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IN VITRO METHOD AND APPARATUS FOR
ANALYSING THE BEHAVIOUR OF
SUBSTANCES IN SIMULATED
PHYSIOLOGICAL ENVIRONMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application, filed under
35 U.S.C. § 371, of International Application No. PCT/ 19

EP2015/068981 filed on Aug. 19, 20135, which claims pri-
ority to European Patent Application Nos. EP 14181633.8
filed on Aug. 20, 2014 and EP 15165825.9 filed on Apr. 30,
2015, the contents of each of which are hereby fully incor-

porated by reference. N

FIELD

The 1nvention relates to an 1n vitro method and apparatus
for analyzing the behaviour of substances, preferably mac- 29
romolecules such as for example proteins, 1n simulated
physiological environments. Especially, the invention
relates to an 1n vitro method and apparatus for analyzing the

behaviour of substances 1n simulated eye conditions.
25

BACKGROUND

For the treatment of macular degeneration or retina dis-
eases such as for example diabetic retinopathy, intravitreal
ijections of drugs have proven successtul. In intravitreal 30
ijections a drug formulation 1s directly injected into the
vitreous humor (VH), that 1s, into the clear gel filling the
space between lens and retina of the eyeball of for example
humans. This 1s not least due to the fact that in intravitreal
injections the fraction of an administered dose of unchanged 35
drug that reaches the retina 1s high, thus intravitreal injec-
tions usually having high bioavailability.

However, in-vitro tests to study for example stability of a
drug formulation in vitreous humor (VH) have proven little
useful when simulating real in vivo conditions. VH, when 40
not in 1ts natural environment, degenerates fast and a pH
value of VH may increase rapidly due to accumulation of
degenerated products 1n the VH. Thus, tests may not repre-
sent the actual situation 1 an eye of a living person,
especially not over long periods of time, such as for example 45
several days. In more recent test systems, the physiological
pH value of VH may be stabilized by applying a buflering
system. Therein, degradation products are allowed to leave
the VH though a semi-permeable membrane into a bufler
solution. 50

However, these systems do not allow to simulate different
barrier conditions for drug formulations. Especially, they do
not allow to simulate different barrier conditions as for
example provided by a posterior segment tissue of an eye.

Thus, there 1s need for an improved in vitro method and 55
apparatus for simulating physiological environment to anal-
yse the behaviour of substances such as for example mac-
romolecules. Especially, there 1s need for an 1n vitro method
and apparatus for analyzing long term stability of substances
in different simulated physiological environments. 60

SUMMARY

According to an aspect of the invention, there 1s provided
an 1n vitro method for analysing the behaviour of a substance 65
in simulated physiological natural environment. The method
comprises the steps of providing a first fluid, a gel matrix and

2

a second fluid. The method further comprises the steps of
separating the first fluid and the gel matrix by at least one
first semi-permeable membrane and separating the gel
matrix and the second fluid by at least one second semi-
permeable membrane. Yet further steps are injecting a
substance 1nto the first fluid, letting the substance migrate
from the first fluid through the at least one first semi-
permeable membrane, then through the gel matrix, then
through the at least one second semi-permeable membrane
and then into the second fluid, and determining clearance of
the substance from the first fluad.

Arranging a gel matrix between at least a first and at least
a second semi-permeable membrane allows to simulate
diffusion barriers for substances and diffusion of the sub-
stance through said barriers 1n a realistic manner. The gel
matrix 1s arranged between a first fluud where a substance,
for example a molecule, for example a macromolecule such
as a protein or a drug formulation, 1s injected into and a
second fluid serving as bufler solution. The first fluid cor-
responds to or simulates the liquid or tissue the substance 1s
injected into. The first fluid may be a fluid extracted from
human or animals but may also be an artificial fluid simu-
lating such a natural fluid. The second fluid serves as buller
solution, such that for example a pH value of the system may
be kept at desired values, for example be kept constant. The
second fluid may serve as reservoir for receiving or absorb-
ing precipitation or degradation products.

The special arrangement allows to simulate different
barrier conditions of the same but also of different physi-
ological systems. For example, with injection of a drug
formulation 1nto vitreous humor, the formulation’s stability
and bioavailability may be simulated, for human but also for
amimal eyes. For example, different diffusion and precipita-
tion behaviour may be tested for, for example, diflerent
proteins in different eye conditions (corresponding to more
or less degenerated eyes, by age or by disease) and for
anterior eye tissue and posterior eye tissue and any combi-
nation thereof. These tissues have different molecule barrier
properties, which may be simulated and tested with the
method and apparatus according to the invention by varying
the properties of the gel matrix and optionally also the
properties of the semi-permeable membranes. In addition,
more realistic test results may be achieved, especially on
stability and bioavailability of a substance, for example a
protein or a drug formulation, by taking into account a
distance between an effective injection location and the
location of a diffusion barrier, as well as the physical and
chemical environment present at the inmjection location.
Thus, the method and apparatus according to the imnvention
allows to more realistically simulate the geometry of a
natural environment, most preferably of an eye environment.
This 1s enabled by the special arrangement of fluids and gel
matrix and the arrangement of the apparatus as will be
described in detail further below.

The method and apparatus according to the invention may
be applied but are not limited to stability assessments, for
example concentration dependent precipitation of sub-
stances such as for example drug formulations, macromol-
ecules, proteins and/or excipients or combinations thereof;
interactions of substances such as for example macromol-
ecules and/or excipient 1n a specific fluid environment, for
example proteins in vitreous humor; stability of a substance
upon dilution 1n a specific fluid, for example vitreous humor
and after loss of stabilizing excipients, for example surfac-
tants, sugars, buflering species and tonicity agents; and long
term stability 1n simulated physiological environment, for
example eye environment.
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In the following, the method and apparatus generally
refers to the testing of substances, especially of macromol-
ecules 1 simulated eye environment. Accordingly, 1n a
preferred embodiment of the method the first fluid 1s vitre-
ous humor and the second fluid 1s a bufler solution, prefer-
ably a physiologically relevant bufler solution. However, the
method and apparatus 1s not limited to these applications.
For example, also a blood-brain barrier may be simulated to
test for example stability and bioavailability of substances in
brain tissue, when the substances are injected for example
into a blood vessel. In that case, the first and second fluid
could be blood and cerebrospinal fluid or fluids simulating
blood and simulating cerebrospinal fluid.

