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SYSTEM AND METHOD FOR OPTIMIZING 
TISSUE BARRIER TRANSFER OF COMPOUNDS 

[0001] This application claims the bene?t of provisional 
application No. 60/218,377, ?led Jul. 14, 2000, and provi 
sional application No. 60/220,324, ?led Jul. 24, 2000 and 
provisional application No. 60/240,891, ?led Oct. 16, 2000, 
each of Which is hereby incorporated by reference. 

1. FIELD OF THE INVENTION 

[0002] The ?eld of the present invention relates to tissue 
barrier assays for screening formulations and chemical com 
positions. 

2. BACKGROUND OF THE INVENTION 

[0003] In vitro analysis of the movement of compounds 
(e.g., drugs) across an epithelial barrier, such as intestinal 
epithelium or airWay epithelium, is typically performed 
using an Ussing-type chamber. To perform a tissue barrier 
assay using an Ussing-type chamber, a piece tissue is 
removed as an intact sheet from the body and mounted in a 
device Which contains an enclosed, internal holloW chamber 
such that it divides the internal chamber into tWo separate 
chambers. Thereafter, biologically compatible solutions are 
?lled into both chambers, and the drug of interest is added 
to one chamber’s solution. Samples are then removed from 
the contralateral chamber solution at various times to deter 
mine the rate at Which the drug moves across the tissue 
barrier. This type of tissue barrier assay is cumbersome, 
inef?cient, and only permits a very limited number of 
independent samples to be derived from a unit area of tissue 
sheet. 

[0004] Transdermal delivery of drugs is a type of tissue 
transfer that involves transfer of the drug from a transdermal 
drug delivery device through the skin and into the patient’s 
blood stream. Transdermal drug delivery offers many advan 
tages compared to other methods of drug delivery. One 
obvious advantage is that needles and the associated pain are 
avoided. This is especially desirable for drugs that are 
repeatedly administered. Avoiding the unpleasantness of 
needles Would also lead to improved patient compliance of 
drug regimens. 
[0005] Another advantage of transdermal drug delivery is 
its ability to offer prolonged or sustained delivery, poten 
tially over several days to Weeks. Other delivery methods, 
such as oral or pulmonary delivery, typically require that the 
drug be given repeatedly to sustain the proper concentration 
of drug Within the body. With sustained transdermal deliv 
ery, dose maintenance is performed automatically over a 
long period of time. This is especially bene?cial for drugs 
With short half-lives in the body, such as peptides or pro 
teins. 

[0006] A ?nal advantage is that drug molecules only have 
to cross the skin to reach the bloodstream When given 
transdermally. Transdermally administered drugs bypass 
?rst-pass metabolism in the liver, and also avoid other 
degradation pathWays such as the loW pH’s and enZymes 
present in the gastrointestinal tract. 

[0007] The skin is the largest organ of the body. It is highly 
impermeable to prevent loss of Water and electrolytes. It is 
subdivided into tWo main layers: the outer epidermis and the 
inner dermis. The epidermis is the outer layer of the skin, 50 
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to 100 micron thick (Monteiro-Riviere, 1991; Champion, et 
al., 1992). The dermis is the inner layer of the skin and varies 
from 1 to 3 mm in thickness. The goal of transdermal drug 
delivery is to get the drug to this layer of the skin, Where the 
blood capillaries are located, to alloW the drug to be sys 
temically delivered. The epidermis does not contain nerve 
endings or blood vessels. The main purpose of the epidermis 
is to generate a tough layer of dead cells on the surface of 
the skin, thereby protecting the body from the environment. 
This outermost layer of epidermis is called the stratum 
corneum, and the dead cells that comprise it are called 
corneocytes or keratinocytes. 

[0008] The stratum corneum is commonly modeled or 
described as a brick Wall (Elias, 1983; Elite, 1988). The 
“bricks” are the ?attened, dead corneocytes. Typically, there 
are about 10 to 15 corneocytes stacked vertically across the 
stratum corneum (Monteiro-Riviere, 1991; Champion et al., 
1992). The corneocytes are encased in sheets of lipid bilay 
ers (the “mortar”). The lipid bilayer sheets are separated by 
~50 nm. Typically, there are about 4 to 8 lipid bilayers 
betWeen each pair of corneocytes. The lipid matriX is 
primarily composed of ceramides, sphingolipids, choles 
terol, fatty acids, and sterols, With very little Water present 
(Lampe et al., 1983 [a]; Lampe et al., 1983 [b]; Elias, 1988). 

[0009] Although it is the thinnest layer of the skin, the 
stratum corneum is the primary barrier to the entry of 
molecules or microorganisms across the skin. Most mol 
ecules pass through the stratum corneum only With great 
dif?culty, Which is Why the transdermal drug delivery route 
has not been more Widely used to date. Once the molecules 
have crossed the stratum corneum, diffusion across the 
epidermis and dermis to the blood vessels occurs rapidly. 
Thus, most of the attention in transdermal drug delivery 
research has been focused on transporting molecules and 
drugs across the stratum corneum. 

[0010] The most common form of transdermal drug deliv 
ery device is the transdermal drug “patch,” Where a drug, or 
pharmaceutical, is contained Within a reservoir placed neXt 
to the skin (Schaefer and Redelmeier, 1996). The drug 
molecules typically cross the skin by simple diffusion. 
Transport is governed by the rate of molecular diffusion into 
and out of the skin, and partitioning of the drug into the skin. 
Generally speaking, transdermal drug delivery is limited to 
small, lipophilic molecules such as scopolamine, nitroglyc 
erine, and nicotine, Which readily permeate the skin. The 
delivery is sloW, typically taking hours for the drug to cross 
the skin, and treatment is only effective When a very small 
amount of drug is required to have a biological effect (Guy 
and Hadgraft, 1989). 

[0011] Since transdermal delivery can be sloW, many 
substances have been used to enhance molecular transport 
rates. These substances are knoWn as chemical enhancers or 
penetration enhancers. Chemical enhancers increase the ?uX 
of a drug through the skin by increasing the solubility of 
drug in the stratum corneum or increasing the permeability 
of drug in the stratum corneum. There are many possible 
enhancers and the selection is further complicated by the 
fact that combinations of enhancers are knoWn to improve 
drug ?uX beyond What Would be eXpect due to the presence 
of each constituent independently. 

[0012] Transdermal drug delivery devices, such as a trans 
dermal patch, also generally contain an adhesive, Which 
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serves to keep the device in intimate contact With the skin, 
and may also form the matrix in Which the drug is dissolved 
or dispersed. There are many different forms of adhesives 
that can be used, and it is often a very dif?cult problem to 
select Which adhesive to use With any drug or drug and 
enhancer. 

[0013] Currently, the choice of appropriate adhesive and 
enhancers and their relative proportion With respect to the 
drug is only determined by general guidelines from What is 
knoWn to be safe and What may have been effective With 
other drugs. The vast majority of the formulation develop 
ment is made through trial and error experimentation. 

[0014] Most transdermal transport experiments to date 
have utiliZed a relatively large human skin diffusion cell in 
Which a source side includes a drug solution With additives 
and a sink side that typically includes saline solution or some 
other solution that is thought to model the dermis. The skin 
membrane separates the tWo sides of the cell, and is most 
often stratum corneum cadaver skin that has been carefully 
separated from the Whole skin sample supplied by a tissue 
bank. The volume of the device is typically 5 cc or greater. 
Samples are periodically taken from the sink side of the cell 
to determine the ?ux of drug through the stratum corneum 
?lm. The entire procedure is very laborious and requires the 
use of large quantities of skin, Which is extremely dif?cult to 
obtain. Therefore, only a relatively small number of the 
many possible combinations of chemical entities can be 
examined. 

[0015] Thus, there remains a need in the art for a method 
for screening a large number samples to identify optimal 
compositions or formulations for tissue barrier transport, 
including transdermal transport, of compounds, pharmaceu 
ticals and other components. 

