Descri ption Met hod for assessing absorption
properties of |low solubility conpounds Technical Field
he present invention relates to a mtl&’l‘k%ﬁfomooow
W({zﬁggédgg%ssnent of the effectqof excipients
conbi nations thereof on the predicted absorptlon

rgperties of |ow solubility conmpounds according to
D%ﬁEBEQ%aan e of independent claim 1 and nore

i

Do e R B DB o 10} B Ay 2B rRiunas
Te2BnicBhEieid ound Art [0002] Human intestinal absorption
kA skl s

K R

\F/)v Iae&?\ i Eesrfgs ee]l-ci:e N\E, blﬁ%&?@%rg&aﬁgﬁ gt | ontEjd gbsorption

exemplrmperads o lavia eommlriy poimpouRds escoding fw desprsanitie of

et al 985

e
B opi’f!ft“??@tf@?f‘?&%’"@l ﬁee@m&m%ﬁééy i?%@m@gﬁa graggpm being
| ndugffangedél )ééffoﬁﬁlnbrba‘?’di Wibtﬁb@%\é@bl‘c@;ﬁg td trweggﬁg%nt claim 20.

Bi oequi vaI ence Studie$ nmedi at e ease
BaokgroubukAte Forms Based on a Bi ophar maceutl cs

0§02k Sl HekBadn oy K RriArf coRisungl ean dgpend
(Cur afraliRan¥oudRh éhfthre%‘?key E%Brné@@@wmht 99tmehbilit$ And pKa

In the si Iest t erns, | aws of ] fusi on
under{Aveeell A., Shbsergsien ras@eﬁ)wg Deveigpment’, Kéilgninéerseigace, NY,

R R PSRRI oS Bl B, cRRRSS BRI i
gg?d%ﬁ%ﬂg%’c@be& t?gir?bmﬁlm beﬂ985 (m ﬁseghhby

r at i GHapharepasy Issgzlﬁés'awlmtﬁh @Gwéﬁa@%fwn@wstw “Waiver of

it - 50 AFE ne B Gustoln SRies Ifimmmediple Reloase
i nf | BuiliceOrd! (psage forens Bessd bna Bmlarrpaceutlcmf Classification
i th S R WY RtoGapiEa Ut diEh 200G the Mendmum

the dﬁb&g:rw@ale' mdaﬁﬁméubﬁt(cav&&aw YPhAe. s&nvsaﬁ aﬁsaayﬂ 1998,

of th | um nal perfusate was adj ust

unti |1 t&&éﬂelnwae ampha@t terman Sink's faa«tsrc@fsi;fftm@nmd@ﬁte alhof these
wal | %hat it was possible to define the WO

2007/'8%@%' 5PCT/ C112007/ 000097 2 bl ood-| unen barrier

[0088] OnEh&litesiie apatel-doldld weak 03864 Jaré bettol ab@dsrbed from
neutral form of the drug perneates, .then equatian

can Hlioptivalkeling regionsfd. grahe distaldiewmig aaﬁm%aca@ﬁ are

d ¢ -
0 25 BEEUASE s 4D 8 LB S ) i
1957, wAd fatichlized By BrotieRiiu Bhub)ief)Shore PA et al., “J. Pcol. Exp.

(T om UIRESBE: GURLrtonCe TorvieRbice &52% hBesgliaidmotnesis
wel | thE HHRIcHRB ditPh *ﬂ?é ﬁﬁ?sgtm fa | |bﬂ'bf l@hﬁ@fﬂé drugs.

measur nrent of I S tun nEestn per fusi on absorption
r at esReldntastined vidre peitfusedendidn odth & dru@emluhulppbwame@ pH. At

car | yhesagute ke 316 HtkbanS TR Pipverndlsl: Afisctneshgation of
suggqﬂé\mag ﬁ?mﬁlﬁecﬁﬁéﬁé‘kﬁés‘éﬂu H'urﬁi?tH@r@Wﬁn@het

he p I's | east arge

i s altsanspost adiosk déhe irtéstined waliube that il was possiblebioedefing the
Is particularly inportant to note that in Brodie's
work, all of the conmpounds tested have relatively high
water solubility. At the site of absorption, the
amount of the uncharged species and the tendency of
the neutral species to cross the phospholipid nenbrane
barrier are both inportant predictors of absorption.
The intrinsic perneability coefficient,. Po,
characterizes the nenbrane transport of the uncharged
speci es. The concentration of the uncharged species,



[0013] According to the invention this need is settled
by a nmethod as it is defined by the features of
wo fgeagpgent claim 1, and by a conputer progr apeReabinz/o00097
is defined by the features & independent claim 20.
Preferred enbodi nents are subject of the dependent
cl ai jcular, the invention deals with
a rregﬁgghgéh#ﬂ%dgﬂgggéysdsnent of the effect of
excipients, pH and conbjhnaidldober eof on the 1)
predi cted absorption pr ope[rgwggwgnf, | ow solubility
0

conpounds, conprising the step assessing a chanqe
[0004] alfraniithe prutral foms of the: drig peimesiess thgnjaswation (1) can be

<ol ubi | i i _
or cantadcaid T 0 BAR 58 o e dfe ff orertdyBRf the two
her egideslofthe midstired baridriiShded PA &f sinSJoPcsloExpl Thesap.”

in the Biopharmaceutics C assification System adopted

by t A85TUn1 1B PBYat es Food and Drug Adninistration as a

bi oavai | abi | i tybi oequi val e@gqoﬂe.gzﬂmahyry gui del i ne

("FDA gui dance for i ndu@ﬁ?—wsmﬁfvﬂ n vivo (2)
bi oavail ability and bi oequ IgdPence "$t didi es for o
[Odgé??l}‘te Egakfion ?%)%%l%_n%@b bR e egﬂ?@ﬁéﬂjlcfe%%f%ﬁ“ﬁ@aﬁlhﬂqgased on

aln active noil eties/acti edi ents .based on
bi optieer walt &nowodHendarsoniHaasethalely gtdhequation. Direct

CDERGUI D\ 2062df t..wod, Dr af t. an. 1999). In particul

Che Sgegurameyt arRDu TbRskinarattusioh absarpichiples cortimed the
vol UBE débehdehBe Muriher stippoftify) thaPthadf} 8hd obdBhRidntwere well
di ssol ve t he hi ghest dose strength at the | owest

sol umatched indhgse eariyyeedmentso 8, with 250 nL being

8, 504 Pl IR ke o v o
e ¥t nrpsnle o, e i

1 d
her ePRO&heRR the| rael@gu{%iSdﬂ%ﬁtS@luweolﬂ isap@@zp@;important to note
n Ab . H n - . ] .

v, S BpRt b0 e e Tpopndsiodda Bl e RRR ign

t o paatercdalability. b pibs of agsarptian theramenntofdheumcharged

and tinme unit, 01 Mor recisely, the folloping is, . .
descePBEas ARddab dotdanaent 1B netiR shéeine fo piRgsdfipiHhaspholipid
to a 2R NeNard Bt iRbTHANE p?ééiét%%}@f‘a@éorﬁtiéﬁ.‘ Phe intrinsic
is the product of the diffusivity and the
conc peatmeaability epedficient, Pof charectmi/zas éhe merderanectransport of the
menbr ane. The nenbr gne/ wat er, apparent partiti \

Coor HERampa AR, ThegSisahrBlaa ot Re dkidrbef Bossiss: G-
the dapeRds bhties a@begah@o&cﬁurﬁilwptﬁéwsxﬁaﬂ gimélecule, and the pH at

bul k-wat er- concentration difference between the two
sol uthesite sepbsarpianmcadidingdaiihe i equatiemh i oni zabl e

todfPnF SoufihgioRel EFdiRupe8Ra s Babs af gl P98k for bigher
f or mRileddiar welght anslesulet agRichrdlePredictdoin low in solubility. ‘Early
Hypot hesi s). The anmount of the uncharged form present

at aWArdied’ {9als, whict psdiipineki's, Fedaof Bhikiriaskidc s hamerJkharm.

depe ' ' f " .
b1 nar Y S 82k A EorhBer PG 3s 1Rl bladioy ftupity rom 2D
aci dsjructted fattempl teovéed oubgatrenmiediiieebhny frdisdven) |

and solubility (a solid-state form of self-binding).

Low MQIBMS-5\}'"eWV@qmiltVT%ﬂémﬂtl%ﬁﬁcﬁlﬁsdﬁ"@inas a

t her Wolgh ot i 1d t

o PEFDRR o, ST 06 SN SplogP o TP A mecsure
pﬁr mamuiliw,wmmeanbslfkihgietfﬁechofao:tgaaid s';mk@ﬁtsl('rerb@l dienethd

t her nrodynanj c rts of transport across a nenbrane.

[ 001 BPERAS) st i JeSQETY FSAEERES) AraigabhaRBaRgometry-
separated by a honbgeneous |ipid nenbrane. The |eft

side is the donor conpartnent, where the sanple

nol ecul es are first introduced; the right side is the
acceptor conpartnent, which at the start has no sanple

nol ecul es. Fick's first | aw applied to honbgeneous



WD 20071098625PCT/ C112007/ 000097 7 aqueous sol ution
concentrations of the uncharged species in the donor

wG R 7AG&sPt or sides, respectively. [0023] In S9E’I‘{§]&‘}9?:’I/000097
pH, the

saturated (i.e., excess soli @& present) at sone
plot of log C.. versus pH for an ionizable nolecule is

SEGECHCATE R MEM G930 T 11
| IR 31k BB nBEUE IR U 3 S ke Sci, 2005,

j unct®4nl)points is dependent on the dose used in the

100fef Mg an sre ol o sPetingfastits MolGules. Hib mpounds

h . : : .
gg c u?gli e, ga%% g%é’%g%&@ng gl uat L:)%ﬁo@]fe bgﬁﬁséf(‘\éé%ﬁ@ntt he HH equation
bei ngoniypeurly predicts thei (il dgpehdents of sparimglypSoluble molecules

| . ubi | _
T kbR SpER . FheF RNt e o 48 g s
Thus. DOBIIRRDE. [RGB HRPErAVAIHU bTAGB et nd micelle-
and eliks siirecturasf inexolgionn Stishuaggdreggtesrhviesumusaaily ihigh solubility
o R LB RIS oBaF PR e ae B St g B 98

r easoahbdratfeepepdeh8925] In a first preferred
enbodi mnent of thé nethod according to the invention,

[0R99E sBermesabilityonaagurepientie atsofkadghiovittosukstaniial swsertainty,

at o ProacPruEie SR PR B BRI ol HenET 281, 538 b6 boundary
pr epakiyag (ABURReH incdriplets nidsst halants drf traakdih stghufsays
conprising the conpound and the excipient; prepari

r ecei (Poth sgllder ard artificial ewbsane parmeakilify assay by ghgffe?ent

o | PFeuts A

oo BRSBTS SRR, Aok, LPRA, S5 D605, 21, 200)
[ad0h g Thepanatededurata @ut stilb fastesalubiity. ahd pbamedlyility methods in

R LS AT P B eSS,
chanbgevdiypinadit %h][d 5é& Pégﬁbé.@%rﬁ}é hgf A in Fé‘cdg?ﬁﬁhg &f a much earlier

solution into the firs cond receive
chanbtims; trily pudkiemagc saclacsles (Beogrirdro CAS pt sbeBunedl Pharm.

peri od_of StihJe: i he, respagse. of. t.he

Compottin- 200Ph22r S AoA bRk Mot BF “Pra iy ciannes, o4, 1.
[02aaPnBesiciesithe deetivdrbefectte phHEs6l Jmmgp@m Perraabifigtn

her ei nbel ow conpri ses di nensions suitable to assess

t he chbsryelion processpaxpaiticelariyon B praassaes.thense of excipients

o soctan Bl kP ARty Brogdses batttufy dsBHtion
20071pRfS258C6F SHRNLY 00RO nidlerulés el akisping consideration the

properties of the conpound. Further., it allows a ,
hi ghl W@Qf%tqu}&jab?%@“ﬁﬁ?d ts dre evgluatien obsuitaple

per f o o : . .
Govi coXagients e 2bBnf R iRy B s A BRIGEsRs R a very
Pr ef edidiidylt taak s Beday, guthevahmtign iepetfbeméd iy domdatiimgmanimal
conprises.a repeate erform.ng of the steps described .
2 boveCARerNBNES: ANITs GPepriE? adal,fe Spmearably time consuming,
Repea&éfﬂ%é b@mPBF‘éblf %?é@.éﬁ’ohé difeiarel dthicgfly kBntroversial.
chronol ogi cal 'y processing the steps at one p?—Yva\ ue

[0fr12er Theaxfor, {ihere ipameceduioaahyethically passalile sngthodldlieWing a fast,

rocessi ng of the ste t aplurality of pH values at .
the SSCBPPHRG spafing, odst slested apchiensuably Asspema pregiction of
ef f ec i Jod ' i
oH T orferphon pRaRGties bPRoAIRRP bl Riolg el AT Sohubilty

excipient with the pHrelated effects. Al said
effects can then be taken into consideration for
eval uati on of an excipient, such that quality of

eval uati on can be inproved w thout substantially
impairing the efficiency of the evaluation. 1t can be



Consi deration of the biologically rel evant aqueous
boundary | ayer thickness and pH can al so be taken into
wo36FR48d2s This second enbodi ment of the nmet hoGercrzo07/000007

accordi ng to the invention |lgads to a hi gh-throughput

pre-fornul ati on screeni ng techni que, which allows

ear | fast,, and, cost. effective as S

ot | SemeRtbHs B g aking i At B ack dhexdiblents on said

phargg (9'? tip@t i ¢ properties of research conmpounds.

[0032] Preferably, assessing the change of the fl ux
DISulmmxre@ﬂnmmmmes a repeated perforning of the steps

rodA5  8eSSia o fhedinvBnlon tils hebea sBltB by & Saethor 9o it isgefined
abovg 'i‘ﬁ@'i‘éétﬁ?é’s 8f Ple Bﬁéiérﬁ%lélﬁ{ ¢i @ﬁ@bg;& ?(ﬁgﬁﬂte"f"ﬁmgram asitis

assesgl ng allows to eépan he effect
absodgfineh byrtbpéeaﬁueas of IndEpemdmnmlmm £0. Brefered ertbodiments

effects ffect of the excipient
wi t haf§8Y ﬁc gf%\enge 'F%E'SQF said effects can then
[o0R:) ¢ K BArtichla, ﬂﬁ‘ﬁi\!@ﬁﬁ@ﬁ U@ﬁlsfvﬁfh Q\fﬁéﬂ‘l%ﬁ' BPtHY asdbssment of the

exCi pl ent, such that quality of evaluation can be

i npr effedt off tcipients, pst and cambinationsi ther&g)ftolmdhe predicted
efficjenc the evalyatio Lt can dvanta. }51

fo cABeRYoRwrParEe ot Bl BB sty bR RIRgng step of
aboubspbding @ dHfige iRk Muwefuneash 'f@rué BbhibifdtforPbil i%lw §dlublhty
of pH val ues can conprise for exanple the val ues

pH 6compavadmndas excipiatat ah bﬂasb?netmedﬁﬁmpﬁ’m@mﬁ

08, S o2 P SRR b 4flge o

conpsbi@diity iretred Bigpheimactélics Classification System adopted by the
2007/098625PCT/C11 007/ 000097 11 Incubating sa

sol uMnige FigiesFppd gad g Adminsiration a%s; bltﬁa\retﬂabnllwg

d .
o2l dpRudiA8ce AlIARAP Hildiing 1 Wgr&%afﬁp [RRE] waiver of
per f ot viegd blmmlabilfty andrmcedlMIeﬂem giaties fortimmmeatiate release
rm.n vari.ous ro sSes n\Aﬂlnt
o P &bl plaidhs g BHRs REGHIN TG cetoumasihib RO RtBsstve ne

e nforBitntd Baded ofits BRRBIRECh s tadsifidticn st

[0034]" Preferably asuring o e per neabi
of t ﬁEEBGLHDéZ%ﬁdeWper@&L dmm.o'tﬁgﬂjdlropartttnalad,dharsolubdity

251 uEr9R ERRRERT s LB Rie LB A ey S o e
conpegdsratntd areeoﬁéqt]elr@gﬂest §b§é‘ 'sd‘bﬁgtﬁ Bﬁth@qbw@étaédh%lhty in a
donor solution into a first donor chanber being

sepapht wager&ni o 8i wilh %@d@Lb@mg:mwmg/h@e hememri@gh

donoPopRi9eht B <GS 2hus b idloll B 3 itRpete
o han’@ﬁﬁsohmdm@f mermglam dosktie 25andL ph ¢the ﬁHﬂ@ngb @f 1 to 8.
recei ver solution into the first and the sec

[00tRle Vi Tunctipreras usart Uﬁlﬂﬂh%owaﬁl@t%%tmﬁhﬂmgf ?-@lf Aydeef A,

prede ;

ComponbsPPABfidR Dl belinptsne TSty rtghseRRicd Y p06s
secord@f:dmwatﬂmww furrtidn icorreBponds & particks eitmass phssing a
the first and the second recei ver chanbers. Again,

such bﬁﬁé%‘lﬁ@"@'e@éﬁ“wcbwmd in an efficient, fast,
087 3 58 B BisER) e $ iouRY [ adichBe gé}é'ar PREREFSSFitkcs first law

3dv arapggeom atmembeand shows et mmelmmfsromgla solute is the
escri UsS 7,022, 52 0035] Prefera o
ass eﬁ?ﬁi‘é“@ﬁ dhe ﬁ’bﬁ‘r&‘év'%aft%fgequnﬁeﬂﬁﬁé?ﬂ Sraqight ‘%lfethe solute inside

CONPIhS ﬁ‘?elﬁbl%};%: %e%e%ﬁ%ﬁi&%dﬁ)e{réﬁf Bar@i%%@@ff Eié?]t relates

nmeasur enent he anpunt n the recei
solution of the first receiver chanber and the

measur enent of the anmount of the conmpound in the

recei ver solution of the second recei ver chanber. Such
aratio allows a sinple representation of the flux
function such that a plurality of ratios based on a



