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& BB Abstract: A static diffusion cell for use in a diffusion sarmpling apparatus . The diffusion cell comprises a single-chamber
receptor compartment, a donor compartment a diffusion membrarie, and a sampling arm. The diffusion membsrane is positionned over
a first outlet of the receptor compartment between the receptor ancd donor compartments. A second outlet of the receptor compartment
forms a sampling arm and 2 bubble trap. To facilitate the removal of the bubbles to the second outlet the top surface of the receptor
compartment may be slanted or the outlets may be connected wth a bubble channel.
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STATIC DIFFUSION CELL FOR DIFFUSION SAMPPLING SYSTEMS

BACKGROUND OF THE INVENTIORN

Field of the Invention: The present invention relates to sta-tic diffusion cells

useful in automated and manual diffusion sampling systerms as well as assay
methods that utilize diffusion sampling systems that includCe one or more
diffusion cells according to the present invention. In partic ular, the present
invention provides a static diffusion cell that includes a single chambered
receptor compartment, which design reduces or eliminatess the disadvantages
associated with diffusion cells having multi-chambered receeptor compartments

and allows for improved sampling systems and assay methiods.

Description of the Related Art: /n vitro membrane diffusion -systems with

automated sampling are widely avaitable for flow-through d iffusion cells.
However, applicants are presently aware of only two comm ercial systems that

provide both static diffusion cells and automated sampling. Hanson Research
- Corp. of Chatsworth, CA, sells the Hanson MicroéttéPlus ™ Transdermal

Diffusion System, and Logan Instruments Corp. of Somersest, NJ, sells the
Logan System-902 and Logan System-912 Automated Trarasdermal Sampling
Systems. Logan plans to sell an upgraded system that imcludes a cell design
similar to the 902-system and an XYZ robot for automatic sampling. Although,
the diffusion systems available from Hanson Research and # ogan Instruments
exhibit differences in design, the systems available from bothh companies
includes a large amount of smail diameter tubing and pumpss (peristaltic or
syringe) that move fluids through multiple compartments within the systems.

As illustrated in FIG. 1, in the Logan system 10, tubing is par—t of the cell design.
The receptor compartment consists of three chambers linkedl together by smal

diameter tubing. A diffusion membrane 11 is positioned cn the diffusion
chamber 12, which includes a stir bar 14, a sampling port 16 that allows
introduction of a sampling probe 18, and a water jacket 20 wi-th an inlet and an

cutiet that facilitate
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circulation of water around the diffusio n chamber 12 to maintain the diffusion
chamber 12 at a desired temperature, such as 37 °C. A material or formulation
to be evaluated 22 is placed over the diffusion membrane 11, and samples are
collected from the collection chamber or flow cell 28 using a suitable collection
apparatus. The third chamber 24 is ussed as a bubble trap. A peristaltic pump
26 continuously circulates the receptor- medium 30 between the three
chambers to maintain adequate mixingg, except at sampling time. After
receptor medium 30 flows out of the diffusion chamber 12 and flows thraugh
both the collection chamber 28 and the= bubble trap 24, the receptor medium 30
returns to the diffusion chamber 12 through a media return 32. Process steps
for the Logan system 10 include 1) taki ng a sample from the flow cell 28; 2)
collecting the sample in an HPLC sampole rack 34, wherein on-line injection is
optional; 3) using gravity flow 40 from = replacement media battle 38 to feed
replacem=nt media into a replacement media cell 36 obtained from the HPLC

sample rack 34; and 4) adding the replaacement media 36 at the flow cell 28

after sampling.

As illustrated in FIG. 2, in the Hansore MicroettePlus™ Transdermal Diffusion
System 50, the diffusion celi 54 consistss of a single chamber, but the input arm
of the receptor chamber is connected b y tubing to a syringe chamber 52
{Microette unit) and the output arm to a central sample collection chamber 56.
Samples from the receptor chambers awre collected in the central sample
collection chamber 56 by positive displaacement initiated by the syringe unit 52.
Therefore, the MicroettePlus™ Transde=rmal Diffusion System 50 also utilizes

muitiple chambers interconnected by tukbing.