3. SUMMARY OF THE INVENTION 

[0016] The present invention relates to high-throughput 
systems and methods to prepare a large number of compo 
nent combinations, at varying concentrations and identities, 
at the same time, and high-throughput methods to test tissue 
barrier transfer of components in each combination. The 
methods of the present invention alloW determination of the 
effects of additional or inactive components, such as excipi 
ents, carriers, enhancers, adhesives, and additives, on trans 
fer of active components, such as pharmaceuticals, across 
tissue, such as skin, lung tissue, tracheal tissue, nasal tissue, 
bladder tissue, placenta, vaginal tissue, rectal tissue, stom 
ach tissue, gastrointestinal tissue, and eye or corneal tissue. 
The invention thus encompasses the high-throughput testing 
of pharmaceutical compositions or formulations in order to 
determine the overall optimal composition or formulation 
for improved tissue transport, including Without limitation, 
transdermal transport. Speci?c embodiments of this inven 
tion are described in detail beloW. 

[0017] In one embodiment, the invention concerns an 
apparatus for measuring transfer of components across a 
tissue, comprising a support plate, an array of samples 
supported by the support plate, a membrane or tissue speci 
men overlaying the array of samples, and a reservoir plate 
secured to a side of the membrane or tissue specimen 
opposite the array of samples. In one aspect of the invention, 
each sample in the array contains a unique composition or 
formulation of components, Wherein different active com 
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ponents or different physical states of an active component 
are present in one or more of the samples in the sample array. 

[0018] In another aspect of the present invention, each 
sample of the array includes a component-in-common and at 
least one additional component, Wherein each sample differs 
from at least one other sample With respect to at least one of: 

[0019] the identity of the additional components, 

[0020] (ii) the ratio of the component-in-common to 
the additional components, or 

[0021] (iii) the physical state of the component-in 
common. 

[0022] A “component-in-common” is a component that is 
present in every sample in a sample array. In one embodi 
ment, the component-in-common is an active component, 
and preferably, the active component is a pharmaceutical, 
dietary supplement, alternative medicine or a nutraceutical. 
The samples may be in the form of liquids, solutions, 
suspensions, emulsions, solids, semi-solids, gels, foams, 
pastes, ointments, or triturates. 

[0023] In another embodiment, the invention concerns a 
method of measuring tissue barrier transport of a sample, 
comprising: 

[0024] (a) preparing an array of samples having an 
active component and at least one additional com 
ponent, Wherein each sample differs from at least one 
other sample With respect to at least one of: 

[0025] the identity of the active component; 

[0026] (ii) the identity of the additional compo 
nents, 

[0027] (iii) the ratio of the active component to the 
additional components, or 

[0028] (iv) the physical state of the active compo 
nent; 

[0029] (b) overlaying the array of samples With a 
tissue specimen; 

[0030] (c) securing a reservoir plate to a side of the 
tissue specimen opposite the array of samples, the 
plate having an array of reservoirs corresponding to 
the array of samples; 

[0031] (d) ?lling the array of reservoirs With a res 
ervoir medium; and 

[0032] (e) measuring concentration of the active 
component in each reservoir at one or more time 
points to determine transport of the active compo 
nent from each sample across the tissue specimen. 

[0033] In a preferred embodiment, the active component is 
a pharmaceutical, a dietary supplement, an alternative medi 
cine, or a nutraceutical. In another embodiment, the tissue 
specimen is skin. 

[0034] In another embodiment, the invention concerns a 
method of analyZing or measuring ?ux of a sample across a 
tissue, comprising: 

[0035] (a) preparing an array of samples having a 
component-in-common and at least one additional 
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component, wherein each sample differs from at 
least one other sample With respect to at least one of: 

[0036] the identity of an active component; 

[0037] (ii) the identity of the additional compo 
nents, 

[0038] (iii) the ratio of the component-in-common 
to the additional components, or 

[0039] (iv) the physical state of the component-in 
common; 

[0040] (b) overlaying the array of samples With a 
tissue specimen; 

[0041] (c) securing a reservoir plate to a side of the 
tissue specimen opposite the array of samples, the 
plate having an array of reservoirs corresponding to 
the array of samples; 

[0042] (d) ?lling the array of reservoirs With a res 
ervoir medium; and 

[0043] (e) measuring concentration of the compo 
nent-in-common in each reservoir as a function of 
time to determine ?ux of the component-in-common 
from each sample across the tissue specimen. 

[0044] In an alternative embodiment, the method com 
prises an additional step of cutting the tissue specimen to 
avoid lateral diffusion betWeen Wells. The method preferably 
comprises analyZing the tissue specimen for defects, or 
inhomogeneities, and correcting for or repairing the defects. 

[0045] In another embodiment, the invention concerns an 
apparatus and method of high-throughput screening of 
active component or drug ?ux through the stratum corneum 
recogniZing that such ?ux is determined, at least in part, by 
the permeability of the drug Within the tissue in the presence 
of an enhancer. The permeability is generally governed by at 
least tWo factors: the solubility of the active component or 
drug Within the stratum corneum and the diffusivity of the 
active component or drug Within the stratum corneum. These 
tWo factors, solubility and diffusivity, can be measured 
independently as a method of indirectly assessing the ?ux 
through the stratum corneum. Thus, an array of Wells 
containing samples of different compositions of active com 
ponent and inactive compounds, including Without limita 
tion, compositions comprising active component/carrier or 
eXcipient/,active component/carrier or eXcipient/enhancer/, 
active component/adhesive/enhancer/additive, are con 
structed. KnoWn amounts of stratum corneum are added to 

each Well and the rate at Which the active component or drug 
is taken up into the tissue sample is measured by extracting 
the tissue from similarly prepared Wells at different times. 
Measuring the concentration after times suf?ciently long so 
that the amount dissolved is not changing With time can 
assess the equilibrium concentration of active component or 
drug Within the tissue. The product of the rate and solubility 
is proportional to the permeability of the active component 
or drug. 

[0046] The high-throughput combinatorial screening sys 
tems and methods of the present invention identify optimal 
compositions or formulations to achieve a desired result for 
such compositions or formulations, including Without limi 
tation, construction of a transdermal delivery device. In 
particular, the systems and methods of the present invention 
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may be used to identify 1) optimal compositions or formu 
lations comprising one or more active components and one 
or more inactive components for achieving desired charac 
teristics for such compositions or formulations, 2) optimal 
adhesive/enhancer/additive compositions for compatibility 
With a drug, 3) optimal drug/adhesive/enhancer/additive 
compositions for maXimum drug ?ux through stratum cor 
neum, and 4) optimal drug/adhesive/enhancer/additive com 
position to minimiZe cytotoXicity 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] The features and advantages of the present inven 
tion Will be better understood by reference to the folloWing 
detailed description, Which should be read in conjunction 
With the accompanying draWings in Which: 

[0048] FIG. 1 is a schematic diagram of a high-throughput 
apparatus for measuring tissue barrier transport, such as 
transdermal transport, according to the present invention; 

[0049] FIGS. 2A-2D are schematic diagrams of an alter 
native embodiment of a high-throughput apparatus for mea 
suring tissue barrier transport using solid source samples 
according to the present invention; 

[0050] FIG. 3 is a schematic diagram of an alternative 
embodiment of a high-throughput apparatus for measuring 
tissue barrier transport according to the present invention; 

[0051] FIGS. 4A-4C are schematic diagrams of an alter 
native embodiment of a diffusion cell that alone, or as part 
of a high throughput apparatus, is used for measuring tissue 
barrier transport according to the present invention. 