‘Substance’ as used in this application may refer to any
substance that may be injected into a fluid and that shall be
analysed 1n view of its stability or biocavailability 1n the
method or in the apparatus according to the invention. A
substance may be molecules, for example macromolecules
such as proteins, antibodies, antibody fragments, fusion
proteins, bispecific antibodies, conjugated proteins, natural
or synthetic peptides or oligonucleotides, natural or syn-
thetic molecules such as small molecule drugs, sugars,
surfactant, buftlers, polymers, or any commonly used excipi-
ents. Preferably, a substance 1s a drug formulation such as,
for example, a solution, suspension or emulsion, which may
also be comprised 1n a solid matrix or 1n any other delivery
system as described herein below.

“Vitreous humor’ as used 1n this application may be from
natural or artificial sources. Natural vitreous humor may be
from various animal species, for example porcine, bovine,
canine, feline, from rabbits and non-human primates or may
be human. Natural vitreous humor may for example be
gained from eyes that have previously been removed. Arti-
ficial vitreous humor preferably mimics human vitreous
humor. Artificial vitreous humor may be prepared from
various polymeric materials, for example natural polymers
such as but not limited to hyaluronic acid, alginate, agar,
chitosan, gelatin, xanthan gum, pectins, collagen, or for
example synthetic polymers such as but not limited to
pluronic gel, polyvinyl alcohol, polyphosphazenes, any
dimeric, trimeric or multimeric gelling polymers composed
of PEG, PCL, PLA, PGA, PLGA, poly acrylamide, poly-
acrylic acid, as well as combinations of these polymers at
different concentrations.

Vitreous humor may also be a mixture of artificial and
natural vitreous humor or their components 1n different
combinations.

‘Gel matrix” as used 1n this application 1s a fluid or
semi-fluid (having properties in between a solid and a liquid)
with predefined but variable viscosity and predefined but
variable concentrations of compounds of gel matrix mate-
rial. Preferably, the gel matrix 1s a viscous liquid. The gel
matrix represents the core of the simulated barrier and 1s
sandwiched between the at least one first and at least one
second semi-permeable membrane. Preferably, the at least
one first and at least one second semi-permeable membrane
are two single semi-permeable membranes, preferably dialy-
sis membranes. However, they may also be multiple semi-
permeable membranes, wherein more than one, preferably
two, membranes are arranged above each other. Specifica-
tions of the barrier may be changed and adapted to varying
test conditions by varying the physical and/or chemical
characteristics of the gel matrix. For the gel matrix, different
polymeric maternials of natural or artificial origin may be
utilized individually or 1n combinations at different concen-
trations. Natural polymers with chemical modifications may
be utilized to prepare the gel-matrix. Natural, semi-synthetic
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and synthetic polymers may be used 1n different combina-
tion and concentrations for the preparation of gel-matrix.
The gel matrix may be prepared from various polymeric
materials, for example natural polymers such as but not
limited to hyaluronic acid, alginate, agar, chitosan, gelatin,
xanthan gum, pectins, collagen, or for example synthetic
polymers such as but not limited to pluronic gel, polyvinyl
alcohol, polyphosphazenes, any dimeric, trimeric or multi-
meric gelling polymers composed of PEG, PCL, PLA, PGA,
PLGA, poly acrylamide, polyacrylic acid, as well as com-
binations of these polymers at different concentrations.

In some preferred embodiments of the method according
to the invention, the Molecular Weight Cut Off (MWCO) of
the at least one first or of the at least one second semi-
permeable membrane or of both membranes 1s varied. In
some preferred embodiments of the method according to the
invention, the composition of the gel matrix 1s varied,
preferably by varying a viscosity of the gel matrix or varying
a concentration of a compound of the gel matrix. In some
preferred embodiments of the method according to the
invention both, the MWCO of at least one of the membranes
and the composition of the gel matrix 1s varied. By these
measures, diffusivity through the membranes and/or perme-
ability of the substance through the gel matrix may be
altered. Interaction of the substance within the first fluid,
with the gel matrix material and their influence on the
substance’s stability, compatibility and suitability may be
studied.

‘Butfer solution’ 1s a solution preferably having or being
able to maintain a pH value of the system, for example
between pH 5.5 and pH 8.5, preferably between about pH
7.0 and about pH 7.6, more preferably at pH 7.4. ‘Physi-
ologically relevant bufler solution’ 1s a solution preferably
having or being able to maintain a pH value of the system
between about pH 7.0 and about pH 7.6, more preferably at
pH 7.2-7.4. Preferably, a bufler solution comprises salts. The
bufler solution may for example be a phosphate buflered
saline (PBS), a bicarbonate bufler, Ringer’s bicarbonate
bufler, Ringer’s lactate bufler, simulated body fluids, other
1sotonic solutions, cell culture medias, and any other physi-
ologically representative buflers. The fluids used as bufler
may also be used for the preparation of the gel matrix in
combination with the above mentioned gel matrix materials.

In the present application ‘clearance of a substance from
a fluid’, such as the first fluid, 1s understood to include the
diffusion of the substance out of the fluid, into which the
substance has been 1njected. However, clearance also
includes physical or chemical changes of the substance, such
as for example a decomposition or precipitation of the
substance 1n the fluid or 1n any other part of the system, for
example 1n the gel matrix or in the second fluid. Thus,
clearance of the substance of the first fluid includes infor-
mation on, for example, stability and bioavailability of the
substance in the respective fluids and 1n the entire simulated
physiological environment.

With the method according to the invention, 1t 1s not only
possible to analyse the behaviour of an injected substance,
such as for example a protein or an excipient. With the
method according to the invention, 1t 1s also possible to
monitor for example decomposition or physical and chemi-
cal changes of the first fluid or any other fluid occurring
upon 1njection of the substance into the first fluud and
diffusion out of the first fluid into the other fluids.