WO 20071098625PCT/ CH2007/ 000097 14 [0048] Fig. 4 shows

plots of the differences between log intrinsic
whStdTReRbsity in the presence of excipients angC%Rﬁumnﬂmmw7

intrinsic perneability in the absence of excipients

as a function of the quantity of excipients of the

Fr omipe fAtep TrieleAgapleht 1 e GEFR Bufioal oy ation

schergffiaped bRbwbes thetwb %élLﬁlOﬁ@rs@PQFétéﬁ b¥ tﬁ@rmé rane. For an
exanpl e of perneability nmeasurenents of t

f r omiehigable; mpeoel tq:p@rm@te W&@l\mmirﬁmmppoagemcxently, the

o paRABAHIE 1S B it APEharBeieiriat HBmia BnipkRgiirtace (oH
1 [ O8adliofHgpothedidTha dﬂ%ﬁiﬁ%ﬁ@'uﬁﬁhé@é@%rﬁﬂﬁﬁge%ta

| og aqueous boundar | ayer for the exanple
per megisen pHy Mmtsdnrmﬂgmmtnbublsdoﬁm fax, d&PﬂﬂdEI on sayeral

0052] Fig. h
For - amepiipt BeloiSedudh A Hindba FHAOE R eAERfR (Migfeins and
from tﬁlegacnds) E;@r%ﬁidl gaggﬁ'egﬁﬁé’\@r mualfsmatféraeaha%o%bmty (a

vs. pH profil for t e conmpounds consi der ed

ex arrmczhdfﬂ’tateo‘m‘mqfuaejf -bigding).dramselubility ﬁe’taﬂeﬂh@&aﬁsm

Elx gl pqdmiaoe%%icg‘g ?# %Ctgfa?rgﬁg%)v\%aﬁ:e ﬁs eﬂg{t%i?aet?)ﬁ’eals &bondilon that
CONDALWEFRs RCOSPOHUNIGTOr GAABPEIRLI AN V@éy,tﬂ@?m@é'bﬂw anfsolubility

solubility neasuremsnts of the method from Fi g.
[ o0553rerthg linkad Kinels anddherpdyrryniscartogd wsmfaacr@gs a
PoCo {e"r%%n . pH for nefenam c acid, at the clinical
dose 0 ng, illustrating Fick's | aw based on

[o0n8y I(Dsmsidaoan vemel alivided into tvbechamtiberd, $epamatddiby &;

[ 00 } - i DI -
& acdlamesknesschd s blang- Jhe ek St 'igﬁteeﬁﬂgmagomp@mment,
Fi g. \&her(aﬁheégh&mﬁ'mémcﬁéﬁ a?’é?:?ét .%&a@e%sltﬁé gqt 8Re is the
n the netho

G adi ent Map | romFig. 1; éd
Rank anogpiwrdoBipiracng sduch ebth@ 5tast| Heisoras sample adilentles. Fick's

. o PR 305 a0 B 5t bl  anspor
per n@ﬁjdt,bhy (circles), solubili ty (triangles), and
flux (squares) pI ots at ;)H 5.0, 6.2, and 7.4, under

exci pi ent - free PunPr dCa/dFBol kFnin@mi b/ Bhe presence (3)

Fi . HHent ISR g, Lyl OGRS oBlset G st i Bre the

Fi g. cohcehtratiorss, rimlnmlezmn ﬁrahnﬁ,aasﬂtheambﬁa@‘e‘demmw the solute
permeabi lity dott urve sol ubi | i

( das Hehie g E)emfar@@efahﬂae(twwer mbwﬁ@n@neﬁmnd where
and [0 F t

cxper PhEnTS iduy S AP BRITLAG RARFEE. (i of oz
met hobk steady siabgy the clolmeentramm gmdlemﬂ)deénﬁjx fvathin the membrane

of ¢ 6 THesh PG Al FReS A 3 tites St%%?fﬁ"q‘?%geg'%na

combi RERBrAS BERRKNCSY 1PBASH! 888 ThingeH t?ﬂﬂls very well stired.

solubiTity measurement results hito-a %I ux ct
[0D09] tThe bnationehequdtiarns) és tred medsuzzmiept ehtsncaitratiods of

or opeRIEHENn ARlsraoh 3 Pl JFBRpiRe 5 Yoyaaponvenient,

Appr aidlalst, BRcEBERIN bh BshBRR %FBB%SISI?WHQQSM AEWstribution

in various nanner I'n dISCOVGFy nonol ayer
cel | casiidients bethear baﬁcwa’mrcandl\mmmemhrm;e dag iKadthe pH-

Gl 1 stk apthyef} Rt B <alBeARaF FoH BR qoyerted

nmonoligied fore 4e8Bsdible fofindon G L. et al., "Transport
Processes i n Pharnaceuti cal Systens", I\/arcel Dekker ,
New York, pp. 219-316 and Avdeef A et al ., "Caco-2

per neabi Iity of weakly basic drugs predicted *ith the
Doubl e- Si nk PAMPA pKa flux nmethod", Eur. J. Pharm
Sci., 2005, 24, 333-349A), are often used. In
pharmaceutical industry, by the tine the sel ected



n Astem zole 5.990.06 40-61 -0.012 2.2 6 8.60 0.04
40-61 -0.013 1.6 6 Butacaine 2.20 0.11 16-57 -0.008
off7/BosedD. 09 0. 10 16-57 -0.021 5.4 6 Cotri ”Pé@/bﬁzoowooﬁﬂw
WOéZO?_/ 0.05 11-49 -0.020 3.6 gDipyridanole 6.22 .
5-43 -0.016 3.3 6 gl ybencl am de

[0020]

10021]

[0022]

J=DmKa (Co-Ca)/h (4)
where the substitution of Kq allows us to use bulk water concentrations in
the donor and acceptor compartments, Cp and Ca, respectively. (With
ionizable molecuies, Ca and Cp refer to the concentrations of the solute
summed over all forms of charge state.) These concentrations may be
readily measured by standard techniques. Equation (4) is still not
sufficiently convenient, since D and Ky need to be estimated. ltis a
common practice to lump these parameters and the thickness of the
membrane into a composite parameter, called 'membrane permeability,'
Pm,

Pn=DmKd/h (5)
The relevance of equation (4), which predicts how quickly molecules pass
through simple membranes, to solubility comes in the concentration ferms.
Consider 'sink' conditions, where Ca is essentially zero. Equation {4)
reduces to the following flux equation

J=PmCb (6)
Flux depends on the product of effective permeability of the solute times
the concentration of the solute summed over all charge state forms at the
water-side of the donor surface of the membrane. This concentration
ideally may be equal to the dose of the drug, unless the dose exceeds the
solubility limit at the pH considered, in which case it is equal to the
solubility. Since the uncharged molecular species is the permeant,
equation (6) may be restated as

J=PoCo <=Po So 7
where P, and G, are the intrinsic permeability and concentration of the
uncharged species, respectively. The intrinsic permeability does not
depend on pH, but its cofactor in the flux equation, C,, does. The
concentration of the uncharged species is always equal to or less than the
intrinsic solubility of the species, So, which also does not depend on pH.
Note that for the uncharged species, equation (5) takes on the form

Po=DmKp/h (8)
where Ko = Cm(0) / Cpo; also, Kp = Cm(h) / Cae; Cpo and Cao are the
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exci picsBlused RehE®aldidTlon2 BAd | tAe WRAXRIN %a&fesmarg 00?% glways
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cal c fgkiebtp 9gcPpinemsa greoidianen is 0.24% v/ v.
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sol utgconsné edaRdton de’can%ifﬁdnt&b@n%%%gab@bf optimizing the
2- Hydr oxypr opyl - b-cycl odextrin (HP-b-CD) sol utions are

asseabegrRtiomOLmelaciiess baclow salibity eemoouads ardrugs,
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ol uf BErmprS A Sb B EnFBE MM i use pf.compounds
-t he @iaghie redigpedihesuch evafuationh®has f smteningdMRAure formulation

W & h STUETaPH 87 Reclien eERet nsaub IR, anf mermBRgIb of drug
pot eRbnanTRieS kan %ﬁhgﬁfiéd %m%eﬁms Qé@co%ﬁﬁﬁdwsparing,

fromthe conpany Si'rius Analytical Tnstruments
( Si r icosi-effestivastandoeBsenably moougitei us, and SGA from

OB 13 TSt b SRR PE RS EhGR ABIiRki8 Tne mvenion,
conp %@é%in? @ME chhingé bAUROTIGS fuiictiohdopthrigesane staEof:
experinmental difficulties, including the use of -
di netigpadng asaligeatioosnor selutios: 3t predefined 1t valgesomprising

in t S R : .
e i CERrk ML dohol SoBEER B, brocifhl B e
por t :oompttrfsim@ ﬁf? bdmnpbi%nqi an@:lrtheiekbmlemtg ﬁmpmintgra recetiver solution
cosol vent SsoO 1 ONS. IS IS cause e I Nns unen

can @itﬂ%ﬁ’ Rf?fi?l%%d i I"?R&? f&%l?F ‘_"z%fﬁP@H"‘ééﬁétt @ gxcipient;

S| "U'tptrrgggmggqr% delipkatforS@dioridditfin b 3'ﬁg‘§ttcikﬁ{di“2{h%g1yﬂé'# being

el ec i bration can be perforne In situ

t he Gearatetigam anfinst receiver chamitdrjowa barrdrepkiding the donor
determinati.opn. This is _especially,an inportant feature

or  ShstBioARya s8saRE HPeRbaAT DBL e PO PR BRTA Shrond

i N CcoggsivenEhambEF bPiife BaRRr bR p%@id_iﬁq He FclfePSoliBn into the
4 to 9 range. This Can be a substantial inprovenent in
conpéirstand the serond redeiven nbampens; doculeating aid solufionador a

a "blank".t] rat.i(gn ﬁo detgrm’ne Ihetgfour 7 th

Avded® PRiPE PEUTELART BIFRHNg: e fRaRMe oithegompound
al ., in A6€ e RASISTEORAE First ard BeCsBtemil redbiveR cREmbers. The

hydrogen ions with a glass electrode: calibrations
usi ngetrn ereepoagauas Haed bereinbelaimeonarises dimansions suitable to

sol utj an nd er t | ed au | C .

it dsapes Ag pRatet Rt aThERN. SBHBIRING copsantration. Such
the exmeghed allows foreapéfficicnt HESSIENEERIGT tHE Sfetbétihe excipient
herein the artificial nmenbrane perneability assay

(PAMPA) nethod is applied. For that purpose, the PAVPA
Evol ution instrunment fromthe conpany pl ON | NC
(Wburn, MA, USA) is used, with data collected at room
tenperature (25 2C). The PAWMPA 96-wel|l "sandw ch" is
prel oaded with 96 magnetic stirrers fromthe conpany




sink") to mmc some of the function of drug-binding

proteins (Avdeef A et al., "High-throughput
womRagosement s of perneability profiles" in: vapcHen2007/000097
Waterbeend H. et al., "Drug 8ioavailability.

Estimati on of Sol ubility, Permeability, Absorption and

Bi Oa¥@i.th%%|bsb} [on éﬁvd ehids MC[HE WW@FL&%%‘? i BH)OWS a highly

46-7 I'gor rlng I's enp

Wi t hastormafizeg pnmésmgt ptamqmia?WHeﬂbemp@nﬂ@rnw mﬂamable
| ayer, (ABL) thickness about 40 pm to, match the

cont EPMGEs SHchas: fies sxagmle bya ﬁéw%aﬂﬁ it % siewhaﬁidﬂ US 7,022,528
expe%tzed inthe GT (Avdeef A et al., "PAMPA - a drug
absorption in vitro nodel™, 11, I\/atchlngtheln Vi vo

[0628] e Pusichaivip dagseésmgéfnd)memga of thedluxvahttion cmmgﬁges. A repeated
mcrotitre plates”, Eur J. Pharm Chem K 2004

365- wzfprmmeofﬁmm%%ﬁaw&ed abuesahd phaahwdafaqre@@md pH

ol e JELE8: Repatid it cBRtedls hOMHEYY Ry
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present, conpari son w ectrum
500 ab)soqmbal mepeﬁmfrtiaé eompoeinst terplarelatal effecisand to

ot o PRI G 6 GG RECIRE T 1H dplofasks Tagta. All said
~att a‘é'ﬂ?@tstéérf ﬁ%n%é‘ﬁélde‘h We é&é?(ﬁerta%n %lcé\%lhéﬁcﬁ-l B &4 Excipient,

(Avdee sorption and Drug Devel opnent
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1 v ibndrpBihd Eitiioneyof FRlevalufifte’ i @irEbe Rugrtgegtsto

cn?, cheosd tid ?ldr@liiybif pH¢alges %ﬁnthewr@@ éwabdbt pbi 5 to about pH
This latter s ensures that the ABL thickness

det erdl mmtwuiaﬂy ravphiraliy £f pHivalues cancemprige fer gxample the

diff 0 an absol ute scale
( Ni el%éggsﬁs’ éHé{a?\!\%hhmﬁq a drug absorption in
[0027]r Profedably, a§sessﬂ¢ymree¢ﬁarfgel difethe ﬁi@lkﬁancﬁbraﬁmweh @ompnses the

aqueous b ndary | ayer", Eur. J. arm Sci .,
22, §temal etﬁtmfrm}g ﬁrfat!ﬂ&emewq maﬁarer@ﬁm fpf&hﬁéﬂ%ponse

mgr ?E% th@'c%hﬁ@ﬁﬁaflta"n Sﬁ&%ﬁ@% E‘L?nt%ﬁ? éé?\perpéﬁiutl% of the first

In unstirr ness can

as hireteiear drmﬁbgnamd\mmasurmnemﬂ of, thé Seselars®, 2.g. the
per neabi | i tka/ akl baSIHé redl ct] ed ng t he
Doub/C@neenEat SPMPOURE M, T splutign et e second

SCi . recdifsr cl’?a‘h B Suh% ra‘h\bdﬁ&‘fws% c%hvé‘:'nent r g’r\%’tﬁﬁtatlé‘n of the
drug WO 2007/ 098625PCT/ CH2007/ 000097 20 abs tion iIn

vi t r dundigrdtion such thishagrimagiv tbfel‘atms biased mplmahty of

i or GPmAos PR e Slurslty o XA A bhirali g pH values can be
365- %amfemsmuyalgmé@wm@mmﬂ or unstirred) data

over a range of pH, it is possible to match the effect

. 10028}t rﬂemblvfmeaaunemﬁ@%t@pme, elgetl@ aron@gnteqjmny phihe

Deve oA TS Lo aldon oL fR3BEEANG né SiecfBociver

and Andaferd\cofiprisbs the MedstfémanPsr éﬁéﬂh*dsbbmcqfropemes of the
weakl y basic drugs predicted with the Doubl e-

PANVPACEART Splulign. iaiech rreasurememmapecgoscome@mpezues can be
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ef f e(?te%’g'%sg E;ﬁgga[dch&@é@{gg& %c F@h’f’%?’% é’LP ef? eax?’Bp’e by
t he mgoler dre rABhyaaseebedtidiie thfra@ibl@i!ﬂv%:b[é’@b@ﬁﬁbtion
PABL respectively, as 1/P0 = 1/ PA L+ 1/ Pm(9) [0073]

For ionizabl e nol ecul es, the nenbrane perneability,

Pm depends on pH of the bul k aqueous sol ution. The

maxi mum possi ble Pmis designated Po, the intrinsic
perneability of the uncharged species. For nonoprotic
weak acids and bases, the relationship between Pm and



[0078] The G.pKa and Gem ni val ues can be sinply

averaged for the working set. In this exenplary
W(?f(fﬂ%%&%ity measurement, that is not done fopchRSi2007/000097

ol om ng reason: inspite ofgwell designed assays,

where the cosol ventwater ratios are picked to be

sufficiently hi q, to avoic? recipitation, |% is nearly
! o SERETESEaPYh, ATELPH SPRCHTREEOR. ERISPPRERSRTEBEYPY: darhan
I ey '
0CU R biob 0 B RS UYRY BB e Mt M SubAnetnods

convaflowsta fast andefiidienisuleasunng ofithe megpohse tiid. impadicular the
In contrasit,..the m ni has thzggl ass vial .in clear

vi ewCODFERILRtioNy O fe £PmROUDGJp da¢ seraiYRl St hi ghl y
b : _ g !
0020 LRI, tohBh I e plec i Tne S, ORSEf Bf hhan
sol ullisbuey, aromabtissirs, plartissues,esulitihad-Geliimddels, and artificial

el ectrode calihrati an procedure de the a val yes .

C bes MR Banier BRSOk RaT Aty SelRtss Baciva o passive
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2ot e barih TGl RS RILA chanii e oflogca
wr ondpaniiens. ¢bus.dipapbilis barrides ammizuthas peaferrednd t he

OBP1: BRSBTS SR B0 TRDARSAT Blsersiicor
|11 ugliradigtof donfipdlindd i@ aidrafief @éﬂe’:ﬁéh@r@: Phepdithg a plurality

cIotrlmazoIeEj}galn 11 -49 'wt % rret hanol . e
zer oc¥idonpy gniutiens ahihs presefiprd pHsvauezonprizig saeh

- nos st areftiEo kBRI B S PG abt sach af dhe plurality
2003 of pRcipldrfis A0yidiny tHehgiutdlity 38 donddsal@tiond/into a plurality of

titrations. The dashed curves in the insets correspond

to tfecengsonsychambets baingrienarated feamiaplpralite ol seepnd
conc AL et D ' I .