[0052] FIGS. 5A and 5B are schematic diagrams of an 
apparatus for ?lling a sample Well in a sample array, such as 
the sample array in the high-throughput apparatus shoWn in 
FIG. 1; 

[0053] FIG. 6 is a schematic diagram of an alternative 
embodiment of a high-throughput apparatus for measuring 
or analyZing tissue barrier transport using solid source 
samples according to the present invention; 

[0054] FIG. 7 is a schematic diagram of an alternative 
embodiment of a high-throughput apparatus for measuring 
or analyZing tissue barrier transport using solid source 
samples according to the present invention; and 

[0055] FIG. 8 is a schematic diagram of an alternative 
embodiment of a high-throughput apparatus for measuring 
or analyZing tissue barrier transport using solid source 
samples according to the present invention. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] The present invention relates to high throughput 
combinatorial systems and methods that improve tissue 
barrier transfer of active compounds, such as pharmaceuti 
cals or drugs, other compounds, or compound combinations. 
In one embodiment, the system and methods of the present 
invention may be used to identify the optimal components 
(e.g., solvents, carriers, transport enhancers, adhesives, addi 
tives, and other eXcipients) for pharmaceutical compositions 
or formulations that are delivered to a patient via tissue 
transport, including Without limitation, pharmaceutical com 
positions or formulations administered or delivered trans 
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dermally (e.g., in the form of a transdermal delivery device), 
topically (e.g., in the form of ointments, lotions, gels, and 
solutions), and ocularly (e.g., in the form of a solution). As 
used herein, “high throughput” refers to the number of 
samples generated or screened as described herein, typically 
at least 10, more typically at least 50 to 100, and preferably 
more than 1000 samples. 

[0057] The high throughput methods of the present inven 
tion can be performed using various forms of samples. 
Typically, the methods are perform either With liquid 
samples or With solid or semi-solid samples. 

[0058] As used herein, “liquid source” means that the 
sample containing the component or components being 
measured or analyZed is in the form of a liquid, Which 
includes, Without limitation, liquids, solutions, emulsions, 
suspensions, and any of the foregoing having solid particu 
lates dispersed therein. 

[0059] As used herein, “solid source” means that the 
sample containing the component or components being 
measured or analyZed is in the form of a solid or semi-solid, 
Which includes, Without limitation, triturates, gels; ?lms, 
foams, pastes, ointments, adhesives, high viscoelastic liq 
uids, high viscoelastic liquids having solid particulates dis 
persed therein, and transdermal patches. 
[0060] As used herein, “reservoir medium” refers to a 
liquid, solution, gel, or sponge that is chemically compatible 
With the components in a sample and the tissue being used 
in an apparatus or method of the present invention. In one 
embodiment of the present invention, the reservoir medium 
comprises part of the specimen taken to measure or analyZe 
the transfer, ?ux, or diffusion of a component across a tissue 
barrier. Preferably, the reservoir medium is a liquid or 
solution. 

[0061] 5.1 OvervieW of an Apparatus for Measuring Tis 
sue Barrier Transfer 

[0062] FIG. 1 shoWs a schematic diagram of a preferred 
embodiment of a high-throughput apparatus 100 for mea 
suring tissue barrier transport in a sample array 112 accord 
ing to the present invention. Apparatus 100 includes a 
substrate plate 114 supporting sample array 112, a tissue 
specimen 120 and a reservoir plate 130. In this embodiment, 
each sample in sample array 112 is placed in a sample Well 
116. Attached to the bottom of substrate plate 114 is a base 
118 that forms the bottom of each sample Well 116. Base 118 
is optionally a membrane made of any suitable material (eg 
a rubber membrane) in any fashion that permits air to bleed 
out of sample Well 116 When ?lling With a sample. Alter 
natively, base 118 is a rigid, removable substrate plate such 
as plate 214 (described infra With respect to FIGS. 2A-2D) 
capable of supporting an array of solid source samples. 

[0063] Substrate plate 114 may be any rigid grid or plate 
capable of supporting a number of samples. For example, 
substrate plate 114 may be a 24, 36, 48, 72, 96 or 384 Well 
plate. Preferably, apparatus 100 comprises one or more 
sample arrays 112, Wherein the number of sample Wells 116 
in apparatus 100 is at least 100, preferably at least 1000, and 
more preferably at least 10,000. Preferably, the siZe of 
sample Well 116 is about 1 mm to about 50 mm, more 
preferably about 2 mm to about 10 mm, and most preferably 
about 3 mm to about 7 mm. For example, a 3 mm Well 
format provides an array of approximately 30,000 samples 
for 0.25 m2 of skin. 
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[0064] As used herein, the terms “array” or “sample array” 
(e.g. array 112) mean a plurality of samples associated under 
a common experiment, Wherein each of the samples com 
prises at least tWo components, and at least one of the 
components being an active component. In one embodiment 
of the present invention, one of the sample components is a 
“component-in-common”, Which as used herein, means a 
component that is present in every sample of the array, With 
the exception of negative controls. 

[0065] Sample array 112 is designed to provide a number 
of different samples of different compositions, the analysis 
of Which alloWs determination of optimal compositions or 
formulations for improving transfer of a component across 
tissue 120. Each sample in sample array 112 preferably, 
though not necessarily, differs from any other sample in the 
array With respect to at least one of: 

[0066] the identity of the active component; 

[0067] (ii) the identity of the additional component; 

[0068] (iii) the ratio of the active component, or the 
component-in-common, to the additional compo 
nent; or 

[0069] (iii) the physical state of the active compo 
nent, or the component-in-common. 

[0070] An array can comprise 24, 36, 48, 96, or more 
samples, preferably at least 1000 samples, more preferably, 
at least 10,000 samples. An array is typically comprised of 
one or more sub-arrays. For example, a sub-array can be a 
plate having 96 sample Wells. 

[0071] Overlaying substrate plate 114 and sample array 
112 is tissue specimen 120. Tissue 120 is preferably a sheet 
of tissue, such as skin, lung, tracheal, nasal, placental, 
vaginal, rectal, colon, gut, stomach, bladder, or corneal 
tissue. More preferably, tissue 120 is skin tissue or stratum 
corneum. If human cadaver skin is to be used for tissue 120, 
one knoWn method of preparing the tissue specimen entails 
heat stripping by keeping it in Water at 60° C. for tWo 
minutes folloWed by the removal of the epidermis, and 
storage at 4° C. in a humidi?ed chamber. A piece of 
epidermis is taken out from the chamber prior to the experi 
ments and placed over substrate plate 114. Tissue 120 is 
optionally be supported by Nylon mesh (Terko Inc.) to avoid 
any damage and to mimic the fact that the skin in vivo is 
supported by mechanically strong dermis. Alternatively, 
other types of tissues may be used, including living tissue 
explants, animal tissue (e.g. rodent, bovine or swim) or 
engineered tissue-equivalents. Examples of a suitable engi 
neered tissues include DERMAGRAFT (Advanced Tissue 
Sciences, Inc.) and those taught in US. Pat. No. 5,266,480, 
Which is incorporated herein by reference. 

[0072] In an alternative embodiment of the present inven 
tion, tissue specimen 120 is divided into a number of 
segments by cuts 122 betWeen sample Wells 116 to prevent 
lateral diffusion through tissue specimen 120 betWeen adja 
cent samples. Cuts 122 may be made in any number of Ways, 
including mechanical scribing or cutting, laser cutting, or 
crimping (e.g., betWeen plates 114 and 130 or by using a 
“waffle iron” type embossing tool). Preferably, laser scribing 
is used as it avoids mechanical pressure from a cutting tool 
Which can cause distortion and damage to tissue specimen 
120. Laser cuts 122 are performed With very small kerfs 
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Which permit a relatively high density of samples and a more 
ef?cient tissue specimen utilization. Laser tools are available 
that produce a minimal heat affected Zone, thereby reducing 
damage to tissue specimen 120. 

[0073] Reservoir plate 130 (e.g., an open-bottomed titer 
plate) is placed on top of tissue 120, on a side of tissue 
opposite substrate plate 114. Reservoir plate includes a 
number of holloW reservoirs 132. When plate 130 is secured 
in place, each reservoir 132 aligns over a sample Well 116 
such that tissue separates each Well 116 from reservoir 132. 
Reservoir plate 130 secures to substrate plate 114 using 
clamps, screWs, fasteners, or any other suitable attachment 
means. Plates 130 and 114 preferably secure together With 
sufficient pressure so as to create a liquid tight seal around 
reservoirs 132. Each reservoir is ?lled With a reservoir, such 
as a saline solution, to receive sample components or 
compounds that diffuse across tissue 120 to reservoir 132. In 
one embodiment, the reservoir medium is approximately 2% 
BSA solution in PBS. 