According to an aspect of the method according to the
invention, the step of determining clearance of a substance
from the first fluid 1s performed by measuring a substance
concentration in the first fluid, in the second fluid or in both,
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the first and the second fluid. This may, for example, be done
by taking a sample of the respective fluids and having them
analysed for their substance content or decomposition prod-
ucts. Analysis may be performed by spectroscopy, for
example fluorescence spectrometry, Raman spectroscopy or
Ultraviolet-visible spectroscopy. Analysis of fluid samples

may also be performed by liquid or gas chromatography, for
example si1ze exclusion high performance liquid chromatog-
raphy (SE-HPLC) or 10n exchange high performance liquid
chromatography (IE-HPLC). Analysis may also be per-
formed by light scattering methods, for example, static light
scattering, dynamic light scattering or turbidimetry. Prefer-
ably, concentration measurements or other measurement for
clearance determination 1s performed in a repeated manner,
preferably periodically. Preferably, measurements are per-
formed over several hours, more preferably over several
days, for example up to one or two weeks or even longer.
Duration and intensity of performing measurements may be
adapted to the substance, for example a molecule size and
permeability of the system. Concentration measurements or
other measurements such as for example pH measurements
may also be performed by directly placing a probe into the
respective to be measured fluid.

According to another aspect of the method according to
the invention, the 1njected substance comprises molecules
having a size 1n a range between about 100 Da and about 400
kDa, preferably, 1n a range between about 1 kDa and about
250 kDa, for example between 4 kDa and 150 kDa. The
specifications of the semi-permeable membranes may be
adapted to the sizes and the forms (for example, linear,
globular) of the molecules used 1n the method according to
the mvention. For example, the Molecular Weight Cut Of
(MWCO) of the membranes may be adjusted depending on
the desired retention period of a substance 1in for example the
first fluid or for example 1n the gel matrix. For example, 1f
a substance that shall be analysed consists of or contains
smaller molecules, for example smaller than about 10 kDa,
then preferably membranes having MWCOs of smaller than
or equal to 10 kDa may be used to prolong the retention time
(for example up to days). If the retention time shall be
reduced (for example to several hours), membranes having
MWCOs larger than 10 KDa may be used. Preferably,
membranes with MWCOs 1n a range between about 10 KDa
to 100 KDa are used for substances consisting of or con-
taining macromolecules with sizes between about 50 KDa to
150 KDa. Preterably, membranes with MWCOs 1n a range
between about 1 KDa to 50 KDa are used for substance
consisting of or containing macromolecules of sizes about
10 KDa.

Preferably, one first semi-permeable membrane and one
second semi-permeable membrane 1s used in the method and
apparatus according to the invention. However, instead of
one membrane also multiple membranes may be arranged on
a support. Preferably, the membranes then are arranged
directly next to each other, preferably on top of each other.
I1 several, for example two, membranes are used, the several
membranes may have identical MWCOs or may have dif-
terent MWCOs. By using multiple membranes, specification
of the barrier may additionally be altered. Multiple mem-
branes may alter the specification of a barrier not only due
to the additional thickness of the multiple membranes but
also due to the differing pore size ranges of multiple mem-
branes versus a single membrane (even with the same
MWCO). Also the transition from one membrane to the next
may contribute to the specification of the barrier due to
differing pore locations and sizes the membranes.
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Preferably, the specification of the membranes 1s adapted
to a permeability of a real tissue. For example, in some
preferred embodiments of the method according to the
invention, the at least one first semi-permeable membrane
has a Molecular Weight Cut Off (MWCQO) substantially
corresponding to the Retinal Exclusion Limit (REL). ‘Sub-
stantially corresponding’ 1s meant to include the REL as well
as MWCO values deferring from the REL, for example by
up to about 50 percent. The REL 1s generally known as the
maximum size of molecules capable of freely diffusing
across the retina of an eye. For a healthy human eye, the
REL is defined as being in a range of about 50 kDa (10°
Daltons) to 100 kDa, preterably 70 kDa. However, this range
may significantly vary for different species and depending
on the status of the eye (alteration due to age, decease etc.).
In addition, the REL 1s highly dependent on the structure of
a diffusing molecule, for example, on a linear or globular
structure of the molecule.

The semi-permeable membranes used in the method and
apparatus according to the invention enable to control the
rate of diffusion through the membranes. The semi-perme-
able membranes are diffusion controlling membranes and
may also be considered molecular weight size selective
membranes. Preferably, the semi-permeable membranes are
dialysis membranes. A dialysis membrane 1s a semi-perme-
able film, for example a sheet of regenerated cellulose or
cellulose esters, containing various sized pores. Generally,
molecules larger than the pores cannot pass through the
membrane but small molecules can do so freely. The sepa-
ration characteristic determined by the pore size-range of a
dialysis membrane 1s referred to as the Molecular Weight
Cut Off (MWCO) of the membrane. The diffusion of mol-
ecules near the MWCO will be slower compared to mol-
ecules significantly smaller than the MWCO. The MWCO of
a membrane 1s not a sharply defined value. Dialysis mem-
branes, depending on the maternial they are manufactured
from, may contain a broad range of pore sizes. Other
examples of diffusion controlling membranes are filter mem-
branes with different pore sizes. Generally, membranes with
larger MWCO are used when larger molecules are injected
into the first fluid and membranes with smaller MWCO are
used when smaller molecules are injected into the first fluid.
However, the MWCO of a membrane may also be varied to
influence residence time of a substance in the first fluid as
outlined above. For example, a MWCO may be diminished,
when for example a substance shall be retained 1n the first
fluid for a longer period of time, for example for interaction
studies of the molecules with the first fluid.

According to a further aspect of the method according to
invention, the step of injecting a substance 1nto the first fluid
comprises injecting a substance via a substance delivery
system 1nto the first fluid. Thereby, the substance 1s released
into the first fluid 1n a delayed manner. The substance may
be 1njected 1nto the first fluid with the aid of a delivery
system, such as for example nanoparticles, microparticles,
drug depots (in solid, liquid or gel form), implants that serve
as drug depot or external devices that allow a repeated
substance delivery with or without repeated injection. In
such delivery systems, the substance may be encapsulated,
conjugated (attached to a macromolecule) or entrapped 1n a
material or element, which material or element undergoes a
physical or chemical change or both (for example, expan-
s1on, degradation) over time to release the substance into the
flmud the delivery system has been injected into. By the
provision of a delivery system, a temporal delay of the
release of the substance into the first fluid may be achieved.
If migration of the delivery system in the first fluid occurs,
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the delivery system will move closer to the at least one first
semi-permeable membrane before the substance 1s released
and comes 1nto contact with the first fluid. In a real system,
with the use of delivery systems, bioavailability may be
enhanced by being able to bring substances, for example a
drug formulation, closer to 1its destination location without
having to vary the injection location.