The designs of the systems described a bove can make cell set-up, handling,
and cleaning difficult and can lead to inaaccurate experimental data. In
particular, the relatively extensive use o¥ tubing in the systems available from
Logan Instruments Corp. and Hanson R esearch Corp. introduces several
potential problems. For example, the tulbbing can clog or leak, and the use of
tubing can result in variable or inaccurat«e calculations of cell volume. Perhaps

even more problematic is binding of media constituents, such as the material ta
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be assayed, to the tubing or leaching of chemicals from the tubing into the
receptor medium. Both the bindirg of materials from the receptor medium to
the tubing and the leaching of ma terials from the tubing into the receptor
medium can lead to an inaccurate assay of the amount or type of materials that

diffuse through the diffusion mem.brane and into the receptar medium.

-2a-
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Further, swstems designed according to those available from Logan
Instrumen. ts Corp. and Hanson Research Corp. permit the accumulation off air
bubbles umnder the diffusion membrane even after receptor medium has bezen
degassed . Accumulation of air bubbles under the diffusion membrane catises
a reductio-n in the area of the diffusion membrane in contact with the recepator
medium, thereby reducing the effective diffusion area. Sucha reduction iM
diffusion =area can, in turn, result in inaccurate experimental data. Howevesr,
removing air bubbles from the systems available from Logan Instruments
Corp. and. Hanson Research Carp. system is tedious at set-up and very
difficult or even unattainable once a diffusion experiment has started.
Accordinggly, when these systems are used, they typically require supervis ion
to ensure that air bubbles do not accumulate under the diffusion membrarae,
which supeservision defeats, at least in part, the purpose of having an
automateed sampling process.

SUMMARY OF THE INVENTION

in one aspeact, the present invention is directed to a new design for a diffusicn
cell that cam be used in conjunction with automated or manual sampling
systems. | particular, the present invention provides a diffusion cell that
integrates aa diffusion chamber, sampling chamber, and bubble trap into a
single receptor compartment. The cell design of the present invention allow~s
for a diffusion cell that is completely free of tubing.

In another aaspect, the present invention includes a diffusion sampling systerm
that incorpomrates one or-more diffusion cells according to the present inventdon.

In yet anottmer aspect, the present invention an assay method that utilizes a
diffusion sasmpling system according to the present invention.



10

15

20

25

30

‘WO 2004/086004 PCT/WIS2004/009193

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a schematic illustration of a Logan System-802 Tramsdermal
Sampling System showing the three-chamber diffusion cell.

FIG. 2 provides a schematic illustration of the Hanson MicroettePluss™

Transdermal Diffusion System.

FIG. 3 provides a schematic illustration of a diffusion cell according to the
present invention, wherein the sampling arm and bubble trap are part of the
receptor compartment.

FIG. 4 provides a schematic illustration of a diffusion cell according to the
present invention, wherein the first opening of the receptor compartment is
positioned on the side of the cell, preventing accumulation of air bu ibbles under
the diffusion membrane.

FIG. 5 provides a schematic illustration of a diffusion cell according to the
present invention, wherein the first opening creates a diffusion areza that is tilted
upward toward the second opening, which works to prevent accumaulation of air
bubbles under the diffusion membrane

FIG. 8 and FIG. 7 provide schematic illustrations of diffusion cells a ccording to
the present invention, wherein the diffusion cells include a top sectieon and a
bottom section and the bottom section can be removed and made Of different
sizes to provide receptor compartments of different volumes. ' )

FIG. 8 provides a schematic illustration of an alternative embodimemnt of a

diffusion cell according to the present invention that includes a top ssection and
a bottom section.
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FIG. 9 provides a schematic illustration of a bubbl e channel that can be formed
between the first opening and the second opening in the receptor compartment

of a diffusion cell according to the present invention.

FIG. 11 depicts one example of arranging the stattic diffusion cellsina
mounting apparatus, wherein the sampling ports a&are lined up in multiple parallel

rows.

FIG. 10 depicts another example of arranging the static diffusion cellsin a
mounting apparatus, wherein the sampling ports are lined up in a single row.

FIG. 12 depicts sampling heads to match a mounting apparatus as illustrated in

Figures |1 and 10,respectively.

FIG. 13 illustrates a reinfarcing ring for use with a diffusion membrane in a

diffusion cell of the present invention.

