suspension
and the marketed product, the relative dissolution mate (RD) at
30 min, percent dissalution efficiency (¥DE) at 30 min, mean disso-
lution time (MDT), difference factor (f; ), and similarity factor (f)
wene computed as shown in Table X The lyophilized nanocrystal
Formulations A and B had higher RD at 30 min by 1.24 and 1.28
folds in acetate buffer pH 5.0and 4.31 and 435 folds in phosphate
buffer pH 6.8, respectively as compared to the clarithromycin pow-
der. Maoreowver, both lyophilized nanocrystal Formulations A and B
achieved lower MDT when compared with the clarithromycin
powder, the lyophilized coarse suspension and the marketed prod-
uct in both dissolution media (pH 5.0 and §.8). These results indi-
cated higher dissolution mte of the nanocrystals. The %¥DE at
30 min was used to evaluate the dissolution performance of sam-
ple=. It was found that both lyophilized nanocrystal formulations
had significantly higher £DE at 30 min (p < (L05) when compared
with the marketed product, the Ilyophilized coarse suspension
and the clarthromycin powder imphying higherdissolution perfor-
mance of the lyophilized nanocrystal Formulations A and B. Addi-
tionally, the lyophilized nanocrystal Formulations A and B had f;
value higher than 15 and f; value lower than 50 indicating that
the dissolution profiles of nanocrystal formulations were different
from those of the clarithrmycin powder and the marketed prod-
uct. These results suggested that the preparation of poordy water-
sohible clarithromycin as nanocrystals had a dramatic effact on
the dmg solubility, dissolition rate, and dissolution behavior.
The reduction of particle size to nanosize mange led to a drastic
increment in surface area, resulting in an increase in dissolution
velocity which well agrees with the Noyes—Whitney equation
Maoreover, an enhanced dissolution velocity of nanocrystals was
also caused by an increase in saturation solubility as previously
described [27,28]

3.5. Bioamay for antibiotic activity

Ta further confirm an antibiotic activity of the clarithromycin
nanocrystals, the hicassay was carfed out by disk diffusion
mathod. Dose-antibiotic activity response curves of clarit hromycin
formulations are shownin Fig. 6. Since the solubility of drug in dif-
ferent media affected the diffusion of drug in agar plate related to
the antibiotic activity, an equivalent amount of clarithromycin

Table 2

fram all formulations was totally dissohved in methanol-buffer
solution and used as a control for their own formulations. As illus-
trated in Fig. 6A, all controls showed neardy identical dose-antibi-
otic activity response curve due to an equal amount of dmg
completely dissoheed in the medium This result confimmed that
the different formulations of darithromycin pessessed a compam-
ble antibiotic activity when the drug in the medium was com-
pletely dissolved. Therefore, the bicassay for antibiotic activity of
clarithromycin in 0,01 M phosphate—citrate buffer solution pH
T4 was further smdied. According to the resulis shown in
Fig. 6B, the dose-antibiotic activity respanse curve of clarithromy-
cin was obviously different among all formulations. The hophi-
lized namocrystal Formulations A and B yielded significantly
larger inhibition zone as compared to the lyophilized coarse sus-
pension and the clarithromycin powder (p < 0L05). In comparizson
with their controls, the curves of Formulations A and B remained
unchanged whereas those of the Iyophilized coarse suspension
and the clarithromycin powder shifted backwand to smaller inhibi-
tion zone. This result indicated that the lyophilized clarithromycin
nanocrystals possessed higher antibiotic activity than the hophi-
lized coarse suspension and the clarithromycin powder. Hence,
the higher antibiotic activity of the nanocrystal formulations was
attributed to the enhanced solubility and dissolution in phos-
phate—citrate buffer solution, leading to maore extent of drug dif-
fusad through an agar and thus increasing the antibiotic activity.
Baoth lyophilized nanocrystals (Formulations A and B) showed no
significant difference in the dose-antibiotic activity response curve
(p =005 OF these results, both lyophilized clarithromycin nano-
crystals had an identical antibiotic activity but higher activity than
the hpophilized coarse suspension and the clarithromycin powder.

36 Permeabiity through gastric mucus

To imvestigate an effect of nanocrystal formulation on the
permeability through gastric mucus of cladthmomycin, the side-
by-side diffusion cells were used in this study. The side-ty-side
diffusion was a common methed to study the drug diffusion
through mucus gel. The diffusion cells were composed of bero com-
partments namely a donor and a receiver, separated by a mucus
solution layer. The dizsolved dmug in donor compartment would
permeate through the mucus layer, as seen in Fig. 1 [29]. Perme-
ation profiles of clarithromycin through the mucus layer are ilhs-
trated in Fig. 7. After 6 h, Formulation B had higher amount of
permeated drug per area when compared with Formulation A,
the hrophilized coarse suspension and the clarithromycin poweder,
respectively. In comparson with the clarthmomycin powder,
the amount of permeated drug of both lyophilized nanocrystals

Staretucal diss olubion pammetes [ pereent dissaloon cﬁa:n:y (SEE) 2 30 mun, rel @vee dissolobion rade (RID)at 30 mm, mean d issobohon fime (MDT), diference Botar I,'j’. Jand
stmilanty Goter () of danthrommycin powder, hyophilized coarse suspension, hyophillized nanooystals (Formulaons A and B) and marieted product

Sarienical values

ZIE 3 min B3 30 min MDT f* B IS I’
Formulztions in aceizte buffer pH 5.0
arrthramyan powder SaET - 1182 - - - -
Cnarss 5SS ion 57.10 1m TrER 121 S0EL - -
Fommulashion A BT 124 a:4 ZiLED 673 - -
Fommul aicn B ThEE 122 hBAZ el ] a.n - -
Formulzhians in phosphate buffer pH 62
Carrthramyan poe dar a5 - 4734 - - LS 2412
Marketed product Leln 295 T4 1772 2402 - -
Cinarse: SuSpes ion &1E] R TE1E 15308 ey 1145 SEEY
Fommulshion A L ] a3 TE1 2397 185 HLTE k]
Fommul zcn B a1.73 a4 108G i) 1908 == 57

- Comparing with danthemycin powder, and markeed prodoc, nespeciiely.
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(Formulations A and B} was significantly increased by 3.06 and
328 folds, respectively (p <005). Moreover, both formulations
provided significantly higher amount of permeated drug than the
hyophilized coarse suspension by 1.93 and 207 folds for Formula-
tions A and B, respectively (p < 0L05). Howewer, both hyophilized
nanocrystals (Formulations A and B) showed no significant differ-
ence in permeation profile and amount of drug permeated per area
through gastric mucus (p > 005). Additonally, the permeation pro-
file and the amount of permeated drug per area of the yophilized
coarse suspension were slightly higher than those of the clarithm-
mycin powder, but lesser than those of the two nanocrystal formu-
lations. According to the side-by-side diffusion method, two steps
miust oocur cons ecutively. The first step is the dissolution of drug in
the medium and subsequently the dizsolved molecules permeate
through the mucus layer. From the results, maore amount of perme-
ated drug and higher permeation rate of clarithromycin nanocnys-
tals were probably resulted from the enhancement of dissolution
rate and drug extent by nanocrystal formulations.

3.7, In vitmo cytotmdcity and cellular permeabiline

The % cell viability of Caco-2 cells and NCF-NET cells after 24 h
exposed to the tested samples were evaluated by MTT assay and

shown in Fig. 8A and B, respectively. The cell monolayers were
still viable after the completion of the study in the presence of
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activity response curves of danithromyan powder, yophilized carse suspension, and tyop hilized nano aystals ( Frmulations Aand B) in (A, comtrol)

£
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* Thipe wis &l graficant diffisence berwsen eich fmauliton sl it comrsel (g < 0.05)

Fig. & Efiect of concentmtion of clanthromycn powder, yophilizd omarse
suspension, and lyophilized nanocrystals (Formul Zions A and B) on 2 el Mability
of (A) Caro-2 cells and (B) NCLNET cdls afer 24-h inouhation (expressed = T of
aortral group, ms )

nanocrystals and other formulations when the clarithmmycin con-
centration was less than 50 pM. All tested formulations had
reduced the % cellularviahility when the concentration was higher
than 50 pM. Especially in the lpophilized nanocrystal Formulations
A and B, the ¥ cellular viahility of the lyophilized nanocrystals at
concentration of 100 and 150 pM was significantly decreased to
lower than B0 az compared to the contral (p<005). Therefore,
the concentration of 50 pM was chosen to further apply in the
in vitn permeahility study.

Fig. 9A and B ilustrates the Fige from the tmnsport of the clar-
ithromycin powder, the lyophilized coarse suspension, and the
hrophilized nanocrystals Formulations A and B through Caco-2
cells and MCI-MET cells, respectively. The parmeability from apical
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to basolateral of Caco-2 cells showed that the lyophilized nano-
crystal Formulations A and B performed a significant increase in
Pae by 2.5 folds higher than the lyophilized coame suspension
and the clarithromycin powder (p<0.05). Likewize, the transport
from apical to basolatermal of MCFNET cells also expressed the sig-
nificantly higher P, of the lyophilized nanocrystal Fermulations A
and B as compared to the ophilized coame suspension and the
clarithromycin powder (p<005). It could be implied that the clar-
ithromycin transport through cellular monolayers of the hophi-
lized nanocrystal formulations was improved as compared to the
Iyophilized coame suspension and the darithmomycin powder
which might be the results from an increase in dissolution behaw-
ior combining with an increase in permeation of nanocrystals.
Additionally, a persistence of a few H pylori which was deeply
grown and colonized in gastrointestinal cells could be the cause
of recurrence infection in gastroduodenal disease [30,31]. There-
fore, an increase in permeability thmough gastmintestinal cell
maonalayer of the clarithromycin nanocrystals might be given the
benefits for an emdication treatment

4. Condusion

Clarithromycin nanocrystal could efficiently be produced by
precipitation-lyophilization-homogenization (PLH) method with
the particle size as small as 400 nm. The reduced particle size of
clarithromycin nanocrystals promoted the saturation solobility
and the dissolution velocity of drugin comparizon with the clard-
thrarmycin powder. Moreover, the antibiotic activity of clarithro-
mycin nanecrystals was equivalent to that of the soluble form in
methanol-buffer solution and possessed higher activity than the
clarithromycin coarse suspension and the powder. In addition,
the clarithromycin nanocrystals significantly enhanced the drug
permeability through the gastric mucus layer and also through
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the cellular monolayer of Caco-2 and MCI-MET cells. OF these
results, the nanocrystals of clarithromycin enhanced the bioawvail-
ahbility and availability of drug at the desired site of action
Howewver, both clarithromycin nanocrystals (Formulations A and
B) showed no significant differences in saturation solubility, disso-
lution, bicassay, mucus and cellular permeability properties prob-
ably due to the same particle size of the obtained nanocrystals of
both  forrmulations.  Therefore, clarithromycin - nanocrystals
Formulation A may be considered as a preferred formulation
because of the lesser amount of wsed surfactant as compared to
Formulation B. The lyophilized powder of clarithromycin nano-
crystals from this study can be further applied as the starting
materials for the production of various dosage forms such as tab-

lets, capsules and granules.
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Hanocrystals, a carrier-free colloddal delivery sy<tem in nano-sized mnge, is an interesting
appmach for poordy soluble drugs Nanoorystals provide special features incheding
enhancement of saturation sohebility, dissohition velocity and adhesive ness to surfacefos]l
membranes. Several stmtegies are applied for nanocrystals production incheding precipi-
tation, milling, high pressure homogenization and combimation methods such 25 Nano-
Edpge™, SmanCrystal and Precipitation-lyophilization -homogenization [PLH) technology.
For oml adminitration, many publications reponted weful adwntages of manocrysalk o

