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for assessing absorption properties of low solubility
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invention relates to a nethod for the assessnent of

the effect of excipients, pH and conbi nations thereof
Déscriptionpr edi ct ed absorption properties of |ow

sol ubi ity conpounds according to the preanble of

i ndMsﬁTmb%lf assassing absorptioneprppettieswfdowysalubility compounds

rogram being arranged for performng said
T%gﬁé%%ec@orm ng to i ndependent claim20. Background

[0601] [THYBlesBnbBiventiba $&lafa todd FRItRGA Rt thElaRke88ment of the effect
i oni zabl e _conpounds can depend- sinmultaneously on

t hr eofiexginieigeptliansd cembinptipns $herpef om e preq:ctedraibsorptlon

P o RS o SO SR L0cBYSL B o

exennhuépmidm ddig Abﬁarrﬁéﬂeq@hrﬁ@maﬂy itéh c{daaﬁﬂérrprbg}&n being
et al., "J. Pharm Sci.", 5, 74,°588), th

Bi opr%rrmfpr oeriormaing said metbad spgomumg &lmi@neede@trdalm 20.

"Wai ver of In Vivo Bioavailability and
B%&g’quﬁ vAf-tence Studies for ImMmedi ate Rel ease Solid

[0002] Hhewapdntestingl eﬂmﬂtlcﬁﬂ A¥b®lﬁ?ﬁie¥m§%@¥ﬁ nds can depend
Classification System', FDA, Washin USA,

Augus'%lmszb@@?w%\y]@ntth@m PROREI S @pg&vﬁﬂb mﬁfwablhty, and pKa
f unct I%QBeégﬂr aABE&#pY\FeS{H&{ﬁ%@ﬁg@&ﬁlg&ﬁ%ﬁ” Wgegfylnterég fce, NY,

t he "SI
d| ff \X103). Timeexsisbeiatibh |S)éx¢mpr&ad by thed Absopdios]Pdtentidle
bases are better

s o DR BT d v hATRR e, T8 Ok SEBIghe i n ¢ he
di st %lthmceLﬁﬁg OBakifias %t@m |8§ﬁcé‘flﬁ‘?ﬁt§l?§ “Waiver of

from sl aci di c regl ons oxi mal jeju
Thi s lwéévm Blloa)dwlabd]tadam' BBrenmln\éalmn:b Shjmasé(ﬁmslrrmﬁrcbate Release

PA et

who 1SR Desee FeBased oh A BiobhARGAGe S Giagslitasion

t he igysiatanaeDAS waéhmgtbnqalmt S, 2Rl L@PQQO@} AR tRé Maximum
i oni zabl e drugs. I nt esti nes vvere per f used in sit

wi t h Abs@rbapledPess mmctjpn@uwaé@lorw “Pharm. Hicisheeh. thdey” 1998,
of ©_ thaRar R R <FHbRR I B Blukios AR FRORE 1%t trese

unt i Imbdelse was no net transport across the
intestinal wall, so that it was possible to define the

[OW]zd@W@gﬁ%%@mt%@gbmg@bbasgs are)pelder- aksashed from
bar r igfnfiyhikBline regions (e.g., in the distal ileum), and weak acids are

better absorbed from slightly acidic regions (e.g., proximal jejunum). This
was rationalized by Brodie and coworkers (Shore PA et al., “J. Pcol. Exp.
Therap.”, 1957, 119, 361), who introduced the pH Partition Hypothesis to
explain the influence of pH on the intestinal absorption of ionizable drugs.
Rat intestines were perfused in situ with a drug solution of varied pH. At
the same time, the drug was injected intravenously. The concentration of
the drug in the luminal perfusate was adjusted until there was no net

transport across the intestinal wall, so that it was possible to define the



D _[drug]BLOOD (1) [drug],.,n, [0004] If only the

neutral form of the drug perneates, then equation (1)
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depends on the dose, the solubility, the pK, of a molecule, and the pH at

the site of absorption, according to the HH equation.

[0007] Combinatorial chemistry programs have tended to select for higher
molecular weight molecules, which are predictably low in solubility. ‘Early
warning’ tools, such as Lipinski’s ‘Rule of 5’ (Lipinski C., “Amer. Pharm.
Rev.” 2002, 5, 82), and computer programs that predict solubility from 2-D
structure, attempt to weed out such molecules early in discovery
programs. Still, many solubility-problematic molecules remain
unrecognized, due to the overly simplistic early methods used to measure
solubility, and the masking effect of organic solvents (e.g., dimethyl

sulfoxide) used in discovery measurements. Arguably, nephelometry-



based kinetic solubility neasurenents, although fast,

are no nore reliable than in silico prediction
woreiohogs2f G onme A, et at. "J. Pharm Sci.", 2BOBCH284/000097
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complexity of the above mentioned effects, the evaluation of suitable
excipients being capable of optimizing the absorption processes is a very
difficult task. Today, such evaluation is performed by conducting animal
experiments. Animal experiments usually are comparably time consuming,
cause comparably large efforts and are ethically controversial.

[0012] Therefore, there is a need for an ethically passable method allowing a fast,
compound sparing, cost effective, and réasonably accurate prediction of

absorption properties of sparingly soluble molecules, i.e. low solubility



compounds or drugs, taking into account the effect of
exci pients on said absorption. Disclosure of
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issolution of the highest dose in 250 mL in the pH range of 1 to 8.

[0016] “Flux function” as used hereinbelow relates to chapter 2 of Avdeef A.,
“Absorption and Drug Development”, Wiley Interscience, NY, 2003
defining that the flux function corresponds to particles or mass passing a
barrier per area unit and time unit.

[0017] More precisely, the following is described in said chapter 2: Fick’s first law
applied to a membrane shows that passive diffusion of a solute is the
product of the diffusivity and the concentration gradient of the solute inside

the membrane. The membrane/water apparent partition coefficient relates



the latter internal gradient to the external

bul k-wat er concentration difference between the two
wa@odoandsses separated by the nenbrane. For an PORCH217800097
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solution is very well stirred. [0019] The limtation
of edgaetion (3) is that nmeasurenent of concentrations

of solute wthin differgpt_ Rar of . t menbrane is

very inconveni et Bm}ﬁiﬁk@%ﬂ ‘§![&§d'g."iqm@§m be esti mat ed )
or peEwirelyis Meafux ge rite afinséirdniesioWhef el P iapidediisare the
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Dm is the diffusivity of the solute within the membrane, in units of cm?2 s-1.
At steady state, the concentration gradient, dCn/dx, within the membrane
is linear. Steady state takes about 3 minutes to be established in a
membrane of thickness 125 pm, assuming the solution is very well stirred.

[0019] The limitation of equation (3) is that measurement of concentrations of
solute within different parts of the membrane is very inconvenient.
However, since it can be estimated or possibly measured the distribution
coefficients between bulk water and the membrane, log Ka (the pH-
dependent apparent partition coefficient), equation (3) can be converted
into a more accessible form,



J =DmKd (CD- CA / h (4) where the substitution of

Kd allows us to use bul k water concentrations in the
wa@lomnenssesl accept or conpartments, CD and CA,  PCT/CH2007/000097

respectively. (Wth ionizabfe nolecules, CA and CD

refer to the concentrations of the solute sunmmed over
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P ol ARt b Bt i

stategPforns at the water-side of the donor surface of
the nmenbrane. This concentratl on ideally may be equal
to the dose of tHye= cpnuﬁd Onl ess the dose exceeds the (5)

050" o e S0Eh Al Ml s pass

ol edhrca,rgl'ssampleemémbr‘ehespl@rsmmtlty comagsin the doncentdtion terms.
be re tat,ad ,aﬁ%(j = Po Co <= Pg_So (7) .where Po and Co

are tHeNgider s '%Orﬁgvmmhqrﬁﬁ@ﬁ@%sn%weapi BAUgkON (4)

the @M xeé(ﬁ%q fonvely. The intrinsic
permeaglel ?{ff}?g‘gz@ﬁ%tﬁ@f%pe on pH, but its cofactor

in the flux equalt¥&mCo, does. The concentration of (6)

0D SR A AE oS B Prochy oY SRR Bhmbefly oF B bR tmes
al so tﬁé%@na@ﬁtrékﬂﬂﬁmhersomﬂe supfAdl oN@F il bHQFgef &hid faﬁms at the

unchar ged speci es, equation (5% t akes on form P
Dm Kpvate(-side oiifbe slorpr sutag@pf hecnnemtuae@ Tm(p cenc:amina)t:on

per e ras s ASE e o L8P HPEn8rs e Aage grgeeds the
of t heolusiktydingest tﬁBQIH esnsitetdil udWhid‘n case it is equal to the
solubility. Since the uncharged molecular species is the permeant,
equation (6) may be restated as
J=Po Co <=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.
[0022] Note that for the uncharged species, equation (5) takes on the form
Po=DmKp/h (8)
where Kp = Cm(0) / Cbo; also, Kp = Cm(h) / Cao; Cpo and Cao are the



and acceptor sides, respectively. [0023] In solutions

saturated (i.e., excess solid present) at sone pH, the
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is extraordinary sinple in f6rm it is a conbination

of straight segnents, joined at points of

di scfucdustsblutidhEsrieniratibne oP G r@é&l WBEBe ifthe donor

saturated state and the state of conp
di ssdéingt acgeptahsides] respedively.j unction points is

(OfE° I8 SBliRRs el sty Sent shidafasentt kacs ofbinesplot of
in alequod 9&1%@13%94! fttr'aﬁ'ﬂon[299F2=,~4|1]no]€ﬁftlIéﬂ%t &&%&gﬁ%Fﬁéiﬁﬂ)le in form:

to the invention allows a fast, accurate
econdiis@ eambinatioorof straight srgmsnés foined ra poemabf disobntinuity

ol utdibehe e nARREE bl gL e sEiHER stpte B Phigtate of

experconfiiéte diasolbforXThePRbiAREsd!RMcAbN RIS wgéperfo@ht on the

be reduced in such eval uation. Thus, screening f
f ut uid@sedisad iatthe walasiationasnd theimaximertyale e Icw Cedﬁ always

can’ BBl foh S LRREERBH colbbroa 1< Fast o

[om;pawmnsnﬂfd agcordm@&bméﬁm@ma alldeld 4 A URlate, and
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“comp§EAPS Q"é)?b‘%l%ﬁ‘ﬂa I9R-e b, @r%em@@&r\féiure formulation

18y 45 BB 63 AN B Py gmo

donorcagdidaténan bequstlffedr sinced dine meihadhmfasb,e:dmpound-sparing,

separated_froma first ei ver chanber by a barrier,
prOV|°8P€§ﬁ?ﬁtévedgﬂgrrea§(B?§h Y BRCHT ﬁ?eo a second donor

[0@2‘51”’%@@ st ﬂ%f@%bﬁ%@lﬁé%ﬁhé?ﬁ@tﬂ@d dcR6Rli § fo the invention,
chanmber by the barrier and providing the recefver

sol uiessessing the sbange pEthedhuk fuhetl@ecomnses Hiessteps of:

per | Sieard Reamichon 0o Baltion 8B Badhe SPRNELLS Somprising
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second recei ver chanbers. The term "response" as used
her e CABWINSING: Biprarseauny avehtaaxcipient,depating ageseiyer solution

concEn 0ennaf ot vaiub 13/ e RS 4 et Mninpt

asse@mmdmgcthetda&bmtrbaaionof sblutioaxstora fist dWBbr chamber being
2007/ 098625 PCT/ CHZOO?/ 000097 8/ on the absorption
pr op&FPRded frorma TegffseeiNar cirarpbaeby ajkarger, (W\BV'ﬁ'ng the donor

hi ghkYjution into a second donor chamber being separated from a second
receiver chamber by the barrier and providing the receiver soluﬁon into the
first and the second receiver chambers; incubating said solutions for a
predefined period.of time; and measuring the response of the compound
in the receiver solution of the first and the second receiver chambers. The
term “response” as used hereinbelow comprises dimensions suitable to
assess the change of the flux function, particularly the concentration. Such

a method allows for an efficient assessment of the effect of the excipient



aut omati zed processing, particularly when being

perfornmed in suitable devices such as for exanple in
w@2@ewdsses as it is described in US 7,022,528 B2I/CH2007/000097

[0026] Preferably, assessingdthe change of the flux

function conprises a repeated perform ng of the steps

descrdnblﬁ@ ARV SGH propairiesibf the deMlﬁQﬁde?f%rHHallows a highly

val ues. eating In that context is not limted
chr oraut@gag d proqassmsmrtg:wafb/ whepdeing p@éormmed/m sidtable
after, anot her but, parti al so._include
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the gane tine. Such an assessing allows to expand the
effect on the absorption properties of the conpound
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eval Ui Rfpealfing s tidt&vintext $¢/Abt iméd & ahidnbidically

eval uation can be i nproved w thout substantially

i npainroegpsinether steps @t opedit vakiedftaranotiagr, buttpafmul@réy also

22Tk SG5 o) SLRSRETLIT AUl e Bl 3R at e

par t iszapertime. Bieh raruagéestsmgoénm toaéxmdcme esﬁaﬁt)bh&ﬁe
for exarrpl e the values pH 5, and
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rati o between € neasure response,

t he csﬁecwd:aimthemae tzikdrhato:omrmbdmdtnon fcbr’revarlaam/eran excipient,
' recei ver chamber and t

ﬁglag fﬁ'«t@ﬁéﬁ% %P %@'Hata% cag bg. mnﬁ%vectwﬁbem $lattst@ﬁlally
f
0 thﬁggm(;;@g n%g}ff.lélghaﬁof ﬁf‘eeé\}é?uatﬁﬂ ‘l‘ttéé?{‘bé’fadwﬁtaﬁ%eé‘?o

receiv aratio conveni
r epr esheosathe plurélity knd pH Vaikes$ fom tl”mres@emftdimﬁ aH 5 to about pH

| Lt f ti d

Compaubeericuily i pRGSEY TR \AUHE Babidhmibrise fospragle te
f tly displ d d

vl e [ObSR] Bror & abl s,  miasur ng the.r esponse,

[08273 Rra&rablwcesﬁewngathe @iangeeof tbe v draction funher comprlses the

B T Ry

propey.gitae d@hcéh@atncﬁﬁeqﬁlth@ boﬁfpidwhuan th&t@db:@@mﬁtwﬁﬂthe first
of spectroscopic properties can be Ctperformad by

var i daceimel ehaisbenang theymegsurgmen heagswmseeﬁarﬁh@

ol 1 S6RRPR U RS LBRBELRAA RS 5h 7 Selifinp of the second

PCT/ Cedl0&y CHHfib&r. Sichne catiooslooysya cbnf/emeaﬂrepresentatlon of the

Spethru(?(SfSr?&}/on suchstﬂa?g psigra?l%yr 8fsr%?8g base(q%n a plurality of
compounds, a plurality of excipients and a plurality of pH values can be
conveniently displayed and overviewed.

