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(57 Abstract

Methods have becn developed which use high throughput combinatorial formulation technologies, preferably in combination with
nanotechnology and microarrays, to improve one or more properties of materials used as components of, or in the manufacture or use of,
health care products, consumer products, agricultural products, nutraceutical praducts, veterinary products, products for use in manufacturing
or processing industries, military applications, and research reagents. In a prefemed application, the Dioavailabitity and pharmacokinetics
’ of the drugs, especially small molecule pharmaceuticals, are optimized by making many new formulations and selecting those formulations

based on one or more physical or chemical properties such as solubility in an aqueous solution, without compromising selectivity or potency.
Systems employing these technologics have been designed to rapidly, systematically and cheap identify optimal compositions for a desired
purpose. In one preferred embodiment, new formulations are prepared and tested for bioequivalence to a formulation that is approved
or commercially available. In another embodiment, the formulations are initially optimized in virro For their pharmacokinetics, such as
absorption through the gut (for an oral preparation), skin (for transdermal application), or mucosa (for nasal, buccal, viginal or rectal

formulation), solubility, degradation or clearance by uptake into the reticuloendothelial system ("RES"), metabolism or elimination, then
tested in vivo.
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Absorption | G. Zleersalnopmg@ptumlzedcfomhuiaﬂm)s fveheakib Ica:s prdAuBe, consumer
products, agricultural products, nutraceutical products, pharmaceutical
formulations, veterinary products, foods, research reagents, and industrial
products, by simultaneous and sequential processing and assaying of
formulations.

10 Most drug formulations are developed by adaptation of existing
formulations to new drugs to achieve the desired delivery characteristics.
For example, compounds that are to be delivered orally are usually packaged
in a capsule or tablet, optionally including an enteric coating or controlled
release formulation. Compounds that are to be delivered topically are

15 formulated in a gel or transdermal patch, again using a carrier that has
previously been developed for delivery of other drugs. Even the numerous
systems developed for controlled release are typically selected initially based
on their general characteristics, then tests conducted using the particular drug
to be delivered, with minor changes, to result in an acceptable formulation.

20 Presently, even defining the best dosage is more a matter of selecting a few
representative values within a range, testing these dosages, then selecting the
best of the few that have been tested.

In most cases, there are only ten to twenty formulation alternatives.

It is readily apparent that twenty percent of the top fifty selling drugs would

25 benefit from improved pharmacokinetics (absorption, distribution,
metabolism, and/or excretion). Pharmacokinetics mathematically describes
the amount of drug present in the bloodstream over time and significantly
mpacts a drug’s efficacy and safety profile. Improved pharmacokinetics
could increase compliance and lower healthcare costs.

30 Optimal formuiations can be developed by taking into consideration
the solubility and stability of the drug to be delivered, the biological

properties of the drug, the release or delivery requirements, the ease of
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research reagents.

Summary of the Invention
Methods have been developed which use high throughput

combinatorial formulation technologies, preferably in combination with

%)
th

nanotechnology and microarrays, to improve one or more properties of
materials used as components of, or in the manufacture or use of, health care
products, consumer products, agricultural products, nutraceutical products,
veterinary products, products for use in manufacturing or processing
industries, military applications, and research reagents. In a preferred

30 application, the bioavailability and pharmacokinetics of drugs, especially
small molecule pharmaceuticals, are optimized by making many new

formulations and selecting those formulations based on one or more physical

o)
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of the materials used as conponents  of,
concentration or composition of at Ieast one material,
20 3) the array is comprised of more than 1000 different formulations,
4) the array is formed by input of the matenials at separate sites from multiple
sources under the control of an automatic processor, and
5) wherein the array can be connected to or accessed by means for screening each
formulation for at least one variable relating to intended function, activity,
25 chemical or physical properties,
b) a reservoir means for storage of formulation components,
¢) ameans for inputting formulation components from the reservoir means to the
formulation test array, and
d} a processing means for contrelhing the formulation components inputted into each
30 wel] or at each site of the formulation test array from the reservoir means so that
each formulation comprises at least one material in common but has a different
formulation.
In a third aspect, the invention provides a method of determining a formulation
comprising two or more matenals having one or more desirable characteristics, the method
35  comprsing:

a) identifying a compound to be formulated

3



in the manufacture or use of, health care products, consumer products,
agricultural products, nutraceutical products, veterinary products,
products 20 for use in manufacturing or processing industrfeQctobarPPQ3ary
applications, and research reagents. Summary of the Invention Methods have
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vivo. In another preferred embodiment, the formulation is optimized based on microstructure

of the drug, the carrier, or the combination of the two components.

Microstructure includes crystalline or amorphous structures, or combinations thereof,

polymorphs, solvates, hydrates, isomorphic desolvates, glasses, solid solutions, and specific

25 unit cells such as hexagonal packing orders, ionic crystals, holes or interstitial spaces, and
lattices. Other microstructures can include, or be influenced by the presence of, structures such

as enantiomers or racemic forms or mixtures, of the active agents.

Brief Description of the Drawings
30 Figure 1 is a schematic of the method to optimize formulations.

Figures 2a and 2b is a more detailed schematic of a process to formulate and analyze
multiple samples, for parameters such as solubility (UV-Vis HPLC) and oral absorbance,
wherein Figure 2a is a schematic of the process wherein solids are deposited in the array, then
reconstituted and screened; and Figure 2b is a schematic of the process wherein liquids are

35  deposited into an array, dried, reconstituted and then separated into liquids and solids and

screened.
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20 3) the array is conprised of nore than 1000 different fornulations, 4)
the array is fornmed by input of the materials at separate sites from
multiple sources under the control of an automatic processdkOctabri 283
wherein the array can be connected to or accessed by neans for screening
each formulation for at |east one variable relating to intended functi on,
activity, 25 chem cal or physical properties, b) a reservoir mnmeans for
storage of for mif&rsHns %éfﬁb}b?féh‘% splubgity tebppstangc) 063, 59tmiqueiferutagereul at i on
CO”ponentScEﬁ%HhEQﬁﬁﬁﬁ§%hNﬂh@ﬂGﬁﬁ@éuﬁ@ekﬂﬁmniQr”U|at'on test array, and d)
a processing neans for controlling the formul ati on conponents inputted into
each 30 well or at each site of the fornulation test array fromthe
reservoir nmeans so that each fornulation conprises at | east one materi al
in common but has a different fornulation. In a third aspect, the

i nvention provides a nethod of determning a formulation conprising two or
nore materials having one or nore desirable characteristics, the nethod 35
conprising: a) identifying a conmpound to be fornulated 3 31 Oct ober 2003 b)
selecting the materials to nake the forrmulation, c) identifying at | east
one functional, biological, physical or chem cal characteristic to screen
the formulation for, and d) fornmulating the nmaterials into an array of

mul tiple forrmulations, wherein: 5 1) the fornulations are | ocated at
separate sites or in separate wells, 2) each fornulation conprises a
different mxture of at least two materials, at |east one having a known
function, activity, or property, each mxture varying 1in the concentration
or conposition of at |east one material, 3) the array is conprised of nore
than 1000 different formulations, 10 4) the array is formed by input of the
materials at separate sites fromnultiple sources under the control of an
automati c processor, and 5) wherein the array can be connected to or
accessed by neans for screening each fornulation for at |east one variable
relating to intended function, chem cal or physical properties. 15 In one
preferred enbodi nent, new fornul ations are prepared and tested for

bl oequi val ence to a fornmulation that 'is approved or conmmercially
avai | abl e. 1n anot her

3b



enbodi nent, the fornulations are initially optimzed in vitro for their
phar macoki netics, such as absorption through the gut (for an oral
preparation), skin (for transdermal application), or nucadadddber20tasal ,
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effect on solubility.
Figure 8 is a graph comparing rates of dissolution and equilibrium
20 solubilities for TPI-2 and the antibiotic-antifungal, showing TPI-2 having a
higher rate of dissolution as well as a higher equilibrium solubility compared
to the antibiotic-antifungal.
Detailed Description of the Invention
Methods have been developed to optirnize formulations to improve
25  one or more properties of materials used as components of, or in the
manufacture or use of, pharmaceutical and veterinary products, nutraceutical
products, health care products, consumer products, agricultural products,
industrial applications, military applications, and research reagents. In a
preferred application, the bioavailability and pharmacokinetics of drugs are
30 enhanced by reformulation of the drug with one or more excipients. The
method includes the initial step of selecting one or more variables of a drug

formulation to be optimized, then formulating the drug using a large number
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steps of identifying one or nore active conpounds are to
fornul ated (or refndmeldrgthag)an models. The screening can be performed at very hlgh

inputs — for example, more than 100,000 formulations / day.
As used herein, compositions refer to combinations of two or more

components. The compositions, not the components, are subjected to

20  screening to determine the optimal formulations. This is not a screening
technique to identify compounds having a particular activity, but rather
screening of novel formulations of known compounds to identify those
formulations with the most desirable properties. As used herein, nanoscale
refers to formulations or components thereof being present in individual

25 formulations in nanogram quantities; microscale refers to formulations or
components thereof being present in individual formulations in microgram
quantities. “Microarrays” refer to array plates, reservoirs or other sample
retaining means for many very small quantities at separate sites on or in a
support means. Sample formulations typically consist of Iess than one gram

30 (1000 mg). In a preferred embodiment, the samples consist of less than 100
micrograms (either of individual components or the formulation as a whole).

In a more preferred embodiment, the samples consist of less than 25
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As used herein, compositions refer to mixtures of two or more

components or to a library in which one or more variable such as

20 concentration of one or more component is varied. In the preferred
embodiment, the libraries are constructed using systematic combinations of
two or more components, for example, by varying concentrations of drug and
selection and concentration of one or more excipients, as demonstrated in the
following examples, in a grid or array (i.e., an ordered set of components)

25 such as a 96 well plate, nano- or microarray. Preferably the system is
automated to control mixing or blending of the components. Alternatively,
the compositions can be prepared prior to insertion into the grid for testing,
for example, drug containing microspheres could be prepared by varying
drug concentration in an aerosol which is spray dried into each well, yielding

30 microspheres of drug within a carrier matrix, each having a different drug
concentration. Once constructed, the libraries are screened using automated

screens, for example, testing initially for solubility (for example by optical
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forming agents and pH modifying compounds, stabilizers, components

which increase adhesion at the site of application, surfactants which enhance
20 solubility, dispersion, or dissolution, etc. As used herein, solubility refers to
the equilibrium solubility or steady state (and is usually measured as
amount/volume solvent) and dissolution refers to the rate of dissolution
(which is usually measured as amount/volume/unit time).
A, Pharmaceutical and Veterinary Formulations
25 As described herein, the goal is to obtain formulations which are
optimized for an intended purpose. Representative purposes include
chemical and/or physical stability of the drug and/or formulation during
manufacturing, packaging, distribution, storage and administration (as it
relates to the active component(s) as well as to the formulation as a whole,
30 and components thereof), drug uptake, drug half-life after administration to a
patient, pharmaceutical properties, delivery kinetics, and other factors which

determine the efficacy and economics of a drug. In some cases the drug may
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Prophyl actic and ogle?'pt?lg c;[aln eI\I/l%cﬁficiac? L)? reformulation. Examples include ZOCAR®
or simvastatin, a statin administered orally in tablet form to lower cholesterol,
which is characterized by very low solubility in water, and undergoes extensive
20 first pass metabolism in the liver. Another example is LOSEC® or
omeprazole, distributed as enteric coated granules in capsules, with poor
absorption due to presystemic metabolism. Other drugs of particular interest
are PROZAC® or fluoxetine hydrochioride and VASOTEC® or enalapril
meleate. Prozac is a well known antidepressant with a slow rate of dissolution,
25  limited solubility, and slow absorption. VASOTEC® is an antihypertensive
characterized by degradation during storage, presumably due to hydrolysis,
with only about 60% absorption. PRILOSEC® or omeprazole is slowly
absorbed and undergoes extensive metabolism in the liver. CLARITIN® or
loratidine, an antihistarnine, is insoluble in water and therefore formulated as
30 micronized drug, which is rapidly absorbed then undergoes extensive first pass
metabolism. PAXIL® or paroxetine hydrochloride is extensively metabolized
following oral administration. CIPRO® or ciprofioxacin is practically
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Cycl osporin exhi Bidwih enhancing agents, dewormers such as IVERMECTIN® and
STRONGID®, and systemic and topical pesticides.

20 Diagnostic agents include contrast agents for use with ultrasound, x-
rays, fluorescence, MRI, CT, and other techniques known to those skilled in the
art. Formulation of these materials is typically critical for effective delivery,
detection sensitivity, targeting to an intended site, and for improved comfort to
the patient.

25 Research Reagents

Many of the same types of materials which are useful as
pharmaceuticals and diagnostics can also be used as research reagents. These
materials do not need to include GRAS or FDA approved components, and
typically will not have issues relating to pharmacokinetics. Examples include

30 antibodies, labels for proteins or oligonucleotides, buffers, enzymes, and other

reagents used in laboratory studies.
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bi nders, wet” bin dISI ants,
stabilizers, wet tdaRfum stearate, polyethylene glycol and propylene glycol. Disintegrating

agents include starch, sodium starch glycolate, cross-linked sodium
carboxymethyl cellulose, modified starch (EXPLOTAB®, PRIMOGEL®)
and cross-linked polyvinyipyrrolidone. Glidants include talc and silicas

20 (silica gel, CABOSIL®). Stabilizers include butylated hydroxyanisole,
butylated hydroxytoluene, EDTA, ascorbic acid, sodium bisulfite, sodium
metabisulfite, and propyl gallate. Wetting agents include dioctyl
sodiumsulfosuccinate, sodium laury! sulfate, polyoxyethylene sorbitan esters
(e.g., polysorbate 80), and lecithin. Other ingredients include enteric

25 coatings, extended release materials, etc., which usually dissolve at specific
pH levels or after extended exposure to GA contents. The materials typically
consist of natural polymers such as synthetic cellulosic polymer derivatives,
waxes, glycerol esters of long chain fatty acids, and synthetic polymers such
as polyvinyl acetate.

30 Materials used in hard gelatin capsules as fillers include lactose and
anhydrose lactose, starches such as microcrystailine cellulose, disintigrants

such as pregelatinzed starch, sodium starch glycolate, cross-linked sodium
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agents, and other ingredients. Representative fillers/binders include
| actose, mcro-crystalline cellulose, calciumphosphate, dibasic and
“tribasic 10 phosphate, sucrose, pregelatinized starch, manfiltlobes¥obit ol ,

cal ci um suyfAfesz7di hydrate, ethyl cellul ose, and pol yet hylp@Teugbyssss s.
Representative wet binders include acacia, gelatin, starch, pregelatinized

. starch, polyvinylpyrrolidone, hydroxypr |, cel } 1 I yl
met hyl cel | ul ose. €& b yroethylcelliiopd: dad H’Z?S?igg‘nyeﬁrﬁ‘@t“e r“%té’g’,hdg%{ée]’laa%%ggg%d, 15
hydr ogenat ed veggggm% Sicfiak ?ol}@%tl\mr&ts@ﬁﬁbﬁl efterspodivey laniyieulddtealibstyt al c,

cal cium st earate, ~pol yet hyl'ene gl ycol, and propyl ene glycol. Disintegrating
agents include skadiaim, swlﬁxsmmmm,@p@ﬁxmt?ﬁéq’eéﬁr@%%q%‘é’gg]p%ﬁ?ed sodi um '

car boxynet hyl cel if star j@SP AB(r), PRIMOGEL(r)) and
cross-1linked pol &%mp&gﬂ}db&ﬁaﬂ& |0§|§3}1}§s |c:$gEude talc and silicas 20
(silica gel, sCABCSI L( IQontrofféér dukaiics rélect fatmubtivns apsdllhingemeyaaisol e,

butyl at ed hydr oxytol uene, EDTA, ascorbjc acid, sodi isul fi sodi um
met abi sul fite, ameatpxoppolygar palvsaccher q%&“%?deﬁ%t%s‘iffr‘:’g‘]i‘ g‘&"e"ed%‘gctﬁ?ﬂ

sadi unsul f osucci nat e, ,sqdi,um | $alBte dhivaxthe Ry sghdgor bi t an
esters (e.g., pé?%’%ﬁjﬁgg%h %)b,%q%%ddtolségck:iﬁhi ne. O h?r( i n??gledi ents include

enteric 25 coati BgSactieXiotdetased] dhsenatmix eai bzl in thecform of palleish bl | y

di ssolve at specific pH levels or after .extended contents.
The material s typlabsimgs, db%‘ﬁ’&egtlSWreﬁ’aQrﬁ?lﬁTOP%%lfgﬁé’?)éggﬁg&%ﬁgése%gj%t hetic

cel l ulosi c pgf ym%ba ?%%’@Jeh!ﬁ@l%in, {IRAXES midby&aEioinchrleemsicrofphemagndhai n fatty
acids, and syntheti'c polyners such as polyvinyl acetate. 30 Materials used

in hard gelatin caipmchpsilasaswéll sy micropertiais. 1eiess oterwiie SPSHIRr ose | act ose,

starches such as mcrogrystalling cel | ul ek SENL LA as
pregel atinzed starch, d}"%fﬁ?‘&rég%ﬁo“ﬁ‘f:@ggﬁ%} %‘?H*’?{%Hsa‘s’%?m"zﬁg?gﬁ?ﬁm 10 WO

00759627 31 Cct 0t}ﬁém@&@éuho%giwa@@rwﬁﬁe&xanm hexyyafetdly patiehlety e, and
cross-1linked polyvinylpyrrolid

I'i done, and vve,tifin? agent suc(gf@as 1
pol yoxyet hyl ene gordniteraladeynisirations NpgFPRRF BAYREF F3Y 8¢ U9 91 sodi um
sul f osucci na , pol.yoxyet hyl (18ark BLURONI CSO , BASF),
and pol yet hy]tine %W%B{%tfms%ﬁ?é%%%é gjﬁﬁgﬁgﬁg{:ng%? gaefl ease formul ati ons

typi cal Iy i ncor pqsodfsaceharities, a3 desofibqudiefores or pobimyessleayh defiars Bleasigar, as

described above, c%;ra?:%err]igtrics employed. In general, synthetic polymers are preferred due to

more reproducible synthesis and degradation, although natural polymers may
be used and have equivalent or even better properties, especially some of the

20  natural biopolymers which degrade by hydrolysis, such as
polyhydroxybutyrate. The polymer is selected based on the time required for
in vivo stability, i.e. that time required for distribution to the site where
delivery is desired, and the time desired for delivery.