{ ake Tapaet iabaSfYE bAREF BBl RN Tebdel fHilon into
poi nttke iphutalitytof secend ned¢eicanthaimbelsaaadentaduring theaesponse,

T b S e SRy A i ot e
titr afiins dredcdndTotdiVerBhARbets. M@Béﬂa‘ﬂﬁ%rqcessin%ﬂows

refinement’ prograns, not taking such precipitation
2007 /2vogibeentand iaierrsessiog f 13e finx dundtiondor awduratity of

o yeotuiHCL i) 5 PAEErer cRFphR R alirbily S HHEGBIYRR, Said
I Nt hparaisi prodesking\tdn {dri ekamplenisperforhied singitds esbthod and

val ues are the basis_of extrapolation, the pKa woul d

be ndhg dgvice desgribad in B 7 082325 B2- shown) . [0080] The

(O R fHarerfy SRR ofthEHAHbY Bk BffE ) o
val udnventidme apsessimg theothsmyeeopthediu ﬂmt‘.ﬂid:rncom'r:ﬁees tieesteps
solubility and th? a val ues are simultaneously

r ef i EPrEPRENG B Cq iPP"EIO@. ONQISlRiIheled PRAalinedali yalie

obt aidi‘)‘?ﬁp Mo Lad = ; f i ; [ .
down- weli gisghq E’i;e %égﬂt)er‘%"g(?ﬁé rgﬁgﬁraé %tdl!m I o%@?nﬁ}%ﬁ E predefined pH
cosolvatug cpmprisiag thé cotrgeumalcdrid theeexgipieat; neagurigethe solubility

a precise determ,nation of the pKa val ye. 081] The

movelo i cogIRNE gy e Calbuelial FBERr $ak i abe b Ml gorere

1 oni ﬁ?é)c-%hﬂ : (HHH&I :

The fz%)}i l1‘1:%%9 | rrp?g\%%ﬁ@r?t}@%g?@ﬁéﬂ @ggitaw{agl)c)ﬁa W d%?) fution and
span dffthe deobrsvittiostarabcombiniag the permeabiiity measurement resuits

precipitation.at the |ower rati | i rcuncal cul af ed,

(b insHBE Sl reas ERGagt resl inf e i Tigeon Fyich a

nor e rRemddtdIsdel 8h BMaéhOasscsSinehEbeild drtedt be thdeRéipient on
cosolvent ratios is less critical to the extrapol ation
process, nmaking the nethod nore "fault" tol erant, and

(d) in situ pH electrode calibration makes pKa
determinations in a wider pH wi ndow possible in

cosolvent titrations. [0082] In Table 1 (see above)
the Gemi ni-deternm ned pKa values at 0.15 M (KCl) ionic




MAf/ MV ast emi zol e 458.6 1135 1080 561 9 1, 5, 56000
but acai ne 306.4 1360 713 954 13 4, 2, 30000
wothBi/bdsgRz ol e 344.8 1290 2400 604 -- <1, 5, --pCT/CH2007/000097
di pyridanol e 504.6 1088 9411822 47 1, 1, 1100
gl ybencl am de 494.0 1098 451 -- 12 7, --, 24000
nefeﬂgni aci

[0032]

[0033]

ea sorﬁtignzp‘zl‘%pgrties of the compound. Particularly, it combines
changes in both permeability and solubility to monitor effect of excipients
on the absorption potential of compounds without explicitly determining
permeability and solubility as separate entities what makes the second
embodiment of the method according to the invention particularly fasf. it
can comprise monitoring the change in response, e.g. in concentration, of
the compounds appearing in a receiver chamber of a two chamber
permeation system, the two chambers divided by a lipophilic barrier, while
varying the excipient components (type and/or concentration) in a donor
chamber. The barrier can constitute an artificial membrane {e.g., a filter
impregnated with a lipophilic solution, i.e., the parallel artificial membrane
permeability assay (PAMPA) model), cultured endothelial cells (e.g.,
RBE4), or other cultured cell models (e.g., Caco-2, MDCK, etc.).
Consideration of ithe biologically relevant aqueous boundary layer
thickness and pH can also be taken into account. This second
embodiment of the method according to the invention leads to a high-
throughput pre-formulation screening technigue, which allows early, fast,
and cost effective assessment of the influence of excipients on absorption
and the pharmacokinetic properties of research compounds.
Preferably, assessing the change of the flux function comprises a repeated
performing of the steps described above at a plurality of predefined pH
values. With respect to the expression “repeating” the above mentioned
also applies hereinbelow. Such an assessing allows to expand the eifect
on the absorption propetties of the compound to pH related effects and to
combine the effect of the excipient with the pH related effects. All said
effects can then be taken info consideration for evaluation of an excipient,
such that quality of evaluation can be improved without substantially
impairing the efficiency of the evaluation. It can be advantageous to
choose the plurality of pH values from the range of about pH 5 to about pH
7.5, particularly the plurality of pH values can comprise for example the
values pH 5, pH 6.2, and pH 7.5.
Thereby, the meastring of the solubility of the compound in the calibration

donor solution and in the donor solution preferably comprises the steps of:



1514 782 909 795 4, 3,4 [0087] The nost perneable
nol ecul e is astem zole, with Po val ues rangi ng from
W(s)z,ﬁ,-,/@,gbﬁ%% v/iv PE&A00 and 15 nM NaTC) to 32 cptgceBodidoonsr
. The least perneable malecule is griseofulvin,
vvlth Po val ues ranging from1.8 x 10-4 (5% v/v PG) to

s Tltafintiety hodet 7 & prrdsd el AR ind G Yo

r ankisafitioRe; Shdhesdsuritigtthe \Grhdlast dftohtpourriigehd Q%red solutions.
90%t’};p| cal1 (but dropping to 24%in the case of 15

measwngac@m bepsfamsddnisvrelficiesin fapk aaqlam:umte

Rt onantes HypRiaminBFahEs BrosEeR KRonELORR i bineyh it can

i ndi %@tm:cmai@@deaﬁtagebas% ek thehadthed el tﬁétdeﬁ‘ﬁce described

change in_ranking with the excipients. Low menbrane
r et et IIEnE,02802%6B8. t hat t he exci pi ent conpetes

1of° sl hle e meASurin PR iNe] of the FAlu&ioh Gonor

NaTC,soRgiohi ahd @Hhse dmfor@dutrdnmﬂ)r%egwﬁepgberﬁréﬁ@rmg a
drops to 4% conpared to the excipient free val ue

80% TIPCRI¥e| Sqtuuomgtthanpr@@lﬁﬁag@w v@ue éraehoﬁtbamrrmw and the

oo PR bEiAbaie RMiRlon dBhHEsOLE Bl LfiRe donor

exci phaniberibeing stpdratad fronos fint socéiatecharabl By @Inembrane
with excipients, then the determ ned ABL thicknesses

hABL filteh qlipvid W@GMVMPMWWPE?“@QOBHT champgr being
case Y

o el B IS ECaRE PR BLDY 1T ikpand
cl ot rpruudmigethetrbeeiwpeolhhdn imiBlithe fitsd gmal theesecond recewer

A B gl S Rk GO o
gm i Min@adiHfFtheUmEaRHEST: co%&@:n'thé%nb?%olutlons of the first and

theoretical 'y expected and the experinental
| onertkel seberd dedovehamsbesand i hetreceiver adIUtionanfﬂs@ﬁrst and the

very EgRS reater e aR e, AbSh REER iRl f4b BEFrtarmed in an

PABL gfittleM/\fdst, #m@®wbciiratd iRindet b lf:@i'foe%m’@{/@nomsf prodsses
2007/098625PCT/C112007/000097 26 uation 4 from

Avdedinonn inthgariwdiergin ibagyppe p iy agvantageoys to use the
Met a ribeer to the
appa?g%{g%é@ thtehcgé@%:fj%?%nt f"r?lggs ZS?%?%%?%( 0% NaTC,
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t he, case of cl otrlrm%

nono e e,

T oo e b flefenziing 2 Rtio bahVEe e Msospiamant of the amount of
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p, m ABL) totetruermecu ar weli ght I's close

t o 1.méasurameshobtheuameuntof ihei mpomgigmetgatresewer scb!enon of

i ko (Tl BB el Dsonson

" Det gffihd fiink AthonsRichithaha %ﬁﬁéﬁ@fﬁf 'rQFbéJ%:E\éH on a plurality of
sol ubility, conduct|V|t¥ calorimetry, pH

meas WoamaMng's, alpharaliy, o ipientsegeba pn,samymwwaiuea can be

nnM sodi um t aur,ochol at e utions, only dipyridanole

appefﬁogw%'ebﬂ Q\%@I%‘éecg Wiﬁ ‘?‘é’? th t%e oltO%er
[OMP%%&amgpagéégs@@mmmﬁﬁe @lfux%ﬁ&iorsls eﬁformed fora

These aggr e ates can be associ ati ons between rug and
exci ety ofrcormpenndsaant! sgiureliyr, emlmemtsmytpr@armg a plurality

ey VB Lo S lpnaton o o

5600&f thé pltiralftg &% coatpotemarelcsahadt the dldiralhty &f hidipiehts;

to be very certain that conplexation with the
excipient is the only explanation, since 15 nM NaTC
solutions are hard to work with in the robotic

i nstrunment, due to the easy fornmation of bubbles in
the microtitre plate. The possibility that 15 nM NaTC
solution is dissolving sone of the PAMPA nenbrane is

g




sol utions (see above), but in the presence of certain
exci pients, the tendency for the drugs to
woSBbFooResoci ate is | essened. This can be the casgchbich g7
gl ybencl am de, butacai ne and2di pyri danole in KC
0.24%v/v PG 1%v/v NWP, and 1% PEG for exanpl e as

Lg?gﬁ?&r{%&-m tﬂ %g,b@élﬁﬁ df g}%nggvﬁ] gln[:]ﬁ fefeha e[tlfi)% ddhor' Siutions;
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and [y R Tr 8 pUFRIGFH o & PERTIYPE frdBRile o7

devephpality dﬂp‘ﬂ galues. Sai’dsparaﬂéff meggélng eanfyr exampRObé
of simJarity schenes. [0095] Appropriate solubility

neas RPEREREdTUSING the methad andthe device sieserledrint hod
accof ?%2205%1%? nvention can also be perforned in

vari ous hanner ince many nol ecul es can have very | ow

[0030T} uin &il pyefepa@dit erabbdimantsof twrethdd asesldirpicethy invention
progr.ams, asurenment of solubility needs to be both
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tOCﬁ?EbE?‘ il e iR NS ahiReet o8 e Rttt seiBofbd from tho
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oppotitiagvielpelightohighprates sabtbﬂltymwciam vapaprassiirehe
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x SEUSH SHIOGR coRifionstfRE pESessing Pl ehandecel the flux function
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sol ubl'e drugs (astem zol e, butacai ne otrinm
di pywmi:hrbo SIQes Qéth‘ajmwmm tmmg;esm@rbaa certain ﬂow in vivo. Thus,

lyb f de
01 ¥ D 506h BB o BBt B te B finstiPt &F Pl ™ a sink and
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ot assium chl oride, propylene glycol
[OC?F&] hin apr piﬁrf&ﬂ @mbndlm%mdhpcﬁwtbodwomwlagsﬁbeIstem{)c)f rank

|[ 2 Ogéhed?ﬁ@'% i' §%§ ﬁé‘C “%gg ﬁﬁlfa‘g)%ﬁlg szH é{n}e aes angd Vi VISuahzmg

but agd renk @ﬂd@i’éd FeRR! SucH iraik b?déﬁﬂfg%ncﬂwsﬁﬁﬁgéﬁow dliows to
progest erone gl ybencl am de, and enanm ¢ acid

pH offfidientivsavarwevdentbio eficientlymets 8 paupwtcé@omptdunds

T100EeiPntbbuf Rl bRP«CRERA A pitvali or bR il

solubility measurenment conprise quantities of six

exci pients which are selected to overlap the
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0. 4 4mefenamtc acnd at tﬁe chn!cal dose 019 250 mg, lllustrating Flck's law
based on intrinsic concentrations in the method from Fig. 1;

[0056] Fig. 12 shows: (a) PAMPA-Excipient-pH Classification Gradient Map of the
in the method from Fig. 1; (b) Solubility-Excipient-pH Classification
Gradient Map in the method from Fig. 1; and (¢) Rank-ordered
Biopharmaceutics Classification Gradient Map for the compounds and
excipient combinations of the method from Fig. 1;

[0057] Fig. 13 shows permeability (circles), solubility {triangles), and flux
(squares) plots at pH 5.0, 6.2, and 7.4, under excipient-free (unfilied
symbols) and in the presence of 1% wiv .HP~|3-CD (filled symbols) for the
method of Fig. 1;
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Fig. 14 shows simulated mefenamic acid effective permeability (dotted
curve), solubility (dashed curve), and flux (solid line) curves vs. pH; and
Fig. 15 shows a schematic diagram for experimental setup of a second
embodiment of the method according to the invention.

Mode(s) for Carrying Out the Invention

[0062]

[0063]

A first embodiment of‘the method according to the invention coninprises
combining permeability measurement results and solubility measurement
results into a fiux function for the assessment of the effect of excipients,
pH and combinations thereof on the predicted absorption properties of low
solubility compounds.

Appropriate permeability measurement can be performed in various
manner. In discovery, cultured monolayer cell models, such as Caco-2 or
Madin-Darby canine kidney (Ho N.F.H. ef al., "Quantitative approaches to
delineate passive transport mechanisms in cell culture monolayers”, 2000
in: Amidon G.L. et al., “Transport Processes in Pharmaceutical Systems”,
Marcel Dekker, New York, pp. 219-316 and Avdeef A. et al., “Caco-2
permeability of weakly basic drﬁgs predicted with the Double-Sink PAMPA
pKa flux method”, Eur. J. Pharm. Sci., 2005, 24, 333-349A), are often
used. In pharmaceutical industry, by the time the selected candidate
molecules are passed into the development phase, such cellular studies
are not usually used to select excipients. Commonly, pharmacokinetic
animal models are used at that stage. In the case of sparingly soluble, but
otherwise promising molecules, early excipient screéning, perhaps as a
first step in early preclinical development, is beneficial in prioritizing and
perhaps minimizing the number of animal measurements, if a cost
effective means is available to measure the effect of excipients on
permeability. Liu et al. (Liu, H. et al., “In vitro permeability of poorly
aqueous soluble compounds using different solubilizers in the PAMPA
assay with liquid chromatography/mass spectrometry detection”, Pharm.
Res., 2003, 20, 1820-1826) were the first to propose to do just that, using
the low-cost parallel artificial membrane permeability assay (PAMPA)
model specifically for screening the solubilizing agents Brij® 35,
Cremophor EL, ethanol, and Tween 80. Up to that time, PAMPA had been
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a useful probe, but solely in early discovery screening. Since then, the
value of PAMPA as a useful mechanistic tool for medicinal chemists has
been demonstrated in several instances, but aside from the mentioned
work of Liu et al., the impact of PAMPA in early preclinical development
has not been substantiated.
In the permeability measurement described hereinbelow as a example for
the first embodiment of the method according to the invention, it is
proposed to extend the theme explored by Liu et al. The double sink
PAMPA measurements of following eight sparingly soluble drugs are
reported: astemizole, butacaine, clotrimazole, dipyridamole, griseofulvin,
progesterone, glybenclamide, and mefenemic acid, measured under
fifteen combinations of six excipients and ionic strength adjusters: sodium
taurocholate, 2-hydroxypropyl-b-cyclodextrin, potassium chloride,
propylene glycol, 1-methyl-2-pyrrolidone, and polyethylene glycol 400, to
assess the effect of excipients on permeability. '
The example of permeability measurement is performed using double sink
PAMPA and a double sink PAMPA suitable lipid from the company pION
(PN 1100669) as follows: The compounds used in this example of
permeability measurement are the compounds listed in Table 1. The
double sink PAMPA lipid is stored at -20°C when not used. The pH of the
assayed donor solutions is adjusted with universal buffers from the
company plON (PN 100621, 1100151), and the buffer solution at pH 7.4
containing a chemical scavenger bufier from the company plON ASB-7.4
(PN 110139) to simulate serum proteins is used as the receiver solution.
Excipients are added only to the donor wells.

Table 1

COMPOUND 25°C,0.15MKCl | CH;0H slope GOF

pKa wit%

Astemizole 5.99 £ 0.06 40-61 -0.012 2.2

8.60x0.04 40-61 -0.013 1.6

Butacaine 220+0.11 16-57 -0.008 14

10.09+0.10 16-57 -0.021 5.4

Clotrimazole 6.02 £ 0.05 11-49 -0.020 3.6

Dipyridamole 6.22%+0.15 5-43 -0.016 3.3

glybenclamide 5.75+0.15 35-75 0.008 3.0

mefenamic acid 4,39 + .09 44.74 0.018 1.7

COII[A|[VIONCNA B
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With respect to the excipients and its concentrations, quantities of six
excipients are selected to overlap the concentrations expected in a
gasfrointestinal fluid under clinically relevant conditions. For KCI, two
levels are selected: 0.1 Mole (M) and 0.2 M, according to their
concentration in FASSIF/FESSIF media (Dressman J.B., “Dissolution
testing of immediate-release products and its appﬁcation to forecasting in
vivo performance”, in Dressman J.B.et al., “Oral Drug Absorption”, Marcel
Dekker Inc., New York, 2000, pp. 155-181). Sodium taurocholate (NaTC)
solutions are prepared at 3 Millimole (mM) and 15 mM, corresponding to
fasted and fed gastrointestinal tract (GIT) states as described by
Dressman J.B.. For liquid excipients, the maximum capsule volume is
assumed to be 0.6 Milliliter {mL) for a GIT volume of 250 mL, the
calculated excipient concentration is 0.24% v/v. Hence, 1-methy!-2-
pytrolidone (NMP), propylene glycol {(PG), and polyethylene glycol 400
(PEG400), excipient solutions of 0.24%, 1%, 5% v/v are assessed. _
2-Hydroxypropyl-b-cyclodextrin (HP-b-CD) solutions are assessed in a
similar concentration of 0.24% and 1% wi/v. In all, counting the excipient-
free buffer solutions, 15 different solutions are assessed with the eight |
drug molecules for the effect on PAMPA, resulting in 120 drug-excipient
combinations.

With respect o the pKa measurement, the instruments potentiomentric
Gemini from the company plON, GLpKa from the company Sirius
Analytical Instruments UK (Sirius), UV-metric D-PAS from Sirius, and SGA
from Sirius are used to determine precision ionization constants. With the
mentioned sparingly soluble compounds, several strategies are tried to
overcome experimental difficulties, including the use of dimethy! sulfoxide
(DMSO) and methanol as cosolvents. In the Gemini instrument, it is
possible to determine the pKa even if there is precipitation during a portion
of the titration, in either aqueous or cosolvent solutions. This is because
the instrument can determine solubility and ionization constanis
simultaneously in the same titration. Furthermore, pH electrode calibration
can be performed “in situ” by the Gemini instrument, concurrently with the
pKa determination. This is especially an important feature for
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determinations in cosolvent sclutions when the pKa is ouiside ofthe 410 9
range. This can be a substantial improvement in comparison to the
traditional procedure of first doing a “blank” titration to determine the four
Avdeef-Bucher pH electrode parameters (Avdeef, A. et al., “Accurate
measurements of the concentration of hydrogen ions with a glass
electrode: calibrations using the Prideaux and other universal buffer
solutions and a computer-controlled automatic titrator”, Anal. Chem., 1978,
50, 2137-2142).