In an aspect of the method according to the invention, the
method may further comprise the step of growing cells 1n 2D
or 3D cell cultures 1n a gel matrix layer supported by
semi-permeable membranes. For example, commonly used
retina cell lines such as ARPE-19, D407, RF-6A. The cells
can be grown 1n culture or co-culture to represent human
posterior tissue. The system may be used to study cell-based
toxicity and clearance studies of the injected substance or
delivery system or cell decomposition.

The method and apparatus according to the invention may
not only be adapted to specific test scenarios by the choice
of the fluids, gel matrix and semi-permeable membranes.
The method and apparatus may also be tailored to analyzing
different behaviours of substances i1n their physiological
environment by the geometrical set-up of the above men-
tioned components, for example, depending on the orienta-
tion of the semi-permeable membranes. For example, long-
term stability of a molecule, for example a protein or drug
formulation, or also, for example, antigen-binding aflinities,
may best be analysed if a residence time of the respective
molecule 1n a test fluid 1s sufficiently long. Stability tests and
residence times may, for example, give information about
how a frequency of administration of a specific drug would
have to be chosen. Thus, 1n some applications 1t would be
desirable to have a residence time of a substance 1n the first
fluid of several days, preferably of several weeks, more
preferably of up to a few months. Preferably, during the
residence time of a substance 1n the first fluid, the test
conditions remain as close to physiological environment as
possible. In the following various embodiments of appara-
tuses for analyzing the behaviour of molecules 1n simulated
physiological environment are described.

According to a further aspect of the mvention, there i1s
provided an apparatus for analyzing the behaviour of mol-
ecules 1 simulated physiological environment. The appa-
ratus comprises a first compartment for receiving a first
fluid, a second compartment for receiving a gel matrix, and
a third compartment for receiving a second fluid. The
apparatus further comprises a first support for supporting at
least one first semi-permeable membrane, and a second
support for supporting at least one second semi-permeable
membrane. The second support 1s arranged at a distance
from the first support. The first support 1s arranged between
the first compartment and the second compartment, and the
second support 1s arranged between the second compartment
and the third compartment.

In the apparatus according to the mnvention, a first fluid in
the first compartment may be kept separate from the gel
matrix in the second compartment by the at least one first
semi-permeable membrane, which 1s held by the first sup-
port. Preferably, the at least one first semi-permeable mem-
brane 1s arranged on the first support. The at least one first
semi-permeable membrane may be arranged on the first
support 1n edge portions of the membrane only. The first
support may be designed such that at least one membrane
may be arranged on and be supported by substantially an
entire area of the first support. The gel matrix 1s also kept
separate from the second fluid in the third compartment by
the at least one second semi-permeable membrane, which 1s
held by the second support. Preferably, the at least one
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second semi-permeable membrane 1s arranged on the second
support. The at least one second semi-permeable membrane
may be arranged on the second support 1n edge portions of
the membrane only. The second support may be designed
such that at least one membrane may be arranged on and be
supported by substantially an entire area of the second
support.

The second compartment 1s mainly formed by the at least
one first and the at least one second semi-permeable mem-
brane and possibly also by apparatus side walls. Depending
on the embodiment of the apparatus and of the arrangement
of the supports, the second compartment 1s mainly formed
by the first support and by the second support and possibly
also by apparatus side walls. Preferably, the three compart-
ments are arranged in series. Preferably, the only material
exchange occurring between the first and the third compart-
ment are molecules permeating through the at least one first
and at least one second semi-permeable membranes and
diffusing through the gel matrix.

Preferably, the first, second and third compartment 1s
provided with at least one opening. Preferably, the at least
one opening of the compartments corresponds to an at least
one opening provided in each of the first and the second
support. Preferably, the first and second support are com-
partment walls provided with the at least one opening. The
at least one opening 1s covered by the respective at least one
semi-permeable membrane. In some preferred embodi-
ments, the first support forms a porous wall of the first
compartment and of the second compartment and the second
support forms a porous wall of the second compartment and
of the third compartment. In these embodiments, first and
second support are preferably provided with a plurality of
openings, which are preferably distributed over the entire
area of the supports.

Aspects and advantages of the apparatus have been dis-
cussed relating to the method according to the invention and
will not be repeated.

According to an aspect of the apparatus according to the

invention, the at least one first semi-permeable membrane
has a Molecular Weight Cut Off (MWCO) smaller than or

equal to the Molecular Weight Cut Off (MWCO) of the at
least one second semi-permeable membrane. A larger or
equal MWCO of the at least one second membrane theo-
retically guarantees that all molecules that have passed the
at least one first membrane may also pass the at least one
second membrane and may be detected in the second fluid.
In some preferred embodiments of the method and apparatus
according to the invention, the Molecular Weight Cut Off
(MWCO) of the at least one first semi-permeable membrane
substantially corresponds to the Retinal Exclusion Limat
(REL). Preterably, the MWCO of the at least one first
membrane 1s 1n a range between and including 10 kDa and
100 kDa, especially when simulating eye environment.
According to a further aspect of the apparatus according
to the invention, a shape and size of the first support 1s
adapted to the form and size of a retina, preferably a human
retina. One or at least one membrane 1s then arranged on the
first support to adopt the form of the first support. By this,
a distribution and migration of a substance injected into the
vitreous body of an eyeball may be simulated. Especially,
distances between the injection location and the retina or
also the anterior of an eyeball may be simulated 1n a realistic
manner. Thus, in some preferred embodiments, at least the
first support has a concave shape. By this, at least part of the
first compartment may simulate the shape of part of an
eyeball, which part corresponds to the part of the first
compartment formed by the first support. This part 1s most
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relevant 1n view of macromolecule permeation. By a con-
cave (or convex) support and corresponding compartment
form, possibly also shapes of other organs may be mimicked
in a more realistic manner by the bent surface. Preferably,
also the second support has a concave shape, which concave
second support may be arranged concentrically to the first
support. First and second support are then arranged in
parallel to each other and distanced from each other. The
second compartment may then substantially entirely be
formed by the first and the second support (and the corre-
sponding membranes lying on the respective support).