Representative synthetic polymers are: poly(hydroxy acids) such as

25 poly(lactic acid), poly(glycolic acid), and poly(lactic acid-co-glycolic acid),
poly(lactide), poly(glycolide), poly(lactide-co-glycolide), polyanhydrides,
polyorthoesters, polyamides, polycarbonates, polyalkylenes such as
polyethylene and polypropylene, polyalkylene glycols such as poly(ethylene
glycol), polyalkylene oxides such as poly(ethylene oxide), polyalkylene

30 terephthalates such as poly(ethylene terephthalate), polyvinyl alcohols,
polyvinyl ethers, polyvinyl esters, polyvinyl halides such as poly(vinyl
chloride), polyvinylpyrrolidone, polysiloxanes, poly(vinyl alcohols),
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mat eri al which can be used to encapsulate or entrap the drug or other

bi oactive to be released. The matrix can be in the formof pellets,
tablets, slabs, rods, di sks, hem spheres, or mcroparticl 3d,0cto1be200df an
~undefi ned w8 o5 . As used herein, the term m croparticl e pciabdsgassso

m cr ospheres an m crocapsul es, as well as mcroparticles, unless

~otherwi se specified. The matrix, can be for ode e or
bi odegr adabl e.  pelyfviedgcetar). PELEHTEC B‘éléi'r“gg’ﬁﬁ?seanﬁff rpocyergergﬁtgeq%&éf erred,
particularly for ;. RatSOLELAlALTLRSLALI Baluldlempiodaiyecabllysesy s mmy be
used for oral g mnistration. Mtrices %‘ be forned f sug‘g{je sugars
B

or pol ysacchari deslulese edesz;cclbéolsettefem gitrogelip %ﬁnme@yh‘éﬁ)@ rel ease
characteristics enpl oyed Aufoser eferred due
to nore reproduéfl %SBSW‘P?@’ %p iﬁ%ﬁlﬂgﬁyw& roBg]I %{%ﬁgl;% %g)t ural polyners --
may be used sand 9@96 'rﬂéﬁﬁ%ll@fros@%@Fﬂuibﬁtatcélﬂtept&ibt&fs‘eIpeaplomf{aec| ally some
of the 20 naturalh ol'ymers” whi ch degrade b%@hydrolg such as

pol yhydr oxybut yr atlulosErectpio/bptwsatei eclluigse agestic b algicofar ?tm?]e required for -
wher e Caat 2o b B eisg LitRiale AHA LaRIIL5ulhat ol AR (oturhhe st te

where delivery © ‘time desired for delivery.
Representative syfthe! oheRon yéresyathatie belpxbcbsytﬁ"l)mwlmgrs atparglic 8¢iéh as 25

ly(Il act d I I I I i
el o) ""°p'ofy?F;cimeaé?@%wyifc%gﬁi{’rg@%easeer i ferfeh Tt S 3
pol yanhydri d‘?su@ﬁ% é%g{h%nﬁ %ﬁé{mﬂ {Hyplg,@thacrgm@car bonat es,

pol yal kyl ene polypropylene polyalkylene gl ycol s
such as pol y(et h)ﬂo@ma;ty]gIeﬁm@i—ﬁlateppby@IskMtﬁn@etb’m'ﬂ@t@),such as pol yet hyl ene

id | yal kyl 30 t t hal
?)ér e;e))ht hgloa%lg) d ene Hﬁ%@aﬁ&@ ye(ssﬁg Efnﬁ%ﬁ %F%%Ié&p%éﬁgw nyl- esters,
pol yvinyl hali deﬁ?e?h%tlyl ) giy)(;gﬁen?yﬂnethﬁbﬂymfd) Qﬁﬂy(nﬂﬁlymcnygdtqs)yr rol i done,

pol ysi | oxanes, yVvi ny cohol s WO 00/ 59627 Cﬁ) 2003
PCT/ US00108589 gmly;((svpmyyl agnydaa), eply(iserydgrine) afpfi?%}ﬁ 5‘?I’és and
co- pol ymers fhereof at i-vi | ul ose,
hydr oxgal kyl {%el 2GTyiRteGo Ierfetffegj‘s%g hgf‘éher S%@%@Hg%;g@ggédﬁdguﬁﬂct ro

cel | ul oses, net h)élgldqqidly{bﬂsﬁc acﬁﬁﬁy{hd pﬁl@(lhaﬂdo-sce capmdhcmhrcgpwrr@éﬂ g ose,

h
oy oDy 1 0524 R L BVRY Db 2k phasg: ool vl ose

substitutions, additions of chemical groups, for example, alkyl, atkylene,
hydroxylations, oxidations, and other modifications routinely made by those
20 skilled in the art.

Examples of preferred biodegradable polymers include polymers of
hydroxy acids such as lactic acid and glycolic acid, and copolymers with
PEG, polyanhydrides, poly(ortho)esters, polyurethanes, poly(butyric acid),
poly(valeric acid), poly(lactide-co-caprolactone), blends and copolymers

25 thereof.

Examples of preferred natural polymers include proteins such as
albumin and prolamines, for example, zein, and polysaccharides such as
alginate, cellulose and polyhydroxyalkanoates, for example,
polyhydroxybutyrate.

30 Examples of preferred non-biodegradable polymers include ethylene
viny! acetate, poly(meth)acrylic acid, polyamides, copolymers and mixtures

thereof.
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cel lul ose acetate butyrate, cellul ose acetate phthal ate, carboxyl et hyl
cellulose, cellulose triacetate, ic celluloses"), polyners of acrylic
acid, nethacrylic acid or copolyners or derivatives thereoft Qadieu2iiOdg

esters, 10wpaui¢eret hyl nethacryl ate), poly(ethyl nethacryl 3t§}soonssso
pol y(butyl methac ry late), pol y(| sobutyl met hacr yI ate),

_pol y(hexyl met hacryl at ol y(i sodec thac Jauryl

net hacryi ate), pol y( p%&?ﬁbgﬁ?ﬁy %‘PW&&WE@ EFV‘)S%EF 1Bg ¢ of
pol y(i sopropyl aﬁm&sat ﬁ)rfac@@'ayfd t%@%%tbb'mt@sﬁirn)ﬂ @4& manai: b 93&@&ecyl 15
acrylate) (jointly referred’to herein as " @éfcr ic acids"), poly(butyrlc_

acid), poly(val epDINaCaEhltdaCld oty (peihyl mstiaroéat Rﬂé)ﬂpﬂib’hm’@@n@)dat&shpol yIer s
and bl ends there i ncl ude pol yners havi ng

rei
substitutions, @Vﬁu&f glc "%fﬂaz Qy(lsé’?’g lmehfaﬁlry L exanpl e, al kyl, al kyl ene,
hydroxyl ati oss, Qéily(iﬁkyl(imﬁhac@ﬂﬂepFhl@(xs{ﬁﬂ%dylfmaﬁﬁdrﬂﬁﬁe) ol (langty mede by those
20 skilled in the art. EX | es preferred bi odegradabl e polymers include
pel ymers of hydﬁ’@ﬁlﬁcq&tﬂsp%lﬁﬁﬁe%)él meghacrdatghipglyimat l%ﬂlai% acid, and
copolyners with ?,&2& & )ﬁ@g) Iglﬁg 1%,%9 yYQ sz)ﬁﬁ IWoctR@lcylr et hanes,
pol y(butyric aci B ; 6’8 f({v eri’c poﬁ/’ ctl co ca}ér ol actone)
bl ends and copol yarglag). 25 t her eof . Exarrpl es of preferred natural polyners
i ncl ude proteins such as umin and prol am nes, for exanple, zein, and
pol ysacchari des such as a'?(ff cel l ul ose and pol yhydr oxyal kanoat es, for

exanpl e, polyyhydr oxybutyrhesor t&%o@ﬁm%aaepr:arﬁelefoems%%mees%p@@gr adabl e

polymers include ethylene vinyl "acetate, poly(meth)acrylic acid,
pol yam des, copobipadive camgondnttiasescted brsed of its b@cammat(hlhmﬁerweﬂ(}ﬁshd/\o

00/ 59627 PCT/ USo dh | f
use in targeti ngsog‘llblla %P%&E%ﬁga}gﬂg?é{@e‘gﬁeraépﬁrﬂpqaﬁ% ‘5 ‘gl?u‘ﬁ"f éél naﬁggfrueﬁ ac? r

i ncl ude pol yanhysgk ddliesred. Fot ymp&éltﬁe &k hiithpatlivH fretaByit 1§73i[s§ba€emyah&lt1£3)
pol y(et hyl methacryl ates), fy but yl net hacrEy)I ate pol K i sobut yl
net hacryi ate), 5sq¥eent W%@%%C#éi Hatmydntal ctfpcts goth splygpfesyihe aganh by | at e) |

poly(lauryl 45 delivered are factors to consider in selecting the solvent. Aqueous solvents

‘can be used to make matrices formed of water soluble polymers. Organic
solvents will typically be used to dissolve hydrophobic and some hydrophilic
polymers. Preferred organic solvents are volatile or have a relatively low
boiling point or can be removed under vacuum and which are acceptable for

20 administration to humans in trace amounts, such as methylene chloride.
Other solvents, such as ethyl acetate, ethanol, methanol, dimethyl formamide
(DMF), aceton‘e, acetonitrile, tetrahydrofuran (THF), acetic acid, dimethy!
sulfoxide (DMSO) and chloroform, and combinations thereof, also may be
utilized. Preferred soivents are those rated as class 3 residual solvents by the

25 Food and Drug Administration, as published in the Federal Register vol. 62,
number 85, pp. 24301-24309 (May 1997).

Solvents for drugs that are administered parenterally or as a solution
or suspension will more typically-be distilled water, buffered saline, Lactated
Ringer’s or some other pharmaceutically acceptable carrier.

30 Many other types of formulations can be used, including polymers
and other materials such as mineral oil or petrolatum, to form coatings,

ointments, salves, “jellies” or even transdermal patches, particularly for
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met hacryl ate), poly(phenyl nethacrylate), poly(nethyl acrylate),

pol y(i sopropyl acrylate), poly(isobutyl acrylate), and pol y(octadecyl

~acrylate). Solvents 10 A solvent for the polynmer or other Hdpatéter 2006r in
somre casesYMOIV/IBE bi oactive conponent, is selected based oOPCIUS00/08589

bi oconpatibility as well as the solubility of the polynmer and where

- appropriate, intesgtich@sh i skih, HiRoSH SR ade® (vabBial ek &1-84. IR l'e, the
ease with which th@ﬁagent is di ssg_l veltlj in gvﬁg aéo‘l[ vent ahd ?‘ﬁgﬁ?gc of
detrinental eff ecwhemsfcontielledotleasetisdesitade agent to be 15 delivered are

factors to consider in ﬁgl gcti nl_?e ghe sgl vent . .. gueous .sol vgz%s can be used
to make matrices formed 5 GRPEEIRE %Pgéﬁl P& VIRPYRNPRAIDRS 88 Ss wi Il
typically be usedsdlgbitliysehierd)yakicxadeed, eolordtss aedyeydr ophi lic  pol ymers.

Preferred organic solvents are volatile or have a relatively low boiling
poi nt or can Pe renovel und¥ptriends dteacqutisgaiscanddresdfroduetabl e for 20

adm nistration to hu | . S ene .chlori de.

Q her sol vents, Such%ﬁ%ﬁe%%ﬁ%ﬁo@?%@ﬁ%ﬁ%ﬁgﬁ% %ﬁ%oﬁlgllﬁ%%%i mﬁﬁlrcrl%tvﬁwms’
formani de ( DVF) , healoa raneiesaspddes niotaringe, antiedtidainyaid ofter prRsdrldtivgs, agcet i C
acid, dinethyl sul fo>ii de. Dl\gg)% and chl oroform and conbi nati ons thereof,
al so may be uti |'P3ggals & aggIegRlifing Imprave $a%s: srivapee flavors) erss 3

resi dual sol vent ssdhyest PR S : 1 Sasd: j : ished in
t he Federal Register Svgl C%ggg%ﬁ%ﬁb%%%%ﬁm Qz%%ﬁ%%8°f§£9ﬂ%§%?
0

Sol vent s f or 1@r uggsowtheanhancersfonplantar dswd cplture ror eredialfyr @il cakuraosol uti on  or
suspension w || r&gt%dglyfehge%[ ltiﬁ be distilled water, buffered saline,
Lactated Ringer's or sone StRer pharmaceutically acceptable carrier. 30

Many ot her types of faCatbmbhdagigias Reludsfeny babudidml RYh¥RESicand ot her
materials such as mneral oil _.or petrolatum to formcoatings, ointnents,

sal ves, "jel|i es'Prenaraiipas ap pvah agaaiehes, preestiedh asdeatese candagmioflichtsy ashgelB 1
COct ober 2003 VDaQQt’aéi%Qgr;, a'ﬁﬁéﬁ%‘?é?’a%ﬁ%?no%@t?ln'g%%éd on to skin, mnucosal
, nasal, ’pul ronaryy or

surfaces (vaginal, recta Where controlled rel ease
is desired. K& her conpg@nentHcaithoCadPrpiuemddsinRiics andi BeG-Afhdsy nodi fyi ng
agents, solubility eg%a cers, antioxidants, colorants, and dyes. 5 B.
Nutrients, Nutraceuti d&125P S8 PrRSHES Bichifis éems such as deodorants, cleansérs,

cosmetics, feminine products, lotions, shampoos, and hair care items.
Representative components of deodorants include drying agents such as
aluminum zirconium and carriers such as sodium bicarbonate, starches and

20 polysaccharides such as corn starch, lubricants such as cyclomethicone,
fragrances, propylene carbonate, silica and quaterium complexes. Cleansers
include materials such as alcohol, water, giycerin, menthol, sodium borate, dyes
such as d&c violet No. 2 or 33, and d&c No. 6. Hair care products include
materials such as herbal extracts, surfactants such as cetyl dimethicone,

25 polyglyceryl-4 isostearate, dydrogenated castor oil, cetearyl methicone, and
antioxidants.sunscreens such as propylparaben. Shampoos may include
materials such as alcohol, surfactants such as cyclopentasiloxane, and
dimethicone, protein such as hydrolyzed collagen, fragrances, and chelating
agents such as ethylenediaminotetraacetic acid (EDTA).

30 Cosmetics and perfumes are usually complex mixtures that may be as
simple as mixtures of tints or scents, but more commonly include multiple

components that affect skin, such as hydroxy acids, absorption, prevent
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Nutrients and food products which may be fornul ated include vitam ns,

her bal renedi es, spices, colorings, antioxidants and ot her preservatives,
and nmaterials which nodify aggregation, inprove storage, efhander?3d0dvors,
or addre g&%§S|ng i ssues. Nutrients nmay be vitam n forpggladon08Ess
fertlllzers or growt h enhancers for plant or tissue culture, or nedia

~for cell culture or bacterial _gen tion. Larriers an exctllct)xl&:angﬁ

i ncl ude many of thaseEal&awh aJFChSt%H v4 URFIEVE] CORABERS SR wer'l as

starches, sugars bRerir@3heMdkdos@post abi | i zers,
ant|OX|dants dﬁqﬁ#“ggmkﬁfﬁé %ggﬁ$§MQ%§JE#ﬁEbaﬁ¥% Care P?%ducts
Cosnetics and Perfﬂladsiegxcalh:le@ettiesémpiedmgodmpm@dﬁ which pecVERAZETCEUEI as
deodorants, cleansers snet em ni ne products, |otions, shanpoos,
and hair care |téﬁ¥ﬁﬁ%ﬁwg ﬂéﬁ$@% conponents of deodorants include drying
agents such ag al um nyganhy bf 16O BirkdRchibne@s plesshsinPhaimassutivakbompobitioas bonat e,
starches and 20 polysaccharldes such as corn starch, lubricants such as
cycl onet hi cone,  dandgrizoheisd IHWWFW@eEfﬁméﬁéﬁ@erssl |l ica and quaterium
conpl exes. Cl eansers ncl u I ohol, water, glycerin,
ment hol , sodi um bor at eb dyeggnsmﬁ% nalg?&@?lolﬁéflaél\ltg 2 or 33, and d& No.
6. Hair care products Indestegieprodmteddvat eSwﬁimhmmﬂmmtdmﬂs forn haosehold

surfactants such as cetyl dinmethicone, 25 | ygl yce |sostear te ,
dydr ogenat ed cast@gangng Prodegtasiopas %ﬁ%éﬁ?@get‘égﬁﬁ ﬁ‘?‘ﬁ%’ 91%355 %scr eens
S s D Py Par ARG b AN Ca T SiE! rusi&mevptt@feagé@sﬁym@sg aldcohol ,
surfactants such cycl opentasi| oxane di methi cone, protein such as
hydrol yzed col | agcleanifig siecndeéss, foanse mhemauneﬁgmdag@tmgs fag fompater

et hyl enedi am not et raacetl [ 0 Oosrretl an s are
usual Iy conpl ex n‘i“Q’E”Eﬂrégn t""‘H&iﬁ %& sbk’C %Feoaéms T %t ﬁ&éegq%g HI?‘?nts or

scents, but nore GEARRM, ¥nd Bateddr J¥d td Bk ConsGOstRAradisty tshelt assdohertesski n,
such as hydroxy acids, absorption, prevent 14 31 Cctober, 2003 WD 00/ 59627
PCT/ US00108589 baanddnilking gg@\ﬁ& jgtc. aﬁ@?cﬁ%ﬂ)llﬁts‘?ﬂ‘b?ret‘%@os“a B3fES conponent s
Shon s ANt L 95, 03l Bved BEmE Sy ABE b AN YPEroBl AR U S A ROBRRUNIS A Ler | ng
the viscosity”or €0 o i cal  properties oun whi ch prevent
aggregation, i ncdeass, élédﬂﬂodlddevm’es falpphahcéd Ow)lputErsl‘dhahyelm:Ed hmlu@ms

conponents present jin phar ceu OSI
P P well as r%ateria s use j tﬁe opcra on oft tflese Further applications include

batteries, matches (i.e., combustibles), and light-emitting chemiluminescent
materials, as well as any of the multitude of applications of fibers. Other
20 applications include catalysts and enzymes used in industrial processing.
New ceramic and polymeric materials can also be formulated.
E. Military Applications
Military applications include materials for biological warfare
(biologicals and nerve gases), defenses against biological warfare, coatings
25 that protect or enhance visibility (such as coatings on night vision glasses or
gun scopes), and weapons (such as improved munitions formulations,
including combustibles, ammunition and explosives).
F. Packaging and Processing Conditions
Although described herein primarily with reference to formulations
30 containing one or more active components, the high throughput formulating
technigues and screening assays can also be used to compare the efficacy of

various formulation conditions, for example, the effects of different solvents,

P
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can be included in cosnetics or perfunes as carriers. D. Consunmer and

