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Assay Method and Apparatus
This invention relates to assay methods and apparatus for use in such methods,
more particularly to methods and diffusion cell type apparatus for providing improved
accuracy for in vitro modelling of the dermal absorption of substances including

nanoparticles.

Background to the invention
This invention addresses a fundamental issue in dermatotoxicology: the lack of an in

vitro skin system to more closely represent in vivo dermal absorption conditions.

A Franz cell or diffusion cell is a container with a donor chamber separated from a
receptor chamber by a porous membrane or barrier (e.g. skin) located between the
chambers and clamped in place. Typically the receptor chamber of a Franz cell
container is filled with a receptor fluid which is maintained in contact with the barrier
or membrane. A donor substance which may comprise a solid, semi-solid, gas or
liquid is placed in the donor chamber and transfer through the membrane can be
assessed by measuring the quantity of the donor substance which is present in the
receptor liquid. The receptor fluid may comprise water, a solvent, an aqueous

solution, a buffered solution or a saline solution.

Franz cells may be employed for testing transdermal absorption of substances. A
skin sample is disposed between the donor chamber and the receptor chamber
containing a receptor liquid. In this model the receptor liquid corresponds to the
papillary plexus, and as such compounds which penetrate the skin section to enter
the receptor fluid can reasonably be expected to penetrate skin in vivo and therefore,
can be made available to the systemic circulation by application to the skin. Diffusion
cells and assay methods using such cells therefore provide an assessment of the

bioavailability of a compound following dermal absorption.

It has been proposed to maintain constant pressure in the receptor fluid and include
means for controlling flow of receptor fluid. It has also been proposed to couple high
accuracy extraction pumps to Franz cells in order to remove small volumes of liquid
from the receptor chamber for measuring. Typically volumes on the order of a micro
litre (ul) (10"°m?) are dispensed from the chamber. In such systems an inlet capillary

may be provided to replace fluid volume removed for measurement.
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To provide an in vitro model of improved accuracy and reliability it is desirable to
simulate more closely the conditions encountered when a compound is applied to

living skin.

Summary of invention

Aspects and preferred examples of the invention are set out in the claims.

An aspect of the invention provides a vessel for diffusion cell, the vessel comprising a
driver arranged to drive motion of a membrane (eg. a mounted skin section). This
has the advantage of providing a diffusion cell operable to simulate the flexing and

stretching of the skin that occurs in vivo.

A diffusion cell comprises a receptor chamber for holding fluid. This enables a
membrane (eg. a skin section) held in the diffusion cell to be kept in contact with
particular receptor fluid media. In general the receptor chamber has an orifice over
which the membrane can be clamped, for example using a clamp or other mounting.
When clamped in place the membrane covers the orifice to close the chamber.
Preferably the driver is operable to displace said receptor chamber fluid to drive
motion of the skin section. This has the advantage of providing motion of the
membrane without applying highly localised mechanical force to the membrane. As
will be appreciated applying highly localised force repetitively may damage and

possibly even tear the membrane causing the assay to fail.

In one embodiment a force may be applied to the membrane in a cyclic fashion, such
as in a sinusoidal fashion and variations thereof. Accordingly, the observed

membrane movement may be, for example cyclic or sinusoidal.

Reference to ‘motion’ of the membrane, of course, refers to an ‘up’ and/ or ‘down’
movement of the membrane when the receptor is orientated in its usual position of
use as illustrated in the Figures. Put another way, the ‘down’ direction of membrane
movement is the direction that corresponds to the minimum distance of travel of a

test compound/ substance across the membrane during performance of the assay.

In one embodiment displacing fluid may comprise varying the capacity (total internal
volume) of the receptor chamber. In one embodiment the driver is operable to
displace a fluid volume and/or change the internal capacity of the chamber

