POLYMERIC MEMBRANES WITH HUMAN SKIN-LIKE PERMEARBLITY
PROPERTIES AND USES THEREOF

Related Applications

{00t The present ULS, patont applicstion claims the benefit of priovity of LIS,

provisional patent application ne, $1734 1,885, filed on April & 288, and LS,

%

provistomal patent apphication no, SUA08 864, flad ov Novewsber 1, 2018, the entive

comtens of vach of which s fncorporsted by reference horein in s entirety,

Fiehd of the Invention

EEEIAS The present invention relates o novel polyiperie mombras with huvan

skin ke permenbility propertios and methods of making and using the same,

Baekground

HUCAY Canstidate pharmaceution) snd ooametic compeunds and fomadations ave
gemenily tosted for diffiston soross skin, Most preferably, exeived haman gadavir
skivt or baonan skin left ovgr fiomm cosmetic surgery is used for such testing, typloally
By an dmevitew experinuntal st up. Although not idesd, oxuisest andmad skin i3 alse
sernetimoes used o inveatigoting transdernal diffusion of varkaus componds and
formulations, e.g., skin Hom rat, mwouse or plg. Howsver, vesulis oblaned with
exvised anbual skin and antmal models cavmd alwavs b exirapolisied o buvuas skin,
Further, obtatiing snough sugspdy of excised human and andntal skin s often a
chatienge and tends o be costly,

{nondl Furthermore, there are bloenginesred sKin equivatenss such as
Graftskin™ LSE which arce also available for the transdermal diffission testing of
carchdate formudations and compounds. Howsver, such eguivaients are often costly
and have been shown 1o not be suilable for the testing of all compowds, 28 they often
shovw @ much higher diffusion rate i various compounds Gan buman skin, Sse,
SchivooX et al, e Plaem 2155156 (2001 )

HEHERY: Lastly, in addition to excised homan and avninal skin and Tnoengineered
kit equivalents, there have been attemnpls tn oreate synthetic membranes winch may
be used 36 luuman skin models to investigate ransdermal hiffasion properties of
pharmacsutical and cosmetic compounds and formudations. These wolude

swembranes such as Jow-density polvethylene {LOPE} mombrane, cellaloss acelats
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Tavaa skin substitste for investigating trmsdermal diffusion of o owide vanety of
phammaceutical and cosmtiv comapounds and formndations.

{00161 Int one aspent of the prosent invention, a mwslified shrafiiiration
membiane s provided, wherein the modification coomprises treatvwnt of an
alirafiliration wembrane with & mixtare of a fatty acid wster {e g, Boprapy! myristate}
and # polvdimethyisiiovane {e.g., stHoone pil), whereln the modified uliniilivation
sembrang comprises homan skinehike permeabifity propertivs,

011 I a partendar sombodimens, the altpehiltvation mendeane s a8
potvethersubfone (FESY mentbrane,

B0 I various embodiments, the uoan shin-hike permuabnlity prapertios o
the modifed vhivafilivstion mumbrane scvordimg e the present ipvention s:-t?i‘:’k_;}t‘ﬁf.i{‘: &
high degres of corredation with bumue skin with resprot ta the Jiffusion of one or
pune conpounds aoross the membrane.

oG 3] In ansther aspedt secording to the prescatinvention, & method of
making 3 synthetic membrang which comprises haman skinelike permeability
prepertios is provided, wherein the tethod comprises the sieps of! {a) providing o
polvetbersalfone uhivafiftration merobrgre; and {b) conting the puanbive with a
maikture of sopropy! mveistate and silicon o, therehy resulting n g synthete
membiume which comprises lunnan skin-like permealility properties.

U bt sone cinbodinenty of the present invention, a syrsholie membrane
stescribed hevedn ia sealed into @ meltiovell plate, which van be wsad, e g, for high-
sheoughput analysis of compaanids,

fis] Also encompassod by the pressnt invention are devioes contabiung 8
synhedic membrane according o the present nvention.  In a particular srebodinent,
such a device is a multvwell plate ased tor Ingh throughput screening.

fo01s] I order that the present disclosure may be roore readily saderstod,
crrtain tevms ave st defined. Addinonal definitions wre set Surth tvoughout the

detatied description.

L Definitiung
HRi 7 The torm "nlteafiltration membrane” or "UF membrane,” as wsed

interchangeably herein, geparally refors 10 a polymeric membrave having 2 pore suzs
of 1 pro or smaller than 0.1 gin, typreally rnging from Hnme o aboss 100 am. UF
membranes are also defined by the molecular weight of the anabvie that they are able

o retain, A representative UF membrane which is modified as describad borein, is a



polvethersulfone (PES) UF membrane, eg., Blomax® & PROC Millipars
{orporation),

oIty The term “modified,” “modify” or "nmedifivation.” as used herein,
refers do the reatment of @ membrase, eg., a UF membrane such a5 the Blomax® 8
FBOC membrany {(Millipore Corporation}, which results in the membrane having
humnan skin-like permeability propertes, as measured nsing one or more a3says
deseribed heretn mudfor those known o the art. o varoos eothesliments, the
sodification comprises estowat of a PEX UF mombrane such i the Bianaxd 3
PHCC membrane {Millipore Corporation) sl a ouxters of a faty aold ester (e g
woprepyd maveistate} and o polydimethyisiloxane (e g, slficone o).