DETAILED DESCRIPTION OF TH E INVENTION

In one aspect, the present invention is directed to a new design for a diffusion
cell that can be used in conjuncticn with automate d or manual sampling
systems. In particular, the present invention provi«des a diffusion cell that
integrates a diffusion chamber, sampling chamber-, and bubble trap into a
single receptor compartment. The cell design of the present invention allows
for a diffusion cell that is completely free of tubing. Moreover, the design of a
diffusion cell according to the present invention elisminates the need for a pump

for circulating the fluid within various chambers.

it is believed that the design of the diffusion cell of the presentinvention has
several advantages over diffusion cell designs thatt include multiple
compartments, wherein the receptor medium flowss into the different
compartments through tubing that places the compartments in fluid

communication. For example, relative to systems requiring the interconnection
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of multiple compartments via lengtins of tubing, the diffusion cells of the present
invention can be easily removed ard replaced within a diffusion apparatus,
which eases experimental set-up a.nd cleaning. Moreover, in diffusion systems
including multiple chambers interconnected by tubing, calculation of the cell
volume includes assessment of the receptor fluid within the tubing, which
makes an accurate determination o©f cell volume difficult. In contrast, because
diffusion cells of the present invention include a single-chambered receptor
compartment, diffusion cells of the present invention allow easier and more
accurate determination of cell volusme. The absence of tubing in a diffusion cell
according to the present invention also eliminates potential tube leaks and
clogs as well as the problems that result from binding of receptor medium
materials to tube walls or leaching of chemicals from the tubing into the
receptor medium. Diffusion cells dlesigned according to the present invention
are also ease the tasks of replenishhing receptor medium and maintaining the
receptor medium at a constant voltume within the diffusion cell.

Further, unlike existing sampling swystems (e.g., the Hanson and the Logan
systems described earlier), the difffusion cell design of the present invention
allows for relatively easy removal of bubbles appearing under the surface of the
diffusion membrane during the cowarse of the experiment. In preferred
embodiments, the static diffusion c=ell of the present invention is designed to
automatically reduce the possibilitys of accumulation of air bubbles at the
surface of the diffusion membrane exposed to the receptor compartment.

Each embodiment of the.diffusion «cell of the present invention illustrated herein
is shown without a water jacket. E xisting diffusion cells are often designed to
include a water jacket, which servess to control the temperature of the diffusion
cell by circulating water of a desire d temperature around at least a portion of
the receptor compartment. ThougFn the diffusion cell of the present invention
can be designed to include a water- jacket, if desired, presently preferred
embodiments do not include such aa feature. Eliminating the water jacket
further simplifies the design of the «diffusion cell, and, in particular, eliminates
the need for the tubing and fixturess to support such a temperature regulating

-6-
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system. In addition, control of the temperature within the diffusion cells of the
present invention can be achieved through alternative means. For example,
temperature control of a diffusion cell according to the present invention can be
achieved by positiioning the diffusion cell within a mounting block that is
regulated to a dessired temperature and is designed to accommodate one or

more diffusion cellls.

A first embodiment of the diffusion cefl 100 of the present invention is illustrated
in FIG. 3. The diffusion cell 100 of the present invention includes a single-
chamber receptor compartment 102, a donor compartment 110, a diffusion
membrane 104, aand a sampling arm 106. As can be seenin FIG. 3, the
diffusion membra ne 104 is positioned over a first outlet 108 and once the
diffusion cell 100 is assembled, a top surface of the diffusion membrane 104
forms at least a p ortion of the bottom surface of the donor compartment 110,
and a bottom surface of the diffusion membrane 104 forms at least a portion of
the top surface of" the receptor compartment 102. The diffusion membrane 104
used in a diffusior cell 100 according to the present invention may be any
natural or synthetic material suitable for application in a diffusion cell. Natural
membranes useful in a diffusion cell 100 according to the present invention
include, but are n ot limited to, skin, mucosal membranes, cornea, and epithelial
membranes (e.g. . intestinal, colonic, or nasal epithelial membranes). Ina
prefered embodignent, the diffusion membrane 104 is formed of animal or

human skin.

in order to ensure the diffusion membrane is properly-held in place between the
donor 110 and re«ceptor 102 compartments, the diffusion membrane 104 may
be positioned ovear or disposed between a device or component that reinforces
the diffusion membrane 104 and allows the diffusion membrane 104 to be
securely held in p:lace without undesired damage to the membrane 104. As is
ilustrated in FIG. 13, in preferred embodiments, a reinforcing ring 120, such as
a washer or gaskeet, is positioned under the diffusion membrane 104 or over the
diffusion membra ne 104. Alternatively, two reinforcing rings 120 may be
positioned both ower and under the diffusion membrane 104, A reinforcing ring
120 used in a diffusion cell 100 of the present invention can be formed of any

suitable material, ssuch as a polymer material.

