
POLYMERIC MEMBR.A.N ES WITH HUMAN SKIN-LIKE. PERMEABILITY 
PROPERTIES:AND USES THEREOF 

Rdated ARIAlegjims 

/00011 	The present U.S. patent application claims tbehenefit ofpriatity Of U.S. 

pmvisional patent application mi. 611.341„1355, filed on April.5, 2010, and.US. 

provisional patent .application no. 6.1!$08.01641, filed on November 1 Z010, the entire 

content of each of which is ineomorated by reference herein in its entimty, 

Field of the Invention  

(0002] 	The present invention relates to novel polymer'!: membranes with human 

kin like permeability properties and methods of making and using the. -.true. 

Rae k zro 13 nd 

[0003 I 	Candidate phartnaceutictil and cosinetit compounds and formulatiOns are 

ttenendly tested for diffttsion across skirt Mast  preferably, excised Intim g.':adavrjr 

skin or hurnan akin Iefi: over from cosmetic snrgery LS used fotsuch. teSting.*  typittintly 

in an ti visit experimental set up. Although not ideal, excised aninial skin is also 

Sontethtes used for investigating trtInsdektual diffusion of VitrionscoMpOunds and 

ibrmulations, e.g., skin from rats  mouse or pig. However, resin's` obtained With 

mind animal akin and animal models cannot always be ektrapolanA to Win:tan skin. 

Further, obtaining enough supply of excised .human and animal skin is often a 

ehallenge and tends to he costly. 

19041 	Furthermom there are hioengineered skin equivalenta .such as 

Graft5ki.nTM ISE:whieli are also available for the transdermal dilrusion, testingof 

candidate formulations and compounds. However, sash equivalents are often costly 

and have been shown to not be suitable for the testing of all compounds, as they often 

show a much higher diffusion rate .for various compornitislhan human skin. $ees  

Sehmook evaL, Int J,Pharia: 215:51,-56 (Mt). 

10005) 	Lastly in addition to exciscd.humao and animal skin and bioengineered 

skin equivalents, there have been attetnpts to ereatcsynthetic mernhnures which .iliac 

be used as human skin Models to investigate -ti.-artaderriaildiffusiOn.Properties of 

pharmaceatical and cosmetic compounds and formulation a. These inelnde 

membranes such as low-density polyethylene (.l.:1015) rnembinne., Cellulose acetate 
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human Skin substitute for inveStipting.trartsdennal diffusion ofa.wide VarietyOf 

pharnraceuticafand.ceSinetie COmpounds and Ihrmultitioni. 

[00101 	In oneaspmt of the present invention, i modified ultmfihrition 

membrane is proyided, wherein the modification comprises treatment of:an 

altrafiltration membrane with a mixture of niiitity acid ester (e..g., isopropyl myristate) 

and a pelydimethylsiloxarte (cg., siliwrie oil), wherein the modified tiltratihration 

triembrane comprises human. skin-tikepermeabil ity properties. 

ff/01 II 	In a partitailar embodiment, the ultrafiltration membranei.s a 

polyetheraultate (PM) MOMbrand. 

[001j1 	lit'VariOni3 anbOdinlents, the human skin-like permeability properties of 

the niedifitA Ultrafiltration membrane aceOrding to the: present itwention comprise a. 

high degree of correlation with human skinwith respect.to the diffusion Of weer 

moreCompounds across the membrane. 

[OW3) 	in another aspect according to the present invention, a method of 

making a synthetionteinbrane which comprises-human skin-like permeability 

prolvrtieS. is provided, ..'herein themethed coMpriSes the steps of* (a) providing a 

61y:ethersulfa:Oa uhrefiltration meinbritite; and (b) coatintheineat bnine*with p: 

inixtureof isopropyl myristato and silicon oil, thereby resulting in a synthetic 

membrane which comprises human akin-like permeability proivrtieS. 

[00141 	In sotneomiWitnents of thepresontinventien,a .synthetionaernbrane 

described herein is sealed into s-intiltiwell plate, Which an be used, e...g, for:high-

throughput :analysis otcompounds, 

No151 	Also encompassed by the present invent:inn lire..f.finices containing a 

synthetic membrane according to the present invention. In a particular embodiment, 

such a device"is a multiwell plate used stir high throughput .scwning.. 

[00161 	Inordet that the present disclosure may be more readily uoderstood, 

certain terms are first defined. Additional definitiona air 'set forth throughout the 

detailed description. 

L 	Definitions 

190171 	The term "ultra filtration membrane" or'"UFirierribrano," as used 

interchangeably herein, generally refers to a polymeric membrane having a .pure size 

of 0:1. 'j.un or smaller than O.,1 ..aril, typically ranging from 10 mn to about 100 nin.. Ilf..  

membranes are also defined by the molecular weight of the artalyte that they are able 

to retain. A representative IN membrane which-  is modified as deectibed berein,:is:a 



POly

x

ethersultime (PES) UP.  membrane, e.g. , Biontax* 5 PBCC (Millipore 

CorttratiOn), 

[00I.8) 	The term "modified," "Modify" or "modificetion.,".aa used befeiri, 

„refet to the treatment of a me.mbrarie, (.4g.‘, a UF membrane such as the Dion-la:Kt 5 

13 .0 membrane (Millipore. Corporation)„ whiclrreaidts in Me membrane having 

illiMall kin-like penneability properties„ as ,measured Using one QT ItiOTV Ai.k.y3 

.4fAlelibed herein andior those known in the art. In various embodintents, the 

roodification comprises treatmentof a PES IIF membrane sueh as the. Bioniext? 5 

.PBCC membrane (Millipore Corporation). with a mixture of a Patty acid eater (.e,g., 

isoKopyl myristete) mita polydimethylsiloxane (es., silicone oil)„. 

1001 9) 	The term "human skin4ike permeability.. properties.," as used herein, 

Id a% to tho rate of pertneationor difiritsion of a compound.thmegh the modified UP 

membrane, as described herein,:whichhas a high degreeofcorrelation with the tate et 

permeation is ll& nine eontpoundfitrough human skin, 

00201 • 	Homan skin iS typically made up Of three majoilayers.: (a) stratum 

Corneum (1 0-15. jarrt in thicknesiMb) .epidermis (,,,I00 pIll in thickneas); and (c) 

derinis (2000-3000 Ain in thickness), Motphology of human skin,as .3fttri laing 

:c.:art.iing electron microscopy:(SEM), is*ShoWn in. Figure 1. 

(002I] 	A large nutribernf lipids (e. g., cerarnides, choiesterol and, fatty acids) 

are present in the skin which infliiencr.‘, transport characteristics of human skin. A. 

number of studies.haVe reported that the stratum cometun is the layer Of *in Which 

offers the most resistance to the diffusion of compounds across the skin; however, 

once a. compound goes across the stratum corneum layer, it is easy 2(2r the compound 

to diMisothrough the other layers, as they appear to offerless resistance. 

10022 	Representative VP membranes have a pore size Of about 30 rtm to 0,45 

gm and. a thickness tanging rom 100-350 ilm.. MoTphology ofsonic uf the 

wpresentative membranes as seen using SEM is shown in Figures 2, 3 and 4, Figure 

2 is . representative SEM image of the membrane ViresoIve4 V70-, Figure 3 is a 

representative SEM image of the PIX.".CC 5000 M WC() UP composite regenerated 

cellulose Membrane oil UPE support; and Figure 4 is a representative SEM image of 

the Iliornax::' _5 PBCC IJ.F membrane. 

[0023] 	The Biotite:NA 5 PBCC membrane appears to be most siMilarin 

morphology to human skin, at least as observed by 'SEM. The top layer of the 

.membrane, as seen in the SEM image, is a thin "skin-like layer which is followed by 

4 



a more porous and open structure and the bottom layer consists of even niort -porous 

and open,non-WoVen polypropylene base, The treatment of this..membrane with. 

isopropyl my estate and silicOneoil farther mithics. the. lipids that art present babe 

skin. 

100241 	The term "physico-theinical Properties," as used herein, refers tO various 

physical and/Or cherniCal properties. of coinpoundsdatchns, for example, cable Mar 

weight, polarity, hydrophobicity„ partition coefficient value, di: tribute 	etieffieient 

value and dissociation constant 01m-wounds, The medified IA,  inembnints of the 

present invention provide 	desirable substitute for human skirt,. M that. Show a high 

degree ofcerrelation with hurnan.skin 'fbrthediffusion of a wide variety of 

compounds having diyerse physico-chernical properties, rebitive i3;) prior art synthetic 

membranes, Aceordingly the .modified UP membranes according to the peseta 

inveritionean be used for investigating diffitsionot a wide array of pharmaceutical 

and cosmetic compounds and tbrinulations across human skin, ranging from 'highly 

polareompounds to non•polar compounds, for iMarliple, aS demonstrated by the 

.INtunpleS set. forth herein. 

02,5j 	The term "partition coefficient valtre". 61' "logy,'!' as ttsed herein, refers 

to the. ratio of concentrations of un-iOnized compound betWeen the tWosofvent 

phases; e.g., water and nsoctandl, The partition coefficient provides a measareof 

polarity of a compound. In order to measure the partition Coefficient Of ionizable 

:solutes, pli Of the. 3400.1.4 .0114§e il Aftl*.d. such that the predominant form of the 

coMpound is un-ionized. The higarithm of the ratio of the coneentrations Of the an-

ionized solute hi the solvents is referred to as the log P value. In 'general, higher the 

log:  P value of a compound, more non-polar the compound is and stnallerthe log P 

value of the compound,..more polar he compound is. The membranes described 

herein can be used for investigating transdermal diffusion of a wide .variety of 

compounds having varying. Jog P .values, as exemplified by Table .I below.. 

00261 	The. term "distribution coefficient value" or log p,.s.'F. as used. 

interchangeably herein, refers. to the ratio of the stun of the concentrations of all.  thims 

of the compound (ionized plus ran-ionized} in each of the two solvent phases, el.„!;, 

Water and nOctanol. Log D is another measure. of polarity of a compound; however, 

iris different from log P in that,  it also takes into a4cOunt:theeftiv of pa ofthe 

aqueous solution. Forexample, for the ineasurenient of distribution weft-Me/A, the 

pH of the aqueous phase is buffers d. to a specific value such that the pH is not. 

5 



signifitenfly perturbed by the introduction of the compound, The logatithm of the 

ratio of the Stun of concentrationS Of the various. forms of the solute.in one solvent to 

the sum of the concentrations of its .forms in the other solvent is rektred to as the log 

1) Value. Tice membranes described herein can be ISMi for investigating tran-selt...nall 

diffusion of awide vatiety of eompounds having varying log D values,:  as f.."Aetnplifiai 

by Table I.  below. 

fq027) 	The term "dissociation constant," "aeldcOnstant' "kn./ battik* constant,".  

otr"pKa value," as used intettitangeably herein„iefers- to the value ited. to desailx 

the tendency of compounds or ions to dissocit4, 

(1028) 	in some.emboditnents, a synthetic membrane &suit* herein is seated 

into a multiwell plate having a plurality of wells„. fin example, iln high throughput 

wroeningot compounds, Without wishing to be bound by:theory, it is connnttPlated 

1hata muitiwell screening plate can have any number of wall* f.,g., 4, f3.,.8„.16, 24„ 0, 

96, 3.84 etc_ In a particular enihodiment, a synthetic membrane a: Cording to the 

present invention is sealed into a mnitiwell plate containing a plurality Owens and 

the plate is'subsequently immersed into a receiver plate containing a corresponding 

number of Wells. 

10029) 	The theMbranerriay be attached to.  the multiwell tWreening plate usingA 

*ariety of methods inclnding, but not limited to, heat scaling, ultrasonic welding;  

adhuSive bonding and compressien sealing. 

WWI 	The use of synthetic membranes described herein inn.m.AWellplate 

&rink proseMS a hum advantage over human and animal skin models., aS it is usually 

not possible to put human and animal skin. in a multiwell plate tering., Accordingly, 

the membranes according to the present invention provide a novel tool for. high 

throughput screening of compounds and frinnitlations, which iS typically not possible 

with human:and animal skirt naodels Hence, While human and animal skin models 

are limited to screening cif compounds in a serial node, the synthetic membranes 

.according to the present invention enable screening of compounds in a high 

throughput mode. 

[Mg 	Table I below provides a list ofexemplary compounds, the trans-dermal 

diffusion properties of which were investigated using the inernbranes &scribed 

herein, Notably, Several of these compoundsiare found in cosmetics.or 

inseeticidestpesticides formulations and widely differ in one tai' mil 	of their physico- 



tite.rniealprOperties. Notably, majority of these compounds were shown to have 

Similar diffusion using. the claimed membrane to' human skin: 

Table L 
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[9032] 	This invention is further illustrated by the following examples With 

should not be construed as limiting. The contents of all referenceS, patentsand 

published patent applications cited throughout this application, as well as the l"IgureS, 

are incorporated. herein by reference. 



Brief Deseritaiop Drawirmi 

tOtM3 	Figure 1 is a micrograph of a cross-sectien of human skin, generated 

.using scanning elects: rt microscopy (Sao, depicting different layers. eftheskin, 

100341. 	Figure 2 is a micrograph of a cross-section of the Viresolve VV. 

.(ptilyvinyledenefluoride) membrane, generated using scanning electron microscopy 

(SUM), 

.1.00351 	Figure. 3 is a micrograph of a crom-section of liLCVC,tnembratte ta 

regenerated cellulesehased 8F membrane),, generated using scanning electron 

-mierOScopy„Which shows varying porosities and.pOresizes across the thickness of the 

memIntne, 

100361 	Fistire 4 is al micrograph of a cross-section of the Biorriata) 5 PBCC 

niernbrane.„generated Usingseanning electron mieroseopy, which how varYing, pore 

morphology and porosity across the thickness of the menahrarte, 

(0037] 	Figure 5 is a schematic representation Of a typical voilieM FranZ Cell 

diiiinnon apparatus used for inveStigating transderinal diffuSion, 

190.30.1 	Figure (i is a graph summarizing the results .of a repMsentetive 

experiment to investigate the ctunulative flux of caffeine, npolar conipOund, though 

treated Birmiaxg .5 ?BCC membrane relative to human, rat and pigskin, The X-insis 

denotes 	in hours: amid the Y-axis denotes cutradative tiux, as measured In iiiVc.m2, 

The data demonstrates a: high 4twee:.orcorrektim between the mernh.ratte and human 

Skin Vith respect to diffusion of eaffeine as well as high reproducibility and low 

variability between two different lots of the membrane,. 

10301 	Figure .7 is a graph summarizing the results of a representative 

expeliitent tO investigate the cumulative flux of hydrocortisone, a 01We:rat* polar 

compound, through the treated Biomaxg 5 PBCC membrane relative to human, rat 

:and pig/mini pig skin, The X-axis denotes time in hours and the '.Y-axis denotes 

cumulative flux, as. measured in uglern.2. The data denionStrates a high degree of 

.Correlation between the membrane and human skin as well as. pigintini pig skin with 

respect to.  diffusion of hydrocortisone; however, rat skins  which is the most commonly 

used -models for transdermal diffusion studies, does not appear to Show a high deg *e 

91" correlation with human skin.  

10ci40) 	Figure 8 is a graph summarizing, the results of a representative 

experiment to investigate the.cumulativollox. of !=thyl p-hydmybenzeate, a non- 

8 
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measured in uglem?, The data,appms to .suggest variability between rat and human 

skin, with respect to thediffesion of nicotine; 

(0046). 	Figure 14 it. a .graph summarizing the resalts-of a representative 

experiment to investigate the cumulative .flux of Die:loft:nu Na. a non-polar 

corvound, through the treated Biomax6 5 PBCC naembrang.lative to human skin: 

Tho.X4xis denotes, time in hours and.the V-axis denotes.o.turnilati..ye Om, as 

Mettaured in ggiom2. The data demonstrates variability betwem the ditTomit skin 

samples, with t'espeot to the:di:Maim otfliolotIttac Na, 
. 	.. 	. 

[M471 	Figure I .5. ISA schematic of a cross-section of a device (e.g'..,. a. 

multiwell plate) which coritains.a:synthetie inembnnleaecotding to the invodion, 

Whitt may be in a disposable forrnut and useful for high thrOughput screening. 

/0/14/31 	Figure 16 is a photograph of a representative Multiwell.platedeViee 

containing a sYntlietle.mernbraneteCOrding to the inVention, whiCh may he used cot- 

high throughput 	of compounds and formulations, 

[O€ Q] 	Figure 17 is another photograph of a representative Multiwell plate 

device containingavrithe* Membrane according to the invention along with the 

remiver plate,:whia. may he: used ibilhigh threughput sereening of Milpotillb; and 

formulations, 

Example, 

Faample I: 	Generation of a modified nitrafiltratkonstetnbratte haVitig human  
skin-like per meablittusssecties 

[(i0601 	In a representative experiinen annitralittration Biontax0 $ PBCC 

mei brane. wa$s modified with a mixture of a fatty acid ester and a 

poiydimetbylsilOxane to generate a synthetic membrane having human skin-like 

permeability properties. The Biornaxe,  5 VBCC -membrane was washed with Milli-

water for 24-48 lionrslisinga roller bottle, The water was replaced I,2 times during 

the 24-48 hours with fresh Milli-Q water to ensure cleanliness of themembinne-At 

the end of washing PIO(CS. Water was' discarded and Was replaCed with methanol 

Wither Scientific, Cat # A4S4SK-4) and 	a: thing was C011tirkiIpiji for 2-4 heats. At the 

end of the methanol wash, methariorwaa discarded and replaced with I-botano.1 

(Sigma-Aldrieh, Cat # 34867) 'Washing with 1-butanol was continue -fOr 24 hour& 

[0051) 	paring.the time that the metribrane was being washed, a mixture of a 

fatty acid ester isopropyl mristate Wat # 17247' --I 	and a pOlydimethylsilmane, 
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Siiicone. oil (Cat #:378364), both purchased fronSignat Aldrieh; was prepared, such 

that the ratiO of the isopropyl myriState and silicon oil Was 30:70 (v.19.: This mixture 

is refried to as a "liquid membrane." The. liquid menibrane, at 3P.c.: by volume, was 

farther diluted with 6.5% by volurneof 1 -butanol, 

(0052] 	The washed altrafiltration Biome& fi :MCC membrane was coated 

with the liquid. membrane diluted with.1-butanol for 2-4 hours. The treated 

membrane was subsequently dried. in a fume hood.for about 24 houn, atter Which The 

membrane was stored in imairtightcputuineratroom temperature until use.  

Example 2 	linvestigatin2 the diffusion of  caffeine across the treated Blot to 
4 PlieC Membrque '000.......b......:..4 	• 	' 	' 	' 

1:065'3:1 	 In a representative experiment, diffusion of caffeine, which. hi a 

highly polar compound (Mol, Wt,: 14.2,. log l 	-0,131), across the treated and 

tunneled u trafiltration Si0nta4 5 Pl3CC .membrane was invr.A;tigated, as compared 

o.hturan, rat and pig skin, 

1.0054.1 	The.  transdermal diftlision experiments were. carried out whist!. 

vertical Franz Cell asseirilily4imilar to one depleted in Figure .", 

.f00551 	A saturated solution of caffeine (Sigma Aldrich*  Cat # C6750) in 

.Mitil;QC water.was Used atl a donor solution and 0.4.11M: phosphate buffered saline 

OBS), pH I* solutiOn wtU used as a receptor solution: ft was prepared by dissolving. 

./. pouch of the barer salts (Sigma Aldrich, Cat # P3S13) in 1000 nil of Milli,Q. water, 

The Franz Cell inatrument,.P0.0,6T 'FranzDiffusion Cell Drive Console with Tilt 

(Logan Thatruitents Corp, Somerset, 'NI) was assainbled withthe treated BiottaXt 5 

N-107 membrane positioned with the shiny. side facing the.donor compartiment The 

receptor compartment was tilled Completely with receptor snlation. The assembly 

with water jacket was cont=ted. to a water *Witting bath capable of controlling the 

temperature of the water bath within ±.0.1 C. Temperature o Cie bath was Set at 37 

c.: After the temperature stabilized, $00 ill of donor solution was added to the donor 

compartment. The time was noted and this was recorded as zero time, for aampling, 

509141 of samples were withdrawn from the receptoTcompartment at:following his 0, 

1, 2, 3, 4,.5,.6.13, 10, 24 and 26. After each time point the receptor compel/nein was 

replenished with the receptor. solution, Sample analysis was carried out using 

reversed phase HPLC employing a LIV detector, The analysis conditions for HPLC. of 
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caffeine were as follows: eOlumn used- &situ SEM Cl $. 4k min X 150 min*  5 0* 

nod mobile/Anise, used: 20% aeetonitrile + 80% water,. 

[0056 	The .msults of a representative experiment are Shown in Figure 6, 

which demonstrate that the treated membrane:4, from two different lots, e:: 	ibis 

diffesion similar to human skin for a highly polar compound, caffeine. 

tgmfat 1,1_,,, Isysgnuting  tt.,„fliffitsion of hydroa___ _____ j_te across the trot edr 	 : 
Wm:ma,  5' PBCC Membrane 

00571 	Irl-u imprescotative experiment;:. diffusion of hydrocortisone. vithich. is 

a 1110derately polo r .eompouttd (Mn 	Wt: 362A, logi; 1402), across the tretekid 

altrafiltration Mornaxt 5 PBCC membrane was Investigated relative to human, rat 

and pigintinipitakin. 

r90$8) 	The transderntal difinsibt eXperitrientS were eartitti out using a 

vertical. Fnmz Cell assembly similar to one depicted in Ripe 5. 

/0059] 	.A:sanirated solution of hydrricortisone (Sigma Aldrich, Cat.0 H4061) 

in Milli,(4 Water was used as. a donor solution and 0,0IM phoSphate buffered saline. 

WS:3)4117.4 solution 'Os nSed.:aa a receptor Solution, it wtis prepared by dissolving 

I pout of the .buffer salts (Sigma Aldrich, Cat # P3813) in. 1000 ml ofMilli-Q water. 

tow] 	The Franz. Cell instrurnent, FIKAir Franz Diffusion Cell Drive 

Console with Tilt (Logan Instruments Corp, SOMerset, N1) *ts assembled with the 

treated Biontaxli 5 P13CC membrane positioned.  with tbe shiny .side facing the donor 

compartment; The re eptor compartment vas filit3d completely with receptor . 

stilution, The a.ssembly with a water jacket was connected to. a water ciccutailog batch 

.capahleof controlling the temperatum of the water bath within ±.0.1 C. Temperature 

of the bath was set :at 37 °C,Atler the temperature stabilized, 500 IA of donor solution 

was added to the donor compartment. The time was noted and this was recorded as 

zero time, For trampling, 500 111 of Samples were withdrawn from the romptnr 

compartment at .following hrs: 0,1., 2, 3, 4, 5, 6, 8, 10, 24 and.26. 	.titer each time 

point, the t6ctptor cOmpartment was replenished with the receptor 8010rion, Sample 

analysis was. carried out using reversed phase 1-I1'LC employing.a UV detector, 

/0061] 	-Conditions for HPLC:analysis Of hydrocortisone .were as follows: 

column Used: Zorbax NDB CI 8,, 3.9 ram X1.50 mnt„ 5 pm; mebile phase usa 40% 

aceronittile ,',c 0% water; and a detection wavelength of 242.nm. 



00621 	The resultSOf a representative experiment are shown infigure 7.. 

whkh demonOrate that the tinted meth:brutes aecording to the claimed invention 

exhibit difilision similar to human arid pigiminipig skin for hydrocortisone...a 

moderately,  polar compound. 

'Example  4 ; 	!III elitl rathl -the tl.,,,,,,„,,L juitritmlyslymkas, jar Fi 
the treated and un-treated Blomaxe 5 PlIcf2Metnbratte 

0031 	In.another representative experiment, ditlbsion of methyl phydroxy 

benzoate, which is a rinxleraWly polar compound (1V101, Wt.: 15'114, log P.: 1:90), 

aemsa the treated and untreated ultratiltration DiomaxV 5 	BCC,' membrane was . 

investigated, and compared to three separate.  human Skin samples, 

.1:00641. 	The tr nsdermal di iTasion.oxinriments, were carried oat 'lain a 

vertieal,Franz Cell :monthly Similar to Ono.depicted M Figure 5, 

1:00651 	A sat .irate Solution Of Methyl p-hydroxyivnkoate (igma Aldrich, 

Cat It ,54750) in rviiiii-Q water was used as a donor solution and 0.0/M phosphate 

buffeted saline (PBS), pH 7A, solution was•used as a Itceptorsolution. It was 

Pt:Oared by dissolVing 1 pouch of the buffet salts (Sigma •Aldrich, ratiP38•13) in 

1000 :m1 of Milli-Q water. The Frank Cell instruntent, FD 0,6T Frank Diffusion Cell 

.,Drive Console with Tilt..(1.41gail Inatruments Corp, Soinerset, Nj) was asSernbled with 

either the treated Biornaa. 5 P13CC or un-treated mernbrane poSitioned with the 

Shiny side facing the donor compartment, Me receptor compartMent Wag tilled' 

completely•with.receptor solution„ The assembly with sk•nter jacket •wm conneckattn 

a water eimulating bath capable of controlling the.  temperature of the water bath 

within .:1:: 0...1 DC.. Temperature ofthe bath was set. at 37 C. Afterthe.temperantre 

stabilized, ....500 1.'1 of donor solution was added to the donor compartment. The time 

was noted and this was recorded as zero time, For sampling; 50(. pi of samples were 

withdrawn from the receptor compartme,nt at following ilM 0, i ,2,, 3, 4, 5, 6, .8, 10, 24 

and 24. After each time point,. the receptor compartment was replenish0 with the. 

receptor solution. Sample analysis was carried out ut-zing reversed phase Ilit>1.,C 

employing a UV detector. 

[0060] 	Conditions for Tine analysis of methyl p-hydsoxylxotkoate were as.  

&Rows.; Column. Used: Zorhax. XDB C18,•39 mm X 150 nun, .5 ptit; While Phase 

Used: 40% Acetonitrile + 60% water. 	 • 
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100071 	The results of a .represeittative experiment Are shown in:Figure 8, 

which dennntstrate a high degree of variability between the different human skin 

samp/es, With respect w the ditInsion of methyl p-hydroxybenzoitte 

Exaninle 5: 	I nvestiaatina the diffusion of fitafenamic add. across the un-treated 
Biontas* 5 PBCC Me.mbralie 

[0068.1 	In yet another .experiment, diffusion. of thanamie acid. which i S a 

highly nompolar compound (Mol, Wt; .281.23, log I': SI), across the treated and 

untreated ultrafiltranPnBfOma,rt 5 P.BCC i'3 embinne. was investigat4as compared 

Its human. skin, 

10069) 	Tht..',  transdermal diffusion experiments were carried out using a 

vertical. Fintrz Cell a ssemblY similar tx.)- one depicted in Figure 5. 

100101 	A sattitated solution of fluibriainicaCidir.Sigma Aldrich, f„ At # F9005) 

M MiiIli-Q. water wars uSed as.  a donor WM:on and 010 M Sorensert's bulk.; pH 7,4, 

was used aS a receptor :solution (Fisher Scientific, Cat; 79885). The. Franz Cell 

ngturnent„FD04T Franz Diffusion Cell Drive Console' with Tilt (Liven Instivinents 

Corp, Somerset, N4) Was Os.embled with either the treated Bionnalt,  5 PBCC„tns tut.. 

treated membranepositioned with the -Shiny side facing the donor Output:mem The 

receptor compartment .‘Vas filled completely with receptor selntion. The assembly 

Withivater jacket Was connected to a water circulating bath capable of controlling the 

tempetatureof the water bath withip 4:. 0...1 V:,, Temperature of the bath waailefat 37 

t. Ater the temperature stabilized, 500 pl of donor solution was added to the dianor 

compartment, The time was noted and this was recorded as zere. time, .Forsautpling, 

SOO gl ofsamples were withdrawn from *receptor compartment at .following brs: 0, 

I„,:413,4, 5, 6, 8, i0,:24 and 26. Alter each time point, the receptor compartment was: 

replenished with the receptor solution,. Sample analysis was carried out using 

reversed phase HMI': employing a IN detector.. 
. 	. 	. 	. 

[0071} 	Conditions for HNC analysis.  of fluihnatoic acid are: as nott4.helew 

Column Used: Zorbrix XDB .C18, 3.9 mm X.: 150 rum, 5 Hilt Mobile Phase Used: 90% 

Methanol + 10% water tontaining 40mM acetic acid; Detection wtn.,elensgthz 280 nm,. 

[0072) 	The results of a representative experiment are  shown in Figure 9, 

which demonstrate that for thtfenamic acid, a Tian-polar' compound,the untreated 

metn,brane: appears to have a better correlation to human skin than the treated 

membrane. 
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Example 6.: 	Investiotinithe diffusion of elotrintazole aeross the treated 
Riontaxg 5 PBCC Membrane 

0.131 	In another experiment, diffusion of clonimazole, Which is a highly 

non-polar*compound Nol. Wt.:. 344;8,, log P: 6.1), across theIreated and untreated 

ultrafiltration Biomaxe.5PBCC membrane was investigated, as compel:WV human 

and tat skin, 

100743 	The trawderinal *diffesion experiments wore canied oat using a 

vertical Franz Cell assembly similar to one depicted in Figure 5.. 

trar,i1 	A saturated SehttiOn of ClotrimaZole(Sigma Aldrith, Cat # C6019) in 

illi-Q water was nsed as a donor solntion and 0.01M phosphate buffered saline 

.(PBS),pfl 7,4; solution was used a a receptor sollition, it Was prepared bydisselvi4 

1 pouch of the buffer salts (Sipa Aldrich, Cat # P3813) in 1.000 nil of Milli 4) Water, 

The Franz Cell iiWitinWig,.. FM-6T Pram Diftlision Celt D'riv'e Console with Tilt 

(Loggia instniments.Corp, Somerset, NJ.) was aSsemblud with either the treated or 

untreated Biontaxt,  5 PBCC membrane positioned with The Shirty side facing the 

donor pompintmeht, The receptorcompartment was filled completely with receptor 

solution. The assembly with water jacket was connected to a water circulating bath 
, 

capableof controlling thelemperature of the water bath within ..i... 0,1 'C. Tetruxnature 

of the 'hatil was set at 37 VC.. Alter the temperature stabilized,. 500 IA of donor solation 

was added to the donor compartment. The time was noted and this was.  recorded as 

zero time. For sampling, 500 1.1.1 of samples were withdrawn.from the receptor 

compartment at following hra: 0, 1, 2, 3, 4, 5, 6, 8, 10, 24 and:26. After each time 

point, the receptor compartment was replenished with the receptor solution. Sample 

an 	was carried out using reversed phase HPLt.'. employing a U.V. detector. 

:10076] 	Conditions for LIPI-C analysis of cletrimazole .Were as follows 

canna used: .1.iflotalapak Cl 8, 4.6 mm X 300 nun., lb 1.im; mobile phase used; 65% 

Methanol containing OA% Trifluoroaeotie acid 4- 35% water eontairthig 0.1% 

Tiifluoroacenc acid and detection wavelength: 260 urn. 

.1W77] 	The results of a representative experiment ere shown in Figure 10, 

,which demonstrate that the treated membranes exhibit a high degree of correlation 

with human skin for clotrimazie, a non-polar compound. 

:Example 7: 	Investioting the diffusion of dexamethasone across. the treated 
Riamaxt 5 PBCC..! Membrane 



[9078:1 	in another exwritnent, diffusion of dexamethasme, which is a 

moderately pOlar compound (Mol, Wt.,: 392.5, log P: 1.896), across:tbe treated and 

untreated ultrafiltration Biomaxt 5 FBCOmembniriewas investigated,. as compared 

to.hatrian„, pig and rat skin. 

t0079.] 	The transdermal diffiision experiments were carried out ermine a 

lied:kat 'Franz Cell aSserribly sintilarto one depictedin figure 5. 

.t.0080j 	A. Saturated solution of dexametbasone (Sigma Aldrich, Cat It 

01756) in Milii-Q water wits used as a donor solution and.0.01M phosphate buffered 

saline -W1 	), pH 7.4, solution was used as a.receptor *solution. it Was prepared by 

dissolving I pouch of The buffer salts (Sigma Aldrich, Cat :it P381.3) in 1(0 Ml.of 

Milli,.Q water. The Franz Cell instillment, 1•DC-6T friiniDiffitsion Cell Olive 

Cc nsole with Tilt (Logan instruments Corp, Somerset, N3) was assembled with the 

'treated Bipill:W.ti) 5 PBC.r membrane positioned withthe.shirtyside Wing:the donor 

compaitment. The receptor compartment was .filled completely with meeptor 

solution...The a.ssetubly with watei jacket was connected to a. water circulating bath 

cartbleofcontrolling the temperature. of The water bath within*.0,1 °C, Temperature 

of the bath was set Milt. After the. temperature stabiliz.ed,.500 pd ofdonor solution 

vas added to the donor compartment. The time was noted and this was recorded as 

zero time. For sampling, 500 fil of samples were withdrawn horn the receptor 

Ciunparnnent at folloWing tars : 0, 1, 2, 3,4,5, 6,1„ 10, 24 and 26, After each time 

in. the reeeptor .cornpartment was replenished with.  the temptortolution, Sample 

aneiysig was carried out :using reversed phase IPLC entploying.a.15V detector. 

(00811 	Conditions for ilPif analysis of dexamethasene Weltas tblIOWs-'c 

column used Zorbax XD13 CIS, 4.6 mm X 150 mm„ 5 um; mobile phase used: 

A.cetonitrile 4- Water and detection wavelength;.240nm, 

100.42) 	The results of a representative. experiment are shown in Figure H, 

which demonstrate  - that the membranes acconlirm to the claimed invention exhibit 

diffusion similar to human and pigskin for dexamethasone, a moderately polar 

compound. 

Example 8: 	Investigating the diffusion of Flarbineolen across the treated 
Riomax0 5 'MCC, Membrane  
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100831 	In another ekperiment, diffusion ofFhlrhiproft, whiCh is.a no 

polar compound (Mol. Wt: 24$, log P.;.4...1 15), across the treated. and untreated 

uhrafiltution Biornax0 .5 P13CC membrane was investigate& as compared to three 

separate rat skin samples of ditlerent ages. 

[0084) 	The transtientnil diffusion experiments were earned out using a 

liettical Franz, Cell assembly similar to one depicted in Figure 5, 

1:0085i 	A saturated solutionof thobiprofen (Siggia Aldrieh, at # F8514) in 

Milli-Q. water WM tifti as a donor solution and 0,01M phosphatehuffeand saline 

(1438), pH 7..44. solution was uSed.rts a receptor solution, it was prepared by diwtivit% • 

1 pOath of . the buffet salts (Sigma Aldrich,. Citt# P3813) in I 000.01:of Milli.Q water. 

The Franz Cell instrument FIX:i;-6T Film Diltision Cell Drive Console with Tilt 

(Iogan Instruments Corp, S(?nterset, NJ) WIt5.5V?taibled with the. treated .BkansA 5 

.P BCC membrane positioned with thealfitiy.  side Wing thellOntir ompartmeth. The 

receptor compartneht was filled completely *1t13 re 	solution, The asatanbly 

With water jacket was connected to a water circulating bath capable of controlling the 

temperature of the water hatli within :f. 0,1 t, Temperature of the bath *Us:5:kt at 37 

C. After the teniperatnre stabilb;cd, 500 pi of donor .Solation wasadded to the donor 

compartment. nw time was rioted and this was recorded as zero time, for sampling, 

500 Al of samples were withdrawn front the receptor compartmon at Wowing firs: 0, 

L:2; 3., 4, 5, 6.8, W,124 and 26 Alla each time. point, themeeptor. compartment was.  

replenished with the receptor solirtion. Sample analysis was carriedtint: psing 

wened pbasclik,C employing a UV detector. 

0080 	Conditions for HPLC.analysis of fluthiproten weaves. follows; 

column -used: Ix Bondapak C..I8., 4,6 mm X.300 mni, 10 pin; mobile phrase used: 7014 

Methanol + 30% Water containing-  0.1% Formic acid and detection. wavelength: 260 

.fm, 

[OW] 	The results of a representative experiment are shown in Egan 12, 

which demonStinte,• . a hi-degree of variabilit,y betweenlhe rat skin samples of.  

dificitnt ages, with respect to the diffusion of flurhipro&n. 

Example 9: 	Investigating the diffusion of Nicotine across the treated and  
untreated 1>±1nmax0 5 PBCC. Membrane 

.[00881 	hi another experiment, diffusion of Nieotine, which is a polar 

compound Not Wt,: 162,23, log P: 0.72), across the treat al and untreated 
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ultrafiltration Biontaxl; 5 PBCC metiabrant was investigated, as coMpar d to human 

and nit Skin, 

[0089] 	The trarisdermal diffusion experiments were carried out Using a 

vertical Frani:Cell a.ssembly similar to One depicted in Figure 5.  

[0099) 	.A saturated Solution of nicotine (Sigma Aldrich, Cat 'r N0267) in 

Milli-Q water was used as a donor .solution and 0.01.M phosphate buffered Saline 

(PM), pH 7,4; solution was used:as .a receptor solution, .it was prepared by disSolving 

1 pouch of the buffer salts (Sigma Aldrich, Cat4 P3813) in 1000 nil of Milli-Q. water, 

lbe Franz Cell instrument, FDC,OT Franz Diffusion .Cell Drive 0.msele with lilt 

(Logan instruments Corp, Sommet, MI was assemblal with .the treated and 1,1,1):-

IrtuitA Biomaxt 1.  PBCC Inembrarie positioned with the shiny side facing the donor 

compartment, The receptor compartment was filled completely with receptor 

"solutiOtt, The assembly with water jacket was connected WA 'miter circulating. bath 

capable of controlling the tempenttum of the water bath within 1:0.1 C. Temperature 

of the bath was saw 	
A  37 "C., After the tenipetature stabilized, 500 ni of donor solution 

was added to the donor ConipartMent, The dine Was noted and this:Was recorded 44.4 

Ztro tine,. Fe sampling, 500 id of Satriples were withdraWn froin the receptor 

.compartment at ti IlOwing hrs; 0, 42, 3,:4, 5, 6 8,.10, 24 and 2$. After each time 

point, theleceptor compartment was replenished with the receptor solution. Sample 

analysis was carried cut . sing reversed phase EPIC 011.0:lying a Ll's tiewunn*, 

.f009 I ) 	Conditions for TIPLCanzilysis of tficofine v‘treas felloWs; colonel 

used; Zorbax XDB Cl 8,,. 4,6 tuna .X 150 narn, 5 p.m; mobile phase• used: 2% 

Acetonitrile + 98% •Witteteontaining 0,1% Fenuic. acid and detection wavekrigth; 

260 nm, 

(0002]. 	The results. ie.if a representative experiment are shown in Figure 13, 

which Shows variability between the. rat and human skin sa.mples,..with respect to the 

diffusion of nicotine, a polar compound. 

Example 10; investizatin2 the diffusion of •Dielofenac Na across the treated 
lilletnax0 5 PBCC Membrane 

[0093] 	In another experiment, diffusiortofDiclofetine Na. which is a non-

polar compound P&L Wt.; 318.13, log, P: 4:05), across the tivated uttrafiltration 
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.13iOrnaxe 5 PBCC merabranc:Was investigat4 relative to two separate human Skin 

samples. 

10094] 	The transdermal diffusionexperiments were carried out using a. 

yerticat Frau eat assembly .ii.tiailar to one depicted in Figure 5. 

IOW] 	A saturated solution of Diclotenac Na (Sigma Aldrich, Cat ff. 1)6899) 

in Milli-Q water was.  used as a donor solution and 0.01.M. phosphate buffered saline 

(PBS), pH 7,4; solution was used as a receptor solution. It was prepared ..0./ dimolVing 

I pouth of the buffer salts (Sigma Aldrich, Cat # P3813) in 1;{t€ €# ml of Mil li-Q:Water, 

The Franz Cell instrument, PIX;45T Franz Diffusion Cell Drive Console with Tilt 

(Logan Instruments Corp:, Somerset, NJ) was assembled with the Matted and an-

treated Biomaxt 5 .PBCC membrane positioned with the shiny side liming the donor 

etunfarttnent. The receptor compartment was filled 0111/Addy with receptor 

Solution. The assembly with water jacket was connected to a water 63:41;161v bath 

capable. otcontrolling the temperature atilt' water bath within *-0.1 C. Temperature 

or the bath %vas set at 37 C. After the temperature stabilize& 500 0 of donor solution 

Was added to the donor compartment, The tittle:Was not 	and this was'motded as 

zero time; For. sampling, 500 0 of samples were withdraWn from the receptor 

compartment it following hni! 9, 1,, 2, 3, 4, 5, 0,8, 10, 24 and26,Atler each time 

point, the receptor compartment was, mplenished with the receptor solution.. Sample 

analysis was carried out using reversed phase HPLC employing a UV deteetor.„ 

[WM] 	Conditions for 1.1„PLC analysis.  of diclolenae. Na weivi 4 follows 

column used: &ibex XDB C18, 3.9 nun X.150 mm, 5 pin; mobile phase mat 80% 

:Methanol + 20% Water containing 0.1% Trifluoro acetic acid and detection 

wavelength: 280 nm. 

[00971 	The results of a representative experiment are :Mown m Figure 1$, 

which demonstrate a high degree of variability between the different human skin 

samples, with respect to the diffesion of:dick:de-nue:M. 

[0098) 	The specification is most thoroughly uridentood in light of the 

leachings of the references cited within the specification which are hereby 

incotporated by reference. The embodiments within the specification provide an 

illustration of embodiments in this invention andShOuld not: ham` construed to limit its 

scope. The skilled artisan readily recognizes that many other embodiments are 

encompassed by this invention. All publications and inventions ate incorporated by 
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reference in their entirety. lb the extent that the material ineotpOrared by reference 

cot:Mad:10;$* iS ineOnsistent with the present specificationi the present Speeitieation 

will sunercedoany such material. The .citation of any refemnees herein is not an 

admission that such .:iefetences are prior art to the pesent iiwentien, 

PM 	Unless :etheriaointheated, all: numbers expreasing. quantities of 

ingredients, eell..cultute, treatment condition§„and so forth used in the gaeitication, 

including claims, are to he understood as being modified mall inzuwes,hy the term 

'about!' Accordingly, unless otherwise indicatedto the contrary,..the numerical 

parameten ateapproximations and may yatydepending upon the desi*I properties 
. 	. 

sought to be obtained by' the present invention, Videss.otherwie intlicated, The term 

`at least" preceding a series of elements is to be understood to refer to every element 

in-the soles,. Those skilled in the art will,recognize, or lie .table to ascertain using no 

-mOrethattroutine.eXpetitneittatiOn, many tquivalents'to the apeci fie tr4bodimetits of 

the invention desetibed herein, Such.equivalents are intended .:to he encompassed by 

the following claim. 

1001001 	Many Modifications and vatiatiOns ofthisinventiou eau hernade 

withotit departing :from its 'spirit and aebpe4 ea will be apparent to those 'A:Medi13 the 

.art, The :speci if 	embodiments &set ibed herein are 'offered•by Way :s:.if ekainple only 

an are not meant to be limiting in any way, it iS.  intended that theSpecification and 

ertarnpleae considered as exemplary nrily.'with a true ,seope and *tit of the 

invention being indicated by .tbe..followittg.  claims, 
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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 ultrafiltration 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: 
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(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 

properties. 

compounds 	having 	different physico-chemical 
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