{aniey The sorm “tooman skiehike permentality properties,” as used hareln,
refirs 1o the rate of permwation or diffusion of s compound through the pushified UF
nermbrane, as described herein, which has o bigh degree of correlation with the rale of
permeation of the same componnd through human skin

EIReH Huran akin is typteally made wp of three ronjor kayers: () strstum

aa st

sornenn (RIS g i thickoess); (b) epidermis (~ 1 o dn thickness); and (o
derms (20003000 a0 thiskoess), Morphology of honman sk, as sesy wsing
scanwnng sleotron pivroscopy {SEMY, s shown in Figure L

§€}£}3‘§§ A farge number oo lipads (e g, covanudes, cholestrol and falty svidy
arg present in the sk which mluence transport churacteristics of bunan skin. A
nunter of stugdios have reported that the straben cornewn s the Iaver of skin winch
offizrs the most resistance to the diffusion of compowsds across the shin; however,
ove a compound gos acrosy the stratun cmeum fayvern, § s essy for the compenad
1o diffuse through the other layers, as they appear o offer loss resistance.

a1 Represestative UF membranes have a pore size of aboat 30 run 1o G.43
wey wnd a thickness ranging from 100350 pm. Morphology of sonw of the
representative roembranes as seen using SEM is shown i Figares 2, 3 and 4 Figore
2 18 3 representative SEM image of the membrane Vivesolve® VY Figure 115 s

sepresentative SEM image of the FLOCC 3080 MWCO UF composits regenerated

selinlose membrane on UPE sapport; and Figure 4 is a representative SEM fmage of
the Buwnax® S PBOC UF membrane.

{00231 The Biomax® 5 FBOC membrane appears o be most shiilay
oprnphology to nman skin, af feast w5 observed by SEM. The top laver of the

nmbrane, as seen in the SEM inage, iy o thin “skin-like” laver which is foellowed by



a move porous and open structere and the boltonm layer congists of sven nrare porous
and open, non-woven polypropylene base. The treatment of his memboare with

isopropyl myristate and sificone ofl further wimics the Hpids that an prassat in the

skin.
100241 The term “phyaice-chermical propertion,” as vsed heroin, refers 0 vmous

ohysical ani/or vhendcal properties of compoundy, such as, for sxampde, molecular
weight, polarity, hydrophobloity, partiion coefficient vahee, distributing covffivlent
value argd dissociation vonstant of compounds. The madified LIF membraes of e
wresent nvention provide a dosirable substitate for nman skin, i that show a bigh
dogres of correlition with buman skin for the diffusion of a wide variety of
compeninds having diverse physico-chemical properties, yelative to prior art xnthetic
membranzs, Accordingly, the musdified UT monthranes according o the prosent
resntion can beused for inveatigating diffishor of @ wide aray of pharmaceutical
and cosnietic compounds and fornndations soross human skiv, ranging from highly
palar compaunds o non-polar compounds, for example, &y demonstratad by the
Examplox sot furth husein.

{0381 The tern “partition coeffivient value™ of "og B as ased bevein, velons
1o the ratio of conconrations of un-tonized compoand bebween the two solvemt
phases, o, witter and proctanol. The partition cosliiciont provides aweaswre of
polarity of a vompound. Tn order to measire the partition goeifivicut of smeable
solaies, pH of the aguenus phase v adpsted sueh that the predesoinast fore of the
compaund is an-iomized. The fogarithm of the ratie of the conventrations of the un
ontized solate in the solvents i referved to as e fog P vabae, In goneval, higher te
fog P ovalue of a compound, more non-polar the compoand 18 snd smailer the fog P
value of the compound, puwe polar the componnd s, The meminases deseribed
ferein can be wsed for mvestigating tansdernal diffusion of i wide varery of
conpninds having varying tog Povadues, as exemphified by Table 1 belor,

{00261 The term “distribution voefficient value™ or “log 11,7 asused
imterchangeably bereln, refers fo the vatio of the sum of the concentnations of sl fornw
of the compound (ontead ples wn-lonived) in each of the two sabvent phases, e g,
water and n-octanol. Log D is another messure of polarity of a compoundy huswever,
it is different from Jog P in that it also takes into account the effect of pH of tw
aquenus solution. Forexample, for the measurement of distribation coelficlznd she

ol of the apizous phass 15 buffered 1o o specific value such that the pHl s vt

T



signtficantly perbrbad by the introduction of the comppound. The logarithm of the
ratio of the sum of concentrations of the various forms of the solute inone sodvert to
the sum of the concentrations of #is forms n the other solvent is referred W as the log
Dvalpe. The membranes described heremn can be used for investigating transdemmal
diffiesion of @ wide variety of componds baving varving log I3 values, a8 exemphifiod
by Table § below.

LRI

HEVEES The tornt “dissoviation constant,

A W

seid constind,” Mlondmition constant,
af "pKa vahie,” as used intsrchangeably borsdn, refirs b the valee ssed to deseribe
the terduney of rompounds or fons ti dissoviate,

X

HEERE S bt some embodiments, 3 svothetic membrane desoribed hersdn s scaled
e @ molitvell plate baving o phavality of wells, for examyple, Sw high throughpet
seroening of connpounds, Withowt wishing to be boaasd by theory, it iy contemplatsd
that a multiwell sorceniang plate can have oy nomber of wells, eg, 4, 6,80 16, 24, 48,
8¢, 384 gro, g partioular endodiment, a synthetic mentbrane sceording to the
prasent invention s sealed fito a voultiwvell plate contmining o plursliny of wolls and
the pdate ts subsequontly munersed Gito 8 receiver plate containing 8 sorresponding
suanber of wells,

HER The mombrang nay be attached o the malitwell soreering plate using »
varigty of methods including, but wee hanited to, hest sealing, ultrasonse welding,
adhesive honding and comprasaion sealing.