corresponding to a volume of between 0.01ml and 2ml (eg. between 0.001ml and
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0.5ml). In another embodiment the driver is operable to displace a fluid volume
and/or change the internal capacity of the chamber corresponding to a volume of
between 0.02ml and 1.5ml (eg. between 0.02ml and 0.7ml). In another embodiment
the driver is operable to displace a fluid volume and/or change the internal capacity
of the chamber corresponding to a volume of between 0.03ml and 1.5ml (eg.
between 0.03ml and 0.9ml). In another embodiment the driver is operable to
displace a fluid volume and/or change the internal capacity of the chamber
corresponding to a volume of between 0.04ml and 1.1ml. In another embodiment the
driver is operable to displace a fluid volume and/or change the internal capacity of
the chamber corresponding to a volume of between 0.04ml and 1ml (eg. between
0.1ml and 0.7ml). In another embodiment the driver is operable to displace a fluid
volume and/or change the internal capacity of the chamber corresponding to a
volume of between 0.06ml and 1ml (eg. between 0.2ml and 0.9ml). In another
embodiment the driver is operable to displace a fluid volume and/or change the
internal capacity of the chamber corresponding to a volume of between 0.08ml and
1.2ml (eg. between 0.3ml and 1ml). The selected capacity changes have the
advantage of providing flexing and stretching of a mounted membrane (e.g. skin
sample) without damaging it and maintaining it in contact with the receptor fluid.
Optionally the capacity change can be selected with reference to the size of the
orifice and the desired displacement of the membrane dependent on the desired
range of movement. As will be appreciated in the context of the present application
the capacity change and/or the pump displacement volume are selected based upon
the desired degree of membrane flexion/displacement, the orifice diameter and the

durability and elastic properties (e.g. elastic modulus) of the membrane under test.

In one embodiment, the membrane is a tissue sample (eg. an animal tissue sample
such as a pig or human tissue sample). Preferably the tissue is a skin section, for
example a section of excised pig or human skin. In this regard, convenient sources
skin samples include hospitals performing skin surgery such as abdominoplasty or
breast reduction. However, as will be appreciated, the method may be applied to any
tissue or membrane. For example, artificial skin alternatives are readily available

commercially, such as those provided by SkinEthic Laboratories (Lyon, France).

Artificial skins are typically produced by culturing human keratinocytes on a collagen
base in conditions to promote terminal differentiation and reconstruction of the
epidermis with a functional horny layer. These primary human keratinocytes are

obtained, for example, from mammary/ abdominal samples from plastic surgery
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donors. Reconstituted human epidermis (RHE) follows the same principles, and is
produced from normal human Keratinocytes cultured on an inert polycarbonate filter
at the air-liquid interface. RHE is generally considered (by those in the art) as being a

good equivalent (histologically) to an in vivo human epidermis.

The method of the present invention may be applied in a diffusion cell comprising: a
receptor chamber for holding a fluid and the force may be applied using the receptor
fluid. Typically the chamber will have an orifice surrounded by a flange to enable a
membrane (eg. a skin section) to be secured to the orifice, for example using a
clamp. The method may comprise causing a variation of fluid pressure in the receptor
chamber to apply force to the membrane. In some examples the pressure variation is
cyclic, for example sinusoidal. These methods have the advantage of modifying the
behaviour of the membrane to account for natural movement that occurs in vivo. This
is of particular advantage in studies of penetration of compounds into skin because it
can account for the enhancement of the penetration of nanoparticles into the skin via

the intercellular spaces.

In one embodiment the driven motion includes a flexing motion of the membrane (eg.
skin section) and may be a cyclic and/or oscillatory motion such cyclic and/or
oscillatory motion may be periodic, aperiodic or intermittent. By way of example, the
average cycle time may be 0.1 second, 1 second, between 1 and 10 seconds and 20
seconds, between 30 seconds and 1 minute. In one embodiment the average cycle
time is between 50 seconds and 1 minute 20 seconds dependent on the level of
motion that is required to be simulated. As will be appreciated in the context of the
present application a suitable rate of flexing is selected dependent on the particular
circumstances being modelled. Use of a cyclic or intermittent motion of the
membrane has the advantage of allowing behaviour of the tissue model to be
modified using a measurable parameter which is straightforwardly controlled. In one
embodiment the selected cycle time is on the order of minutes, for example 2
minutes, 4 minutes 6 minutes or 20 minutes. This has the advantage of simulating
slower (or more infrequent) flexing of the membrane. In one embodiment the motion
of the membrane is controlled to as not to be so rapid as to induce damage to the
membrane or adversely affect the test compound. The lower limit on the speed of
motion induced in the membrane is selected to prevent the membrane behaving as if