In such a set-up of the first compartment and at least one
first membrane the geometry as well as the physical and
chemical environment inside the eyeball 1s simulated. In
combination with the gel matrix and a preferably concave at
least one second membrane, the barrier out of the entire
tissue covering the eyeball, such as the anterior or posterior
eye tissue, may be simulated.

The apparatus, namely the compartment walls and the
supports may be made of any materal suitable for the fluids
and substances used in the apparatus. Preferably, an inert
material such as glass, stainless steel, inert metal alloys, nert
synthetic plastic or polymer materials 1s used. Preferably,
glass or 1nert plastics materials are used due to their trans-
parency. Preferably, glass 1s used as material for the appa-
ratus, due to its mnertness and good reutilization properties.
In some preferred embodiments of the apparatus according
to the invention, the apparatus comprises or 1s made of glass.
Preferably, at least one of the first, second or third compart-
ment, the first support, and the second support comprises or
1s made of glass. Pretferably, all walls of the apparatus
including the first and second support are entirely made of
glass.

According to another aspect of the apparatus according to
the invention, the apparatus further comprises a cover for
closing an opening of the first compartment. Through the
opening the first fluid may be filled into the first compart-
ment and be removed from same again. Preferably, the
closing may be performed 1n an air-tight manner. By this,
ambient influences, such as, for example, humidity or pol-
lution, on the first fluid prior and after substance injection
may be kept at a minimum. Preferably, the cover 1s made of
a same material as the apparatus. Preferably, the cover is
made of glass.

Embodiments of the apparatus comprising supports for
the semi-permeable membranes are particularly favorable
for applications with horizontally or substantially horizon-
tally arranged semi-permeable membranes. In a horizontal
arrangement of an apparatus, at least two compartments,
preferably all compartments are arranged above or on top of
each other. Therein, the arrangement of the semi-permeable
membranes may be exactly horizontal. However, a horizon-
tal arrangement also includes, for example, a concave or
convex form of the membranes simulating a retina or other
tissue forms. The supports may support the entire mem-
branes, as well as the weight of the fluid or of the gel matrix
acting on the semi-permeable membranes in a horizontal
arrangement. An 1njected substance tends to migrate down-
wards due to gravitational force. In a substantially horizontal
arrangement of the semi-permeable membranes, a semi-
permeable membrane basically forms the bottom of the
respective compartment. Thus, the substance tends to accu-
mulate on the semi-permeable membrane and may rather
directly permeate out of the compartment. It has been found
that 1f accumulation of a substance on the membrane 1s
avoided, this may have an eflect on residence time of the
substance 1n the compartment. This may be explained as
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follows: If the bottom of a compartment i1s closed, the
substance may re-diffuse into the fluid 1n the compartment
until 1t migrates to the location of the semi-permeable
membrane. The semi-permeable membrane may, for
example, form a side-wall of the compartment. Such
embodiments of the apparatus are favorable for a vertical or
substantially vertical arrangement of the semi-permeable
membranes. In vertical arrangements, accumulation of sub-
stance on the membranes may be avoided or at least limited
and a residence time of a substance 1n the first fluid or also
in the gel matrix may be extended.

According to another aspect of the invention there i1s
provided another apparatus for analyzing the behaviour of
molecules 1 simulated physiological environment. The
apparatus comprises a first compartment for receiving a first
fluid, a second compartment for receiving a gel matrix, and
a third compartment for receiving a second fluid. The
apparatus further comprises at least one first semi-permeable
membrane and at least one second semi-permeable mem-
brane, wherein the at least one second semi-permeable
membrane 1s arranged at a distance from the at least one first
semi-permeable membrane. The at least one first semi-
permeable membrane 1s arranged between the first compart-
ment and the second compartment and the at least one
second semi-permeable membrane 1s arranged between the
second compartment and the third compartment.

In these embodiments of the apparatus according to the
invention, the semi-permeable membranes are arranged 1n
the apparatus without first and second supports. The appa-
ratus may comprise holders for holding the at least one first
semi-permeable membrane and the at least one second
semi-permeable membrane between the respective compart-
ments. Such holders may, for example, be clamping means
or attaching means, where the membranes are clamped or
attached to. Preferably, holders are arranged on an external
side of the apparatus and do not extend into the apparatus,
especially do not extend into any of the compartments. This
may simplily the manufacture, set-up and a cleaning of the
apparatus. In addition, the semi-permeable membranes may
serve as the sole barrier between the fluids and gel matrix in
the compartments and no additional mechanical element 1s
present as 1n the case of first and second support.

According to an aspect of this apparatus according to the
invention, the first compartment, the second compartment
and the third compartment are arranged 1n a row, wherein the
at least one first semi-permeable membrane and the at least
one second semi-permeable membrane are arranged sub-
stantially vertically between the respective compartments. In
such a vertical arrangement of the semi-permeable mem-
branes the gravitational force acts on the membranes basi-
cally along the membranes 1tself such that supports for the
membranes may be omitted. The gel matrix and possibly
also the fluids (depending on their density) may also have a
supporting effect on the semi-permeable membranes, when
arranged side-by side to the membrane. In a substantially
vertical arrangement, the arrangement of the semi-perme-
able membranes may be exactly vertical. However, they may
also be arranged at an angle to the exact vertical position.
‘Substantially vertical” also includes, for example, a concave
or convex form to simulate a portion of an eye ball or other
tissue forms to be simulated.

In the substantially vertical arrangement of the semi-
permeable membranes, a substance may not accumulate on
the membranes as for example 1n embodiments of the
apparatus, where the compartments are arranged above each
other. Thus, long-term tests, as for example stability tests 1n
the first flmd, for example vitreous humor, are preferably
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performed 1n an apparatus set-up, where gravitational force
does not have or only a limited effect on permeability of a
substance through a semi-permeable membrane.

Preferably, embodiments of the apparatus without sup-
ports are made of glass, however, with the exception of the
semi-permeable membranes and preferably also of the hold-
ers.