Keywards: improve in vivo performances ie. pharmacokinetics, phamacodynamics, safety and tar-
Hanocrystals geted delivery which were discusced in this review. Additiomally, trarsformation of
Bioavailability manocrystale to final formulations and future trends of nanocrystals were aleo described.
Poorly water-sohible drogs & 2015 Shenmyan g Phamacsutical University. Production and hosting by Beevier BY. This is

an open access article under the OC BY-NC-ND license (hitp:/fereativecommaons.orgy
licen s by-ne- nd 00

absorption. Mowadays, there are a large percentage of drug
compounds in drug development represenis 88 poo T a0 LSOLS
- . ) o solubdity. Therefore, one of the meost challenging tasks in drug
The poor selubility of drogis a ma)jor problem which limits the development is 1o improve the drug solubility in order to
development of highly patent phammacsutics. The drugs with enhance the bicavalabdity of these drge. Several strategies
lew selubility lead to low oral bioawailability and erratic ab-  paie heen employed to overcome these limitations. The ap-
sorption whichis particularly pertinent to drugs withindass op gi0s 10 inerease the solubility and the available surfacs
of the Biophamaceutical Chssification System (BCS) Gener-  gro for gissolution are classified as physical and chemical
ally, the rate-limiting step for absarption of the drugs in this modifieations, For the physical modibeation, the techriques
class is the disselution velseity arising from low selubility.  jpe)y e decrensing particle size fmicronization, nanonization),
Although the drugs are high permeability, the poor selubllity  porarion of pelymorphe/pesudepalymerphs findluding sel-
resulls in a low mno&ntrgtgn g,mdentbemen gutand blood vates), cornplewation/sslubllization by means of using sur-
vessel consequent to a limitation of drug trnsport and eml  pop e or eyeladesiring, conjugation to dendrimers, and an
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addition of co-solvents) and preparation of drug dispersions in
carriers (eutsetie mixtures, non-maolecular solid dispersions,
solid solutions). For the chemdcal modification, the used
technigue is the synthesis of saluble pradrgs and salts [1-5].

Particle size reduction has been a much smarter approach
that can be applisd to nonspeeifie farmulation for many years
Themicronization of drog leads to aninerease in theirsurface
area which propariorally inereases in rate of dissalution and
rate of diffusion (absarption). However, for very low solubility
campounds the microntation fails to mprove the saturation
solubiity and increase the bisavailability of the drug. There-
fore, the furnther step to reduce the particle dimension to
nanometer size range has besn invented. Recently, pamicle
diminuton to the sub-micren mnpe has emerped to be a
powerful formulation approach that can increase the disso-
lution rate and the saturation solubility, subsequently
improve the bicavailability of poorly water-soluble droges and
may ako decrease systermic side effects. Over the last decads,
drug nanocrystals are considered a2 a nowvel approach to
improve the solubility of hydrophobie druge since the tech-
nigue i simple and efective which can quickly launch
product to the market. The nanocrystals were nvented at the
beginning of the 1990k and the first products appeared very
faston the market from the year 2000 onwards, Addidonally,
drug nanocrystals are a universal approach generally applied
toall poorly soluble drogs for the reason that all druge can be

disintegrated into nanameter-sked particles g,

Drug nanocrystals are nanoscopic erystals of parent com-
pounds with the dimension of less than 1 pm. They are
composed of 1008 drug without carders and typlcally stakbi-
lized with surfactants or polymerc steric stabilizers. A
dizpemion of drug nanscrystals in an outer Bguid medium
and stabilized by surface active agents i so-called nano-
suspensions. The dispersion medium can be water, agueous
ar nonagquesus mediae g, Baguid palyethylens gycal (PEG) and
oile. The nanosuspensions can be used to formulate com-
pounds that are insoluble in both water and oil and to refior-
mulate existing druge to remove tosdeologically less favarable
excdplents. Addidenally, the poordy soluble drugs enable tobe
farmulated as nanosuspensions alone, or with a combination

af pharmassutical exaplents [2,4,7].

2 Special features of nanocrystals to
enhance oral bicavail ability

Paorly soluble druge encounter blaphamnmaceutical delivery
problems such as low bisavalabiity after oral adminstration,
low penstration of the drog into the skin, large injection vol-
ume for ntravenous {Lv.) adminstraton and undesired side
affects after Lv. injection when using traditional formulatons.
Drug nanocrystals possess outstanding features enabling to
avercome the salibility problems including an increase in
saturation solubdity, an increase in dissslution velocity, and
an increased adhesivensss to surface/cel]l membranes |5,
These features are esulted from ransferring of pamicle
size from macroparticle to nanodimension that changes their
physicochemical properties on the basis of nanotechnology. A
detailed deseription of the physical background of these ef-

fects s shown below.
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21 An incregse in saturation salubdity (C.)

In general, saturation solubility is a compound-specific con-
stant, which is depending an physicochemical properties aof
the compound, dissalution medium and temperature. How-
ever, this definition iz anly valid for drug particles with a
minimum particlesize in the micrometer mnge. Furthermaore,
the saturation salubility & also a funcion af the erystalline
structure e latties energy) and panicle size. The polymarphic
modifcation with highest energy and lowest meling point
leads to the best solubility. Docasionally, homogenization
process pensrates amarphous fraction with high inner ensrgy
that coniributes to an increasedsolubility afthe substance For
the paricle ske aspect, the saturation solublity is alse a
function of particle size when a critical size isbelow 1-2 prm.
The saturation solubility ncresses with decreasing particle
size below 1000 rm. This phenomenon can be explained by the
Kelvin and the Ostwald-Freundlich eguations,

The Kelvin equation (Eq. (1)) & originally used todesoribe the
vapar pressure over a curved surface of a liguid dropletin gas
[asrosol). A decresse in the particle size of Bguid droplet con-
tributes to an increase in curvature of the surface and the
increasing vapor pressure The situation ol a transfer of male
cules from aliguid droplet to agasis comparable to the transiier
of molecules from a solid nanocrystal to a liguid dispesion
medium. Therefore, the Kelvin eguation is also applicable to
explain the relation batween the dissolution pressure and the
curvature of the salid particles in Bguid. The dissolution pres-
sure & eguivalent to the vapor pressure. At sahuration selubility
state, the dissolving molecules and recrystallizing molecules
areequilibrium. The dissslution pressure can be nereased with
increasing curvature [decreasing particle size) Therefore,
the equilibrium is shifted toward dissolnton, and thus the
saturation solubility increases. The curature i especally
imrnense when the particle skee is in the nanometer range.

P ZyM.

P~ TS 1)
where Py is the disssluton pressure of a particle with the
radius r, Py & the dissolution pressure of an infinitely large
particle, y 1= the surface tension, B is the gas constant, Tis the
absolute temperature, ris the radiue of the particle, M i the
rmolecular weight, p & the density of the partele

The Dstwald—Freundlich equation (Eq. {2)) directly de
sefbes the mlaton batween the satumtion selubility af the
drug and the particle size.

Cy 2a¥
bﬂa = TamERTe =]}
where (, is the satumtion solubdity, C, is the solubility of the
salid consisting of large particles, « i the interfacial tension of
substance, Vis the maolarvolume of the particle material R is
the gas constant, T & the absolute temperature, p k& the den-
gty af the solid, r i the radius,

From the Ostwald-Freundlich equation, it obwiously
shows that the saturation solubdity {C,) of drug increases with
a decrease in the particle size fr). However, this effect is not
substantial for larger particles but will be pronounced for
materiale that have a mean particle size of less than 1-2 pm,
especially well under 200 rem [2—4,8-11].
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22, Anincrease in dissolution velocity

Nanocrystale possess an incressed dissolution welocdty that
can be axplained by the Noyess—Whitney equation (Eq. (3).

s (e-c) @
where dX/dt iz the dissalution veladty, D is the diffusion co-
efficient, A is the surfacearen, b, is the diffuslonal distance, ©,
is the saturation solubility, C is the concentration amund the
particles,

The dissolition velocdty (d%/dt) of drug nanscrystals in-
creases due to the greater surface area (4) and the increase in
saturation salubility {C,) of the compound. The size reduction
of nanocrystals leads 1o an increased surface area and thus
according 1o the Moys—Whitney eguation the dissalution
velocity i increased [17). Furthermore, the size reduction of
nanocrystale alko leads 1o an incressed saturation solubdity
which can provide two advantages. Firstly, dissolution veloe-
ity i= further enhanced due to an increased in concentration
gradient (- CYhy,, according to Noyes—Whimey equation
Secondly, anincrease in saturation solubility contributes toan
increase in concentration gradient betwesn gut lumen and
blood; therefore, the parmeation and absorption by passive
diffusion is further promaoted.

Anotherimportant factoris the diffusional distance b, asa
part af the hydrodynamie boundary layer by, which iz also
strongly dependent an the particle size as shown by Prandtl
equaton [Eq. (4]

o = x(%) @

where hy & the hydmodynamic boundary layer thickness, k
denaotes a constant, Lis the lengthof the particle surfaceinthe
direction of How, V s the relative velocty of the Bowing Lauid
surmunding the paricle.

In accordance with Prandtl equation, the particle size
reduction leads to a decreased diffusional distance hy and
corsequently an increased dissolution welocdty, & described
by Moyes—Whimey equation [7—4 8-11].

23. Anincreased adhesiveness to surfaoe/ell
membranes

Comparing with microparticles, drug nanoscrystals have another
osutstanding feature because they can distinetly inerease adhe-
siveness to surface/cell membranes. An increased adhes veness
af nanomatertals iz veually due to an inereased contact area of
small particles versus large particles fat identical total particle
miass). Similar to other nanoparticlss, drug ranocrystals show
an increased adhesivensss to Hesue which lead to an improve
ment ol oral absarption of poorly saluble drugs apan fram the
increased saturation solubility and dissslition rate [7,3] This
aspect will be further discussed in topie “Invive performances of
drug nanocrystals in ol admdrdstration oo tes”,

An addifonal feature of nanocrystals k& an advantage of
amarphous s tate drug nanocrystals. The drg nanocrystals in
the amorphous state possess higher saturation solubility
compared to egqually sized drug nanocrystds in the
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erystalline form. Therefore, o obtain the highest saturation
solubility, a combination of nanameter size and amorphous
state js idedl. The process to produce drug nanocmystals may
indues the trmnsformation of erystalline structure, increasing
an amaorphous fracten in the paricle or even creating
complatelyamaorphous particles that make thedrogs dizsalve
more rapidly. However, the utilzation of the amorphows
state in pharmaceutical products has to be concernad that it
can maintain the amorphous state for the shelf life of the
product []. Furthermore, the high drug lbading of nano-
erystalks & alko one aspect that makes nanocrystals to be wery
efficient in transparting drug to ar ints cells, reaching a suf-
Gelently high therapeutic conceniration for pharmacological
effect [6,10].