In the example of permeability measurement described herein the artificial
membrane permeability assay (PAMPA) method is applied. For that
purpose, the PAMPA Evotution instrument from the company pION INC
(Woburn, MA, USA) is used, with data collected at room temperature (25
2°C). The PAMPA 96-well “sandwich” is preloaded with 96 magnetic
stirrers from the company pION (PN 110212). The typical sample
concentrations are about 50 pM in the excipient-containing buffer
sclutions. The residual DMSO in these solutions is 0.5% v/v. The effective
permeability, Pe, of each compound is measured in the piH 3 to pH 10
domain. The donor solutions are varied in pH (NaOH-treated universal
buffer), while the receiver solutions have the same pH 7.4. Optimized pH-
gradient conditions are selected, using the pOD procedure (Rueil J.A. et
al., “PAMPA - a drug absorption in vitro model”, 5, “Unstirred water layer in
iso-pH mapping assays and pKax - optimized design (pOD-PAMPAY",
Eur. J. Pharm. Sci., 2003, 20, 393-402), to ensure that the pH values will
be above and below the pKa™* value (defined below) of the compounds.
The pH variation is necessary in order to correct the effective permeability
values for ionization and absorption boundary layer (ABL) effects (Avdeef
A., “Absorption and Drug Development”, Wiley-Interscience, 2003, pp.
116-246; Avdeef A. et al,, “S. Caco-2 permeability of weakly basic drugs
predicted with the Double-Sink PAMPA pKax method”, Eur. J. Pharm.
Scl., 2005, 24, 333-349; and Avdeef A. et al., “PAMPA - a drug absorption
in vitro modef”, 11, “Matching the in vivo aqueous boundary layer by
individual-well stirring in microtitre plates”, Eur J. Pharm. Chem., 2004, 22,

365-374). The receiver solutions contain a surfactant mixture ("lipophilic
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sink™) to mimic some of the function of drug-binding proteins (Avdeef A. et
al., “High-throughput measurements of permeability profiles” in: van de
Waterbeemd H. et al., “Drug Bioavailability. Estimation of Solubility,
Permeability, Absorption and Bioavailability”, Wiley - VCH: Weinheim,
2002, pp. 46-71). Vigorous stirring is employed in the assay, with stirring
speed set to produce an aqueous boundary layer (ABL) thickness about
40 wm, to match the ABL contribution of the measured permeability to that
expected in the GIT (Avdeef A. et al., “PAMPA - a drug absaorption in vitro
model”, 11, “Matching the in vivo aqueous boundary layer by individual-
well stirring in microtitre plates”, Eur J. Pharm. Chem., 2004, 22, 365-374).
The PAMPA sandwich is assembled and allowed to incubate for 30
minutes for the highly permeable molecules, in a controlled-environment
chamber, for example the Gut-Box™ from the company plON (PN
110205) with a buiit-in magnetic stirring mechanism. The sandwich is then
separated, and both the donor and receiver wells are assayed for the
amount of material present, by comparison with the UV spectrum (230 nm
to 500 nm) obtained from reference standard solutions. Mass balance is
used {o determine the amount of material remaining in the membrane filter
(%R) and attached to the plastic walls of the microtitre plate (Avdeef A.,
“Absorption and Drug Development”, Wiley-Interscience, 2003, pp. 116-
246).

The effective permeability (Pe) is calculated as described previously,
except that the usable filter area, 0.3 cm?2, is multiplied by the apparent
porosity, 0.76. This latter step ensures that the ABL thickness determined
from PAMPA assays using filters with a different porosity will be on an
absolute scale (Nielsen P.E. et al., “PAMPA - a drug absorption in vitro
model”, 8, “Apparent filter porosity and the aqueous boundary layer”, Eur.
J. Pharm. Sci., 2004, 22, 33-41).

In the GIT epithelial environment, the ABL thickness is expected to be 30 -
100 pm, whereas in unstirred PAMPA, the ABL thickness can be as high
as 4000 pm (Avdeef A. et al., “S. Caco-2 permeability of weakly basic
drugs predicted with the Double-Sink PAMPA pKauix method”, Eur. J.
Pharm. Sci., 2005, 24, 333-349; Avdesf A. et al., "PAMPA - a drug
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absorption in vitro model”, 11, “Matching the in vivo aqueous boundary
layer by individual-well stirring in microtitre plates”, Eur J. Pharm. Chem.,
2004, 22, 365-374). By taking PAMPA (stirred or unstirred) data over a
range of pH, it is possible to match the effect of the ABL to that expected
for the GIT, by applying the pKa™*x method (Avdeef A., “Absorption and
Drug Development”, Wiley-Interscience, 2003, pp. 116-246; and Avdeef A.
et al., *S. Caco-2 permeability of weakly basic drugs predicted with the
Double-Sink PAMPA pKaux method”, Eur. J. Pharm. Sci., 2005, 24, 333 -
349), briefly described below.
The effective permeability coefficient, Pe, is related to the membrane and
ABL permeability coefficients, Pm and PasL, respectively, as

1/Pe = 1/PagL + 1/Pm (©)
For ionizable molecules, the membrane permeability, Pm, depends on pH
of the bulk agueous solution. The maximum possible Py, is designated Po,

_ the intrinsic permeability of the uncharged species. For monoprotic weak

acids and bases, the relationship between Pm and P, may be stated in

-terms of the fraction of the uncharged species, f,, as

Pm=Po o
= Po/ (10 #(pH-pKa) 4+ 1) (10)
with ‘+’ used for acids, and "~ * used for bases. Other cases are described

elsewhere. Combining equations (9) and (10) leads to
1 1 10 =PF-PED 4
—_— +
L Pm P

a

(11)

ABLimited transport is often observed for highly-permeable molecules,
when Po > Pag.. This is generally observed with lipophilic drugs, where the
same P. is measured (about 30 x 106 cm/s), regardless of the molecules,
indicating a property of water rather than membrane. Equation (1 1)
reduces to the logarithmic form (Avdeef A. et al., “S. Caco-2 permeability
of weakly basic drugs predicted with the Double-Sink PAMPA pKaflux
method”, Eur. J. Pharm. Sci., 2005, 24, 333-349)

logP, = logP ™ —log(IOi(pH'ngm)-i-l) (12)
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[0075] The maximum possible effective (measured) permeability, Pem2, is defined
as
log Pemax = |og Pas. — log (1 + PasL / Po ) (13)
10076] When Po >> PasL (highly permeable molecules), Pem#* ~ Pagy, indicating
water rather than membrane diffusion. The "flux” ionization constant,
pKax, refers to the pH value where the resistance to transport across a
. permeation barrier is 50% due to the ABL and 50% due to the m_ernbra'ne.
[0077] With respect to the resulis of the exemplary permeability measurement
described hetein and thelir interpretation, Fig. 1 shows a comparison of the
ionization constants determined by the various “state-of-the-art”
approaches used. Since all of the compounds are only sparingly soluble in
water, cosolvents are used, and the aqueous values are extrapolated by
the Yasuda-Shedlovsky (Avdesf A. et al., “pH-metric logP”, 3, “Glass
electrode calibration in methanol-water, applied to pKs; determination of
water-inso!uble substances”, Anal. Chem., 1993, 65, 42-49) approach in
the case of GLpKa and D-PAS instruments, and by linear extrapolation to
zero wt% cosolvent in the case of the Gemini instrument. The
commercially configured SGA instrument currently does not have a
cosolvent capability, so only aqueous universal buffers are used. Since the
D-PAS and SGA instruments are UV-based, it is possible to use lower
concentration solutions in the pKa determination, avoiding some, but not
all, of the problems of low aqueous solubility. Two of the most popularly
used cosolvents are employed in this exemplary permeability
measurement: DMSO and methanol. In just about all of the cases, the
DMSO extrapolated pKa values are systematically lower than those
exirapolated from methanol-water mixtures, following the trend,
pKaPMS0 = (0,61 + 0.86 pKaCHOH (12 = 0,99, s = 0.27, n = 8). Since
butacaine and astemizole are diprotic bases, it is actually possible 1o
determine the low-pH pKa in the absence of cosolvent. In both cases, the
- DMSO extrapolated values are more biased than those of methanol. The
variance is particularly evident in the case of butacaine low pH pKa value.
The methanol extrapolated values seem to be more accurate in general, a

conclusion supported by methanol being viewed as the “least problematic”
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of the cosolvents used in pKa determinations. With DMSO results
excluded, in this exemplary permeability measurement it is not to relied on
the SGA values, since cosolvent use was not an available feature, and
since the deviations from the identity line in Fig. 1 are substantial. Fig. 1
reveals that best concordance is seen between potentiometric GLpKa and
Gemini values, as indicated by the filled circles being closest to the identity
line. _

The Gl.pKa and Gemini values can be simply averaged for the working
set. In this exemplary permeability measurement, that is not done for the
following reason: inspite of well designed assays, where the cosolvent-
water ratios are picked to be suificiently high to avoid precipitation, it is
nearly impossible to be certain that precipitation does not occur at the
lowest cosolvent-water ratios. Due to the design of the sample changer in
the GLpKa, it is not convenient to view the solutions during the tiiration. In
contrast, the Gemini has the glass vial in clear view. Visual observations
suggested that it was highly probable that in a number of cases, some
precipitation must have taken place in the GLpKa with these low solubility
compounds. Furthermore, the Gemini electrode calibration procedure
made the pKa values less than 3 more reliable in cosolvent solutions.

Fig. 2 relates to the Gemini results of pKa measurements. |t illustrates
what can conceivably go wrong with conventionally designed assays, and
the usual consequences in conventional measurements, which by contrast
are circumcalculated by the Gemini. lllustrated in Fig. 2 are six
determinations of the clofrimazole pKa in 11 — 49 wt% methanol. The zero-
colsolvent extrapolated pKa is 6.02 + 0.05. The insets in Fig. 2 are Bjerrum
plots (Avdeef A. “Absorption and Drug Development”, Wiley-Interscience,
2003, pp. 116-246) for the 11, 28, and 39 wt% titrations. The dashed
curves in the insets correspond to the expecied curves in the limit of
infinitely low concentration of sample, where no precipitation would take
place. The solid curves, linking the measured points indicate a significant
displacement from the precipitation free dashed curves. This displacement
takes place because clotrimazole precipitated in titrations below 35 wi%

methanol. Conventional refinement programs, not taking such precipitation



02 4 0.24% HP-bCD 79 4 2.003 0 85 0.10.36 1%
HP-b-CD 141 7 1.5 0.4 0O 8.1 0.10.36 WO

7hR98625PCT/ CH2007/ 000097 36 cl ot ri mazol e PePerRefR000s7
W%%% 0.18 5.93 039 ED 1.4 23

into effect, would systematically underestimate the pKa, with decreasing
cosolvent ratios, with an error as high as a log unit in the case of 11 wi%
(Fig. 2 inset). If the biased values are the basis of extrapolation, the pKa
would be near 5, a log unit off (data not shown).

[0080] The unique aspect of the refinement program in the Gemini instrument is
that it can determine the unbiased pKa value in the presence of some
precipitation, since the solubility and the pKa values are simultaneously
refined. The fit in Fig. 2 is weighted by the errors obtained in the individual-
set refinements, which down-weighs the confributions of the fowest wt%
cosolvent points, if “too much” precipitation prevents a precise
determination of the pK, value.

[0081] The novel pKa techology is best suited for determining the ionization
constants of the most insoluble compounds. The following improvements
are evident: (a) a wider span of cosolvent ratios is feasible, since
precipitation at the lower ratios is circumcalculated, (b) higher
concentrations of sample may be used, for more sensitive determination,
(c) selecting the "best” cosolvent ratios is less critical to the extrapolation
process, making the method more “fault” tolerant, and (d) in situ pH
electrode calibration makes pKa determinations in a wider pH window
possible in cosolvent titrations.

[0082] In Table 1 (see above) the Gemini-determined pKa values at 0.15 M (KCl)
ionic strength are listed. These values are converted to 0.01 M ionic
stregth level and used in all of the subsequent PAMPA analyses, since the
permeability buffer is at the lower ionic strength. In the case of 0.1 and 0.2
M KClI, appriate adjustrments to the constant were made (Avdeef A,,
“Absorption and Drug Development”, Wiley-Interscience, 2003, pp. 116 -
246). |

[0083] Fig. 3 relates to PAMPA measurements without excipients. lt shows the
excipient-free permeability profiles for the mentioned molecules. Solid
lines indicate the best fit of the effective permeability vaiues, log Pe (filled
circles), as a function of pH, according to equation (12). Sample values of
pKafux are Indicated in Figure 3 (a-¢,9,h). The dashed-line membrane

permeability curves, log Pm vs. pH, result when the calculated aqueous
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boundary layer (ABL) permeability values (dotted horizontal lines) are
factored out of the effective permeability values (equations (9) and (10)).
The solid-line curves in Fig. 3 (all, except (d) and (e)) are examples of ABL
limited transport, since at their maximum extent, they are below the
dashed-line curves. With bases, for pH >> piGiux, equation (12) is that of a
horizontal line, and for pH << pKafix, equation (12) is that of a diagonal
line, with a slope of +1. With acids, for pH << pKfiux, equation (12) s that
of a horizontal line, and for pH >> pKfix, equation (12) is that of a
diagonal line, with a slope of ~1.

All of the permeability data are measured with the Gut-Box setting at 40
pum ABL, except for progesterone, where the setiing is at 25 um ABL,
since the direct pKax method cannot be used with nonionizable
molecules. For such molecules, a calibration procedure is known (Avdeef
A. et al., “Caco-2 permeability of weakly basic drugs predicted with the
Double-Sink PAMPA pKaflux method”, Eur. J. Pharm. Sci., 2005, 24, 333 -
349; and Avdeef A. et al., ,PAMPA - a drug absorption in vitro model”, 11,
“Matching the in vivo aqueous boundary layer by individual-well stirring in
microtitre plates”, Eur J. Pharm. Chem., 2004, 22, 365-374). The refined
ABL thicknesses {equation (12)) are indicated in Fig. 3, and range from 21
— 97 um. The three values exceeding 75 um may indicate that butacaine,
mefenamic acid, and glybenclamide are aggregated in solution. Since ABL
permeability depends on molecular weight of the species diffusing in
aqueous solution, the use of the monomer molecular weight in calculations
leads to an increased apparent ABL thickness.

With respect to PAMPA measurements with excipients, over 1200 double
sink PAMPA measurements are performed in the pH range 3 — 10. High
precision pKas {Gemini) are used for the pKa"x method to calculate the
intrinsic and ABL permeability. Table 2 compiles the 120 P, values
determined in this exemplary permeability measurement, along with the
maximum membrane retention (%R), and apparent ABL thicknesses.
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Table 2

PasL PapL PasL | Pam
expected 0 mM 3mM | 15 mM

COMPOUND | MW | (Ref. Xx){ NaTC NaTC | NaTC MW*MW

astemizole 458.6] 1135 1080 561 9 1, 5, 56000

butacaine 306.4; 1360 713 954 13 4.2, 30000

Clotrimazole __|344.8| 1290 2400 | 604 | -  |<l1,5,—

dipyridamole  [504.6] 1088 941 922 47 11,1,1100

glybenclamide [494.0f 1098 451 -- 12 |7, --,24000

mefenamic acid [241.3] 1514 782 909 795 |4,3,4

[0087]

[0088]

[0089]

The most permeable molecule is astemizole, with P, values ranging from
0.5 (0.24% viv PEG400 and 15 mM NaTC) to 32 cm/s (3 mM NaTC). The
least permeable molecuie is grisecfulvin, with P, values ranging from 1.8 x
104 (5% viv PG) to 4.1 x 10-4 cm/s (0.1 M KCI).

Membrane retention is substantial in most molecules, with astemizole
ranking the highest, with values in the range 79% — 90% typically {but
dropping to 24% in the case of 15 mM NaTC). Inspite of such depletions
from the aqueous phases, it is still possible to access permeability of
astemizole by PAMPA Evolution instrument sofiware. As indicated in
Table 2, the other retained molecules change in ranking with the
excipients. Low membrane retentions indicate that the excipient competes
effectively with the PAMPA membrane in holding on to the compounds, as
for example in the case of 15 mM NaTC, particularly for clotrimazole,
where retention drops to 4%, compared to the excipient free value of 80%.
The ABL thicknesses listed in Table 2 are also indicative of excipient -
drug interactions. deally, if the drugs formed neither aggregates in
excipieni-free solutions, nor associated complexes with excipients, then
the determined ABL thicknesses, hagL, should have been about 40 pm (or
25 ym in the case of the highly-stirred progesterone solutions). In a
number of cases, such as with astemizole and clotrimazole, the expected
hael < 50 um are determined. However, in stark contrast, the calculated
ABL thicknesses in 15 mM NaTC solutions are over 1000 pm in a number
of cases. Table 2 lists the theoretically expected and the experimental
Past. The lowered observed values can be interpreted to arise from the
effect of associated complexes which have very high molecular weights.
The relationship between PagL. and MW is known in the art. For example, if
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equation 4 from Avdeef A., “The Rise of PAMPA”, Expert Opin. Drug
Metab. Toxicol., 2005, 1, 325-342 is applied to the apparent Paay, the
excipient free solutions (0% NaTC, Table 3) appear to indicate aqueous
diffusion of monomers in the case of astemizole, clotrimazole, and
dipyridamole, since the ratio of the apparent molecular weight, MW*(based
on the assumption of 40 pm ABL) to the true molecular weight, MW*MW,
is close to 1. In the same buffer solutions, aggregates or the order of 4 - 7
seem to be indicated for some of the other low-solubility drugs (Streng
W.H. et al., “Determination of solution aggregation using solubility,
conductivity, calorimetry, and pH measurements®, int. J. Pharm., 19986,
135, 43-52). In 3 mM sodium taurocholate solutions, only dipyridamole
appears to behave as a monomer, with the other molecules appearing as
aggregates of order 3 — 5. These aggregates can be associations between
drug and excipient. In 15 mM NaTC solutions, the reduction in the ABL
permeability is extreme, and simplistic analysis indicated aggregation .
orders as high as 56000, which does not seem reasonable. It is difficult to
be very certain that complexation with the excipient is the only explanation,
since 15 mM NaTC solutions are hard to work with in the robotic
instrument, due to the easy formation of bubbles in the microtitre plate.
The possibiiity that 15 mM NaTC solution is dissolving some of the
PAMPA membrane is of concern, but no visual evidence of the effect
(turbidity in solution) are observed.