it is static. This is likely to give a cycle time range of between seconds and minutes.
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In one embodiment motion causes extension (a degree of stretching) of the
membrane sample. By way of example, the percentage extension associated with its
driven motion may be less than 0.01%, less than 5%, or, in one embodiment less
than 10%; in another embodiment less than 30% or 50%. As will be appreciated in
the context of the present invention the degree of extension is selected based upon
the parameters of the system being modelled (e.g. the behaviour of the in vivo skin
type in question) and based upon the properties of the membrane to prevent/
minimise damage by overstretching. The selected percentage ranges are merely
examples and, as will be appreciated in the context of the present invention, each
example provides particular advantages under different circumstances and
dependent on the tissue system being simulated and, advantageously, the present
invention enables the skilled practitioner to select the range appropriate to a

particular circumstance/system.

In one embodiment, reference to percent (%) extension means the maximum
distance of membrane displacement in a single direction relative to the resting
position of the membrane (ie. when the membrane is not subjected to flexing motion),
and wherein 100% extension represents the maximum distance of membrane
displacement at which point the membrane becomes damaged (eg. the membrane
can no longer be used in a reliable and repeatable manner in accordance with the
invention, or tears, or stretches beyond its elastic limit). In another embodiment,
100% extension may represent the maximum thickness of the membrane (eg. in a
direction represented by the shortest distance that a test compound/ substance

travels when crossing the membrane during an assay of the present invention).

In one embodiment, the membrane is driven to deflect from its equilibrium position by
a deflection which exceeds 0.05 mm, 0.1mm, 0.2Zmm, Tmm and in some examples it
may exceed 2mm. In one embodiment the membrane is displaced from its
equilibrium position by up to 50mm or 1cm or 2 cm. As will be appreciated, a
particular deflection of the membrane may be selected to simulate particular

conditions in vivo.

In one embodiment the receptor chamber is fluidly coupled to a piston pump or a
piston pump is formed integrally with the receptor chamber, for example in a wall of
the receptor chamber. In these examples a simple linear actuator, or an electric
motor coupled to a reciprocating arm can be used to accurately control a capacity

change in the receptor chamber. Alternatively, the receptor chamber may have a
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movable portion, such as a movable wall, that can be driven inwards in the manner of
a syringe, alternatively the movable portion may include a flexible or compressible
(e.g. concertinaed) wall. In one embodiment an inflatable member such as a
bladder, rather in the manner of a balloon, is provided within the receptor chamber,
the interior of the inflatable member being fluidly coupled to a controllable pressure
pump so that inflation and/or deflation of the inflatable member causes a
corresponding capacity/ pressure change in the receptor chamber. In one
embodiment a modified sampling arm or sampling arm cap is provided so that a
standard diffusion cell can be modified to operate in accordance with the invention
(for example by providing a driver in or coupled to the sampling arm cap). As will be
appreciated, these are just examples and any appropriate means operable to provide

a cyclic capacity and/or pressure change in the receptor chamber may be used.

In one embodiment gases are excluded from the receptor chamber so that the fluid
content of the receptor chamber is substantially incompressible. These examples
have the advantage of providing a predictable application of force/pressure to the
membrane (eg. skin section) in response to a particular change in the internal
capacity of the receptor chamber (the receptor chamber being closed by a skin
section). Typically a diffusion cell includes a sampling arm for the collection of
receptor fluid samples during studies. In examples of the invention the sampling arm
has a screw-threaded cap to prevent escape of receptor fluid from the sampling arm.
Preferably the sampling arm is capped with no head space of air this movement

causes the membrane to flex outwards.

In one embodiment the driver includes a mechanical driver for applying driving force
to the skin section, for example via a clamp. This has the advantage that pre-existing
diffusion cells can be used. A mechanical driver may be an electromechanical
actuator (e.g. an actuator including a solenoid or being similar to a loud speaker, or
including one or more piezoelectric elements) coupled mechanically to the skin

section, for example via the clamp.