[0028] Preferably, measuring the response, e.g. the concentration, of the
compound in the receiver solution of the first and the second receiver
chambers comprises the measurement of spectroscopic properties of the
receiver solution. Such measurement of spectroscopic properties can be
performed by various methods known in the art, such as for example by
liquid chromatography-mass spectrometry, ultraviolet/visible absorption



spectroscopy, or the |like. Using suitably devices

perform ng such nethods allows a fast and efficient
wore@sesoryy of the response, i.e. in particul arP€T€H2007/000097

concentration, of the conpouhd in the receiver

solution. [0029] Preferably, the barrier is selected

f
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art i fspectibscomnior Heekike. Riging suntahlytdavs:escpﬁrbrmmg such methods
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bar 1 eipwed sk Ends TR B&psUing bt BRREpShsct b I b&igplar the

bi ol e@heahtrafisH, 'of @i corhBeaindlih BPRideiver Rafutiopr s are
further preferred. [0030] Preferably, assessi ng the
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each of the plurality of conpounds an ach of th

pl ur aliffusjon barrigrs Mmimieiing pby@camm@chmnogl pragiertigs of biological

chanbar et TGS JeBkRiE dinth & A e PRFIRE. o cond
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receiver solution into the plurality of second
r eceiPfalireiaesmrounsisantbapllrplity afiexcinieris Ryepreparigg a plurality

the SPBERBE SRR, Ol HBAEAIRR Pl IR ATERT Aeth

solutron o ur al

chan‘@ehﬁoméiumhofaeamr @ﬂthelpllmfaﬁt;ﬁ@ﬁadmp@jdds\fmd éach of the plurality
ef ficient and fast, assessing the flux functio

a pl &f gXCipiens: Prlé%'ﬁ'ﬁ&"t‘i‘@sl"“'@"ﬁf ot ‘é‘PnQT;ﬁOJ#t'O@ﬁdPﬁSI %ngahty of
and asBLHg @b’nby?ﬁ’émBE}s @%H&%&p%ﬁét?d it & L#Il?r]aht y,f second

processing can-for exa or med

met hoeceiver chdmbels\bycthederder bed prmmdlﬁg'lth@?écéiﬁér ﬁﬂutlon into
[OOB}I]&: Ol%ond efer.red enbodi nent of the

Locode RrRUEh S8coR Brrat Chaddsss! Ayl pRestangee Bsponse,

the 1d gxhEWaRbLARatfoRf HiLEombBuRl SR the Riceivier 8B ti’oﬂ%ffihe
cali bration donor solution at a predefined pH va

conpiplwiality afteecondpecsiver ghasbersn§ueh @oparallelqarocemn@allows

the B TrERFend e SBpG TR E s BP e fot 3P ey o

conpewhtpdundsha phahlit) ot lexeipishts @hdsd bl oﬁppll vanué§1 Baid
donor solution; neasuring the perneability of

cal i pasaliah RrerassindseAN fior exare @fpetri%medwnssmmmempd and
and ?ﬁé‘BbUIPB%eFBﬁbé’cﬂr{T@%b? bbbyo@RgsuUr ement results

and the reaSurenent restlts into the fl ux

[0®3n10ﬂm ameoﬁn]giprﬁferrmﬁtcémﬂo@]tﬁmﬁ@f i rsthed éd:@:bramg to the
assessment of the effect of the excipient on
2007 /EHYIOR. peseseingohe dhengsof the flux ﬂ@%‘@@cﬁomwr&es the steps

Pr oPgfthrepafhy BREIGATBAYShor BBIUHoh Wt pidetibed PIPLAIGS
comprising the compound; preparing a donor solution at the predefined pH
value comprising the compound and the excipient; measuring the solubility
of the compound in the calibration donor solution and in the donor
solution; measuring the permeability of the calibration donor solution and
of the donor solution; and combining the permeability measurement resuits
and the solubility measurement results into the flux function. Such a

method allows for an efficient assessment of the effect of the excipient on



changes in both perneability and solubility to nonitor

effect of excipients on the absorption potential of
w@orrpoessds W thout explicitly determ ning perP€ROHRIOTP00097

and solubility as separate éftities what nakes the

second enbodi nent of the nmethod according to the

I nvenpé @Bs@ﬂ)’tfdn%ﬁéhbésfcﬁ?cﬁe cbh*npdirhﬂ P@FﬂHdleﬁﬂ/ it combines
moni tori ng the change | n response,

concohanges ompotit pennh@b:ldwwdr&ﬁumbﬁyéa rmtn@torref&:ct of excipients

the. cfoherioobboRabE o SRR e By Yeieining

whi | erivapil ahb%oﬂ)bﬂlt@bg%bﬁammlﬂ% wHat Peal@zdhesecond
concentration) in a donor nmber. The barrier can

constanbedment of the methad masdmgetoabegnverﬁm parbtzularly fast. It

Lgf;ﬁ%@a&iﬁ?”% E]ognltohgmﬂ h@&n% hﬁggﬁgms? gsgagpncentratlon of

( PAViPAe cBafiRiunds@ppedring icadetsiobr shamekt of 49wd chamber

RBE4), or other cultured cell npbdels (e.g., Caco
VDCK pestngajion sysiesn.dbedwp ehagibars ivided bwaclmcrghmc barrier, while

Al s B @S eGP RHRERR N rupd BhGR B BB 3 conor

t he ehbRtsbraThebairmer dam ¢dstitute et amticiaEﬁ@nl’ér@n@ (8 lggfb filter
t hr oughput pre-fornmul ation screening techniqu whi ch

al | omp&gwedﬁ/ﬁma lipaphilicsatutian f e thsaep%r@!:l@lseyhféwl rpembrane
h
the i .LrLé%BﬁtﬁY aésa%%gb@y?gg e ésegp%d 8Hdotﬁ8f#acjtééﬁs (e.g.,

phar macoki neti ¢ prope

[ OOSRBIE4)3foeroahéryculmmdassll n@delsa(ecgamﬂ:oez MDEK, letix).
function. rls ? eat ed perforn1n3 of the ?te ps
desc ey ttheab\& caliyirgleyanh paUeeyHBRUptary layer

val UQﬁlckN&@aﬁg?ﬁPfén Ef%otdéetaﬁé o] unf eﬂ@é" ﬁ&gnnd the

above nentione I'i es herein
asseﬁnb@dlmdrthhe)rmﬂmamdﬂdmgftbdhe m\tfmtnohdeads to a high-

ot 1 oatio BRell B it seeSeR ROpO BN oy ek PR ary. fast

W t h dridecdilt el e Bs§ddsatdnt of fd lrﬁlﬁbﬂce %ff feﬁélbﬁsrﬁéian absorptlon
then be taken into consideration for eval uation of

exci @inghihe phaugtacokinetie proparies df agiareh compoundde :

(0073 BrEfubly AR i elioe or hERR LA fagssnya repeated
to Cﬁmmmgﬂcf Plewsteps tgsarfbaa-hbaleigisa prupanity g ﬁf@ﬂﬂmed pH
of about to about pH 7.5, particularly

pl ur é/]ai“i%ﬁ cW 'ﬂﬂ) F?W%g%tr@ﬁpé@‘fﬁi@n Sl@pp@tmgxté\%@vgﬁgentloned
val u%?scplébggl eefﬁér%nfﬂ l?é’f'l g? %saégsqgf%llgws rtcl‘? %y(PﬁIIé&] the effect

measuring he s
cal i wmathiecabsotpiicT pmplerttesoasf thedompdumel dqutd relatddudffents and to

T GBI S00BH9Ct o the RGN NG TelePH R AlS bR R rAlhsaid

Pr edefiicredc AP iR b@takenRio ddrsiddratidn & laluation 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.

[0033] Thereby, the measuring of the solubility of the compound in the calibration

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



sol utions; and neasuring the anmount of conpound in the
filtered solutions. Such neasuring can be perforned

WO pooat9ssts i ci ent, fast, and accurate manner bRCT/CH2007/000097
perform ng various processedlknown in the art, wherein
it can be particularly advantageous to use the nethod
and §h&beKG SidlssIttibRE for a Préd%ﬁﬁe@%%ri%a?of%e;[f?@ﬁﬁg said
Preferably, "the nmeasuring of the perneability of t
cal i isolitions; aahoreasswingtthe mmountef conwadindan tee ffilieiensolutions.
conprd ses_the steps of: epar,.ng a ..recei.ver sql utio
at ¢ rHChroaRTEeRn Be adilo RN an STibenh Atk Al angurate
the exsiidret penﬁrﬁ%h?h@ﬂo&@ﬁr&@s‘s@é &hb@ iHREGrt, wherein it can
solution into a first donor chanber being separated
f r ombe partietlarly advaatagepuste use yheamathod and theéidevise, described

pr ovi. di solution into a second donor
chanﬁ%pggé’ib%g’é@eggr ated froma second receiver
[OOM"@éféPNbI?hmémébé?g&t; bf irfeqserﬁréébim¥ oY tiH B8lidrafon donor

receiver solution in he first and the second _
r eceispbitionanghelkthe; danes sehutiongcoseprisesdhetstepss of: preparing a

def i  od il .
o *corpRtat St et PREnRET pEIERTY RS ciigid and the
the %&@?_ﬁ%t,dei #nealforatich dBndhsolutGRintsa fst dbhem
of the first and the second receiver chanbers. Again,

such chaaher beincsepayatgskiremr it recelyer @yamierdpyt 2 membrane

f ast ¢ ) f ] .

2% UGS R SEin ! LA 4aRb i beng
par t isephratéy frafly ardeagad uscéiveusvarhiber byrticwensorané itter and
devi ce descrjbed in US 7,022,528 B2. [0035] )

Pr ef SFRAAING the SecaivagselHiion Hip de Bist eRd the srcpns seseiyer

furt IR ihe6iSs ; ’ 14U | F tia-

bet vvg;gé t he ’r{gasurte natlatggﬂjttlﬁésgﬁoﬁhﬁdﬁﬂﬁ%gg)%%’n%tme’ and
t he mesaswiag thelamount affcontpounidris the doaowr solutibasrbethe first and

and the neasyrenent of the anmpunt of. the conpound in
the PREEPUUR GONoR HRAmBeTs THONIBE SReP SR B Shiliasit and the
Such sachRd FébeNdraManiosrsTRESin' SGér?ﬁﬁéﬁsﬁFih?Tbanq;e b&%ormed in an
flux function such that a plurality of ratios based on

a pl effigientyfast, ansbageiratésmaangt by peffosmiony \@rioiusi pracesses
and | ur.al, i of .val ues, can _,be onveni, ent |
o p Bl e SrohoBEREY Stps BRrifia b i AN Sl oiyss the
the ehstnge apl the@levidexddsonivbt om USS7 penfspged. for a
lurality of conpounds and a plurality of excipients
[0&;,5.] preisaabiMgaesessinginetghange o g flux élnﬁtrparfgrtger ¢ofaprises the

predefd L ; [ '

e e R

of exompioantsn tMOreiVErGRGRIM $TEhé GtGedéinepoRambérand the

measuring the solubility of the conpound in each of

t he @aﬁﬁ%r%rgpm pbine. amount of the compound in the receiver solution of
the second receiver chamber. Such a ratio allows a simple representation
of the flux function such that a plurality of ratios based on a plurality of
compounds, a plurality of excipients and a plurality of pH values can be
conveniently displayed and overviewed.

[0036] Preferably, assessing the change of the flux function is performed for a
plurality of compounds and a plurality of excipients by: preparing a plurality
of donor solutions at the predefined pH value of each combination of each

of the plurality of compounds and each of the plurality of excipients;



and nmeasuring the perneability of each of the donor

solutions. Such a parallel processing allows an
wetdoropsset and fast assessing of the flux fune€T/OH2606/000097

a plurality of conpounds, a Wl urality of excipients

and a plurality of pH values. Said parallel

pr Oceﬁshﬁmir@ﬁme‘ SUlulsikyaT the RBMIRAINGAR BN WTItRE dbABr solutions;
met hod and the device described in US 7,022,528 B2.
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stirri e conditions for assessing O he change
t he fdfiadditivest Furihex dime bendifionsicae dor &@amehedepbdapted to allow
can be Prevent ed that mcroconditions close to the

bar r ¥} va?gﬁfgééﬁ’(ipﬁ%cﬁg‘gai nmed environnment are
[0038V iﬁ%ﬁera_?_l% tHWaadines hhd Gt Mast BRe TTMdBrdiertid®séiebied from the

function. This is for exanple of particular Interest,
i f argroup @ highibindingr-eanaeiifon theteoneounsh lew @bserption of

whi ¢ . i h ral barrier underlje a

cor t JATBSTNERE Rl el By, AR P VoS ey < o
[06391UIRreterably, thengisititdt aécdrimgioand imfertioni ddnpHyés the step of

thereby the diffusion gradient around the barrier can

be méliing Hecalibnatinr) donprsqitigneane theodoreri sabuion. iy means of

nmet h D : : dar.i .
e BB B RS Skt aP o BEIAR, 8P uxuncton
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e Bt oS 2 SRR P 8Pl i vivo. T,
conpeuBHstiniith 8x1¢heR fo simulate the function of the blood as a sink and
thereby the diffusion gradient around the barrier can be maintained.
[0040] In a preferred embodiment the method comprises the steps of: rank
ordering the ratios by excipient, compound and pH value; and visualizing
the rank ordered ratios. Such rank ordering and visualisation allows to
efficiently overview and to efficiently rate a plurality of compounds

combined with a plurality of excipients at a plurality of pH values.



pH val ues; and rank ordering the ratio suns. Buil ding
such suns for all excipients and rank ordering said

W@ 008/028%25 al | ow an even nore efficient overvi ROT/@HA008/000097
even nore efficient rating d8 a plurality of conpounds
conbined with a plurality of excipients at a plurality
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all" of or parts of the steps of the nethod descri bed
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corrplva&resprogram according to the invention are
crl d in nore_detail hereinbel
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of the nmethod fromFi'g. 1; [00471 Fi shows

per niamgtion: grendsugiizegiaguick evalvation 1suwwpmuns,ents drugs, and

neas perneabi lity measurenents
of tﬁ’ﬁﬂ@?%ﬁ&gﬁfro%@ f& WO 2007/ 098625
Brm’ﬁégdapﬁamaamawmgy [0048] Fig. 4 shows plots of the
di fferences between log. intrinsic perneability in the
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N tRR8REE &S tHY invention are described in more detail hereinbelow by way

of exemplary embodiments and with reference to the attached drawings,
wherein

[0045] Fig. 1 shows comparisons of pKa determination methods for an example of
permeability measurements of a first embodiment of the method according
to the invention;

[0046] Fig. 2 shows linear extrapolation of apparent pKa determined in various
mixtures of methanol-water of the method from Fig. 1;

[0047] Fig. 3 shows log permeability vs. pH plots of the eight compounds
measured in the example of permeability measurements of the method

from Fig. 1;



excipients, as a function of the quantity of
exci pients of the exanple of perneability

woreasssseent s of the method fromFig. 1; [0049PCHCH2005/000097
shows a PAMPA- Mappi ng schemd4based on log intrinsic
pernmeability for the exanple of perneability
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[00t] FHiedq $h¢W%§ rapkissdenedigelublity Exeipieoti Classificgtion Gradient

Y0, 2303 382 R R 09988, cd b SREh Bt o
(dot tsembnlctwm@suranbnty ofi thy ndetastigtbne Wigre);, and f1 ux

[Oégﬁl Ing gl%ov&su E)I\()?s? o}ll%g Igoljl;logagg, and log PoCo (flux) vs. pH for
mefenamic acid, at the clinical dose of 250 mg, illustrating Fick'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 (c) 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 (unfilled
symbols) and in the presence of 1% w/v 'HP-B-CD (filled symbols) for the
method of Fig. 1;



[0059] Fig. 15 shows a schematic diagram for
experinmental setup of a second enbodinent of the

woredoiogBeatcordi ng to the invention. Mde(s) foPCT/CH2007/000097
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usi ng different sol ubilizers in the PAVPA assay wth
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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



been denonstrated in several instances, but aside from

the nmentioned work of Liu et al., the inpact of PAMPA
WO poog@apdes precl i ni cal devel opnent has not beePCT/CH2007/000097

substantiated. [0064] In thé®perneability measurenent
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[T st BI0gestentie, Shbenslamids, ahd matAReigRoid) meaguresl under
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donor solutions Is adjusted wth universal bu rs
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110138}et9tifd BHESIST e&%fdi’é‘ﬂtﬁ’bﬁtp%rﬁl%ajbﬂiéy‘.sed as the
recei ver solution. Excipients are added only to the

[006%]o rTheeeXampleoraairmeabildy mearHramesidoprdoNDedIsg double sink

30 o P AERSE QLS AAlpAGTI RIS HE 557 re Syigany pion
But agRNN®e1 (D68Y) a8 fdllowé-Five c&nF@ﬁnds s&d inLthid8xamplelér
16-57 -0.021 5.4 6 Cotrimzole 6.02 0.05 11-49

- 0. 0PeRERbHty MEgFHITARM) Aredhe gomporwds lisied ip, Talde 4. The

1 SRR EI iy ol g Y B o B PRI of o

PCT/ @«2avad 860693solutions is adjusted with universal buffers from the
company plON (PN 100621, 1100151), and the buffer solution at pH 7.4
containing a chemical scavenger buffer 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.

[0066] Table 1
pKa wt%

COMPOUND 25°C, 0.15 M KCl CH;0H slope GOF n
Astemizole 5.99 +0.06 40-61 -0.012 2.2 6

8.60 +0.04 40-61 -0.013 1.6 6
Butacaine 220+0.11 16-57 -0.008 1.4 6

10.09 £0.10 16-57 -0.021 54 6
Clotrimazole 6.02 + 0.05 11-49 -0.020 3.6 6
Dipyridamole 6.22 +0.15 5-43 -0.016 3.3 6
glybenclamide 5.75+0.15 35-75 0.008 3.0 7
mefenamic acid 4.39 £ 0.09 44-74 0.018 1.7 8




17, [0067] Wth respect to the excipients and its
concentrations, quantities of six excipients are

W@ ed0a0ossas t o over | ap the concent rations expectRdr/CH2@7/000097
gastrointestinal fluid under'clinically rel evant
conditions. For KCI, two Ilevels are selected: 0.1
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COﬂpdté@lbufl’@r%lﬁ!itﬁinssﬂBftﬁmleﬁﬁs@mﬁohé bRfladsbsseMaligPR eight
experi ment al difficulties, i ncludi ng the use of

di metdiyg RRIPFYRS der themsfieg) or RAMEAR Feruliting inc 52 Hiugrexcipient
Int dnstrument, it is possible to determ ne
the pKa even If there is precipitation during a
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cosol ent ol utions. Thi sm &g %use t he i nstrunent
can {TREN 1§ CnPRRY, P RI2-terahe 6RBtPARY Sirus
Si m“ﬂé $ Instiufhe s Lﬁ@gﬁrlgé)t LA P%r?pr% ?P?\ﬁ(?%rﬁngg Hind SGA

el ectr e ca' I bration per
t he oM Qiriusnater ugashto, deiermmermrecis;on/wbnizatlba coments With the

For V& DB oRRERe Y 19 BB B H=D aarR sirategies'are fgd to

overcome experimental difficulties, including the use of dimethyl 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 constants
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



determ nations in cosol vent solutions when the pKa is
outside of the 4 to 9 range. This can be a

WG amsg8ses al | nprovenent in corrparl son to t he PCT/CH2007/000097
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pKaf l.ux method’, Eur. J. Pharm Sci..,

555- 390 PrLRADRIISCATEANS 200 R - pRpized dSS'&PdQOD PAMPAY’,
absordlr. 3MPhafin VSdil, 20086196, 393 402), M lehBLfiraPthd pH‘UaYlﬁ)es will
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19, 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 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 receiver solutions contain a surfactant mixture ("lipophilic



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

proteins (Avdeef A et al., "H gh-throughput
woreasesseent s of permeability profiles™ in: vanCH€H2007/000097
Wat erbeend H. et al., "Drug Bioavailability.
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stan qﬁfn‘ént%sol’c#tthg 'ﬂzgrhl%éﬁg%%ﬁlg:?Tﬁlglelbﬁlelshixe%géjgﬁrcgﬁetoe b NifShment
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W th @sed thdﬂtéﬁﬁmBQh@%'n‘idJﬁMo'f Pnaﬁ@nﬂqe?r%mlﬁgsrﬁ ki ?nembrane filter
scale (Nielsen P.E. ug absor pt

in vi(teR) am@aéached;to thﬁa@iaﬁﬁnwa% of éwe mmrom_re plade dt\vdmf A.,
29 34Bs8BRAGk bRIE Deke oot WHFroBRicp o AR iPP- 116-

the m)thl ckness is expected to be 30 - 100 m

eas in unstirred PAVMPA, the ABL thickness can be
[ogzmh.Tdma effctivearermeahiltie é7e) s calculated as descrked previously,

boubr 2Pt i fERREAGEatck, ook 92 L FUBRELRYIG abdren

Sci . ,paeOsity, 0276. 'Bﬁ§1£t4ﬁ ste‘p/dmfreé\thatthelABL tHékvidas-determined

drug fyt\)(r)n %’ qvl(:’%ge?sessza?/s chs:?;{g%e?g 3v/|t(i)1oao 8%7erenztopﬁorosny 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).

[0071] 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 um (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; Avdeef A. et al., "PAMPA - a drug



absorption in vitro nodel", 11, "Matching the in vivo

aqueous boundary |ayer by individual-well stirring in
wore@rovdces e pl ates”, Eur J. Pharm Chem, 200BCT/2B2007/000097
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Sci., 2005, 24, 333 - 349), briefly described bel ow
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stated in terms of the fraction of the unchar ged
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PConebt B e PR R0 S 7 ()
Caco-2 per meabi FH {y p,gf weakly basic drugs predi ct ed

wi th the Doubl e- Sl nk PAMPA pKafl Ux rmethod", Eur. J.
Pharm Sci., 2085 bd0 3@5 %‘&)97 1) ogPe = | ogPe (10)

ncT) EDa REEBES Adds a5 B S HESES, Bt s are described

ef f e@lsmérﬁe@ammdlhg@fumahs ) and POYdeads ® defined
11 100K g
- = +
P, P, P

e [

(1)

[0074] ABL-imited transport is often observed for highly-permeable molecules,
when P, > PpagL. This is generally observed with lipophilic drugs, where the
same Pe is measured (about 30 x 10-6 cm/s), regardless of the molecules,
indicating a property of water rather than membrane. Equation (11)
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, = log P"* ~log(10i(pH'pK§ux)+1) (12)



as log Pemax = log PABL - log (1 + PABL / Po) (13)

[0076] When P. >> PABL (highly perneabl e nol ecul es),
w@eovan9deaBL, i ndicating st; water rather than PEOH2008/000097

di ffusion. The "flux" ioniza'ion constant, pKafl ux,

refers to the pH val ue where the resistance to

[00OVB] SRS nekh Qe Spabsitg effeative (Imbasined) bﬁné%@\;\?f;‘ P08 js defined
the ABL and 50% due to the menbrane. FOO??] th
respe®® to the results of the exenplary perneability

measur ement desg%e,qaxh_:elrgaiﬁm?%goweli Ly’é{g&ﬁg‘?get ation, (13)

Fig. 1 shows a &ri so oni on° constants

[0026rWheadPay> Phe. (highlp permebisleamelecult®),aPdriax ~ Pagy, indicating
approaches used. Since all of the con'Fou'rgpls‘ar'e only
spar i Watey ralbenian membiane diffusierp | Whentlexaionization, canstant,

Vacuddoane réGu e R Rudb\ep g Tesianbille srapspgaoross a
3, " Q@erAeatiohderiade 503 doedbitiee ABL akd BBXOHu&E EHe membrane.

azglki ed to pKa determ nation of water-inso|uble
[0Q 1k t WiB dgspedtiathe wgsuis of the sxemplary penvpabiip Beasurement

t he . P i , y | . r
e S B B o0 FASCABEIHT 2 08 B 8 or e
t he Genization sohstantsndeteithimeddgyniner irdusy stateof-ghus-ap”

SCGA | nstrurrit]ant cu rentlé dg s not have a cosol vent .
capaliRRTEYCNeULRH. PiRcRialh A5 teneepeundhare @iy spaEngly soluble in

used.wéﬂg?,Cﬁsbhﬁ‘entg}aP_ &) Gndthe o#g%mesaér% extrapolated by

UV- bas I's possible’to use lower concentra
sol utthenasudatSleditieskyqPadeehAt ebal,, “piematritgdogPiEs, “BGldss

Too dettadt eabraBt AP onpkuple AppiH ks gotermiiation of
enpl qyEr-insdidble sEKSIEREEsY APRT.Rdth! 11993 %?%QZ%B?Logch in

DVBO and nethanol. I'n just about ali of the case
DVBO thgtcaap ¢if &lgdKapaad PalPASsinairements, amdthycliiday exérapolation to

t han o EXLI L ated fro t hanol.-wat er m xt ures,
ol 1 G SRR bt ericPLAE QSR hedabe

(r2 =dmdBrcigllycdhfigiredSBBinstraniift cubéhfig dbBs mffave a
astem zole are diprotic bases, it is actually possible

to doseiMenheapakiiityose privAGHequs HHversabbiterafare used. Since the
COSO'[Y—@RS ahB §1§’A tﬂ'nﬁﬂﬁﬁ tgt % U%g?gﬁg[sﬁ%gﬁ%lg %P] yse lower

val ues are nore bi ased n those anol .