-7-
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In addition, a cover material 122, such as a cover fabric (shown in FIG. 13}, can
be positioned o-ver the diffusion membrane 104 and test material 112.

A test material 112 is deposited in the donor compartment 110 in contact with
the top surface of the diffusion membrane 104. The test material 112 includes
one or more commstituents, such as one or more drugs, to be tested for
permeability or flux across the diffusion membrane104. Though in preferred
embodiments the diffusion cell 100 of the present invention is used to evaluate
the flux of one or more drugs contained in a test material 112 across the
diffusion memb rane 104, diffusion cells 100 accaording to the present invention
are not so limitead in use. A diffusion cell 100 according to the present invention
can be used to evaluate the permeability or flux of virtually any desired
substance acro ss a chosen diffusion membrane 104. The test material 112,
therefore, can imclude a wide range of substances or formulations. For
example, the te=st material 112 may simply be a desired amount of a particular
compound at a chosen purity. Alternatively, the test material 112 may include a
formulation of twwo or more materials, such as a liquid formulatien (e.g., a
solution, suspe nsion, emulsion, etc.) ora lotion, cream, gel, or other semi-solid
formulation. Exven further, the test material 112 may include a drug delivery
device, such ass a transdermal therapeutic device, designed to d'elivery a

chosen substarice, such as one or mare therapeutic agents.

The receptor compartment 102 of a diffusion cell 100 of the present invention
may be designeed according to any desired size or shape. However, the
geometry of the= receptor compartment 102 is preferably designed for efficient
stirring of the rezceptor medium. The receptor compartment 102 typicailly
includes a mag netic stir bar 114 or other suitable means to ensure proper
stirring of the resceptor medium throughout the diffusion cell 100, which reduces
the possibility cf forming stagnant diffusion layers near the diffusion membrane
104. A recepto r compartment 102 of a diffusion cell 100 according to the

present invention alsa includes the first outlet 108 and a second outlet 118.

The first outlet 108 may be formed to any size and shape that allows
positioning of thhe diffusion membrane 104 over the first opening 108. For

example, wher-e the
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receptor compartment 102 is designed to accommodate a 5-30 rml volume of
receptor medium, the first opening 108 is preferably sized from about 0.7 to
about 5 cm2. However, the size and shape of the first opening 1 08 can be
varied, as desired, to allow the use of differently sized diffusion rmembranes
104 and to suit any particular test conditions. As can be seen in FIG. 3, the first
opening 108 can also be adapted to facilitate positioning of the diffusion
membrane 104 and asscciation of the donor compartment 110 with the
receptor compartment 102. The first outlet 108 and donor comp artment 110 of
the diffusion cell 100 illustrated in FIG. 3, are designed with a fla.nge that
facilitate clamping of the donor compartment 110 cver the diffusion membrane
104 and the first opening 108 of the receptor compartment 102. Of course, it
is to be understood that the donor compartment 110 can be asseciated with the
receptor compartment 102 using any suitable mechanism, not juist a clamp.

For example, the donor compartment 110 can be associated wit.h the receptor
compartrr{ent 102 using a threaded connection, a male-female c=onnection, a
snap-fit connection, or through a friction or interference fit. Both the donor
compartment 110 and the receptor compartment 102, including -the first
opening 108, can be adapted as necessary to facilitate the use of a desired
mechanism for the association of the donor compartment 110 w ith the receptor

compartment 102.

The second outlet 118 of the receptor compartment 102 serves as a sampling
arm 106 and a bubble trap. The second outlet 118 may be sizead and shaped
according to any desired configuration providing a suitable sampoling arm 106.
Typically, the opening of the second outlet 118 will be smaller traan that of first
outlet 108. The second outlet 118 includes a cap or a seal 115 having a
septum that can be penetrated by a sampling needle 117. Typiczally the
opening of the second outlet 118 will be circular in shape and will be about 0.5
cm in diameter. In preferred embodiments, the second outlet 1718 is sized and
shaped so that HPLC vial caps 115 with a septum can be used —to cap the

second outlet 118.

The sampling arm 106 formed at the second outlet 118 also ser-ves as a bubble
trap, allowing the removal of bubbles that form under the diffusison membrane
104. Depending on the design of the diffusion cell 100 of the pr-esent invention,
bubbles are removed either by tilting the cell 100 and forcing thez bubbles from
under the

-9-
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diffusion membrane 104 and into the sampling arm 106, omr the diffusion cell
100 may be designed such that bubbles forming within the cell 100
automatically migrate into the sampling arm 106 formed byy the second outlet
118. If large bubbles accumulate in the sampling arm 106 and the fotal
receptor medium level decreases, more receptor medium can be easily added
through the sampling arm 1086 to keep the total receptor maedium level constant.