[0074] Transfer or ?ux of components from sample Wells 
116 across tissue 120 (i.e., tissue barrier transfer or diffu 
sion) may be analyZed by measuring component concentra 
tion in specimens taken from reservoirs 132. Comparison of 
measurements taken from different samples/reservoirs aids 
in determining optimal sample compositions for improving 
tissue transfer or diffusion of a desired component (e.g,. a 
pharmaceutical). 
[0075] Preferably the samples are prepared, added to 
sample Wells and mixed automatically. Similarly, specimen 
from reservoirs 132 containing transferred or diffused com 
ponents, and the concentrations thereof, can be measured 
and processed automatically. “Automated” or “automati 
cally” refers to the use of computer softWare and robotics to 
add, mix and analyZe the samples, components, and speci 
mens or diffusion products. 

[0076] Samples are added to the sample Wells in sample 
arrays of the present invention, such as sample array 112 in 
FIG. 1, using various deposition or material transfer tech 
niques knoWn to the skilled artisan, including, Without 
limitation, hand placement, pipetting, and other manual or 
automated solid or liquid distribution systems. 

[0077] After adding and mixing the components to the 
sample Wells, the samples may be processed by Well knoWn 
techniques, such as heating, ?ltration, and lyophiliZation. 
One of skill in the art Will knoW hoW to process the sample 
according to the properties being tested. The samples can be 
processed individually or as a group, preferably, as a group. 
Additional details regarding suitable automated dispensing 
and sampling equipment and methods of formulating solu 
tions or compositions are disclosed in copending US. patent 
application Ser. No. 09/540,462 Which is herein incorpo 
rated by reference in its entirety. 

[0078] Brie?y, a number of companies have developed 
microarray systems that can be adapted for use in the system 
described herein, although all are currently used for the sole 
purpose of screening to identify compounds having a par 
ticular de?ned activity, as opposed to screening of compo 
nents or compounds having a knoWn identity in order to 
identify optimal component combinations to achieve a 
desired result. Such systems may require modi?cation, 
Which is Well Within ordinary skill in the art. Examples of 
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companies having microarray systems include Gene Logic 
of Gaithersburg, Md. (see US. Pat. No. 5,843,767 to Beat 
tie), Luminex Corp., Austin, Tex., Beckman Instruments, 
Fullerton, Calif., MicroFab Technologies, Plano, Tex., 
Nanogen, San Diego, Calif., and Hyseq, Sunnyvale, Calif. 
These devices test samples based on a variety of different 
systems. All include thousands of microscopic channels that 
direct components into test Wells, Where reactions can occur. 
These systems are connected to computers for analysis of 
the data using appropriate softWare and data sets. The 
Beckman Instruments system can deliver nanoliter samples 
of 96 or 384-arrays, and is particularly Well suited for 
hybridiZation analysis of nucleotide molecule sequences. 
The MicroFab Technologies system delivers sample using 
inkjet printers to aliquot discrete samples into Wells. 

[0079] These and other systems can be adapted as required 
for use herein. For example, the combinations of active 
component and various additional or inactive components at 
various concentrations and combinations can be generated 
using standard formulating softWare (e.g., Matlab softWare, 
commercially available from MathWorks, Natick, Massa 
chusetts). The combinations thus generated can be doWn 
loaded into a spread sheet, such as Microsoft EXCEL. From 
the spread sheet, a Work list can be generated for instructing 
the automated distribution mechanism to prepare an array of 
samples according to the various combinations generated by 
the formulating softWare. The Work list can be generated 
using standard programming methods according to the auto 
mated distribution mechanism that is being used. The use of 
so-called Work lists simply alloWs a ?le to be used as the 
process command rather than discrete programmed steps. 
The Work list combines the formulation output of the 
formulating program With the appropriate commands in a 
?le format directly readable by the automatic distribution 
mechanism. 

[0080] The automated distribution mechanism delivers at 
least one active component, such as a pharmaceutical, as 
Well as various inactive or additional components, such as 

solvents, carriers, excipients, and additives, to each sample 
Well. Preferably, the automated distribution mechanism can 
deliver multiple amounts of each component. In one 
embodiment, the automated distribution mechanism utiliZes 
one or more micro-solenoid valves. 

[0081] Automated liquid and solid distribution systems 
are Well knoWn and commercially available, such as the 
Tecan Genesis, from Tecan-US, RTP, North Carolina. The 
robotic arm can collect and dispense active components and 
inactive components, such as solutions, solvents, carriers, 
excipients, additives, and the like, from a stock plate to a 
sample Well or site. The process is repeated until an array is 
completed. The samples are then mixed. For example, the 
robotic arm moves up and doWn in each Well plate for a set 
number of times to ensure proper mixing. 

[0082] In use, apparatus 100 of FIG. 1 is described above 
as having reservoir medium above tissue 120 in reservoirs 
132 and samples beloW tissue 120 in sample Wells 116 of 
array 112. In an alternative embodiment, the positions are 
reversed, such that reservoirs 132 of sample array 112 are 
beloW tissue specimen 120 and sample Wells 116 are above 
tissue specimen 120, and a top plate or top membrane is 
situated over reservoirs 132 and reservoir plate 130. 
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[0083] Additional embodiments of the systems and meth 
ods of the present invention are described infra, particularly 
With respect to FIGS. 2-8. 

[0084] 5.2 Composition of Samples 

[0085] Before discussing additional details of the systems 
and methods for assessing tissue barrier transfer according 
to the present invention, applicants present a discussion of 
the composition of samples suitable for use in the present 
invention. 

[0086] 5.2.1 General Composition Terminology 

[0087] As used herein, the term “component” means any 
substance or compound. A component can be active or 
inactive. As used herein, the term “active component” means 
a substance or compound that imparts a primary utility to a 
composition or formulation When the composition or for 
mulation is used for its intended purpose. Examples of active 
components include pharmaceuticals, dietary supplements, 
alternative medicines, and nutraceuticals. Active compo 
nents can optionally be sensory compounds, agrochemicals, 
the active component of a consumer product formulation, or 
the active component of an industrial product formulation. 
As used herein, an “inactive component” means a compo 
nent that is useful or potentially useful to serve in a com 
position or formulation for administration of an active 
component, but does not signi?cantly share in the active 
properties of the active component or give rise to the 
primary utility for the composition or formulation. 
Examples of suitable inactive components include, but are 
not limited to, enhancers, excipients, carriers, solvents, 
diluents, stabiliZers, additives, adhesives, and combinations 
thereof. 

[0088] Preferably, the samples of an array comprise an 
active component and inactive components. In one embodi 
ment, the active components in the samples of an array can 
be the same or different, While in another embodiment, the 
samples in an array comprise an active component as a 
component-in-common and inactive components. Anumber 
of permutations are available to the skilled artisan, for 
example, When the active component is a pharmaceutical, 
dietary supplement, alternative medicine, or nutraceutical, 
the preferred inactive components are selected from the 
group consisting of excipients, carriers, solvents, diluents, 
stabiliZers, enhancers, additives, adhesives, and combina 
tions thereof. 

[0089] As used herein, the term “sample” means a mixture 
of an active component and one or more additional compo 
nents or inactive components. Preferably a sample com 
prises 2 or more additional components, more preferably, 3 
or more additional components. In general, a sample Will 
comprise one active component but can comprise multiple 
active components. In addition, samples in a sample array 
may have one or more components-in-common. A sample 
can be present in any container or holder or in or on any 
material or surface, the only requirement is that the samples 
be located at separate sites. Preferably, samples are con 
tained in sample Wells, for example, a 24, 36, 48, or 96 Well 
plates (or ?lter plates) of volume 250 pl available from 
Millipore, Bedford, Mass. The sample can comprise less 
than about 100 milligrams of the active component, prefer 
ably, less than about 1 milligram, more preferably, less than 
about 100 micrograms, and even more preferably, less than 
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100 nanograms. Preferably, the sample has a total volume of 
about 1-200 pl, more preferably about 5-150 pl, and most 
preferably about 10-100 pl. Samples can be liquid source or 
solid source samples, Which include samples in the form of 
solids, semi-solids, ?lms, liquids, solutions, gels, foams, 
pastes, ointments, triturates, suspensions, or emulsions. 