I ndustrial Products Industrial products cover a wi de range of nmaterials
from househol d cl eaning products such as di shwashi ng det erijentsbealid3

cl eaners t wond®sand 10 ot her lubricants for cars and ot herpmgkm&y@ to
‘reagents for meking and cleaning silicon chips for use in conputers and

. coatings for conputer nonitors and car wi ndshields to block glare, paints,
dyes, adhesives amdl Walrgppieataprapieninrndanaans firdomudatidnusetiéo prepstroact i on

i ndustry such as ' tGg.. Specific appli.cations
are in those i ndugfb?ig{ehg ql%vo'\?tﬂgl%s%gfg%ﬁ%im g%a‘fitﬁ? F?fgp%{ﬁgf“gﬁ'agﬁﬁoééssi ng
of equi pnent, opt icakll koevi testhesd factorsonan bedevicsles theappful@REQK, conputers
and rel ated hardware, as (fe‘&l S terials used in the operation of these.
Further applicati SH@OPHHQIM m%g‘irffg‘?fi"@g’, byt thesp dactqrs arg usugl gsesieds) , and . -
i ght-em tting chepitey Qi i hal . .

mul titude of applicat ?‘(_)ni@%&ﬁuf)s(lanrgrs’(iﬂa%a?{grs%gﬁg%%ﬁk%gﬁéggyftg%ﬁéggap id
cat al ysts and enzg@mpansopthat allowsifes defeahinptiotebtbe nptimaiNewndanainge and

| i teri be formilated E.Mlit licati
Vi1 tary appl 1 cat PRSE Rk akial s o B Fpoy Wit Tl aakastns

(bi ol ogi cal s and  hirtude v@RE ¢BImebditeNGaEr @ARINNghPirAl g @J@Jgeﬁ‘?élfrﬁéaﬁility .
coatings 25 that protect or enhance visibility (such as “coatings on” night

vision gl asses or °F RRimeahibiyde polvenie Heamnlary vesiallps iagolvagpiropredtssingi t i ons

formul ati ons,;gi nclijgi j Iihd.en and expl o i.ve%,:i. F.
Packagi ng and Pr ocesg!b%aﬁlggﬁg?'%l%%iﬁg%w houngédc?e 5%3%39(% e%&r“alﬁ% ealbi 1y
with reference torataofistitradgicfdeg BRaceninabvengsddtonbf FbEsACt | Ve

conponents, the high throughpuyt fornulating technjques and screening
assays can al so b%‘g\ﬁ?&’am?'&ﬁ? E‘E#pg?“é“guﬁ%' VQPFI%E%JBW&B{‘“Y PHiqragesinglydenul at i on

conditions, for examBbg of iRt &ek 8s Hrioidhhe EALiaON i t ober
2003 WD 00/ 59627 PCTI USOOD 08589 pH. wat er co’ntenrt’,%}ﬁ‘g?%?%‘ﬁ‘%e?@é%gcneans

for formulation usahingthpfaspetationcompansnie, toatingsanrthd iatdrionwallhef assays can
o 9,02, U, 80, MRS, BHGH el Fotoh SR TSR b0t ©"
these factors arelusuabdrieniog odafifiieVariables
A. System Design
Assuming three hundred substances, even with no variations in
concentrations and no physical parameter variations, the number of possible
20 combinations is enormous: for two componerts, there are 44,850 possible
combinations, for three components there are 4,455,100 combinations, and for
four componénts, there are 330,791,175 possible combinations. The
complexity is increased when the relative abundance of each component is
considered and varied. 1t is well established that combinations of two or more
25 . compounds may be extremely beneficial. For example, the combination of
cyclosporin A and vitamin E doubles blood levels while cutting oral clearance
in half,
As described herein, the goal is not to identify the activity of a known
compound, but to make combinations (i.e., formulations) which optimize a
30 desired characteristic of the formulation, such as the bioactivity of a drug under
the conditions where it is to be administered. This is normally a tedious

process, where each variable is separately assessed, at several points over a
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5 or they are assessed using a random sanpling process, not a systematic,
rapid conparison that allows for determ nation of the optinal

manuf acturi ng process, packagi ng, or storage conditions. \arGcaibeez003

i nvol ved i Wpekieazsi ng i nclude water perneability, water comtBUSt/0BIsght
transfer, oxygen perneability or pernmeability to solvent. Exenplary

vari abl es invol ved,| r i 10 .condi tions i.ncl.ude selection of the
fornul ation pr oceggﬁ% foggggcg&@rs@?ﬁ%&laﬁﬁnfis‘%‘%?escq%e@én B}OT%‘??“?JEI?‘?]@W’(} ©drug or
carrier in solventprozsd iacitdan of pH or salt concentrations, etc.).

Exenpl ary variables in stahility to storage include inclusion of
stabilizers such as antlof5iersng & formylation ar actiymeempanest thereof, i ght from

reaching the formul ati g gﬂ%ﬁmgWC&?@?‘%‘&%E-P%#GAEQ%?%‘?J&T% wal l's of 15

contai ners that prevent ‘adhesi on” or usi on, desi ccants.
1. Screening3f Kohdehphtwnyeaandbkisedyandihst em Desi gn Assumi ng three hundred

subst ances, even with vari ations. . jn..concentrations and no physi cal
par amet er vari ati ons, ?ﬂeseﬁtﬂ}%‘@r a&Pde’&CﬁﬁP@maﬁ‘ﬁﬁé’Wﬁ%{W%ﬁ@g? BUBRES, nous:
for two conponent sf cdrigiR@icAE Whith afbRARAIR ©stEPBPLAGS RAE valifiest ROEE
conponents there are 4,455,100 conbi nations, and for four conponents,

there are 330, 791%mplpdEr fprauissian rerdainondrug Thasactainep be podryoralsiptaier eased

when the rel ative : t is onsi dered.and varied. It
is well establi shg%*?;pﬁggﬂ,ggfr}glé %@?ﬁ%ﬁgﬁg&?ﬁ% O RIS P S SRSy be
extrenmely berdéfi cilmigcofantaimsplesimilbecaspripart aadieekd. ThEkp@S N A and

vitam n E doubl es bl ood Li}evel s.while cutting oral clearance in half. As
descri bed her ei n, PIORESS Suihf Upeofigsfinglogisibatan yake mapy: eqrubingtions atthg nown

conpound, but to gkei R0 dRSally felli ‘ LGhQRE i M ze a 30
desired characteri sti_(l: of t he for rr%f))at?dcl)rtlﬁéagﬁgﬁhgéét?ﬂzhtg%%ﬂgﬁy of a
drug under the cansaiing whishwbwbmatiansihgve the mestaldsitrablespropeedes, T exainglenor mal |y

poi nt's over a 16 HoRCH Ba S Cu st e DU IoResS N ange of -
condi ti ons ofs con@jlamfdcﬁmﬁl% PokaAaHC b ARBg Pl RS, 98 @lder PfjsRbgiddle  process
includes: (1) selecting a forrmulation or active conponent 't hereof, (2)
det er mi ni ng whi cheapdiioas|seliblity; eral absomsion &rtvdhataver isrpprhpsiiate); or function
(metabolism, half-life, release characteristics -blood levels). Mechanical
properties of drug and food formulations to screen for include taste, size, shape,
texture, smell, color, and coatings (such as enteric coatings). Properties for
20 non-medical applications such as household and industrial products include
coatings which resist stains, have increased surfactant properties, or better
stability.
In a preferred embodiment to select optimal drug formulations for oral
delivery, a system assays formulations based on physical parameters,
25 absorption, and metabolism, all using simple, rapid, iz vitro testing. In a simple
embodiment, the various combinations are first screened for solubility, by
measuring the rate of dissolution. Those candidates which look promising can
then be tested directly in animals or screened for other physical or chemical
properties, for example, permeability - passage across the gastrointestinal tract
30 into the blood or lymph systems or into specialized tissues such as the Peyer’s

patches - using a system such as an Ussing chamber. Metabolism of the
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5 concentrations) can be altered, and then (3) setting up "a grid" which
automatically nakes a very |large nunber of conbinations which are
automatically tested for one or nore variabl es- For exanpl3, Oddbet 2083

formul ati owoeeRéarns a drug characteri zed by poor oral upt ,
solubility of the drug in a range of salt concentrations; g’@“’%’yﬂ?ﬁ*‘%rs

~and 10 drug concentrations are_sinultaneous prepared and tested. The key to
the process is t‘}?érlﬂﬁ’gﬁdsc?ﬁﬂﬁlé‘éhﬁ@ﬂé@l eemppiands tabe stederedninitiallg Gadhadeat i ons at

the sane tine, AR 8 n each nbl nation into a system
for assaying V\:hl ch C%I nat | g‘?\ééoﬁast{)/lg ? glr%Jgfm W abl e properties, for
exanple, stability ofPhg[mt:al\paﬂame&vsexhclhdmlﬁbiﬁtlynas%h@ibﬁ%d rfkARIrhd during
processing 15 (manuf cturélll"lg((ﬂvga ka or durin appl i cation, and’ under

physi ol ogi cal  cdnidii®dne bitpf.t 9heft5=rlé‘lm‘a‘?}§’bﬁa ﬁiI@hO%XBCHWtat ever is

appropriate) ;s or Mg ase ¢ cterlstlcs
-Blooog Ievel)s) I\/ECF]&a%'F%ngeSﬁ%gper %tazg?‘e% lﬁgﬂ"f‘lgé“‘{%% PB?% 8 Bhis to

screen for i ncl udkereefspadymerp Solsateqehydratbs:x!.ourcﬁptusﬁﬁblvate@%lﬁ;es a1l coatings --

(such as enteric n ti.es for 20 no di cal applications such
as househol d and Sgﬂ%ﬁsst %}d) ecﬂﬁoﬁ‘ﬂé elIs Bughyas hexagemal padiing Qe HoRigs st st ai ns,

have increased surysa) holes qigpeifid 9aced andRbilLE. C@Etﬁm bitd ¥an thPuge Preferred
enbodi nent to seléqust opti mal drug fornul ations oraﬁ del TV Very, a system

assays fornulati medlsdy Sﬁbﬁfﬁhvléﬁeéépb?iamm@twlzﬁhabeﬁ) rGryitainforrand

met abol i sm jal | t tin si npl e
enbodi ment, the \k}g{rhle %ﬁ@egg%rxg? 82% Iat'g%éx | rs ‘g@rpé%‘ﬂléapgmnageﬁwsh ity, by
measuring t he r avéthsipatios pluirmbdentical Prupsgies. aD et @Skl ch@ IR O ST NY

cah then be tes%ed di re&% ﬁjﬁl n animal s or screened for other physical or
cherical proper PY B{lueqesd by r’r‘ﬁﬂ‘ém'@r‘?f’éﬁ%‘?m?fﬁ?fmc‘ﬁ&@§@g§(mmleslse&hﬁ

gastroi nt esti nal tHeha@e 238k, medti ﬁlg%é’ﬂfkr&%ruk%@&n%é!ﬁﬁe%qs

specialized tissues such as the Peyer's patches - t“@?ﬂkg’uch as
an Ussi ng chanbe$o umaﬂbﬁﬂoll@nﬂ,@mbﬂhelr&%dﬂfg sBelf hEcemeﬁGl’a’bM@ Q(M&%ﬁs?xﬁ

PCTI USOO' 08589 ¢ H’{P‘ﬂ h be tested npounds .t o be screened-
initially inclu e gt(lzog’rr%a‘rﬁl aﬁg SIRE PRORSB? S'é‘goaﬁ SPIPHESS L RAI R IEabi | i ty.
Physi cal par anmet s powddrfides (Slﬁﬂhlﬁbldﬂnﬁytlon(ﬂnaﬂﬁb%ioﬁp spatidforBntdRalJruct ur e,
as well as stabi I [ tfg/ over time, to heat, ultraviolet radiation, oxygen
ate. Is in'a bulk powder, and purity of the active agent. Crystallinity variants

can be produced by changing crystallization, desolvation, solvent vapor, freeze

drying, heating, melting, milling, precipitation, quench cooling, shury

20 conversion, spray drying, solid dispersion, and wet granulation. Unique
polymorphs of drug crystal forms with improved pharmaceutical properties can
be obtained by chemical variations (i.e., co-solvents) or physical variation (i.e.,

temperature).

The same issues are also applicable to some non-pharmaceutical
25 materials, such as silicon wafers and photography.

Solubility can be measured using standard technology such as optical
density or by colorimetry. Absorption can be measured using an in vitro assay
such as an Ussing chamber containing HT Caco-2/MS engineered cells
(Lennemas, H, J. Pharm. Sci. 87(4), 403-410 (April 1998). Asused in this

30 context, permeability generally refers to the permeability of the intestinal wall
with respect to the drug, i.e., how much drug gets through. Metabolism can be

measured using digestive enzymes and cell lines, such as hepatoma cell lines
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5 Mcrostructures includes crystalline or anorphous structures, or

conbi nati ons thereof, polynorphs, solvates, hydrates, isonorphic

~desol vates, glasses, solid solutions, and specific unit celllGtebacH3ds
hexagonal ParWisp@g7orders, ionic crystals, holes or interstPCI/EBIEBIHEeS,

and lattices. Crystal habits can include rods, needles, spheres, plates,

_cubes, and conbi ng 'cﬁaﬁe%&egtmfof@{ae%&eaoﬁtgglr%rg,pggﬁfgsrﬁa%ﬁm %£3G8RES. OF

formul ati ons, can be used to produce pharnaceu superi or
phar maceut i cal prqpsiﬂlﬂlnle:scarﬁenbtecmdcxsmgtsmuéardrwhniqmshdcdaandaﬁdstare be

i nfluenced by the_incl u5| on nti rs acem.c for m xt ur es,
of the active ag%‘ﬁ?@ fqﬁ geﬂﬁ%%ﬁéﬁd?énégﬁmﬁ@ ﬁsgé‘ ?o modify
upt ake,  sol ubi | i grystaitigesphls Ut- l'é%'nnelﬁﬁoﬁ@iﬂﬁh&ﬁbnl p&ldid k3 8y §1|irﬁ£cfnohlﬁg¢1

bioavailability , netabolism and formul ati on manuf acturing properties
such as conpr ésm@wr?ﬁﬁﬁ@hﬁkéﬁ@m%‘eﬁwp)pdﬁ?é?ﬂﬂﬂ sarirgedtorimetuBremoal i on and

di spersion), Spat%fﬁ'%ys@éﬁ’% d&fombﬁ-fa}‘&%s%éreéfn a bul k powder, and purity

of"the active age vari an can be produced by changi ng
crystal lization, desol ahbthes pxﬁfeméambmpﬁm tofsele@ aptimdr fpiriglatifiedbi digl,

mel ting, mlllng recipitatio hcoollng,,slurr 20 conversi on,
spray drying, soI‘i{E@"ﬁﬁys ngF%hpﬁﬂdﬁJﬁldﬁ?%G{edﬂxﬁﬁ d*%‘?‘&%an‘ﬂ)ol ym)rphs of

drug crystal for ommdl,smmyeqfe?aﬁmﬁ wd“eabergﬁs%ﬁp&va“atloﬁ obtai ned

by chem cal variafions (i.e., co-solvents) or physi
t enper at ure) 10The sanefmvgwsseeang & weod heypinj walblies tewing doreany number of
non- phar maceut i cal

Sol ubi 11ty can bePwabeRaL AT hged AR PebGPuly: Bt aenBeti fggf aphy.

density or by colgé ﬂéﬁéﬁeﬁmeﬁhﬁoé&hld@ﬁbﬁﬂw&s@ﬁ&%w%tﬂé Nndd N Vitro
assay such as an si ng chanber contalnlng Caco- 2/ engi neered cells

(Lennernas, H, J. Scwﬁ@zﬂmessc,fprawmo a&@@lﬂ%@/ﬁpmlbamgel)acnm @sédraln this

30 context. per meahiikl L HENPLANY, LRELSL QS AELIBARLILLIGAL the

intestinal wall respe ets

t hrough. Met &bol iespacizly aganstmjaasumeda tglﬁ&smjcﬁiicgleﬁ'ttinnﬁr @:rllzyamﬁanamdf cell

| i nes, such as hepat.onma .cel.l % 18 3 ber 200% WO 00/ 59627 PCT/ US00
/08589 whi ch ar e ol diredopp ?Lﬁ‘é‘}é’flf’é 104 0 SPEGEF IEEP@Fg et abol i sm

Variants of CrY%@dlﬂdtﬁhbﬁrﬁﬁﬂm%og%@&tI?rgn&}ﬁhﬂ)‘auﬁﬁér{‘%ﬂlzﬁ@ﬁ%F' ques such,

as solid state spectroscopy, i1ncluding infrared, NVR, 1n a
mcroarray for mimgiogtnesi@,raynﬁcmlmw@mylty,ﬁnd agpdulnem mﬁmzxzmnf: favalstoron, powder
x-ray diffraction acti vﬁyg I1'Ihysu:«?ﬂ and chemical properties to be screened include stability

20 during processing, manufacturing, packaging, distribution, and administration,
especially of molecules such as proteins. Metabolic function testing includes
sugar metabolism, cholesterol uptake, lipid metabolism, and blood pressure
regulation, amino acid metabolism, nucleoside/nucleotide metabolism, amyloid
formation, and dopamine regulation.