The donor compartment 110 of a diffusion cell 100 accord ing to the present
invention is positioned over the first opening 108 of the receptor compartment
102 and can be sized and shaped as desired to meet any experimental need.
The donor compartment 110 is designed to contain the test material 112. A
cap or seal 105, such as a screw cap, septum, or the like, may be provided
over the donor compartment 110 and may be necessary vahere the test
material 112 is a liquid or low viscosity or where evaporati on or contamination
of the test material 112 are to be reduced or eliminated. As is indicated above,
the donor compartment 110 can be associated with the re ceptor compartment
102 using any suitable mechanism. For example, the dormor compartment 110
may be clamped to the receptor compartment 102 or, altearnatively, the denor
compartment 110 may be associated with the receptor commpartment 102 using
a threaded connection, a male-female connection, a snap—fit connection or bya
friction or interference fit. Therefore, the design of one or- more components
forming the donor compartment 110 can be adapted to factilitate association of
the donor compartment 110 with the receptor compartmert 102 according to
any desired mechanism. In each embodiment, the mechaanism for associating
the donor compartment 110 with the receptor compartmert 102 maintains the
donor compartment 110 in close contacting relationship w-ith the diffusion
membrane 104 or the first opening 108 of the receptor cormpartment 102.
Though the means for associating the donor compartmen® 110 with the
receptor compartment 102 may form an adequate seal be tween the two
compartments 102, 110 and the diffusion membrane 104, one or more
additional sealing elements, such as one or more O-rings or gaskets, may be
used where the diffusion membrane 104, donor compartiment 110, or receptor
compartment 102 interface with one or more other compomenté of the diffusion
cell 100. ‘

-10 -
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FIG. 4, FIG. 5 and FIG. 8 illustrate embodiments of diffusion cells 200, 300, 400
of the present invention that facilitate the automatic migration of bubbies from
the underside of the diffusion membrane positioned at the first outlet of the
receptor compartment to the bubble trap formed at the second outlet of the
receptor compartment. These desigrs permit bubbles that may be formed near
the diffusion membrane to move towards the bubble trap formed by the second
outlet without requiring removal of the diffusion cell from a diffusion apparatus
or manipulation of the diffusion cell by a human operator (e.g., tilting the
diffusion cell to move bubbles into the bubble trap).

As shown in FIG. 4, the first outlet 2C: 8 of the receptar compartment 202 can be
positioned on a side of the receptor compartment 202 instead of the top.
Designing the diffusion cell 200 in this manner effectively rotates the
arrangement of the diffusion membraane 204 from a roughly horizontal position
to a roughly vertical position. Becausse the diffusion membrane 204 is
positioned vertically on one side of the receptor compartment 202,

any bubbles formed within the receptor compartment 202 will tend to rise away
from the surface of the diffusion membrane 204 to the top of the receptar
compartment 202, where the second outlet 218 and bubble trap are located. In
addition, if desired, the top surface ofthe receptor chamber 202 can form an
incline 203 that rises toward the second outlet 218, thereby further increasing
the likelihood that any bubbles formezd within the receptor compartment 202 will
automatically migrate into the bubbles trap farmed by the second outlet 218,
without the need for an operator. Thee slope 203 should be high enough that air
bubbles move towards the opening of sampling port 206. Where the first outlet
208 is positioned at one side of the dliffusion cell 200, it is necessary that the
association of the diffusion membrarme 204, donor compartment 210 and
receptor compartment 202 form a sexal that prevents leaking of the receptor
medium from within the receptor cormpartment 202. Any suitable mechanism
for associating the denor 210 and re ceptor 202 compartments can be used.
The necessary seal at the interface between the diffusion membrane 204,
donor compartment 210 and receptor compartment 202 can be formed solely
by the mechanism associating the components, or, alternatively, one or more
additional sealing members 215 mayy be included to provide the desired seal.
The mechanisms already described for associating the donor compartment and

receptor compartment, as well as the additional sealing members described

211 -
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herein are also suitable for use in a diffusion cell designed according to the
embodiment illustrated in FIG. 4. Additionally, the receptor compartment may