[0090] According to the invention described herein, the 
“physical state” of a component is initially de?ned by 
Whether the component is a liquid or a solid. If a component 
is a solid, the physical state is further de?ned by the particle 
siZe and Whether the component is crystalline or amorphous. 
If the component is crystalline, the physical state is further 
divided into: (1) Whether the crystal matrix includes a 
co-adduct or Whether the crystal matrix originally included 
a co-adduct, but the co-adduct Was removed leaving behind 
a vacancy; (2) crystal habit; (3) morphology, i.e., crystal 
habit and siZe distribution; and (4) internal structure (poly 
morphism). In a co-adduct, the crystal matrix can include 
either a stoichiometric or non-stoichiometric amount of the 

adduct, for example, a crystalliZation solvent or Water, i.e., 
a solvate or a hydrate. Non-stoichiometric solvates and 
hydrates include inclusions or clathrates, that is, Where a 
solvent or Water is trapped at random intervals Within the 
crystal matrix, for example, in channels. A stoichiometric 
solvate or hydrate is Where a crystal matrix includes a 
solvent or Water at speci?c sites in a speci?c ratio. That is, 
the solvent or Water molecule is part of the crystal matrix in 
a de?ned arrangement. Additionally, the physical state of a 
crystal matrix can change by removing a co-adduct, origi 
nally present in the crystal matrix. For example, if a solvent 
or Water is removed from a solvate or a hydrate, a hole Will 
be formed Within the crystal matrix, thereby forming a neW 
physical state. The crystal habit is the description of the 
outer appearance of an individual crystal, for example, a 
crystal may have a cubic, tetragonal, orthorhombic, mono 
clinic, triclinic, rhomboidal, or hexagonal shape. The pro 
cessing characteristics are affected by crystal habit. The 
internal structure of a crystal refers to the crystalline form or 
polymorphism. A given compound may exist as different 
polymorphs, that is, distinct crystalline species. In general, 
different polymorphs of a given compound are as different in 
structure and properties as the crystals of tWo different 
compounds. Solubility, melting point, density, hardness, 
crystal shape, optical and electrical properties, vapor pres 
sure, and stability, etc. all vary With the polymorphic form. 

[0091] 5.2.2 Active Component and Component-In-Com 
mon 

[0092] As mentioned above, the component-in-common 
can be either an active component, such as a pharmaceutical, 
dietary supplement, alternative medicine, or nutraceutical, 
or an inactive component. In a preferred embodiment of the 
present invention, the component-in-common is an active 
component, and more preferably a pharmaceutical. As used 
herein, the term “pharmaceutical” means any substance or 
compound that has a therapeutic, disease preventive, diag 
nostic, or prophylactic effect When administered to an ani 
mal or a human. The term pharmaceutical includes prescrip 
tion drugs and over the counter drugs. Pharmaceuticals 
suitable for use in the invention include all those knoWn or 
to be developed. 

[0093] Examples of suitable pharmaceuticals include, but 
are not limited to, cardiovascular pharmaceuticals, such as 
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amlodipine besylate, losartan potassium, irbesartan, dilt 
iaZem hydrochloride, clopidogrel bisulfate, digoxin, abcix 
imab, furosemide, amiodarone hydrochloride, beraprost, 
tocopheryl nicotinate; antiinfective components, such as 
amoxicillin, clavulanate potassium, aZithromycin, itracona 
Zole, acyclovir, ?uconaZole, terbinafme hydrochloride, 
erythromycin ethylsuccinate, and acetyl sul?soxaZole; psy 
chotherapeutic components, such as sertraline hydrochlo 
ride, venlafaxine, bupropion hydrochloride, olanZapine, bus 
pirone hydrochloride, alpraZolam, methylphenidate 
hydrochloride, ?uvoxamine maleate, and ergoloid mesy 
lates; gastrointestinal products, such as lansopraZole, raniti 
dine hydrochloride, famotidine, ondansetron hydrochloride, 
granisetron hydrochloride, sulfasalaZine, and in?iximab; 
respiratory therapies, such as loratadine, fexofenadine 
hydrochloride, cetiriZine hydrochloride, ?uticasone propi 
onate, salmeterol xinafoate, and budesonide; cholesterol 
reducers, such as atorvastatin calcium, lovastatin, beZa? 
brate, cipro?brate, and gem?broZil; cancer and cancer 
related therapies, such as paclitaxel, carboplatin, tamoxifen 
citrate, docetaxel, epirubicin hydrochloride, leuprolide 
acetate, bicalutamide, goserelin acetate implant, irinotecan 
hydrochloride, gemcitabine hydrochloride, and sargra 
mostim; blood modi?ers, such as epoetin alfa, enoxaparin 
sodium, and antihemophilic factor; antiarthritic components, 
such as celecoxib, nabumetone, misoprostol, and rofecoxib; 
AIDS and AIDS-related pharmaceuticals, such as lamivu 
dine, indinavir sulfate, stavudine, and lamivudine; diabetes 
and diabetes-related therapies, such as metformin hydro 
chloride, troglitaZone, and acarbose; biologicals, such as 
hepatitis B vaccine, and hepatitis Avaccine; hormones, such 
as estradiol, mycophenolate mofetil, and methylpredniso 
lone; analgesics, such as tramadol hydrochloride, fentanyl, 
metamiZole, ketoprofen, morphine sulfate, lysine acetylsali 
cylate, ketorolac tromethamine, morphine, loxoprofen 
sodium, and ibuprofen; dermatological products, such as 
isotretinoin and clindamycin phosphate; anesthetics, such as 
propofol, midaZolam hydrochloride, and lidocaine hydro 
chloride; migraine therapies, such as sumatriptan succinate, 
Zolmitriptan, and riZatriptan benZoate; sedatives and hyp 
notics, such as Zolpidem, Zolpidem tartrate, triaZolam, and 
hycosine butylbromide; imaging components, such as 
iohexol, technetium, TC99M, sestamibi, iomeprol, gadodia 
mide, ioversol, and iopromide; and diagnostic and contrast 
components, such as alsactide, americium, betaZole, hista 
mine, mannitol, metyrapone, petagastrin, phentolamine, 
radioactive B12, gadodiamide, gadopentetic acid, gadoteri 
dol, and per?ubron. Other pharmaceuticals for use in the 
invention include those listed in Table 1 beloW, Which suffer 
from problems that could be mitigated by developing neW 
compositions or formulations using the systems, arrays and 
methods of the present invention. 

TABLE 1 

Exemplary Pharmaceuticals 

Brand Name Chemical Properties 

SANDIMMINE cyclosporin Poor absorption due to its 
lOW Water solubility. 

TAXOL paclitaxel Poor absorption due to its 
lOW Water solubility. 

VIAGRA sildena?l citrate Poor absorption due to its 
lOW Water solubility. 
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TABLE 1-continued 

Exemplary Pharmaceuticals 

Brand Name Chemical Properties 

NORVIR ritonavir Can undergo a polymorphic shift 
during shipping 
and storage. 

FULVICIN griseofulvin Poor absorption due to its 
lOW Water solubility. 

FORTOVASE saquinavir Poor absorption due to its 
lOW Water solubility. 

[0094] Still other examples of suitable pharmaceuticals 
are listed in 2000 Med Ad News 19:56-60 and The Physi 
cians Desk Reference, 53rd edition, 792-796, Medical Eco 
nomics Company (1999), both of Which are incorporated 
herein by reference. 

[0095] Examples of suitable veterinary pharmaceuticals 
include, but are not limited to, vaccines, antibiotics, groWth 
enhancing components, and deWormers. Other examples of 
suitable veterinary pharmaceuticals are listed in The Merck 
Veterinary Manual, 8th ed., Merck and Co., Inc., RahWay, 
N.J., 1998; (1997); The Encyclopedia of Chemical Technol 
ogy, 24 Kirk-Othomer (4th ed. at 826); and Veterinary Drugs 
in ECT2nd ed., Vol 21, by A. L. Shore and R. J. Magee, 
American Cyanamid Co. Other active components suitable 
for tissue (or trans-membrane) transfer analysis using the 
systems and methods of the present invention include 
dietary supplements, alternative medicines, or nutraceuti 
cals. 

[0096] As used herein, the term “dietary supplement” 
means a non-caloric or insigni?cant-caloric substance 
administered to an animal or a human to provide a nutri 
tional bene?t or a non-caloric or insigni?cant-caloric sub 
stance administered in a food to impart the food With an 
aesthetic, textural, stabiliZing, or nutritional bene?t. Dietary 
supplements include, but are not limited to, fat binders, such 
as caducean; ?sh oils; plant extracts, such as garlic and 
pepper extracts; vitamins and minerals; food additives, such 
as preservatives, acidulents, anticaking components, anti 
foaming components, antioxidants, bulking components, 
coloring components, curing components, dietary ?bers, 
emulsi?ers, enZymes, ?rming components, humectants, 
leavening components, lubricants, non-nutritive sWeeteners, 
food-grade solvents, thickeners; fat substitutes, and ?avor 
enhancers; and dietary aids, such as appetite suppressants. 
Examples of suitable dietary supplements are listed in 
(1994) The Encyclopedia of Chemical Technology, 11 Kirk 
Othomer (4th ed. at 805-833). Examples of suitable vitamins 
are listed in (1998) The Encyclopedia of Chemical Technol 
ogy, 25 Kirk-Othomer (4th ed. at 1) and Goodman & Gil 
man’s: The Pharmacological Basis of Therapeutics, 9th 
Edition, eds. Joel G. Harman and Lee E. Limbird, McGraW 
Hill, 1996 p. 1547, both of Which are incorporated by 
reference herein. Examples of suitable minerals are listed in 
The Encyclopedia of Chemical Technology, 16 Kirk-Oth 
omer (4th ed. at 746) and “Mineral Nutrients” in E C T 3rd ed., 
Vol 15, pp. 570-603, by C. L. Rollinson and M. G. Enig, 
University of Maryland, both of Which are incorporated 
herein by reference 

[0097] As used herein, the term “alternative medicine” 
means a substance, preferably a natural substance, such as a 
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herb or an herb extract or concentrate, administered to a 
subject or a patient for the treatment of disease or for general 
health or Well being, Wherein the substance does not require 
approval by the FDA. Examples of suitable alternative 
medicines include, but are not limited to, ginkgo biloba, 
ginseng root, valerian root, oak bark, kava kava, echinacea, 
harpagophyti radix, others are listed in The Complete Ger 
man Commission E Monographs: Therapeutic Guide to 
Herbal Medicine, Mark Blumenthal et al. eds., Integrative 
Medicine Communications 1998, incorporated by reference 
herein. 

[0098] As used herein the term “nutraceutical” means a 
food or food product having both caloric value and phar 
maceutical or therapeutic properties. Example of nutraceu 
ticals include garlic, pepper, brans and ?bers, and health 
drinks Examples of suitable Nutraceuticals are listed in M. 
C. Linder, ed. Nutritional Biochemistry and Metabolism 
with Clinical Applications, Elsevier, NeW York, 1985; PsZc 
Zola et al., 1998 Food technology 52:30-37 and Shukla et al., 
1992 Cereal Foods World 37:665-666. 

[0099] Preferably, When the active component is a phar 
maceutical, a dietary supplement, an alternative medicine, or 
a nutraceutical, at least one additional component(s) is an 
excipient. As used herein, the term “excipient” means the 
inactive substances used to formulate pharmaceuticals as a 
result of processing or manufacture or used by those of skill 
in the art to formulate pharmaceuticals, dietary supplements, 
alternative medicines, and nutraceuticals for administration 
to animals or humans. Preferably, excipients are approved 
for or considered to be safe for human and animal admin 
istration. Examples of suitable excipients include, but are 
not limited to, acidulents, such as lactic acid, hydrochloric 
acid, and tartaric acid; solubiliZing components, such as 
non-ionic, cationic, and anionic surfactants; absorbents, 
such as bentonite, cellulose, and kaolin; alkaliZing compo 
nents, such as diethanolarnine, potassium citrate, and 
sodium bicarbonate; anticaking components, such as cal 
cium phosphate tribasic, magnesium trisilicate, and talc; 
antimicrobial components, such as benZoic acid, sorbic acid, 
benZyl alcohol, benZethonium chloride, bronopol, alkyl 
parabens, cetrimide, phenol, phenylmercuric acetate, 
thimerosol, and phenoxyethanol, antioxidants, such as 
ascorbic acid, alpha tocopherol, propyl gallate, and sodium 
metabisul?te; binders, such as acacia, alginic acid, car 
boxymethyl cellulose, hydroxyethyl cellulose; dextrin, gela 
tin, guar gum, magnesium aluminum silicate, maltodextrin, 
povidone, starch, vegetable oil, and Zein; buffering compo 
nents, such as sodium phosphate, malic acid, and potassium 
citrate; chelating components, such as EDTA, malic acid, 
and maltol; coating components, such as adjunct sugar, cetyl 
alcohol, polyvinyl alcohol, carnauba Wax, lactose maltitol, 
titanium dioxide; controlled release vehicles, such as micro 
crystalline Wax, White Wax, and yelloW Wax; desiccants, 
such as calcium sulfate; detergents, such as sodium lauryl 
sulfate; diluents, such as calcium phosphate, sorbitol, starch, 
talc, lactitol, polymethacrylates, sodium chloride, and glyc 
eryl palmitostearate; disintegrants, such as collodial silicon 
dioxide, croscarmellose sodium, magnesium aluminum sili 
cate, potassium polacrilin, and sodium starch glycolate; 
dispersing components, such as poloxamer 386, and poly 
oxyethylene fatty esters (polysorbates); emollients, such as 
cetearyl alcohol, lanolin, mineral oil, petrolatum, choles 
terol, isopropyl myristate, and lecithin; emulsifying compo 
nents, such as anionic emulsifying Wax, monoethanolamine, 
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and medium chain triglycerides; ?avoring components, such 
as ethyl maltol, ethyl vanillin, fumaric acid, malic acid, 
maltol, and menthol; humectants, such as glycerin, propy 
lene glycol, sorbitol, and triacetin; lubricants, such as cal 
cium stearate, canola oil, glyceryl palmitosterate, magne 
sium oxide, poloxymer, sodium benZoate, stearic acid, and 
Zinc stearate; solvents, such as alcohols, benZyl phenylfor 
mate, vegetable oils, diethyl phthalate, ethyl oleate, glycerol, 
glycofurol, for indigo carmine, polyethylene glycol, for 
sunset yelloW, for tartaZine, triacetin; stabiliZing compo 
nents, such as cyclodextrins, albumin, xanthan gum; and 
tonicity components, such as glycerol, dextrose, potassium 
chloride, and sodium chloride; and mixture thereof. Excipi 
ents include those that alter the rate of absorption, bioavail 
ability, or other pharmacokinetic properties of pharmaceu 
ticals, dietary supplements, alternative medicines, or 
nutraceuticals. Other examples of suitable excipients, such 
as binders and ?llers are listed in Remington’s Pharmaceu 
tical Sciences, 18th Edition, ed. Alfonso Gennaro, Mack 
Publishing Co. Easton, Pa., 1995 and Handbook of Phar 
maceutical Excipients, 3rd Edition, ed. Arthur H. Kibbe, 
American Pharmaceutical Association, Washington DC. 
2000, both of Which are incorporated herein by reference. 

[0100] Excipients that are typically used in the formation 
of transdermal delivery devices, and therefore particularly 
useful for formulation of the samples of the present inven 
tion, are penetration enhancers, adhesives and solvents. 
Each of these is discussed in more detail beloW. 

[0101] 5.2.3 Penetration Enhancers 

[0102] Various types of penetration enhancers may be 
used to enhance transdermal transport of drugs. Penetration 
enhancers can be divided into chemical enhancers and 
mechanical enhancers, each of Which is described in more 
detail beloW. 

[01033] 5.2.3.1 Chemical Enhancers 

[0104] Chemical enhancers enhance molecular transport 
rates across tissues or membranes by a variety of mecha 
nisms. In the present invention, chemical enhancers are 
preferably used to decrease the barrier properties of the 
stratum corneum. Drug interactions include modifying the 
drug into a more permeable state (a prodrug), Which Would 
then be metaboliZed inside the body back to its original form 
(6-?uorouracil, hydrocortisone) (Hadgraft, 1985); or 
increasing drug solubilities (ethanol, propylene glycol). 
Despite a great deal of research (Well over 200 compounds 
have been studied) (Chattaraj and Walker, 1995), there are 
still no universally applicable mechanistic theories for the 
chemical enhancement of molecular transport. Most of the 
published Work in chemical enhancers has been done largely 
based on experience and on a trial-and-error basis (Johnson, 

1996). 
[0105] Many different classes of chemical enhancers have 
been identi?ed, including cationic, anionic, and nonionic 
surfactants (sodium dodecyl sulfate, polyoxamers); fatty 
acids and alcohols (ethanol, oleic acid, lauric acid, lipo 
somes); anticholinergic agents (benZilonium bromide, 
oxyphenonium bromide); alkanones (n-heptane); amides 
(urea, N,N-diethyl-m-toluamide); fatty acid esters (n-bu 
tyrate); organic acids (citric acid); polyols (ethylene glycol, 
glycerol); sulfoxides (dimethylsulfoxide); and terpenes 
(cyclohexene) (Hadgraft and Guy, 1989; Walters, 1989; 



US 2004/0087007 A1 

Williams and Barry, 1992; Chattaraj and Walker, 1995). 
Most of these enhancers interact either With the skin or With 
the drug. Those enhancers interacting With the skin are 
herein termed “lipid permeation enhancers”, and include 
interactions With the skin include enhancer partitioning into 
the stratum corneum, causing disruption of the lipid bilayers 
(aZone, ethanol, lauric acid), binding and disruption of the 
proteins Within the stratum corneum (sodium dodecyl sul 
fate, dimethyl sulfoxide), or hydration of the lipid bilayers 
(urea, benZilonium bromide). Other chemical enhancers 
Work to increase the transdermal delivery of a drug by 
increasing the drug solubility in its vehicle (hereinafter 
termed “solubility enhancers”). Lipid permeation enhancers, 
solubility enhancers, and combinations of enhancers (also 
termed “binary systems”) are discussed in more detail 
beloW. 

[0106] 5.2.3.1.1 Lipid Permeation Enhancers 

[0107] Chemicals Which enhance permeability through 
lipids are knoWn and commercially available. For example, 
ethanol increases the solubility of drugs up to 10,000-fold 
and yield a 140-fold ?ux increase of estradiol, While unsat 
urated fatty acids increase the ?uidity of lipid bilayers 
(Bronaugh and Maibach, editors (Marcel Dekker 1989) pp. 
1-12. Examples of fatty acids Which disrupt lipid bilayer 
include linoleic acid, capric acid, lauric acid, and neode 
canoic acid, Which can be in a solvent such as ethanol or 
propylene glycol. Evaluation of published permeation data 
utiliZing lipid bilayer disrupting agents agrees very Well With 
the observation of a siZe dependence of permeation enhance 
ment for lipophilic compounds. The permeation enhance 
ment of three bilayer disrupting compounds, capric acid, 
lauric acid, and neodecanoic acid, in propylene glycol has 
been reported by Aungst, et al. Pharm. Res. 7,712-718 
(1990). They examined the permeability of four lipophilic 
compounds, benZoic acid (122 Da), testosterone (288 Da), 
naloxone (328 Da), and indomethacin (359 Da) through 
human skin. The permeability enhancement of each 
enhancer for each drug Was calculated according to Ec/pg= 
Pe/pg/Ppg, Where Pe/pg is the drug permeability from the 
enhancer/propylene glycol formulation and Ppg is the per 
meability from propylene glycol alone. 

[0108] The primary mechanism by Which unsaturated 
fatty acids, such as linoleic acid, are thought to enhance skin 
permeability is by disordering the intercellular lipid domain. 
For example, detailed structural studies of unsaturated fatty 
acids, such as oleic acid, have been performed utiliZing 
differential scanning calorimetry (Barry J. Controlled 
Release 6,85-97 (1987)) and infrared spectroscopy (Ongpi 
pattanankul, et al., Pharm. Res. 8, 350-354 (1991); Mark, et 
al., J. Control. Rd. 12, 67-75 (1990)). Oleic acid Was found 
to disorder the highly ordered SC lipid bilayers, and to 
possibly form a separate, oil-like phase in the intercellular 
domain. SC Lipid bilayers disordered by unsaturated fatty 
acids or other bilayer disrupters may be similar in nature to 
?uid phase lipid bilayers. 

[0109] A separated oil phase should have properties simi 
lar to a bulk oil phase. Much is knoWn about transport a ?uid 
bilayers and bulk oil phases. Speci?cally, diffusion coeffi 
cients in ?uid phase, for example, dimyristoylphosphatidyl 
choline (DMPC) bilayers Clegg and VaZ In “Progress in 
Protein-Lipid Interactions” Watts, ed. (Elsevier, NY. 1985) 
173-229; Tocanne, et al., FEB 257, 10-16 (1989) and in bulk 
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oil phase Perry, et al., “Perry’s Chemical Engineering Hand 
book” (McGraW-Hill, NY 1984) are greater than those in the 
SC, and more importantly, they exhibit siZe dependencies 
Which are considerably Weaker than that of SC transport 
Kasting, et al., In: “Prodrugs: Topical and Ocular Delivery” 
Sloan. ed. (Marcel Dekker, NY 1992) 117-161; Ports and 
Guy, Pharm. Res. 9, 663-339 (1992); Willschut, et al. 
Chemosphere 30, 1275-1296 (1995). As a result, the diffu 
sion coe?icient of a given solute Will be greater in a ?uid 
bilayer, such as DMPC, or a bulk oil phase than in the SC. 
Due to the strong siZe dependence of SC transport, diffusion 
in SC lipids is considerably sloWer for larger compounds, 
While transport in ?uid DMPC bilayers and bulk oil phases 
is only moderately loWer for larger compounds. The differ 
ence betWeen the diffusion coe?icient in the SC and those in 
?uid DMPC bilayers or bulk oil phases Will be greater for 
larger solutes, and less for smaller compounds. Therefore, 
the enhancement ability of a bilayer disordering compound 
Which can transform the SC lipids bilayers into a ?uid 
bilayer phase or add a separate bulk oil phase should exhibit 
a siZe dependence, With smaller permeability enhancements 
for small compounds and larger enhancement for larger 
compounds. 
[0110] A comprehensive list of lipid bilayer disrupting 
agents is described in European Patent Application 43,738 
(1982), Which is incorporated herein by reference. Exem 
plary compounds are represented by the formula: 

[0111] R-X, Wherein R is a straight-chain alkyl of about 7 
to 16 carbon atoms, a non-terminal alkenyl of about 7 to 22 
carbon atoms, or/& branched-chain alkyl of from about 13 
to 22 carbon atoms, and X is —OH, —COOCH3, 

—(OCH2CH2)mOH, —COOR‘, or —CONR‘2, Where R‘ is 
H, —CR3, —C2H5, —C2H7 or —C2H4OH; R“ is —H, or a 
non-terminal alkenyl of about 7 to 22 carbon atoms; and m 
is 2-6; provided that When R“ is an alkenyl and X is —OH 
or COOH, at least one double bond is in the cis-con?gura 
tion. 