{08036} The use of syothetic roembranss desonbed hereln i s muliveedl plate
formuat prosents & buge advanmiage over luaoan and antioal shin models, as 3w wsaally
aot posailsde o put buman and anival skin i o multhwel] plate format. Accordingly,
the mambranes according to the preseat inverdion provide a novel tool for high
fhroughput soreening of componnds and formulations, which s typcally not possible
with fuopan and animal skin models. Hence, while buman snd wamal skin uodels
are limited to sereening of commpounds in a2 serfal mode, the syntheti membranes
aceording to the presemt invention enable screening of compounds in g high
throughput wode,

031 Table § below provides & st of exemplary compounds, the transdernsal
Giffusion properties of which were investigated using the membranes desoribed
hredn. Notably, several of these compounds arve found in cosmwtis or

imsecticides/pesticides formulations, and widely differ in one or more of theiy phesico-

&



chemical properties. Notably, majority of these compounds were shown to have

similar diffusion asing the claimed mernbrans to human skin

Tahle 1

] : Aguesas
Compeound Compoumd R Sabalibity, fagh
lass N W, Log ¥ Log8 pha {pHT.4
Nanthine
derivative 042 1 043 | 1328 8.63 4,13
Alkaloid LR § 3.8
Purimiding | T I A R '
dinine dey, 1.7} 72 3%
303
Slkalod (SaltForpy 04 ¢8 -1 68 7.33%
Carhosn] Agetyl FS;‘;{';:;:.;T-%R: 1502 X s .
Antd (Aspiting 1.8 -2.08 388 <1 8%
Cottivosternid | Hydrocortisony 403 £3 48 .42
Ghiononrticoid | Dexamethasone | BnY 3.RE £ 14 (R
Carbanylis avid Bepzale Aod 1 12242 196 ' 4.2 4
Hyddroyyheneaate i '
Baery ¢ Mathyl paraben | 13244 1 .80
Hateramyolls Katorodss 3552
Apetic Anid Der. 3.1 =T 33
Dimethy ipheny! Lidoniting 1343 ;
aeatamide
darivative A3 S35 .53 i3
Ambobenzonte Tetracaine wdd |
slerivative 3649 §.24 Sy
Phenyl Verapamil 4546
slkviaming N TR 4 1 Be7 233
Carbenylin anid Dol I ERK 4.03 4,18 .93
Pheny alkanow Flirbiprofun 244
acid Denwatiyg 4 G118 -4.48 4,14 R
Podyohiorn . Trintosan 7 I89 35 h
phenvyy phenoi {rgasan §.76
- Urganopheosphate | Cldoropyrifos | 330,59
' Pegnicide 496
Carbouyiie anid Flufenumic 2AE23 i
Actd 32 15
Phesnthinzing | Chlorpromazioe | 31RES
dey 5.203 3.0 441 1@
Pheayl reidnzole | Cloinmasok 3443
Derivative 6.1 8,47
{00324 This invention is further Husirated by the following examples which

should not be comstrued as limiting. The contents of all reforences, patenss and
published pajent applications cited throughout this application. as well as the Figures,

are incorporated herein by ruforence.



Brief Deseripiion of Drawines

EEEARY Figure 1 13 a mucrograph of s cross-section of haman skas, generated
using spanning electon peroscopy (SEM), depreting different Tayers of the skin,
100341 Figure 2 18 3 micrograph of a cross-section of the Vieahve VT
{pebyvinvledenefyoride; membrang, genprated using stanning cleciron miroscopy
{SEM]

ALY Figure 3 is 8 microgoph of 8 oroas-section of PLOC

o

L !} S8 {a

¥

vegererated cefhitose based UF membrane), gonerated using seanning slectron
miroscopy, which shunes varying porosities and pore staes across the thivkness of the
membine,

[0036] Figure 4 i a mucrograph of a cross-sectinn of the Blonaxdd § FROC
sembrane, generated using scanning eleviron microscopy, which shows virving pose
swsphoogy and porosity aeross the tickness of the membrang.

HU Figure § ia g schenatio represeotation of a typical vertiond Franz Celf
diffusion apparatus used S investigating travsdermal diffusion,

FO03R] Figure & 18 a graph summariing the readis of 3 raprosentative
sxperiment 10 vestigate the cunntlative fhix of caffoine, 8 polar compound, rough
sreated Blomo® 3 PBCC membrane relative 1o human, s ard pig skin, The Xosais
denotes time in Towrs and the Y-axis denotes camlative flux, sy messwred in pgdfoad)
The dats domonstrates a high degree of corredation behwsen the mombrane and kuaoan
shin with respect (o diffusion of catffoine as well as ugh reproducibtiity and low
vianiabitity betwsen two different bute of the mombrane.

{0038 Figure 7 is a graph swmnmariing the resolts of a ropwesentative
sxperiment to investigate the cumulative fluy of hvdrocortisone, & moderaisly polar
compound, through the treated Blomax® § PRCC membrane vedutive to haman, yat
and pighming pig skin The Xeaxis denstes thme in hours andd the Y-axis denotes
cunngative fuy, as messured in ;s.g.:"‘cma The data denmwatrates @ figh degree of
corralation between the membrane and human skin as well as pigfount pig skin with
respeet o diffusion of hydrocortisone; however, rat skin, which is the mest commonly
wsedd asdels for ransdernsal diffusion studies, does wit appesr 1o shew o fugh degrse
of covrelatinn with human skin,

MG Figure § 1 2 graph summarizing the resuits of a reprosentative

exparimgnt to investigate the cunmlative thix of methy! p-hydroxybenzoate, & pon-

b
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measured in ;ig.-"cz'nj‘ The data appears i suggest variabiliny hetworn rat and furs
skin, with respect o the diffesion of sicatine,
jiaa] Figure 14 s s graph summarizing the results of & reprosentative
sxporiment to investigate the cumudative fhux of Biclofonas Na, o non-polar
compand, throagh the trested Bionax® § PECC membrane relative to buman siin,
The Neaxis denotes fimes o hunas and the Yeaxds denstes cunmfative fus, as
mvasured in ppiont. The data demonstrates variability between the different skin
samples, with respect 1o the diffusion of Diclofenae Na
f6047 Figure 15 B a schenatie of a oross-section of a device {eg, 8
susithwell plate) which comtidng # synthetie membrane avcording to G nvendion,
whish may be in a disposable format and esefid for bigh throughyan soreening.
{HRRY Figure 16 is u photograph of & reprasentative multvwel] plate devics
containing & synthetic membrane avcording to the fnvention, which may be used for
high throughpa sorsening of compounds and fornulations,
Fohas Figare 17 is another photograph of 8 represersative melitwad] plate
dovice containing a synthetic membriie aceording to the nvention along with the
receiver plate, which nsay be used Siw high throghput sereering of compoands and

fommuilations.