In one embodiment a hydraulic piston connects to the receptor chamber. The piston
is controlled by a hydraulic pump system of which the movement can be finely
controlled. The sampling arm which allows collection of the receptor fluid samples
during studies has a screw-threaded cap to prevent escape of receptor fluid from the
sampling arm. When a membrane (eg. an excised skin section) is mounted in this

instrument, outward movement of the piston will result in receptor fluid moving out of
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the receptor chamber. As the sampling arm is capped with no headspace of air, this
movement causes the membrane to flex inwards as shown in Figure 2A. Conversely,
movement of the piston inwards moves fluid into the receptor chamber giving rise to
an outward flexing of the membrane as shown in Figure 2B. Repeated motion of the
piston inwards and outwards results in a cyclical flexing of the membrane inwards

and outwards.

In one embodiment the receptor chamber is jacketed with a fluid jacket to provide
temperature control of the receptor chamber. Examples of the invention have the
advantage that the skin section can be maintained under prescribed conditions, for
example at particular temperature, and/or with particular receptor fluid media which
enable an accurate assessment of dermal absorption, whilst also allowing membrane

movement.

The diffusion cell is preferably an OECD (Organisation for Economic Co-operation
and Development) compliant diffusion cell, modified to allow movement of the
membrane and, therefore, any results obtained using this system may be directly
comparable to those results obtained using standard non-flexing diffusion cells. In
this regard, the OECD 428 Guidelines for Skin Absorption (in vitro) require that a
diffusion cell must comprise two chambers, the donor chamber and the receptor
chamber, which provide a good seal around the membrane. The Guidelines also
require that the cell permits easy sampling, good mixing of the receptor solution
which is in contact with the underside of the membrane, and good temperature

control of the cell and its contents.

In one embodiment, typical orifice diameters include 5mm, 7mm, 9mm, 11.28mm,
15mm, 20mm and 25mm, although other diameters may be provided. As will be
appreciated the word "orifice" as it refers to a Franz Cell is the area at the top of the
receptor chamber that is exposed to the membrane through which transport or
permeation is being studied. Preferably a clamp is provided for clamping a skin
section or skin section over the orifice to close the receptor chamber. Typically a
Franz cell receptor chamber has a capacity of between 5ml and 20ml although other

volumes may be provided.

By way of example, one embodiment of the invention is to use a hydraulic piston

connecting to the receptor chamber. The piston is controlled by a hydraulic pump
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system of which the movement can be finely controlled. This has the advantage of

providing precise control of the pressure variations applied to the membrane.

In one embodiment the driver is an hydraulic peristaltic pump alternating between
forward and reverse drive motion. This and other examples of the invention permit
the displacement of a membrane under test to be controlled with high precision and
reproducibility to ensure that results can be replicated between studies and to
facilitate comparisons between results obtained in different studies. As will be
appreciated in the context of the present invention the exact amplitude (volume
displacement) and reciprocation frequency is selected according to the parameters of

the system being modelled/ simulated by the diffusion cell.

In one embodiment a membrane (eg. a skin sample) is mounted in a diffusion cell
between a receptor and a donor chamber. A substance to be tested is provided to
the membrane via the donor chamber. The diffusion cell has a driver for applying
pressure variations to fluid in the receptor chamber in order to cause repeated flexing

of the membrane to simulate the behaviour of living (moving) skin.

In one embodiment, the method of the invention further comprises analysing the
transmembrane transport of a test molecule/ substance (eg. a nanoparticle or
nanomaterials). Said analysis may include calculating the amount of test molecule/
substance that has passed across the membrane (eg. over a defined period of time).
In one embodiment this may be a simple assessment of the amount of test molecule/
substance appearing in the fluid after passage across the membrane versus the
amount of test molecule/ substance applied to the membrane. Multiple variations (in
terms of the type of analysis) are well known to a skilled person and simply depend
on the type of investigation being performed and/ or the data output desired. Other
(optionally additional) types of analysis include analysing the membrane to identify
specific localisation of test compounds/ substances within the various regions/ layers
of the membrane. To assist detection, the test molecules/ substances may be
labelled (eg. with flurophores, or radiolabels) — appropriate labels and associated

methodologies are well known to a skilled person.

Embodiments of the invention may have application for risk assessment (e.g. dermal
exposure to pesticides), regulatory submissions (e.g. evaluation of bioequivalence

and bioavailability of topical pharmaceuticals), the development of new transdermal
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drug delivery systems and basic studies into normal skin physiology (e.g.

transepidermal water loss).