var i anneehatian solatibrs inythevpiiedéterminationcassidin some, but not

but a@i ng | ow BE%RKa val ue. The net hanol extrapol ated

val uédl: SEHIR RProPigmsBf @%%%W%%S@'Hb@ynam of tge most popularly

concl, s I ' i <1t he

P oacl B sPHRARY AEorTRL) I3 B saehir B85 A8k o7

22, oheaswenmnt! DS and edethanpKin jist abouinalt ofothe. cadiés hthe

DVBO ts, excluded, in this exenpl.ar erneabi | it

nmeas Lﬁ@%&gxﬁr@pégteﬁ&ﬁgt\ély%? plgedséier%tlcaﬁ/y Igwerrnf:harll thlos)cla
extrapolated from methanol-water mixtures, following the trend,
pKaPMSO = 0.61 + 0.86 pKaCH3OH (r2 = 0.99, s = 0.27, n = 8). Since
butacaine and astemizole are diprotic bases, it is actually possible to
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”



the SGA val ues, since cosol vent use was not an
avai |l abl e feature, and since the deviations fromthe
WO d@ndgeps | ine in Fig. 1 are substantial. Fig.PAI/CH2007/000097

reveal s that best concordanc@@ is seen between
potentionmetric G.pKa and Gem ni values, as indicated

by t ke theé tbseivehtsalRs iRg) me%éﬁﬁméhoﬁg Whe Diist tesilts

line. [0078] The G.pKa and Genini val ues can be sinply

aver &yetudask in this asemplagy pesneability mieasasesngntat ig not to relied on

h done f.
ol F‘Sﬁ#égél\&sﬂﬁ%s%{nﬁ? AaivgiPlies frefdstatbavaiBblg Eature, and
wher girideetheodeliatiiis frotiae idetitinP in@ieFR). akad dubskmtial. Fig. 1

suffi ci entlg high to avoid precipitation, it is
near Irgvealp dkal hesd copcerdanee isseen hatwmrepotanltuamm GLpKa and

ue. (B Vallasg po i Teate8 Enhe AMER ol Bs tAAhS il Bt ientiy

it igingot convenient to view the sol ut| ons during the
titration. In contrast, the Gem ni has the gl ass vial

IOOYB]C Tdwer GlpKi, ang Geminioisiuas ean bﬁ§lm§lyfg@@§a9@n fardhe working
b ec Sebi i e En 0 medhifty BieEeEie et 3RS bt B for the

t hesdollowingoeadomn:i thlpltED@ﬂW@lUdéanEd IHsBaysTWIgeretth€ cosolvent-
Gem ni electrode calibration procedure nade the pKa

val udeteeEiosRR Rickast @ hasuifigieatly hightoavaid precipitation, it is
SO' u?e‘éﬁ |m[p9>931%]et d &? Fgrt:fzfl g%teﬁretc it n%@%mot beaY dtshe

asurenen r'at e at” ca
c onc dowedd gosgﬂvemtma;ewattlbscbue ¢othedebign af&lse gamrble changer in
assa ual cqnsequences in conventi
reasihe éﬁka CBQV%'Bﬁ‘Ptrtgéi‘eWé'P% S@M@Uﬁ@a‘r'eeﬂ%@ dyation. in

by t entrasi fhe dérhM?ﬁéﬁ Ib8s Vi én 3Ie%F 9le§¢ )Vlsuai ghseryations

determ nations of the clotTI nmazo
rret h&ugpesteadhatit avasdm{;blglpremblextlaiapca ammbep&ﬁcases some
ets

( Av d @@mﬁéatl%g%{sgﬁ%% t%%a\':piﬂ?%z @Ebﬁ@ [ﬂ thesetlow solubility

W | evohifctindtlel PORRermd@dthe BBmiAildicetéde EQ!‘brbﬂ@n Pﬂocedure
28, and 39 wt% titrati ons. The dashed curves in the

i nseteadeherKonalues lessthar Fompee refiablein ¢osolrant isphtions.

[O@f 9 F'&; 'fte%l% r?\é \}égﬁ’% ffé}ﬁlﬁwegpﬁ% Z)? p%% gﬁ’%%gqrgmgﬁ?eg@uus%ates

I i nkiwreaticag dopeelvably goiwndisg itHi colventiosallyddsigrett assays, and
di spl acenment fromthe precipitation free dashed

cur véie uwa'scwsgﬁuﬁe%mconvﬁnagn%rae@sw@mr% which by contrast
I %
cl ot g;gpﬁe@carcﬁﬁt@a b?ttﬁé’ gé?mhi il @s‘tr‘a‘?@& uPPigO‘Q %é ) !g(

met h nvent 1 ona nement prograns,
such determiipatiars mwmlaﬂmyzem&m@nmmmm /nﬁ)étﬁéﬁ&l The zero-

pia. PRANGEE FaaPAGtot BKe BT  GODLTHOWRES ihF Gk BaH Bierrum

as hiiHfis @Rvded . “UbsbritdntdHe SﬁﬁfD%(/eIHan‘{én%, Wiley-Interscience,
2003, pp. 116-246) for the 11, 28, and 39 wt% titrations. The dashed
curves in the insets correspond to the expected 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 wt%

methanol. Conventional refinement programs, not taking such precipitation



(Fig. 2 inset). If the biased values are the basis of

extrapol ation, the pKa would be near 5, a log unit
woRdo7(0g8s2a not shown). [0080] The uni que aspecPCDTHRIVG/000097

refinement programin the Gefini instrument is that

it can determ ne the unbi ased pKa value in the

pr eseffLefiécts@BRId $stemBticaly @ersstifatd the 50l Wih ld'ebveasmg
and the pKa val ues are si mul't aneousl y refined.

fit i¢pseivgnt satias, wdihyan erroppsthigh as edeg L@Htlautln@@asen of 11 wt%

cont {1 DHEDH 15 iR Bre U945 Ctitafon. e ok

"t 00 WG bePnéemr Bid Rig @fit aﬁfe&@t@trﬁ)t@hamyrl se
determinati on of the {)Ka val ue 0081 he novel pKa

[W&@hoTwynnyem@cggf hedrefisemeest @mraﬁmg tha&semini mstrument is

o0 2} §ian SRASARL S0 b BT, R0 Hilo 8BR0L A Some

span grecipitation, etﬂhcé ﬂie SSlubityf &astH §iKa saloes are snmultaneously
precipitation at ower ratios is circuncal cul at ed,

(b) Hegned. T%Hb@rﬁlga&@n@lgﬁe@ Bihe efgys pbtairediin therindividual-
mor e SnsH o%r}"'gn@ew&ﬂ Hg\kh%ghé ﬁ'}e cﬁlntﬁfiﬁ &gst {%Pﬁ‘le lowest wt%

best™ co6sol vén rat oS 1S S Cri |ca

ext r agusohtent poirts,df &es mueipraciphatiorepleveénteoa prédisall t
tolerant, and (d) in situ pH electrode calibration

nakesd%RHn'B@f'@P 8 PEa¥alu§- a wi der pH wi ndow
[op ﬂ%&gb@ﬁﬂ%ﬂ&ﬁ&bg& dée Pé&ﬂ Qg fbﬁQét%}m'irnnJ Al gan}zBatﬁn

abo erm ne a val ues” at
(KC )constants osﬁthearrgislh iresotuble sbaqhouiﬁdss‘éhe/ &bllmmnglraprovements

a1 AreERIE(ED A W AP AT SRanySat BlER s Paskle. since

per s I'n
pe e“ce‘ﬁjgas gﬂpz)tfbﬂ%ﬁ’ gt grﬁé Io'm%rﬁ‘étlééu% él&ﬁﬁ%cﬁlcg{i'%t%gdwlg ?rent .

t 0 t heoneentrations mésmniajmay&ed@d Aor, morer\bewsitive datesmihation,
rseien 2003

2 46) %Iggf ngtﬂbe 0 ntnff Satiose e%gr&ﬁdéﬁ(gﬁlese)gtrapolatlon

Wi t hopto c@S@lrﬁalﬂﬁ? She Metﬁb@morbhﬁaulteméﬂirﬁ%nd (®Qn situ pH
perneability iles for the nentioned nol ecul es.

Sol i osleq:trmcalmm@m enakes Mecdetermingtions in amvider pkigvindow
per ARG iy XBLyGa dipRe (T111ed circles), as a

function o accor | ng to equation (12). Sanple

[00812}1 da Tafble m(aéé aboaepthen@enmtiatbtémihed pi& dilues at 0.15 M (KCI)
The dashed-1ine nmenbrane perneabilit

curvégn'qs;sr neiR fee lighed. Thase valupesre Renvalt FOaQé% M ionic

L OB, SO, JEHUA oo

| i neg)erareabilitpbufieeis atithe ddweheniefdtexrigtiv.dnike waaiof Otlyand 0.2

val “eﬂ lé(?lqg%rlgt%sa jugtmenqs{ 8?3 constant were made (Avdesef A.,
“Absorption and Drug Development”, Wiley-Interscience, 2003, pp. 116 -
246).

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

permeability curves, log Pm vs. pH, result when the calculated aqueous



The solid-line curves in Fig. 3 (all, except (d) and
(e)) are exanples of ABL Ilimted transport, since at

WO b@7/09882Xi num extent, they are bel ow the dasPerCHR0V6/000097
curves. Wth bases, for pH > pKaflux, equation (12)

is that of a horizontal line, and for pH << pKafl ux,
equatbd!fhdalyz)a%eﬁ (ABBY p@fm@a&h@g@ﬂ%s ﬁg‘o‘tt@& hoWszta?hnes) are
sl ope of +1 acl ds, << pKafl ux, equation

( 12) fagtoredhout of thg aftactive rmemneabme/ values (equqmlansz(g) and (10)).

b tn TRkt S8R eih 3 B eBtedtiaf BT IERare FR§mples of ABL

dat a linfieedBasspRt sihdehatttheir GedxiBrim efidnk rtﬁe?bré@elcﬂﬁhe
ABL, except for progNsterone where the set is at

25 mdashed-lgierasves dhrb@@ESpﬁcanw»mmceqmmm(m)ys that of a
- catskRnfing g st £ aiikin St l2y b Bt SER dagona
Caccnn% Wﬁh@@lBPé 'otmowlwa&lﬂ ,ﬁf‘%‘rffﬁg'%@ d@&%hﬁhﬁ(jz) is that

with the e-'Si nk PAMVPA
Ph ar mf eSconzorﬁai]Olﬁe, and fa3eH ->>3|4}Qaﬂuxaec|ué@otﬂ13(sﬁ)ﬁs tredt of a
drug absorption in vitro nodel", 11,

I\/at &H@Q@%WB@ With A2org 0kolis boundary | ayer by
|
(0454, b Rkmes bty 6 1% juBaglyhi itk GliERox sBilng at 40
t hi:l chme gRls gxeqplfor prog(éﬁer)on%] wh{ehmithmsmﬂng is & 25 ph ABL,
r m The thre es ex ee in
5 pria e ack piS-Fr et setinolcbs Used BHARREGIFAble
and ghyleenresarbosucH ﬁo?élﬁﬂ@&%t@fhﬂr |(§Pbl‘dfcle8 re é'l(Hb%vn (Avdeef

ABL perneability depends ar wel g of
specifestdilf fGacng pemmeaqmaoo’sweaklytbasrq dnuge pneélctﬁfd wme the

ot Rl sk PRNP ARl rthfas Efovasiorm Sty 20fieces 333 -

to P@m@‘\aﬁam&mnbsaw,yﬂfp\mmm Gﬂlgsabébfﬁforlﬁ‘p@itro model”, 11,
doubl e sink PAMPA neasurenents are perforned in the

pH r aMgéching thein vivgRqupees bguadawaxer(l@ewdmnquaﬂreen stirring in

i1 (ATt pIBEE) e TR (Cheifl, pPo% %2 HEPT4) e refined

120 PBlvHiiclersdes @qnaﬂ@dl (12?)témanei>¢amd ialig. 3, and range from 21
per e I t surenent, along wth maxi mum

menbiane et é‘ﬁt F‘lfﬁ? \3h§s eéﬁ%ecﬂﬂﬁgﬁéﬁﬂ W@Unﬂ*ﬁaéﬁ feaidugacaine,
PABL AR NG A o e en 0o e Fomoroi sdffiofyinee ABL

MW ( Fperme}ibulty\de'p(erKBTdh Nolecular wilght efthendpeaies diff@sifig in
1135 athgggug g%lu%orln,' t?\’eSuGS%ng the monomer molecular weight in calculations
leads to an increased apparent ABL thickness.