Examples

Exaonple I Gangation of a susiified altrafiliratios wembrane having human
skin-tike permeability properties

OO T & representative experiment, an ulirafitration Blomagd § PROC
membrane was maodified with a mixtore of 3 fatty acid ester and a
polvdimethylstionane tn generste a symhetc mernbrang having buman skin-fike
penneability properties. The Biomax® § PBUC membrane was washed with M-
seater fior 24-48 bours using & rojler bottle. The water was replaced 1.2 times during
the 24-48 hours with fresh MUH-Q water 1o ensurs cleanliness of the membrane. At
the end of washing process, water was discarded and was replaced with methanad
{Fisher Scientific, Cal # A4345K-4} and washing was continuad for 14 hours. At the
end of the methanol wash, methanol was discarded and replaced with I-batanol
{Sipma-Alddrick, Cat # 34867}, Washing with I-butanol was cotinued oy 2-5 hoas
0081 During the time that the membrane was being washed, a mikhae of a

fatty acid ester, isopropy! myristate (Cat & 172472-11), and o polvdimetiyyinboxans,

it



siticone oif {Cat # 378364), both purchased from Sigma Aldnch, was prepared, such

that the ratio of the isopropyl myristate and siticon ofl was 3078 {e/vh This mixtun

o

is referred to as a “Hgoid srembrane.”  The lquid membrane, at 33% by volume, was
fanthey diuted with 63% by volume of T-bulanol.

e The washed ultrafiltration Blowax® § PECU memiwane was cuated
sith the lguid membrane difuted with Tiastaned for 2-4 howrs, The treated
revbrans wis subseguently dried s fume hood for sbout 24 Rours, after shich Gu

¥

membrane wis stored in an aivtight contiiner a1 roont rmperature unii gse,

=

Exsmple 3 Investigating the diffusion of gaffeine seross the treated Bhanaxy
FRBUL Membrane

HETARY In & reprosentative experinent, diffusion of vaffeine, which is @
fughiy pofar compotd (Mol Wi 1332 log 7 -0.131), across the treated and
sntreated wWhrafiliration Blomax® & PBOC puembrne was nvestigated se comparad
to huaan, matand piy skin,

{0054} The tranadernmal diffusion exporiments werg carried sut wsing
vertical Frang Cell assembly simtlar to ve depietesd in Figoure &

{OUSS] A satarsted solation of caffeine (Sigma Aldvich, Cat 8 (0730 in
MHE-GR water wits waed as 8 dovor solution aud 0.0 M phosphate buffered salive
{PESE pH 7.4; solution wis used as s resoptor solution, T was propared by dissolving
tponeh of the buffer salts Stgma Aldcieh, Cat # PIRTI) in J000 o of M water
The Feae Cell instnionent, FRO-GT Prang Diffusion Cell Drve Console wth Tt
{Lagan lnstrumens Corp, Somgrset, WY was asseobled with the teated Bomax® S
PRUT membrane positioned with the shiny stde froing the doner compartment,. Tha
regeptor compartment was filled complotely with receptor solution. The assembly
with water jacket was connected 1o 8 water ciroulating bath capable of controlling the
sernperatare of the water bath within = 0.1 "C. Temperature of the bath was set ag 37
S Adfter the temperatare stabilized, 300 pl of donoy solution was added to the doner
compartment. The time was noled and this was recnrded as zero e, Por ssvapling,
208 pl of samples were withdrawn from the recepior compariment at following fwer §,
1,2, 3,4, 5,6, 8 10, 24 and 26, After each time point, the receptor coOmparimens was
replenished with the receplor solation. Sample analysis was carried say asing

seversed phase HPLO emploving a UV detector. The analysis combitioans for HPLO o



caffeine were as follows: columm aseds Zoabax XDE CIS, 4.6 pan X P30 mm, 5 py
snd snoinle phase wsed: 20% acetomiinde + S0% water,

HEBIT The resulis of a representative exgam‘i:ﬁe‘n‘i arg shown i Piamre 8,
which demonstrate that the teated membrangs, from teo different lots, exlubit

iffusion similar to humam skin for 2 highly polar compound, calfeine,

Example 3 Tovestipating the diffusion of hydrovortisene scross the teeated
Biomaxdt § PBCL Membrane

{00371 In a representative expuriment, diffisbon of hoedrosortiaome, which s
omgderately polar compownd (Mol Weo 3624, Jog B 1462), across the treated
altraiiltrativn Rlomay® 3 PROC menbrans wis nvestigated rolative o human, vat
aved plgfnanipiyg skin,

{isn} The transderma! diffusion expariments were carred sl wsing 8
vertioad Prang Cell masernbly similar to one depioted in Figwre