have a stirrer 214,

FIG. 5 and FIG. 8 illustrate diffuasion cells 300, 400 according to the present
invention wherein both the first 308, 408 and second 318, 418 outlets of the
receptor compartment 302, 402 are located at the top of the receptor
compartment 302, 402, but the first outlet 308, 408 is designed such that the
portion of the top surface of the receptor compartment 302, 402 formed by the
bottom surface of the diffusion anembrane 304, 404 inclines upward toward the
second outlet 318, 418. This tiflt or inclination of the top surface of the receptor
compartment 302, 402 toward ®&he second outlet 318, 418 of the receptor
compartment 302, 402 works to automatically direct any bubbles that form or
come to rest on the bottom surface of the diffusion membrane 304, 404 toward
the bubble trap formed by the ssecond outiet 318, 418. Additionally, as shown
in FIG. 5, the receptor compartment 302, which may contain a stirrer 314, may
be disposed within a heating block 319; a top portion of the second outlet 318
may have a cap 315 with a septum, through which may pass a sampling needle
301. '

In a particularly preferred embodiment, the diffusion cell of the present
invention is not only designed wwith receptor compartment having a top surface
that inclines upward toward thes second opening, but the diffusion cell also
includes a channel connecting the first and second outlets. The channel can
simply be a depression formed in the top surface of the receptor compartment
that extends between the first and second outlets. An illustration of such a
channel is provided in FIG. 9. Typically, the first outlet 508 of the receptor
compartment 502 will not be d-esigned such that the bottom surface of the
diffusion membrane is flush wi th the other portions of the top surface of the
receptor compartment. Becawse of this, bubbles may be trapped at the step
formed where the bottom surfaace of the diffusion membrane interfaces with the
remainder of the top surface o fthe receptor compartment. Forming a bubble
channel 509 between the first 508 and second 518 outlets reduces any step

12 -
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formed a.t this interface and thereby further facilitates the automatic migratios of
bubbles ffrom the bottom surface of the diffusion membrane to the bubble trasp

formed bey the second outlet 518,

The volu me of receptor medium contained within a diffusion cell according t©
the preseant invention must be considered when designing a diffusion study.

-12a-
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Commonly, receptor compartment volumes for diffusion cells range from about
5:--30 ml. However, diffusion cells having virtually any desired volume of
rexceptor media can be designed. When itis anticipated that the material €o be
assayed from the receptor media exhibits a low permeability or flux acrosss the
dRiffusion membrane, relatively small volumes of receptor medium are des&rable
a.nd may be necessary so that the concentration of the material to be assaayed
vwithin the receptor medium can be above the limit of detection for the assay
method used within a reasonable amount of time. However, when itis
a.nticipated that the material to be assayed from the receptor media exhib#its a
teigh permeability or flux across the diffusion membrane, a relatively large
v-olumes of receptor media are desirable and may be necessary to maintain

s ink conditions in the receptor compartment throughout the diffusion studyy.

T herefore, the volume of the receptor compartment can be varied to provi de
any particular volume of receptor medium useful for a chosen diffusion study.

T o better facilitate tailoring the volume of the receptor compartment to a chosen
dBiffusion study, the diffusion cell 400 of the present invention can be designed
h.aving separable top 499 and bottom 498 sections (shown in FIG. 6 - FIG.8),
wwith a joint 491 between the top 499 and bottom 498 sections. The top sexction
4-99 of such an embodiment is formed as a cap-and septa 496 or a plug 4 95,
a-nd includes the first outlet 408 of the receptor compartment 402 and
imtegrates an area for association of the donor compartment 410 with the
receptor compartment 402, for example by using threads 492. A bottom

s urface of the top section 499 aiso forms at least a portion of the top surface of
the receptor compartment 402. Preferably, the top section 499 also
imcorparates the second outlet 418 of the receptor compartment 402 and, asa
ressult, the sample arm 406 and bubble trap of the diffusion cell 400. The

b ottom section 498 is typically a cup-, well-, or tube-shaped reservoir, which
may be made of glass, that is removable from the top section 499 of the

d iffusion cell. The shape or geometry of the bottom section 498 is preferaably
d esigned for efficient stirring of the receptor medium with a stir bar 414. A

s -ealed receptor compartment 402 of a given volume is formed when the t op

4 99 and bottom 498 sections of the diffusion cell 400 are property associated.
B3y varying the volume of the bottom section 498 of a diffusion cell 400 ha:ving
s eparable top 499 and bottom 498 sections, the volume of the receptor
compartment 402 can be readily tailored to a meet the needs of a desiredi