[0085] 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 pKy"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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walegynossasiol e 504. 6 1088 941 922 47 1, 1, 1100PCT/CH2007/000097
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efenam c acid 241.3 1514 782 909 795 4, 3, 4 [0087]
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i ndi €ab 0248 VIRESHODpinentS odviiNATES) tos3Z em's (BeinM NaliC). The
tor BESE IR ol ek e RS o Fom 1.8
for cloet GWRAPPE) to WhEK 8 OMadneat (0oNVAKEps to 4%

conpared to the excipient free value of 80% [0089]
(0688 AMembransrrisslien Isisibstantial immiost malealles, wgth astemizole

i ndi I : ipient. - Ug..l nier 1PNSand, deal |
M8 D v EE R4 S0k 5Bkbl (ot
exci pireppingree4pinitHextse ¢fors ams ORI TE)e thspiaif e\eR depletions
w th _excipients, then the determ ned ABL thicknesses,
hABL [Tosh i aHagus BeesesadestillpoRsible to aapessipermpability of
case erhl3)d'hd BAMPAIE ORI AYASHRIP I8HRAI ALRGcatdd"in

a nunber of cases, such as w astem zol'e "and

cl ot rMabde @l the other estpimetiariolebdBls chan@erin aaeking with the

det er mi ned. wever, in stark, contrast, the cal qul at ed
ABL (XCIDIGTES seQWimerpBrang i %'umca#st g"%%‘?'P'fObeomPeteS

pm i i . i

Pheor o caafy it B HARFR mEfRu8ne mhBking B to fygpomppunds, as

| onefeiexsarpplevibdhe shae of tamMddNahCepartictkdlytfor alotrgwazole,

fromthe effect of assogiated conplexes which have 0

very "HTEGR RisraetIBpr ST S SoMeareld Fo i PesiBRAE R Vol of 80%
[ong TiROABWMhigkHESHH3 liskfed RETABIE -2 M@ alSs tESivel df SABpient -

2007/ 098625 PCT/ CH2007/ 000097 26, equation 4 from

Avdeéruginteraptiens iseatly, iiFhrmIsugs Expred nejer.agoreggtes in
Zﬁgg%éﬁig?%kgﬁ%e §%lé98§8, nJO‘r a%ggéigﬁe% é&nﬁ%&leg ’\enﬁtht é)xc'ipplgnts, then
the determined ABL thicknesses, hagL, should have been about 40 um (or

[008A] &he moRE pEirA8AbIE $hALORE i BSRINEER, WHRNBSvAIes ran Jing from

25 pm in the case of the highly-stirred progesterone solutions). In a
number of cases, such as with astemizole and clotrimazole, the expected
hasL < 50 pm are determined. However, in stark contrast, the calculated
ABL thicknesses in 15 mM NaTC solutions are over 1000 um in a number
of cases. Table 2 lists the theoretically expected and the experimental
PaeL. 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



exci pient free solutions (0% NaTC, Table 3) appear to

i ndi cat e aqueous diffusion of nononers in the case of
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f or meddiaroto Eéﬁ@v@és 'a”mbl?@m@ QRS tHd Sth: "f‘ﬁcﬂe?l]ilgg Sppearing as

possibility that 1 solution I's di sso
sonme aggrepateseAldPden® Fb. é‘ﬁrresesag@fegaias ean,bebadsaviations between

T T SR Bt T e
bet wasdinlbility id @xtﬂéﬁﬁbpéﬁ‘d‘%mﬁﬂ&hé'aﬂbﬁ&lssﬁﬁbiﬂdté’d‘§g§fé§ation

those of excipient-free (base |evel) “solutions
f unctargarsoas higheasAB0AR, wihick doepinot seemreasapablas iss difficult to

aci o2 YRR ot SRR Aot e Rainh b i pianation.

bas e ssigE e mVINATPC soltisrsette inakd tddiotk ARHTR A FoBdties
in the presence of excipients, whiles acids and

neut riB$tEUrAEDE dé'leé(?éh@@aﬁlé forsaation afj kuthblesin thramicredie plate.
HP- f r@? QI O

exci SI; en 8 mﬁbgﬁ%%%’ﬂs"‘ appggﬁh'tohn%gv S%E}ﬁ'ﬁé ﬁb'i%e‘g tRé
per neMVPA menlrpae énbf gondeme, bt nulvisgalodvidéntgsot the effect

such excj pients ufficiently strong, that the
ormi Gy 7 SRR Al AbRaVeRe unbound di ug

|
O3S0 3224 90 o 15y e conn

g r ad isohitionstanekinosh of dxnipicrdricbeabasptievely sofptonsyest s function of

T e L T RN

the repmetehfly @ont BeidSeRRIPhafthalP R TRAPNIMP Yand 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



measur enent descri bed herein, although Fig. 4

describes the effect of the excipients, it is
woe@aapdeps di fficult to grasp qui ckly and use i PCT/CH2007/000097

practical decision nmaking r€gardi ng the uses of

exci pients. Therefore, a mapping schene is shown in

Fi g. the dongen®atiemgrddignt betwesh ltedl dBAMPAnd/BBEE P compartments
whi ch i nmproves the visual aspects of the excipient

ef f edhdhe prEVAatiorecell Heeieasenpleading tawesredased permeability.

BT AVHERELSs BYTRIRAAI el o S ARGy permoabity
ver t imehsureaterdidesciibed Rsrdin, fltHougPgsd destibed BitKeffect of the
ordered_hy their enhancement effect on intrinsic

per neXsiRients, it i§ wagalhndifiieyl tograsp auickly apdusadn gragiisal

enharipiof maktfy fidepting RS 3 B8AGENE PTa&RKire, @ mapping
exci mobehts istdrwrin'Figs5cFige 6/maad iFid.t7 c@ﬂe@@iﬁdﬂPAﬁMaﬁging,

neutral s iis enhanced, but depressed for the bases. T
war mWicBirprovggithe vigual agaecty af thnexeinienk effecise Shown are

. d H H . . . .

+oout s BSmbBAeRARg0s Br FARIBAINED Mg, PRRIEIRG (Pig. 5),

def i maenmibyaneeratepii@n{Fi§s € anesABL ¢FigTg Along tieolertisal axes are
V\:hlcg are plue violett and the |ike i ndi cate the
opposh&XCiRipntSpRRAsiions; ranicowesed ky ik ephgrcergenteffect on

enhang ins&eﬁém@b!ilgﬁ.yAIPPpggé t@’iﬁgk@ﬁlﬁ%f ggé{Sfe ke ddrjﬂl‘és, arranged in

perneabi Ity map | dent ul es an
exci phemrdenofhositérdramceldo Ieast embanced permealilityn On the

or L kA RS ot it beBral of Sl anc
pr oblRiRtdISis dritPRbd Thet d@are%ﬁftﬁdrqﬁ@ngbsgg 1;?}?@\Afégm':dtcgors,

6 is redundant to the permneabi :
an ewhinh are fediygowaandthe like isdicatesaninateasasi te property

sol el sji bl r fransnor t hen the twp. S

shoul teBRET B8 20igRu of 8h oY e e ebeEis FRgbed by
seen xepietttipseradifts ST €odli Edierse WGfch afeshiuB bl antvViRe like,
maps.. A consideration_for explalnlng@thls effect is

t hat indirate thewanpostie. Forcexaniels, Béhe esign abirgtiveiis te eohance
LU e RABANNnd Rip 16AHNb! Gthe R REELARY nldh 11BARASY the

ases co ereln I's'a p
abs emmeleciilesandixndipientStorkbinativrs et dre nidst preetsing in
conpartnments, seens. that the nmenbrane retention map

| nd| dATESSIAB PRIERBY ﬁ]dﬁgﬁa/t@i@@wgbb@mw obhe map reveals

[ j f the W
ot odrTon thati Ay Bohb S broB AR A Bvol uti on
[0092]t rTineememtjrond Bdtemtien ARLp oBlpigob isrefdundans to thegbéryneability
' ' f.th h t aqf Fig. 5 d Fi
6. | TRBORPEEG SuthABeNat 1 STRIFIBEicks lavsr at 0P GNaup solely

hi gh responsible for transport, 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
analytical 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



drug-exci pient interaction, |eading to slower
diffusion in the agqueous |ayer and decreased nenbrane
WO eaogvdeeh. An unexpected interpretation of theCT/&BR007/000097
map may be that sone drugs f4% m aggregates in
exci pient free solutions (see above), but in the

pr eseRs@mRduitabledrialfical piatirms fohtie UYRREEGHON AetHdEused in
drugs to self-associate Is | essened. This can be the

case thagiRAMPA/beelbtianingéruntantacai ne and di pyri danol e

] K %Vviv.PG,.1 % NVP, .and 1 94 PE f.or
obafitne Ret il iy §clially % lfeor Bl the Othgrfio maps of

map. Hig§0§4hdTFg. 607188 cleRBted Wil PHIGEMaY Ko MBWYpRSEd to mean high

their use is continuingly evolving. The maps | ook

syst gitigiexcipienipptaiacliate leashing ty slowesiwiidusiorin the aqueous layer

exci pj.e rank ordered, . N, ..

ot i T reARee FRIRGING T ellier ANGyRhEREER: bibrBliation of the
per hagBL ey sh tHap Bemengrubs #esm @ggﬂ%%dtﬁé féxoipiet free
silico algorithnms coul d be devel oped, ere the maps

" sel fSohtinns (see appvel bt inthe presesreiof serteip exsipiarts, the
| o2 RGP RE T Cro Yoo B RRRhod o B o he case

I nvenyitioglybanclahtide bsutaesihe rameddipprivanbrua K@IN0D4% viv PG, 1%
Si nce rmne_/, nol ecules can have very |ow sol ubili tP/, i _
par t IVuINIMPyang1ée BESS Tor exameles @svedigaiaddyr deep-blue regions in
neas%grmg‘g of solubility needs to be both rapid and
conpound-sSparing. Screening for excipient effects on
[0684ubiHe tglomaiags intredudeasare nisw laed thieinisieng continuingly evolving.
Nevert hel ess, rapid nethods of systematic screening . .
For R maPsIohe SisleMele dt pBhaitoR bad RpcaLSa e Sxcipients
(Chery r KAk i LOafe
appr o ogrBpodhds werd e AP ST Wag i & large number
pacl iafarelectiesahdpedraps mbee oonditians afd iiesxdf, extiients, in

1308) .uses, full factqrial robotic ass to scregen -
aboutsiltd Jgnt i ol beevaiad e de st organize’ by
(i nclsephagoREPsRilapkysenBat e 80, and ethanol) in a
nunber of conbinations to di scover an inproved

[0ePehvrweprige selekiliyoneasuremsnt forthpdist emkediment wéthe method

B PErSte  feoBBREA s g i

accurmagiy afoleculed canpiade vehhs solubilifg pe@idulatly molecules from
factorial design-of-experinents ( WO 2007/ 098625

PCT/ éwmemamszg@a@amm%ﬁ e Sﬁiﬁwdlsitﬁ _Ibier@OtbGEPid and

S0P GRS LEESHY SLARB APt g ik rakos

conpuask futier dauatingdidevearthsliegs rhyidimethiods lof systematic

sol Ubsiclreizél%ngd ?érasgn?rﬂmé’.ﬁé’ Saigglnt% Sreem %tiri]&nChgg fete glt. ?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, polysorbate 80, and
ethanol) in a 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).



[0096] In the exenplary solubility-excipient

nmeasur enent descri bed herein, the thene explored in a
woulogseS nk PAMPA exci pi ent, where the net hodPGf/CH2007/000097

PAMPA- Mappi ng i s introduced,?%ases on eight sparingly

sol ubl e drugs (astem zole, butacaine, clotrinmazole,

di pyrCormmmdreial goftwars limking DOBLpBrsddtedBrectly to robotic control
gl ybencl am de, and nefenenic acid), neasured under

fi ft cvistdBine ARt Al thgrearg mrfymémsﬁowtqmta computational

t aur %Qfﬂo%qp &30%&3(}91&8%%’ ﬁlnl O:ﬁ)lula \Slcg%(g lf(‘iroI Xstsrlkglg 'aggregation

pot assrumch
nmet hydffest@yrrol i done, and pol yet hyl ene gl ycol 400).
The nenti oned exanpl e of solubility neasurenent

0097
[Obg%ed“ftbﬁ rEEMpaEalulity ey eRiendveasyremernyldgscribed herein, the

U S % B A9 i 8 3954 et o

pH of PARARA- m:;mgixsinnodu@éd Wasessn élghﬂfap@ﬁr@]’y \ébl‘uble drugs
uni versal buffers fromthe conmpany pl ON (PN 10062
11007 §§emlgg@9@pta§a@mc&mma@§@ d.lnvrmrrsol@xgrnﬁﬂcéulam,

S e 4 AP, ol e

conca‘rftereatcomlsmatqon@bédnxmctmmmtgMdnommééhmétef Qui d
under Jél nically relevant conditions. Briefly

was Soidsexmiory-ireyclgdextnppRiassivm ehbrlaaupmlﬁrm@ycol 1-

NaT _ut
E:orrgép 'IEI%HFB‘hd Qgtglg&ga%ﬁqﬁgqﬁgtggte (35) For
[ODBaljfﬂmamnpoaad saxan‘rpée ofraaduhility mpsuresmmnﬂ isperfosmed using the
assuned to

5y RS A S e ita e COREBRTola: SiBHoamBle 406

v/ v. f I
Ve deRe %ﬁ;lvmagiéod%s?@gpﬁ ?%Eéhé'éﬁ%|%{ep%&?§%ﬂ%e pH of

exci pih@ mssgwdmboass@ﬂtlmszw adjysted wiivaniversal bufferstfean the

mg?oiﬁﬁﬁc@gf}& et ﬂBbfﬁﬁ a- ?:B;:h W th MV 1396

[oeeaLmtdmehtst Wsetbid thiy/ emampne of Reluit v\xmmembﬁt cofiprise

pack 270 into a 0.6 capsul e, i s equival ent
to a Waﬂtl%m SiXsGiRieBis wlmc igee eplpcias] neverlapi that | y

hi gh n\é@bﬂgg?ﬁ% ?p%ﬂeé‘qgtﬂ é(gt?’otlﬁtreﬁtm%ﬁﬁﬁjd élhélﬁ]bcally

exarrp msasur men

t he relkwvapt eotdifioee BJ1éflyeKCBWa$tsmaedh50d1 faﬁeIOeIlM- sodium
th the WO 2007/ 098625

| ut t
PCT/ é%%%wav &@3%8%%@9%@%%0%#@&&@? 12MMhe
ff
o RRBRHE eI O BIcA ey RS LR,
neas Lmaxlmum capeulbngih;rpee&asswneqmmbdal @ mL: cfet a1Gliredtume of

Ibﬁst :}Eggﬁ_e(g[;i € ca‘culaqett:l %%g|pvgﬂt%%ncentra§e onis 0 24% vlv. 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-p-cyclodextrin
(HP-B-CD), with MW 1396 and solubility 450 mg/mL, it should be possible
to pack 270 mg into a 0.6 mL capsule, which is equivalent to a 0.1% w/v
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



t he company PION, are determ ned by extrapolation in

nmet hanol -water sol utions, taking advantage of the
W@R0D7/098635 capabi ity to det er mi ne pKa val ues BPUBOHRG07/000097

there is precipitation duri i/ a portion of the

titration, in either aqueous or cosol vent solutions.