The device and method of the present invention provide a more accurate and
reproducible in vitro model that incorporates the extra dimension of membrane
flexion in order to correctly assess potential dermal delivery (eg. of hazardous
molecules). Said device and method allow careful and accurate assessment of
whether chemicals/ substances (eg. nanoparticles) are able to traverse the epidermal
layer when skin flexion energy and movement is taken into account. In addition, the
device and method of the invention permits determination of the route these particles
take through the stratum corneum.

As the use of nanoparticles and nanotechnology increases, it is important to ensure
that any risks posed to animal (eg. human) health are correctly identified. The prior
art commercially available in vitro systems lack this fundamental flexion aspect,
which is believed (by the present inventor) to lead to inaccurate assessments of the
likely uptake of nanoparticles through the dermal route (in particular leading to
underestimates). This is of paramount important consideration when assessing the
risk that nanoparticles may pose to animal (in particular human) health.
Nanoparticles such as titanium dioxide and zinc oxide are already present in many
cosmetics such as sunscreens to prevent absorption of UV, which causes skin
damage. Said cosmetics employ nanoparticle formulations as they provide better
dispersion across the skin surface. Thus, the present invention (also referred to as
the Cutaflex™ system) may be readily employed within industries such as the
cosmetics industry to assess the uptake of compounds/ substances (eg.
nanoparticles) from formulations (such as cosmetics formulations, for example sun
screens/ lotions) to provide safely testing (eg. during regulatory approval) prior to
commercialisation, thereby ensuring safety of the consumer. The pharmaceutical
industry is also developing formulations containing compound/ substances (eg.
nanoparticles/ nanomaterials) to aid with transdermal delivery of active
pharmaceuticals. Examples of such formulations include patches, creams, etc.
Accordingly, the device and method (Cutaflex') of the present invention has
application in said pharmaceutical settings to assess transdermal safety and/ or
efficacy — the present invention represents a significant improvement over the current

in vitro testing strategies, which are sub-optimal.

Summary of Drawings
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An embodiment of the invention will now be described in greater detail, by way of
example only, with reference to the drawings in which:

Figure 1 shows a cross sectional representation of a diffusion cell including a piston
driver; and

Figure 2A and 2B show the diffusion cell of Figure 1 in use.

Description

Figure 1 shows a diffusion cell 22 having a donor chamber 2 and a receptor chamber
4. The donor chamber 2 and the receptor chamber 4 each have an opening or orifice
9 bounded by a flange 7a, 7b.

A sampling arm 18 extends from the receptor chamber 4 and is provided with a

threaded fitting for engaging with a threaded sampling arm cap 20.

A water jacket 10 surrounds a body portion of the diffusion cell 22 and has a water
inlet 8 and a water outlet 6 to allow for the circulation of water to control the
temperature of the receptor chamber fluid 11 via heat exchange through the walls of
the receptor chamber 4. As shown the water jacket 10 surrounds only a part of the
receptor chamber. It may however be designed to surround the entirety of the
receptor chamber. Preferably the water jacket covers the majority of the receptor
chamber to improve thermal contact with the receptor clued because this lowers the
temperature required in the water jacket to produce a constant (~32°C) temperature
at the skin surface. However the presence of the sampling arm and pump mean that

it is not always possible to surround the entire receptor chamber in the water jacket

A piston chamber 14 containing a piston 16 is fluidically coupled to the receptor

chamber 4.

A magnetic stirrer 12 may be provided in the receptor chamber for coupling with a
magnetic driver (not shown) to provide an impeller so that the receptor chamber fluid

11 can be stirred without opening the receptor chamber 4.

In use of the diffusion cell, a sample to be tested, in this example an excised skin
section or sample 5, is positioned between the receptor and donor chambers so as
to separate the donor chamber 2 from the receptor chamber 4 and the flanges 7a
and 7b are fastened together so that a peripheral portion of the skin sample is

trapped between opposed flat faces of the flanges 7a and 7b so the skin sample 5 is

10
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held taut. The flanges may be fastened together by any suitable fastening

mechanism such as one or more clamps or one or more screws or bolts.