Aiffusion study.
-13 -
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Where the diffusion cell 400 of the present inventtion is designed with separable
top 499 and bottom 498 sections, the two sectiors 499, 498 of the diffusion cell
400 can be associated using any suitable means . In a preferred embodiment
(ilustrated in FIG. 8) the top 499 and bottom 498 sections are designed to fit
together with a friction or interference fit. In suchs an embodiment, the top
section 499 may include a lip, ﬂange,' or other feature that ensures the top
section 499 is inserted into the bottom section 458 to a desired depth, providing
a receptor compartment 402 having a desired vo lume. Moreover, to ensure
that an adequate seal is formed between the top 499 and bottom 498 sections,
the top 499 or bottom 498 section can incorporate one or more sealing
members 425, such as one or more O-rings or gaskets. Where the top 499
and bottom 498 sections of a diffusion cell 400 o the present invention are
designed to be associated with a friction or interf<erence fit, the force required to
associate and dissociate the top 499 and bottom 498 sections should be at
least sufficient to maintain the two sections 499, 498 together during a diffusion
test and to form an adequate seal where the top 499 and bottom 498 sections
interface. Additionally, the diffusion cell 400 may incorporate a sunk area 490

for a complete drain.

It should be understood that top 499 and bottom 498 sections of a diffusion cell
400 of the present invention might also be assocsiated using any other suitable
mechanism. For example, the top 499 and bottoem 498 sections of a diffusion
cell 400 according to the present invention can b e associated using a clamp.
Alternatively, the top 499 and bottom 498 sectiors of a diffusion cell 400 of the
present invention can be associated using, for example, a threaded connection,
a male-female connection or a snap-fit connecticon. The design of the top 499
and bottom 498 sections of a diffusion cell 400 of the present invention is
flexible and can be altered to accommodate the wse of virtually any suitable

connection mechanism.

The various different components of diffusion cells of the present invention can
be fabricated using materials well known in the aart. However, in preferred
embodiments, at least a portion of the receptor czompartment is formed of a
glass material. Where the diffusion cell accordin«g to the present invention
includes a top and bottom section, itis preferablez to form the top section of
TEFLON® and the bottom section of glass. Howeever, any other materials that
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are suitable for application in a diffusior cell of the present invention may also
be used. For example, instead of TEFL_ON®, the top section of a diffusion cell
of the present invention can be formed of a metal or metal alloy, a polymer
material or glass. Moreover, instead o-f glass, the bottom section of a diffusion
cell of the present invention can be forrmed of a metal or metal alloy or a
polymer material. A material is suitable for use in the fabrication of a diffusion
cell of the present invention provided it is capable of withstanding exposure to
the anticipated test conditions without physical failure and without
contaminating the receptor media or re=taining undesirable amounts of the
material to be assayed.

The diffusion cells of the present inven-tion can be used to conduct a variety of
assays used in the art. For example, liffusion cells of the present invention
can be used to test various drug dosage forms, including transdermal dosage
forms, oral dosage forms, ocular dosage forms such as transdermal or
transmucosal patches, tablets, semi-solid dosage forms, gel formulations,
pastes, ointments, emulsions, suspenssion, drops and the like.

Diffusion cells according to the presentt invention can also be used for
mechanistic studies, e.g. transport stuciies through epithelia that focus on
various parameters, such as vehicle effect, ionic strength, markers and the like.
The diffusion cells of the present inveration can also be used for non-passive

diffusion assessments that involve acti ve transport mechanisms, which include
iontophoresis, sonophoresis, and the like.

The diffusion cells of the present inveration can be used to form a diffusion
sampling system. A diffusion sampling system of the present invention
includes one or more diffusion cells ac=cording to the present invention
positioned within a mounting apparatuss, such as a mounting block, that allows
for stirring of the receptor media in the diffusion cells and serves to maintain the
diffusion cells at a desired temperatures. Where a mounting block is used, the
mounting block is preferably formed of* a conductive metal, such as an

aluminum alloy or stainless steel, that can be maintained at a substantially
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uniform temperatusre throughout the mounting block and allows the use of
magnetic stir bars -within the receptor compartment. The diffusion cells
included in a diffussion sampling system of the present invention are positioned
within the mountingg apparatus such that sampling ports of each diffusion cell
are readily accessiible. In prefemmed embodiments, the diffusion cells include a
keying feature that require the diffusion cells to be positioned within the
mounting apparatuis such that the sample ports are aligned in a configuration
that facilitates easw sampling. Once positioned within the mounting apparatus,

the diffusion cells ean be sampled manually or automatically.