The pigel @eaelRcaRKITOF Bd GMoot@h sdm.fn@r P@ﬁnmﬁg i 130 B¥ig-

the instrunment, concurrently with the
deter@?iqlfat?nfdwmbl@p@@n%l ly an inportant feature for pKa

(0Reg /18 Bectda thh pRETkAERmRRL e Al pietioR bie dBte,

equi | ddteirtifed 9y theigdténticraéifiedn&mada sy ﬂfé G@rﬂlhﬁnstﬁ%ent of

Evol ution instrunment fromthe conpany

( Wobuthg, commpanysAPN, argsiederinmined by ee&r@npf;éloaxamt@anor-water

epel e BIEHS Sk Bt LI et o
i nt r agihgesleven ¥ Ghere3d pfddiPhars@liiid 8 PortiokNer theaRRitio, in either

l'iquid handling s%( stem (e.g. Beckman ul ter Bi onek- FX
ADVETRSIUemISIOf teasplyent aqalawgne e phielectadegeritbration was

ani v egR S BT Ru R, chpb P Ehdpw R e bR
( maxidatedmisation, %s;m@lgtarairmpmarﬁ f&dture RPPKY < B dri, > 10 in

exci pient containing buffer solutions. The residual
DVBO Gasebent BalUtiBRsi s kept at 1.0 % (v/v) in the

[05)‘&2@_‘[%‘&%@ Iy déﬁ’ﬂﬁmdtga‘ ﬁfregpﬁkééé-welll‘?ﬂlﬁr(ﬁftr% yiatd gguiyﬁlriilﬁﬁ

I Versa 'S necess
or derscﬂmblhtgtmemdemplémea@glrmgm usmLaEdolunbn limstrument from the

-SO|Sg Ibclf?l&l‘é r&%ﬁ*ﬂ{‘lédﬁ@/ﬂ_%e ||S L§§ﬁ| 13 %\Igrsﬁ(?lalrjrtlpllg rexample
AgQr Qﬂ%“lﬂﬂlt émehf‘ ‘wi f?éét% o%lle@fedaé} roorqstemperature (25+2

Conrprehen3| e I ci nal em str
ADNVE- W(Sapmle&aaneetyplcallg Wraﬂuced»a‘so‘r(bl SQJ}mMZIDNBO s&latibns. The

| ub f
dup iteReh i MendFig SRR te o BB EimaR Febyer BipmelcX
i nst rAmmaTo&qwa@t@uonWSftﬁa%fa‘ @LSIOl{ﬂ_eéthbt’on@mO%&&k
automatically prepared by the robotic system

qual |aa}utmmd>rrgxeﬁ it inie amAquacysdiivarsal pr‘FGBreSOdzldtquOSQ that the

he ieh SRR Sl e fiatinh 10 °2og iijh HE SXcipn:

meas Ltroenmnlng blfffetriseluthCEhé reditoal W%d@l@@ﬂr&lti@ﬁﬁs kept at
w th a@g/ ass. el ectrode: calibrations using
e

2007/08%6 24 Vberthedned brtiensgtions: )T herf@lwqrwe%fwam@ in pH

ot her

cont r OO BB GhilvoRal BAK; P18 |ORRoBgRPTH il o detprmine

2137-thé 4gpregationethd ietrindic solublity doristamtBE(AbdééfGA etal.,

sol ut,ions, cont apn suspe on drug I|d )

are f h ‘él?n('oégl%%%régng‘@éf% %Iaﬁep)‘al‘éﬁ'éﬂ’tw ggregation

SUPEIETRicadMin: Testa B. et al., “Comprehensive Medicinal Chemistry 11, Vol. 57,
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 buffers 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



solutions are assayed for the amunt of material

present, by conparison wth the U spectrum (230 to
WGo@7H9620bt ai ned froma reference standard, BST/OY2E7/000097

proprietary spectroscopic priddtedure that comes with

the Evolution instrument. [00101] Wth respect to

caseghd ®ridtBux2md Gthér Qrbivéfsa’Fbefergsd)Ihtléﬁs bRd &t éHrﬁpL‘jt@i"t

when a conpound forns a di mer or a higher order

ol i g&@sirolled @qltmnats,c titoator”, dmal. Geme H@F&c 66r 2$37-2142)

sol uﬁ{éb‘%—%‘ﬁgef\%ﬁﬁ %@%%%Lﬁ%gqq?ﬁ{a IS ng&alﬁ{@gwstg)ensxons of

C ur VveRe idhudrselid 8le filested 90 28m pordi 'rﬁléhﬂ‘ﬁteﬁn af8RRé 80bernatant
pKa that is different fromthe true pKa (‘€. g., cases

la &Utions are assgyedfor the amewitraf meaterial present by comparison

S0l e PR G ety o D AT B rRE8 ERpce standard,
aggr e@rid 9rpropn’tﬁuQﬁ@bdﬁtn@s@bpl'cqj”réc@éﬂurleQEatasomQé"V\ﬁﬂhrthé%‘Evolut|on

Derivations of cases | a, 2a and 2b are
descriR$EyMent.t he Ilterature and met hods to extract

ALY eapda BRLE1CIH ] e A0, 1D Rt nen o
t hei rcofggourat fopns aaﬂmel@rdr%f thigheesrier bﬁgonﬁﬂrﬁa@@@é@/\smutlon
Based on such pKa-shift in solubility analys

di meithe shameterislicsoiillyralid profertakes ena shap@@tmsedlcaed by
X 10;B2<[=, Helwg%?&rgﬂgggélﬁglcﬁ%’cﬁ%‘ﬁf)g dﬁc lld?é{l’{l?s in Fig. 8), and often

DuaI iigtitatbs aindppdkggt pidathatis &ﬁeeertts‘rom tthe FrastpKaE(e gEI cases 1a

PR 5B o5 ATeh g efmstichund abepaseons o
P h o %Q’B%h%agt‘&ﬁ@@) Zblﬁ) jovs €l dlf??‘%ﬁﬂ?ééb%%frbr?gregatlon-

(case 2a in ol ¢ acl case
Fi g. lrwuce&hdistﬂrh@)e o,fdng (S:a@é‘l Qura(esnDén‘gatlo&)s of[o@@é@ﬂ]a 1b, 2a

of st AR aea et ik etatiera felfdelodfegitndenying

pH- s ahiriRbici Solutsipty sl RRsdreRgow ih thaart. [Bhsesesh A4 shke
practical purpose of data interpolation,

ext r #sataentnare Rew AN ﬂ?@lr dartyationpace beefly described

aui ot SEBpfrovt SfseibT e pR iR 5Bty alASisa irRerization
have canstants rdr@mg)frogf wrx wﬁm@ r1 8 hGOa@WS@bkﬁr@pQé'éd g\vdeef
range, in order for th hod

vs. pHSbEbt "'?'§S¢'H§?:féc§é&ublaﬁyd Pk QUﬁﬁoreSéJkQueg-Sqwmn%
/ 2
2007)08p833y FEEHELBORHOLDOB Tt i2) RGOS i

pr es &itemistpdi, ModtShADMEFOX A@lpwaadrwé” eElsevier Gxferd] WK, 2006)

t t t I t f the d
\or cdUde ey RtineGase 2Bt big &y Hapeltcia ¢tieRan Fig. 8),

;ng‘g @é@t?ﬁg%ﬁﬂ Sggzsé @%Q' 8 ShdPrdcdn b5 M £y 8).
[00102] The equations underlying and summarizing this example of solubility
measurement mathematically describe pH-solubility relationships, and can
be used for the practical purpose of data interpolation, extrapolation,
smoothing, and compaction. Furthermore, the pKa-shift method can be
used as a quick alert tool. As is implied, the molecule must have an
jonization 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 pKa is known



the shift nethod. Caution is needed not to

mechani stically overinterpret the neasurenent data,
whoaewess2s | f an uncharged nol ecul e under goes BOIEH2007/000097

speci ati on anomal y (aggregat32on, DMSO binding, filter

retention, etc.), weak acids will indicate an

apparlﬁﬂépmmlyg h%@ntﬁ@&wbh? &?M%e@%heﬁﬁ?gggt%ﬁté‘% gre present,

g. and weak bases wi Il indicate an a
| oweranc{ whatherdhesea canskaaly ceféects ave doero dhe 8putrafortthe charged

b it e.qf b :
thon ot o R bRuF (aRRRF e itmalt AR b be Fabified from
I nvoltde nadnitute @fmﬁﬂimécﬁéﬁ%ﬁme?QKé‘gﬁlﬁzb'the Erd thé%est uses of
Al t hough the precise nechani sm of e anonaly may not

be agpasbift methed. |C@t¢tmsls l’tﬂ@éeélﬂdttto mmhanmnaw bhennterpret

?Eﬁ:ﬁﬁ?h@%@%ﬂ?@ ?ﬁla‘[% ho, &veﬁﬂgéﬁ\q@ Fgfrx]%ir lltnﬁfiqcupe Undergoes
pr actdopse speciatian anemdlyp (ddyrégativr, DIGBE I@l'nﬁﬁ‘wtgS ﬁl;élI reténtion,

possi bl e in many instances to nmeasure solu
the §i¢dswpale a@udsewanrmh@atesaramp@nent pKa @agmrttmematheotrue pKa

| b d
he” aBethda TP ) i Wl oS il DR o BT s e fower
t he shan tiee trtueapmrrabse 1b0|6)FQ;3]8%SIf>thé bB@érv@H shifts are opposﬁe of
aggregates, (HAN, H. A) nn-,

( AH, ) tﬁt?d(mo é@@hﬁ@ @hargﬁe |(fcﬁtbﬁlt thaarthe neutral) species is

i T |

o 7 o G0 SN, Al Wi
?el orméaﬂ":amm oftthe anegmett;:] Ma&tndmfeka}{)[%}gﬁﬂh dlhcédté% the shift

i rst situation, mixed cha weak aci d aggregat es

( AHASRAIDIRSE Wihthe nparertsolibily vl pfign reysalthe inisesic

2a aQQn@rﬂfte&ﬁ@olQbmﬁf Soll Tﬁ&%ﬁﬁe I @@gpf&c&%ﬁ%fﬁ%ﬁugﬁce to this

sl opes greater than one int
( Avdaéth @xcnpnentsallt is poasibiminunan}n instaodashiol megsungt$olubility in the
Ef f ect

e Pueets ottt RE sl EfBupcrinars e plupily that
, wélld hBve Aedh-e\Vide iR 'tlﬁ@él'i‘%ce’—%ﬁ&i’de%f exciibAfsdas though

UK 2006). In this exanple of solubility neasurenent
sevethey Mese e seurse ofla@es@ibei ng near one are

OSSR AT 0L SRR Ay

to dmtﬁe pesehce O¢é&€lpldrﬂs aﬂﬁc@ﬁsldémoﬁhéﬁldé‘ﬁdaﬁ&ﬁ foIIow along
t he ? gomsrl c m xed-charge weak acid speci es,

20074® %%fmﬁed@dbeﬂltﬁréwﬁ Thyg/is bpefly ﬁummarmenlﬁaelow for the

V\thlﬂNg fni: 1 ratio of HA and A-. The required

equi i brium equatl ons and the associ ated concentration
[OQM]ImﬂTesfll‘sbSItmairqni emuedad chafgengealn acMrbgét@ec(AH A)nn— are

PT Oblrgéra]r%eg (case 3ain Flg 8A In%ases 2a and Qb the orJer of aggregatlon
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 Aggregation
Effects” in: Testa B. et al. “Comprehensive Medicinal Chemistry 1I”, Vol. 5
ADME-TOX Approaches, Elsevier: Oxford, UK, 2006). 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,



HA(S) t HA So = [HA] (15 n A- + n HA! (AH A nn- Kn*
[(AHAnn-] / [HAlIn [A-]n (16) [00105] Solubility
wa)soodmsmfed by S =[A] + [HA + 2n [(AH. A) nn]PCLZH2007/000097
[00106] The [A-] and [(AHA) h] components in equation

(17) may be expanded in terms of [HA], pH and the

var i qA${-RHeH, Ifbubﬁ$ UghieRteheihs a =1 raiﬁcHaﬂ HKaand AH+rrhe+requnred
[HA] + 2n Kn*[ %n[HA]n [ HA] { [ H+]
Kn*  reswilfadane aquationsandg the agsciated qoaganiraimﬁ quotlents to

ko i) 96 el iR ericedBpiatn ™) 1 ting

forms ofp sgHation (19) may bR, RJPRPAGI[HAY S = log So  (14)
@ pH << pKaAPP (20) log S=1o 2n+| og Kn*+2n. 1| og
So- n pkid )'pI-H@ pH >> pKa (2%) =[H#0108] Equation (20) (15)

Iagglrgght/gs E%ﬁs @ﬁ%gﬁblgngﬁe_%ﬁg)%f] /trtﬁ‘ré\?l Winsic (16)

[oeq)d)sqksdlubnutyngdbﬂme@lldysol utions (case 3a in Fig. 8).
for _a weak acid, whose apparent pKa in a saturated

| f
sol uti &= IA]FdEAl tham [AEAFle pKa, a slope of +1 for (17)

BRI B hePAE Yo ST R fbanc

of +2errhs>v>em],, peplalnd thed/eﬂauseQumaﬁanﬁ@orfﬁtamrs or a
case 3a tetraner may be difficult to discern.

[ 00109 F A & B‘&:J'&)ﬁ'd"g’f]t %‘i‘lKon[ " char ge

aggr egat egy iqp n 23 ient are

regar ded 3 @E%%@x ]I anI %ﬁ%) Rg?&fpgase/ @?}Fhe sl ope (18)
i n t He logarghi@ic gatérpl formgannot be | ess than one. The

cases

eoded BSTIER Srotidd bht KatHHD st Ret ot i o1 (19)
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[ X] t clohltion i& Mxklthhn$hé lmlel pKy al slopebf sedompyH >> pKain alog S vs.
pH plot is consistent with the formation of the dimeric species AH-A-. 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)»"- in presence of
an excipient are regarded (case 3ax in Fig. 8). In case 3a, the slope in the
log S - pH plot cannot be less than one. The cases observed where the
slope is less than one needed further modification to computation models.
One can hypothesize that the oligomeric mixed-charge weak acid species,
(AH-A)n"-, 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 AH-X K™ = [AH-X]/ [HA] (22)



S=[A] +[HA + 2n [(AHA)NNn-] + [AHX ] (23)
[00112] As before, the non-[HA] conponents in equation

W@ 2®y/0995 be expanded in ternms of [HA] and t hePC/@HR@I®00097
equi l i briumconstants, |eadidg to the general form
equation (equation (19)): log S=10g So + log (1 +

] k. e .
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equi |domstanthferoieaction 91 egdaticn 612)iand theeohcgotration of the

of gt XoWcsT R P @52 bisfbical apetoi &) dpisln <<

at efxj&me pH still needs to be n >_ 1, because of
t he n-dependence of pH in equation (24) As the case
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a slope of +1. [00114] respect 'to refinenent
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[001it3Hae ¢ass: 3ax example 8 dtig wad eqidlibriurg eepstasts indicated in
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solublllty ues n nmode ca
cal cihabedd Inmmesamrbiathgh pwhtl'udwslope andyuappeardesé thameone, but

fined KaA ti
Cons e PATS bise BRI FRAPRER! worl RafisR siaRs of 1.
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Fig. 'y | og i on constant
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PCT. / rd,de in
e GBS o ST AT SERSREA oL S
uni t Mana’ﬁw fronetied tompahy (ORI ThBQidt@fr‘oﬁﬁﬁé\F&raM@iﬁerent t assays,
assessed by the "goodness-of-fit," GOF = Np
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,
=i (lOgSiobs_logSic'aIC)Z
= o7 (logS)

where N is the measured number of solubility values in the model, and log

(29)

Sicale js the calculated log solubility, which is a function of the refined
parameters: pK+APP (apparent ionization constant), log SsAPP (apparent
intrinsic solubility), log S, (true intrinsic solubility - cases 1a and 1b in Fig.

8 only), log Kn (aggregation constant), and n (aggregation order). The



where Np is the nunber of refined paraneters. [00115]
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4 o(case,2hrwiin the exgertion of butacaine and dipyridamole, which
apparently formed neutral aggregates (case 1b in Fig. 8). The two acids

POOORAPMANMNWOO

studied mostly form anionic aggregates (case 2a or case 3a in Fig. 8). It
was not possible to apply the "pKa-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 are suggested by the negative shift 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. 9¢) 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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eur V?ss %:I'eaI?r%?r]ethese 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 results
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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sumMmiiihaed Thi biAdh§ constant of aggregation in astemizole and
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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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coul dib o salt formation. [00123] Wth respect
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0.24% and 5% PEG400, over values in excipient-free solutions. Slightly
lesser elevations are noted with 1% PEG400 and 1% NMP.

[00129] 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 KCI, all PEG400
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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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HP- R est Irntri nS| soI ubi ach I'eve
i s stsblubility alowwied torl precise systematic evaluation. The map can be

automatically generated by software 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 DMSO. 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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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, eight
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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aqueous solutlon and the membrane, Cp (mol cm-3) 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" selution). If effects such as the
aqueous boundary layer (ABL) resistance, the formation of aggregates,

and other such complications, are neglected the HH equation applied to a
\
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as t sFate of complete dissolution. The pH of this junction point is dependent on
the dose level used in the calculation, 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 = log 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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[00145] Referring to permeability, the pH dependence of the effective permeability
is described by



pH (e.g., for a | ng dose, the critical pH drops to

6.5). Only for doses WD 2007/098625 PCT/ CH2007/ 000097
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measurements. The examples in Table 5 show that cyclodextrin lowers

permeability and raises solubility, but the two effects are not equal in

maghnitude.
[00147] Table 5
P(PH 5.0)| Po(pH 6.2) Po(pH 7.4) P,
COMPOUND pK, | ems?) | (emsh) | (ems™? (cm s GOF | N
albendazole (buffer) 4.21, 292 328 330 |4.28+1.59E-04] 39 | 6
(buffer + 1% w/v HP-b-CD)| 1043 | 30 31 31 [3.12+0.30E-05 07 | 6
amiodarone (buffer)® 0.06 381 1110 1180 13+3 21109
(buffer + 1% w/v HP-b-CD) 120 153 156 59+1.7 28| 6
naproxen (buffer) ® 432|525 58 4  |459+0.58E-03] 1.8 | 24
(buffer + 1% w/v HP-b-CD) 68 26 2 |3.02+035E-03] 1.1 | 5
S(pH 5.0)| S(pH 6.2) |S(pH 7.4) S AT
(gl D} (ugml™!) [(ugmL ™|  (ugmL™
albendazole (buffer) 1.0 0.89 0.88 0.88 +0.07 07 1 5
(buffer + 1% w/v HP-b-CD) 34 34 34 34+1 03 |12
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(buffed- 19w DHRGD) (wher e 4P88L |i s24dte | aqugouls bogirdagy | 3.8 | 23

napr3Y& (bigsryreabi [ i tly. For jan ABL133y cknegss+of N,1g1 0.8 | 4
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t he efdsedéfinet todelaispldts. pHiIrked 406, ABlatificknebs, and excipient-

assuming h = 40 pm [00146] In Table 2 the refined -
r esulle8 ¥y @Hﬁ@oakéﬂm@xé’f Al gthepihgr valies of permeability were

Per meaRidd by tBBaSE SAR td 5614 io5 1B, 3 OJo%PHe,iGE,Xo*O). When
?#és ?Ee ﬁ’\ux un ??%

measurenent "resu Into are

sunmer partidylanexdipient onpHhenhante$opdrmeability, tHdealcukféd ratio is
of the datg used Ié& taken fromt exanpl e of
per mIGRET AN ope, Whendhe sxapisntirhbeorabipation dgpremses

exampefmBhoff, il iecalEARKY BRRR|S S hah BRE. above.

Underlying the refined intrinsic values are nore than
[00Us) Thed? AMBPAaEXg piestiptbClassificatidn @radieabMa, whown in Fig. 12a,

ts. . Th I i.n Tabl e oW t e
Cyol SUBYETk Rrelid 0N KR RktTod fe e FErdas™ ) values. There
sol ubird B6Y gradibnishsloftd® ire Fige 2bS TAE @1d0E-2280 8kadiBnts indicate
magni t ude. [00147] Table 5 Pe(pH 5.0) Pe(pH6.2) Pe(pH

7. 4) ppgm giemerdnard aje (epresented Pyrwarm poloesr(orange,
AS, .%)8 r&@z ggeﬁéﬁﬁ-%ggc? glaediért?tﬁfiltn ?ﬁe) m%pzig'ldic%?eze%%gie%%gH-depressed
permeability, and is represented by cold colors (dark green, deep blue). In
this map, yellow indicates the baseline level, where the gradients 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 calculated

from the intrinsic solubility and aggregation constants, using the equations



(buffer + 1% wv HP-b-CD 10.43 30 31 31 3.12 0.30
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wa 078924 9 (buffer + 1%vv/v HP-b- CD) 120 15BCT/E6@20.7800097
1.7 2.8 6 naproxen (buffer)®¥4.32 525 58 4 4.59 0.58
E-03 1.8 24 (buffer + 1% wv HP-b-CD) 68 26 2 3.02
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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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Glybenclamide and mefenamic acid at pH 7.4 were expected to salt out for
several of the excipients. Also, mefenamic acid at pH 6.2 in 0.1 M KCl and
1% HP-B-CD is expected to precipitate as salts.
[00157] The salt limits were incorporated into the Solubility-Excipient-pH
Classification Gradient Map in Figure 12b.
[00158] As can be seen in Figures 12a and 12b, the preceding two classification

maps are largely opposites of one another. The regions in warm colors in
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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. 13j).
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. 13),
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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
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Because solubility is increased in the region where mefenamic is charged
(due to the formation of anionic aggregates), 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,
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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 solubility to monitor effect of excipients

on the absorption potential of compounds without explicitly determining
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f i guimsersihaw thigtant de ditkhewhDsansatdd@oaaiRred) solutions are
transferred to the donor compartment of the PAMPA sandwich pre-loaded
with magnetic stirrers. The filter of the PAMPA filter plate (the acceptor
compartment of the PAMPA sandwich) is covered with GIT-lipid and filled
with acceptor sink buffer (ASB). The ASB constitutes a buffered aqueous
solution at pH 7.4 with an added surfactant mixture (chemical sink)
mimicking the binding properties of proteins in the blood stream (Double-
Sink™ PAMPA). Vigorous stirring is employed in the assay, with stirring
speed set to produce an aqueous boundary layer (ABL) thickness of about
40 pm, to match the ABL conditions in the GIT. The PAMPA sandwich is
assembled and allowed to incubate for 30 minutes in a controlled-
environment chamber with a built-in magnetic stirring mechanism. The
sandwich is then separated, and the receiver wells are assayed and their



the log flux values, but the pH pattern of the effects
is different, with glybenclam de showi ng a
waadpsngsses al | y nore conplicated pattern. The fPCRCH2007/000097
i ncreases by factors of 3.0,998.1, and 3.1 for pH 5.0,
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second enmbodi nent of the nethod according t
i nveAPPEARANSOdR P highrthgoughpul RK n@ﬁ@mulﬁloar&éudles Indeed, in

Bboul 10 toh@ypnedl Hie df hhlifol S RbA v ca

aqueouncémfét&.ﬂn wrduadinespretiietia thélbfodd stbeam, éﬁ*@sgaréher does
W th 3 If\m The background anpunt of DVBO i n t he
§ e ftiv

aquedt the BemmRla, IueReR of SRIUbIitY Qromfmﬁﬂwlty on the
are HRaE DUt RheIS i ifadCbledB B

sol utions wi'th precipl atl on presen e ca
conc eoncattiation cofﬁhe Mtlu@nmwdldat innthehdoddiEfreami. s about

QB baBHind S 55 o o bBeEn o et sed arc
astemizole, butacaine, clotrimazole, dipyridamole, progesterone,
glibenclamide, and mefenemic acid. The Double-Sink™ PAMPA lipid from
the company pION (PN 1100669), 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 to simulate serum proteins is
used as the receiver solution. Excipients are added only to the donor
wells.



| ower than that, and are unknown. Saturated
(non-filtered) solutions are transferred to the donor
wa@eopargerent of the PAMPA sandwi ch pre-| oaded P@i/CH2007/000097
magnetic stirrers. "The filté&® of the PAWPA filter
pl ate (the acceptor conpartnment of the PAVPA
[0S 678 W/ith Fedpece tblékéiéle‘m bbnéé:ﬁrétlo%% SUBS et lof eREipiaMts from first
acceptor sink buffer SJ'I he ASB constit ut eg
buf f @nekpdigeabakthesmie qcbaccnrdmg tp.the iivemtion moeued above is
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[06 180} Thepd ateotipée distinddcase SONDIRY -as A resultisfaRe eée,‘thted second
shown schematically on the left of Fig. 15.. [00174]
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tron to npound. hemat e
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[00176 Itheolen of the assay, the area under the
curve' ﬁ?éﬁ ot WN yUV spectrum fromthe receiver
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excipient in the donor wells s divid by t

cor r €8g6harag thaigither e gais IPﬁmllﬂmﬂﬁjlﬂSSHhaﬂ tthe less in
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hel péullyi sahulsie iwith absiigit exeimemoe ahtiesdedré8ad T permeability is
t hough the nethod_is perfaormed using PAMPA as the
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etc.) I'S assay nay consi dere
firsthe mwpnmrthauhersomtblhtg d‘ilBg,ha¢d1n@ughqué0LE§<buffer atpH5.0is

P hangTieg aRetantua POl Theo sl SHsprioe tha! (e absorption
behavior for this compound at pH 5.0 is governed by the permeability and
that the presence of the excipient in the donor compartment decreases the
permeability of Butacaine. The second embodiment of the method of the
invention allowes detection of this behavior without separate
measurements of the solubility and permeability constants, but by simple
comparison of the compound concentrations (UV absorbance) in the -
receiver compartments. '



concentration versus tine profile in the blood stream
a researcher does not directly know the separate

w0 ndo7ioessee of solubility or perneability on theCT/CH2@I7/000097
ef fect, but what matters is®lhe increase or decrease
in the concentration of the active ingredient in the

[0t BBIT ey BavkcipRPd fbciRe9asdbg YekdiSicHs Sﬁle&? s THMIresult
chem cal s, the conpound used are astem zole,
but adadigaiesdhe moestipremisingl dpyg-exeipigng combitptoneswoeme. The

glib ' n fenem c..acid.. Th ubl.e- Si nk TM
D vp R EABr HE ralh o f ElTR e 08 ebmlei BB o ving the
st or efhsatptiodhropehi’ dfehe Biffled EBMpoRHdof the assayed
donor solutions is adjusted with universal buffers

[0 1&AhAIhrEgb dhe aagond emborimeniosanethotoace1ding 4o the myention is

ccavRses o0 nilb R arheiih SllbAd e I sty pglust it so
I eceitNgtrthe xelipisnt.effectisntaRelilated or 8ddsad] ameypdiftstMfnicking an

donor wells. WD 2007/098625 PCT/ CH2007/ 000097 60/
[ 001 T™)ViveiRharmespkigetien sy pi ent concentrations a