[0112] 5.2.3.1.2 Solubility Enhancers 

[0113] Another Way to increase the transdermal delivery 
of a drug is to use chemical solubility enhancers that 
increase the drug solubility in its vehicle. This can be 
achieved either through changing drug-vehicle interaction 
by introducing different excipients, or through changing 
drug crystallinity (Flynn and Weiner, 1993). 
[0114] Solubility enhancers include Water diols, such as 
propylene glycol and glycerol; mono-alcohols, such as etha 
nol, propanol, and higher alcohols; DMSO; dimethylforma 
mide; N,N-dimethylacetamide; 2-pyrrolidone; N-(2-hy 
droxyethyl) pyrrolidone, N-methylpyrrolidone, 
1-dodecylaZacycloheptan-2-one and other n-substituted 
alkyl-aZacycloalkyl-2-ones. 

[0115] 5 .2.3.1.3 Combinations of Enhancers (Binary Sys 
tems) 
[0116] US. Pat. No. 4,537,776 to Cooper contains a 
summary of information detailing the use of certain binary 
systems for penetration enhancement. European Patent 
Application 43,738, also describes the use of selected diols 
as solvents along With a broad category of cell-envelope 
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disordering compounds for delivery of lipophilic pharma 
cologically-active compounds. A binary system for enhanc 
ing metaclopramide penetration is disclosed in UK Patent 
Application GB 2,153,223 A, consisting of a monovalent 
alcohol ester of a C8-32 aliphatic monocarboxylic acid 
(unsaturated and/or branched if C18-32) or a C6-24 aliphatic 
monoalcohol (unsaturated and/or branched if C14-24) and 
an N-cyclic compound such as 2-pyrrolidone or N-meth 
ylpyrrolidone. 

[0117] Combinations of enhancers consisting of diethyl 
ene glycol monoethyl or monomethyl ether With propylene 
glycol monolaurate and methyl laurate are disclosed in US. 
Pat. No. 4,973,468 for enhancing the transdermal delivery of 
steroids such as progestogens and estrogens. A dual 
enhancer consisting of glycerol monolaurate and ethanol for 
the transdermal delivery of drugs is described in US. Pat. 
No. 4,820,720. US. Pat. No. 5,006,342 lists numerous 
enhancers for transdermal drug administration consisting of 
fatty acid esters or fatty alcohol ethers of C2 to C4 
alkanediols, Where each fatty acid/alcohol portion of the 
ester/ether is of about 8 to 22 carbon atoms. US. Pat. No. 
4,863,970 discloses penetration-enhancing compositions for 
topical application including an active permeant contained 
in a penetration-enhancing vehicle containing speci?ed 
amounts of one or more cell-envelope disordering com 
pounds such as oleic acid, oleyl alcohol, and glycerol esters 
of oleic acid; a C2 or C3 alkanol and an inert diluent such as 
Water. 

[0118] Other chemical enhancers, not necessarily associ 
ated With binary systems, include dimethylsulfoxide 
(DMSO) or aqueous solutions of DMSO such as those 
described in US. Pat. No. 3,551,554 to Herschler; US. Pat. 
No. 3,711,602 to Herschler and US. Pat. No. 3,711,606 to 
Herschler, and the aZones (n-substitutedalkyl-aZacycloalkyl 
2-ones) such as noted in US. Pat. No, 4,557,943 to Cooper. 
In PCT/US96/ 12244 by Massachusetts Institute of Technol 
ogy, passive experiments With polyethylene glycol 200 
dilaurate (PEG), isopropyl myristate (IM), and glycerol 
trioleate (GT) result in corticosterone ?ux enhancement 
values of only 2, 5, and 0.8 relative to the passive ?ux from 
PBS alone. HoWever, 50% ethanol and LA/ethanol signi? 
cantly increase corticosterone passive ?uxes by factors of 46 
and 900. 

[0119] Some chemical enhancer systems may possess 
negative side effects such as toxicity and skin irritations. 
US. Pat. No. 4,855,298 discloses compositions for reducing 
skin irritation caused by chemical enhancer-containing com 
positions having skin irritation properties With an amount of 
glycerin suf?cient to provide an anti-irritating effect. The 
present invention enables testing of the effects of a large 
number of enhancers on tissue barrier transport, such as 
transdermal transport, of a compound, pharmaceutical, or 
other component. 

[0120] 5.2.3.2 Mechanical Enhancers For Transdermal 
Delivery 

[0121] For convenience, mechanical enhancers are 
de?ned as including almost any extraneous enhancer, such 
as ultrasound, mechanical or osmotic pressure, electric ?elds 
(electroporation or iontophoresis) or magnetic ?elds. 

[0122] There have been numerous reports on the use of 
ultrasound (typically in the range of 20 kHZ to 10 MHZ in 

May 6, 2004 

frequency) to enhance transdermal delivery. Ultrasound has 
been applied alone and in combination With other chemical 
and/or mechanical enhancers. For example, as reported in 
PCT/U S96/ 12244 by Massachusetts Institute of Technology, 
therapeutic ultrasound (1 MHZ, 1.4 W/cm2) and the chemi 
cal enhancers utiliZed together produce corticosterone ?uxes 
from PBS, PEG, IM, and GT that are greater than the passive 
?uxes from the same enhancers by factors of betWeen 1.3 
and 5.0. Ultrasound combined With 50% ethanol produces a 
2-fold increase in corticosterone transport above the passive 
case, but increase by 14-fold the transport from LA/Ethanol, 
yielding a ?ux of 0.16 mg/cm /hr, 13,000-fold greater than 
that from PBS alone. 

[0123] Pressure gradients can also be used to enhance 
movement of ?uids across the skin. Pressure can be applied 
by a vacuum or a positive pressure device. Alternatively, 
osmotic pressure may be used to drive transdermal transport. 

[0124] Similarly, application an of electric current has 
been shoWn to enhance transdermal drug transport and blood 
analyte extraction. Such electric current enhances transport 
by different mechanisms. For example, application of an 
electric ?eld provides a driving force for the transport of 
charged molecules across the skin and second, ionic motion 
due to application of electric ?elds may induce convective 
?oWs across the skin, referred to as electro-osmosis. This 
mechanism is believed to play a dominant role in transder 
mal transport of neutral molecules during iontophoresis. 
Iontophoresis involves the application of an electrical cur 
rent, preferably DC, or AC, at a current density of greater 
than Zero up to about 1 mA/cm2. Enhancement of skin 
permeability using electric current to achieve transdermal 
extraction of glucose, Was reported by Tamada, et al., 
Proceed. Intern. Symp. Control. Rel. Bioact. Mater 22,129 
130 (1995). 

[0125] Application of magnetic ?elds to the skin pre 
treated or in combination With other permeation enhancers 
can be used to transport magnetically active species across 
the skin. For example, polymer microspheres loaded With 
magnetic particles could be transported across the skin. 

[0126] 5.2.4 Adhesives 

[0127] Some devices for delivery of an active component 
or drug across a tissue barrier, and in particular transdermal 
delivery devices such as transdermal patches, typically 
include an adhesive. The adhesive often forms the matrix in 
Which the active component or drug is dissolved or dis 
persed and, of course, is meant to keep the device in intimate 
contact With the tissue, such as skin. Compatibility of the 
active component or drug With an adhesive is in?uenced by 
its solubility in that adhesive. Any supersaturated conditions 
produced in storage or in use are generally very stable 
against precipitation of the active component or drug Within 
the adhesive matrix. A high solubility is desired in the 
adhesive to increase the driving force for permeation 
through the tissue and to improve the stability of the device. 

[0128] Several classes of adhesive are used, each of Which 
contain many possible forms of adhesives. These classes 
include polyisobutylene, silicone, and acrylic adhesives. 
Acrylic adhesives are available in many derivatiZed forms. 
Thus, it is often a very dif?cult problem to select Which 
adhesive might be best to use With any particular drug and 
enhancer. Typically, all ingredients to be in the device are 






