Further aspects and advantages of this further apparatus
according to the invention have been described with respect
to the method and the apparatus according to the invention
comprising supports for the semi-permeable membranes and
will not be repeated. In particular, also the further apparatus
may be provided with supports, which supports may be
shaped and constructed as previously described. With sup-
ports, holders may be omitted. Yet further, at least a first
support may be concave shaped to simulate the form of the
eyeball or retina. Also the specifications and realizations of
the semi-permeable membranes may be the same as previ-
ously described, for example the specified MWCOs, or the
realization of a diffusion controlling membrane, as for
example 1n the form of a single semi-permeable membrane
or 1n the form of an arrangement or combination of two or
more semi-permeable membranes.

Preferably, the apparatus according to the invention and as
described herein 1s used for in vitro testing of a substance,
preferably a drug formulation, to determine data on stability
or bioavailability of the substance, preferably the drug
formulation. Preferably, the apparatus according to the
invention 1s used to perform the method according to the
invention and as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention 1s further described with regard to
examples and embodiments, which are illustrated by means
of the following drawings, wherein

FIG. 1 shows a schematic illustration of a test set-up
according to the ivention;

FIGS. 2 and 3 show diffusion rates (FIG. 2) and perme-
ability (FIG. 3) of dextran versus hyaluronic acid concen-
tration 1n a gel matrix;

FIG. 4 shows the eflect of different membranes on the
diffusion of macromolecules versus time;

FIGS. 5 and 6 show diffusion (FIG. 5) and permeability
(FIG. 6) of various macromolecules;

FIG. 7 shows test results performed with monoclonal
antibody;

FIGS. 8a-8¢ show a first illustrative embodiment of an
apparatus according to the invention;

FI1G. 9 shows a schematic illustration of a second embodi-
ment of the apparatus according to the invention;

FIGS. 10a, 106 show a variant of the embodiment of the
apparatus of FIG. 9.

DETAILED DESCRIPTION

In FIG. 1 an embodiment of a set-up of the apparatus and
method 1s schematically shown. The set-up simulates the
geometry and situation of an eye and may preferably be used
for 1n vitro tests simulating eye conditions. The first com-
partment 1 for receiving vitreous humor 1s formed by an
upper wall 10 and a first semi-permeable membrane 4
covering part of said upper wall 10. The upper wall 10 1s
provided with an opening 101 for filling the first compart-
ment 1 through said opening 101. The opening 101 may be
closed, preferably 1n an air-tight manner, with a cover 6. The
cover 6 may for example be a conically shaped plug, for
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example a glass plug. The semi-permeable membrane 4 has
the form of part of a circle, for example 25 of a circle. The

form of the first compartment 1 and of the first membrane
simulates the geometry of an eyeball and retina. The first
compartment 1 1s mounted to a third compartment 3.
Thereby, the first membrane 4 1s preferably completely
inserted into an upper opening 303 of the third compartment
3 and 1nside the third compartment 3. The third compartment
3 1s for rece1ving a bufler solution. A concave shaped second
semi-permeable membrane 5 1s arranged 1n the upper open-
ing 303 and covers part of an upper wall 30 of the third
compartment 3. The second membrane 5 also has the form
of part of a circle, for example Y2 to %5 of a circle. First and
second membranes 4, 5 may be supported by respective first
and second support forming compartment walls as described
below with respect to FIGS. 8a-8¢ below. In the mounted
state of the first and third compartment 1,3, the two semi-
permeable membranes 4,5 are distanced from each other
forming a second compartment 2 in the gap between the first
and the second membrane. Gap sizes may be varied, for
example adapted to a physiological system to be simulated.
First and second membrane 4,5 are arranged concentrically
and such as to have a predefined distance between the
membranes, preferably over the entire extension of the
membranes. Via inlet and outlet opening 102 provided in the
upper wall 10 of the first compartment 1, a gel matrix may
be filled into and removed again from the second compart-
ment 2. The three compartments may be sealed, for example
by the provision of an O-ring arranged on the upper wall 30
of the third compartment and arranged circumierentially
around the gap forming the second compartment 2.

The third compartment 3 1s provided with inlet and outlet
openings 32, 33. Through the inlet opening the third com-
partment 3 may be filled with butler solution and through the
outlet opening the third compartment 3 may be emptied.
Inlet and outlet are preferably designed to allow a flow
through the third compartment such as to clean and replace
the content of the third compartment 3. A continuous or
discontinuous flow through the third compartment 3 may
also be used for sampling the second fluid for subsequent
analysis of the sample.

With the first compartment and first membrane 4 the
geometry as well as the physical and chemical environment
inside an eyeball 1s simulated. In combination with the gel
matrix and second membrane 5, the barrier out of the tissue
enveloping the eyeball, such as the anterior or posterior
segment tissue, 1s simulated. A substance, for example
macromolecules, may be 1njected into the vitreous humor in
the first compartment 1. It migrates to the first membrane,
through the first membrane 4 and the gel matrix in the
second compartment 2, through the second membrane and
into the builer solution 1n the third compartment 3. The
removable cover 6 of the first compartment 1, as well as the
inlet and outlet 32,33, of the third compartment allow the
extraction of samples for analysing purposes.

In the following, examples performed with the system as
described 1 FIG. 1 are described. All experiments men-
tioned 1n the examples were performed 1n aseptic conditions
under laminar air tflow. Samples were collected from the first
and the third compartment 1,3 (or VH-compartment 1 and
FT-compartment 3, respectively) at different time intervals.

Example 1

Example 1 was performed in order to optimize a
hyaluronic acid gel matrix concentration. For this, impact of
different concentrations of hyaluronic acid (HA) (molecular
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weight 1.4x10° Daltons) gel-matrix (GM) on the diffusion
rate of FITC-Dextran (40 kDa) from vitreous humor (VH)-

compartment 1 to flow through (FT)-compartment 3 was
studied. VH-compartment and FT-compartment were sepa-
rated by GM-compartment 2, which acts as a diffusion
controlling barrier. Two dialysis membranes 4,5 were uti-
lized to separate these three compartments 1,2,3. The first
dialysis membrane 4 separating VH-compartment 1 from
GM-compartment 2 was denoted DM-1 (dialysis controlling
membrane 4), and the second dialysis membrane separating
GM-compartment from FT-compartment was named DM-2
(dialysis controlling membrane 5). Molecular weight cut-oft
(MWCO) for DM-1 and DM-2 were 50 kDa and 100 kDa,
respectively. FT-compartment 3 was filled with sterile phos-
phate bufler saline (PBS) (pH 7.4) and GM-compartment 2
was filled with different concentrations of about 3 mL sterile
HA gel prepared in PBS (ranging from 0-0.9% w/v). About
3.5 mL of sterile porcine VH was added in VH-compart-
ment. The device was sealed and VH was conditioned
overnight at 37° C. At the end of incubation, 50 ul. of 80
mg/ml, of FITC-Dextran (40 kDa) was injected into the
VH-compartment 1. The apparatus was sealed and incubated
at 37° C. throughout the study. Samples were evaluated for
the concentration of FITC-Dextran by fluorescence spectro-
photometer at excitation wavelength of 490 nm and emis-
sion wavelength of 520 nm. FIG. 2 illustrates the rate of
diffusion versus concentration of HA and FIG. 3 illustrates
apparent permeability (P, ) versus concentration of HA.
Permeability 1s the property of a diffusion controlling barrier
(single barrier) to allow transfer of components from one
side to the other side of the barrier. When more than one
diffusion-controlling barriers are involved, permeability 1s
calculated as apparent permeability (Papp (apparent) or Peil
(eflective)). In the present experiments, Papp (apparent) has
been implemented to facilitate correlation between the in
vitro/ex vivo diffusion data with reported in vivo diffusion
data in literature. Apparent permeability, for example, can be
calculated from the relationship Papp=Q/[A-t-(Co-C1)],
where Q 1s the quantity of permeant transported through the
membrane with the area (A) 1n time t. Co and Ci1 are the
donor concentration (concentration in the VH chamber) and
receiver concentration (concentration in the FT compart-
ment), respectively. Papp can be represented i cm/sec,
cm/min or cnv/hr.

Results described 1n FIG. 2 suggest that increase in the
concentration of HA gel matrix significantly reduces the rate
of diffusion as well as apparent permeability of macromol-
ecule. The plausible explanation could be, increase in the
HA concentration may result in reduced porosity of the
matrix and/or may increase the interaction of dextran with
matrix components resulting in slower diffusion of FITC-
Dextran. These results indicate that by changing the GM
concentration, 1t 1s possible to tune the rate of diffusion of
macromolecules across the system.

Example 2

Example 2 was performed 1n order to analyse the effect of
dialysis membranes on the diffusion of macromolecules.

Diffusion of bovine serum albumin (BSA) and Immuno-
globulin G (IgG) 1n the flow direction from VH-compart-
ment to FT-compartment was investigated by varying
MWCO of the dialysis membrane. The experiment was
performed similarly as described 1n example 1 with minor

modifications. Two different MWCO dialysis membranes
were used as DM-1, with MWCO 350 kDa and 100 kDa,

whereas the MWCO of DM-2 was kept constant at 100 kDa.
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VH-compartment was filled with 3.5 mL of sterile porcine
VH and GM-compartment was filled with about 3 mL of
sterile HA gel (0.6% w/v). F'T-compartment was filled with

sterile PBS. The device was sealed and VH was conditioned
overnight at 37° C. At the end of incubation, 50 ul. of
FITC-BSA (80 mg/mL) or 200 uL. of FITC-IgG (20 mg/mL)
was 1njected 1nto the VH-compartment. The apparatus was
sealed and incubated at 37° C. throughout the study.
Samples were evaluated for the concentration of FITC-BSA
and FITC-IgG by fluorescence spectrophotometer at exci-
tation wavelength of 490 nm and emission wavelength of
520 nm.

In FIG. 4 results for diffusion measurements in the FT

compartment 3 (named as PBS compartment in the figure)
versus time for BSA with DM-1 and DM-2 MWCO 100 kDa

81, of IgG (about 144 kDa) with DM-1 and DM-2 MWCO
100 kDa 82, for BSA with DM-1 50 kDa and DM-2 MWCO
100 kDa 83 and for IgG with DM-1 350 kDa and DM-2
MWCO 100 kDa 84 1s depicted. Results shown 1n FIG. 4
suggest that DM-1 with 50 kDa MWCO (83,84) restrained
the diffusion of both IgG and BSA significantly when
compared with the diffusion observed with DM-1 with 100
kDa MWCO (81,82). Hence, by changing the dialysis mem-
brane MWCO, 1t will be further possible to tune the diffu-

sion of macromolecules.

Example 3

Example 3 was performed 1n order to observe the difiu-
sion of different macromolecules (linear and globular).

This experiment was performed similarly as described 1n
example 1 with minor modifications. 50 kDa MWCO dialy-
s1s membrane was used as DM-1 and 100 kDa MWCO
dialysis membrane was used as DM-2. VH-compartment
was filled with 3.5 mL of sterile porcine VH and GM-
compartment was filled with about 3 mL of sterile HA gel
(0.6% w/v). FT-compartment was filled with about 35 mL of
sterile PBS. The device was sealed and VH was conditioned
overnight at 37° C. At the end of incubation, 50 ulL of 80
mg/mL of FITC-dextran 4 kDa 91, FITC-dextran 40 kDa 92,
FITC-dextran 70 kDa 94, FITC-BSA 93, or 200 ulL of
FITC-IgG (20 mg/mL) 95 was 1njected into the VH-com-
partment. The apparatus was sealed and incubated at 37° C.
throughout the study. Samples were evaluated for the con-
centration of FITC-Dextran by fluorescence spectrophotom-
eter at excitation wavelength of 490 nm and emission
wavelength of 520 nm.