Where automatic sampling of multipte diffusion cells is desired, the diffusion
sampling system of the present invention can include, for example, a robot with
multidirectional fle xibility, such as an XYZ. XYZ robots are often used in high
throughput screen ing applications and are capable of controlled, programmable
movements in all directions along the XYZ axes. XYZ robots can also be
provided with sam pling heads that allow the simultaneous sampling of several
cells (generally up to 6 to 12 cells simultaneously). Depending on the
positioning of the diffusion cells in the mounting apparatus, different robot
sampling heads can be used. Examples of two designs for the blocks and the
matching sampling heads are shown in Figs. 10-12. The static diffusion cells of
the present inventdon are also adapted for manual sampling. Fig. 11 shows a
plurality of clamps and cells 600 disposed within a block 699, which may be
made of aluminum. The head of an XYZ robot 199 is shown in FIG, 3

interfacing with the: present invention cell 100.

The above-descritbed exemplary embodiments are intended to be illustrative in
all respects, rathews than restrictive, of the present invention. Thus the present
invention is capab le of many variations in detailed implementation that can be
derived from the d escription contained herein by a person skilled in the art. All
such variations armd modifications are considered to be within the scope and

spirit of the presermtinvention.

216 -

AMENDED SHEET



PCT/US2004/009193

CLAIMS

We claim:

1. A diffusion cell comprising a receptor and donor cbmpartment, wherein the
receptor compartment is a single-chambered compsartment that includes a first
outlet and a second outlet, a diffusion membrane a_nd the donor compartment are
positioned over the first outlet, and the second outleet forms a bubble trap and a
sampling am, wherein a bottom surface of the diffuision membrane forms at least
a portion of the top surface of the receptor compartment and the first outlet of the
receptor chamber is formed such that the portion o the top surface of the
receptor compartment formed by the bottom surface of the diffusion membrane

inclines upward toward the second outlet.

2. The diffusion cell of claim 1, wherein the first outlet and the second outlet
are formed at the top surface of the receptor compartment and a bubble channel

extends between the first and second outlet.

3. The diffusion cell of claim 1, wherein the diffausion cell is formed of a top
section and a bottom section and the top and botto m sections are separable.

4, The diffusion cell of claim 3, wherein the top section of the diffusion cell

comprises the first outiet of the receptor compartmeant.

5.  The diffusion cell of claim 4, wherein the top section of the diffusion cell

comprises the first outlet and the second outlet of thhe receptor compartment.

6. A diffusion cell comprising a receptor and deenor compartment, wherein the
receptor compartment is a single-chambered comp artment that includes a first
outlet and a second outlet, a diffusion membrane amnd the donor compartment are
positioned over the first outlet, and the second outlest forms a bubble trap and a
sampling arm, wherein the receptor compartment ircludes a top surface, the first

-17 -
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outlet and the second outlet are foremed in the top surface, and a bubble channel

extends between the first and secomd outlet.

7. The diffusion cell of claim 6, wherein the diffusion cell is formed of a top

section and a bottom section and the top and bottom sections are separable.

8. The diffusion cell of claim 7, wherein the top section of the diffusion cell

comprises the first outlet of the receptor compartment.

9. The diffusion cell of claim 8, wherein the top section of the diffusion cell
comprises the first outlet and the seecond outlet of the receptor compartment.
10. A diffusion cell comprising

a receptor compartme=nt, which is a single-chambered compartment
that includes a first cutlet and a second outiet;

a diffusion membrane and a donor compartment, which are
positioned over the first outlet; and

means for removing bubbles extending between the first and the

second outlets.

11.  The diffusion cell of claim 10, wherein the means for removing bubbles

comprises a channel.

12.  The diffusion cell of claim 10, wherein the means for removing bubbles

comprises an incline upward toward the second outlet.

-18 -
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13. The diffuasion cell of claim 10, wherein the receptor compartment has a
top surface and wherein the first outiet and the second outlet are located on the

top surface.

14, The diffusion cell of claim 13, wherein the means for removing bubbles

comprises a channel.

15. The diffusion cell of claim 13, wherein the means for removing bubbles

comprises an iracline upward toward the second outlet.

16. A diffusi on cell of claim 1 or claim 6 or claim 10, substantially as herein
described with reference to and as illustrated in any of the accompanying

drawings.
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