In the exampile illustrated in Figure 1, the receptor chamber 4 is filled with a receptor
fluid so that the skin sample 5 is in contact with the receptor fluid and the piston
chamber 14 and the sampling arm 18 are also filled with fluid and capped with no
headspace of air. The receptor fluid may comprise water, a buffered solution or a

saline solution or tissue culture media, or a solvent: water mix e.g. Ethanol: Water.

The piston 16 is driven back and forth within the piston chamber When the piston 16
is driven inwards towards the receptor chamber 4 with the sampling arm cap 20
closed, the resulting displacement of receptor chamber fluid 11 exerts increased
pressure on the skin sample causing it to bow towards the donor chamber 2.
Conversely, when the piston 16 is driven back away from the receptor chamber 4
with the sampling arm cap 20 closed, receptor chamber fluid 11 is drawn into the
piston chamber so reducing the pressure on the skin sample 5. This may simply
return the skin sample to its initial flat state or may if the piston is driven beyond its

initial starting point cause the skin sample to bow towards the receptor chamber.

Bowing or flexing of the skin sample is thus achieved by varying the combined
internal capacity of the receptor chamber, sampling arm and piston chamber while

holding the receptor chamber closed with a section of excised skin.

The donor chamber will in practice be supplied with a substance applied to the skin

surface.

Diffusion cell studies may have a duration of a few hours or a few days and to
simulate flexing and stretching of the skin over this period many cycles of the above
described inward and outward flexing of the skin may be performed. Each cycle has

a duration selected according to the system being simulated.

As will be appreciated references to the capacity of the receptor chamber relate to

the volume capacity.
In other words, when an excised skin section is mounted in the diffusion cell inward
movement of the piston will result in receptor fluid moving into the receptor chamber

and displacing the membrane. Movement of the piston outwards gives rise to

11
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movement of receptor fluid from the receptor chamber giving rise to a downward
flexing of the skin section. Continuous motion of the piston inwards and outwards
results in a cyclical flexing of the skin inwards and outwards. These cycles of motion
are illustrated in Figures 2A and 2B in which reference numerals used above with

reference to Figure 1 indicate corresponding elements.

Although the examples described above with reference to Figures 1, 2A and 2B
concern a hydraulic piston, the invention includes other physical and mechanical
methods of flexing the skin in a diffusion cell. For example a piezo electric element
may be mounted in an assembly coupled to one or both of the flanges 7a and 7b. An
example of a piezo electric assembly for this purpose is a ring for mounting a
membrane wherein the ring comprises one or more piezoelectric elements such that
application of electric current causes flexion, expansion or contraction of the ring
thereby extending and/or flexing of a membrane mounted to the ring. Alternatively an
actuator driven by a piezoelectric element or a solenoid may be mounted adjacent
one or both of the flanges, and is operable to apply a force to a membrane mounted
between the flanges For example such an actuator may apply an impulse force to the
membrane (rather in the manner of a hammer and a drum) or be coupled to the
membrane to depress it into the receptor chamber and or pull it outwards from the
chamber. For this purpose pairs of actuators may be provided, one on each side of
the membrane, each arranged to apply a force to the membrane so that it can be
pushed outwardly and inwardly into an out of the diffusion cell by the actuators.
Alternatively an actuator may be coupled to the membrane using a magnetic
member. In other words a magnet, much like a magnetic stirrer is positioned on one
side of the membrane and a magnetic actuator is arranged on the other side of the
membrane. In such an arrangement when the actuator pushes in one direction the
membrane is pushed in that direction and when the actuator is pulled in the other
direction the magnetic member is pulled by the magnetic actuator with the membrane
sandwiched between the actuator and the magnetic member (held in place by the
magnetic attraction between the two. In one embodiment the driver is an hydraulic

peristaltic pump alternating between forward and reverse drive motion.

Alternative examples of methods of driving a membrane in a diffusion cell will be

apparent to the skilled practitioner in the context of the present application.

12
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Claims

1. A method of performing an assay on a membrane mounted in a diffusion
cell, the method comprising applying a force to the membrane to cause repeated

deformations of the membrane.