Another special feature of drug nanoerystals & a lang-
term stability. The nanssuspension could provide the good
physical stability by an absence of aggregation and Ostwald
ripening phenomenan. The prevention of aggregation may be
achieved by the addidon of surface active apent including
lorde surfactants, non-lonie sufactants, and polymers which
can provide an electrostatic and sterie repulsion betwesen the
nanocrystals, It was reported that a combination using of
elecirostatic and stere stabilizer usnally had a better effec-
tiveness for stabilizing drug nanocrystals. Ostwald ripening
phenamenon [13] is the inddent that the solute concentra-
ton in the vieinity of smaller particles s higher than the large
particles due to the higher saturation solubdity of srmall
particles. Therefore, the molecules surmunding of the small
particles will dif fuse to surround the large particles driven by
the concentration gradient. Then, the rearystalizationan the
surface of the larger particles i sccurred and leads o the
formation of microparticles. A narrow size distribution of
drug nanocrystals can avold the different in saturation sol
ubdity due to the different partice sizes. In general, to ach-
ieve an absence of Ostwald ripening phenomenon, the
narow size distributon of drug nanocrystals should be
concemed. Besides the physical stability, drug ranocrystals
can be used for a chemical stabilzation of chemically labile
drug The increased stability of drug nanserystals can be
explained by a shield effect of surfactants and a monolayeraf
degraded drug molecules which acts as the surface of drug
nanocrystals for protecting the drug underneath its surface
frarm degradation Paclitaxel formulated in nanosuspension
can preserve drug from degradation which can be exempli-
fed far this incddent [14]. Anather good example is omepra-
zaole, the chemically labile drug The stability of omeprazole
nanesuspension was distinetly inereased when compared to
an aguesus solution [15). Addidonally, the same resull was
found for aseorbyl palmitate nanocrystals The chemieal
stability of ascorbyl palmitate could be improved when
formulated as nanesuspension, in comparisan to s meth-
anolic solution and other colloidal carrier systems [16].

Research studies on benefits of nanocrystals are sxempli-
fied as follows Mauludin et al. developed an oral rutin
nanocrystal-loaded mblet via high pressure homogenization
method. They found that the dissolution velseity of the rutin
nanocrystal-loaded mblet was superior compared to the rutin
micmerystal-loaded and the marketed tablets. The improving
dizszalution behavior of the rutin nanocrystal-loaded tablet
led 1o a better bioavailability of the poody soluble rutin in the
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body [17]. Andrej e al. prepared the crystalline nano-sied
cdecoxib by the emulsion-diffusion methed using thres
different stabilizers (Tween B0, polywinyl pyrrolidone K30
(PVP K30) and sedium dodecyl sulfate (5D5)). The result
showed that nanocryetals had a dramatie increase in disso-
lution rate and extent compared to micorized form [15). In
the study by Kodbsek et al, they developed the formulation af
ibuprafen as a nancsuspension by mell emulsifeation and
solvent diffusion method. The results demonstrated that the
combination of Tween B0 and PVP K25 used as stabilizers
yiglded manosuspensions of the smallest averape pamicle
size The nanosuspensions, either in the form of ophilied
powder or granules, were very successful in erhancing
disalution mte asshown that more than §5% of the drugwas
dizzalved within the first 10 min compared to less than 15% of
the micronized drug. They concluded that the increase in
in Wi dizsolution rate might favorably affect bicavallability
and improve safety for the patient by decreasing gastrie i
tanecy 7).

In conclusion, the properties of drug nanocrystals that
should be concerned and the given benefits over the micn-
sized particles aresummarkzed in Table 1 [4]. Allernatively, the
nanotoeity of drug nanocrystals camnot be negeced. In
recent years, a concern of nanotecdeity of nanoparticles is
incrensed due to the fact that nanoparicles have ability to
enter the cell and cause damage to single cells. Henee, the
interaction of nansparticles with cells and its uptaking shauld
be considersd when the nanoparticles are developed. The
nano toxdeity should be aware in nanoparticles with paricle
size below 100 nm and prepared by non-degradable polymer.
Marmally, the nanaparticles in range of 100 nm up to 1000 rem
can only be taken up by guite Lmit mumber of cells with
phagosytic activity and are not easy toaccess. Therefore, the
toodde rigk i& limited. In contrast, the nanopamicles with size
below 100 nrm can be taken up by all cellsby endocytos ks which
leads to the high rigk of toxieity. Addidonally, the persistency
afl nanoparticles in the body after administration also affects
the fsk of toxicity. It should be considered that the nano-
particles can be degraded in the bady orat least be irminated,
otherwizse they are blopersistert. The non-biodegmdable
nanoparticles cannot be easily diminated becanse they are
too large for renal cleamnee. Mormally, they stay within the
cdls, cannot exoeytose, and remain as a waste, Therelone, the
non-bisdegradable nanoparticles are not acceptable in phar-
maceutical products. A nanolexicologieal classifieation

Table 1 — Properties of drug nanocrystals that should be

concerned and the given benefits over the microsized
partides,

Properties of drug nanocrystals

1 Partide size below 1 zm

2 100% Drug, no carmier

3 Generally needed to be stahilized by surface active agent
4 Crystallne or amorphous stuctune

{marpho affering advantages)

5 Icrease in saturation salubility

& ncrease in dissohition velocity

The table is modified from Junghanns et al. [4].
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aystern (MCS) s applied to arrange the tosxdeity rigk of nano-
particles. The size and persistency related rsks arecombined
to classify the NCS of nanoparticles s follows. Class 1 clas-
zsified for the ranoparticles with size abowe 100 nm and
bindegradable, Class 1 i for the nanoparicles with size above
100 nrm and non-bisdegradable, Class 11 iz for the nano-
particles with size below 100 rn and bisdegradable, and Class
IV is for the manoparticles with size below 100 nm and non-
bindegradable. Normally, the nanocrystals belong to the low
rigk class of nanoparicles, because thaer particle size can be
made to be higher than 100nm and they are alsobiodegradable
(the dsalution eeeurs when the water issulBdent). Howerer,
they can cause undesired systemic effects in the body. When
the nanoparticles are taken up by the cells of the immune
aystern, they can rigger an immune response and imitate the
immune system. Hence, the development of nanocrystalk re
quires the carefully irvestigation to provide the potential ef-
fects and less toodeity 6.

3. Freparation of drug nanocrystals

Several preparation methods for drug nanoerystals have besn
imvestigated. The technigues to produce drug nanocrystals
can be divided in two basic approaches, namely the bottamup
and the top down technologies To obtaln manoparticles aof
druge, the top down prcesses involve a breaking down of
larger particles by milling or homoagerdzation, while the bot-
lom up processes associate with an assernbling and contral-
ling aof precipitations at nanameter scale. An overdew of drug
nanoerystals for oml admindstration which were prepared by
different technigues in cumrent marksted and during phar-
maceutical researches was shown in Table 2.

31 Bottom up prowsses [2,4,6,19]

Starting from the molecules in salution, the moleculss are
aggregated to form particles that ean be erystalline or amor-
phous form This technigue may be called ‘a classical pre
cipitation process' (in latin: via humida paratum). In this
technigue, the drugis completely dissalved in a solvent. Then
the solvent sslution is added to a non-salvent, causing pre-
apitation of the drug Importantly, it is necessary to contral
the structure of the partdces and to avald the growth af the
particles to the micrometer s e range by conirolling influence
factors and adding stabilizers sueh s sudactants. Other
bottom up technologies incdude sonocrystalization, the
high gravity controlled precipitation techrology, confined
impinging liquid jet precipitation and mult-inlet vortes mix-
ing. Battom up processes open the ways of interesting possi-
bilides to incorpormte multiple active ingredients in a single
nanocarrier and 1o taler nanoparticle surface functionality.
However, a basie disadvantage of many precipitation pro-
cesses jn the use of arganic solvent which & needed to be
remaoved, leading to the high cost of production Partdeularly,
incase ol low water and arganic solvent saluble drug, thelarge
solvent volumes are required. Hence, in pharmaceutical in-
dustry, the bottom up processes has not been employed for
the praduction of the marketed drug
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Ralerance

Status

Dosage form

Tablet
Capsule
Tahlet
Tahlet

Applied technology

Tap-dowm, media miling
Top-down, media miling
Tap-dowm, media milling

Indication

Tradename Company

Rapamiune®Wyeth
Emend " Merck

Tricor® (A bhatt

Drug
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157]

18]

159]

In wivo (dog)
In wivo (dog)
Inwive {pig)
In wive frat)
In wive jrat)

Oral suspension
Tahlet
Nanosuspensian
Nanosuspensian
Nanosuspensian
Pelles @mntaining dried
nanocTystals powder
Nanosuspensian
Manosuspension
Nanosuspensian

Capsule

Tap-dowm, High pressure hamoge nization

Tap-dowm, media miling
Batom up, coprecipitation

Batom up, coprecipitation

Top-dowm, media miling
Top-down, media miling
Tap-down, media miling

Tap-dowm, media miling
Tap-dowm, High pressure hamoge nization

Tap-dowm, High presswrs hamogenization

Batom up, precipiation

Immiunasuppressant

Antiemetic
Hyperchalesterol emia

Hyperchalesterolemia
Appetite stimulant
Estrogen anta gonist

Anti-inflam matory
Immunasuppressant

Anti-inflam matory
Diuretic

Antifungal
Antiemetic
Antiplatelet agent
Antifungal

Trighide™/Fimst Horimon Pharmaceutical

Megestral acetate Megace®™ ESPar Pharmaceutical

Gris-FEG® Navartis
Comamet™/Lilly

Spironalactons

Grisecfulvin
Itracona mols

Sirablmus
Aprepitant
Nabdans
Danazal
Cydosparine

Fenofitrate
Fenafilbrate

Cilostazal
Kenprafen

Naproxen

32 Top down prodesses [1—4,6,20,21]

Omne stans from large erystals in the micrometer mnge and
goes down to the nanadimension by dimimiting the crystals;
such as peforming a milling process and using high pressure

Far the milling methad, dry milling (e.g. jet milling) i= not
efficient tooblain asize in the manameter rangs; thersfore, wet
miling iz applied Wetmilling i a means that the drug parti-
cles are dispersed in a surfactantstabilizer salution and the
obtained macrosus pereion (s then subjected to miling energy.
The dlassica milling process i the peard mdll {bead mill), being
the ManaCrystal™ technology. Milling media, dispersion me-
diurm (generally water), stabilizer and drog are Gllad into the
miling chamber, Shear foree of impact, generated by the
movement of miling media, leads to the particle size redue-
ton. The pearls or balls used as miling media consist of ce
rarmics, stainless steel, glass or highly crosslinked polystyrene
resin-coated beads [20,22,24]. This technology & an important
particle size reduction technology which has been used to
produce four FDA-approved druge such as Rapamune®
Emend®, Tricor™, and Megace ES® [55]. The cammeon problem
of this technology is an erosion of miling material during the
miling process. To solve this problem, coated milling beads
areused to reduce the impurities caused by erosion of miling
media, Another problem is an adherence of product to the
irmmersurface area of the mill (conzisting mainly of the surface
of the milling pearls and the surface of the mil itself).