Fig. 4 plots the differences between log P, in excipient-containing

solutions and those of excipient-free (base level) solutions, as a function of
the amount of excipient. In many cases, it is evident that bases behave
differently from acids and neutrals. In KCI, NMP, and PEG400 solutions,
bases appear to have lowered intrinsic permeabilities in the presence of
excipients, whiles acids and neutrals have elevated permeabilities. For
NaTC and HP-B-CD containing solutions, at the highest level of excipient,
all compounds appear to have diminished permeability. Apparently, the
binding of drugs to such excipients is sufficiently strong, that the remaining

free fraction of the unbound drug concentrations drop significantly, so that
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the cbncentration gradient between the donor and acceptor compartments
in the permeation cell decreases, leading to decreased permeability.
With respect to visualization of the results of the exemplary permeability
measurement described herein, although Fig. 4 describes the effect of the
excipients, it is visually difficult to grasp quickly and use in practical
decision making regarding the uses of excipients. Therefore, a mapping
scheme is shown in Fig. 5, Fig. 6, and Fig. 7, called PAMPA-Mapping,
which improves the visual aspects of the excipient effects. Shown are
three component maps of PAMPA-Mapping: permeability (Fig. 5),
membrane retention (Fig. 6), and ABL (Fig. 7). Along the vertical axes are
the excipient compositions, rank ordered by their enhancement effect on
intrinsic permeability. Along the horizontal axes are the drugs, arranged in

- the order of most enhanced to least enhanced permeability. On the

[0092]

average across all excipients, the intrinsic permeability of acids and
neutrals is enhanced, but depressed for the bases. The warm colors,
which are red, yellow and the like indicate an increase in the i:)roperty
mapped as a result of an excipient, where the base level is defined by
excipient-free resuits. The cool colors, which are blue violett and the like,
indicate the opposite. For example, if the design objective is to enhance
permeability, the top left corner of the permeability map identifies the
molecules and excipient combinations that are most promising in
increasing permeability, and the bottom right corner of the map reveals
regions that may be most problematic.

The membrane retention map of Fig. 6 is redundant to the permeability
map of Fig. 5, to an extent. If simplistic Fick’s laws of diffusion were solely
responsible for fransport, then the two maps should be the same in
principle. However, it can be seen that there are suble differences
between the two maps. A consideration for explaining this effect is that
when retention increases severely, there is too little compound for
anaiytical detection. In none of the cases considered herein that is a
problem. The absence of the Double-Sink scavenger in the receiver
compartments, seems that the membrane retention map indicates
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insurmountable analytical problems for the UV detection method used in
the PAMPA Evolution instrument.

The ABL map of Fig. 7 is roughly a mirror image of the other two maps of
Fig. 5 and Fig. 6. .The elevated hag.. ratios may be interpreted to mean high
drug-excipient interaction, leading to slower diffusion in the aqueous layer
and decreased membrane retention. An unexpected interpretation of the
ABL map may be that some drugs form aggregates in excipient free
solutions (see above), but in the presence of certain excipients, the
tendency for the drugs fo self-associate is lessened. This can be the case
with glybenclamide, butacaine and dipyridamole in KCi, 0.24% viv PG, 1%
viv NMP, and 1% PEG, for example, as indicated by deep-blue regions in
the map.

The color maps introduced are new and their use is continuingly evolving.
The maps look systematic in appearance, partly because the excipients
and compouhds were rank ordered in an optimal way. With a large number
of molecules, and perhaps more conditions and types of excipients, in
silico algorithms could be developed, where the maps “self-organize” by
some sort of similarity schemes.

Appropriate solubility measurement for the first embodiment of the method
according to the invention can also be performed in various manner. Since
many. molecules can have very low solubility, particularly molecules from
discovery programs, measurement of solubility needs to be both rapid and
compound-sparing. Screening for excipient effects on solubility makes the
task further daunting. Nevertheless, rapid methods of systematic
screening for solubilizing agents are emerging. Chen et al. (Chen, H. et al.,
“A high-throughput combinatorial approach for the discovery of a
Cremophor EL-free paclitaxel formulation”, Pharm. Res., 2003, 20, 1302 -
1308) uses full factorial robotic assay to screen about 10,000
combinations of twelve excipients (including PEG400, polysorbéte 80, and
ethanol) in & number of combinations to discover an improved Cremophor
EL free formulation for paclitaxel, a well established marketed drug. There
clearly are opportunities to improve both the efficiency and the accuracy of
such rapid methods, using partial factorial design-of-experiments (DOE).
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Commercial software linking DOE approaches directly to robotic control
exist in the art. Also, there are opportunities to automate computational
methods to properly treat the solubility data for possible aggregation

- effects.

In the exemplary solubility-excipient measurement described herein, the
theme explored irn a Double-Sink PAMPA excipient, where the method of
PAMPA-Mapping is introduced, bases on eight sparingly soluble drugs
(astemizole, butacaine, clotrimazole, dipyridamole, griseofulvin,
progesterone, glybenclamide, and mefenemic acid), measured under
fifteen combinations of six excipients (sodium taurocholate, 2-
hydroxypropyl-8-cyclodextrin, potassium chloride, propylene glycol, 1-
methyl-2-pyrrolidone, and polyethylene glycol 400). '

The mentioned example of solubility measurement is performed using the
compounds astemizole, butacaine, clotrimazole, dipyridamole,
griseofulvin, progesterone, glybenclamide, and mefenamic acid. The pH of
the assayed donor solutions is adjusted with universal buffers from the
company plON (PN 100621, 1100151).

Excipients used in this example of solubility measurement comprise
quantities of six excipients which are selected to overlap the
concentrations expected in the gastrointestinal fluid under clinically

‘relevant conditions. Briefly, KCl was selected at 0.1 and 0.2 M; sodium

taurocholate (NaTC) solutions are prepared at 3 and 15 mM,
corresponding to fasted and fed GIT states (35). For liquid excipients, the
maximum capsule volume is assumed fo be 0.6 mL: for a GIT volume of
250 mL (35}, the calculated excipient concentration is 0.24% v/v. Hence,
for N-methylpyrrilidone (NMP), propylene glycol (PG), and polyethylene
glycol 400 (PEG400), excipient solutions of 0.24, 1, and 5% v/v are tested.
With encapsulated solid excipients, such as hydroxypropyl-3-cyclodexirin
(HP-B-CD), with MW 1396 and solubility 450 mg/mL, it should be possible
to pack 270 mg into a 0.6 mL capsuie, which is equivalent to a 0.1% wv
solution in the GIT volume. Slightly higher values of 0.24 and 1% wi/v are
used in this example of solubility measurement. In all, counting the
excipient-free buffer solutions, 15 different solutions are tested with the
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eight drug molecules for the effect on solubility, resulting in 120 drug-
excipient combinations.

With respect to the pKa measurement, the high-precision pK, data,
determined by the potentiometric method using the Gemini instrument of
the company pION, are determined by exirapolation in methanol-water
solutions, taking advantage of the Gemini’'s capability to determine pKa
values even if there is precipitation during a portion of the titration, in either
agueous or cosolvent solutions. The pH elecirode calibration was
performed in situ by the instrument, concurrently with the pKa
determination, especially an important feature for pKa < 3 or pKa > 10 in
cosolvent solutions.

[00100] The highly-automated direct-UV 96-well microtitre plate equilibrium

solubility method implemented in the nSOL Evolution instrument from the
company piON INC (Woburn, MA, USA) is used in this example example
of sofubility measurement, with data collected at room temperature (25 2
°C). Samples are typically iniroduced as 10 - 30 mM DMSO solutions. The
robotic liquid handling system {e.g. Beckman Couiter Biomek-FX
ADMETox Workstation) draws a 3 - 10 pL aliquot of the DMSO stock
solution and mixes it into an aqueous universal buffer solution, so that the
final (maximum) sample concentration is 50 - 250 uM in the excipient
containing buffer solutions. The residual DMSO concentration is kept at
1.0 % (v/v) in the final buffer solutions. The solutions are varied in pH
(NaOH-treated universal buffer). This is necessary in order to determine
the aggregation and intrinsic solubility constants (Avdeef A. et al,,
"Dissolution — Solubility: pH, Buffer, Salt, Dual-Solid, and Aggregation
Effects” in: Testa B. et al., “Comprehensive Medicinal Chemistry I}, Vol. 5",
ADME-TOX Approaches, Elsevier: Oxford, UK, 2006). Each solubility - pH
measurement is performed in duplicate, and the results are averaged by
the instrument software. The buffers used in the assay are automatically
prepared by the robotic system. The quality controls of the buiffers and the
pH electrode are performed by alkalimetric titration, incorporating the
Avdeef-Bucher (Avdeef, A. et al., “Accurate measurements of the

concentration of hydrogen ions with a glass electrode: calibrations using
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the Prideaux and other universal buffer solutions and a computer-
controlled automatic titrator”, Anal. Chem., 1978, 50, 2137-2142)
procedure. After 18 + 1 h, the buffer solutions containing suspensions of
the drug solid are filtered (0.2 pm pore microfilter), and the supernatant
solutions are assayed for the amount of material present, by comparison
with the UV spectrum (230 to 500 hm) obtained from a reference standard,
using a proprietary spectroscopic procedure that comes with the Evolution
instrument. '

[00101] With respect to cases 1a, 1b, 2a, and 2b of Fig. 8 it is to state that when a
compound forms a dimer or a higher order oligomer in aqueous solufion,
the characteristic solubility-pH profile takes on a shape not predicted by
the Henderson-Hasselbalch equation {cf., solid curves in Fig. 8), and often
indicates an apparent pKa that is different from the true pKa (e.g., cases 1a
and 1b in Fig. 8), as determined potentiometrically in dilute aqueous or
cosolvent solutions (29). Fig. 8 shows six different cases of aggregation-
induced distortions of log S — pH curves. Derivations of cases 1a, 1b, 2a
and 2b are described in the literature, and methods to extract underlying
intrinsic solubility values are known in the art. Cases 3a and 3ax
treatments are new, and their derivations are briefly described
hereinbelow. Based on such pKa-shiit in solubility analysis, dimerization
constants ranging from 1.7 x 10*3to 1.8 x 10*> M-1 are proposed (Avdeef
A. et al., "Dissolution — Solubility: pH, Buffer, Salt, Dual-Solid, and
Aggregation Effects” in: Testa B. et al., “Comprehensive Medicinal
Chemistry I, Vol. 5 ADME-TOX Approaches”, Elsevier: Oxford, UK, 2006)
for phenazopyridine (case 2b in Fig. 8), indomethacin (case 2a in Fig. 8),
2-naphthoic acid (case 2a in Fig. 8), and piroxicam (case 1a in Fig. 8).

[00102] The equations underlying and summarizing this example of solubility
measurement mathematically describe pH-solubiiity relationships, and can
be used for the practical purpose of data interpolation, extrapolation,
smoothing, and compaction. Furthermore, the pKa-shiff method can be
used as a quick alert tool. As is implied, the molecule must have an
ionization group within the accessible pH range, in order for the method to
work. When a log S vs. pH plot is inspected, and the true pKas is known
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independently, it can be quickly surmised whether aggregates are present,
and whether these “anomaly” effects are due to the neutral or the charged
form of the drug. Moreover, the intrinsic solubility may be calculated from
the magnitude or the direction of the pKs shift. These are the best uses of
the shift method. Caution is needed not to mechanistically overinterpret
the measurement data, however. If an uncharged molecule undergoes
some speciation anomaly (aggregation, DMSO binding, filter retention,
etc.), weak acids will indicate an apparent pKa higher than the true pKa
(case 1a in Fig. 8), and weak bases will indicate an apparent pKa, lower
than the true pKa (case 1b in Fig. 8). If the observed shifts are opposite of
what's stated above, then the charged (rather than the neutrai) species is
involved in the anomaly (cases 2a and 2b in Fig. 8). Although the precise
mechanism of the anomaly may not be apparent in ali cases, the shit
combined with the apparent solubility will often reveal the intrinsic

(unshifted) solubility, So. There is a further practical consequence to this
with excipients: it is possible in many instances to measure solubility in the
presence of excipients and at the same time to assess the solubility that
wouid have been evident in the absence of added excipients, as though
they were the source of anomaly.

{00103] Six types of aggregates, (HA)n, Bn, Ay, (BH*)s, (AH.A)y, and (AH.A)n-,
in the presence of excipients are considered. Their derivations follow along
the lines reported in the literature. This is briefly summarized below for the
two new situations: ‘

[00104] In the first situation, mixed charge weak acid aggregates (AH-A)™ are
regarded (case 3a in Fig. 8). In Cases 2a and 2b, the order of aggregation
is revealed by slopes greater than one in the log S — pH plots (Avdeef A. et
al., “Dissolution - Solubility: pH, Buffer, Salt, Dual-Solid, and Aggaregation
Effects” in: Testa B. et al. “Comprehensive Medicinal Chemistry II", Vol. 5
ADME-TOX Approaches, Elsevier: Oxford, UK, 2008). In this example of
solubility measurement, several instances of slopes being near one are
determined, even though some sort of aggregation is apparently taking
place. There is a plausible model to describe this case. It can be

hypothesized that the oligomeric mixed-charge weak acid species,
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(AH-A), forms, which contains a 1:1 ratio of HA and A-~. The required
equilibrium equations and the associated concentration quotients to
completely define the mass balance problem are

HA & H* + A- Ka = [HHIA] / [HA] (14)

HA(s) 5 HA So = [HA] (15)

nA-+nHA S (AHA)™ - Ko* = [(AH-A)-]/ [HAR [A] (16)
[00105] Solubility Is defined by

S = [A + [HA] + 2n [(AH-A)] (17)

[00108] The [A-] and [(AH-A)y"] components in equation (17) may be expanded in
terms of [HA], pH, and the various equilibrium constants:
S = [HA] Ka / [H¥] + [HA] + 2n Kq* [A-I0 [HA]

= [HA] { Ka/[H*] + 1 + 2n Kn* Kan [HA]PR [ [HHR } (18}
In logarithmic general form,
log S =log So + log { 1 + Ka/[H*] + 2n Kp* Kot Sg2n-1 [ [H¥M) (19)
[00107] Two limiting forms of equation (19) may be posed as
log S = log So @ pH << pKAPP (20)

log S = log 2ntlog Kn*+2n-og Se-n pKatn pH @ pH >> pKa (21)

- [00108] Equation (20) indicates that the formation of mixed - charge éggregates
does not obscure the value of the intrinsic solubility in low pH solutions
(case 3a in Fig. 8). If for a weak acid, whose apparent pKa in a saturated
solution is less than the true pKas, a slope of +1 for pH >> pKain a log S vs.
pH plot is consistent with the formation of the dimeric species AHA-. A
slope of +2, however, could indicate a case 2a dimer or a case 3a
tetramer, which may be difficult to discern.

[00109] In the second situation, mixed charge aggregates (AH-A)x" in presence of
an excipient are regarded (case 3ax in Fig. 8). In case 3a, the siope in the
log S - pH plot cannot be less than one. The cases observed where the
siope is less than one needed further modification to computation models.
One can hypothesize that the oligomeric mixed-charge weak acid species,
(AH-A)a, forms, in the presence of an excipient, X, which binds only the
neutral form of the weak acid HA. In addition to egs. 1 and 2, one needs

HA + X 5 AHX K¥ = [AH-X1/ [HA] (22)
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[00110] The K¥ equilibrium constant embeds the product of the equilibrium
constant for reaction in equation (22) and the concentration of the
excipient, X, which is assumed to be practically constant (i.e., [HAJta <<
[Xiotar).
[00111] Solubility is defined by
S = [A7] + [HA] + 2n [(AH-A)] + [AH-X] (23)
[00112] As before, the non-[HA} components in equation (23) may be expanded in
terms of [HA] and the various equilibrium constants, leading to the general
form equation (equation (19)):
log S =log 8o + log ( 1 + KaffH*] + 2n Kp* Ka" So20-1 / [HHn + K®')  (24)
[00113] The case 3ax example in Fig. 8 is based equilibrium constants indicated in
the figure. In general it is not possible to extract limiting forms of the
equation, other than to suggest that the slope at extreme pH still needs to
be n = 1, because of the n-dependence of pH in equation (24). As the case
3ax example in Fig. 8 illustrates, if the measured data are only taken from
the bend in the curve at high pH, the slope may appear less than one, but
if higher-pH data were available, the mode! would predict a slope of +1.
[00114] With respect to refinement of the aggregation parameters described,
solubility - pH data measured by the pSOL Evolution instrument are
processed by the onboard software and stored in the ELM™ Data
Manager from the company pION. The data from several different assays,
pooled in ELM, are further tested by the software for the presence of
aggregates. One of the equations is automatically selected by the
Evolution software, and the log S - pH data are fitted to it by a weighted
nonlinear regression procedure, where the following residual function was
minimized,
N obs cale 2
R
where N is the measured number of solubility values in the model, and log

Sieae is the calculated log solubility, which is a function of the refined

(25)

parameters: pKas"FP {apparent ionization constant), log SAPP (apparent
intrinsic solubility), log S, (frue intrinsic solubility - cases 1a and 1b in Fig.
8 only), log Kn (aggregation constant), and n (aggregation order). The
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estimated standard deviation in the observed log S, i, was estimated as

0.05 (log units). The overall quality of the refinement was assessed by the

"goodness-of-iit,"

GOF =

¥

N-N,

where Np Is the number of refined parameters.

(26)

[00115]In Table 3 all refined results of this example of solubility measurement are

summarized. Underlying the refined values are about 1200 individual-pH

solubility measurements, collected rapidly by the robotic instrument.