25 These screening tests include any that are presently known, and those
that are later developed. Typically the initial screening test will be an in vitro
assay that is routinely used in the field. The preferred assays will yield highly
reliable and reproducible results, can be performed quickly, and will give
results predictive of in vivo resuits. Numerous in vitro screening tests for drug

30 formulations are known. After at least one initial in vitro screen, the

formulations that have been identified as having one or more optimal

characteristics can undergo testing in one or more animat or tissue models and

19



5 m croscopy, electron mcroscopy, differential scanning calorinetry,
thermal gravinetri ¢ analysis, and conbinations thereof. In another
preferred enbodi nent to select optimal fornulations for orall Odcielet M@RY,

hi gh t hr ouwlopnetseg27HT") dosages are m xed, distributed, and pdiyogdiskissed,
put into different forns (powder versus enul sion) then assayed. 10 In vitro

.screening, as used.herein,  includes testing for any nunber of
physi ol ogi cal or glln aff&%%ﬂ“ﬂ%ﬁsr %iafef}'e‘é'ﬁl Wf’g'?lﬁ@ttedgﬁwoé@eaﬁlﬁﬁ@?nﬁ abgni zed.
In" the pref erredom@ttbRgologid ehbtidd @ Widlaibe (1P Bt S el ,h@m%t:ﬁt?%t}f.g()f in
a

vitro screening tests for a variety of activities, such as antibacteri al
activity, antivirifficagycvillhersyaluaise irf spsgific anioral wiotlsls faunhe ppe aiyirdblemaot i Vit y,

cytot herapeutic fwiicﬂiu{e%(mjeﬁtiﬁ&%%al | y agai nst one or nore types of cancer
or tunor cells, alteration o ‘abolic function of eukaryotic cells,

bi ndi ng to sp&cific. redmeninpsechnim@s hretwelirknofn ifor Spadifi@hd @BhaA SO

i mmunonodul ation,. nodul ati.on.of _angi ogenesis, anticholinergic activity,
and rodul ation of " PRlicgtions- pr Sxample, fqrytainiesisiprtoatings of prepstoat
properties to be g H&?&%uh&ﬁlskiﬁﬁoﬁE)P?}eld'dké(agcpmgékue?%epffbg&gifc'eggthe.

manuf act uri ng, packaging, distribution, and admnistration,” especially of
mol ecul es such agesigigsitaie. Fovstishiveshiog fetargentaont est megsutathé udésnt osugar

nmet abol i sm chol ol - upt ake, .d i.pi d metabolism and bl ood pressure
regul ation, ani n%%%aglé 8"‘?%@#%%8@#@?{’ Bﬁ%ﬁ%{@f%/ Eﬁ"c‘l"é%‘ﬂgsd‘é“erﬁ@{’%qf%ﬁe
anyloid for(rat iadhesicihddeRHCE & §cedelifl i on. 25 These screening tests

i nclude any that are presently known, and those that are | ater devel oped.

Typical ly the initial BcredflicheanrayandNapotsehnologyBystenrso  assay that is
routinely used in the f] el assays w ll vyield highl
AEriyezlu%ma @g@& §is f%retgsnn fcggﬁgﬂseditﬁoéﬁﬁe?? theY@TIQRS | gi ve

reliable and reproduci bl’e resu can be pe
resul ts predicti vembinatinnséfudrugse sTHettsic Mystern QeGuitemedistar Ot Ehee /iRy t est's
for drug 30 fornmylations are known. After at |east one initial in vitro

screen, the for AAYEEPEHReINS thatprordde o namvientilsaseencdactpaicomgonmé(sbr nor e

optimal  charsact gad/st biRef@itionIRLS o i or

ti ssue nodels and 19 31 %ct olt())er 200 Oﬁ%%%?g%%%e%%%%%ﬁa&s

ultimately, in hiunetest wels etat sepdrite sitesghiati allatvefdr bytomBd seeasng ef®iehs and
ver .function tests, hematocrit,

gt Ee; _t O)I;‘ 1(‘: ?ng;&vﬁ hl@%ggﬁg?@é‘[a%é’ggﬁégrgﬁé%:s?ﬁeu%‘?rﬁﬁqm-rmdel s for the type
of problemfor whichFigweat ienflowTh&@BHIe process, beginning with selection of the
material sources, i.e., one or more components at one or more
20 concentrations; mixing or deposition of components into sample wells or at
separate sites to form a material array, assaying for one or more parameters,
then collection of data for subsequent analysis. For example, component
drug, and variations thereof (which can be drug in different amounts,
different pHs, different chemical forms such as salts or bases, different
25 excipients, etc), are distributed in a liquid, gaseous, or dry phase, or
combination thereof, into individual test wells or at separate sites in an array.
The different combinations can be screened in the array, and/or further
processed, for example, by lypophilization in a lyophilizer, milling in a mill
to produce a powder, or emulsified by applying ultrasound to a solvent
30 mixture, then screened in a further test system.
Figures 2A and 2B are more detailed schematics of processes for

formulating and testing arrays of unique formulations. Figure 2A depicts a

20



5 Screening techniques are well known for specific househol d and

i ndustrial applications. For exanple, for stain resistant coatings of
carpet one applied an aqueous solution of a red dye and ned{natebsr 2098
absor bance V? 06/$9627 r esul ti ng stain. For di shwashi ng det er gep¢BuseiRsdan
nmeasur e the anount of grease which is errul sified by the surfactant. For
~coatings, one cang EE%%Q aézluhees nd resistance to scratching. B.
M croarray and Nan ol gy Syste r’r% OE BRS¢ Bipvtdsrhin 6914 est i ng
can be used to scrfexem WHIIEth&poOSiEed Ismnma;wwgu ﬂfteﬂflé’tgsm uhf tf??é&rﬁr system
requirenents are t? t t hey rru; have i nput nmeans that provi or varying
at | east one fact® BigsRtpaye his rp forariions arau'monstﬁtltedwrﬁmnt(s))

o e pre1 01 abl 5 Mo gmc@m; 855052 ayoh B8 LRSS el SEPALAC e o Les

that allow for autonated screeni eac ¥h for one
or nore sel ectd onagey EépfaaCEn:gﬂmted Iommlaxohk oVhesbaretsesirattd22 RitO HESRs
begi nning with sel sour ces, one or nore

e f t he teria
coiponents at one ﬁf%gé %ﬁx%ﬂ@gﬁ’f?@f‘i‘%ﬁ%ﬂonrﬂfﬂier@“éﬁe f@@pﬁglwﬁﬂbn of

conponents into s#phgh thelfler Mo dllecBGPREGVSIrs Li &écﬁl%dfiﬂ'il{g RAugRt I al
array, assayl ng for one or nore par aneters, t hen collection o a for

subsequent anal ysFxamples), @ﬁfaﬁwlé}m@mdmmas apgprapyiateaimgusal inad orens t her eof
whi ch can be dru nts fere erent. chem cal
( &ok@dévxéefs%xeﬂ'n lysgo éﬁf‘arﬁ%le 4&\’1}(:5? as%{ng)squé)f,lgy

forms such as salts or bases,

distributed ilf a kuohunsGlJV-g.a§qmdﬁ'osdapy,(HBL(DBﬁﬁg,Mgﬁew@gn@éﬁ@gsl t her eof ,
into individual test wells or at separate sites in an array. he dlfferent

conbi nati ons can BEVENgsiabHIty 46 sweh asf ¥y is éﬁﬂﬁlr@?rcoﬂnrﬂﬂi@ or[ilqcmiessed f or
e | by | t. d
e et gy AR S G

a powder, or enulsified by a soun
then screened in absbwptioh@B stieses s¢atoelrel FlighirdsssiA GrachbeBaad & e Erset ai | ed

schematics of progcesses for atin testing arrays of unique
formul ati ons. Fi g'ﬁfgeuﬁﬁg 8@&"81‘%“’ ?ﬁc%ﬁg%gé‘gﬁ@f:m?%?’ lypesomers59627

PCT/ US00/ 08589 sy(sbiRabheién cBRpakids SRS EEVAR mﬂ?aégw'lﬁg%%o&nﬁl are

provided in solid form whi ch is deposited In we filter
pl ate 14 under t H&eliBgRoad, Badimprey MIP 21227y seecigowdireuct B, MetieoddBhzymol.

formul ati ons are \y&cg)psjt Btﬁbig? fﬂt"?*goa@%ygl dle?r#a% 3szotlrve tesvatrjl%llsnagssgys o

automated |iquid pipetting's
then collected and analyzed.

Figure 2B shows essentially the same process but for materials (drug
20 10 and excipient(s) 12) provided in liquid form which is dispensed using an
automated liquid pipetting system 34 to make the formulation array 14. The
solvent is then removed 36 using a technique such as lyophilization. The
dried formulations 38 are then reconstituted 40 by addition of one or more
solvents using an automated liquid pipetting system 42, which are then
25  treated in the same manner as described with regard to the process for
making dry formulations.

For analysis the formuiations can be pumped by a peristaltic pump
through individual optical interrogation windows into a sample valve
manifold . From the manifold, sample is processed using an UV-VIS HPLC

30 to access physical parameters and/or through parallel channel Ussing
chambers to assess uptake/oral absorbance, then disposed of into waste

and/or passed through another manifold for further analysis for example by
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5 array 20 of reconstituted fornulations. These are separated 22 into
liquids and solids (for exanple, by centrifugation of the filtrate from
the wells through the filter into collection reservoirs, ad @Geser?d®ed in
t he fol | owviamoseseanpl es), then the liquids or solids, as apuropsdoakss
inputted into one or nore devices for analysis, for exanple, devices for

. measuring sol ubil} 2 0 such_.as -Vi.s . spectroscopy,. HPLC or LC- M5

devi ces, devices #{Eic g%‘égd??aﬁbf(gtaﬁ%#fnﬂvl%% SHISgs- %V‘-C\fit@n ect¥%5copy,

HPLC, or liquid &Qés%?‘_@étﬂﬂ{zeg&ﬂ'dﬁﬁéﬂ SPERFRIN D66, QRYiceh- for Masle ©RSidicpy St ens
ption S

for measuring absor . uch as a Caco-2 cell line_ or si ng Chanber,
and systens for ¢abersueteisginfratedignt piravitetspetirametpsgBdarimetersosones,

| ysosones, 15 (obtai nabl.e fr c i Uch a n.Vitrp, Technol ogi es,
1450 South ol | 1WA el ey SMIAR iRl ARl et ilier R

Met hods Enzynwl . dislutiodl, 323-329) and in vivo assays. The data 32 from
the various assays is then collected and anal yzed. Figure 2B shows
essentially the same phoUBEE HsempaRics e pioPedimigioarsry systemgdhat can

exci pi ent (s) 12) &réa\s't,fé&%ridge b myisgst&ﬁrd@w@ie& Bﬁ,igﬁqf qm&%ﬂ%ﬁdﬂé‘éﬁr‘?&t@n

automated |liquid pipetting system34 to nmake t ornmultation array-14. The
sol vent is then reedfedhSGlapirpgsenftsechmingteidsuify @mpoyogdlidvireat | on. The

dried fornmulations 38,arge.then .reconstituted 40 b dition,of one or nore
S0l vont o usi ng. e Bk TS 2 epao i e e A G r b aiEa  hen 26

treated in the sagRWBAARKY RSAESRET ihLQHinM FomiBaRnd, The hide: fEa6ess for
maki ng dry formul ati ons. For analysis the fornul ati ons can bé punped by a

peristal tic punp medifigatign Wi devheiuss of spnut serns thebmpdigaenoer mpredangbient o a
sanple valve manifol,d. Fr t ni.f ol le | rpcessed,using an

V- S rpLe 0t o shebust B R A g AR BIERR SR o

channel Ussing dhaript¢ssoficompatiesitavitl micedaraglsyabse idvhnieBeckian di sposed of
into waste and/or passed_t hrough another manifold for further analysis for

exanpl e by 21 WO logrusouss Falieran, bhe Mistiab Teehmolasnes. FoossbXpelbingy her
poct romet or e optgar e e e PR mapt LB RpE MY, P oL
cal orineters, i nfivlemduh, EhdTahteradaoliat, (Spend Carretiar Fechpologies,fetiae, CA.
These devices test samples based on a variety of different systems. All
include thousands of microscopic channels that direct sample into test wells,
where reactions can occur. These include reactions with receptors,
20 immobilized antibodies or fluorescent labels bound to the surfaces of the
wells or immobilized on nanospheres or microparticles, which can be
analyzed in situ or pumped into other receptacles for analysis. Luminex
Corp. FlowMetrix TM systems pumps reagents into 96 well ELISA plates
and then used fluorescence and flow cytometry with latex microspheres for
25 testing. These systems are connected to computers for analysis of the data
using appropriate software and data sets. The Beckman Instruments system
can deliver nanoliter samples of 96 or 384-arrays, and is particularly well
suited for hybridization analysis of nucleotide molecule sequences. The
MicroFab Technologies system delivers sample using inkjet printers to

30 aliquot discrete samples into wells. Other systems can also be adapted as

required for use herein.
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radi oactivity counters, devices neasuring conductivity, and heat of 5

di ssol ution. A nunber of conpani es have devel oped m croarray systens that
~can be adapted for use in the system described herein, althdugibea?do3are
currently wosedyfzor the sol e purpose of screening to identidarGipsgnds
having a particular defined activity, as opposed to screening of conpounds
having a 10 known identity to identify the.optinmal fornmulations. The nost
significant nodificat ?% e\%elkfa&ﬁ@ﬁﬁ] 0{@85 %qIanﬁ%{Cs thehran pquted gt fy one or

nore variable i ntescdystelsiwitll Ak Rsthdd3@8sdriBBd hére R adidpi RELTH Fi%g{épgynds into
each well. Exanples of conpanies having mcroarray systens I riclude Beckman

| nstrunents, Ful | @49t thepois sefemmg 17 aptomatadgolid or Buid dispExsinReisims 15

Scientific, Sunnyya g : - [ Packard | nstrunents,
Neriden, CT, Tontéec Hh elﬁ’,zeége,r&lgﬁlgp @5‘? ? ée KR %@%‘Hﬁ@?rbﬂ e%o,mrloivi ne, CA.
These devi ces 5t essofwangptheseriables theointegratat seebymafipdiafiferievecsysiensk Al |

_include thousands, of mcr scogl c.channel s that direct sanple into test

wells, where reaRfPEIGESS ping ppraEwnicAlon el seEmple Fraskanghronghdbept or s,
20 immobi| i zed anileadieeRtubbitheSABork PRI A RADE WG] aces of

the wells or imobilized on nanospheres or m cropar whi ch can be
anal yzed in situ sllegaapbdoientiatado heable Suribpt doklepnfeor ararddsipgmicf.  Lumi nex

Corp. Flowwetri x t ens S .r ents into 96 well EL|SA plates and
then used fluor esfggﬁf@ééoan dmﬂ?lgwé lgffﬁgﬁé{aﬂ/oéﬁq@l?"a‘tﬂ&acﬁ‘i"ﬁ SIEREE for 25
testing. These systiessmndefcipRARCSIEHeARNGAIPYE RS fdrRul-80AL Y Phedqf cie data
usi ng appropriate, software and data sets. The Beckman Instrunents system

can del i ver nanolth¢riehe Rrasaspessods togpdmize e ahilitnyd sciantifid gerpenmel oul ar |y wel |
suited for hybri gi,za@ld ' tJo) et | ecul e sequences. The

M cr oFab Technol ogi es. g@%@%ﬁ#ﬁ%}}gEos%%ﬁg%)gmggﬁqgatimﬂﬁj aé‘[dSIB(r%%Léﬁ?gP's to 30

al i quot di scret e femnphedels of @wirinniatiGhhef othyric8MBc@agbrehgo be adapted as
required for use %Am %2 31 Cct ober 2003 WO 00/59627 PCTI USO0/ 08589
There are basi cal E pes of Infomatics that can be used with these

2 at the points referrt by horaoday oafRg: QR HAR) RO SIS Lo

and data out put, fellowiag non-imjtingeranmpde ef/ibe pmcesstdisridsedherirdfor highr ol
throughput formulation and screening of drug formulations having desirable
properties.

An approximately 350 mw antibiotic having a complex derivatized

20 . benzofuran-cyclohexane structure, which is approved for use as an antibiotic
and antifungal compound, was selected for reformuliation to produce more
soluble compositions. This compound is soluble in DMF but only slightly
soluble in other organic solvents such as ethanol, methanol, acetone and
acetic acid. The low solubility limits applications of the antibiotic-antifungal

25 due to poor bioavailability.

A commercially available preparation consists of ultramicrosized
crystals of antibiotic-antifungal partially dissolved in a carrier including
polyethylene glycol 8000 and partially dispersed in other inert excipients
(corn starch, lactose, magnesium stearate, and sodium laury! sulfate). A

30 dosage of 3.3 mg/lb body weight is administered per day for children under
50 1bs.. A different dose for adults of 330 mg/day is the typical dosage for
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5 software that enables the integrated set of manipulations to occur and
track the process flow, including communication and sanple tracking
through the system in high throughput. A second is scientilf(haober 2003

derivati zag, jch collects and stores data to enabl e fugdhgsornssso
devel oprre?\\;"og'ﬁ’(ﬁx%Zsi gn of fornulations, including identification of

. conpl ex interactions between the 10 actives and excipients, and
“identification oftrédatmentdifongainfestons THds peductdamarketedrfoperapr ocessed so as

to optimze the abjlity of scientifi.c. personnel. to. .o . :
experiments to op"’l‘:{fﬁ’ﬁl af‘%%l"‘b}srﬁﬂlﬁfﬁlgﬁ%fi Sgﬁgﬁ{% aﬂg&%qr%gyecéiﬂ%}ébée&ﬁ%del s of
new formul ations of ot hgimasitdnd of@imanenibioticEXANNgHS avE nowteepr esent
invention will be further understood by reference to the follow ng

non-1imiting exargriveloped whichdiaye geaatigicgbanssdaquseresaiubiy- g copfibughput
fornul ation apd scr@'«;quc@@@%&g@%@é&%@%&m BB AEACSH theRiBwing

properties. A ap"iﬂ't X1 ma iotic having a conplex derivati

20 . benzofuran -GRelSoftexanalysiepardedinesafeih icrdipicsts gpolraimdblt dromuSigmas an
antibiotic and antjfungal conpound |l ected . for refornmulation to
produce nore sol &isrighdgpsGlsmpicalsor Bﬁ'ﬁ’é: Z@n%‘brﬂﬁt“j’bi‘cs TP AGHTRT era1lIaDIVF but
only slightly sobublifdipdBhiiel aReRal chamloseiminsie iy ebfianobed ret hanol ,
acetone and acetic acid. "The |ow solubility limts applications of the
antibiotic-anti fmmgadproxdmattie2iWOhde) bolacweladexbnl(éxojohepramplosr Sal | y

avai | abl e preparati,on consi st f raii.crosizede..c .aJ fi-ro.

anti bi ot i c- ahPi f (IOGHM a&iwiftﬁ??edﬁﬁii%t @‘ééofuﬁaée?z(é‘gf"rb%léa%éﬁi‘ﬁ@aﬁ% Bi8f2

pol yet hyl ene gl ycghy18039a8q opaiokiykkhiosdt&nae)s €3 sbiiudt hprethdittih exci pi ent s
(corn starch, |actose, magnesi um stearate, and sodiumlauryl sulfate). A 30

dosage of 3.3 ny/¢Hbortidad o rengatkonivmadirrisie dalkyldimefbylbengylanyPoRii| dr en” under

50 Ibs.. Adiffergnt .dqse,fqrl: ; o Readyvah sRlc LAasage
for 23 31 Cct ober(ﬁ%%%g’ %c%hpﬁ@%@ﬁ&%ltﬁ%%wgémﬁ%%t mer)ft(@?)g fcungal
infections. This @ioSdetadécnoiraiel) q8) fafiumnnatrate didrirae, {1 0)adlyathyldnst i s
still of limted solubilit and therefore hioavailabilijty. Form ations
contai ni ng ahdi biﬁf??ﬂ-lé?ﬂpi(}i&h@‘gy?thyll’?ﬁ?/glyﬁ%l\/\}%b(ﬁ)énaZEBQQVWXQ}C%?ﬁéMave
greatly enhanced pgpesUSNVER@BIT | h®$RnE eRlabRck Zofdlyibhie - ant i f ungal
di spersed with valfal@%lus c% nat i g}r?gyog} tZenf ol | owi n% Flyman Ly

polyoxyethylene 40 stearate, (15) polyoxyethylene 100 stearate, (16) ‘

TWEEN 80® (polyoxyethylenesorbitan), (17) BRIJ 35® (23 lauryl ether),

and (18) BRIJ 97® (10 Oleyl ether).