Far the homagenization method, thereare three important
technologies to produce nanserysials which are Microfuldizer
technalagy (DD-P™ technaolegy), Piston-gap homogenization
in water (Dissocubas® technology) and Piston-gap homogeni-
zalionin water mixtumes or in nonaguesus media (Nanopure®
technalogy). The micrafuid er technology can generate small
particles by a frontal collision of twe fuld streams under
pressure up to 1700 bar. This leads to particle collision, shear
forees and also cavitation forces. This method can be achisved
with jet stream homopenizer such as the microfluidizer
Urfertunatay, far the sufficient particle size reduction, it &
required a relatively high number of cycles [S0—100 passes).
The Dissscubes® technolegy employs pisten-gap homoge
nizers that can produce the nanoparticle suspensions in water
at room tempermture A drog powder & dispersed in oan
aguesus surfactant solution and subsequently forced by a
piston through the oy homopeniation gap with pressure up
to 4000 bar, typicaly 1500—2000 bar. The resulting high
streaming velocityaf the suspension causes anincrease inthe
dynarmic pressure which is compensated by a reduction in the
statie pressure below the vapar pressureaf the aguesus phass
(according to Bernoullis law). The simplified form of Ber-
noullfs law i shown below.

ptg=py 5)

where p, 18 total pressure, p is statie pressure, g 18 dynamic
pressune,

Formation of gas bubbles occurs becanse the water stans
boiling at room temperature. The gs bubbles collapse
immediately when the liguid leaves the homogerization gap
being again under normal air pressure of 1 bar The phe
nomenan of formaton and implosion of the gas bubbles i
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called eavitation resulting in shockwaves. The drug particles
are reduced in ske due to high shear farces, turbulent fow
and the enormous power of these shockwaves. However, the
use of water leads to many disadvantages such as hydmlysis
of water-sensitive drugs and problem during subsequent
drying steps. Anather approach using the pieton-gap hamog-
enizer is the Manopure™ technology. The dipemion media
with a low vapor pressure (eg. olls, PEG or hot-melted paly-
ethylene glyeols) and apionaly homeopenization at low tem-
peratures are used in this technology. The cavitation in the
homogenization gap is wrylittle or nonexdstent. Even without
cavitation, the size diminution to achieve nanoparticles is
sufficient by the remaining shear fomes, particle collisions
and tubulences. A low temperature while homopenizing
makes this process suitable for temperature labile drug. Also,
it k= possible to carry out the wheole process in nonaguesus
media to protect the drug from hydrolysis. The obtained
suspensians from Nanopure® technology can directlybe filled
into saft gelatin capsules or into hard gelatin or HPMC cap-
sules which are then being sealed. In addition, drug nana-
erystal in solid PEG can be used as powder for tablet
producton [26].

Ta obtain an optirmzed formulation far the homogeniza-
tion method, the folowing process parameters that influence
an properties of nanocrystals mustbe considered such as:

1. Applied pressure
2. Number of homogenization cycles

3. Temperature

Usually, the homogenizer can handle varying pressures,
ranging from 100 to 1500 bar for most lab-scale ones. There-
fare, an effect of hamogenizaton pressure onthe particle size
should be investigted to optimize the fnal forrmulation. The
pressure (s provided by the pump corverting the kinetie en-
ergy of the fuid in the gap. The higher homogernization
pressure, the higher velocty of the fluld in the gap i The
static pressure will drop to a larger extent leading to gener-
ating rmare bubbles and then higher ensrgy to comminute the
particles. This is consistent with the law of conservation of
energy. Therefore it is anticpated that the higher homoage-
nization pressure, the smaler particle sizes are obtained.
Uszually for the prduction of the drug nanocrystals, a
maximum pressure {for most lab homogenizers this value is
1500 bar) is required. The fuld passing through the gap is
performed instantaneously, generally within several milli-
seconds. The ensrgy penermted in such shon time is not sul-
foent to comminute all partcles inte uniform  drog
nanocrystals even at the highest applisd pressure 1500 bar;
thus more homogerdzation cycles are nesded to perform. The
incrensed cyele numbers provide more energy to break down
the crystals. Therefore, homogenization is of ten performed in
fve, ten, or more cycles depending on the hardness of drog
and the desired particle size. Apart from redudng the panicle
size, more cycles lead to more homogenosus nanocrystal sus-
pensions, e a narmw size disrbution Because the fow rate
of Auid in the gap i not identical among different zones and
the fluid in central zone of the pipe has the higher velocity
than the fuid near the wall, the energy dispersed among the
fuid iz not unifermn, leading to an inhamogenesus paricle
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zize disirbution By increasing number of cycles, the proba-
bility that larger particles pass the sone af high-power dansity
inthe middleofthe gap increases; thus these particles arealso
diminished. Thermlore, the particle size s a fluncion of pres-
sure and rumber of cyeles. The desired particle size can be
achieved by adjusting the procedure parmmeters, pressureand
cycle mumber. Temperature & alss an important pammeter
which should be strictly controlled when the drug & temper-
ature sensitive. High pressure processing increases the tem-
perature of the sample (approsimately 10 °C at 500 bar]. An
increasing temperature in the homogeniation process is not
favorable to tempemure-sensitive drugs. In that case, the
temperature can be promptly reduced by placing a heat
exchanger ahead of the homogenizer walve. In geneml, the
sample temperature can be maintained at about 10 *C and
even below so that the process i applicable to the
temperature sensiive drgs.

High pressure homogenization iz a simple techrigue
Whenan optimized procedure is achieved after adjustrment of
the production parameters, high gquality nanosuspensions
with linle batch-to-bateh wvariation can be obtained. An
impartant advantage is that a considerably high productivity
can be abtained with very low microparticls content in the
product. In addiden, compared with pear] miling techrigue,
the sontarmination due to the emsion fram the wall af the
homogenizer i at a lower level. Milller et al. investigated the
metal contamination of the nanosuspensions under a harsh
production condition, Le 20 cpcles ata maximum pressure of
1500 bar. The most dominant iron lon in steel was analyzed in
nanosuspensions and was found 1o be below 1 pprm, which
was an uncritical level and safe even for a chranie therapy.

33 Other techniques for the produdion of drug
nanocrystals [2.4,6,11,20.21]

Milling, high pressure homogenization, and precipitation are
maln methods employed for the production of drog nano-
crystals. However, there is an intersive research for new
technaloges leading to many other approaches for the pro-
duction of dug nanocrystals. The combination technaologies
aombine genermlly a pretreatment step followed by a high
energy process, such as the ManoEdge™ technology. In the
first step, crystals are precipitated; and the obtained suspen-
slon is then subjected toa highenergy process, typically used
high pressure homogenization. SmartCrystal teehnology is
not anly one technology but a number of different processes
that are combined eit her to accelemte prod vetion by reducing
the rumber of passes through the homogenizer or to abtain
wvery small nanscrystals below 100 nm. Such small nano-
erystals are difficult to produce via peard milling or simple high
pressure homogerdzation, especially in large seale industrial
production. The combination process HES & a parallel fow
precipitation and subseguent high pressure homogenization
(HPH) in which the precipitation takes place in the cavitation
zone of just before the cavitation zone of the homogenizer
(eavi-precipitation). In the H42 process, spray-drying and high
pressure homogenization are combined. Moreover, in HS96
process, the most effective combination technology, the
lyophilization (bottorm up) and the high pressure homogeni-
zation (top down) are combined to yield nanscrystale af the
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size significantly smaller than 100 rm. Recently, a novel iri-
cambination technology as “Precipitation-lysphillzation-ho-
mognization PLH) method™ for preparation of nanocrystals
had besn proaposed by Janyaprasert group [37]. This cormbi-
naton technology composed of precipitation, lyophilization
and homogenization technigques, mepectively. Fist step was
the precipitation process which was used to reduce an initial
particle size af the drug. In this step, the drug was dissalved in
anorgarie solvent and added into an agquesus phase, resulting
ina precpitation af preferably friable and small erystals. The
organic solvent was careflully removed from the nano-
suspensions 1o aald its cosolwent acton which may result in
particle growth Aflerwand, thesecond lyophilization step was
applied which led to modification of the staing material and
remaval of the organic solvent used in the precipitation step.
Finally, in the last step, high pressure homogenization was
applied to break the crumbly particles into the nanometer
range. Diagram of preparation step of FLH technigue i shown
inFig. L The results showed that PLH techrique could provide
an effective reduction of panticle size of dardthromyein
nanocrystals o approxmately of 400 nm with homogeneity
size distrbution after anly the fifth eycle of homogenization
whereas the same size was attained after 30 cyeles by the
normal high pressure homogenization {HPH) techrdgue [27].
Amaong other technologies, the following supercritical fuid
methods are also mentoned to produce manocrystals such
as rapld expansion of supercritical salution [RESS), rapid
expansion from supercritical to agueous solution (RESAS),
solution-enhanced dispersion by the supercritical fuids
(SEDS), spray freemng into liguid {SFL), evaporative precipita-
Han inte agueocus solution (EPAS), and aerossl salvent
extracion [ASES).

4, In vivo performances of drug nanocrystals
in oral administration routes

In contrast o other nanoparticle systems, drug nanocrystals
consist mainly of pureactive drigs. Drugnanoscrystals exhibdt
many advantages including high effciency of drug leading,
easy scale-up for manufacture, relatvely low cost for

%

— > "

stirrer

precipitation

Iyophilization redispersion

preparation and applicability to vadous admirdstration
routes, such as aral [28,29], parenteral [30,31), scular [32—34],
pulmanary [35-37] and dermal [35—41] delivery.

Az known, the ol route is the meost important and the fst
chodee for drug delivery because of its several advantages
ineluding convenisnce, safety, inscpensive, ete. Poorly water-
soluble drugs for oral administration aften show many prob-
lemns in bicavailability incuding, a low'varisble bisawvail-
ability, a retarded oreet of action, a variation in bioavallability
resulting from fed'faststate and a large ol dose usage. The
production of drug nanscrystals offers many advantages for
aral drug delivery and provides a solutien to thess problerms,
Addidenally, at present, the formulations of drug nanoscrystal
in the market are mostly used for aral delbrery

Drug nanocrystale could improve an absorption of drog
due to two major mechanisms via firstly, an improvement of
solubdity and dissolution mte and secondly, the bioadhesion
1o the intestinal wall. For the firstly aspect, drugabsorptionin
oral administration i& invelved with the process that drug i
dizszalved from the formulaton into agueous digestive fuid
and then it is ransported across the G epithelium into the
blood dreulation. The dissolution & generallyconsidered to be
the mie-miting process in oral delivery of the drugs in BSC
class 0. Drug with poor solublity and disselution rate will
provide a slow and erratie dissolution that limits the in Wee
absarption and s unable to reach an effective therapeutic
concentration The farmulation of drug nanocrystals can
impressively improve the bisavalabdity of perorally admin-
istered poordy soluble drugs as shown by changes in phar-
macokinetie pammeters of blood profiles ncduding, an
increase in area under the blood concentration—time cume
[ALC), an increase in maximum plasma concentration £ )
adecmease in me o maximum plasma concentraion |Toma).
For example, Liversidge and Cundy reported that danazel, a
gonadotropin inhibitor, showed theabsolute bisavailability of
marketed danazo]l micrsuspension @00 mg, 10 um) anly
5.1+ 1.9%. Mearmwhile, the absolute bicawailability of danasal
nanesuspension (200mg, 169 rem) was 823+ 100 1% which was
equal te 16-fald ineresse in bisavailability. Addidenally, the
Tonme Was reduced and the C_ . was 15-fold increased [28].
Amphotedein B was farmulated as a nanosuspersion for the

high pressure homogenization

Fig. 1 — Diagram of the preparation step of drug nanocrystals by predpitaden-lyop hilzadon-homogenizatdon [FLH)

technigue,
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treatrment af visceral lekhmaniasis. After aral adminis tration
{5 mg kg™" in BALE/s mice, amphatericin nanesus pension
could significant reduce liver parasite rumbers in the liver by
28 6% campared to untreated contrals. Whils, the micranted
amphotericin B did not show any curative effect [47). Addi-
tianally, the formulation of drug nanserystals can provide
advantage whenever a quick onset of a poorly soluble dmg is
required. For instance, an analgesic naprogen was formulated
as nanesuspension @270 nm) for oral administration Besides
the ranssuspension of naproxen was approsimately 3-fold
increased in AUC when compared to an unmilling suspen-
slon (20 prm), it could be concurrently reduced in T,... The
data showed that the time for nanosuspension to reach Cone
was anly about B min whereas the unmilling naproxen sus-
pension was achieved the Cmae at 335 min It was suggested
that an increase in 4-fold faster sbsorpton rate of nano-
suspension when compared to unmilling suspension was
contributed to the increased solubility and dissolution mte of
nanocrystals [43). In the study by Li et al, revaprazan hydno-
chloride was developed in form of nanosuspensions. The
in wvive evaluation showed that revaprazan hydrochlorde
nanosuspensions exhibited significant increase in AU, 5%
and 38 higher), Cme (7% and 38% higher) and decrease in
Tonee (185 and 315 min sharter), MET (114 and 157 min shorter)
when compared to a coarse suspension [44]. Nitrendipine
nanosuspensions  were  prepared by precipitaion-
ultrassnication methad to enhance the dissolution rate and
oral bicavailability of the drug. The in v test demonstrated
that the Cme and ALz values of nanssuspensions in rats
were approximately 6 1-fold and 5.0-fold greater than that of
cammercial tablets, respectvely [45]. These axamples abwvi-
ously demonstrated that nanocrystals formulation could in-
erease disalution velocty and saturation solubility of paady
soluble drugs. Therefore, the fast and complete drug dissalu-
tion, an important prerequisite for drog absorption, is
achieved.

The second mechanism of nanocrystals that can improve
the drug absorption i due to the mucsadhesion to blologeal
mueesa (G muessa) which ean pesitively influence the arml
bicavalabiity. Owing to the adhesivensss of nanocrystals o
Gl mueosa, drogs can provide the higher concentration
gradient and prolonging residence and contact tdme in the
GIT. The muesadhasion mechanism of nano particlss could be
explained by many theares incuding, the electronie theory
(electmstatie attraction forces between the sufaces of part-
cles and mucus), the adsorption theory (hydrogen and van der
Wwaals bond betwesn thesurfaces af particles and mueus), the
diffusion theory (interpenstration and physical entangement
al the mueus pratedn and polymer chaing), and the trapping
theary (retention of manoparticles by the uneven mucosa
surfacse). Due to the benefits of mucsadhesion, some re
searchers were interested inan enhancement of adhesiveness
betwesn nanoscrystals and Gl mucosa by madifying the sur-
face of drug nanocrystals with cationie polymers or noorpo-
ration of drug nanocrystals into mucsadhesive polymers.
Addidonally, the utllized mucoad hesive polymers can prevent
the drug from degradation. The antibiotiec bupanaquaone, used
for weatment of Cryplosporidium paraem (O parvwm), has very
low oral bicavalabiity due to s low solubiliy. Mano-
suspension of buparvaguons camnol only incresse drug
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solubdity but it can also perform a mucsadhesion to the gut
wall. In addifon, an incorporation of buparvaquone nans-
suspension into mucoadhesive polymers can enhance the
e oad hesivensss and show moaore effectvely elear O parnem
from the GIT when compared to the unmodifed nano-
suspension [46].

Another problem of poody soluble drug is a variation in
bicavailability resulting from fed'fast state. Poorly soluble
druge wsually shows an incressed or accelerated absarption
when intake with food. Drug bleavalability is increased dus
to the food effect because of the enhanced dissolution rate in
GIT caused by several factors including larger volume of the
gastric Quid, delayed gasiric emptying, increased bile secre-
ton, increased gasirie pH (for acidie drugs), and inereased
splanchnic blood fow [47]. When poody soluble drugs are
formulated as a uniform nanosuspension, the variation in
bisavailability resulting from fasted/fed state can be mini-
mized. The nanocrystals could significantly increase disso-
lution rate because of the increase in solubility and
enormmous particle surface. The dissslifon rate of nano-
crystals s fast enough even under the fasted state. Therefore,
the absorption in both fasted and fed state can be a
permeability-limit, and the absorption difference betwesn
the fasted and fed conditions due to the dissolution differ-
ence iz eliminated. For example, the farmmulation of clestazsl
nanocrystals @30 nm) could significantly reduce fed-fasted
ratios af the Copa, AUC, Tone and MET as compared 1o a
micmsied dispersion (13 and 2.4 ym) when given in beagle
dogs. Thersfore, the fasted/fed varation in bicavallability
was almost eliminated [47]. The study of Wu et al showed
that the nanscryetale dispemion afaprepitant (ME-0863), the
active ingredient in Bnend®, could eliminate the food effect
an oral absarption The fed-fasted ratie was reduced and the
bicavailabiity was improved in the beagle doge at a dose of
2 mg'kg [45]. The same resultwas also found in the study by
Sauran et al. The food effect on bloavailability of a new tablet
forrmulation  containing  fenofibrate nanoparteces was
accessed in human It was demonsirated that the peak and
averall exposures from the 145 mg nanoparticle fenofbrate
tablet were not affected by food and the resultwas concuded
that the naneparticle fenofibrate tablet can be taken regard-
lems af the tming of meals [43].

Poordy soluble drugs usually provide more troublesome in
the safety issue because of the use of a large amount of
arganie cosohrent or solubilizer that will result in an un-
wanted side effect or toxdety. Drug nanserystals are generally
reported as a safe and well tolemted formulation in many
administration moute compared with the comventional prod-
uets. Several saflaty advantapes of drug nansenystals in ol
delivery include i) fine particle size, ii) safe composiion, and
i) tolerance to various sterllizations, The fne particle size of
drug nanocrystals can increase the distrbution urdformity in
the gastrointestinal Auid and avaeld the high and prolanged
local concentration [43]. Manocrystals are also beneficial to a
better tolermtion in the mucosa delivery by reduction in the
oorurrence of the local irdtation or gritty feel. For example,
the study by Liversidge and Conzentine demonsirated that
naproxen nanosuspensions showed not only the faster onset
of action but alss a reduction in the gasirie Frdtancy [43]). Drug
nanocrystals can provide an opporunity to escalate dose and
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reduce solvent-related adverme effect because of the safe
composition  sinee ranosuspension farmulations de not
require arganie solvent or extreme pH ranges for solubiliza-
Han af poarly saluble drog [27]. Addidenal bensfit of drog
nanocrystals in salety lssue is the tolemnes to various sterdl-
izations. Several sterlization appreaches can be successfully
applied to nancsuspersions induding gamma radiaton,
filtration sterilization, and thermal sterilization.

Conceming the fnal formulaions of drug nanocrystals,
miest drug nanocrystals inthe in Wes expariment s are agqueous
dizpersions. In clinicalapplication, Houid dosage forms might
e suitable for some groups of patients, &g, children oreldedy
patients, but not for normmal patients. In general, solid dosags
forms are usually more prefered. Therefore, the Lguid
nanosuspensions should be transformed into dry powders
which are then used for production of tablets, capsules, ar
pellets. There are several methods that can be used for so-
lidification this nanosuspersion. In case of dmg nano-
suspensions in pure water or in water containing mixture,
nanosuspensions may be used a2 a granulation fuid for
further production of tablets. The nanosuspension & admixed
1o binders and other excipients, and the granules are then
fnely compressed into the tablets [50). Furthermore, nano-
suspensions can also be prodoced & matrix pellets or layering
dizspersion in Auidized bed process [51-53]. In case of drug
nanosuspensions produced in nonaguesus media such as
liguidisalid PEG, the use of melted PEG which is salidified at
room temperature for the dispesion of nanosuspersion is
interesting After salidification of PEG, the nanocrystals con-
taining mass can be ground and Gled inte the capsules.
Additdonally, the ather approval methods for salidifeation of
nanosuspension are such asspray-drying and lyophilEation
Spray-drying process i the cost effective approach to trans-
form the manosuspensions into dry products under appro-
priate condidons. lyophiliation process is recommended for
intravenous product inarder to avold aggregation or caking of
settled drug nanoorystals. However, during the drying pro-
cesg, the particle apgregation should be corsidered since the
benefits of nano-sized parteles will be lost if the paricls
aggregation occurs. Therefore, an addition of protectants
(u=sually sugars) may reduce the growth of particle size during
a solidiication process. Besides the ramsformation to dry
powdar of nanesuspensions, the redizpersion of salid drog
nanocrystals in gastmintestinal Auld should be concerned.
The stabilizers attached te the nanoerystal surfaces that
provide efficdent lorde or sterie repulkion and have no effect
fram the GIT enviranment should be used.

Reganding rmicromeritie aspects, drug nanecrystals provide
high saturation salubility and consequently inerease dissalu-
tHon velscity. However, in some applications, drug nano-
erystals are essentially combined with traditonal contralled
release technology feg. coated pellets) to avold excessively
high plasma peaks and premature ime to reach maximum
plasma concentmation (Tme), and to achieve prolonged blood
levels. Besides an optimal drug nanocryetal size and erystal-
line/amorphous state that are taken into account for the
production of drug nanoscrystals, the other factors incuding
the required blood profle, administration moute, and stability
of theamaorphous state during shelf life of the product should
be in consideration [4].
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In addition to oral administration, drg nanocrystals also
play abeneficial role on atheradministration routes. They can
create supersaturmied systems with high thermodynamie ac-
Hwity for dermal delivery; create systers with prolonged
retention times for ophthalmic adminiiration; creats
mucoadhesive systems for mueesal administration of nasal,
vaginal and pulmonary. Furthermore, an administration of
drug nanocrystal suspensions as parenteral formulaten i
aleo feasible. The surfaced -modified drug nanscrystals can be
preferentially adsatbed onto blood proteins for site specific
localization that & applied as a targeted drug delivery.

5. Conclusion

Nanocrystal technology is evidently suitable for drugs with
poor solubility. Drug nanscrystals can be applied to all poody
soluble drugs to overcome their solubility and bioavailability
problems. The decrease in particle size to nanometer range
contributes to the increased particle surface, curwature,
saturation solubility, dissslution velocity and further accept-
able bisavalability. Various applied and combination tech-
nologies are developed for the pmducton of drog
nanocrystale. Marny reports on drug nanocrystals within
recent years exhibit excellent in W performances of drog
nanocrystale in different administration routes. In oral
administration, drug nanocrystale offer great benefits of
erhanced drug bicavalabiity. Moreover, drug nanocrystals
allow the quickly absorption due to the fast dieselution that i
suitable for the required fast onset drug. The increased salu-
bility af drug nanscryetales ako eliminates the food effect to
drug absorption Therefore, drug in nanscrystal formulations
perform similar absorption in fed and fasted conditions.
Another benefit of drug nanocrystals i that it can provide
smaller dose admindstration te achisve modarate blood level
and thus reduce the side effect from given larger dosage
Furthermore, drug nanscrystals can be applied to vadous
administration routes such as oral, parenteral, ocular, pul-
maonary and dermal delivery, The liguid nanssuspensions can
be ermployed as a liguid dosage form or ransformed into salid
dry powder for further producton of tablets, capsules, or
pellels dosage forms. Several technigues can be used to so-
lidify the nanosuspenzsion incduding the preparation as the
granulation fuld for tablet production, the layeringdizpemsion
in fuidized bed process, the use of solidliguid PEG, spray
drying and lpophilization. At present, drug nanoorystals are
paid inereasing more attenton as a promising appraach
owing to many reasons such as an increasing number of
paarly saluble druge in drog develspment process, pharma-
eoeconomic value, easier production, safer composiion and
ather advantages that are previously mentoned. Howsver,
there & a lack of cytotosdcty studies and the detalls of intra-
cellular fate af the nanserystals. The particle sie and persis-
teney in the cells of nanocrystals are important parameters
that determine the intermetion between nanoerystals and the
cells and their rsk of tosdeity. Addidonally, the nanoparticles
can lead to an irritation of the immune systems, Therefore,
the nanatoxicity should be concemed when the nanocrystals
are prepared. Moreover, the addidonal knowledge abowt
intracelular fate of nanscrystals might open the way for new
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application. In the [uture, the development of stealth nana-
crystals and actve argeting nanccrystals modified with
Tfuncionalized surface will be the next imporant part of work
for drug mancerystals The surface modification of nano-
crystak affects the protein adsarption pattem and determines
the cellular affinity. Thiz aspect of nanocrystals can be
employed as the new appmach for the targeted delivery.
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Abstract
Nanocrystals for enhancement of oral bioavailability of poorly water-soluble drugs

Varaporn Buraphacheep Junyaprasert
Department of Pharmacy and Center of Excellence for innovative drug delivery and
nanomedicine, Faculty of Pharmacy, Mahidol University, Thailand

Introduction

The poor solubility of drug is a major problem which can limit the development of highly
potent pharmaceutics. The drugs with low solubility will confine the bioavailability and the
absorption, especially drugs in class Il of the Biopharmaceutical Classification System (BCS).
Several strategies have been employed to overcome these limitations including physical and chemical
modifications.  Techniques used in the physical modification are decreasing particle size
(micronization, nanonization), formation of polymorphs/pseudopolymorphs (including solvates),
complexation/solubilization (by means of using surfactants or cyclodextrins, conjugation to
dendrimers, and an addition of co-solvents) and preparation of drug dispersions in carriers (eutectic
mixtures, non-molecular solid dispersions, solid solutions). For the chemical modification, the used
technique is the synthesis of soluble prodrugs and salts (1-5).

Particle size reduction has been a much smarter approach that can be applied to nonspecific
formulation for many years. The nanocrystals were invented at the beginning of the 1990s and the
first products appeared very fast in the market from the year 2000 onwards. Additionally, drug
nanocrystals are a universal approach generally applied to all poorly soluble drugs for the reason that
all drugs can be disintegrated into nanometer-sized particles (6). Drug nanocrystals are nanoscopic
crystals of the parent compound with the dimension of less than 1 pum. They are composed of 100%
drug without carriers and typically stabilized with surfactants or polymeric steric stabilizers. A
dispersion of drug nanocrystals in an liquid medium and stabilized by surface active agents is so-
called nanosuspensions. The dispersion medium can be water, aqueous or nonaqueous media e.g.
liquid polyethylene glycol (PEG) and oils. The nanosuspensions can be used to formulate compounds
that are insoluble in both water and oil and to reformulate existing drugs to remove toxicologically
less favourable excipients (2, 4, 7).

Special features of nanocrystals to enhance oral bioavailability

Drug nanocrystals possess outstanding features enabling to solve the problems of poorly
soluble drugs, including an increase in saturation solubility, an increase in dissolution velocity, and an
increased adhesiveness to surface/cell membranes (6).
An increase in saturation solubility

The saturation solubility is a function of the crystalline structure (i.e. lattice energy) and
particle size. The polymorphic modification with highest energy and lowest melting point leads to the
best solubility. Occasionally, during the production, homogenization process generates amorphous
fraction with high inner energy that contributes to an increase in solubility of substance. Regarding
the particle size aspect, the saturation solubility of drug increases with a decrease in particle size
according to the Ostwald-Freundlich equation. However, this effect is not substantial for large
particles but will be pronounced for materials that have a mean particle size of less than 1-2 um,
especially well under 200 nm (2-4, 8-11).
An increase in dissolution velocity

The size reduction of nanocrystals leads to an increased surface area, resulting in an increase
in the dissolution velocity according to the Noyes-Whitney. In addition, the size reduction of
nanocrystals also leads to an increased saturation solubility which provides two advantages. Firstly,
dissolution velocity is enhanced due to an increase in concentration gradient. Secondly, the increased
saturation solubility contributes to an increase in concentration gradient between gut lumen and blood;
therefore, permeation and absorption by passive diffusion are further promoted. Furthermore, the
particle size reduction results in a decreased diffusional distance according to Prandtl equation, which
consequently increases the dissolution velocity as described by Noyes-Whitney equation (2-4, 8-11).
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An increased adhesiveness to surface/cell membranes

An increased adhesiveness of nanomaterials is usually due to larger contact area of small
particles as compared to large particles. Similar to other nanoparticles, drug nanocrystals show strong
adhesiveness to tissue which leads to an improvement in oral absorption of poorly soluble drugs (2,
3).

The high drug loading of nanocrystals is one aspect that makes nanocrystals efficiently
transport the drug into cells, reaching a sufficiently high therapeutic concentration for
pharmacological effect (6, 10). Another special feature of drug nanocrystals is a long-term stability.
The nanosuspension provides good physical stability due to an absence of aggregation and Ostwald
ripening. In addition, prevention of aggregation is achieved by an addition of ionic surfactants, non-
ionic surfactants or polymers.

The properties of drug nanocrystals are summarized in Table 1 (4).

Table 1 Properties of drug nanocrystals that give benefits over the microsized particles

Properties of drug nanocrystals

Particle size below 1 um

100% Drug, no carrier

Generally needed to be stabilized by surface active agent

Crystalline or amorphous structure (Amorphous state offering advantages)
Increase in saturation solubility

Increase in dissolution velocity

Sk~ wbdE

Preparation of nanocrystals

The techniques to produce drug nanocrystals are divided into two basic approaches, the
bottom up and the top down technologies.
Bottom up processes (2, 4, 6)

This technique is known as a classical precipitation process. In this process, it is necessary
to control the structure of the particles and avoid the growth of the particles by controlling influence
factors and adding stabilizers such as surfactants. However, a basic disadvantage of precipitation
processes is the use of organic solvents which is needed to be removed leading to high production
costs. Hence, in pharmaceutical industry, the bottom up processes has not been employed for the
production of the marketed drug.

Top down processes (1-4, 6, 12)

In this process, large crystals in the micrometer range are reduced to the nanodimension by
diminuting; such as a milling process and high pressure homogenization. For the milling method, dry
milling (e.g. jet milling) is not efficient to obtain a size in the nanometer range; therefore, wet milling
is applied. The classical milling process is the pearl mill (bead mill), being the NanoCrystal™
technology which is an important technology used to produce four FDA-approved drugs; Rapamune®,
Emend®, Tricor®, and Megace ES® (13). The common problem of this technology is an erosion of
milling material and an adherence of product to the inner surface area of the mill. For the
homogenization method, three important technologies to produce nanocrystals are Microfluidizer
technology (IDD-P™™ technology), Piston gap homogenization in water (Dissocubes® technology)
and in water mixtures or in nonaqueous media (Nanopure® technology). An important advantage of
this method is a considerably high productivity with low microparticles and low level of
contamination from erosion of the homogenizer wall.

Other techniques for the production of drug nanocrystals (2, 4, 6, 11, 12)

Although high pressure homogenization has been frequently used, due to its simplicity,
feasibility in large-scale production and low product contamination (11), it still encounters some
limitations. For the high hardness solid drug, an extreme pressure and more homogenization cycles
are considerably required. Moreover, the particle size of starting material must be small enough to
pass through a homogenizer gap to avoid its blockage. Therefore, combination technologies have
been developed to facilitate the nanocrystal production to reduce the passage number of
homogenization or to provide very small particles prior to homogenization. The patented
combination technologies are, for example, NanoEdge® (a combination of precipitation and high
pressure homogenization) (12) and SmartCrystal® (e.g. H42 process: a combination of spray drying
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with high pressure homogenization, and H96 process (a combination of lyophilization and high
pressure homogenization) (11).

Recently, a novel tri-combination technology called “Precipitation-lyophilization-
homogenization (PLH) method” for preparation of nanocrystals was published by Janyaprasert group
(14). In the first step of this technique; the drug is dissolved in an organic solvent and mixed with an
aqueous phase, resulting in a precipitation of preferably friable and small crystals. Secondly,
Iyophilization is applied which leads to the modification of the starting material and removal of the
organic solvent used in precipitation step. In the final step, high pressure homogenization is
performed to break dawn crumbly particles into the nanosized particles. Diagram of preparation by
PLH technique is shown in Figure 1. It was reported that PLH technique is an effective method to
reduce of the size of clarithromycin nanocrystals to 400 nm with homogenous size distribution as
compared to conventional high pressure homogenization (HPH) as seen in Figure 2 (14).

_ powder /T
T .!’

stirrer J

precipitation  lyophilization redispersion high pressure homogenization
Figure 1 Production of drug nanocrystals by precipitation-lyophilization-homogenization (PLH).
(A) : - :

Figure 2 SEM microphotographs of (A) conventional suspension, and (B) nanosuspensions prepared by
precipitation-lyophilization-homogenization (PLH) method of clarithromycin formulation (14).

Among other technologies, the following supercritical fluid methods are mentioned in the
production such as rapid expansion of supercritical solution (RESS), rapid expansion from
supercritical to aqueous solution (RESAS), solution-enhanced dispersion by the supercritical fluids
(SEDS), spray freezing into liquid (SFL), evaporative precipitation into aqueous solution (EPAS), and
aerosol solvent extraction (ASES).

In vivo performances of drug nanocrystals in oral administration routes

Drug nanocrystals improve the absorption of drug due to two major mechanisms via firstly,
an improvement of solubility and dissolution rate and secondly, the bioadhesion to the intestinal wall.
The drug nanocrystals impressively improve the bioavailability of perorally administered poorly
soluble drugs as observed by changes of pharmacokinetic parameters of blood profiles, including an
increase in area under the blood concentration-time curve (AUC), an increase in maximum plasma
concentration (Cpax), and a decrease in time to maximum plasma concentration (T max) (15-17).

The second mechanism of nanocrystals to improve the drug absorption is due to the
mucoadhesion to biological mucosa (Gl mucosa) which positively enhances the oral bioavailability.
Owing to the strong adhesiveness of nanocrystals to GI mucosa, the drugs provide the higher
concentration gradient and prolong residence and contact time in the GIT. Moreover, a variation in
bioavailability resulting from fed/fast state of the poorly soluble drug is minimized due to a uniform
dispersion of the nanosuspension in the GIT.

Finally, drug nanocrystals are a safe and well tolerated formulation as compared to the
conventional products since they can avoid occurrence of an unwanted toxicity caused by the use of
organic cosolvent or solubilizer. In addition, several advantages of drug nanocrystals in oral delivery
include i) fine particle size, ii) safe composition, and iii) tolerance to various sterilizations (17, 18).
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Background

= About 40% of the drugs in the development pipelines
are ﬁnr}g soluble, and 60 of drugs obtained from
synthesiz are poorly soluble [1].
= Problems associated with poorly soluble drugs:
* Poor sol uhility often associates with jow dissolution
yedocity which results in low oral bioavailability [BCS
1l drugs].
= Intravenous injection is not possible due to 2 too
|ange injection wolume.
= Pharmacological / toxicological screening is difficult.
* It was report that 70% of the potentizl candidates
wene discarded due to low bicewsilability related with
poor solubility in water [2]. [+]

Strategies to overcome e

the solubility problem

* The approachess to inomeass the solubility and the aveilabie
surface ares for dissokution:
* Far the pivysical modification, the techniques include
deciwiilig partichs iloe | micronizaton, namealnatken|
L i pis (inchading

of pak s iy
vt
imphmition solubiiization by meins of wing ufectants or
ey i, | o 1o dendii aied an additien of
(R oh
prigafation of driyg dbipesiiod s cifen |silecth mbdiee,
lar sobd di duliel sk 'l
* Far the chemicsl modification, the umsd techniqus is the
synthesis of soluble prodrugs and salts [1-5]
. jcie size reduction is one of the mast importang
methods to impnove dissalution of the dnag.

T
Drug nanocrystals

Pure solid drug particles | 100% drug without
Camiers)
Mean diameter in nanometer range (<1000 nm)
Dispersion of drug nanoarystals in liquid media s
called as “nanosuspensions”
System of nanosuspensions consists of :
1. Drug nanaorystals
2. Stabilizing agents
[surfactants, polymeric stabilizers)
3. Liquid dispersion medium
[@queous, nonagqueous solution)
Due to no carriers, the high drug loading of [ s ]
nanocrystals is suitable for delivery of high dosing
drugs

. AL
T TR Ty

Dirug nanocrystals : possess
* Increase in surface area
*  Increase in saturation soclubility
* Increase in dissolution velocity
*  Improvement of bicavailability of drug
* Enhancement of drug absorption
[adhere to Gl mucosa, prolong contact

time)
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The special features of nanocrystals -
* Anincrease in saturation solability ()
Satamation acksbibey (0]
- Crempovznd spacie conaact [empeaiure dependeni]
- Punchon of - Cryialbine sinucturs [Amorphous sersess slishiisy]
= Particls sirs
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N « =
-] micronlio  enoniumicy
4

.f"'_"‘\‘ ﬂt

Curvalirs ircremsss with decreasing sos

Saturaiion solubility (0 1 [ 7 ]

- Particls wize

- Eéfct tn pronourcrd for —aterials thet bave maan partice s of s
than 1 pm.

An increase in disselution velocity e
4 § AT D4
. ¥ = Fraalrat (5, — .0

- Surface e {A] s Saberation sty () : Deschution weloctty (471 T
- Frr
BT o i

e
- e
mhoveasien e i 17

- [nffuxicra] distance by, [ue m part of Bydmdymasic boundary luper by, |
Prandtl squation iy = k{1

- Puticln mirw I : Diffusioral] distares by | @ Dissobstioe sty

-
9 -

o
eI Y
=An increzsed adhesiveness to surfacefcell membranes

- Cnststanding St of racncyetals s Ene disting incwsssd sihaxyenas
duse b emcrrmsed contact mrea of mall partices.

1 =1000
[@ L
e

400nm
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Production of drug nanocrystals:

Two basic approaches
1. Bottom up process assembling and
contrelling precipitations at nanometer
scale
2. Top down process : breaking down larger
particles by milling or homogenization

8
Bottom up process:

* “Classical precipitation”

* Drug is completely dissolved in a solvent,
then solvent solution is added to a non-
solvent, as a consequence the drug
precipitates

* Basic disadvantage:

- ~ Need to be removed
- Use of organic solvents ’

= ImCrease of cost

- Mot employed for the production of products in
the market

(n)

T
Top down process: ' :
* Starts from large crystals in micrometer range

and goes down to nancdimension by

diminuting the crystals performed by milling or
homogenization.

* Milling process
= wiet milling or Pearl milling
= produce four FDA-approved drugs o =
= Rapamure®, Emend®, Tricor®, and Megace ES® .
= Disadvantages:
= Erosion of milling material
= Adhenence of product to inner surface area of the mill
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Top down process :

* High pressure homogenization
= 3 important technologies:
= Mireiukiner echsokegy (IDDF=™ pechislogy]
* Piten gae hefmogenliation Ih wilsi [Discdiibed” ledhaakgy]
= Piston jap hemogeniiation n walsr mbLuses of In nofegussus
el [Nanopun™ inchhology)
= Dizadvantags:
" Mokl
= Raguirs @ relathvely high number of cpces

500 100 puises ) for susMiciant particls sive
tedaition

* Diserou b

® pydinksa of mibeidesithe drun

* Probleins dufing subsegusnt deying itep
* Manopuse” :

* Sulbable for. emeeratune labile diuag, walei-

st diug &

" Hesogesieatiin: High haidnes diug  reguines

ot sy and ole

. MANITHIL
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Combination technologies:

= ManoEdge™ : Crystals are precipitated, then
obtained suspension is subjected to HPH
= SmartCrystal” : Combination processes which
either accelerate production by reducing number
of passes through the homogenizer or leading to
very small nanocrystals below 100 nm.
HES : Parall=] flow precipitation + HPH
H42 : Spray-drying + HPH
HSE : Lyophilization + HPH

L e . [ B
Background and Rationale
= Clarithromycin (CM) :
Nanoc tals of C]Hﬂmﬂl‘]ﬂfﬂ:ln - Semi-synthetic 12-membered macrolide antibiotic
b}F PI‘E[Z]Plt'ﬂtlﬂll L}rcphlhzanﬂn - Practically insoluble in water; pH dependent
. . - Classified in BCS class I
HGngEH]ZatlDIl {FLH] - Oral bioavailability of about 50% due to the
Seoraical W, Ll hiks chad 1, Ju VI o
¥ omcypabenien (FLY) i e poor dissolution rate e,
Paarm X013, #5741 0714 - = " “?\ ) o
(1] T o
ke
[ [ Tl

= Clarithremycin [CM) :
- Most commonly used and mast potent antibiotic
in anti-Helcobacter treatrment
- Combination with other medications for
treatrment of H. pyion eradication

- Two modes acting against A pyior via gastric
secretion from:

1. Systernic cinculation

2. Topical action

(+]

Anti-Helicobacter drug is administered
orally in solid form
o

L
{ Diszalution )
Antibiotic in solution
Penstration
Topical action Systernic action
AlriaiBed inle: muc liyer in Abseried in'the ntestinal tact 1o
efdaf 1o raach bacteili s e syt cireulatien

Liryer

Seceled in gasiic weoielien 1o @1
agairot A oo
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= Many studies found that
= The slowest or rate-limiting step of action is the
dissolution of antibiotic in fluids.
= Improvement of dissolution behavior of CM (increase
solubility and dissolution rate) lead to improvemsent
of penetration of the drug to act against H. pylor.
= Poorly water-soluble drugs usually have limit
bioavailability depending on their dissolution rate in
the absorption site.
= Particle size reduction is one of the methods to
improve dissolution of the drug. (1]

MAITHIL

AT T

In this study:

clarithrormycin nanocrystals are prepared by
= Precipitation-lyophilization-homogenization
method [PLH)

= Predpitation : reduce initial partick: size to small and
prefersbiy frianle orystals
[Drganic sohwent has to be canefully removed — sctas
cosolvent — particle growth)

= Lyoohilization : modify starting material to ponous and
friable remove organic solent used in precipitation

= High pressure homaopgenization : break crumbly particles

= Dissocube” method (HPH)
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5

Marocryetsis of Darthormyds by Pracizhation-Lyephl stion-
Hzmogantation (PLH]

METHOD ED|

Premration of chrthromyon nanoonystals by Disocube® [HPH) method

Fodcamimes 407

515
I.l.‘ﬁ.mrﬂn Pre-milling steg:
110 iy, Homogenizabion sten
3 oydes

+ The: sampie ks collecied after pre-milling step and dering homogen baiion
sep ot opcke 4, 5, 10, 15, 30, 25, and 30,

MANITHIL
P Ty

Preparation of clarthromycin nanoorystals by Precipitation-
Iyeghilization- homogenization {PLH) method

Chrithromydn

e~ llj
-- o ]
e e

=

» The sumpie ks colectad after pre-miling step 3 duing homogenbason [u]
siep at cycke 1, 5, 20, 15, 20, 35, 30, 40, 50, 60 and 70

Surfacant

Pre-milling siep
Hamagantration st
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2. Physicochemical characterization AT
of CM nanocrystals

T,

e e
"
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= USF Appartus I (Fadde)

= Speed - S0 rpm

= Medum : (LIS KHP0, pH 8.8

= Volume 1 500 ml

= Temperabeee : I740.5C

= Sample weight- drug content eg. 500 mg
* Colieched samples at sampling bmes:
10,2030, 45, 60, 130, 240, 360, 540, 720,
1440 min

- =Samples of each formulabion are dome In
. tripicate

= Samples are consequently analyoed by

HPALD [H]

AL
TRy

Mamocryriady of Clarftharpcn By Pred pfa on-Lpaphi koeticn-

Homaogenizaticn [PLH]

RESULTS AND DISCUSSION

et
Effect of preparation technigque

= The nibiilts showed that the

o provided an

dl rigid reduction
of partiche slte of Aesodatak
1o 85010 e with "
homegermily dee daribution
i enky the i cycle of
Bomegehizaton, shefaas the —
dame ilie was allainesd el
30 eychis by o HFH metsod, | = .