[00116] Table 3

COM- IE log K & :

POUND pK, [EXCIPIENT |82+ SD| §.£8D SD  |type|n: SD |pK AT+ SDIGOF| N
none 0.29 + 0.08 5.07+044| © | 1.8 | 8.9+03 [3.0}11
0.1M KCl 0.19 + 0.03 500021 © | 24 | 92206 |12]6
0.2M KCl 0.27 +0.04 4394027 © | 24 | 88+04 [141]6
0.24% PG 0.22+0.05 3.17+053 ® | 35 | 87+02 [2316

astemizole |8.60 |1% PG 0.22 + 0.04 3.27+041] ® | 3.6 | 87204 |18]6

5.84 5% PG 0.31 % 0.07 166+033] @ | 22 | 90205 |18} 6

0.24% NMP  |0.38 +0.06 4.89+024} ® | 22 | 9.1x05 |14]6
1% NMP 0.38 + 0.08 567+023| ® | 1.6 | 93x04 |14]6
0.24% PEGA400 [0.48 + 0.01 7.50+001} ® | 12 [ 10602 {01} 5
1% PEG400 0.29 7112007l ® | 1.5 | 10.0+02]1.1] 4
5% PEG400 0.29 787+002 ® | 11 10.8 0414
3 M NaTC  [0.63 +0.07/ 0.2+ 0.1 () 8.1+0.1 [09]6
15mMNaTC | 3.0+£0.7 |14+ o 83102 |16 6
0.24% HP-b-
D 0.63 + 0.06 47940371 @ | 1.8 | 87+01 |08 6
1% HP-b-CD 1242 14.0%£29 (-] 81+03 l16!ls6
none 40+6 [1.9+07 (-] 8.8+02 | 12|10
0.IMKCi 8317 11.3+08 [ 83+03 {1415
0.2M KCl 78+2 25102 ) 8601 |0.1]4
0.24% PG 51+4 [23%05 () 88+0.1 {04/ 4

butacaine [10.09|1% PG 69+5 (0902 o 82+01 |05 5

2.05 5% PG 66+9 [1.5+0.5 (-] 85302 0915

0.24% NMP 47+3 |2.1%05 o 88+0.1 {06]6
1% NMP 71+5 [1.9+05 -] 85+01 {056
0.24% PEG400| 151 3.6 -] 8.5 ~b| 2
1% PEG400 10712 [2.8+04 o 85x01 ]0.1}3
5% PEG400 107 2.8 o 8.5 —-bj1l
3 mM NaTC 50+10 |3.1%1.6 o 8.9+02 |1.1]4
I5toMNaTC | 96+4 [23+04 o 85+0.1 102} 4
0.24% HP-b- )
CcD 79+4 |2.0+03 8501 [03]6
1% HP-b-CD | 141%7 [1.5+04 s 81201 |03|6
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none 0.39 +0.18 5934039 & | 14 | 74411 |281{11
0.1M KCI 0.39 6204006 & | 16 7.4 09| 4
0.2M KCl1 48+1.3 [33+12 ) 59402 |12 6
0.24% PG 11402 4502022 @ | 16 | 65+04 [09] 5
clotrimazole] 6.02 |1% PG 2005 2.56+0.73] ® 2.3 6101 {1915
5% PG 26%1.0 4.65+£0.53] @ | 14 | 63+05 1915
0.24% NMP 1.3£02 45930251 & | 20 | 64%03 |13 )6
1% NMP 1.7+0.2 4.77+0.16| © | 18 | 6502 |08 6
0.24% PEG400!| 0.39 7.54£0.03 @ | 13 7.9 0614
1% PEG400 0.39 7.15 ®{ 1.9 7.4 ~-bl2
5% PEG400 1.9+ 0.6 686+0.12 @ | 08 | 6401 |01]4
3mMNaTC | 1.0+0.1 5234018 ® | 15 | 64402 |09]5
15SmMNaTC { 20+2 [68+14 o 55+0.1 {066
0.24% HP-b- )
CD 17+04 16604 56+0.1 [02]6
1% HP-b-CD 8544 (11.3+2.0 o 5.1 0416
none 62+1.1 |2.3+0.7 d 58+01 |21]6
0.1M KC1 52+0.8 [3.310.8 g 60+0.1 |08 6
0.2M KCl 58209 131307 o 59+0.1 |08 6
dipyrida- 0.24% PG 58+05 {21403 ° 58+0.1 056
mole 6.22 1% PG 6503 [2.7+02 d 58+0.1 [03]6
5% PG 9.8+1.3 |3.920.8 ot 58:0.1 |08 6
0.24% NMP | 591 1.1 {2220.6 - 5.8+0.1 |10 6
1% NMP 8.1x1.5 {24207 © 57+0.1 {11]6
0.24% PEG400| 4.6 +1.2 695+:0.13] ® | 06 ] 68+01 {04} 4
1% PEG400 11+3 |5.0+19 o 59+02 |13]6
5% PEG400 1441 3.7+24 s 62+0.1 (04 ] 4
3 mM NaTC 24+2 153+09 g 56+0.1 |05] 6
15mMNaTC | 110+5 [9.9+1.7 d 52+0.1 |04} 6
0.24% HP-b- )
CcD 7.1+0.8 [28+07 58+0.1 {08} 6
1% HP-b-CD 151 {3207 o 56+0.1 10616
hone 14+04 3
0.1M KC1 21+1 3
0.2M KCl 192 3
0.24% PG 18+2 3
griseofulvin 1% PG 24+1 3
5% PG 25+2 3
0.24% NMP 191 3
1% NMP 25+ 1 3
0.24% PEG400| 20+2 3
1% PEG400 20+1 3
5% PEG400 27+2 3
3 mM NaTC 39+2 3
15mMNaTC | 5412 3
0.24% HP-b-
ch 23+2 3
1% HP-b-CD 4+l 3
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none 171 3
0.1M KCl 23+1 3
0.2M KCl 20+1 3
0.24% PG 1843 3
progesterone 1% PG 1942 3
5% PG 24+ 14 3
0.24% NMP 14+2 3
1% NMP 201 3
0.24% PEG400| 18+1 3
1% PEG400 15+2 3
5% PEG400 3046 3
3 mM NaTC 2+1 3
15 mM NaTC | 48+3 3
0.24% HP-b-
ch 162+9 2
1% HP-b-CD | 187%6 3
Inone 0.3540.10 7.23+0.16] © |L1x01] 4301 |14 ({11
0.1M KCl 0.35 6.97+0.151 © ]1.1+02 4.3 2716
0.2M KCl 0.35 6.99+0.06] © |12+01] 43 .15
0.24% PG 0.35 7.36:0.12) © |11x02] 43 2415
1% PG 0.35 7.34+0.08] © [1.1x01] 43 1715
giyben- o | 1.0+
clamide  15.90}50; pG 0.71 7.37 +0.02 004 | 42302 |05 6
0.24% NMP__ [0.450.11 6954015, © | 10 | 4601 |12}6
1% NMP 0.65 % 0.10 6.92+0.08 © log+oi] 47+01 o0sls6
0.24% PEG400{  0.36 5.96£0.09 © lo9+02| 54+01 o065
1% PEG400 0.26 6.88£0.09] © looxo1| 47+02 [10]6
5% PEG400 2.69 5.95+0.36] © |08x05] 56+02 |10 6
&
3 mM NaTC 0.32 7.42+0.03 © })'.%)Z 4301 |04l
15mMNaTC | 2.5+ 1.6 6.69+0.52| © |05+02 55+0.1 [05]6
0.24% HP-b- %)
CD 4417 6.67 +0.39 05+02| 5.1x0.1 [0.6]6
1% HP-b-CD | 2445 6.79+0.32] © lo7+0.1] 54+0.1 [02]6
0.021 2)
none 0.005 6.02 % 0.80 26+2.1] 43+03 [3.6]18
0.023 + %)
mefenamic- | 4.54 jp 1M KCl 0.005 6.61 % 0.60 35 | 44%04 |20]5
acid 0.2M KCl 0.021 5.72+038] © [2as11| 43 (3713
0.24% PG 0.021 6.88+0.54{ © |33+12| 4.1+03 | 143
1% PG 0.021 646+0.72| © |20+12| 40£03 |42 3
5% PG 0.056 5.87+0.09 © [0.9+0.1 4.0 1.0} 4
0.019 2)
0.24% NMP 0.009 6.22 + 0.58 20 | 41+06 3416
0.062 + )
1% NMP 0.010 5.01+0.55 25318 44%02 [13]6
0.004 + 2)
0.24% PEG400|  0.002 5.15+ 1.08 25 | 45202 |44 6
1% PEGA400 0.021 8 45 1.1 4
5% PEG400 0.028 498058 © | 06 | 45+11 |17]6
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011+ ©
3 mM NaTC 1.9+04 | 0.03 5.8+0.1 |04 3
0.10 o
15mMNaTC | 1.4+03 | 0.03 57401 110} 6
0.24% HP-b- 028+ o
CD 0.34 £0.02] 0.02 46+0.1 0216
1% HP-b-CD | 2.9+05 ] 0.61% d 52+0.1 [11]6

[00117]In Fig. @ the log S - pH solubility plots are shown under excipient free
conditions. The dashed curves correspond to those predicted by the
Henderson-Hasselbaich equation (using the frue pKa), and are presented
as a comparison to the curves more accurately representing the solubility-
pH dependence. The dotted horizontal line indicates the apparent intrinsic
solubility. The solid curve corresponds to the best fit of the actual data
(filled circies). The bases studied here tended to form cationic aggregates
(case 2b), with the exception of butacaine and dipyridamole, which
apparently formed neutral aggregates (case 1b in Fig. 8). The two acids
studied mostly form anionic aggregates (case 2a or case 3a in Fig. 8). It
was not possible to apply the "pKas-shift" method to the nonionizable
compounds, so the degree to which aggregates may form is not known
form this study.

[00118] Glybenclamide in Fig. 9e is an example of case 3a in the non-excipient
results, since aggregates ére suggested by the negative shiit of 1.6 log
units in the apparent pKa, and the unit slope in the high-pH data. That is,
the data are consistent with the formation of negatively-charged dimers,
AH.A-. Clotrimazole (Fig. 9c) appears to be composed of a combination of
B.BH* and (BH*)2 species, as suggested by the slope value of n = 1.4.
Astemizole (Fig. 9a) appears to be composed of dimeric (n=1.8) (BH*)2
species, whereas mefenamic acid (Fig. 9f) has both dimers and trimers of
this type (n=2.6). Dipyridamole and butacaine represent case 1b behavior,
where uncharged aggregates are hypothesized to form, which elevate the
apparent solubility above the value expected if no aggregates formed, as
that which would be expected from the HH equation (dash curves). These
two molecules are also the most soluble of the ionizable molecules
considered. As pointed out elsewhere (e.g. Avdeef A. et al., “Dissolution —
Solubility: pH, Buffer, Salt, Dual-Solid, and Aggregation Effects”, in: Testa,
B. et al., “Comprehensive Medicinal Chemistry 11", Vol. 5, ADME-TOX
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Approaches, Elsevier: Oxford, UK, 2006), it is not possible to assess the
degree of aggregation (n) from the log S - pH data, when case 1a or case
1b dependence is indicated.

[00119]1t is clear that all of the compounds discussed here are sparingly soluble in
excipient free buffer ("none" row in Table 3), with mefenamic acid being
the least soluble, at 21 + 5 ng/mL. It may be quite surprising that such a
low value can be obtéined by a high-throughput microtitre method. It might
be even suggested that the 18-h incubation time used is anything but
"high-throughput.” But, it must be noted that during a 24-h duty cycle of the
instrument, four to ten 96-well plates can be processed. It is this parallel
nature of the robotic measurement which make the overall procedure very
fast. The 18-h incubation time increases the probability that the measured
results represent the true equilibrium solubility values of the most stable
polymorph of the drug, and not the kinetic values of other fast methods,
those based on the use of turbidity detection.

[00120] The intrinsic solubility of astemizole, clotrimazole, and glybenclamide are
measured as 0.3 - 0.4 pg/mL (Table 3). The intrinsic solubility of
dipyridamole was 6.2 + 1.1 pg/mL. The nonionizable compounds,
griseofulvin and progesterone, are moderately soluble in comparison to
the other compounds, measuring at 14 - 17 pg/mL. The most soluble
compound studied is butacaine, with intrinsic solubility of 40 = 6 pg/mL. It
is clear from these and other measurements (below) that the sensitivity of
the uSOL Evolution method reaches the low nanogram region, in part
made possible by the highly-developed spectroscopic data processing
software in the Evolution instrument.

[00121]Figures corresponding to Fig. 9 and showing some of the log S - pH
curves for the ionizable molecules studied, at one of the excipient
concentrations (1%, 15 mM, or 0.2 M) can be provided as well. The resulis
of the other excipient concentrations considered are summarized in Table
2. In addition to the curves in the excipient free plots (Fig. 9), such figures
have an additional "dash-dot-dot" curves, which represent the solid curves
from the excipient-free case. This baseline curve allows for quick visual

assessment of the impact of the excipient on a particular compound.
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[00122] With respect to potassium chloride, the general patterns are simitar to
those in the excipient-free cases (Fig. 9). The apparent intrinsic solubility
of only butacaine and clotrimazole are significantly elevated by 0.2 M KCI.
Astemizole seems to show a steeper pH dependence in neutral pH
solutions, putatively arising from the formation of higher-order aggregates.
Clotrimazole seems to show the opposite effect: the presence of high-salt
concentration seems fo break up the aggregates seen in excipient-free
solution. Its behavior in 0.2 M KCl is well predicted by the Henderson-
Hasselbalch equation. Also, its intrinsic solubility lifts from 0.39 to 3.3
ng/ml. The effect of 0.2 M KCI on dipyridamole, glybenclamide, and
mefenamic acid appear minimai. The deflection of points from the curve
for pH > 6.5 for mefenamic acid could be due to salt formation.

[00123] With respect to Propylene Glycol, the effects are similar to those due to
0.2 M KCl (Fig. 3). Astemizole appears to show even higher-order
aggregates (n=3.6), along with a slight decrease in intrinsic solubility. The
solubility appears to increase only in low-pH solutions for astemizole. The
intrinsic solubility of clotrimazole increases from 0.39 to 2.0 pg/mL.

[00124] With respect to 1-Methyl-2-Pyrrolidone, the aggregation order diminishes
in astemiiole and glybenclamide, compared to the two previous excipients
discussed. The other effects are comparatively smaller in degree.
Clotrimazole appears to be enhanced in solubility with NMP, as with KCI
and PG. Mefenamic acid responds to NMP with a slight increase in
intrinsic solubility.

[00125] With respect to Propylene Glycol 400, whereas the first three excipients
discussed are associated with weak effects, PEG400 has a moderate
impact. The binding constant of aggregation in astemizole and
clotrimazole (but not the order of aggregation) greatly increase, 'as
indicated by dramatic shifts of the solid curves to higher pH values. The
aggregation in mefenamic acid appears to disappear, and the curve has
classic HH behavior. The apparent intrinsic solubility of the more soluble
drugs, dipyridamole and butacaine, nearly double over values shown in
the previous three weaker-acting excipiénts.
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[00128] With respect to Sodium Taurocholate, the patterns of effect for each of the
considered drugs is dramatic, with an across-the-board elevation of
solubility, particularly in the case of mefenamic acid (Table 2). Astemizole
behaves as a classical HH-obeying molecule, as do all the other
molecules, except glybenclamide. The latter molecule shows pH
dependency of +0.5, which may be best described by Case 3ax behavior.
Unfortunately, not enough data were collected in alkaline pH to further test
the aggregation model. Most of the aggregation-prone molecuies are
strongly bound to NaTC micelles, apparently as uncharged monomers,
whose pH dependence can be described by the HH equation. The
analysis of the apparent binding strength can be described by case 1a or
1b equations.

[00127] With respect to 2-Hydroxypropyl-B-Cyclodextrin, as with the bile salt, 1%
HP-3-CD, has the tendency to bust up aggregates. Although the solubility
reactions is represented by an aggregation model, the association is that
of complexation. The aggregation model is still convenient in categorizing
the solubility effects, in order to compare this to the action of the other
ekcipients with a similar model, Both the bile salt and the cyclodextrin have
a significant effect on elevating solubility of the drugs studied. Both
excipients appear to diminish the formation of aggregates. Glybenclamide
still has the unique half-pH slope in the solubility - pH plot.

[00128]With respect to Astemizole, Table 2 is a convenient reference in
comparing the effects of all the excipients on a particular drug. In the case
of astemizole, solubllity is greatly enhanced by 1% HP-B-CD {(excipient-
free value of 0.29 pg/ml raised to 12 pg/mL) and also by 15 mM NaTC.
The strength of aggregation (log Kn/n) is elevated most significantly by
0.24% and 5% PEG400, over values in excipieni-free solutions. Slightly
lesser elevations are noted with 1% PEG400 and 1% NMP.

100129] With respect to Butacaine, it is to state that Butacaine does not appear to
form charged aggregates. The solubility of the most soluble molecule of
those considered here, is most easily elevated by not only both of the HP-
B-CD concentrations (Table 2), but also by 0.1 M KClI, ali PEG400
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concentrations (excipient-free value of 40 ug/mL raised to 152 pg/mL), and
15 mM NaTC.

[00130] With respect to Clotrimazole, as with astemizole, the aggregates with
clotrimazole are widely affected by various excipients. The strength of
aggregation {log Kuw/n) is significantly elevated by 0.24% and 5% PEG400.
The biggest gains in solubility come from the use of 15 mM NaTC and 1%
HP-3-CD (excipient-free value of 0.39 pg/ml raised to 85 ug/mL).

[00131] With respect to Dipyridamole, the PEG400 aggregation strengthening
effect is seen with dipyridamole at the low excipient concentration.
Solubility is elevated to 110 pug/mL from the excipient-free value of 6.2
pg/mL by 15 mM NaTC. Other excipients have significant effects on
solubility (Table 2).

[00132] With respect to Griseofulvin, aggregation phenomena cannot be indicated
by the "pKa-shift” method, since both griseofulvin and progesterone are
nonionizable. The elevation of solubility takes place with the "strong"
excipients: excipient-free value of 14 ug/mL raised to 54 pg/mL by 15 mM
NaTC. The impact of the excipients on the solubility of griseofulvin is
relatively less dramatic than that on other lesser soluble drugs studied.

[00133] With respect to Progesterone, iln contrast to griseofulvin, progesterone is

‘strongly affected by cyclodextrin. As with griseofulvin, the elevation of
solubility takes place with the "strong" excipients: but the excipient-free
value of 17 pg/mL is raised to 187 pg/mL by 1% HP-B-CD with
progesterone.

[00134] With respect to Glybenclamide, the sirength of aggregation with
glybenclamide is only increased by the excipients, especially 15 mM
NaTC. This may be a "salting-out" phenomenon, appearing most often
with PEG400. This is a new and unexpected observation, and will require
further investigation.