03 A e G0 e B nckL ARt BB TR BosbASec i the
i denteixthgrady@mdedinTesits of aisove) WiReSSlfornQianémbodin@its of the
the four excipients are selected to overlap the

conc &ngthatliasserding kxthednyantignasaeancsivabiet i nal 1 ui d
under clinically relevant conditions. For KC
concentration of 0.2 Mis selected, according to their
concentration in FASSIF/ FESSI F nedia. For propyl ene
gl ycol (PG, 2-Hydroxypropyl-R-cyclodextrin (HP-R-CD),
and pol yethyl ene glycol 400 (PEX400), exci pient
solutions with concentration 1 %v/v are chosen to
denonstrate the nethod. [00180] There are three

di stinct cases evolving as a result of the presented
second enbodi ment of the nmethod according to the
invention: [00181] Case | - excipient effect - 1 or

| og (excipient effect) - 0: This outconme neans that
the receiver concentration is the same regardl ess of
whet her excipient X is present in the donor
conpartnent or not. For sparingly soluble conpounds
this neans that either the excipient does not inprove
solubility or a decrease in the perneability of the
conpound offsets the increase in solubility. [00182]
Case 2 - excipient Effect .< 1 or |og (excipient
effect) < 0: This situation could nean that either
the gain in solubility is less than the loss in
perneability due to the presence of excipient X or
that the conpound is



fully soluble with or without excipient X and a
decrease in perneability is the dom nant effect. The

WO e@alopsetdr But acai ne at pH 5.0 denonstrat es tPCECH2007/000097
situation. It is known fronf2he first enbodi nment of
the nethod according to the invention, that the

Cla?ﬁllsum ity of Butacaine in aqueous buffer at pH5.0is
nuch greater than 50 pM Thus, it's not surprising
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dedrabination aff atlbm&di:eﬂnhtylmnmmurmbamd saExcigient at at least one
nmeasur.e S_g of the solubility and perneability
coegetined PHhvalUBy sinple conparison of the conpound
concentrations (UV absorbance) in the receiver
conpartnments. WD 2007/ 098625 PCT/ CH2007/ 000097 61,

2. [ Dhd 88jthGd of chim bvdigremassessing the changelajdhe flux function
(excipien effecfo)& > 0: This result indicates the

E g- exci pi ent conbi nati on outconme. The

gr%%%ﬁh tehbﬁntfréﬁd)rpdoﬁ&esdlw éh i & prédermeRMst RaRit cofpising the

I npr V|ng the absorption properties of the studi ed
camppuudd [00184] Al though the second enbodi ment of

hod. di h i '
Cpirbapo e doaorsuar el RO bRy BBl sBine
agd),ﬂpbuha ane thél&b,;ﬁé}ﬂ exci pi ent effect [ s caI cul at ed
for several tine points m m cking

pheapasingla reasiver solulipn. at[tbepee}efaﬁéhofﬂ wau@qfr% ef thex ¢yapound

a he invention is described with the
%éﬁ‘%ﬁ‘%\?gclé%@g’dl ments of above, -other alternative

eplovilling the calibratien dorbhselution dritdianityst dohdrechizamipert being

are conceivable. WO 2007/098625 P CH2007/ Q00097 621
crepargted frama fiFR deseiver ﬂ@@%%re%%ﬁf”% pf%&@fif%e%fioaw

eé&lgﬂ Itge“(}aaabsor&[&{jdm %ﬂfﬂé?fb%mqg b&ate ﬁoﬁr{‘ifts)e/cond receiver

on properties o OW SO _
cohqambedby the barnmtwdl prewiding theereseivpr eblution difsithg fisst and the
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assessl the change of the flux function onpri ses
t easudpg tbé response of the compound in the receiver solutlon of the first

and the second receiver chambers.

3. The method of claim 2, wherein assessing the change of the flux function
comprises a repeated performing of the steps of claim 2 at a plurality of

predefined pH values.

4. The method of claim 2 or 3, wherein assessing the change of the flux function
further comprises the step of determining a ratio between the measurement of
the response of the compound in the receiver solution of the first receiver

chamber and the measurement of the response of the compound in the



preparing a calibration donor solution at a predefined

pH val ue conprising the conpound; preparing a donor
wa@eloabpsses at t he predefined pH val ue- conpri si PQI/CH2007/000097

conpound and the exci pi ent;83reparing a receiver

solution at the predefined pH value free of the

g%gg%% ILRBA drlike %é&b@:la Ftleive < Phsligtg the calibration

I so ut| oninto a rst donor chanber being
separated froma first receiver chamber by a barrier,

ovi di t he donor al uti on 0 _a second _donor
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i clrarbbeisnepraprisessileumeasigrefrant of spedisdscapic pmpemﬁ&ﬁf the
tine; andl}geasurl ng the response of the conpound in
1 IgeeMeE SPIHAIONs o ution of the first and the second

recei ver chanbers. 3. The nethod of claim2, wherein

assessing the change of the flux function conprises
6. r Epe mettiog ef boymnegofafiaitss2 ta Bpwhereir ithe hariaids aelected from

plurality of fined.pH val u t :
cirs GhosbisoRsist B o et ebletn gl rurye Bt (Silef) qytured
f 8@IFkioRRls, bRt digficiEPiBhibiased.he step of deternining a
rati o between the measurenent of the response of the

conmpound in the recelver solution of the first

7.ofhe Iﬂ‘ée bgﬁ.&ggﬁg ég'i&Bn% ied:H %%@ AhsbOéng BRPORSTge of the

PRI fire80rA /19 perBimed Idr 4 preality of solpiounds ahdtanplusality o

recei ver chanber. 5. The nethod of any one of clains 2
t@XGIPlemf‘eblél n nmeasuring the response of the conpound

' El&ééé\?lé’lpeg @WX‘%@X%‘? lchbP%blgf;oﬁQﬁt e négrfssgrégﬁ%dn Pﬁo\?a@t%’egmprising

s pacl cosbinationsiogeht mfetlae plurality ofroecepaumdssaridieaamof the
The nethod of ,any one of clainms 2 to 5, wherein the
bﬁW’f"@VQ §XGipiei®ed from the group consisting of

hH Vidih g?ﬁé‘gﬁfraﬁlg éﬂ‘ﬂonbf $81488ns Mte Rt pIhfa‘h%W@ﬁsecond donor

and artificial br anes.
Theameerodeing snp,arailed fofm @l pluradity2of sﬁo@nd\méeyehchambers by the

sessi t he. e of.the ux f t]
“BER Al AR bl S b BE R g cgpang pgeeiver
tha%@wleﬁm S by preparing a plurality of donor
solutions at the predefined pH val ue conpri si ng{
measuring the response of the compound in the receiver solution of the

plurality of second receiver chambers.

8. The method of claim 1, wherein assessing the change of the flux function
comprises the steps of:
preparing a calibration donor solution at a predefined pH value comprising the
compound;
preparing a donor solution at the predefined pH value comprising the
compound and the excipient;
measuring the solubility of the compound in the calibration donor solution and

in the donor solution;
measuring the permeability of the calibration donor solution and of the donor



each conbi nati on of each of the plurality of conmpounds
and each of the plurality of excipients; providing

wo b@7pbssenl ity of donor solutions into a plurabPCT/gHRG07/000097
second donor chanbers bei nf4separated from a a
plurality of second receiver chanbers by the barrier
aR@|RIgPY aAgng the receiver solution into the plurality
of second receiver chanbers; and neasuring the
r @opavisimgdhetpasmeahilitumeasurarmentrresuits and dag aolubilityf

t he | uraljt .second, recei ver chanbers. 8. The
mg?%%ﬁ"smeat5¥ﬂfq%,'n%wtﬁpg‘%ef§§§té%i ng the change of the
flux function conprises the steps of: preparing a

cal i bration donor solution at a predefined PH val ue
9.carhsr insithey ohdaine Snpberein aseepsing e ehangm ot thel i fonction

eSS ot PR of SR 5\ sl § S ety of
C preaefived ?Htm(g@l i bration donor solution and in the
donor sol ution; neasuring the perneability of the

cali bration donor solution and of the donor WD

1 AT SRl Y Mty e tPemiio BB oMy of e

S @owipdurid/in thieaalibeiientdones sblusioh el ihBe oHsr solution comprises
function. 9. The nethod of claim8, wherein assessing

t Hee skRAfg@l of the flux function conprises a repeated

p ' A nlurality of
oot sbltfiolt ot Bledetelieerdl dt dheyi 7 52, %,
Whitteging saltbsolations;iangl of the solubility of the
compound in the calibration donor solution. ,and in the
ddnerswidieRMegRficoBpoykindhe 6‘3‘9@& selyiRMsat i ng
said solutions for a predefined period of tine;
filtering said solutions; and neasuring the anobunt of
1t driieonethddhof &y bné Péclains &l tot 1) meheréih. theeeastrimgdofdhe

any one,qf clains 8 to 10, wherein th asuring of.
¢ Rereplieft S Bretiretandt SR nishBe ok seBiion
andnridezandyteps 6@l uti on  conprises the steps of:
preparing a receiver solution at the predefined pH

vdlraparing a receivaeseuligoahthe predefined pH value free of the compound
and the excipient; ‘ |
providing the calibration donor solution into a first donor chamber being
separated from a first receiver chamber by a membrane filter, providing the
donor solution into a second donor chamber being separated from a second
receiver chamber by the membrane filter and providing the receiver solution
into the first and the second receiver chambers;
incubating said solutions for a predefined period of time; and
measuring the amount of compound in the donor solutions of the first and the
second donor chambers and in the receiver solution of the first and the second

receiver chambers.

12. The method of claim 11, wherein assessing the change of the flux function
further comprises the step of determining a ratio between the measurement of

the amount of compound in the receiver solution of the first receiver chamber



and the excipient; providing the calibration donor
solution into a first donor chanber being separated

wo e@mogsebs r st recei ver chanber by a nmenbrane fPCT/€H2007/000097
provi ding the donor solutid®into a second donor
chanber being separated froma second receiver
Clzmaithe ryadlrententof gecarblhest fecdmByurt iMthe8ceiver solution
receiver solution into the first and the second
r & die secehrensiver chaglest i ng sai d sol utions for a
predefined period of tinme; and nmeasuring the anmount of
conpound in the donor solutions of the first and the

13 THentietuitbof amaohe b claiis Briot e wireeinvasessingithethahge of the
the first and the second receiver chanbers. "12. The
nilupdeneliortisraformediipes dluralitysefssamigpunss andha géurality of
t : flunction further conprises the step of
dle%?((g{ r'r%’rﬁr%lsrt}) "a ratio between the neasurenment of the
anppeparieg a piuraditynst domot Belutiensiay eie pridéfihed pdf valhe of each
first receiver chanber WO 2007/ 098625 i
PePN&ipaiinn ebeadyof 1hs plirdity olcareprunds and eaeh phthe plurality of
algg(g@q-erﬂg. the conpound in the receiver solution of
t hé second recei ver chanber. 13. The nmethod of any one
ofmedsuiring tBetsoluldlity wif éfeecompsand $n egch be trhdovgsr stlutidits; and
flux functt'hon is pgr,for d fotr ac‘fl urality of
c PR BrPeAMSERHIE Pk gt of tBedanasSOtgRs. pr epar i ng
a plurality of donor solutions at the predefined pH
val ue of each conbination of each of the plurality of

14 dinecnetiodoithreacie of claimes Bltar7abi 11 tofl 3, wheign e ssceiver
measuyring the solybility of .the conpound in each of
tﬁ@ﬁ‘&ﬂo&)@%ﬁ‘%ﬂﬁ %ﬁ@?ﬂé’rﬁé a%é‘éﬁ:ri ng the perneability
of each of the donor solutions. 14. The nethod of any

one of claims 2 to:7 or 11 to 13, wherein the receiver -
15 dihet methasbaipelaise 34 avhereirs theoadditivel has aé Jeast onglof the properties

| i m 14 in . th ddi.t i h t | t
ong e iraf arbite MR Cb Bl HE S o o
biabdbriopagfagiraviole® lighth Righowaer BelubiliRy arkPRW VApsUt prbssure.
ultraviolet light, high water solubility, and |ow

vapour pressure. 16. The nmethod of any one of clains 2

1, g RAPS Y B 22565 KRB i o iy e

Tleelibratibadlopior solution@ndfthe ldainoe sélution/ or 12 to 16
conprising the steps of: rank ordering the ratios by
exci pi ent, conpound and pH val ue; and visualizing the

17, e RBBHISESE diflf difSof claims 4 to 7 or 12 to 16 comprising the steps of:
rank ordering the ratios by excipient, compound and pH value; and

visualizing the rank ordered ratios.

18. The method of claim 17, wherein the rank ordering of the ratios comprises the
steps of:
calculating ratio sums for each excipient over all compounds and over all pH

values; and rank ordering the ratio sums.

19. The method of claim 18 further comprising the steps of:

calculating further ratio sums for each compound over all excipients and over



18. The nmethod of claim 17, wherein the rank ordering
of the ratios conprises the steps of: calculating
wo ato7o9sesrs f or each exci pi ent over all conpourd®CHE7/000097
over all pH values; and rarf/ ordering the ratio suns.
19. The nmethod of claim 18 further conprising the
st:gNsH 9hlucsahhd Iram B&Eing tRBFurftRér r2itid Wignd, 0" _each
compound over all excipients and over WD 2007/ 098625
PCT/ CH2007/ 000097 66/ all pH val ues; and rank

2 oplEr fait oo AP BreodrodRR S i B R any ono

O cldiinsCli Aig9.17 to 19.