2. The method of claim 1 wherein the diffusion cell comprises a receptor
chamber; the method comprising providing a fluid in the receptor chamber such that

the membrane is in contact with the fluid.

3. The method of claim 2 comprising arranging said membrane to close an
orifice of the receptor chamber and varying the fluid capacity of the receptor

chamber to apply the force to the membrane.

4. The method of any of claims 1 to 3 wherein the force is applied substantially
cyclically.
5. The method of any of claims 1 to 4 wherein the repeated deformations

provide a cyclic motion of the membrane.

6. The method of claim 5 wherein the force is applied in a cyclic manner chosen

from the list comprising: periodic, aperiodic and intermittent.

7. The method of claim 4, 5 or 6 wherein the average cycle time is chosen
from the list comprising 0.1 second, 1 second, between 1 and 10 seconds and 20

seconds, between 1 and 30 seconds and between 50 and 70 seconds.

8. The method of any preceding claim wherein each of the repeated

deformations is substantially identical.

9. The method of any of claims 1 to 7 claim wherein at least one of the

amplitude and frequency of the repeated deformations are varied.

10. A method of performing a tissue assay using a diffusion cell the method

being substantially as herein described with reference to the accompanying drawings
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11. A diffusion cell comprising: a receptor chamber and a donor chamber adjacent
the receptor chamber each chamber having an opening such that a membrane can
be arranged between the chambers to separate the chambers the diffusion cell

comprising a driver operable to cause motion of said membrane.

12. A diffusion cell according to claim 11 wherein the receptor chamber is for
holding a liquid and wherein, in use, said membrane is mounted in contact with said

liquid.

13. A diffusion cell according to claim 12 wherein the driver is operable to

displace said liquid to cause motion of said membrane

14. A diffusion cell according to claim 11, 12 or 13 wherein the driver is disposed

in a driver chamber fluidly coupled to the receptor chamber.

15. A chamber for a diffusion cell comprising an opening for receiving a

membrane and a driver arranged to drive motion of said membrane.

16. The chamber of claim 15 adapted for holding a fluid such that, in use, said

membrane contacts said fluid.

17. The chamber of claim 16 wherein the driver is operable to displace said fluid

to drive motion of said membrane.

18. The chamber of claim 17 wherein displacing said fluid comprises changing

the fluid capacity of the receptor chamber.

19. The chamber of claim 17 comprising a driver chamber fluidly coupled to the
receptor chamber, the driver being arranged in the driver chamber and wherein
changing the fluid capacity of the receptor chamber comprises changing the fluid

capacity of the driver chamber.

20. The chamber of any of claims 17 to 19 wherein the driver is operable to drive
the membrane by displacing a fluid volume of between 0.01% and 50% of the
receptor volume, for example wherein the driver is operable to drive the membrane

by displacing a fluid volume of between 0.01ml and 0.5ml
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21. The diffusion cell of any of claims 11 to 14 or the chamber of any of claims 15
to 20 wherein the driver is operable to drive a substantially cyclic motion of said

membrane.

22. The diffusion cell of any of claims 11 to 14 or the chamber of any of claims
15 to 20 wherein the driver is operable to drive a substantially cyclic motion having

an average cycle period of between 0.1 of a second and 2 minutes.

23. The diffusion cell of any of claims 11 to 14 or the chamber of any of claims 15
to 20 wherein the driver is operable to displace a fluid volume selected to provide a

desired transverse displacement of the membrane.

24. The diffusion cell of any of claims 11 to 14 or the chamber of any of claims 15

to 20 wherein the driver comprises a piston pump.

25. The diffusion cell of claim 11 or 12 or the chamber of claim 15 or 16 in which
the driver comprises a mechanical actuator actuable to apply a force to the

membrane.

26. The vessel of claim 11 in which the mechanical actuator comprises at least

one of a piezo electric element and a solenoid.

27. A diffusion cell comprising: a receptor chamber for holding fluid, the chamber
having an orifice; the orifice being adapted to be covered by a membrane to close
the chamber; and a piston operable to provide a cyclic change of the pressure in the

receptor chamber.