[00135] With respect to Mefenamic Acid being by far the least soluble drug of the
set measured, the best enhancement to solubility is effected by NaTC and
HP-B-CD, but the highest intrinsic solubility achieved is still relatively low,

less than 3 pg/mL. NMP and PEG seem to increase the aggregation
strength (log Kn/n).
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[00136] Summarizing the above described results of this example of solubility
measurement, it should not be a mystery that excipients raise the solubility
of sparingly soluble molecules, as illustrated. Perhaps what is not well
known is that the extent and nature of such effects can be very quickly and
reliably assessed by the robotic instrument used. By comparisons of the
results to those derived from DMSO-free shake-flask methods, the values
appear acceplably accurate, in spite of the presence of 1% DMSO in all of
the solutions in this study. Considering the effects of specific excipients,
perhaps the new observation is that PEG400 (and to a lesser extent,
NMP) seems to increase the strength of aggregation (log Kn/n) of a
number of the drugs. The nature of the interactions are not entirely
undersiood, but perhaps it is useful to consider the following possible
effect. The moderate strength PEG400 may not provide a sufficiently
competitive hydrophobic environment into which to aitract the drugs,
compared to that of cyclodextrin and sodium_taurochoiate. However, the
1.% DMSO present in all solutions and some water of solvation may bhe -
attracted to the PEG400 molecules, making the excipient-poor portion of
the buffer solution more concentrated in the drug aggregates, leading to
their stronger self-associations. Of course, the analogy of the "salting out”
effect is used.

[00137] As correspondingly shown for results of the exemplary permeability
measurements above, a mapping scheme is shown in Figure 10, called S-
Mapping, which improves the visual aspects of the excipient effects on
solubility, allowing for precise systematic evaluation. The map can be
auiomatically generated by sbftware associated with the solubility
instrument used in this measurement of solubility. Plotted in Fig. 10 are
apparent intrinsic log solubility ratios, with excipient solubility divided by
excipient-free base value. Such a "gradient” map normalizes solubility to
shift patterns with reference to the excipient-free baseline. Since 1%
DMSO is present in all solutions, a gradient map is expected to eliminate
some of the impact of PMSO. In Fig. 10, green values represent the base
(unaffected) values. Warm colors (yellow to deep orange) represent

enhanced solubility, and cool colors (deep blue) refer to depressed values.
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Along the vertical axes are the excipient compositions, rank ordered by
decreasing average infrinsic sofubility enhancement. Along the horizontal
axes are the drugs, arranged in the order decreasing benefit due to
excipients. The top left corner represents the "best" combination of
excipients and compounds. The lower right corner represents the "worst"
combination. With this Solubility-Excipient Classification Gradient Map, or
S-Mapping for short, it would be very sificient to recognize and thus
prioritize the most promising molecule-excipient combinations, and such
S-Mapping schemes can be rapidly developed for very large numbers of
molecules, as are encountered in discovery-optimization programs in
pharmaceutical companies.

[00138]} The three most helpful excipients in this example of solubility
.measurement appear to be 1% HP-B-CD, 156 mM NaTC, and 0.24% HP-3-
CD. The least-effective excipients are 0.24% PEG400, 0.1M KC!, and
0.24% PG. From Fig. 10, it is visually apparent that clotrimazole, with its
relatively "warm” colored vertical track in the map, is ranked high overail.
Not only is solubility enhanced by the strong excipients, such as 1% HP-3-
CD, itis also elevated by moderate and relatively weak eXcipients, such as
0.2 M KCI. As S-Mapping visually indicates, the solrubility enhancement of
progesterone and griseofulvin is weak and comparable, and these two
molecules are classed to the right side of the map. Only at the top of the
map does progesterone shows some warm color effects, differentiating
itself slightly from griseofulvin.

[00139}in the step of combining the permeability measurement results and the
solubility measurement results into the flux function of the first embodiment
of the method according to the invention, it is proposed to logically
combine PAMPA-excipient measurements as described above and
solubility-excipient measurements as described above into a pH
dependent flux function, graphically represented by the novel, rank-
ordered, Biopharmaceutics Classification Gradient Map. Therein, sight
sparingly soluble drugs (astemizole, butacaine, clotrimazole, dipyridamole,
griseofulvin, progesterone, glybenclamide, and mefenemic acid) are used,

being measured in fifteen combinations of six excipients (sodium
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taurocholate, 2-hydroxypropyl-p-cyclodextrin, potassium chloride,
propylene glycol, 1-methyl-2-pytrolidone, and polyethylene glycol 400) as
a basis to illustrate the screening methodology according to the invention.
Three additional molecules (albendazole, amiodarone, and naproxen) are
similarly characterized with 2-hydroxypropyl-g-cyclodextrin (HP-B-CD).
Some of the HP-B-CD results are compared with available in vivo data.
Moreover, it is shown that the classical Brodie pH Partition Hypothesis,
now widely accepted in pharmaceutical research, can break down when
low-solubility and high-permeability drugs are considered, where the pH
effect is actually inveried (i.e., the pH where the drug is more charged
showing higher absorptive flux than the pH where the drug is more
neutral). This phenomenon is referred to as the pH Partition Antithesis
effect.

[00140] As basis for said step of combining the permeability measurement results
and the solubility measurement results into the flux function, wifh respect
to solubility and permeability in Fick’s first law, it is to state that under
steady-state (i.e., linear spatial concentration gradient of the permeant in
the membrane) sink condition (i.e., zero permeant concentration on the
acceptor side of the membrane barrier), Fick’s first law applied to
homogeneous membranes may be stated as

J=Dn PCAPPCp/h

= Pe Cp (27)
where J is the flux (mol cm2 s-1) of the permeant molecule, Dn is the
permeant diffusivity (cm? s-1) in the membrane phase, PCAPP is the
apparent (pH-dependent) partition coefficient of the permeant between
aqueous solution and the membrane, Cp (mol cm3) is the concentration of
the permeant molecule on the donor side of the membrane, h (cm) is the
thickness of the membrane, and Pe (cm s1) is the “effective” permeability,
a product of three transport parameters in eq. (3). Cp is equal to the dose
of the drug, unless the dose exceeds the solubility limit, in which case it's
equal to the solubility (a "saturated” séiution). If effects such as the
aqueous boundary layer (ABL) resistancé, the formation of aggregates,
and other such complications, are neglected the HH equation applied to ?
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saturated solution produces

log Jsaa = log Pe + log S

= log [Po / (10 *(pH-pKa) + 1)] + Jog [So (10 & (pH~pKa) + 1)]

= log Po + log So (28)
with +' used for acids, and *-‘ used for bases. P, and S, are the pH-
independent intrinsic permeability and solubility, respectively. The
concentration of the drug, Co, is less than or equal to the solubility, S.
Likewise, the concentration of the uncharged species, Co, is always equal
to or less than the intrinsic solublility of the species, So. According to
equation (28), flux in a saturated solution is pH-independent. It thus stands
to reason that the pH Partition Hypothesis does not hold in a saturated
solution. However, as show below, flux in a saturated solution can have
pH dependence, but not necessarily the one predicted by the pH Partition
Hypothesis.

[00141] Figure 11 illustrates this flux relationship for mefenamic acid, a sparingly-
soluble drug, using literature values for intrinsic permeability and solubility,
assuming that the ideal Henderson-Hasselbalch equation holds (i.e., no
so.lute dimers or trimers form, no ABL resistance is encountered,
membrane retention is absent, etc.). The intrinsic permeability does not
depend on pH (dotted line in Fig. 11), but its cofactor in the flux equation,
Co, does (dashed line). In solutions that are saturated in part (pH < 9 at
250 mg clinical dose), the piot of log Co versus pH for an ionizable
molecule is simply a combination of straight segments, joined at a point of
discontinuity indicating the boundary between the saturated state and the
state of complete dissolution. The pH of this junction point is dependent on
the dose level used in the caiculation, and the maximum value of C, is
equal to S, in a saturated solution {(equation (28)).

[00142]Fig. 11 shows that log C, (dashed line) is a horizontal line in the saturated
solution (log Co = iog So), and decreases with a slope of -1 in the pH
domain where the solute is completely dissolved. At the clinical dose level,
the calculated inflection is at pH 9, and at lower doses, the point is at lower
pH (e.g., for a 1 mg dose, the critical pH drops to 6.5). Only for doses
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below 5.3 ng / 250 mL for mefenamic acid, is the log Co curve entirely

below the dose-solubility limit, taking on a hyperbolic shape.

The log flux - pH curve is indicated by the solid line in Fig. 11, and is the

summation of the iog P, and log Co curves. It should be noted that the pH

Partition Hypothesis holds across the entire pH range only in the case

where dose < 5.3 pg, since no solid forms. The pH Partition Hypothesis is

valid at higher dose leveis, but only above the pH where the solid entirely

dissolves, in the regions defined by the diagonal solid lines (pH > 9 for 250

mg dose).

[00143] With respect to conversion of instrinsic data to intestinal pH 5.0, ph 6.2,

and pH 7.4 conditions constants were used to convert the above

described permeability measurement resulis and the above described

solubility measurement resulits to the intestinally relevant conditions of

using equations more complex than that of Henderson-Hasselbalch.

Referring to solubility, six different cases of aggregation-induced

distortions of log S—pH curves have been described above. Two more

equations are derived, and all of the solubility equations are summarized

in Table 1. These equations are used to calculate S at pH 5.0, 6.2, and

7.4,
[00144] Table 4
AGGREGATION
CASE REACTIONS SOLUBILITY EQUATIONS
1A nHA 5 (HA), log S =log S, + log (1+ K/[H'] + n K,° S,*)
1B nBS B Jog S =log S, + log (1+ [HF)/K, + n K,° S,*)
2A n A5 (A), log S = log S, + log (I+KMH ]+ n K,.° K28 /HT)
2B nBH" & (BH"), log S = log S, + log (I+[H' /K. +n K.° [H'T" S /KM
3A | nAT+nHA S (AH A), log S =log S, + log (I+K/H] +2n K, * K" S,/ [H')
3B nBH +nB 5 (BH 'B), log 8 =log S, + log (1+[H /K, +2n K. * [H'* S,/ K,.7)
3AX | nA"+nHA S (AH'A), |log S =log S, + log (I+K/H] +2n K, * K8,/ [H T+ KB) |-
&
HA+X 5 HAX
3BX | nBH +nB S (BH 'B), | logS=1logS,+ log (IH+[H VK. +2n K* [H' " So™ /K" +K®)
&
B+X5BX

[00145] Referring to permeability, the pH dependence of the effective permeability

is described by
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(with *+* used for acids, and '~ * used for bases), where Pag. is the
agueous boundary layer permeability. For an ABL thickness of h,
(approximately 40 pm in the intestine), the ABL permeability may be
estimated from

PasL=Daq/h (30)
where Dagq is the diffusivity of the drug in solution (cm?2 s-1), which can be
approximated at 25 °C by the molecular weight-based formula, log Dag = -
4.15 -0.448 log MW (Avdesef A, et al. “Permeability of Weakly Basic Drugs
Predicted with the Double-Sink PAMPA pKa"x Method. Layer”, Eur. J.
Pharm. 8ci., 2005, 24, 333-349). Equation (29) and equation (30) are used
to convert the intrinsic permeability into the effective values at pH 5.0, 6.2,
and 7.4, assuming h = 40 um.

[00146] In Table 2 the refined results from this example of combining the
permeability measurement results and the solubility measurement resulis
into the flux function are summarized, with and without 1% HP-B-CD. The
rest of the data used is taken from the example of permeability
measurements described above and the example of solubility
measurementis described above. Underlying the refined intrinsic values
are more than 2400 individual-pH solubility and permeability
measurements. The examples in Table 5 show that cyclodexirin lowers
permeability and raises solubility, but the two effects are not equal in

magnitude.
[00147) Table 5
P(pH 5.0)] P{(pH 6.2) IP.,,(pH 7.4) P,
COMPOUND pKa | ems) | (ems?) | (ems™) (cm 5) GOF | N
albendazole (buffer) 421, 292 328 330 428+ 159E-04] 39 | 6
(buffer + 1% w/v HP-b-CD) | 1043 39 31 31 {3.12+030E-05l 07 | 6
amiodarone (buffer)® 0.06 381 1110 1180 13+3 211 9
(buffer + 1% w/v HP-b-CD) 120 153 156 50+17 28| 6
naproxen (buffer)® 432 525 58 4 4,59 £ 058 E-03] 1.8 | 24
(buffer + 1% w/v HP-b-CD) 68 26 2 13.02+035E-031 1.1 ] 5
S(pH 5.0)| S(pH 6.2) [S(pH 7.4) SAFP
(gL Y| (ugml?) |(ugmL™)| (ugmLh)
albendazole (buffer) 1.0 0.89 0.38 0.88 = 0.07 0715
(buffer + 1% w/v HP-b-CD) 34 34 34 34+ 1 03 {12
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amiodarone (buffer) 27 1.7 0.11 0.002+0.002 | 3.1 | 4
(buffer + 1% w/v HP-b-CD) 4138+ 245% 14.7 0.18 £ 0.08 3.8 123
naproxen (buffer) 101 1337 20893 * 18+1 08 | 4
(buffer + 1% w/v HP-b-CD) 182 206 585 180 +3 0.5 [ 19

[00148] Regarding excipient gradients in permeability measurements at pH 5.0, pH

6.2, and pH 7.4, for all of the combinations of drugs and excipients are
calculated from the intrinsic values described, using equation (29), with an
ABL permeability corresponding to a layer of approximately 40 um
thickness factored in, using equation (30). A baseline permeability value
was defined to be at pH 6.2, under 40 um ABL thickness, and excipient-
free (X=0) condition: Pes.2,40%0. All of the other values of permeability were
divided by the base value, to obtain the ratios (Pe,ph,40% / Pe,6.2,40%=0). When
a particular excipient or pH enhances permeability, the calcuiated ratio is
greater than one. When the excipient/pH combination depresses
permeability, then the calculated factor is less than one.

[00149] The PAMPA-Excipient-pH Classification Gradient Map, shown in Fig. 12a,

is a rank-ordered contour plot of i0g (Pe,sh40% / Pe6.2,40%=0) values. There
are 360 gradients plotted in Fig. 2a. The above-zero gradients indicate
permeability enhancement, and are represented by warm colors (orange,
red). The below-zero gradienis in the map indicate excipient/pH-depressed
permeability, and is represented by cold colors (dark green, deep blue). In
this map, yellow indicates the baseline level, where the gradienis are nil.
The plot is ranked-ordered based on flux gradients, described below.

[00150] From the PAMPA—Excipient-pH Classification Gradient Map in Fig. 12a,

certain trends can be very quickly recognized. The "cold" deep-blue
regions (depressed permeability) are mostly associated with 15 mM NaTC,
pH 5 butacaine and dipyridamole, for most excipients. The "hot" zones
(enhanced permeability) are with low-pH solutions for the two acids,
glybenclamide and mefenamic acid, and for pH 7.4 butacaine. Also,

progesterone, griseofulvin, and pH 7.4 astemizole are "warm" to a number
of excipients.

{00151] Regarding gradients in micro solubility measurements at pH 5.0, pH 6.2,

and pH 7.4, all of the combinations of drugs and excipients are caiculated

from the intrinsic solubility and aggregation constants, using the equations
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in Table 4. A baseline value solubility was defined to be at pH 6.2, under
excipieni-free (X=0) condition: Sg2%=0. All of the other values of solubility
are divided by the base value, to obtain the ratios (Spw* / S 62%°9). When a
particular excipient or pH other than 6.2 enhances solubility, the calculated
raiio is greater than one. When the excipient/pH combination depresses
solubility, then the c;alculated factor is less than one.

[00152] The Solubility-Excipient-pH Classification Gradient Map, shown in Fig.
12b, is a rank-ordered contour plot of log (Spr¥ / S 6.2%0) values. There are
360 gradients plotted in Fig. 12b. The above-zero gradients indicate
solubility enhancement, and are represented by warm colors (orange, red).
The below-zero gradients in the map indicate excipient/pH-depressed
solubility, and is represented by cold colors (dark green, deep biue). In this
map, light green indicates the baseline level, where the gradients are near
zero, The plot is ranked-ordered based on flux gradients, described below.

[00153] From the Solubility-Excipient-pH Classification Gradient Map in Fig. 12b,
certain trends can be very quickly recognized. The "cold" deep-blue bands
(depressed solubility) are mostly associated low-pH glybenclamide and
mefenamic acid, and with pH 7.4 butacaine and astemizole. The "hot"
zones (enhanced solubility) are with jow-pH clotrimazole and dipyridamole,
and pH 7.4 glybenclamide solutions. Griseofulvin, progesterone, pH 7.4
mefenamic acid, pH 5 butacaine and astemizole ail show excipient
unperturbed solubility values. Since 1% DMSO is present in alf solutions, a
gradient map is expected to eliminate some of the impact of DMSO.

[00154] Further, salt effects are considered wherein the drugs selected have very

- low intrinsic solubility values, with mefenamic acid indicating 21 ng/mL
intrinsic value. However, if the pKa of a molecule is far from the
physiological range of 5 - 7.4, the pH-dependence described by the
equations in Table 4 can elevate solubility to high values in the neutral-pH
region (e.g:, amiodarone and naproxen, Table 5). The formation of
charged aggregates makes the pH dependence even steeper. With the
appearance of charged species, solubility rises, but not indefinitely. At
some high apparent solubility value, the 'solubility product of a salt formed

between the charged drug and one of the counterions present in solution
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are mrﬁwcﬁl@rmﬂ g@ﬁ@raﬂﬁtér’ftfen@ylt@faﬁeﬂuaﬂép@ﬁimﬂilﬁty (Fig. 12a), not
inverted (i.e., the pH where the drug is nore charged

showi ng hi gher absorptive flux than the pH where the
drug is nore neutral). This phenonenon is referred to
as the pH Partition Antithesis effect. [00140] As basis
for said step of conbining the perneability
measurenent results and the solubility neasurenent
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t he gehdm@ah da nmecéddimneﬂfcbﬂmdmsnﬁ HRE ARk Emibodithent of the

desct Ie?hocl according to the invention. Fig. 13 shows the net flux effects due
to 1% HP-B-CD for eleven compounds. In general, permeability is
decreased by excipients, and solubility is increased by excipients.
However, the balance of the two effects is subtle, and could tip the net
effect in either direction. Fig. 13 shows various examples of net gain and
net loss. Albendazole (Fig. 13a) gains, uniformly at the three pH values of
interest, as a result of the excipient, primarily because the gain in solubility
was not entirely offset by the loss in permeability. Butacaine (Fig. 13d)
loses at all pH values, because the loss in permeability was not recovered,
since the 1% HP-B-CD does not improve the solubility in physiological pH
to any significant extent. A similar story is evident for naproxen (Fig. 13)).
Mefenamic acid is an example of a cross-over effect in pH. In acid
solutions, flux is helped by 1% HP-B-CD, but in neutral solutions, there is a

net loss due to the presence of the excipient. Dipyridamole (Fig. 13f),
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HP- bkdbH wWherblthdimdletdlestardledstthadged. Conversely, cloirimazole,
dipyridamole, butacaine, and astemizole should be best absorbed in
slightly alkaline solutions, since under such conditions, the weak bases are
least charged. However, a quick inspection of Fig. 12c shows that
precisely the opposite trends are seen for these molecules. This is
especially well evident for clotrimazole, the winner of the excipient game.
The sequence of frames in Fig. 14, based on mefenamic acid at and below
the clinical dose, will attempt to shed some new light on this surprising and
provocative outcome of our study.