{G0as] A saturated sobuton of hydrocostisone (Srgmes Aldricly Cat & HA0Q1)
i REHHAD water was used as g donor selution and S.0FM phosphute buffored sabine
(PRSI pH 7.4) sohstion was used ax g reeeptor solution. B was propared by dissoleing
§ peasch of the butfor salls (Sigma Aldeieh, Cat # FIS13) i 1066 oy of MlI-Q water,
RUHEH The Frane Cell nstrument, FDO-OT Frany Diffuston Colt Debse
Console with Tili (Logan Tostramsats Corp, Somerset, NI was assomblod with the
srexted Blomax® & PROC membrine positioned with the shiny side facmy the doner
compartvient, The receptor compartient was filled completely with regeptor
subution, The assentdy with a water jueket was conneotad to @ watey ciroslating bati
capable of controlling the teruperature of the waler bath within 2 Q.1 C. Temperanire
of the bath was set 38 37 °C. After the temperature stabilived, 300 gl of dowwor sohutbn
was added to the donor compartment. The time was noted and this was recorded as
zero time. For sampling, 500 ul of samples were withdrawn from the reveptar
gompartment al following hrs: 0, 1, 2, 3, 4, 5,6, 8, 10, 24 and 26, After each e
point, the receplor comppartment was roplenished with the recepior solsgon. Sampls
anabysis was carried put using reversed phase HPLU smplaving s UV detector,

001 {“onditions for HPLO analysis of hydrocortisses: were us follows:
cohann wsed: Zorbax XDBR CI8, 3.4 mm X130 mm, 5 jom; mobile phasy used! 0%

A%

acetrmutrile + 60% water; and 8 defection wavelength of 242 am.



00621 The resulty of 2 reprosontative experiment are shows i Fiase 7,
which demonstrate that the treated membranes avcording to the dlaimed fnvention

exiubit diffusion similar to e and pigdminiply skin for hydrocartisone, a

>.

moderately polar compound.

Esampled:  Jpvestigating the diffwsion of methvl p-hydraxy beseuaie seross
the treated sl un-treated Blonumx® 8 PRCC Menthrane

HEH Y foy anothsr reprosentiative experiment, ditfosion of methy! plvvdrox
bevzonte, which s a moderately polar compond (Mol Wi 13218 log P 186,
seross the trested and wntreated wraBloation Blonax® 3 PRCC manbnse was
wvestigated, and compared & three separate huran skin saaple

HEE S The trasdernnd diffasion experinents wers variad cad using @
vartiond Frane Coll aasembly similar o one depisted i Figose 5,

{06681 A saturated solution of motlnd prlevdroxybenzeate (Sigma Aldeeh,
Lat § 34750% in MILQ water was used as ¢ donor solution and G016 phosphate
butlered saling (PBS), pH 740 solution was wsed @ a roogpor solutine. 1t was
prepared by dissolving | pouch of the buffor sslts (Sgmoa Aldvich, O ¢ PAIREY i
L0008 mi of MitB4Y water. The Franz Cell mstnmment, PRO-6T Frans Diffusion Uell
Preive Comsole with Tt (Logan Instraments {orp, Stancrset, NI was sissernbled eith
eithr the treated Rivonax® § FROC or an-treated mombrane posisionad with the
shiny side faoing the donor compartmuent, The receptor comparirnent was filled
sampietely with receplor solation. The assembly with witer jacket was conperied i
a water oirendating bath capadde of controlling the tempensure of the water bath
within 0.1’ Temperatire of the bath was set at 37 YL Afier the lumperature
stabilized, S8} pi of donor soldutiony was adided 1o the donor compartment. The time
was noted and this was recorded ay zers ime, For sampling, 566 gl of samples were
withdrawn from the receptor compartment at following s 4, 1, 2,304, 5,6, 8, 16,24
and 26, After cach time poini, the receptor compartment was replemishest with the
receptor solution. Sample analysix was carrted out using reversed phase HPLO
empdoving a UV detscion,

HERHS Conditions for HPLC angdysis of methy! pehoedronybenzoate were as
follows: Colemm Used: Zorbax XDB CHE, 3.9 min X 150w, § g Mobils Phase

Eimed 4090 Acetonitrile + 60% water,



{0067 The results of a represerdative experiment are showa o Figure 8,
which demonstrate a high degree of varfability between the different lnsoan skin

savnples, with respeet i the diffusion of methy! p-hydroxybenzoate,

Example 5: Investipating the diffusion of flufenamic acid scrass the wn-irested
Biomax® 8 PROC Membrane

RS o vel another experiment, iifuston of Mhifonmnie soid, which g
bighty norepolar compound (Mol Wi 281,23, fog Pr 8.2), avross the treatod ant
antreated wlrafiliration Blomax® § PROC mernbrans was inveatigated, as compared
s haman sk
EHELSE The travadernedt dillasion experiments werg carvied out using a
eertiont Frane Cell assembly similar to one depioted i Figone §
{70 A satorsted solutton of Hufenamic acid (g Aldrick, Cat # PRGOS
fr ML watsr wis used as o dona solution and 810 M Sovenven’s butffer, pH T4,
was used as a receptor sohstisn {Fisher Sciantific, Cat # 798831 The Frane Cell
mstnrnent, FROAGT Frang Diffusion Cell Drive Console with Tt (Logas Tastraments
Covp, Somurset, XY was assemblod with efther the tested Bionax® § PBOC o we
preated moembrane positioned with the shiny stde Buelng the donor Ccompartoent. The
reeeptor compartiient was Ghed complotely with receptor sidution. The assembly
with water jucket was covnected o i waser civeulating bath capable of vontroliing the
tempenture of the water bath within s 0.1 °C. Temperatuse of the bath was setat 37
S After the tompessture stabilived, 300 pl of donor solution s added tis the o
compartoent, The th wis noted and this was recorded s 2eve time. For sampling,
500 ui of samples wore withdraws from the reveptor compartment st following hrst {3,
L2304, 5, 6,8, 10, 24 and 28, After cack tme poln, the receptor compariamd was
}{t}}’?{:ﬁ}fshs‘:d with the recopior solution. Sample analysis was carvied out using
reversed phase HRLO emplosving a UV detoetor,
{00717 Conditions for HPLE analysia of Jutbnamic aoid are s noted belovw:
Columm Used: Zorbax XDB CHE, 2.9 mm X 1530 mny, § pm Mobale Phase Used: 909
Methanol + 10% water containing 40 mM avetic acid; Deteotisnt svaveiength: 280 .
{0072} The results of @ representative experiment e shown in Figure
which demonstrate that fir fludenamic seid, a non-polar compenned, the untreated
menthrane appeats s have a bolter correlation to human skin than the beated