= Thaiefors, the FLH echiigus | (2
cauld effecthaly Feducs the i — | :
ol | I W i)
eyches i compared be the s wem e e e e |

4

HIH tehinigu. L=

g, i

Effect of amount of drug loading

“”JJ.:..

l ““““"'

A hiligh & ¢ of fewding
drgg it inindal contributed
1 ieh i i partiche
sitw ol nasucryLais,

Higher coment of dieg
kg cirssed i
msrnbei of dneg partide
iy s theoiagh the
piilon gas and moee
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szl partichs.
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Effect of amount of surfactant(s)

Effect of amount of surfactart{s)

AL
TR Ty

= CLF2 (2% Polamarer $07]
= CLFS (5% Polamarer $07]

* CAF2 (2% Polesaimer 07 &
* CAFS (5% Polaamer $07 +

0% 516 |
D% 5E

* Higher surfactant concentration provided more rapid and
sufficient cowerage of the new apparent surface and l=d
o better particle size recuctien ard skability than the
lower surfactant conoznkration.

* The mdcition of 1% 515 efficiently reduced the number of
Fomopgerization cycle as compared to the formulstion
without 515, and decreased the amount of polosamer 407
from 5 to 2 Yawfv
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Crystallinity of CM nanocrystals
Al =
T - - -
ik -
t . .
1 by bW ] Manouspenakon by FiH T Ui - -
)
- SEM images showed that the clarithromycin e — T | .

- e —
nanocrystals prepared by both techniques wera . - LT =
semilar, and had cubic-like shape. ] T— —

[il] * The chtsined darithrommsein nanocylals weis pobably s the
erpsaline Form (Ferms | and 1] ard partially in amsishos kom,
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FT-IR analysis Dissolution study
[T pera— i
| T . e —"
I - | ST
n - i
I e ai '_. L I
' e [ : —
ER—
o
— i . =
* The dhisohstion velieity of both nanocystal Srmulations was
= Thea FTIR igactra of Bulk o wdn and hpzphil i markedly snhancsd a3 cempaned 1o that of te coare darfthremyda.
narntyitab seve similar in pea cafieen s Sequency, bdiatig no + Altheugh, mo slgnifeant diferescs in dhsohition profie of both
chiigs i the cham bl SFucties of disg el prapaialicn afd o [ﬂ] nanzsyslal kerrslalos, T FLH e thod el comide atly redue
nlerartion betwa e drug ard surlactants. the hormuogerization ceche fer e preganation of the nanseytals
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In vitro performance of CM nanoaystals™ ™=

CarkF romaoin nanocprsh ez highsr
diachitizr e 53 comparsd S0 e
Carthraraycn powds: S1e e
marzermon ard bre masksted pocud

* Asditiarally, T CM netcoryetsl s
pomemsd Sghe permeabl iy Shrough
coliuier moncieyer of Zs=-1 end KO-
K7 celt mxcomzared to the coans
marzerscn and bre clatthmorgcin
prwosr,

B o s By = rmen dmrnan B
[T S Dl p—

T e iy T B [ﬂ]

&
Conclusions

. I:rruE nanocrystals possess gutstanding features
enabling to overcome the solubility probdems
including an increase in saturation solubility, an
increase in dissolution velocity, and an increased
adhesiveness to surface/cell membranes.

= The precipitation-lyophilization-homogenization
technigue pmvidego advantages over the high
%me homogenization technique in terms of

asibility and ease of particle size reduction.

= The darithromycin nanoc ks showed higher
dissolution rate and better in vitro performance as
compared to the darithromycin powder, the
COarse sUSpension.
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“Center of Excellence in Innovative Drug Delivery and Nanomedicine, Faculty of Pharmacy,
Mahidol University, Bangkok, Thailand
®Department of Biopharmaceutics and Pharmaceutical Technology,

Johannes Gutenberg-University Mainz, 55099 Mainz, Germany

Abstract

Clarithromycin is classified in BCS class Il having low bioavailability due to very low
dissolution behavior. The main purpose of this study was to investigate an efficiency of
precipitation-lyophilization-homogenization (PLH) method to prepare clarithromycin
nanocrystals to increase its dissolution. The factors influencing particle size reduction and
physical stability were assessed. The results showed that the PLH technique provided an
effective and rapid reduction of particle size of nanocrystals to 460£10 nm with homogeneity
size distribution after only the fifth cycle of homogenization as compared to the conventional
high pressure homogenization method which achieved the same size after 30 cycles. The
smallest nanocrystals were obtained by using the combination of poloxamer 407 (2 %w/v)
and SLS (0.1 %w/v) as stabilizers which could prevent the particle aggregation over 3-month
storage at 4 °C. The nanocrystals were identified as cubic particles by SEM and existed in
crystalline and/or partial amorphous form as investigated by DSC and XRPD. The saturation
solubility of the clarithromycin nanocrystals was increased by 1.5- and 6-folds higher than
clarithromycin powder in buffer pH 5.0 and 6.8, respectively. The dissolution profiles of
clarithromycin nanocrystals at pH 5.0 and 6.8 were significantly different from
clarithromycin powder and the marketed product (f; value>15 and f, value<50).

Keywords: nanocrystals; clarithromycin;  precipitation-lyophilization-homogenization;
poorly soluble drug; dissolution; dissolution
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Authors: Boontida Morakul, Mahidol Umiversity (Pre ing Author); Jiraph Suksinmworapong, Mahidol University; Mullika Chomnawang, Mahidol
University; Peter Langguth. Johannes Gutenberg University; Varaporn Junyaprasert, Mahidol University (Main Author)

Presenting Author: Boontida Morakul

Purpose: To investigate an enhancement effect of clarithromycin nanocrystals produced by precipitation—lyophilization—homogenization (PLH) method
on the saturation solubility, dissolution velocity, antibiotic activity, permeability through gastric mucus and cellular permeability.

Methods: Nanocrystals of clanthromycin were prepared by PLH method using poloxamer 407 and sodium lauryl sulfate (SLS) as stabilizers. The particle
size and polydispersity index of nanocrystals was determined by PCS and LD. The particle morphology was investigated by SEM and the crystallinity of
nanocrystals was determined by DSC and XRPD analysis. Saturation solubility and dissolution behavior were studied in dissolution buffers pH 5.0 and
6.8 to evaluate an enhancement 1n solubility and dissolution velocity of the nanocrystals. The bioassay study by diffusion agar method was performed to
investigate an antibiotic activity of clarithromyecin nanocrystals. Additionally, the permeability study of nanocrystals was examined through the gastric
mucus and cellular monolayer of Caco-2 and NCI-N87 cells.

Results: Nanocrystals of clarithromycin prepared by PLH method were identified as cubic particles with a bulk population of approximately 400 nm and
PI-value of 0.4. The crystallinity of nanocrystals was existed in crystalline and/or partial amorphous form. The saturation solubility of the clarithromycin
nanocrystals was increased by 1.53- and 6-folds higher than clarithromycin powder in buffer pH 5.0 and 6.8, respectively. The dissolution profiles of
clanithromycin nanocrystals at pH 5.0 and 6.8 were significantly different from clarithromycin powder and the marketed product (f) value>15 and f
value<50) and all dissolution parameters (relative dissolution rate, percent dissolution efficiency and mean dissolution time) of the nanocrystals showed
the better dissolution behavior when compared o the clarithromyecin powder, the lyophilized coarse suspension and the marketed product. From the
bioassay study, the results indicated that the antibiotic activity of clarithromycin nanocrystals solubilized in buffer solution could be maintained and
showed the greater potency than the lyophilized coarse suspension and the clarithromycin powder. Additionally, the nanocrystals possessed higher
permeability through gastric mucus and cellular monolayer of Caco-2 and NCI-N87 cells as compared to the lyophilized coarse suspension and the
clarithromyein powder.

Conclusion: The clanthromycin nanocrystals produced by PLH method could provide better properties over the clarithromycin powder mcluding the
enhancement of saturation solubility, disselution velocity, antibiotic activity, permeability through the gastric mucus and cellular monolayer. The
development into nanocrystals might lead to higher performance in treatment of antibacterial of clanthromycin.
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Dissolution Enhancement and In Vitro Performance of Clarithromycin Nanocrystals Produced by
Precipitation-Lyophilization-Homogenization Method

B. Morakul !, J. Suksiriworapong ', M. T. Chomnawang ', P. Langguth %, V. B. Junyaprasert *

! Mahidol University, ? Johannes Gutenberg University

Purpose

To investigate an enhancement effect of clarithromycin nanocrystals produced by precipitation-lyophilization-homogenization (PLH)
method on the saturation solubility, dissolution velocity, antibiotic activity, permeability through gastric mucus and cellular
permeability.

Methods

Nanocrystals of clarithromycin were prepared by PLH method using poloxamer 407 and sodium lauryl sulfate (SLS) as stabilizers.
The particle size and polydispersity index of nanocrystals was determined by PCS and LD. The particle morphology was investigated
by SEM and the crystallinity of nanocrystals was determined by DSC and XRPD analysis. Saturation solubility and dissolution
behavior were studied in dissolution buffers pH 5.0 and 6.8 to evaluate an enhancement in solubility and dissolution velocity of the
nanocrystals. The bioassay study by diffusion agar method was performed to investigate an antibiotic activity of clarithromycin
nanocrystals. Additionally, the permeability study of nanocrystals was examined through the gastric mucus and cellular monolayer of
Caco-2 and NCI-N87 cells.

Results

Nanocrystals of clarithromycin prepared by PLH method were identified as cubic particles with a bulk population of approximately
400 nm and Pl-value of 0.4. The crystallinity of nanocrystals was existed in crystalline and/or partial amorphous form. The saturation
solubility of the clarithromycin nanocrystals was increased by 1.5- and 6-folds higher than clarithromycin powder in buffer pH 5.0 and
6.8, respectively. The dissolution profiles of clarithromycin nanocrystals at pH 5.0 and 6.8 were significantly different from
clarithromycin powder and the marketed product (f; value=15 and f; value<50) and all dissolution parameters (relative dissolution
rate, percent dissolution efficiency and mean dissolution time) of the nanocrystals showed the better dissolution behavior when
compared to the clarithromycin powder, the lyophilized coarse suspension and the marketed product. From the bioassay study, the
results indicated that the antibiotic activity of clarithromycin nanocrystals solubilized in buffer solution could be maintained and
showed the greater potency than the lyophilized coarse suspension and the clarithromycin powder. Additionally, the nanocrystals
possessed higher permeability through gastric mucus and cellular monolayer of Caco-2 and NCI-N87 cells as compared to the
lyophilized coarse suspension and the clarithromycin powder.

Conclusion

The clarithromycin nanocrystals produced by PLH method could provide better properties over the clarithromycin powder including
the enhancement of saturation solubility, dissolution velocity, antibiotic activity, permeability through the gastric mucus and cellular
monolayer. The development into nanocrystals might lead to higher performance in treatment of antibacterial of clarithromycin.
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