28. A diffusion cell substantially as herein described with reference to the

accompanying drawings



WO 2011/067587 PCT/GB2010/051992

1/2

Figure 1 '/

20

18

16— >
fluid 11




WO 2011/067587 PCT/GB2010/051992

212

Figure 2a

2
Figure 2b y?

o |




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2010/051992

A. CLASSIFICATION OF SUBJECT MATTER

ADD.

INV. GOIN3/12 GOIN13/00 GOIN15/08 GO1IN33/50

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GOIN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

AL) 12 March 2009 (2009-03-12)
the whole document

20 August 1996 (1996-08-20)

figures 1-3

1 December 1942 (1942-12-01)
figures 2-10

column 3, Tine 8 - column 6, line 44;

X US 2009/064768 Al (ALKHAWAM EMAD [US] ET 1-28

X EP 0 246 760 A2 (E Y LAB INC [US]) 1-28
25 November 1987 (1987-11-25)
figure 13

X US 5 547 351 A (HANUS JAMES P [US]) 1-28

A US 2 303 597 A (ADELSON SAMUEL L) 1-28

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m%r.llts, rs{uch combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

17 March 2011

Date of mailing of the international search report

28/03/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Cantalapiedra, Igor

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2010/051992

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 4 578 244 A (COSGROVE JR ROBERT J [US]
ET AL) 25 March 1986 (1986-03-25)

figure 9

EP 1 777 510 Al (ROHM & HAAS [US])

25 April 2007 (2007-04-25)

figure 1

AZARMI ET AL: "Current perspectives in
dissolution testing of conventional and
novel dosage forms",

INTERNATIONAL JOURNAL OF PHARMACEUTICS,
ELSEVIER BV, NL,

vol. 328, no. 1,

1 December 2006 (2006-12-01), pages 12-21,
XP005787877,

ISSN: 0378-5173, DOI:
D0I:10.1016/J.1JPHARM.2006.10.001

figure 5

US 6 622 733 A (TAM YUN K [CA] ET AL)

8 February 2000 (2000-02-08)

figure 2

FR 2 845 771 Al (NCV IND [FR])

16 April 2004 (2004-04-16)

figure 1

WO 2004,/086004 Al (ALZA CORP [US]; YANG
HUA [US]; IMBERT DELPHINE CAROLINE [US])
7 October 2004 (2004-10-07)

figures 1, 3

US 4 740 309 A (HIGUCHI TAKERU [US])

26 April 1988 (1988-04-26)

the whole document

1,10,11,
27,28

1,10,11,
27,28

1-28

1,10,11,
27,28

1,10,11,
27,28

1,10,11,
27,28

1-28

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2010/051992
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009064768 Al 12-03-2009 WO 2008112245 Al 18-09-2008

EP 0246760 A2 25-11-1987 CA 1291948 C 12-11-1991
DE 3780213 D1 13-08-1992
JP 63024156 A 01-02-1988

US 5547351 A 20-08-1996  NONE

US 2303597 A 01-12-1942  NONE

US 4578244 A 25-03-1986 CA 1210252 Al 26-08-1986
EP 0106892 Al 02-05-1984
WO 8303901 Al 10-11-1983

EP 1777510 Al 25-04-2007 CN 1952644 A 25-04-2007
JP 2007114201 A 10-05-2007
KR 20070043612 A 25-04-2007

US 6022733 A 08-02-2000 AT 258221 T 15-02-2004
AU 1328499 A 16-06-1999
CA 2312833 Al 10-06-1999
WO 9928437 Al 10-06-1999
CN 1284127 A 14-02-2001
DE 69821259 D1 26-02-2004
DE 69821259 T2 18-11-2004
DK 1034251 T3 17-05-2004
EP 1034251 Al 13-09-2000
ES 2214751 T3 16-09-2004
HK 1034993 Al 05-08-2005

FR 2845771 Al 16-04-2004  NONE

WO 2004086004 Al 07-10-2004 AU 2004223328 Al 07-10-2004
CA 2520439 Al 07-10-2004
CN 1768257 A 03-05-2006
EP 1608950 Al 28-12-2005
JP 2006527366 T 30-11-2006
KR 20050113256 A 01-12-2005
MX  PA05010435 A 04-11-2005
NZ 542397 A 28-03-2008
ZA 200508728 A 25-04-2007

US 4740309 A 26-04-1988 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