[00164}Fig. 14a represents the ideal situation, where such "anomalies” as the ABL
resistance to permeability, the retention of compound by the membrane,
formation of aggregates or complexes, formation of micelle-like structures,
precipitation of salts, etc., are assumed to be absent, so that the venerable
Henderson-Hasselbalch equation may be applied. Shown in Fig. 14a is
the 250 mg clinical dose mefenamic. The pH dependence of permeability
mirrors that of solubility, so that each cancels the other in the flux, a
product of the two components. So, the simplest view is that absorption
should not depend on pH, leading to the trivial but tempting notion that



6 am odarone (buffer) b 9.06 581 1110 1180 13 3 2.1 9
(buffer + 1% wv HP-b-CD) 120 153 156 5.9 1.7 2.8 6

womer/sers (buffer) 4.32 525 58 4 4.59 0.58 E-ﬁéwbn&m%fbooom
(buffer + 1% wv HP-b-CD) 68 26 2 3.02 0.35 E-O

5 S(pH 5.0) Gg nmL:1) S(pH 6.2) (lug nil:1)
knowledge of the pKa is not very important in absorption prediction. Note
that the pH Hypothesis is violated, since there is no pH dependence in the
flux.

[00166] Fig. 14b shows the same highly idealized calculation, but in a sub-clinical
level of dose of 1 mg. The difference to the preceding case is that above
pH 6.5, the compound completely dissolves, and the drug concentration in
solution becomes constant, at 1 mg / 250 mL (17 uM). Without the
precipitate, the flux function takes on a pH dependence (Fig. 14b). In the
pH > 6.5 region, the classical pH Partition Hypothesis holds.

[00166] Figure 14c and 14d parallel the preceding two cases, with just one
"anomaly”: the aqueous boundary layer resistance added to the
permeability model. As can be seen in Figures 14¢,d the top of the
permeability curve is depressed by the extent of the resistance imposed by
the ABL, whose approximate thickness is 40 pm, modeling that expected
in the gastrointestinal tract (Avdeef A. , “Absorption and Drug _
Development - Permeability, Solubility, Charge State, Wiley-Interscience,
2003, pp. 116-246). The added ABL effect causes the flux function to
become purety sigmoidal in Fig. 14c. It is remarkable that the pH
dependence is opposite of that expected from the Brodie hypothesis.
Under sub-clinical dose (Fig. 14d), for pH > 6.5, the pH Partition
Hypothesis holds, but below that pH, the hypothesis is inverted, and this
effect is called the pH Partition Antithesis herein.

[00167] Fig. 14e and Fig. 14f bring in an additional "anomaly," that of aggregation,
which was observed for mefenamic acid, where anionic dimers and trimers
are proposed 1o explain the solubility-pH curve (see above). The eifect of
charged aggregates substantially inverts the classical Brodie hypothesis.
Because solubility is increased in the region where mefenamic is charged
(due fo the formation of anionic aggregatés), the pH > 7 region shows
adherence to the pH Partition Hypothesis, even under the clinical dose
level of 250 mg. Having a sub-clinical dose (Fig. 14f) just shifts the Brodie
pattern to the lower pH 6.

[00168] Fig. 14g and Fig. 14h add the effect of the excipient (1% HP-B-CD) to the
case of Fig. 14e and Fig. 14f. Apparently, the anti-Brodie effect is nulled,



S(pH 7.4) (pg inl:1) SoAPP G g nrl) al bendazole
(buffer) 1.0 0.89 0.88 0.88 0.07 0.7 5 (buffer + 1%

sy CD) 34 34 34 34 1 0.3 12 WO PCT/CH2007/000097
W%O\gwﬁgsgg%zsPCT1C1120071000037 49 am odarone (buffer)

27 1.7 0.11 0.002 0.002 3.1 4 (buffer + 1% w v

HP- 6':39@9 cy%?b%%ﬁct%élg;)pélérs?to%ul& ug'thg aggtgegates (Fig. 14e and Fig.
14g). Under the sub-clinical dose, the classical pH Partition Hypothesis
fully emerges for the first time in the examples.

[00169] Basis for comparing the resulis of the first embodiment of the method
according to the invention to in vivo bioavailability data, the bioavailability
of glybenclamide examined in dogs and found that it is significantly
increased by cyclodextrin complexation underly as well as the oral
bioavailability of albendazole in mice, with and without HP-B-CD found that
Cmax and AUCo, are significantly higher with cyclodextrin than with a
suspension of excipient-free drug. Table 3 summarizes parameters from
the two pharmacokinetic (PK) studies,

[00170] Table 3
Cunax Tonax AUC

(ng/mL) (mmin) (pg/min/mi)
COMPOUND | no excip. | -+ HP-B-CD | Ratio {no excip. | + HP-B-CD | Ratio | no excip. | + HP-B-CD | Ratio | Ref.
albendazole )
(20% wiv) 0.09 0.39 43 45 19.8 04 | 0.0122 0.0165 14 | 33
alybenclamide
(gel caps,
200 mg/kg) | 0.0839 0.61 7.3 270 150 0.6 32

[00171]Fig. 13a and Fig. 13g show the flux function at pH 5 - 7.4 for albendazole
and glybenclamide. These figures show that 1% HP-B-CD does increase
the log flux values, but the pH pattern of the effects is different, with
glybenclamide showing a substantially more complicated pattern. The flux
increases by factors of 3.0, 3.1, and 3.1 for pH 5.0, 6.2, and 7.4,
respectively, for albendazole, indicating an average gain by a factor of 3.1.
For glybenclamide, the corresponding flux increases by factors of 20.1 at
pH 5.0, 4.3 at pH 6.2, but decreases by a factor of 3 at pH 7.4, yielding an
average overall gain of 3.1. Table 4 shows that the Cmax gain ratios for
albendazole and glybenclamide are 4.3 and 7.3, respectively. It appears
that the flux gradients reported and those found in PK studies are
favorably comparable.

[00172] A second embodiment of the method according to the invention combines
changes in both permeability and solubflity to monitor effect of excipients
on the absorption potential of compounds without expiicitly determining
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vap PO PR ¥l Pl BendaRte At Al oMER i donor
12a gylls12b, the preceding two classification naps are

| argel y opposites of one another. The regions in warm
colors in WD 2007/ 098625PCT/ C112007/ 000097 52 one are
mat ched by regi ons of cool colors in the other.

Broadly, this is to be expected, since the pH
dependence of perneability and solubility are

inversely related, according to the sinple HH equation



[00160] From Figure 12c, it is vi sual |y apparent that
clotrimazole, with its relatively "warnt col ored
wovRbiedads track in the map in slightly acidic perica2007/000097
solutions, is ranked the hi gbest overall. Not only is
solublllty enhanced by the strong ex0|p|ents such as
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are aelﬁgmeac@@rdmmtr@lrmenyagon IrpHA$ FIFESSIF media. For
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odextrin cong&ed t he
over A4 Viyarechesen te Bemansiriatey the githnd.e drugs in this
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pr edmch(gﬁea‘ter ﬁwebaS@ﬂMnT]'am itts hottsurplising thatte absorption

i na efalse ositiVv | assi fication woul d have
beenDRAHOr Tof tiHEORIPRLGHteR BuhSwaser arh0Y thie PRrmanaity and
neg

doc, Trtime HSoRs: SRR Ckdifienf RUSRITIor ddhitorfiphl ogrpases the
to bléelmeamiitfi OgBUtEICEIImB tTFe semnhﬁmbdrdw??ﬂdfdhe method of the
intrinsic solubil S the "sdi 3-4"

appr'g}(éﬂﬁ?q PR ge C'@Fé’t? tf\‘)ﬁ%h%w put sRPaTaR"

t he {50
excepC oRNe s ORI SolublNgy BT pol ey FtRtas B oy simp
ex pemmﬂanlmdsthercqnmmmubcmmctqntmhens GUVhabsexbamcegrin the

are %%% recovered in the net {flux, which has a

Cros Y& GBWQW@% a function of pH [00163]

Regardi ng the pH partition antithesis, the pH

Partition Hypothesis (Shore PA et aI., "The gastric
secretion of drugs: a pH Partition Hypothesis", J.

Pool . Exp. Therap." 1957, 119, 361-369) suggests that

nmef enam ¢ acid and gl ybencl am de shoul d be best

absorbed in acid pH, because that is the pH where the

nol ecul es are | east charged. Conversely, clotrimazol e,



(.49/ mn/nm) AUC Ref. no excip. + HP-j3-CF) Ratio no
excip. + HP-j)3-CD Ratio no excip. HP-13-CD Ratio

le (20% w v) 0.09 0.39 4.3 45 19.8 OPéTﬁbﬁ%@ﬁO%eg-,
W%E®?@gﬁﬁg4 33 gl ybencl am de gigel caps, 200 ng/kg)

0.0839 0.61 7.3 270 150 0.6 32
[00183] Case 3 - excipient effect > 1 or log (excipient effect) > 0: This result
indicates the most promising drug-excipient combination outcome. The
greater this ratio, the more effective excipient X is in improving the
absorption properties of the studied compound.
[00184] Although the second embodiment of method according to the invention is
based on one time point, a person skilled in the art can easily adjust it so

that the excipient effect is calculated for several time points mimicking an
in vivo pharmacokinetics study.

[00185] Even though the method according to the invention is described with the

exemplary embodiments of above, other aliernative embodiments of the
method according io the invention are conceivable.



[00171] Fig 13a and Fig. 13g show the flux function at
pH 5 - 7.4 for al bendazol e and gl ybencl am de. These
figures show that 1% HP-13-CD does increase the |og
flux values, but the pH pattern of the effects is
different, with glybenclam de ihovvi ng a substantially
nore conplicated pattern. The Tl ux increases by
factors of 3.0, 3.1, and 3.1 for pH 5.0, 6.2, and 7.4,
Claigsect i vel y, for al bendazole, indicating an average
gain by a factor of 3.1. For glybenclam de, the
correspondi ng flux increases by factors of 20.1 at pH
15. Ameth3d &ir tip:é-laﬁs&,snﬁnt ofthereffastsf dxgipderfta,qitb and to®bumations
7.4 | di n verage overall .gain
2 fisst ohrfie PiehibE aRe I pRbeERs oriB i G
al M’&ﬁa@tbafedisy Bicsstdp of asubséing.a ciefRedh Ia\ﬂmk)fundtbn for a
appears t hat t[;)mfl ux.gradi ents reported a
F bbb nAl o [ SR PR e RaRigTat of Bestere
A sReefitkEPRdiveeiherlin b5sSERIgAE GRS df the flu’ flilftion

i nventi on conbi nes changes in both permeability and
soFQmP'llf‘r@cSyth@@t%rﬂftor ef fect of excipients on the

PRS0 3001 SR so A Se ot e

pecorepbind aryd presiding s icatibratien denrrrspiutioprintotd st dardrs
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bR SRR TR o S b, FRIRS 19 5E R e
rmpi*apanhglg doiner sélatigeat the qoedafimed 3t waiue toinpasiog dlk ed

ounds a i n a . recei,ver. chanmber of. a.
B RHA LB R iathior Bylaninglee™d AERE soRlio into a second
dl uomfthl@ynb@r bepgriephiated #rom £secort feeecivar stiamgbdrty the
exci pi ent onponent s (type and/or concentration) in a
doAMRIARSHEST: The barrier can constitute an

ar bfdpafihg'a reBahEREut(cP. & the gre‘delnhsa pHNRIGOMEE BEkthe dohlp@und
i pophilrc solution, i.e he PAMPA nodel

enaeﬂ ke exqipigrtiang greviging %?E&EEBVQ'Vﬁf splutien In3aid ﬁFSé&ne gppond
MO EelSel Bh8mbefsaco- 2, MDCK, etc.). Consideration of
the bi ol I'l I t g bound I

e biol ogica I{mre evan ueous boundary | ayer

thtr@nhetyzg 2aid spMtienwfogjagyed nemos qiélertﬂmt [ 00173]
g ﬁ@ﬁfcmnmg %m&iy uﬁdrﬁﬂﬁéoagallbratlon
accor In tothelnventlonlss Flg

codpnmmutmn@rpkIesbmdembrwltmmcamidhamedﬁgawwwfﬂ1e calibration
f ted
o GRR {floR e or 8 Bl s llon B\ H B Girld bRl bt

6 2ompodnd inkheidohoPfsdufibrisadftdaidriirst bm:kgmandrﬁbr@nnhmhbalfs and
in the a s solution is 0.5% v/\. st ,of the

oot SRR o Bt Cretop bt eeshvarin B

S adefetinftiing alratid bativesh tthe plcasuRinicit iod theparasentiof coimpound in

cal cul at ed concent tion of the co

th
bueteceienseuionel Hrirg seceuer e °””82m Ble\aaﬁ"eailﬁm of the

t h@nRimpaf the QBRHBURA LN %Srebewbhgo:aﬁwﬁmﬁe Redhi rBdsivebe
| ower than that, and are unknown. Saturated

(n@hambﬁtéméd) solutions are transferred to the donor
co t foot

g Lt ag & R Ut G BB At dghent o
pl ahendeshdueaiodbe effecicafitpaekeipient.of t he PAMPA sandwi ch)
is covered with GQT-lipid and filled with acceptor
sink buffer (ASB). The ASS constitutes a buffered
aqueous solution at pH 7.4 with an added surfactant

m xture (chem cal sink) m mcking the binding
properties of proteins in the bl ood stream

( Doubl eSi nkTM PAMPA) . Vigorous stirring is enployed in
the assay, with stirring speed set to produce an
aqueous boundary |ayer (ABL) thickness of about 40 pm
to match the ABL conditions in the CIT. The PAMPA
sandwi ch is assenbled and allowed to i ncubate for 30
m nutes in a controlled-environment chanber with a
built-in magnetic stirring nmechanism The sandw ch is



[ 00185] Even though the nmethod according to the
invention is described with the exenpl ary enbodi nents
of above, other alternative enbodi nents of the nethod
according to the invention are conceivable. 62 Cains
1. A nmethod for the assessnent of the effect of
exci pi ents, pH and conbi naé3ons thereof on the

predi cted absorption properties of |ow solubility

2C OTR® Hiddtsod SHEMIACT Blherem thY stdie Flckpmof arkSepsstelly prrformed
change in_ a fl ux function for a conbination of a | ow

so?fLﬂ)P'IUTQ")‘/Y elpredatinediid valWesxci pi ent at at | east one
predefined pH val ue, wherein assessing the change of
the flux function conprises the steps of: preparing a
3calhe rrwtthcuhofomim1 b2 ufurtbar eampriging léefrmges:alq)splumr@eand
co rayi alibration
dolTBebEipb i GtERP Lo Bt RERL el SRET

separ at ed fron1a flrst recei ver chanber by a nenbrane

f| r nor luti,on at, th
TS et R e ot 2 s e o SfeuR o Sl
pr psrnfdfrnw oAk qbluialttsa lbf 86Inbinations aﬁ@pmraﬁ-ﬁombmm@ﬁs and a
Chaﬂ%ﬁ Fln se arated froma second recei ver chanber
Phupglt Bilter; preparing a receiver sol ution

at the predeflned pH value free of the conpound and

the excipient and providing said reveiver solution in
55 ail Be fethed arnysencopiciaigge! et wharaipdhe reqeaivansatuting
satSnRddy 41905t opE AdRiedef i ned period of tinme;
measuring 1n conbination the solubility of the
compound in the calibration donor solution and in the
0 ' ; t
onde TEAA bOTG G eAORERARING s Bt e oR 2Ll e ites
t heelacted rfitono thecgropp whtighrbindieg-depasitydot timmmnmouﬁdslawd

sorBrnEiken BFAIoP AL, FORTRE SRt sl B Rl Bogsure.

determining a rati o between the neasurenent of the

nt of coppound | t.he iver solutiaon of
71 T8 medbod GERS: fis pteaiig RiE' Einring et St diio the
ampaliratidn ddifor soiEon Afdithe Hbeorr dtioner sol ution of the
second receiver chanber; and using said ratio as a
representation of the flux function for assessnent of
$h¢HSﬂ$etﬁ’é@of &ny bee 6f &igkis Plo ¥ REnPNSIhGItkSEteps @8 2. The
met hod of claiml, wherein the steps of claim1l are
r e Rl dengtherratiorby axciaiept. @pmnoypd and pHevplee: g pH
va laim1l or 2, further
co&r%rﬁléhszllrﬁ th}hﬁ?gﬁﬁ%gtg‘éwl utions and neasuring the
anount of conpound in the filtered solutions. 4. The

0 : . .

&t THP dethad BY @i Pun g (8 ik Sl e fubb BobABSS the
coahmaamions of a plurality of conpounds and a
pl uralit. exci ppents 0
01 et S s loEohth picipERotR A dtritia BAY aBfi g Peaet
at vbﬁ%tamm@%éﬂﬁg&heGatioTélﬁnﬁEt hod of claimS5,
wherein the additive has at | east one of the
properties selected fromthe group of high _
1. ‘Tﬂb'i‘rgétﬁé@éf?blbhfn é‘?urtﬁé}%o%ﬁ%ﬁigﬂﬂe sképi @gbsor ption of
ultraviolet |ight igh water solubility, and | ow
vapaigrlaing &xthes ratip sw%fqmaﬁb @0BPoHAY ogpralbexciniantsgnd over
It e calibration
do%g Fgo u Igﬁhiﬂ&l@%eﬁﬁ@ﬁg?ﬂg@ z#gﬁﬂz . The met hod
of any one of clains 1 to 7 conprlsing the steps of:
rank ordering the ratios by excipient, conmpound and pH
val ue; and visualizing the rank ordered ratios. 9. The
met hod of claim@8, wherein the rank ordering of the
rati os conprises the steps of: calculating ratio suns
for each excipient over all conpounds and over all pH
val ues; and rank ordering the ratio sunms. 10. The
met hod of claim9 further conprising the steps of:



