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POLYMERIC .MEMBRAN ES WITH HUMAN SKIN-LIKE PERMEABILITY 
PROPERTIES AN!) USES THEREOF 

Related Applications 

[0001.] 	The present US, patent application claims the benefit of priority of U.S. 

provisional patent application no. 611341,855, filed on April 5, 2010, and US.. 

provisional patent application no. 611408.,864, filed on November 1, 2010, the entire 

content of each of which is incorporated by reference herein in its entirety, 

Field of the Invention 

[0002] 	The present invention relates to novel polymeric membranes with human 

skin like permeability properties and methods of making and using the same. 

Background 

[0003] 	Candidate pharmaceutical and cosmetic compounds and formulations are 

generally tested for diffusion across skin. Most preferably, excised human cadaver 

skin or human skin left over from cosmetic surgery is used for such testing, typically 

in an in-vitro experimental set up. Although not ideal, excised animal skin is also: 

sometimes used for investigating transdermal diffusion of various compounds and 

forinulations, e.g,, akin from rat, mouse or pig, However, results obtained.  with 

excised animal skin and animal models cannot always he extrapolated to human skin. 

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

challenge and tends to be costly, 

[0004) 	Furthennom there are hioengineered skin equivalents such as 

GraftskinTM LSE- which are also available for the transdermal diffusion testing of 

candidate formulations and compounds, However, such 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 compounds than human skin, See, 

Schnook aid., hit J.- Pharnt: 215:51-56 (2001). 

[0005) 	Lastly, in addition to excised.human and animal skin and. bioengineered 

skin equivalents, there have been attempts to create synthetic membranes which may 

be used as human skin models to investigate transdermal diffusion properties Of 

pharmaceutical and cosmetic compounds and fotnmlations. These include 

membranes such as low-density polyethylene (LDPE) membrane, cellulose acetate 
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membrane, ,silicone membrane, hydrophobic polyvinylidene. fluoride (PVDF) 

membrane, polycarbonate membrane, chitosan membrane, composite cellophane 

membrane, poly (dimethylsiloxarie) membrane and eel:Mose nitrate inembrane, with 

various modifications. See, e.g., Wang et at., Mt. Jr. Phartn., 310:110-117 (2000; 

Dias et at., Int .1. Pharm., 182:41-47 (1999); .Leveque a al. bit. Jr. Pharm., 318:49-54 

(2006); Oita: Rani et al., .1 Mai. Chem., 49: 394.8-3954 (2006); Ottaviani er at., J 

Afc4 Chem., 50:742-748 (2007); Leveque a at., hit ,11 Pharm., 269: 323-328 (2004); 

Dui* et al„ At. I. Pharm.„ 213:193-198 (2801); Loftsson et al., Int. I. Pharm., 

326:68-68 (2886); Frum et al„ Elm 1 Phann. Biopharm., 67: 434-439 (201)71: and 

Mira et al.,.Eur. ..f. Pharm. Biophartn., 67:86-95 (2007). 

[80061 	However, none of the existing synthetic membranes provide a suitable 

skin substitute for investigating transdermal diffusion properties of a wide range of 

pharmaceutical and cosmetic compounds and. formulations because of low 

reproducibility and/or high variability compared to human skin. 

Summary of the invention 

[0007.1 	The present invention is based, at least in part, on the observation that an 

ultrafiltration membrane, when treated a certain way, exhibits human skin-like 

permeability properties and, accordingly, provides a suitable skin substitute for 

investigating the transdermal ditnision properties of a wide array of pharmaceutical 

and cosmetic compounds and formulations. 

[8008] 	The synthetic membranes according to the present invention are superior 

as a human skin substitute over prior an synthetic membranes, in that they exhibit a 

high degree of correlation with human skin with respect to transdermal ditilision of a 

wide variety of compounds with diverse physico-chemical properties. In other words, 

while several of the prior art synthetic membranes appear to exhibit permeability 

properties similar to human skin for a limited number of compounds in certain 

instances or for compounds having similar physico-chemical properties, they do not 

appear to be reliable as human skin substitutes for investigating tnmsdermal diffusion 

of compounds which may widely differ in their -physico-chemical properties. 

[0009I 	The synthetic membranes according to the present invention exhibit 

permeability properties similar to human skin for a wide variety of compounds which 

widely diftbr in their physico-chemical properties, thereby making them a desirable. 
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human skin substitute for investigating transdemtal diffusion of a wide variety of 

pharmaceutical and cosmetic compounds and formulations. 

[00101 	In one aspect of the present invemien, a modified ultrafiltration 

membrane is pmvided, wherein the modification comprises treatment of an 

ultrafilnation membrane with a mixture ofe fatty acid ester (e.g., isopropyl myristate) 

and a polydimethylsikixane (e.g., silicone oil), wherein the modified ultrafiltration 

membrane comprises human skin like permeability properties. 

100111 	In a particular embodiment, the ultrafiltration membrane is a 

polyethersulfone (FES) membrane. 

[00121 	In various embodiments, the human skin-like permeability properties of 

the Modified ultrafiltration membrane according to the present invention comprise a 

high degree of correlation with human skin with respect to the diffusion of one or 

more compounds across the membrane. 

1:0013) 	In another aspect according to the present invention, a method of 

making a synthetic membrane which comprises human skin-like permeability 

properties is provided, wherein the method comprises the steps of (a) providing a 

polyethersulfone ultnifiltratkm membrane; and (b) coating the membrane with a 

mixture of isopropyl myristate and silicon oil, thereby resulting in a synthetic 

membrane which comprises human skin-like permeability properties. 

[00141 	In some embodiments of the present invention, a synthetic membrane 

described herein is sealed into a muitiwell plate, which can be used, e.g., for high-

throughput analysis of compounds, 

[00151 	Also encompassed by the present invention are devices containing a 

synthetic membrane according to the pry-  ent invention. In a particular embodiment, 

such a device is a multiwell plate used for high throughput screening. 

[00.161 	In order that the present disclosure may be more readily understood, 

certain terms are first defined. Additional definitions art set forth throughout the 

detailed description. 

I. 	Definitions 

[0017] 	The term "nitrafiltration membrane" or 'IN membrane," as used 

interchangeably herein, generally refers to a polymeric membrane having a pore size 

of 0.1 pun or smaller than 0.1 ilm„ typically ranging from 10 run to about 100 am. 	.1.1f 

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

to retain. A representative UF membrane which is modified as described herein, is a 

3 
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Nlyethersulfone (PEP) OF membrane, e., 	Biomax* 5 PE CC (Millipore 

Corpouition), 

[00181 	The term "modified," "modify" or "inodification," as awed herein, 

refers to the treatment of a membrane, (.1.g„ a 1fF membrane such as the Biomaxe 5 

PBCC membrane (Millipore Corporation), which results in the membrane having 

human Skin like pouteability properties, as measured using one or more assays 

described herein and/or those known in the art. In various embodiments, the 

modification comprises treatment of a PESUF membrane such as the Biomax01.) 5 

PBCC membrane (Millipore Corporation) with a mixture of a fatty acid ester (e.g., 

isopropyl myristate) and. a polydimethylsiloxane (e.g., silicone oil). 

100191 	The term liuman skin-like permeability properties," as used herein, 

refers to the rate of permeation or diffusion of a compound through the modified UP 

membrane, as described herein, which has a high degree of correlation with the tats of 

permeation of the same compound through human skin.. 

10020j 	Human skin is typically made up of three major layers: (a) stratum 

comeum (10-15 rm in thickness); (b) epidermis (-100 gin in thickness); and (c) 

dermis (2000-3000 Ian in thickness), Morphology of human skin, as seen using 

scanning electron microscopy (SEM), is shown in Figure 1. 

[00211 	A large number of lipids (e.g., ceramides, cholesterol and fatty acids) 

are present in the skin which influence transport characteristics of human skin. A 

number of studies have reported that the stratum COMMIT) is the layer Of skin which 

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

once a compound gova across the stratum corneum layer, it is easy for the compound 

to difiuse- through the other layers, as they appear to offer less resistance. 

(00221 	Representative UP membranes have a pore size of about 30 mu to 0,-45 

um and- a thickness ranging from 100-350 um. Morphology of sonic of the 

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

2 is .a representative SEM image of the membrane Viresoive 	V70; Figure 3 is a 

representative SEM image of the PIA.VC 5000 MWC.0 IN composite regenerated 

cellulose Membrane on IIPE support; and Figure 4 is a representative SEM. image of 

the 'Mom,* 5 1? ((• UP membrane. 	. 

(0023:1 	The BiomaxID 5 P13CC membrane appears to be most similar in 

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

:membrane, as seen in the SE.M image, is a thin "skin-like" layer which is followed by 
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a more porous and open structure and the bottom layer consists oftven more porous 

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

isopropyl myristate and silicone oil thriller mimics the lipids that MT present in the 

skin. 

[0024] 	The term "physico-chemical properties," as used heroin, refers to various 

physical and/or .chemical properties of compounds, such as, for example, molecular 

weight, polarity, hydrophobicity, partition coefficient value, distribution coefficient 

value and dissociation constant of compounds. lire modified UP membranes of the 

present invention provide a desirable substitute tbr human skin,. in that. show a high 

degree of correlation with human skin for the diffusion of a wide variety of 

compounds having diverse physico-chemical properties, relative to prior art synthetic 

membranes. Accordingly, the modified UP membranes according to the present 

invention can be used for investigating diffitsion of a wide array of pharmaceutical 

and cosmetic compounds and formulations across human skin, ranging from highly 

polar compounds to non-polar compounds, for example, as demonstrated by the 

Examples set forth herein. 

[00251 	The term "partition coefficient value" or log P," as used herein, refers 

to the ratio of concentrations of un-ibnized compound between the two solvent 

phases, e.g., water and n-octanol. The partition coefficient provides a measured 

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

solutes, p11 of the aqueous phase is adjusted such that the predominant form of the 

compound is un-ionized. The logarithm of the ratio of the concentrations of the un-

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 smaller the log P 

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

herein can be used for investigating transdennal difThsion of: 	wide variety of 

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

[0026] 	The term "distribution coefficient value" or log D," as used 

interchangeably herein, refers to the ratio of the sum of the concentrations of all farms 

of the compound (ionized plus tin-ionized) in each of the two solvent phases, eg:, 

water and n-octanol. Log D is another measure of polarity of a compound; however, 

it is different from log P in that it also takes into account the eftesItt of pH of the 

aqueous solution. For example, for the measurement of distribution coefficient, the 

pH of the aqueous phase is buffered to a specific value such that the pH is riot. 
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significantly perturbed by the introduction of the compound, The logarithm of the 

ratio of the•.sum 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 referred to as the log 

D value. The membranes described herein can be used for investigating transdemial 

diffusion of a wide variety of compounds having varying log D values, aS exetnplitied 

by Table I below. 

[00271 	The term "dissociation constant," "acid constant," "ionization constant," 

or "pKa value," as used interchangeably herein, refers to the value used to describe 

the tendency of compounds or ions to dissociate, 

[0028 	In some embodiments, a synthetic membrane described herein is sealed 

into a multiwell plate having a plurality of wells, for example, for high throughput 

screening of compounds. Without wishing to be bound by theory, it is contemplated 

that a multiwell screening plate can have any number of wells, e.g,, 4, 6, 8, 16, 24, 48, 

96, 384 etc. In a particular embodiment, a synthetic membrane according to the 

present invention is sealed into a multiwell plate containing a plurality of wells and 

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

number of wells. 

:00291 	The membrane may be attached to the muhiwell screening plate using a 

variety of methods including, but not limited to, heat sealing, ultrasonic welding, 

adhesive bonding and compression sealing. 

[0030] 	The use of synthetic membranes described herein in a multiwell plate 

format presents a huge advantage over human and animal skin models, as it is usually,  

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

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

throut hput. screening of compounds and fommlations, which is typically not possible 

with human and animal skin models. Hence, while human and animal skin models 

ate limited to screening of compounds in a serial mode, the synthetic membranes 

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

throughput mode. 

[0031.] 	Table I below provides a list of exemplary compounds, the transderinal 

diffusion properties of which were investigated using the membranes described 

herein,- Notably, several of these compounds are found in cosmetics or 

insecticides/pesticides -formulations, and widely differ in one or mom of their physico- 
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chemical properties. Notably, majority of these compounds were shown to have 

similar diffusion using the claimed membrane to human skin: 

Table I: 
N 	  W. 

Aq DODOS 

Compound C OM /Mu nil Mol Solubility, Log D 
Class Name Wt. :iii; P 1..ogS pKa (OVA) 

X a whine 
derivative  	 Caffeine  

1 
 194.2 	,.... -0.131 ^1.25  0.63 

.... 
413 

Alltak.lid 	Nicotine 	1 
4- 

162.23 0.72 	-0.24 	8 	0.02  
Pyrimidine Trimethoprim 2943.3 

diatniiva der.  0.791  , 	-2,67 	7.2  0.58  
Scopolamine 303.1 

	 Alkaloid (Salt Form) ,......, 	 02  -1.66 7,5.5  
1 

Carboxylic acid 	1  , 
t 

Corticosteroid 	t 4 

Acetvl caliev - 	- Acid (Aspirin) 	 
Hydrotartisone 

-lic 	180 1  

362,4 
1. / 9  
1.462 

-2,09 	--t- 3 A8 • 1.89  
1.42  12,48 

• 
Slocccorticoid 392,5 Dexametbasone 1.869 	-3.89 	 

1- 
12 14 	1.87 

Carboxylic, aeid  

Illydroxyberizeare 
Benzoic Acid 122.12  1.96 	4  4.2 	

d 
-0.4 ,..,„, 

Esters 	 Metirvi  paraben  152.14 1.96  
Heterocyclic ketorolm 1 	253,2 	*---- 

Acetic Acid Dec.  	 2,1 	,....,„,.. -2.7  3,5 	 
Dimethylphenyl 

acetamide 
Lidocaine 234,3 

derivative 	 2.3  -2.6 	-... , 	833 	1,2  

Arninobenzoate Tetracaine 264.4 
derivative „a, 3.649 -2.75 	824 	2.75  ---, 

Phenyl Verapamil 454.6 
alkylatnine  3.890   	8.97 2.33  

Carboxylic acid  Diclorenac 318.13 4.05 • - 4,18 " 0,95 

Phenyl alkanoic Fluthiprofeat 244 
acid Derivative• 4,115 	-449 	 4.14 0.98 

.Polychloro Tridosan / 289.55 

-phenoxyphenol  Iilasan  , 	4.76 	-4---- ......4 
Organophosphate Chloropyrifos 350.59 

Pesticide 4.96 	„...-4, 	 
Carimylic acid F [plena:Ink 281.23 

Acid  5.2  ----1, 	3.9 „.: 
Phenothiazine Chlorpromazine 318.86 

I 	der: 5.203 .5.0:1 9.41 	4 	322 

i Phenyl imidam1e. Clotrithazole 344.8 l 
i 	Derivative 	  .1., 6,1  -3.37  

[0032] This invention is further illustrated by the following examples which 

should not be construed as limiting. The contents of all references, patents and 

published patent applications cited throughout thisapplication, as well as the Figures, 

are incorporated herein by reference. 
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Brief Description of Drawines 

(0033] 	Figure 1 is a micrograph of a cross-section of human skin, generated 

using scanning electron microscopy (SEM), depicting different layers of the skin. 

(0034] 	Figure 2 is a micrograph of a cross-section of the Viresolve V70 

(polyvinyiedenefluoride) membrane, generated using scanning electron microscopy 

(SCM). 

1.00351 	Figure 3 is a .micrograph of a OTAS-5.4ection of PI:Ca:! membrane (a 

regenerated cellulose based CIF menthrane), generated using scanning electron 

microscopy, Which shows varying porosities and pore sizes across the thickness of the 

membrane, 

10036] 	Figure 4 is a micrograph of a moss-section of the Biontax0 S P13CC 

membrane, generated using scanning electron microscopy, which shows varying pore 

morphology and porosity across the thickness of the membrane. 

[0037] 	Figure 5 is a schematic representation of a typical vertical Franz Cell 

diffusion apparatus used for investigating hansdermal diffusion. 

[00381 	Figure 6 is a graph summarizing the results of a representative 

experiment to investigate the cumulative flux of caffeine, a polar compound, through 

treated Biontaxg 5 MCC, membrane relative to human, rat and pig skin. The X-axis 

denotes time in hours and the Y-axis denotes cumulative flux, as measured in fag/etas`. 

The data demonstrates a. high degree of correlation between the membrane and human 

skin with respect to diffusion of caffeine as well as high reproducibility and -low 

variability between two different lots of the membrane. 

[00391 	Figure 7 is a graph summarizing the results of a representative. 

experiment to investigate the cumulative flux of hydrocortisone, a moderately polar 

compound, through the treated Bioniax' 5 PRCC membrane relative to human, tat 

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

cumulative flux, as measured in ugfcm2. The data demonstrates a high degree of 

correlation between the membrane and human skin as well as pig/mini pig skin with 

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

used models for transdermal diffusion studies, does not appear to show a high degree 

of correlation with human skin. 	 • 

I00401 	Figure 8 is a graph summarizing the results of a representative 

experiment to investigate the cumulative flux of methyl Owdroxybenzoate, a non- 

8 



WO 2011/126980 
	

PCT/US2011/031094 

polar compound, through the treated Biontaxak. 5 PRC(' membrane relative to three 

separate human skin samples. The X-axis denotes time in hours and the Y-axis 

denotes cumulative flux, as measured in 1agicm2. The data demonstrates a high degree 

of variability between the different human skin samples. 

100411 	Figure 9 is a .graph summarizing the results of a representative 

experiment to investigate the cumulative flux of fluferiamic acid, a non-polar 

compound, through treated as well as un-treated Biomax6 5 PBCC membrane, 

relative to human skin. The X-axis denotes time in hours and the 'Y-axis denotes 

cumulative flux, as .measured in pgicm'. The data demonstrates a high degree of 

correlation between the untreated membrane and human Skin, with respect to the 

diffusion of flufenamic acid. 

100421 	Figure 10 is a graph summarizing the reSults of a representative 

experiment to investigate the cumulative flux of clotrimazole, a. non-polar compound, 

through the treated Biomaxt 5 MCC membrane relative to human and rat skin. The 

X-axis denotes time in hours and the Y-axis denotes cumulative flux, as measured in 

uglem2. The data demonstrates a high degree of correlation between the treated 

membrane and human Skin, with respect to the diffusion of olotrimazole. 

100431 	Figure 11 is a graph summarizing* the results of a representative 

experiment to investigate the cumulative flux of dexamethasone, &moderately polar 

compound, through the treated Bionnaxe 5 PBC.T:' membrane relative to human, rat 

and pig skin. The X-axis denotes time in hours and the Y-axis denotes cumulative 

flux, as measured in pgicrn2. The data demonstrates a high degree.of correlatiOn 

between the treated membrane and human and pig skin, with respect to the -diffusion 

of dexamethasone. 

100-44] 	Figure 12 is a graph summarizing the results of a representative 

experiment to investigate the cumulative flux of flutbiprofert, a non-polar compound, 

through the treated Biomaxt 5 MCC membrane relative to rat skin samples of 

various ages. The X-axis denotes time in hours and the Y-axis denotes cumulative 

flux, as measured in Etgicm2. The data demonstrates a high degree of variability 

between the different rat skin samples, with respect to the diffusion of flurhiprofen. 

[0045] 	Figure 13 is a graph summarizing the results of a representative 

experiment to investigate the cumulative flux of nicotine, a polar compound, through 

the treated and untreated Biomaxt 5 P13CC membrane relative to human and rat skin. 

The X-axis denotes time in hours and the Y-axis denotes cumulative flux, as 

9 
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measured in ugfcm2. The data appears to suggest variability between rat and human 

skin, with respect to the diffusion of nicotine; 

[0046] 	Figure 14 is a -gaph summarizing the results of a representative 

experiment to investigate the cumulative flux of Diclofertac Na, a non-polar 

compound, through the treated Biomaxt 5 P13CC membrane relative to human skim 

The X-axis denotes time in hours and the Y-axis denotes cumulative flux, as 

measured in ug/cm2. The data demonstrates variability between the diffeient skin 

samples, with respect to the diffusion of .Die lothrtac Na, 

[0047] 	Figure 15 is a schematic of a cross-section of a device (e.g., a 

multiwell plate) which contains a synthetic men-dame according to the invention, 

which may be in a disposable format and useful for high throughput screening. 

f 01148 I 	Figure 16 is a photograph of a representative multiwell plate device 

containing a synthetic membrane according to the invention, which may be used for 

high throughput screening of compounds and formulations. 

[00491 	Figure 17 is another photograph of a representative multiwell plate 

device containing-a synthetic membrane according to the invention along with the 

receiver plate, which may be used for high throughput screening of compounds and 

ibrmulations, 

Examples 

Example 1: 	Generation of a modified ultraliftration membrane having human 
skin-like permeability properties 

[00501 	In a representative experiment, an ultrafiltration Biomaxe S P13CC 

membrane was modified with a mixture of a fatty acid ester and a 

polydimethylsiloxane to generate a synthetic membrane having human skin-like 

permeability properties. The Biornax0 5 P13CC membrane was washed with Milli-Q 

water for 24-48 hours usinga roller bottle. The water was replaced 1,2 times during 

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

the end of washing process, water was discarded and was replaced with methanol 

(Fisher Scientific, Cat # A454SK-4) and washing was continued for 2-4 hours. At the 

end of the methanol wash, methanol was discarded and replaced with 1-butanol 

(Sigma-Aldrich, Cat # 34867). Washing with I-butanol was continued for 24 hours. 

[00511 	During the time that the membrane was being washed, a mixture of a 

fatty acid ester, isopropyl myristate (Cat 4 172472-IL), and a polydimethylsiloxane, 

10 
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silicone- oil (Cat ft 378364), both purchased from Sigma Aldrich, was prepared, such 

that the ratio of the isopropyl myristate and silicon oil was 30:70 (Wv). 	.his mixture 

is referred to as a "liquid membrane," The- liquid menabrane, at 35% by volume, was 

further diluted with 65% by volume of 1-butanol, 

[0052] 	'The washed uhrafiltration Biornaxe 5 P13CC membrane was coated 

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

membrane was subsequently dried in a fume hood for about 24 hours, after which the 

membrane was stored in an airtight container at room temperature until use. 

Example 2: 	Invest ziting the diffusion of caffeine across the treated Biomaza 
5 PBCC Membrane 

[00531 	In a representative experiment, diffusion of caffeine, which iS a 

highly polar compound (Ma Wt.: 194.2, log P: -0.131), across the treated and 

untreated ultrafiltration Biomass` & 5 P13CC membrane was investigated, as compared 

to human, rat and pig skin. 

10054] 	The transdermal dit'tutsion experiments were carried out using a 

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

[0055) 	A saturated solution of caffeine (Sigma Aldrich., Cat 4 00750) in 

Milli-QC water was used as a donor solution and 0,01M phosphate buffered saline 

(PBS), pH 7.4; solution was used as a receptor solution. It was prepared by dissolving 

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

The Franz Cell instrument. FDC-6T Franz Diffusion Cell Drive Console with Tilt 

(Logan Instruments Corp, Somerset, NJ) was assembled with the tteated Biomax® 5 

P13CC membrane positioned with the shiny side facing the donor compartment. The 

receptor compartment was filled completely with receptor solution. The assembly 

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

temperature of the water bath within It. 0.1 C. Temperature of the bath was set at 37 

4C. After the temperature stabilized, 500 ul of donor solution was added to the donor 

compartment. The time was noted and this was recorded as zero time, For sampling, 

500 pi of samples were withdrawn from the receptor compartment at following hrs: 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 analysis was carried out using 

reversed phase HPLC employing a UV detector. The analysis conditions for HPLC of 
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°elate were as Mows: column used- Zorbax XDB C18, 4.6 mm X 150 mm,, 5 inn; 

and mobile phase used: 20% acetonitrile + 80% water. 

[0056] 	The results of a representative experiment are shown in Figure 6, 

which demonstrate that the treated. membranes, from two different lots, exhibit 

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

Example 3: 	Irtvestikatinit the diffusion of hydrocortisone across the treated 
Mamma 5 P8CC Membrane 

[0057] 	In a representative experiment, diffusion of hydrocortisone, which is 

a moderately polar compound (Mol. Wt.: 362.4, log P: 1,462), across the treated 

WU-atilt-ration fliontaxcg. 5 PBCC membrane was investigated relative to human, rat 

and pig/mini* skin. 

100581 	The transdermal diffusion experiments were carried out using a 

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

[0059] 	A saturated solution of hydrocortisone (Sigma Aldrich, Cat # H4001) 

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

(PBS)„. pH 7.k solution was used as a receptor solution. It was prepared by dissolving 

1 pouch of the buffer salts (Sigma Aldrich, Cat ti P3813) in 1000 ml of Milli-Q water. 

[0060] 	The Franz Cell instrument. F1X.s.-6T Franz Diffusion Cell Drive 

Console with Tilt (Logan Instruments Corp, Somerset, NJ) ,was assembled with the 

treated •Biomaxa. 5 PBC.0 membrane positioned with the shiny side facing the donor 

compartment 'the receptor compartment vas filled completely with receptor 

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

capable of controlling the temperature of the water bath within .i... 0,1 C. Temperature 

of the bath was set at 37 C. After the temperature stabilized, 500 iii of donor solution 

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 receptor 

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

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

analysis was carried out using reversed phase FWLC employing a UV detector. 

[0061] 	Conditions for HPLC analysis of hydrocortisone were as follow& 

colunm used: Zorbax XDB C18, 3.9 mm X150 mm, 5 .tm; mobile phase used: 40% 

acetonitrile ± 60% water; and a detection wavelength of 242 ism. 
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[0062] 	The results of a representative experiment are shown in Figure 7, 

which den 	that the heated membranes according to the claimed invention 

exhibit diffusion similar to human and pigiminipig skin for hydrocortisone, a 

moderately polar compound. 

Example 4: 	investillating-the diffusion of methyl n-hydroxv benzoate across 
the treated and tut-treated Blomax0 5 .PBCC. Membrane 

[0063] 	In another representative experiment, diffusion of methyl p-hydroxy 

benzoate, which is a moderately polar compound (Mol. Wt.; 15114, log P: 1.96). 

across the treated and untreated ultra filtration BiomaxV 5 PBCC membrane was 

investigate& and compared to three separate human skin samples. 

[00641 	The transdennal diffusion experiments were carried out using a 

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

[0065] 	A saturated solution of methyl p-hydroxybenzoaw (Sigma Aldrich, 

Cat It 54750) in Milli-Q water was used as a donor solution and 0.01M phosphate 

buffered saline (PBS), pH 7.4; solution was used as a receptor solution. It was 

prepared by dissolving 1 pouch of the buffer salts (Sigma Aldrich, Cat 4 P3813) in 

1000 ml of Milli-Q water. The Franz Cell instrument, FIX:.!-6T Franz Diffusion Cell 

Drive Console with Tilt (Logan Instruments Cotp, Somerset, NJ) was assembled with 

either the treated Biomax0 5 PBCC or urt-treated membrane positioned with the 

shiny side facing the donor compartment.. The receptor compartment was tilled 

completely with receptor solution. The assembly with water jacket was connected to 

a water circulating bath capable of controlhng the temperature of the water bath 

within ± 0.1 C. Temperature of the bath was set at 37 °C. After the temperature 

stabilized, 501) p.1 of donor solution was added to the donor compartment. The time 

was noted and this was recorded as zero time. For sampling, 500 pi of samplos were 

withdrawn from the receptor compartment at following hrs: 0, 1, 2, 3, 4, 5, 6,11, 10, 24 

and 26. After each time point, the receptor compartment was replenished with the 

receptor solution. Sample analysis was carried out using reversed phase IIPLC 

employing a UV detector. 

[0066] 	Conditions for MIX analysis of methyl phydroxybenzoate were as 

follows: Column Used: Zothax XDB C18, 3.9 mm X 150 mm, S pm; Mobile Phase 

Used: 40% Acetonittile 4  60% water. 
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[0067) 	The results of a representative experiment are shown i.e Figure 8, 

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

sampler, with respect to the diffusion of methyl p:hydroxybenzoate, 

Example, 5: 	Investigating the diffusion of flufenamie acid across the nu-treated 
Bionmak 5 MCC Membrane 

[0068] 	In yet another experiment, diffusion of fluiiinamic acid, which is a 

highly non-polar compound (Mol. Wt.: 281.23, log P: SI), across the treated and 

untreated ultrafiltration Biomaxli 5 PBCC membrane was investigatedias compared 

to human skim 

[0069) 	The transdennal diffusion experiments were carried out using a 

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

[00701 	A saturated solution of flufenatnic.acid (Sigma Aldrich, Cat # F9005) 

in Milli-Q water was used as a donor solution and 0.10 M Soren en's buffer, pH 7,4, 

was used as a receptor solution (Fisher Scientific. Cat # 79885). The Franz Cell 

instilment, FE)C-6T Franz Diffusion Cell Drive Console with Tilt (Logan Instruments 

Corp, Somerset, NJ) was assembled with either the treated Biamax* 5 PBCC or un 

treated membrane positioned with the Shiny side facing the donor Compartment. The 

receptor compartment was filled completely with receptor solution. The assembly 

with water jacket. was connected to a water circulating bath capable of corn:toning the 

temperature of the water bath within it 0.1 C. Temperature of the bath was set at 37 

t. After the temperature stabilized, 500 pl of donor solution was addal to the donor 

compartment. The time was noted and this was recorded as zero time. For sampling, 

500 gl of samples were withdrawn from the receptor compartment at -following hrs: 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 analysis was carried out using 

reversed phase HPLC employing a UV detector. 

(01/7111 	Conditions for HPLC analysis of flufenamic acid are. as noted below: 

Column Used: Zorbax XDB -C18, 3.9 mm X. 150 rnm, 5 pm Mobile Phase Used: 90% 

Methanol ÷ 10% water containing 40 mM acetic acid; Detection wavelength: 280. TIM, 

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

which demonstrate that for finfenamic acid, a non-polar compound, the untreated 

membrane appears to have a better correlation to human skin than the treated 

membrane. 

14 
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Example *: 	Investlautinil the diffusion of clotrimazole across the treated 
Biomax* 5 PBCC Membrane 

[00731 	In another experiment, difftision of clotrimazole, which is a highly 

non-polar compound (Mol. Wt.: 344.8, log P: 6.1), across the treated and untreated 

uhrafiltration Biomaxt S  PBCC membrane was investigated, as compared to human 

and rat skin. 

[0074) 	The transdermal diffusion experiments were -carried out using a 

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

1.0075 I 	 A saturated solution of clotrimazole (Sigma Aldrich, Cat # 06019) in 

Milli-Q water was used as a donor solution and 0.0IM phosphate buffered saline 

(PBS),. pH 7.4; solution was usW as a receptor solution. It was prepared by dissolving 

I pouch of the buffir salts (Sigma Aldrich, Cat # P3813) in 1000 ml of Milli-Q water, 

The Franz Cell instrument, FDC-6T Franz Diffusion Cell Drive Console with Tilt 

(Logan Instruments Corp, Somerset, N3) was assembled with either the treated or 

untreated Biomax0 5 P13CC membrane positioned with the shiny side facing the 

donor compartment. The receptor compartment was filled completely with receptor 

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

capable of controlling the temperature of the water bath within ± 0,1 C. Temperature 

of the bath was set at 37 t. After the temperature stabilized, 500 ill of donor solution 

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

zero time. For sampling, S00 ul of samples were withdrawn from the receptor 

compartment at following bra: 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 

analysis was carried out using reversed phase IIPLC employing a UV detector. 

[00761 	Conditions for HPLC analysis of dotrimazole were as follows: 

column used: uHondapak C18, 4.6 mm X 300 mm, 10 pm; mobile phase used; 65% 

Methanol containing 0.1% Trifluoroacetic acid 4' 35% water containing 0.1% 

Trifluoroacetic acid; and detection wavelength: 260 nrn. 

[0077) 	The results of a representative experiment are shown in Figui 	10, 

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

with human akin for clMrimazle, a non-polar compound. 

Example 7: 	Investigating the diffusion of dexametbasone across the treated 
Biomarit 5 PBCC Membrane 
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10078] 	In another experiment, diffusion of dexamethasone, which is a 

moderately polar compound (Mol. Wt.; 392.5, log P: I .896), across.the treated and 

untreated ultraffitration Biorna.xt 5 PBCC membrane was investigated, as compared 

to human, pig and rat skin. 

[00791 	The transdermal diffusion experiments were carried out using a 

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

10080] 	A saturated solution Of dexamethasone (Sigma Aldrich, Cat fr-- 

DI 756) in Milli-Q water was used as a donor solution and 0.01M phosphate buffered 

saline IPBS), pll 7A; solution was used as a receptor solution. It was prepared by 

dissolving] pouch of the buffer salts (Sigma Aldrich, Cat # P3813) in 1000 ml of 

Milli-Q water. The Franz Cell instrument,. FDC-6T Franz Diffusion Cell Drive 

Console with Tilt (Logan Instruments Corp, Somerset, Nj) was assembled with the 

treated Biomax0 5 PBCC membrane positioned with the shiny side facing the donor 

compartment, The receptor compartment was tilled completely with receptor 

solution. 'the assembly with watei jacket was connected to a water circulating bath 

capable-of-controlling the temperature of the water bath within 4.- 0.1 t3C. Temperanne 

of the bath was set at 37 C. After the temperature stabilized, 500 id of donor solution 

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

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

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

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

analysis was carried out using reversed phase IIPLC employing a UV detector. 

100811 	Conditions for Hpir analysis of dexamethasone were as follows 

column used: Zorbax XDI3 CI 8, 4.6 mm X. 150 mm, 5 um; mobile phase used: 

Acetonitrile + Water and detection wavelength: 240 nm. 

[0082) 	The results of a representative experiment are shown in Figure 11, 

which demonstrate that the membranes according to the claimed invention exhibit 

diffusion similar to Inman and pig skin for dexamethasone, a moderately polar 

compound. 

Example 8: 	Investiviirtit the diffusion of Florblprofen across the treated 
Biomaxli) S PBCC Membrane 
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00831 	In another experiment, diffusion of Flurbiprofen, which is a non-

polar compound. (Mc4. Wt..: 244, log P.: 4,1.15), across the treated. and untreated 

ultrafilbution Biomax0 5 PBC.0 membrane was investigated, as compared to three 

separate rat skin samples of different ages. 

[0084] 	The transdermal diffirsion experiments were carried out using a 

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

[0085) 	A saturated solution of flurbipmfen (Sigma Aldrich, Cat # F8514) in 

Milli-Q water was used as a donor solution and 0,0IM phosphate buffered saline 

(PBS), pH 7.4; solution was used as a receptor solution. It was prepared by dissolving 

I pouch of the buffer salts (Sigma Aldrich, Cat # P38I3) in .1000 ml of Milli-Q water. 

The Franz Cell instrument, FIX:,'-6T Franz Diffusion Cell Drive Console with Tilt 

(Logan Instruments Cotp, Somerset, NJ) was asseiribled with the treated BiomarA 5 

.PBC.r membrane positioned with the.shiny side facing the donor compartment. The 

receptor compartment was filled completely with receptor solution. 'The assembly 

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

temperature of the water bath within ..t: 0.1 aC. Temperature of the bath was set at 37 

it. After the temperature stabilized, 500141ot' donor solution was added to the donor 

compartment. The time was noted and this was recorded as zero time. For sampling., 

500 pl of samples were withdrawn from the receptor compartment at following lire: 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 analysis was carried out using 

reversed phase HPLC employing a ITV detector. 

[0086) 	Conditions for HPLC analysis of flurbiprofen were as follows: 

column used: ti Bondapak CIS, 4.6 mm X 300 mm, 10 pm; mobile phase used: 70% 

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

nm. 

[008] 	The remits of a representative experiment are shown in Figure 12, 

which demonstrate a high degree of variability between the rat skin samples of 

different ages, with respect. to the diffusion of flurbiprofm 

Example 9 	Investittatine. the diffusion of Nicotine across the treated and 
untreated Biumax* 5 PBC.C. Membrane 

100881 	In another experiment, diffusion of Nicotine, which is a polar 

compound (Mot Wt.: 162.23, log P: 0.72), across the heated and untreated 
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ultrafiltnition Biontaxtt 5 PBCC membrane was investigated, as compared to human 

and rat skin. 

[0089] 	The transdermal diffusion experiments were carried out using a 

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

Ep0901 	A saturate 	solution of nicotine (Sigma Aldrich, Cat # N0267) 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 by dissolving 

1 pouch of the buffer salts (Sigma Aldrich, Cat # P3813) in 1000 ml of Milli-Q water. 

The Franz Cell instrument, FIX-6T Franz DifThsion Cell Drive Console with Tilt 

(Logan Instruments Corp, Somerset, NJ) was assembled with the treated and un-

treated Biomax* 5 P8CC menibrane positioned with the shiny side facing the donor 

compartment. The receptor compartment was filled completely with receptor 

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

capable of controlling the temperature of the water bath within ± 0.1 aC. Temperature 

of the bath was set.at 37 °C, Mier the temperature stabilized., 500 pl of donor solution 

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

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

compartment at following hrs: 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 

analysis was carried out using reversed phase HPIC employing a LIV detector. 

1.00911 	Conditions for HPLC.: analysis of nicotine were as follows: column 

used: Zorbax XDB C18, 4.6 mm X 150 mm, 5 am; mobile phase used: 2% 

Acetonitrile 4' 98% Water containing 0,1% Formic acid. and detection wavelength: 

260 nm. 

[0092] 	The results of a representative experiment are shown in Figure 13, 

which shows variability between the rat and human skin samples,. with respect to the 

diffusion Of nicotine, a. polar compound. 

Example 10: Investizatinz the diffusion of Diciofrnat Na acres` the treated 
Blomaxlt 5 PBCC Membrane 

[0093) 	In another experiment, diffusion of Diclofenac Na, which is a non--

polar compound (Mel. Wt.: 318,13, log P: 4.05), across the treated ultrafiltratkin 
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Bionuix4 5 PBCC Membrane was investigated, relative to two separate human skin 

samples. 

100941 	The transdermal diffusion experiments were carried out using a 

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

[00951 	A saturated solution of Diclofenac Na (Sigma Aldrich, Cat if D6899) 

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 by dissolving 

1 poudh of the buffer salts (Sigma Aldrich, Cat # P3813) in 1000 ml of Milli-Q.  water. 

The Franz. Cell instrument, FDC$T' Franz Diffusion Cell Drive Console with Tilt 

(Logan Instruments Corp, Somerset, Nj) was assembled with the treated and un-

treated Blomax0 5 PBCC membrane positioned with the shiny side facing the donor 

compartment. The receptor compartment was filled completely with receptor 

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

capable off controllingthe temperature of the water Nth within ± 0.1 C. Temperature 

of the bath was set at 37 °C. After the temperature stabilized, 500 lil of donor solution 

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

zero time. For sampling, 500 p.1 of samples were withdrawn from the receptor 

compartment at following firs: 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 

analysis was carried out using reversed phase FWLC employing a UV detector. 

[00961 	Conditions for HPLC analysis of diclofenac Na were as follows: 

column used: Zorbax XDB C18, 3.9 mm X 150 rnm, S uni.; mobile phase used: 80% 

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

wavelength: 280 tun. 

[00971 	The results of a representative experiment are shown in Figure 14, 

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

samples, with respect to the diffusion of diclofenac Na.-  

[00981 	The specification is most thoroughly understood in light of the 

teachings of the references cited within the specification which are hereby 

incorporated by reference. The embodiments within the specification provide an 

illustration of embodiments in this invention and should not be construed to limit its 

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

encompassed by this invention. All publications and inventions are incorporated by 

19 



WO 2011/126980 
	

PCT/US2011/031094 

reference in their enthety. To the extent that the material incorporated by reference 

contradicts or is inconsistent with the present specification, the present specification 

will supermle any Ma material. The citation of any references herein is not an 

admission that such .references are prior art to the present invention. 

0099) 	Unless otherwise indicated, all. numbers expressing quantities of 

ingredients, cell culture, tteatment conditions,and so forth used in the specification, 

including-claims, are to be understood as being modified in all instances by .the term 

"about" Accordingly, unless otherwise. indicated to the. contrary, the numerical 

parameters are approximations and may vary depending upon the desired properties 

sought to be obtained by the present invention. Unless otherwise indicated, the term 

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

in the series. Those skilled in the art will recognize, or be able to ascertain using no 

more than routine experimentation, many equivalents to the specific embodiments of 

the invention described herein. Such equivalents are intended to be encompassed by 

the following claims. 

[001001 	Many modifications and variations of this invention can be made 

without departing from its spirit and scope, as will be apparent to those skilled in the 

an. The specific enibodinients described herein are offered by way of example only 

and are not meant to be limiting in any ways. It is intended that the specification and 

examples be considered as exemplary only, with a true scope and spirit of the 

:invention being indicated by the following claims. 
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Claims 

'What is claimed is: 

1, 	A modified ultrafiltration membrane, Whemin 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. 

..). 	The membrane of claim 1, wherein the fatty acid ester is isopropyl 

myristate and the polydimethylsilo.xane is silicone oil. 

3. 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. 

4. The altralihration membrane of claim I., wherein the membrane is a 

polyethersulfone membrane. 

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 ultra-titration membnine of claim 1, wherein the membrane 

comprises a pore size of 0.1 microns or smaller than 0.1 microns. 

7. A device containing the membrane according to claim 1. 

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

polyethersulfone membrane. 

9. The modified ultrafiltration membrane of claim 3, Wherein human 

skin-like permeability properties comprise a high degree of correlation with human 

skin for the diffusion of one or more compounds. 

10. The ultrafiltration membrane of claim 3, wherein the membrane 

comprises a pore size of 0.1 microns or smaller than 0,1 microns. 

IL 	A device containing the membrane according to claim 3. 

12. The device of claim 7, wherein the device is a multiwell screening 

plate comprising a plurality of wells, each well comprising the membrane. 

13. A. method of making a synthetic membrane which comprises human 

;Int-like permeability properties, the method comprising the steps of 
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(a) providing a polyetherstillone ultraldtration membnute; and 

(b) coating the membrane with a mixture of a fatty acid ester and a 

pol ydimethylsiloxane, 

thereby resulting in a synthetic membrane which comprises human 

Skin-like permeability properties. 

14. The method of claim 13, wherein the fatty acid ester is isopropyl 

myristate and the polydimethylsiloxane is silicone Oil, 

15. The method of claim 13, wherein the synthetic membrane exbibits 

diffu,sion similar to human skin for compounds having different physico-chemical 

properties. 
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