20 The formulations were developed and analyzed as demonstrated by

the following examples.

EXAMPLE 1: Preparation and Identification of Antibiotic-
antifungal Formulations with Enhanced
Solubility.

25  Experimental Procedure

Preparation of formulations with improved solubilities

18 GRAS excipients (numbered 1-18, as noted above) were selected.
Three of the 18 excipients, 20 microliters each, were added to each well in
the microarray (Millipore 96 well filter plates, including one micron pore
30  size polytetrafluoroethylene membranes in the bottom of each well) using the
TECAN® liquid handiing system. Each excipient was prepared in water at 3
concentrations (0.015 mg/ml, 0.15 mg/ml, and 1.5 mg/ml), allowing for the

examination of excipient concentration effects.
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GRAS ("generally regarded as safe") excipients (all obtainable from Si gna-
Al drich Fine Chemcals or BASF): (1) gumarabic fromacacia tree (a
branched pol ymer of gal actose, rhamose , arabinose, and d@lususbeni®3aci d,

MW appr oXiwWBlogk¥225000) , (2) beta-cyclodextrin (cycl ohept az@thapedssse (3) 10
sodi um dodecyl sulfate (SDS), (4) docusate (sul fobut anedi oi c acid bis[2-

~ethyl-hexl ester] or dioctyl sulfosuccinat e%ﬂ sodi um benzet honi um
chloride, (6) benzal kohrHmieREPPGDIE BINRYS r%lﬁﬁg)wéﬁalwiaﬁ%ﬁﬁi um

chloride), (7) cetrimde (dodecyltrinethylammoni umbromde), (8) oleic acid
(cis-9-octadecenoic acid), (9) sodiumtartrate di hydrate, (10) polyethylene
15 glycol 1000, (11) pol y&t hyl ene gl ycol 10,000, (12) polyvinyl alcohol, '
(13) POLOXAMER(r) 237-{-potyoxyabkyl ene oxide bl ock copolyner), (14)

pol yoxyet hyl epe 40 stemnatig.3)(15) pol yoxyethyl ene 100 stearate, (16) TWEEN
80(r) (pol yoxyethyl enesorbitan), (17) BRIJ 35(r) (23 lauryl ether), and
(18) BRIJ 97(r) (10 A eyl ether). 20 The formul ati ons were devel oped and
anal yzed as denonst ratié’cpf‘!t?ymlqlk?efoﬁbllﬂlamﬁsr(g t@ﬁ‘eﬂﬁﬁlﬁé@"i sERARPICE nF3) PE®par at i on

dId f I d
Solubi 111y, 26 EapurEian bR 3Bk P AR pet R R B e bt KNG

i mproved sol ubi | ijhiteal. TheClAPled v@rd p@itfed isindee ddatlatlfrogas. et ed above)
wer e sel ect ed Three.  of the 18 exci p| ents, 20 microljters each, were added

to each wel I1Gn picErlire peARipUS RN Rgal isselvesingipxang (94 Smegngbiodic- i ncl udi ng
one mcron pore %Qu W&gﬁa%& Oaﬁhg&’loeé&ghm{a@iﬂﬁ% éé&hfsmgieottom of

each well) using the 'i qui d handl 1 ng system Each exci pient was
prepared in wat erwalt usng the AGEEMN diguaisandn®gStemg/ M, 0.15 ng/ M, and 1.5

ng/m), allowing for the examnhation of excipient concentrati on effects.
24 31 Cctober 2003 V&M@ﬁ&ﬁﬁ&ﬁ%@éﬂo 2y 08589 The nunber of possible
]chnl que formul ations i sa€@eGdl\@hedvas re:ﬁ&ed@y?d;cg?hﬂ(zlaﬁo@)iOO%ﬁthﬁReﬂs'quue
ormul ations (a total of 66,096 sanples for n=3) were
15 water were added to each dried formulation in each well of the filter plates.
The plates were incubated at 37°C for | hour, then centrifuged to separate
any undissolved solids. The filtrate from each well was collected into UV
transparent 96 well plates for measurements on a UV plate reader at 290 nm.
Antibiotic-antifungal alone without any excipient was tested to
20 establish the baseline solubility.
Results
The solubility, measured as absorbance at 290 nm of the filtrates, for
3,500 unique formulations is shown in Figure 3a. Antibiotic-antifungal
alone gave a baseline absorbance (solubility) of 0.3. Most formulations
25 showed improved solubility compared to the antibiotic-antifungal.
Approximately 1,200 formulations shown in Figure 3a showed significantly
higher solubilities than the rest of the formulations.
| Formulations demonstrating 100% increase in solubility compared to
antibiotic-antifungal alone (as measured by absorbance) were identified as
30 lead formulations. Five formulations were identified and boxed in Figure 3a.
Figure 3b gives the standard deviation for each of the 3,500 unique
formulations (each tested at n=3). The majority of the formulations tested

were reproducible, with standard deviations of less than 10%.

25



generated, wth 32 unique formnul ati ons per assay plate and 689 assay pl ates
in total. The sanples were generated using the MatLab program 20 10
mcroliters antibiotic-anti fungal dissolved in dioxane (0.350gqgper 2003
antibioti cw@dbl}%'g§ﬂngallm di oxane) was then added to each fgrpkapiosses i n
each sanmple we using the TECAN |iquid handling system Screening of

. Fornmul ations Al the solvents were renoved by |yophilization . 200
mcroliters of 15 wat érespdpmiginsg capbeluthcupptaizedbising BCisa™Mei n each wel |
of the filter pla T t J LC f t hen
centrifuged to se%‘%?%“t“ég Ilg%ﬁ%‘%n%?%@%ﬁ%g%gtp ?ﬁdagﬂl g’ar%?gﬁ%olgfﬂt%a?%espggféﬁ each
wel | was col | ect edoriceiittatidyd of eadinepimoaatt i0 Gevfetthulpliatses f or nmeasurenents on

a UV plate reader _at 290 nm Antjbjotic-antifungal al one wthout any

exci pi ent was tesESAMELEY est ak?"‘g?f“l%‘gﬂﬁ%égqr?‘f’r@até%sﬁ’i "\fl\llat"§f’r ﬁégul ts The-.
solubility, ngasuggge,qﬁlegggp;magge at 290 nmof the filtrates, for 3,500
uni que fornmulations 1s shown in Figure 3a. Antibiotic-antifungal alone

gave a basel i ne absor bahecfve kked édyimulatiphs sken(fig! frpdhe feoremabayve vigee 25 showed - -

i nproved sol ubility. ared to.t tihi gt c-antifun : imately
1,200 fornul ati ongmgﬁ%&%niaﬁalﬁfﬁﬁ gf%@sth%tv\%éhes?l%ﬁé%rfagaﬁl[a%yw‘e]ﬁ?%%%ﬁy
sol ubi l'ities thanweh@ideasth edmpdiRnf Gidixalg e in Bersalil sfateinscieilianat r at i ng

100% i ncrease in solubility conpared to antibiotic-antifungal alone (as
measur ed by absor Bake d) mgppiantiwticianfigmeakwasigeighed oyt it theisalid st and; v e

formul ations jher g AAnk bt By ibinfl At evalo 1}1&‘&&%@?%@5 the

standard deviation each uni que ormul'ations (each tested
at n=3). The nmj oThésg a6f: t he fornmul ati ons tested were reproducible, wth

standard devi ations. of | ess than 10% 25 31 October 03 00151621
PCTI US00108589 Theké: P8¢ Wﬂlpaﬁ(?é% =é§ﬁ“ﬂa¥é‘3‘?‘ﬁ?‘oﬁﬁﬂ%"“&b§8rﬁ'% Y%eﬁ‘ag?’}‘?e sane
screeni ng techni guedaseri bed above, by malting additional changes to the

concentration of each conponent in the formulations. EXAMPLE 2: Validation
of | ead formul ati RE2oR0GmgdEel 0¢ks 30 eng SBS Bk perriohenvethy Prod@dgrdteThe five

ead formul agionshfent ol epH ! i PRy ARF¥E: YPLiEarate, 3 mg acacia
TPI-4: 300 mg PEG 10000, 30 mg acacia, 30 mg cetrimide
TPI-5: 300 mg polyvinylalcohol, 30 mg benzethonium chloride, 3 mg PEG
1000
15 ml water was added to each vial and the formulations incubated at
20 37°C for 1 hour before they were filtered through 0.2 micron filters to
remove any undissolved solids. The filtrates were measured using a UV
spectrometer at 290 nm in a I cm pathlength quartz cuvette.
The commercially available drug (165 mg antibiotic-antifungal} in
tablet form was ground into powder and an amount containing 30 mg
25 antibiotic-antifungal was tested in the same way as the lead formulations for
COMPpArison.
Results
The results from the lab scale dissolution assay are plotted in Figure 4
as absorbance at 290 nm, showing the means and standard deviations from
30  the three measurements. An increase of up to 300% in solubilities (as
measured by UV) was achieved compared to the commercial formulation.

All five lead formulations identified in the microarray screen were validated
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val idated on a |l ab scale 10,000x that of the mcroarray in 96 well plates
by wei ghing each conponent and mxing themin the solid state in
scintillation vials. 30 ng of antibiotic-anti fungal was wHi Qhadr 2B i n
the solid §iapge@rd 10 added to each fornul ation. Each for mgabdeagedsas
formul ated three tines. These are: TPI-1: 300 ng PEG 1000, 30 ngy

bet a-cycl odextrin, 30 ol yoxyet hyl ene_ 40 stearate TPI-2: 300 ng PEG
1000, 30 ny SDS, 8 “Pﬁgsog%lfgﬁ&yb‘thﬁ%kéfr?élez{é)o,QP@ﬁrdaﬁtS%luﬂ%aSFPW toshavgoo ny PEG
1000, 30 ny pol yoxyesylsersi E@tPrhe BofEheASAR AaildfiL aflie, BRY;AD PEG
10000, 30 ngy acac?a, 30 Sng l(:ig}?crzl nF%e TPI ?5? 380 n%’ p81lyﬂ\;€: nfﬂgéﬁ%oh , 30 ng
benzet honi um chl ah¢ dspltSfrom nE@arra@@frag Fommat wat mow basastdetintoneach vi al
and the formnul atilotr)ls i ncubated at 20 37C for | hour before they were
filtered through B FH TN filters to remove any undissol ved solids. The

filtrates werg NEEXAMPLEGSS Ng Eddfua®hestInaiBde) BleclSOEAUMELdpRnt. CM
pat hl ength quartz cuvette. The commercially avail abl e drug (16E ny

amt i bi oti c-anti f Jpgperimenial Rrggediref or m was ground i nto powder and an anount
containing 30 ng 25 ang| hj 0kl i . S.0. 1 he. way as the
| ead formul ations for nﬁdc%ﬁa%gécﬁgg%?Peﬁe%g%?%hs%%ée&?ég%ﬁlqlgn# ?@?ﬁlﬁ#@ | ab scal e

di ssol uti on assawolibditp) tht fiestthiree kead formudations (FHISIO NGNS iddntiZiod abdne

show ng the neans and standargﬁdeviqati ons from 30 the_three_ neasurenments.

An increase of upttts MEHATRRS SSFUBT Fhove e de-oop¥ilisd Prihe lah scalgdntac hi eved
conpared to e RrClads AL 1 i

i dentified i %mt hgﬁﬁpgﬁr’%@é{f cr eeﬁht@%setha\?lé:{’? %ilél@d&geg&éﬁigg%oﬁiﬁ%%s VO
00159627 PCT/ USOohD858ER)itwo bfithedhier dx¢ipientsiim diffeecrit abmbinaliens((&LarDEI6x)

G ssol Ut on aSsa {55 5 B ko MBS, S ety
format can now bgahprAsdratiRd mdab@eAQkiRB he JaR |9F FloBeASSEANSeribed BENELE 3!
Eval uation of Individual Effect of Each Excipient. Experinmental Procedure
for lead validation, using absorbance at 290 nm to determine solubility.
15 The solubilites for the “de-convolved” formulations are shown in
Figure 5, 6 and 7 as ratios to their respective lead formulation (It is important
to note that some reformulations have greater or less solubilities than the lead
formulations identified in Example 1, but that the results are relative to the
starting lead formulation; not absolute absorbance).
20 In Figure 5, excipient 14 (polyoxyethylene 40 stearate) {which is
present as a small percentage in TPI-3, as indicated by the area in the pie
chart) yields a substantial increase in solubility, which was slightly enhanced
by excipient 10 (PEG 1000).
As shown by Figure 5, 14 (polyoxyethylene 40 stearate) was the only
25 important excipient in TPI-3 and addition of 10 (PEG 1000 and 1 (acacia)
had no effect on overall solubility. Addition of excipient 2 (cyclodextin B)
actually decreased overall solubility of the antibiotic-antifungal in TPI-1, as
shown in Figure 6, demonstrating an antagonistic effect among excipients.
In contrast, as shown by Figure 7, excipient 3 (SDS), 10 (PEG 1000),
30 and 14 (polyoxyethylene 40 stearate) show synergy in enhancing solubility

of antibiotic-antifungal.
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To exami ne the effect of each excipient on antibiotic-antifunga

solubility, the first three lead fornmulations (TPI-1 to TPI-3) identified
above in the mcroarrays described above were "de-convol ved"Oarbet H¥3| ab
scal e i nt ova0o/s9827 bi ot i c-anti fungal fornulations that cont gidtafshdesdge of
the three excipients only, or (2) two of the three excipients in different
. conbi nati ons (ex menents one and two, t and thr one and
three). Sol ubili fﬂls@é\ﬁ%]f)[‘gggﬂ?'s Og"P?'ér%rcgnﬁpﬁéﬁbﬁé'\é\@ﬁ?%B’“&%‘Fﬁigjstphe sanme | ab
procedures described above cohditidgad val i dati on, using absorbance at 290
nun to determ ne _sol ubili try. 15 The solubilites for the "de-convol ved"
fornmul ations are ¢al Brogederes 6 and 7 as ratios to their respective

lead fornulation (It i 49R9K & : { ref.qrnul afi ons have
greater or |ess sol ubi |etr?%55{ﬂ1§§r1°hi‘thde}l Cﬂ(ea[‘e{ﬁ j%}(@rﬂr}g?aﬁhlngﬁcslﬁipé%%{’fi ed in
Exanpl e 1, but t katibictic-anefmbal(165 mg) elest donepared ithie labtsadlé ulgg | @FOML

formul ati on; not dabsol te absor&q&}mce . 20 In Figure 5, excipient 14 .
(pol yoxyet hyl ene “8§nged yratgray 1¢ i"é‘rﬁrﬂ%’meﬁfﬁegéﬁlfﬁ ah37°% Himgdial PG BBME age in -

TP -3, as indi cavafh by.sifth ARt Sl BF RhE ra€ AREMIG dF Apsubstantial

a
increase in solubility), slightly enhance VOeRE i ent 10 (PEG

1000). As shown bymFilationewss, deletminedl sypacyietyn VEah forndatidnenssaddayd wage t he only
25 inportant excipient, in. TRl -3 and .ad i}.i on of 10 (PEG 1000 and 1 (acaci a)
had no effect on°oVBEAleionEzsH wratetiang | Tk aliaueis wsre moved atf} segondsy 3 odext i n

B) actual | yodecseangd 1aMua b nsiakidid hinif 16 Agnalt i1§’§rﬁ£&t9§%ﬂf1 Em%e‘é”ga' in

TPI-1, as shown in Figure 6, denonstrating an antagonistic ect anong
exci pi ents. |n ctHfrages, aad 58 mjnptedyEqhgliqaotrvasaddepicent .53nl SPEndoA0 ( PEG

1000), 30 and 1 xyat hyl ene 40 st ear syner i n enhanci ng
solubility of aﬁaf%?%‘%{?%éégn‘? O%Eeg}aer%e@i’f‘%@@%ﬁ?)f%d SeqRpIDEY 59627

PCTI USOOI 08589  extAivRLuind#solBbdsSudidy ih @ the & i SIOMRAbILRAL: ATl ub@t ed USP
condi tions Experinental Procedure The rates of dissolution of TPI-2 and the

commerci al produd® 28 IR pathlesgihquare cuvali§gal (165 ng) were conpared at the
| ab scal e ussng RPQQL deioni zed water in 1000 nL Erl ennmeyer flasks at
37C stirred at 300 RPM with a 1.5 inch nagnetic stir bar. The rate of

di ssol ution for each The rates of dissolution are shown in Figure 8. TPI-2 showed a faster

rate of dissolution as well as a higher equilibrium solubility compared to
antibiotic-a:itifungal, further confirming the validity of the lead formulations
selected from the microarrays.

20 These results demonstrate of the efficacy of the high throughput
formulation ar.ld screening methods, and how it is possible to scale up the

results with a high degree of reproducibility.

28



formul ati on was determ ned separately. Each formul ati on was added to the
stirring deionized water and 1 nL aliquots were renoved at 0 seconds, 30 10
seconds, | mnute, 3 mnutes, 6 mnutes, 10 m nutes, 15 m nutes 25 ni nutes,
40 minutes, and 50 ninutes. Each aliquot was added to a 1.53hnPcteispédor f
vial, centrifuged at roomtenperature at 14,000 RPM for 10 seconds to
renove undi ssol ved solids and the ultraviol et absorbance determ ned at 290
nmin a i &AM ength quartz cuvette. 15 Results The rates of dissol ution
are shown in Figure 8. TPI-2 showed a faster rate of dissolution as well
as a higher equilibriumsolubility conpared to antibiotic-antifungal,
further codfir mi‘Hggriakaf palfipigifeypulstionsnehsrgdd f ormul ations sel ected fromthe

mcroarrays. 20 aJh@s eorfm@Bbds Sred66Rast $ephrtte GheslP i sefdrkicaeis, of the high
t hroughput fornul atjion and screening nethods, and how it is possible to

scal e up the r&Sufeck fagnplgtion gompHse a JHEEenbmixtap PRy (s bive pelgrialaBavinel  Oct ober

2003 CLAIMs: 1. ANk dnc@bnsMadhitibd &p?@%ﬂié&,%&dh@ﬂﬁwrémgﬁ@ iR theR@hcetatb@C) d)
e) the fornulations are | ocated at separate sites or in separate wells,

each fornul ation cHfSrPaRienelgilestonematsickt ure of at | east two materials

having known funcihe @nsis ashinéed 618 Sor®ihai | CUDRFd-&S for@daiod] Xt ure varying in
the concentration _or conposition of at |east one material, the array is
conpri sed of node PRAFRYEY &l ot 18P o the Bleleripla Y sppgate flﬁéfra?’%tlﬁl%soﬂlﬁﬁehed by

i nput ef the naterimksthatonseRALALRoSAERodEsoMfl ti pl e sources under the
control of an automatic processor, and wherein the arr can be connected

a
to or accessed 15} W tegrraseandssemgetehion: aCfCSSrS?H}PYaIF?aBﬁyOFEfF“'e&t“gIeé‘?st one

variabl e relating foambisddaneied1chiiBes V2Bble agdiing id Miend@T@MI6RkLAtyphysi cal
properties. 15 2. The,arr%% of claim1l wherein one of said at Feast t wo
¥

materials is sel ectSeH®l gmhysg! properties.

1% 2. The array of claim 1 wherein one of said at least two materials is selected from the
group consisting of:
a) a pharmaceutical product,
b) a health care product,
¢) a consumer product,
20 d) an agricultural product,
€} a nutraceutical product,
f) a vetennary product,
g} amatenal used in a industrial application,
h} a material used in a military application, and

25 i) aresearch reagent.

3. The array of claim 2 wherein the formulation comprises a bioactive material selected
from the group consisting of:
a) atherapeutic,
30 b) a prophylactic, and

c) a diagnostic agent.

4. The array of claim 3 wherein the bioactive material selected from the group consisting
of:
35 a) a nucleoside or nucleotide molecule,

b} a polysaccharide or saccharide, and
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group consisting of: a) a pharmaceutical product, b) a health care
product, c) a consuner product, 20 d) an agricultural product, e) a
nutraceutical product, f) a veterinary product, g) a materjal used in a
industrial application, h) a material used in a mlitary apdPitebst 28, and
25 1) a research reagent. 3. The array of claim2 wherein the fornulation
conprises a bioactive material selected fromthe group consisting of: a) a
t herapeutic, 30¢bh)?OFEPREAEEti c, and c) a diagnostic agent. 4. The array
of claim3 mhereln the bioactive material selected fromthe group

consi sting 35 a) a nucleoside or nucl eotide nolecule, h)

pol ysacchafi de dhe gyt sleingé Wherkig ﬂzegfos&ul@@pGB@Pﬂszméea&t)onanﬁwaﬁléplﬁdedr
peptide. 5. The fanfBYe®fp &ndkiBeI3rwherein the formul ati on conprises at |east
one material selected fron1the group consisting of 5 a) an excipient, b)
an adhelive, c)2h P4EKBGMg material, and d) a processing reagent. 10 6.
The array of clgymm%dmggkeln t he naterlal enhances stability of one or nore
of the materials in the fornulatlon or the fornulation, during: a)
processing, b) heRrckggriaigial apd packagi ng, 15 d) storage, e)

di stribution, dy aprocessing reagent.

10 6. The array of claim 2 wherein the material enhances stability of one or more of the
materials in the formulation, or the formulation, during:
a) processing,
b) manufacturing,
¢} packaging,
15 d} storage,
¢) distributton,
f) administration, or

2) invivo.

20 7. The array of claim 6 wherein the material comprises a bicactive material which is a

protein and the material enhancing stability comprises one or more excipients.

8. The array of claim 2 wherein 2 matenal in the formulation is selected to enhance
solubility or dissolution of the formulation or a component thercof.
25
9. The array of claim 2 wherein a material in the formulation is selected to increase ease
of manufacture or decrease cost of manufacture of the formulation or a component

thereof.

30 10 The array of claim 3 wherein the formulation comprises a therapeutic, diagnostic or
prophylactic agent, to be administered orally, further comprising one or more materials

altering uptake through the gastrointestinal tract of the agent.

11. The array of claim 10 wherein the material altering uptake is selected from the group
35 consisting of:

a) acompound enhancing solubility of the therapeutic,
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f) admnistration, or g) in vivo. 20 7. The array of claim6 wherein the
mat eri al conprises a bioactive material which is a protein and the
mat eri al enhancing stability conprises one or nore excipients. S. The array
of claim2 wherein a material in the fornulation is sel ect etd Y8°%RE%HCce
solubility or dissolution of the fornulation or a conponent thereof. 25 9.
The array of claim2 wherein a material in the fornulation is selected to
i ncrease ease Of HeRGAPIUEINRSeHY decr ease cost of manufacture of the
formul ati on or &) cospaRaRtior ptpRYIRAL agedl) add. The array of claim 3 wherein
the formul ation conprises a therapeutic, diagnostic or prophylactic agent,
to be adnini st eFedPHREFFGOUPEr t her conprising one or nore material s
altering uptake through the gastrointestinal tract of the agent. H The
array of claim 10 wherein the terial altering uptake i s.selected fromthe
group éS dg'nsi SOF AFYSY Flaé{‘jl%wg%f‘r‘ﬁé}tf BOBYAAR EPTRI S8 Y THPTA! {5PTBY I he
t her apeﬁti c, 30 a&bqﬁ@h,qh@gbua&e,?melm}mmm,emapﬁubﬁt:ﬂtngr ﬁg&ﬁucolﬁﬁéticaoidhcag?oslti C
or prophylactic agept., an an enteric coating. 5 12. The array of claim
10 wherein the f?i%ﬁ[%‘F%‘H“d}FFlﬁogg?pri ses a material inproving absorption,
di stribution, nmetabolism excretion, toxicity, or pharnmacokinetics of the
formulation,in e body. 13 he arr f_.claim3 wherein the fornul ation
Conpr i ses. 43t heriseeioi e sty ghaethe Ginlaish sPpii: Seemee Dgentse g
adm ni soered: aprdpbph@nlapant tdhe timansader mal |y, c¢) pulnonary, d) to a
nmucosal surface, or . Jlg e) ocularly, further conprising one or nore
materials alterPhgPiftRke or transport. 14. The array of claim 13 wherein
the material al beriadgdanpilpke is sel ected fromthe group consisting of: 20
a) a conpound enpancfi ng solubility of the therapeutic,

¢) pulmonary,

d} to a mucosal surface, or

15 ¢) ocularly,

further comprising one or more malterials altering wptake or transport.

14, The array of claim 13 wherein the material altering uptake is selected from the group
consisting of:
20 a) acompound enhancing solubility of the therapeutic,
b) an encapsulating agent,
c) a diagnostic or prophylactic agent, and

d} an enteric coating.

25 15, The array of claim 13 wherein the formulation comprises a material improving
absorption, distribution, metabolism, excretion, toxicity, or pharmacokinetics of the

formulation in the body.

16. The array of claim 1 wherein the formulation test array comprises formulations on a
30 microscale.
17. The array of claim 1 wherein the formulation test array comprises formulations on a
nanoscale.
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b) an encapsul ati ng agent, c) a diagnostic or prophylactic agent, and d)
an enteric coating. 25 15. The array of claim 13 wherein the formulation
conprises a material inproving absorption, distribution, netabolism
excretion, toxicity, or pharmacokinetics of the formulati ot P#Hotehé&0%ody.
16. The array of claiml wherein the fornulation test array conprises
formulations on_ a 30 mcroscale, 17, The array of claiml|l wherein the
f or mul at i on8t estThapran,t B veersinths RIMHUtiofAS! Yrrygomprsss Leyplationg or 31
Cct ober 2003 18 codpshieAs Ate REm@hRinEinkh¥R8ELIMN 00 REerb QEMbraLsk Aneatiest array
conprises formulations or conponents in the formulations in the range of
100 micrograns EFSCIVRIE €T AP SRR reservoir or sanple site. 5 19. The array
of claim1 wherein the formulation test array conprises formulations or
conmponents in the formulations in the range of 25 mcrograns or less in
each reservdir ThfasayRirkin] pheremghe f?ﬂ@ﬂa’ropéiﬂ Y2y CPRPTHET RS oF he
screening i s pekb@pdiehls alth@fofadigidik BRhefanfd G125 Aicr8fludk or 144 it écl RBGvoir
formul ati ons per day 21. The array of claiml| wherein the screening neans
i s selected froff t#®!g¥6up consisting of: a) a neans for chenical
analysis, 15 b) a neans for analysis of biological activity, and c¢) a
nmeans for anal ysi s of sical properties. 22. The screening rreans of claim
21 sel ect edf r orh¢ A& g’?&%ﬁ“ bf”hFFE‘érﬁ}%e BrecRARIHPERPTISH ot adﬁ&‘r‘sgfeé‘ﬂt ;3 gl
consi stong of : Z010@p fédkfetioR)pedgH sensor, c) an ionic strength sensor, d)
diffractonmetry, e) mass spectroscopy, 25 f) optical spectroscopy, g) a
nmeans for nmeasuring turbidity, h) a polarineter,

21. The array of claim 1 wherein the screening means is selected from the group consisting

of:

a) ameans for chemical analysis,

15 b) ameans for analysis of biclogical activity, and

¢) ameans for analysis of physical properties.

22 The screening means of claim 21 selected from the group of means of chemical or

physical analysis consisting of:

20 a) HPLC,
b) apH sensor,
c) an ionic strength sensor,
d) diffractometry,
€) mass spectroscopy,

25 f} optical spectroscopy,
g2) ameans for measuring turbidity,
h) a polarimeter,
i} a calorimeter, and

1) afluorimeter.

30
23, The screening means of ¢laim 21 selected from the group of means for analysis of
biological activity consisting of:
a) anin vitro assay,
b) a cell culture assay, and
35 c) atissue assay.
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i) acalorinmeter, and j) a fluorineter. 30 23.The screening neans of
claim 21 selected fromthe group of neans for analysis of biological
activity consisting of: a) an in vitro assay, b) a cell culture assay, and
35¢c) a tissue assay. 32 31 October 2003 24. An automatic nubtPgiplksr 2003
processing for preparing an array of nmultiple formulations, the system
conprising: a) a fornulation test array of multiple formulations, wherein:
1) the for i at iSrautomalc YR RlciosssedpararaEng it aky 6f mpiypledprpuiatianyythe] s 5
2) each forml atsi,9ém eaRRsinges a different nmixture of at least two materials
having known functions, activities, or properties, each mxture varying in
the concent rat i%n? SrmplakRIdest praypl grultiple ﬁ’@%@?“%ﬁé"]ﬁﬁ‘f‘brl al, 3) the array is

conprised of nore thage R0adh fre1RALd St dileOfSH séb)arateh@en@rray is formed
by input of the materials at separate sites frommnultjiple 10 sources under

the conProl of an ZAutadPiulqioncuurses a dffgr e@)mlﬁﬂéercévlah'ef‘%Ié“’arf‘?t%‘gﬂkc@i‘ﬁmﬁe

connected to or accegpgdh RnctmRansigss, &%E@ﬁﬂk@@a&&ﬁhturé@@ﬂé@ftﬂeon for at
| east one variable relating to intended function, activity, chemcal or

physi cal properties, SB)CcRr @gé?W&pPS‘H%‘?fs'" foB¥ ORBRGFE of formul ation

conponents, 15 c) & ARANSy isQombARE B thar WU afffeRnt BARNAREAANT S fromthe
reservoir nmeans to the fornulation test array, and d) a processjng neans

for controlling th® fRfaway iiPEred o8 irghelibsmitrpt 2 seParn Heeb@p Bl or at

each sitpe of the for nuadsivafer iRSTbned] b8 it BRCESSFEHMOI I means so t hat
each formul ati on cgnpri ses_at Ieast one material in commn but has

different 20 fornd AHeEH: thograyeap begonsriego prascessrd by meghs fey S&fﬁﬁwae%ﬁere. n

one of said at |east fbWRIlaWBE B hAkSt bife vaSSEelattl bhaded ameliduRLeRy)SI St i ng

of a) a pharnmaceutical product, 25 b) a health care product,
chemical or physical propefties,

b) areservoir means for storage of formulation components,
15 ¢) ameans for inputting formulation components from the reservoir means to the
formulation test array, and
d) a processing means for controlling the formulation components inputted into each
well or at each site of the formulation test array from the reservoir means so that
each formulation comprises at least one material in commeoen but has a different

20 formulation.

25, The array of the system of claim 24 wherein one of said at least two materials is

selected from the group consisting of:
a) a pharmaceutical product,

25 b) a health care product,
¢) aconsumer product,
d) an agricultural product,
€) a nutraceutical product,
f} a veterinary product,

30 g) a material used in an industrial application,
h) a material used in a military application, and

i} aresearch reagent.

26, The array of claim 25 wherein the formulation comprises a bioactive material selected
35 from the group consisting of:

a) a therapeutic,
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c) a consuner product, d) an agricultural product, e) a nutraceutical
product, f) a veterinary product, 30 g) a material used in an industrial
application, h) a material used in a nmilitary application, and é
research reagent. 26. The array of claim 25 wherein the f or MPePhes R003
conprises a bioactive material selected 35 fromthe group consisting of a)
a therapeutic, 33 31 October 2003 b) a prophylactic, and c¢) a diagnostic
agent. 27. The & r agropylactigiapd 26 wherein the bioacti ve material selected
fromthe group Gpnghmbiode agemof . @) a nucl eoside or nucl eotide nol ecul e,

b) a pol ysaccharide or saccharide, and c) a protein or peptide. 10 28. The
array of claim26 wherein the fornulation conprises at | east one materi al

sel ected farom tihe a@4y0diR1a6R DS whiérkil GhetfioadtivedRat@e idhicRB trom the grofy @mhigsigve, C)
a packagl ng mat erl al, and 15 d) a processing reagent. 29. The array of

claim?2 V\,herelr?the mat eri al enhances stability of one or nore of the

materials in thQ)fQﬁmﬂoﬁaé&r}md@én&%]a‘cﬁ]éwl ation, during: a) processing,
20 b) manuf act ur| ng, packagi ng,. d) storage, e) distribution, f)
adni ni stration, b&rap‘ﬁ?‘)sab‘?’a‘i‘q’?o&ﬁﬂfﬁha '9p2nhe array of claim 29 wherein the

materi al conpri $§sa grolRiRGEpe. material which is a

10  28. The array of claim 26 wherein the formulation comprises at least one material selected
from the group consisting of:
a) an excipient,
b) an adhesive,
c) a packaging material, and

15 d) a processing reagent.

29 The array of claim 25 wherein the material enhances stability of one or more of the

materials in the formulation, or the formulation, during:
4} processing,

20 b) manufacturing,
¢) packaging,
d) storage,
¢) distribution,
f} administration, or

25 g) invivo.

30. The array of claim 29 wherein the material compnses a bioactive material which is a

protein and the material enhancing stability comprises one or more excipients.

30 31 The array of claim 25 wherein a material in the formulation is selected to enhance

solubility or dissolution of the formulation or a component thereof.
32. The array of claim 25 wherein a material in the formulation is selected to increase ease

of manufacture or decrease cost of manufacture of the formulation or a component

35 thereof,
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protein and the material enhancing stability conprises one or nore

exci pients. 30 31. The array of claim25 wherein a material in the
formulation is selected to enhance solubility or dissolution of the

formul ation or a conponent thereof. 32. The array of clai mJ50¢iplesr é903 a
material in the fornulation is selected to increase ease of manufacture or
decrease cost of manufacture of the fornmul ation or a conponent 35 thereof.
34 31 Cctobér 20d8anm of tlam &6 phsreigfthecipapiatiog coipriises hihereeutie diagnestis eh

conprises a thenap@yibiif gt 30 BOMMifisefed oRNIPRINLREIhyfisRYBRL or hdte Bfterials
adm nistered orally, further conprising one or nore materials altering

upt ake t hrough tHemgastekeibprugl thegagiropieaial bct phibe aggBnt . 5 34. The array of
claim 33 wherein the material altering uptake is selected fromthe group
consisting of: a) a conpound enhancing solubility of the therageutic, b)
an encapsul?4t i nd)hag’é‘m‘? ckym &3 whegindepierist alsFing MRHkedt seleclsd 8AM thafawr 10 d)
an enteric coaticBghistidpor: The array of claim 33 wherein the formulation
conprises a material Tnproving absorption, distribution, netabolism
excretion, toxi @ t§comouphephaneingieppiilyy thegheransrtic, f or nul ation in the body.
15 36. The arr ay) ofn GhkasMudf spbier ei n the fornul ation conprises a

t herapeutic, diagnostic or prophylactic agent to be adm nistered: a)
topically, b) tcanstiagnesliqqspropbdaty ageat.#8hary, d) to a nucosal surface, or
e) ocuharly, furdhhgfentpoREd®ENG ONne or nore materials altering uptake or
transport. 25 37. The array of claim 36 wherein the material altering
uptake is selected fromthe group consisting of: a) a conmpound enhanci ng

sol ubi l'ity3ef theebherdRRIE B wherbh 1R To2RLARS WbrilrisBds B imgidvidg di agnostic
or prophylactic ags‘(i]neprt]}oh, d?s?r?butigr?, nge)tabg]Tsnle, re];[ccergtlio%, tg)%gitt;, gl‘g pharmacokinetics of the
formulation in the body.
15
36. The amray of claim 26 wherein the formulation comprises a therapeutic, diagnostic or
prophylactic agent to be administered:
a) topically,
b) transdermally,
20 ¢} pulmonary,
d} to a mucosal surface, or

e} ocularly,

further comprising one or more materials altering uptake or transport.

25 37 The array of claim 36 wherein the material altering uptake is selected from the group
consisting of:
a) a compound enhancing solubility of the therapeutic,
b) an encapsulating agent,
¢) adiagnostic or prophylactic agent, and

30 d) an enteric coating.

38. The array of claim 36 wherein the formulation comprises a material improving
absorption, distribution, metabolism, excretion, toxicity, or pharmacokinetics of the

formulation in the body.
35

35



38. The array of claim36 wherein the fornulation conprises a materi al

i nproving absorption, distribution, netabolism excretion, toxicity, or
phar macoki netics of the fornulation in the body. 35 35 31 Cctober 2003
39. The array of the systemof claim 24 wherein the fornul atli @#ckeedt03ar r ay
conprises formulations on a n-ticroscale. 40. The array of the system of
claim24 wherein the faornulation test array conprises 5 fornulations on a

) mpri s
nanoscal e. 341, Theazpiyhesysten af dgiay2dmhsrentihs fomnylatiopest &y ©RETFSr nul at i on

test array conprifREtiofs@nihiabk@nrs or conponents in the fornulations in the
range of 100 micrograns or less in each reservoir or sanple site. 10 42.
The array of the system of claim 24 wherein the fornmulation test array

conpri ses 4H.0r MrhakirNS 1RsyERPOLAAM B Whirdih@e fominli @ tb® Bgay ddnphgsr ange of
25 mcrograns or. less in each reservoir or sanple site. 15 43. The array

of the ystem of rEPR{IMSER aRRSEIH the screening is perforned at a rate
greater than or equal to 1000 fornul ati ons per day. 44. The array of the
system of c¢laim24 wherein the tscr_eeni g means is selected fromthe group
consi sting?bf 20Pa§may HEheresieg Pl dnmAtYIeTeihhe Jpomulatigp tesh Ay QMIPHEES  anal ysi s
of bi ol ogi cal agdrmiatidns RBSnpEEnQInTREREMlIQlonaRahyShg B 0(RIESdgeMs or less
properties. 45. The screening nmeans of claim44 selected fromthe group of

g
means of cheni c&l ¢36h FesIROILFaPRISFIS nal ysi s consisting of a) HPLC, b) a pH
sensorjoc) an ionic strength sensor, d) diffractonetry, 30 e) nass

spectroscopy, f) optical spectrqscapy, neans for neasuri turbidity,
h? a pol ar ?t%l,et erT%e Fr)pay&??ms% ?%{ rg?n;n Zgﬁﬂlege)m lﬁe formlr}lanon test array comprqges y
formulations or components in the formulations in the range of 25 micrograms or less

in each reservoir or sample site.

15 43, The array of the system of claim 24 wherein the screening is performed at a rate greater

than or equal to 1000 formulations per day.

44. The array of the system of claim 24 wherein the screening means is selected from the
group consisting of:
20 a) ameans for chemical analysis,
b) a means for analysis of biological activity, and

¢) ameans for analysis of physical properties.

45. The screening means of claim 44 selected from the group of means of chemical or
25 phystcal analysis consisting of:
a) HPLC,
b) a pH sensor,
¢) an ionic strength sensor,
d) diffractometry,
30 e) mass spectroscopy,
f) optical spectroscopy,
g) ameans for measuring turbidity,
h} a polarimeter,
i) a calorimeter, and

35 7} a fluorimeter.
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35 ) a fluorineter. 36 31 October 2003 46. The screeni ng neans of claim44
sel ected fromthe group of neans for analysis of biological activity
consisting of: a) an in vitro assay, b) a cell culture assay and 5 c) a
ti ssue assay. 47. The systemof claim 24 further conprising’infaeker 2¢P
screening one or nore properties of each fornulation. 10 48. The array of
the system of claim47 wherein one of said at least two naterials is

sel ect ed f f6m t Hée gresupeosass oclay 4osclaicddropHhe graerefimesas foprsbisise! b)) a

heal th care pro@gg&mmp&mamggﬂ§ggﬁqﬁproduct 15 d) an agricul tural product,
e) a nutraceutical product, f) a veterinary product, g) a material used in

an i ndustri al aﬁbl?baﬁﬁﬁﬁmﬁyh) a material used in a mlitary application,
and 20 i) a reseay &l LRAPEREy, 2kP. The array of claim 48 wherein the
formul ati on conprises a bioactive material selected fromthe group
consistPng of: &) alHedEYeutic, 25 b) a prophylactic, and c) a diagnostic
agent. 50. The array of cIa|n149 wherein the bioactive material sel ected
fromthe group conS|st|ng 30 a) a nucl eoside or nucl eotide nol ecul e,

b) a pol ys&échariggstsm @&@tﬂh a% fgdor cqpgrisipg mernp FSSEPHIEonp EPTPEE PSS The
array of cl ai m 49-.0hefgLRiishe formul ati on conprises at | east one materi al
selected 35 fromthe group consisting of: a) an excipient, 37

10 48. The array of the system of claim 47 wherein one of said at least two materials is
selected from the group consisting of:
a) a pharmaceutical product,
b) a health care product,
¢) aconsumer product,
15 d} an agricultural product,
e} a nutraceutical product,
f) a veterinary product,
g) a matenal used in an mndustrial application,
h) a material used in a military application, and

20 i) a research reagent.

49, The array of claim 48 wheremn the formulation comprises a bioactive matenal selected
from the group consisting of:
a) a therapeultic,
25 b} a prophylactic, and

¢} a diagnostic agent.

50. The array of claim 49 wherein the bioactive material selected from the group consisting
of:
30 a) anucleoside or nucleotide molecule,
b} a polysaccharide or saccharide, and

¢) a protein or peptide.

51. The array of claim 49 wherein the formulation comprises at least one material selected
35 from the group consisting of:

a) an excipient,
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31 Cctober 2003 b) an adhesive, c) a packaging material, and d) a
processing reagent. 5 52. The array of claim48 wherein the materi al
enhances stability of one or nore of the materials in the formulation, or
the fornulation, during: a) processing, b) nmanufacturing, 3c§ceReRk¥ing,
10 d) storage, e) distribution, f) admnistration, or g¢g) in vivo. 15 53.
The array of claimb52 wherein the material conprises a bioactive nateri al
which is a probtei## 4 ehe material enhancing stability conprises one or
nmore exci pi ent sy Sfpacilddthedhdiainl, @hd cl ai m 48 wherein a material in the
formulation is selected to enhance solubility or dissolution of the
formul ation or & CORPEHEMICIIBr eof . 20 55. The array of claim 48 wherein a
material in the fornulation is selected to increase ease of manufacture or

decreasg cost of nanuf%cture of the fornulation or a conponent thereof. 25
56. The®array of DePEAYAL gimibyRirsn thsenatSiahepharoediietdgnpt erees mare i dicapeut i c,

di agnostic or  paephykfst FemagesH, or thofdauiachy Mirsker ed oral ly, further
conprising one or nore naterials altering uptake through the

gast roi nt esti naP tFaEEW% the agent. 57. The array of claim56 wherein the
mat eri al alteripy Miudkerihg selected fromthe group 30 consisting of: a) a
conpound enhancing solubility of the therapeutic, b) an encapsul ating
agent, c) a di aGhd@f¥a 8 prophyl actic agent, and d) an enteric coating.
35 38 31 Cctobend) 280Q3e58. The array of claim56 wherein the fornulation
conprises a material |nproving absorption, distribution, netabolism
excretion, toxi& tY" B °hannacoki netics of the

f) administration, or

g) invivo.

15 53. The array of claim 52 wherein the material comprises a bioactive material which is a

protein and the material enhancing stability comprises one or more excipients.

54. The array of claim 48 wherein a material in the formulation is selected to enhance
solubility or dissolution of the formulation or a component thereof.
20
55. The array of claim 48 wherein a material in the formulation is selected to increase ease
of manufacture or decrease cost of manufacture of the formulation or a component

thereof.

25 56, The array of ¢laim 49 wherein the formulation comprises a therapeutic, diagnostic or
prophylactic agent, to be administered orally, further comprising one or more materials

altering uptake through the gastrointestinal tract of the agent.

57. The array of claim 56 wherein the material altering uptake is selected from the group
30 consisting of:
a) acompound enhancing solubility of the therapeutic,
b) an encapsulating agent,
¢) a diagnostic or prophylactic agent, and
d) an enteric coating.
35
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formulation in the body. 5 59. The array of claim49 wherein the

formul ati on conprises a therapeutic, diagnostic or prophylactic agent to
be admi nistered: a) topically, b) transdernally , c) pulrmonary, 10 d) to
a nucosal surface, or e) ocularly, further conprising one & Ogfgpas 2003
materials altering uptake or transport. 60. The array of claim59 wherein
the material altering uptake is selected fromthe group 15 consisting of
a) a conpoufid erHaAEDHRY ckEn abvheey Uyt fompdation sprapiisgt ¢ waterig) ympraviggcapsul at i ng
agent, c) a di agpRgitios, dMiritiieRIYAelinS A8, 1oRRfly, ofiphafRacBRih&ldk 6f ®eat i ng.
20 61. The array of claim59 wherein the fornulation conprises a materi al

i mproving absorfpUEon HitBe P9dBut i on, net abolism excretion, toxicity, or
phar macoki netics of the fornulation in the body. 25 62. The array of the
system of claim47 wherein the fornulation test array conprises

f or nul aPi oRg- on T&e AT skaim 49 whgeinfidomylalipn gemprises %égﬁa ipfdiagpestinPu 7
wherein the forppailb@R E@Sto RIbAhiGQERri ses  fornul ations on a nanoscal e.
30 64. The array_of the systemof claim47 wherein the fornulation test

array conprises® figPtlVat i ons or conponents in the fornulations in the
range of 100 m @f og4ndd®m@ly, | ess in each reservoir or sanple site. 39 31
Cct ober 2003 65. The array of the system of claim47 wherein the

fornul ation test aPYAPM%Ebnprises formul ati ons or conponents in the
formul api ons i n g} hg amaRgal Qkfzéb o crograns or less in each reservoir or
sanple site. 5 66. The array of the system of claim47 wherein the
screening is peF? AHEHYat a rate greater than or equal to 1000

formul ations pemurdiyconffising Bee @iy m@EridlNBcsitg iRk rédspb 47 Wherein the
screening neans is selected fromthe
60. The array of claim 59 wherein the material altering uptake is selected from the group
15 consisting of:
a) acompound enhancing solubility of the therapeutic,
b) an encapsulating agent,
¢) adiagnostic or prophylactic agent, and
d) an enteric coating.
20
6l. The array of claim 59 wherein the formulation comprises a material improving
absorption, distribution, metabolism, excretion, toxicity, or pharmacokinetics of the

formulation in the body.

25  62. The array of the system of claim 47 wherein the formulation test array comprises

formulations on a microscale,

63. The array of the system of claim 47 wherein the formulation test array comprises
formulations on a nanoscale.
30
64. The array of the system of claim 47 wherein the formulation test array comprises
formulations or components in the formulations in the range of 100 micrograms or less

in each reservoir or sample site.
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group consisting of: 10 a) a nmeans for chem cal analysis, b) a neans for
anal ysis of biological activity, and c¢) a neans for analysis of physical
properties. 68. The screening neans of claim67 selected fromthe group of
means of chenmical or 15 physical analysis consisting of: ajl $Peers¢3 a pH
sensor, c¢) an ionic strength sensor, d) diffractonetry, 20 e) nass
spectroscopy, f) optical spectroscopy, g) a neans for nmeasuring turbidity,
h) a pol ar iéﬁeter he pryaypf dhe syt prpet dpim 4 ycherepnthe forgulplirg e§t ABVEGOMPESES The

screeni ng neans fnufatihsBr EdmsRbAS ek oFAMiINE indhOMReefr 25RANSrhRY orabal Ysi s
of biological activity consisting of: a) an in vitro assay, 30 b) a cell

cul ture assay, ahepchEepenoif prsagplesisay. 70. The system of claim 24 further
conpri sing processing nmeans directing each fornulation separately fromthe
array to the screening neans. 35 40 31 Cctober 2003 71. The array of the
syst em Bf EPai mIPeaFHET diersydsie obflaimg’hgtein he sqreenipg Isnsrfamped|asa e ereaddyrect ed

fromthe group ¢RA%E &N 1000 fomulRioRhsdraReeutical product, b) a health
care product, 5 c¢) a consumer product, d) an agricultural product, e) a

nutraceutical product, f) a veterinary product, g) a material used in an
i ndustrial sappl H&akd4bf the system of claim 47 wherein the screening means is selected from the

group consisting of:
10 a) a means for chemical analysis,
b) a means for analysis of biological activity, and

¢) ameans for analysis of physical properties.

68. The screening means of claim 67 selected from the group of means of chemical or
15 physical analysis consisting of:
a) HPLC,
b) apH sensor,
¢) anionic strength sensor,
d) diffractometry,
20 €} mass spectroscopy,
) 'optica] speciroscopy,
g) a means for measuring turbidity,
h) a polarimeter,
i) a calorimeter, and

25 j) a fluorimeter.

69. The screening means of claim 67 selected from the group of means for analysis of
bioclogical activity consisting of:
a) an in vitro assay,
30 b) a cell culture assay, and

¢) atissue assay.
70. The system of claim 24 further comprising processing means directing each

formulation separately from the array to the screening means.
35
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10 h) a material used in a mlitary application, and i) a research
reagent. 72.The array of claim 71 wherein the formulation conprises a

bi oactive material selected fromthe group consisting of: a% a therapeutic,
15b) a prophyl actic, and c)a diagnostic agent. 73.The array?ldPcteheagPi3z2
wherein the bioactive material selected fromthe group consisting of: a
nucl eosi de or nucl eoti de nol ecul e, 20a) a _pol ysaccharide or saccharide, and
b) a protei’h or ThepFHRL. thecsystgs?ﬁclarwéoa’vhcaeWWOéF?a# thieps! (R SRETAISthe

formul ation congelcg&stah ilganb cORBum@deri al sel ected fromthe group
consisting of a)_an excipient, b) an adhesive, c) a packaging nmaterial,

and 30 d) a pr@ée%@ﬁﬁﬁmFgéﬁb%?‘m 5. The array of claim 71 wherein the
materi al enhances §h§bht$§M0@§ﬁone or nore of the materials in the
formul ation, or the formulation, during: a) processing, 35 b)

manuf acPuring, ©)2 PREREGPRYIC41 31 Qctober 2003 d) e) f) g) 5

d) an agricultural product,

¢) anutraceutical product,

f} a veterinary product,

g) a material used in an industrial application,
10 h) & material used in a military application, and

1} aresearch reagent.

72 The array of claim 71 wherein the formulation comprises a bioactive material selected
from the group consisting of:
15 a) a therapeutic,
b} a prophylactic, and

¢} a diagnostic agent.

73. The array of claim 72 wherein the bioactive material selected from the group consisting
20 of:
a) anucleoside or nucleotide molecule,
b) a polysaccharide or saccharide, and

c) a protein or peptide.

25 74 The array of claim 72 wherein the formulation comprises at least one material selected
from the group consisting of:
a) an excipent,
b) an adhesive,
¢) apackaging material, and

30 d)} aprocessing reagent.

75. The array of claim 71 wherein the material enhances stability of one or more of the
materials in the formulation, or the formulation, during:
a) processing,
35 b) manufacturing,

¢) packaging,

41



storage, distribution, admnistration, or in vivo. 76. The array of
claim75 wherein the material conprises a bioactive material which is a
protein and the nmaterial enhancing stability conprises one or nore
excipients. 77. The array of claim71 wherein a material in?l®aolen® ation
is selected to enhance 10 solubility or dissolution of the formul ati on or
a conponent thereof. 78. The array of claim 71 wherein a material in the
formul ation is $l¥¥ee% to i ncrease ease of manufacture or decrease cost
of manufacture @f gihepdiRphul ation or a conponent thereof. 15 79. The array
of claim72 wherein the fornul ati on conprises a therapeutic, diagnostic or
prophyl acti ¢ agéht 2dmipstFEoRdEi ni stered oral ly, further conprising one or
nmore materials ol f,8Hbng uptake through the gastrointestinal tract of the
agent. 20 80. The array of claim79 wherein the material altering uptake is
selecteé fromthe group consisting of: a) a conmpound enhancing solubility

of the thergpeutyihg arrays cﬁﬂn e06aReH iRthAGiaPaRPrises@bichicile3BNA Rt WhicRIs a
prophyl actic agent, and 5 d) an enteric coating. 81. The array of claim

79 wherein the Pml%mthwa%ﬂm%@gg Habikity ePTPRIISeY PRS OB FRTFFXCASRYST pt i on,

di stribution, metabolism excretion, toxicity, or pharnmacokinetics of the
formulation_in the body. 30 82, The array of claim 72 wherein the

for mul at i of”-conJhf a8 %{c{aﬁ’é?hwéﬂfﬂpe magfrig ﬁ&&fpr@méﬂtwn BreeisHsA aethaEcagent to

be admigi st er edisoladilifyQP ugaltin obthe thrRANRAGIWRRlcb¥ponedAn&iorpul NONary, d) to a
mucosal surface, or 42 31 Cctober 2003 e) ocularly, further conprising one

or nore materials altering uptake or transport.
78. The array of claim 71 wherein a material in the formulation is selected to increase ease

of manufacture or decrease cost of manufacture of the formulation or a component
thereof.
15
79. The array of claim 72 wherein the formulation comprises a therapeutic, diagnostic or
prophylactic agent, to be administered orally, further comprising one or more materials

altering uptake through the gastrointestinal tract of the agent.

20 80. The array of claim 79 wherein the material aliering uptake is selected from the group
consisting of:
a) a compound enhancing solubility of the therapeutic,
b) an encapsulating agent,
c} adiagnostic or prophylactic agent, and

25 d) an enteric coating,

81. The array of claim 79 wherein the formulation comprises a material improving
absorption, distnbution, metabolism, excretion, toxicity, or pharmacokinetics of the
formulation in the body.

30

82. The array of claim 72 wherein the formulation comprises a therapeutic, diagnostic or
prophylactic agent to be administered;
a) topically,

b) transdermaily,
35 ¢} pulmonary,

d) to a mucosal surface, or
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83. The array of claim82 wherein the material altering uptake is selected
fromthe group 5 consisting of: a) a conpound enhancing solubility of the
t herapeutic, b) an encapsul ating agent, c¢) a diagnostic or prophylactic
agent, and d) an enteric coating. 10 84. The array of cl ai¥h@286né¢®Bin t he
formul ation conprises a material inproving absorption, distribution,

net abol i sm excretion, toxicity, or pharmacokinetics of the fornmulation in
the body. 15 856 T¢f&lagyray of the systemof claim 70 wherein the

formul ation testadfef @¥ngridMR bhSGSmord AREHAIALIARS uRikedr Thfspfecal e. 86. The
array of the systemof clarm 70 wherein the fornulation test may conpri ses

formul ati ons on a nanoscale. 20 87. The array of the system of claim 70

wherein thesfor quk atdyair cla8s b2 FhEBY, 1RANRE S RRring A5 ALclLRE 1Bk tROFBGNENt s in
the fornulations in the range of 100 mi crograns or less in each reservoir

or sanpPe site. 95 ofThe array of the systemof claim 70 wherein the

formul ation test) af E@potRNENhReS solliBliftrdlel tRisheRic, cCOMPONents in the
formul ations in the range of 25 micrograns or less in each reservoir or

sanpl e site. 89b) THeENGPFYYIBRLEhe system of claim 70 wherein the screening

is perforned at ¢p § @h&odlQRbRphyld%ichhan .0 equal to 1000 formul ations per
day. 90. The array of the systemof claim70 wherein the screening neans is

sel ected from t Hb agnKEiHCRHASi sting of : a) a means for chemical analysis,
35 b) sgpneans for analysis of biological activity, and c¢) a neans for

anal ysis of physical properties. 43 31 Cctober 2003 91. The screeni ng neans
of clai m 96%sel d&t v sk frewhirein hredPrmaling comprispehiateral BRProYipg si cal

anal ysi s consi stbdaghtioh, distbubiBh, retd®o b, 3xdPétion 8BSi6Ky, ofphadihcbi@féies Stihengt h

sensor, o
formulation in the body.

15 85, The array of the system of claim 70 wherein the formulation test array comprises

formulations on a microscale.

86. The array of the system of claim 70 wherein the formulation test array comprises
formulations on a nanoscale.
20
87. The array of the system of claim 70 wherein the formulation test array comprises
formulations or components in the formulations in the range of 100 micrograms or less

in each reservoir or sample site.

25 88, The array of the system of claim 70 wherein the formulation test array comprises
formulations or components in the formulations in the range of 25 micrograms or less

in each reservoir or sample site.

89. The array of the system of claim 70 wherein the screening is performed at a rate greater

30 than or equal to 1000 formulations per day.

9. The array of the systern of claim 70 wherein the screening means is selected from the
group consisting of:
a) a means for chemical analysis,
35 b) a means for analysis of biological activity, and

¢) ameans for analysis of physical properties.
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d) diffractonetry, e) mass spectroscopy, f) optical spectroscopy, 10 g) a
means for nmeasuring turbidity, h) a polarineter, i) a calorineter, and j)
a fluorineter. 15 92. The screening neans of claim90 selected fromthe
group of means for analysis of biological activity consistigrt@rer2® an in
vitro assay, b) a cell culture assay, and c) a tissue assay. 20 93. A

nmet hod of determining a fornulation conprising two or nore materials having
one or nore desirable characteristics, the method conprising: a)

identifyingra compQuRding el Jrefibeiedieh rosfheabi @ s sRh&hitals to nake
the fornmulation, 25 c) rdentifying at |east one functional, biological,

physi cal or cheRPsip! BaFneanssEingqic to 30 screen the fornulation for, and
d) formulating thegpaterials into an array of multiple fornulations,
wherein: 1) the fornulations are |ocated at separate sites or in separate
wel I's, 2) each Pbriif #8%%n conprises a different mixture of at |east two

mat eri al s, at kﬁ&ﬁﬁmﬁ@ﬁmﬁ%ﬁk&ﬁm@ known function, activity, or property,
each m xture varyin& in the concentration or conposition of at |east one
material, 3) th& HEGOPEBonpri sed of nore than 1000 different

fornul ations, 4} thgs dfcb@dkcdpy, formed by input of the materials at separate
sites fromnultiple  sources under the control of an automatic processor,
and 44 31 Octob&r PHE sBFUKeEei n the array can be connected to or accessed

by neamg for scgpenhéigs RReRasufigE iMid@tl on for at |east one variable relating
to intended function, chemcal or physical properties. 5 94. The array of

t he nmet hod of chFﬁF@@mﬁﬁ§rein one of said at least two materials is
sel ected fromthe QiRkihetenRalsti ng of

1) afluorimeter.

15 92, The screening means of claim 90 selected from the group of means for analysis of
biological activity consisting of:
a) anin vitro assay,
b) a cell culture assay, and
c) atissue assay.
20
93. A method of determining a formulation compnsing two or more matenals having one
or more desirable characteristics, the method comprising:
a) identifying a compound to be formulated
b) selecting the materials to make the formulation,
25 ¢) identifying at least one functional, biological, physical or chemical characteristic to
screen the formulation for, and
d) formulating the materials into an array of multiple formulations, wherein:
1} the formulations are located at separate sites or in separate wells,
2) each formulation compnses a different mixture of at least two materials, at
30 least one having a known function, activity, or property, each mixture varying
in the concentration or composition of at least one material,
3) the array is comprised of more than 1000 different formulations,
4} the array is formed by input of the materials at separate sites from multiple

sources under the conirol of an automatic processor, and
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a) a pharmaceutical product, b) a health care product, c) a consuner
product, 10 d) an agricultural product, e) a nutraceutical product, f)
a veterinary product, g) a material used in an industrial application, h)
a material used in a mlitary application, and 15 i) a restaPepberédent .
95. The array of claim94 wherein the fornulation conprises a bioactive
materi al selected fromthe group consisting of 20a) a therapeutic, b%a
prophyl actic, and ) &hgiciighoytay cambfetonnectd lorpreacegsicd\py gicans| fag SsTe0mngpRsh ei n

the bioactive materi glmaeliecies lf:e{spéﬂetvgx%b%rr@dﬁngctgri‘:ﬁ&%& RBctkRAOihemtal or

nucl eosi de or nucl eotide nol ecul e, a) a pol ysaccharide or sacchari de,

and c)a protein or pEPLI@GETOBFTticFhe array of claim 95 wherein the

formul ati on conprises at | east one material selected 30fromthe group
consi sting of: 2&1 an excipient, b) an adhesive, c) a packaging material,
and d)%a Pfoced$f apyrad Hganfthod s clamn B wirgreip prg of3eid 3t lowt tweralefialsdy of cl ai m

94 wherein the gateLd AIm RBANEESsRliAdAd ity of one or nore of the materials
in the formulation, or the fornulation, during: a) processing, b)
manuf act uri ng, a) a pharmaceutical product,

b} a health care product,
c) a consumer product,
10 d) an agricultural product,
e) a nutraceutical product,
f) a veterinary product,
g) amaterial used in an industnal appheation,
h) a material used in a military application, and

15 1) aresearch reagent.

95. The array of claim 94 wherein the formulation comprises a bioactive material selected
from the group consisting of:
a) atherapeutic,
20 b) a prophylactic, and

¢) adiagnostic agent.

96. The array of claim 95 wherein the bioactive material selected from the group consisting
of:
25 a) anucleoside or nucleotide molecule,
b) a polysaccharide or saccharide, and

¢) a protein or peptide.

97. The array of claim 95 wherein the formulation comprises at least one material selected
30 from the group consisting of:
a) an excipient,
b) an adhesive,
¢) apackaging material, and
d) a processing reagent.

35
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5 c¢) packaging, d) storage, e) distribution, f) admnistration, or g) in
vivo. 10 99. The array of claim98 wherein the material conprises a

bi oactive material which is a protein and the material enhancing stability
conprises one or nore excipients. 100. The array of clai m 9% Qiebeei2®D3a
material in the formulation is selected to enhance 15 solubility or

di ssolution of the fornulation or a conponent thereof. 101. The array of

cl ai m 94 w¥ér ei Tha amant diclagh 94 wherbie thegpateriaherherce gakildly eEenedr morq afdheease ease

of manufacture %atéi’ﬁﬁs I?é‘]%?orﬁ]%horp‘im'i{@%aﬁhw Guiftfe: the fornulation or a
conponent  t hereof. 102. The array of cl a|n19§ wherein the fornul ation

conprises a the@bp@@ﬁﬁ%n&dlagnostlc or prophylactic agent, to be

adm ni stered orqﬁI%mnk%ﬁgﬁ gr conprising one or nore materials altering
upt ake through the gastrointestinal tract of the agent. 25 103. The array
of clai f 102 whél epaskagie, material altering uptake is selected fromthe
group conS|st|@g Q&afg) a conpound enhancing solubility of the

t herapeutic, b) an encapsulatlng agent, c) a diagnostic or prophylactic
agent, and 30 &) @prbwioBric coating. 104. The array of claim 102 wherein
the fornul ation L ofmihisEsioR aterial inproving absorption, distribution,
nmet abol i sm excretion, toxicity, or phannacokinetics of the formulation
in the body. 35 246in31oCct ober 2003 105. The array of claim95 wherein the
fornul ggi on conprises a therapeutlc di agnostic or prophylactic agent to

be adm nistered: a) top |callg transdermally, 5 c) pulnonary, d) to a
mucosal sufPace Theprray of claim 98 wherein the material comprises a bioactive material which is a

protein and the material enhancing stability comprises one or more excipients.

100.  The array of claim 94 wherein a matenal in the formulation 1s selected to enbance

15 solubility or dissolution of the formulation or a component thereof.

101.  The array of claim 94 wherein a material in the formulation is selected to increase ease
of manufacture or decrease cost of manufacture of the formulation or a component
thereof.

20

102.  The array of claim 95 wherein the formulation comprises a therapeutic, diagnostic or

prophylactic agent, to be administered orally, further compnising one or more materials

altenng uptake through the gastrointestinal tract of the agent.

25 103. The amay of claim 102 wherein the material altering uptake is selected from the group
consisting of:
a) acompound enhancing solubility of the therapeutic,
b) an encapsulating agent,
c) adiagnostic or prophylactic agent, and

30 d) an enteric coating.

104.  The array of claim 102 wherein the formulation comprises a material improving
absorption, distribution, metabolism, excretion, toxicity, or phannacokinetics of the
formulation in the body.

35

46



e) ocularly, further conprising one or nore nmaterials altering uptake or
transport. 10 106. The array of claim 105 wherein the material altering
uptake is selected fromthe group consisting of: a) a conpound enhanci ng
solubility of the therapeutic, b) an encapsul ating agent, t)O#oksr &fRostic
or prophylactic agent, and 15 d) an enteric coating. 107. The array of
claim 105 wherein the formulation conprises a material inproving.

absor pt i on 0%i stbf BERY Yslamdt Abgrp s fompiatie FUpRriseadhepRaytic, giagnostic or

pharnacokinetiC§H§Lﬂgagag&@mm@aﬁﬂdykﬁilthe body. 20 108. The array of the
met hod of claim 93 wherein the fornulation test array conprises

formul ati ons on?h WPE#bscale. 109. The array of the method of claim93
wherein the formyl @rk@mmiigst array conprises 25 fornulations on a
nanoscal e. 110. The array of the nethod of claim93 wherein the fornulation
test array conpfi sBE€MORaEhmyl ations or conponents in the fornulations in the
range of 100 m qf oghanko@l sur@&Sor i N each reservoir or sanple site. 30 111
The array of the nethod of claim93 wherein the formnulation test array
conpri ses f or m§} a?UBHE or conponents in the fornulations in the range of

25 m crograns OfurtiRSSompriBing 84dbrRSEMMeridls AleriBLAIMIR obirk@por8d 112. The array
of the nmethod of claim93 wherein the screening is perforned at a rate

greater than or equal to 1000 forrmnul ati ons per day. 47 31 October 2003 113.

The arnay abs.t heherirRad cRim Cha RGBS hehRiBhinithe: pike 8ntlRdedBah thelgboupe! ect ed
fromthe group consisting of a) a nmeans for chemcal analysis, 5 b) a
means for anal ySPESHRE #f ol ogi cal activity, and c) a means for analysis of

physi cal proper &j esconbbind chighchE kORI RANSapRlticc| ai m 113 sel ected from
t he group of ne%ns of chem cal or physical analysis consisting of: 10 a)
HPLC } an encapsulating agent,

¢) a diagnostic or prophylactic agent, and

15 d) an enteric coating.

107.  The array of claim 105 wherein the formulation comprises a material improving
absorption, distnbution, metabolism, excretion, toxicity, or pharmacokinetics of the
formulation in the body.

20
108.  The array of the method of claim 93 wherein the formulation test array comprises

formulations on a microscale.

109.  The array of the method of claim 93 wherein the formulation test array comprises

25 formulations on a nanoscale.

110.  The array of the method of claim 93 wherein the formulation test array comprises
formulations or components in the formulations in the range of 100 micrograms or less
in each reservoir or sample site.

30

111.  The array of the method of claim 93 wherein the formulation test array comprises

formulations or components in the formulations in the range of 25 micrograms or less

in each reservoir or sample site.

35 112, The array of the method of claim 93 wherein the screening is performed at a rate

greater than or equal to 1000 formulations per day.
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b) a pH sensor, c) an ionic strength sensor, d) diffractonetry, e) nass
spectroscopy, 15 f) optical spectroscopy, g) a neans for neasuring
turbidity, h) a polarineter, i) a calorineter, and j) a fluorinmeter. 20
115. The screening neans of claim 113 sel ected fromthe grotifPdsbcrgdis for
anal ysis of biological activity consisting of: a) an in vitro assay, b) a
cell culture assay, and 25 c) a tissue assay. 116. The nethod of claim93
further conprising processing neans directing each fornulation separately

fromthe anfay t@ehbs FUERMADS BBANS wiRBeid i scrlfifn g TRIahOd sQfci &l AinMng3
further conprising screening each fornmulation in the array to neasure the

i nt ended functi 8P P&REISUPESE chenical or physical property. 118. The nethod

of claim117 fugy hehes9MRch&hiBd as8sgCti Ng those formulations having the
nost desirabl e nmeasurenments of the intended function, chem cal or physical

property. 35 485312 Beang s pnadyir! bipdeeicrhactibt A of cl ai m 118 wherein the

formul ati ons coppri $6ind fd¥afAedd MehykhBirbgtniesf Ur t her conprising testing the
formul ati ons hasrng t he nnstﬁhes?rablgfdggsurenents in vivo. 5 120. The

array of claims 1, 24, 47, 70, 93, 116, 117, 118, or 119 wherein the
f ormul ati oni4. CONMRE k$Q$iIne nBBtITcRIm $8 Lreted irbh B &H) FhRER & omsli&t bng of 1 a)

deodorants, b) cleansers, y). .z) _aa) cosnetics,

phystcal analysis consisting of:

10 a) HPLC,
b) & pH sensor,
¢) an ionic strength sensor,
d) diffractometry,
€} mass spectroscopy,

15 f) optical spectroscopy,
2} ameans for measuring turbadity,
h) a polarimeter,
1) a calorimeter, and

j) afluorimeter.

20
115.  The screening means of claim 113 selected from the group of means for analysis of
biological activity consisting of:
a) an in vitro assay,
b) a cell culture assay, and
25 c) alissue assay.

116.  The method of claim 93 further comprising processing means directing each

formulation separately from the array to the screening means.

30 117. The method of claim 93 further comprising screening each formulation in the array to

measure the intended function, activity, chemical or physical property.
118.  The method of claim 117 further comprising selecting those formulations having the

most desirable measurements of the intended function, chemical or physical property.

35

48



fem ni ne products, lotions, shanpoos, hair care itens, fragrances,

her bi ci des, pesticides, fertilizers or growh enhancers, oils,
stabilizers, foods, nutrients, vitamns, herbal renedies, spices,
colorings, antioxidants, preservatives, catalysts, surfatt@nebsr2008ptica
enhancers, detergents, coatings, paints, bb) dyes, 35 cc) adhesives, dd)
| ubricants, 49 31 Cctober 2003 5 ee ) biologicals, ff) nerve gasses, gg)
coatings t &t pribe Bethode! daimdhd aheeiithy foymylatiognepmiisg a pipsrtivs Bas 4l or nul ati on

50 further comprising testing the formulations having the most desirable measurements in

vIvo.

5 120.  The array of claims 1, 24, 47, 70, 93, 116, 117, 118, or 119 wherein the formulation

comprises a material selected from the group consisting of:
a) deodorants,
b) cleansers,
¢) cosmetics,

10 d) feminine products,
¢) lotions,
f} shampoos,
g) hair care items,
h) fragrances,

15 1) herbicides,
j} pesticides,
k) fertilizers or growth enhancers,
1) oils,
m} stabihizers,

20 n) foods,
0) nmutrients,
p) vitamins,
g) herbal remedies,
r} spices,

25 s) colorings,
t} anttoxidants,
u) preservatives,
v) catalysts,
w) surfactants,

30 X) optical enhancers,
y) detergents,
z} coatings,
aa) paints,
bb) dyes,

35 cc) adhesives,
dd) lubricants,
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ee) biologicals,
ff) nerve gasses,
gg) coatings that protect or enhance visibility, and

hh) munitions formulation

50