manshrane,



Esmnple & Investigating the diftusion of clotrimazele across the freatud
Biomax¥ 8 PBUC Mumbrane

0073 in another experiment, duffusion of clotrimazoke, which s g highly
son-polar compowund (Mol WL 3448, Jog Br 6,13, acroes the treated and unirested
altrafiltration Blorpax® § PROT membrane was investigated, as comparad & hunan
seed pad skin,
HUREE T The tramsdermal diffusion exporiments were oirniad out using
vertival Frans Cell assensbdy similar (o one depioied in Figae 8
{078 A vaturated solution of clotrimazols (Sigma Aldvich, Cat ¥ 08019
SUIHA water wis used as o doner soluton and 0.01M phosphats baffered aalin
(PR, pH 7.4; solution was used s o recepior sohttion, 1 was propavad by disselving
§ posteh of the buffor salis (Sgma Aldvich, Cat # FAE13) in 1000 ml of MH-Q water,
The Frane Cell instroment, FROOT Frane [Efusion Coll Drive Crasole with Tily
{Logan lnstnuments Conp, Simnerset, NIJ was sasonbled with ether the treated o
untreated Biomax® § PROC mondwane positioned with the shiny side fwing the
destier compariment, The reveptor compartment was (HHad coraplately with receptor
sfution, The assembly with water jacket win conneotad 10 3 water clroulating bath
ciable of vontriiing the tamperatire of the water bath within & 0.8 800 Temperature
of fhe hath was set at 37 0. After the temperature stabilized, 300 ul of donor solutinn
was added to the donor compartment. The fime was noted and this was recarsled ax
zeve fime. For sampling, 300 pl of samples were withdrawn frons the seooptor
compartmont st following fwer O, 1, 3 304, 506, 8, 10, 24 and 26, Adter cach time
s, the receptor compartment was replerushed with the receptor solution. Sampls
anbysis was carried mut using reversed phase HPLO smploying a UV detestor,

FOOTH] Conditions for HPLO analysis of clotrimasole were as follows:

column used: uBondapak CI8, 4.6 mm X 300 mum, 10 pm; owlsale phase sseds 65

Methanol containing {1 1% Triflooroacetic acid + 35% wafer comlaining 8,19

Trifluoroacetio acid; and detection wavedenpth: 260 mn.

{77 The resulls of a representative experiment are shown in Figure 1,
which denronsiraie that the treated membranze oxbhibit a high degree of vovrelatinn
with fusman skin for clotnmazle, s pon-polar compound.

Example 7o Investipating the diftusion of dexamethasons scross the freated
Biomax® 2 PROC Membrang

i
L



REUERY b another experiment, diffusion of dexamethneme, which s 2
moderately polar compoursd (Mol W 392.5, Tog Py 1LEDS), aeross the treated and
untreated phrafiftration Blomax® § PBOC membrang was mvestigatad, s compared
fo human, pig and rat skin.

[OG79] The transdermal diffusion experiments were carried out using a
vertioal Frane Cell asseinbly similar to one depioted in Figure &

{OaEE] A sunrated solution of dexamethasone (Signss Abdeick, Cat 8
DH736) o M water was vaed g9 2 dosor solution and 0.01M phosphate baffersd
saline (PBS), pl 740 sohution was osed a3 a recuplor sulutivar. It svas propaved Iy
dissolving 1 pough of the bafler salts (Sigma Aldeich, Uat o PIREYy tny 106G sl of
Mith-O water. The Frane Cell instrument, FHC-GT Frane Diffesion Tell Prive
Consele with T { Logan Instraments Corp, Somerset, 1Y wits asssnbled with the
trested Biomay® 8 PROUT mendwane positionsd with the shiny skl Being the dontor
sompartvent. The receptor conparbroent wis flled completaly with repopton
sufutionn Thy asseinbly wilh water jacket way vonpected fo @ water cuadating bath
capably nf comtrolling the femperature of the water bath within £ 01 °C, Tumperature
of the bath was set a1 37 %0, After the temperature stubilized, 300 gt of dever solation
was added to the doner compartment. The tme was noted and this was revorded as
zevo time. For ssoopling, SO0 pd of sweoples were withdrawn from the recaploy
compartnent at Sdlowing brsc O, 1 3,304, %, 6,8, 10, 34 and 26, After eaeh th
peing, the reseptor compartment wis roplenished with the recepior ssdution. Swaple
anadyais was cavvted oul using reversed phase HELC eniploying & UV detector,
g Condittons for HPLO analysis of desametbasone were gx follsws
cohuan used: Zovbax XDB C18, 4.6 mun X 130 nun, 3 pny roobile phase used:
Acetonitrile + Water and detection wavelength: 240 am

1082} The resalis of a representative experiment are shown m Figaee 11
which denmstrate that the membranes according to the clairped Invention exinint
diffusion similar b human and plg skin for dexmoethasone, o modengely polar

sompsand.

Esample & Investigating the diffusion of Flurbiprofon across the fveaied
Biomax®: § PROC Membrane

I{)

A



HHGEN in another expertment, diffusion of Flurbiprofon, winch i a piaw
potar compound {Mod, Wio 244, log P 4,118, across the treated and untreated
sliraititudion Blomax@® & PBCC membrane was investigated, as comparad fo thre
sepavate rat skin samples of difforent ages.
10084} The transdenmal diffusion axperiments were sarcied it nsing 8
vertizal Franz Cell assembly similar o one depicted in Figure §
{OONS] A saturied solotion of Hurbiprofon (Sigrme Aldvick, Cat # F8S 14 m
MEHECH watsy was used a3 o donor salutiom sund 0.01M phosphuge buffered sabine
{(PHERY pH 7.4, solution wias used as g receplor solution, 1 was propared by sssalving
Eoaassh of the boadfee sabis (Sigvon Aldrieh, Cap & PR3 o 100G ;i of M0 water,
The Frinz Cell insteument, FRC-6T Frame Diffusion Cell Drtve Console with Tilt
{Logan hutruments Corp, Somrsed, NI wis assembled with the trssted Biomae® 8
FRCC membrane postboned with the shiny side froing the disve comnpartment, The
repeptor compariment was filled completely with receptor sodutiont. The assembly

vigh wiater jadied was sonnested s water ciroudating bath capable of consrelling the
tenperature of the water bath within & 0.1 °C. Temperatire of the hath wiss sstat 37
L After the temperiture stabilized, $60 sl of donor solution wis added o the donsy
sonyrartment. The fime was noted aud thay was recovded as wure tinse. For sonpling,
SO0 ul of simples were withdrawn o the receptor compartment st following hes &
£.2,3,4, 5, 6,8, U, 24 and 26, Afler each Hme point, the recoploy compariment wi
repdenishad with the receptor solution. Smnple mslysis was carvesd out vuing
reversed phase HPLL eraploying a UV detector,
{Oems ] Conghtions for HPLO analysis of Bobiprofen were as fisllows:
colamy used: p Bondapak O118, 4.6 vun X300 mm, 10 g mobile phase wsed: 703
Muthanel + 30% Water containdng §. 1% Formic acid and detection wivelength: 260
.
{087 The results of a representative experiment are showy in Flaure 12,
which demonstrate a logh degres of variabifify between the rat skis sanysdes of

different ages, with rospect to the diffusion of flurbipruden,

Example 9t Isvestigating the diffusion of Nivetine acress the treated and
untreated Bismax® S FBUC Membrane

FOOGRRY b another experiment, diffusion of Nicoting, which s g polw

sompmd (Mol Wis 16323, log Pr 072}, across the treated amd untreated

-}



uitrafiliration Blomax® 5 PROC membrane was investigated, as compared to lnnnam
angd rat skin,
FRORYY The transdermal diffusion experimonis were varriod ouf using a
vertical Frang Cell assembly similar to one depioted du Figure &
FRIH A saturated solotion of nicotine (Sigma Aldrich, Cat ¥ X027
A water was usad as a donor solution and 0.01M phosphate bulforsd saliiwe
{PESL pH 7.4, solobion was used as a reoeptor soluthm, It was prepared by dissolviug
1 ponsch of the baffer salts (Rigma Aldsich, Cat & PAR1) in 1003 naf o8 Milh-{ water.
The Feane Cell instrunent, FOCET Frang Piffusion Cell Drtvs Conaolg wish Tilt
{ Lngan Tnstruments Corp, Somerset, NI} was sasomblod with the weated and v
teated Blopan® 3 PROCC mambrane posiioned with the shiny side facing the donoy
cotapirinent, The receptor compartnt was flled complutedy with reoepior
solution, The assembly with water juoket wis conneotsd to o water circudeting bath
vapuble of vontroliing the lonpentture of the water bath within a4 . Tomprrature
of e bath was set st 3790, After the temperature stabilized, 300 gl of dover solution
was fdded to the donor compartrsent, The time was noted ared this was seoonlied as
sero timn For sampling, $00 pf of sam;ﬁes ware withdrown from the reveptor
ceanpartment at following hes: 0, 1, 2,3 B, 8,10, 24 and 36 After cach time
point, the reeeptor compartnt was rﬁzpimishad with the receptor soleton. Samphs
sralysis was carvied out using reversed phase HPLO employing s UV detecior
fIgE] Comditions for HPLO aualysis of moonine ware ax fuflows: column
uacd: Jorbax NDE CI8, 4.6 mm X {30 mmy, § gy mobile phse ased 2%
Asctoatitrile + B89 Watsr contatntng O 1% Formie auid and detection wavelength
260 .
E The results of o representative experiment are shown s Figure 13,
which shows variability bebween the rat and bumums skin samples, with rospect to the

diffusion of nicothne, & polar compound,

Example 10: Investioating the diffusion of Diclodinae Na soroess the freated
Hiowax® & PROC Membrane

FEO93) In another sxperiment, diffision of Dielofonac Na, which 15 a nop-

polar compound {Mol, W 31813, bog Pr 4,03}, across the treated slivafiisation

8



Fhomax® 5 PROC membrans was investizated, religive (o fwo separate human skin
2 5 i

samples,
{sal The ransdermal diffusion experiments were camriad oot asing &

vertical Frang Cell sssembly similar o one depacted w Pigure 5,

e A saturated solution of Diclofonae Ma (Sigma Aldvioh, Cat # DeR8S)

it MDD water was ased as a doney solution and (.01M phosphate buifered sabne

(FREY, pH 7.4 solution was used as a recuploy sedution. It was propaved by Hasobving

f:

f pouch of the buffer sals (Sigma Aldvich, Cat # P83} in UEEE s of M seater,

The Frarge Cell frstrument, FUOST Franz Diffasion Cell Drive Corole wiath Tilt

{Logan lustraments Crap, Somerset, NI} was ssserabled with the trested and an-
trested Biommar® § FROC smembrane positioned with the shiny side Sustag the doven

compartment, The recepior compartivent was filled complutely with receptin
sotation. The aasernbly with water jacket was comnecied 1o a watr circalating bath
capabie of controlling the lemperatus: of the witer bath within s 8.1 “CL Tempevature
of the bath was avt at 37 °C. After the tomperatare stabilized, 300 gl of donar solation
way added to the donur comypartroent. The tiroe was noted sl thas wis revorded as
sare thoe, Fov sampling, SO0l of samplos were withdrmen froet e yeeeptor
sompartoient at following few: 0, 1,2, 3,4, 5, 6, 8, 10, 24 and 38, After sach timie
yesint, the receptor conypartinent was replonizhed with the reveptur sobalion. Sangsie
analysis was varried out nsing reversed phase HPLO emploving & UV duteston,

{me] Conditions for HPLC analysis of diclofiunac Na were as follonws:
cohumn wied: Zorbax XDE CI8, 3.9 mm X 130 mny S wrns mobile phase wsadt 8%
Mothanol + 2% Water containtng 0,196 Trilhue avetic sold snd detection
wavetonpth: 280 am.

0097 The results of g representative experiment are shown in Figure 1,
which demonsirate @ high degree of vanability between the different human skin

saraplis, with respect o the diffusion of diclotonas Na,

fOOD8] The specification 1s most thoroughly understood in hight of the
teachings of the references cited within the specification which are hereby
iworporated by referenve. The embodiments within the speciicanon provils an
Hluswation of embodiments in this invention and should pot be consineed o inntats
scopre. The skilled artisan readily recognizes (hat many other entodiments are

sncompassed by this invention. Al publications and inventions sre nrorporated by

4G



refrencs in thely entirety. To the extent that the matenal incorpovated by referance
consradivls o iy Inconsistent with the present specification, the prosent speorficatinu
wiil supercede any such material. The citation of any references herein is not an
srhmission that such reforences are prioy ant (o the preseat invention.

HEE S Uinless otherwise imdicated, all nombers expressing auantifies of
mngredienty, cell culturg, treatment vonditions, and so forth used in the specification,
incheding claing, sre to be ynderstond s being reodifiod o all mstanoes by the o
“abonat,” Accordingly, andoss otherwise indivated to the contrary, the numerical
pasneteny are spproximations and may vy depending spon the desirad proparties
st to be obtained by the present invention, Unless otherwise indicated, the torm
“at feawt” preceding @ saries of elomants §s 1o be waderstond tie refisr 1o svery sloanent
i the series. Thoss skilled in the ant el recognize, or be able o axourtain asing vo
sore than routine experimentation, many apivalonts 1o the specific ambodiments of
she nvention deseribed herein, Such equivalents arg itended to be sncovopasesd by
the following olahns,

U] Mieny yodificationy and varistions of this invention et be s
without departing Frony its spirit and scope, as will be mpparent to those skified in the
art. The spevifie smbodiments desoribed herebn are offgred by way of sxanpic only
andd arg nobmeant to be Hoiting i sy way, 1 s miendued that the speeilfoation and
esamples be considered sa examplary ouly, with 8 troe scops and spivit of the

frvention being indicated by the following claims,



Claims

What is claimed is:

1. A modified ultrafiltration membrane, wherein the modification comprises
treatment of the membrane with a mixture of a fatty acid ester and a
polydimethylsiloxane, wherein the modified ultrafiliration membrane comprises human
skin-like permeability properties and a pore size of 0.1 microns or smaller than 0.1
microns.

2. The membrane of claim 1, wherein the fatty acid ester is isopropyl
myristate and the polydimethylsiloxane is silicone oil.

3. The ultrafiltration membrane of claim 1, wherein the membrane is a
polyethersulfone membrane.

4, A device containing the membrane according to claim 1.

5. The modified ultrafiltration membrane of claim 1, wherein human skin-
like permeability properties comprise a high degree of correlation with human skin for
the diffusion of one or more compounds.

6. The device of claim 4, wherein the device is a multiwell screening plate
comprising a plurality of wells, each well comprising the membrane.

7. A modified ultrafiltration membrane, wherein the modification comprises
treatment of the membrane with a mixture of isopropyl myristate and silicone oil,
wherein the modified ultrafiltration membrane comprises human skin-like permeability
properties and a pore size of 1.0 microns or smaller than 1.0 microns.

8. The ultrafiltration membrane of claim 7, wherein the membrane is a
polyethersulfone membrane.

9. The modified ultrafiltration membrane of claim 7, wherein human skin-
like permeability properties comprise a high degree of correlation with human skin for
the diffusion of one or more compounds.

10. A device containing the membrane according to claim 7.

11. A modified polyethersulfone membrane, wherein the modification
comprises treatment of the membrane with a mixture of a fatty acid ester and a
polydimethylsiloxane, wherein the modified polyethersulfone membrane comprises
human skin-like permeability properties.

12. A method of making a synthetic membrane which comprises human
skin-like permeability properties, the method comprising the steps of:

21



(a) providing a polyethersulfone ultrafiltration membrane; and
(b) coating the membrane with a mixture of a fatty acid ester and a
polydimethylsiloxane,
thereby resulting in a synthetic membrane which comprises human skin-
like permeability properties.
13. The method of claim 12, wherein the fatty acid ester is isopropyl
myristate and the polydimethylsiloxane is silicone oil.
14. The method of claim 12, wherein the synthetic membrane exhibits
diffusion similar to human skin for compounds having different physico-chemical
properties.
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