As shown 1n FIG. 5, where the amount of the different
diffused macromolecules versus time 1s depicted, macro-
molecules exhibited different rate of diffusion. Smaller mol-
ecules diflused at faster rate compared to larger molecules as
expected. The same phenomenon was observed for linear
and globular kinds of macromolecules. Similarly, smaller
molecules exhibited higher P relative to large molecules,
which 1s depicted in FIG. 6. This may be due to the fact that
large molecules face more resistance by the GM due to their
higher molecular radius compared to the smaller molecules
resulting i low P . Interestingly, FITC-Dextran 40 kDa
and FITC-BSA (66 kDa) exhibited similar values ot P, .
Similarity of molecular radius (FITC-Dextran 40 kDa: 4.5
nm, and FITC BSA: 3.62 nm) may attribute to their similar
P

app-’

Example 4

In this experiment, diffusion of a monoclonal antibody
(mAbl) 1n the presence or absence of GM was 1nvestigated
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in the direction from VH-compartment to FT-compartment.
The experiment was performed similarly as described in
example 1 with minor modifications. Again, 50 kDa MWCO
dialysis membrane was used as DM-1 and 100 kDa MWCO
dialysis membrane was used as DM-2. VH-compartment
was filled with 3.5 mL of sterile porcine VH and GM-
compartment was filled with about 3 mL of sterile HA gel
(0.6% w/v) or sterile PBS (without matrix). FT-compartment
was filled with sterile PBS. The device was sealed and VH
was conditioned overnight at 37° C. At the end of 1ncuba-
tion, 33 ul. of mAbl (120 mg/mL) was injected into the
VH-compartment. The apparatus was sealed and incubated
at 37° C. throughout the study. Samples were evaluated for
the concentration of mAbl by size exclusion chromatogra-
phy (SEC).

In FIG. 7 the amount of mAB1 in VH compartment versus
time 1s depicted. As shown, diffusion of mAb1l was signifi-
cantly reduced 1in the presence of GM (about 51% mAbl
diffused out from VH-compartment at 120 h), indicated by
curve 85, when compared to the diffusion observed 1in
absence of GM (about 87% mAb]l diffused out from VH-
compartment at 120 h), which 1s indicated by curve 86.
Reduction 1n the diffusion may be attributed to the resistance
provided by the gel-matrix. This result clearly indicates that
it 1s possible to tailor the residence time of protein thera-
peutics 1nto the VH compartment 1 by altering the concen-
tration of gel-matrix.

In FIG. 8a to FIG. 8¢ an illustrative embodiment of an
apparatus according to the invention and 1ts parts are shown.
The same reference numbers as in FIG. 1 are used for the
same or similar features. FIG. 8a shows the cover 6 having
a cylindrical form and having a circumierence correspond-
ing to the size of the opening 101 1n the upper wall 10 of the
first compartment 1. When 1n a mounted state as shown 1n
FIG. 8¢, the cover preferably forms an air-tight seal with the
upper wall 101. Macromolecules 7, representing a sub-
stance, 1n a first fluid such as vitreous humor 11 are indicated
with circles. In FIG. 8¢, the macromolecules have already
migrated through the first flmud 11, for example vitreous
humor, 1n the first compartment 1 into the direction of the
first membrane 4. The first membrane 1s arranged on a first
support 14 forming part of the upper wall 101 of the first
compartment 1. In FIG. 84 the second membrane S 1is
arranged on a second support 15. The second support 15
forms part of the upper wall 30 of the third compartment 3.
The third compartment i1s cylindrically shaped but may
basically have any other form. The third compartment 1s
filled with a second flmid, preferably a physiologically
relevant buffer solution 31. Inlet and outlet 33,32 are formed
by tube sections attached to or preferably integrated into the
side wall 34 of the third compartment 3. First and second
support 14, 15 are arranged equidistantly in the mounted
state of first and third compartment as shown 1n FIG. 8e.
There, some macromolecules are indicated as having
migrated to the first membrane 4, some are shown as having
partly passed the gel matrix 21 in the second compartment
2 formed by the first and second membrane 4,5 (supported
by the first and second support 14,15) and some are about to
diffuse through the second membrane 5.

The three compartments 1,2,3, are arranged above or on
top of each other. The semi-permeable membranes 4,5 are
arranged substantially horizontally between the respective
compartments forming a ‘horizontal arrangement’ of the
apparatus.

All parts of the apparatus, next to the membranes may be
made of glass. Preferably, the apparatus 1s made of three
separate parts only: cover, first compartment and third
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compartment, wherein the separate parts may be mounted to
cach other preferably in an air-tight manner. Also the appa-
ratus as shown 1n FIG. 9 1s preferably made of glass.

The apparatus of FIG. 9 comprises a receptacle 100, for
example of cuboid or tubular form. A first semi-permeable
membrane 4 and a second semi-permeable membrane 5 are
arranged 1n the receptacle such as to divide the interior of the
receptacle 100 1n a first compartment 1, a second compart-
ment 2 and a third compartment 3. The first 4 and the second
4 semi-permeable membrane S are arranged vertically 1n the
receptacle 100 and perpendicular to a longitudinal axis 300
ol the receptacle 100.

The first compartment 1 comprises a first inlet 17
arranged on top of the receptacle 100 for supplying a first
fluid, for example, vitreous humor into the first compartment
1. One side wall of the first compartment 1 1s formed by the
first semi-permeable membrane 4.

The two semi-permeable membranes 4,5 are arranged
distanced to each other, forming the second compartment 2
between the two membranes. A distance between the mem-
branes 4,5 may be varied, for example, adapted to a physi-
ological system to be simulated. Preferably, first and second
membrane 4,5 have a predefined distance between the
membranes, preferably over the entire extension of the
membranes. The second compartment 2 comprises a second
inlet 18 arranged on top of the receptacle 100 for supplying
a gel matrix mto and removing same from the second
compartment 2.

The third compartment 3 1s formed as a flow-through
chamber comprising inlet and outlet 32,33, which are
arranged 1n FIG. 9 on top of the receptacle 100 for supplying
and removing a third fluid, for example, a bufler solution.
However, inlet and outlet may also be arranged 1n preferably
different (solid) side walls of the third compartment. One
side wall of the third compartment 3 (not formed by a
receptacle wall) 1s formed by the second semi-permeable
membrane 5.

The three compartments 1,2,3, are arranged next to each
other in a side-by-side manner. The semi-permeable mem-
branes 4,5 are arranged vertically 1n the receptacle forming
a ‘vertical arrangement’ of the apparatus.

The semi-permeable membranes 4,5 are held by holders
24.25. The holders 24,25 are arranged on the top and below
the bottom of the receptacle 100 outside of the receptacle
100. The holders 24,25 may also be arranged circumieren-
tially around the receptacle 100. The holders may, for
example, be clamps.

A clamping of the membranes 4,5 may also be achieved
by the receptacle 100 itself. For example, the receptacle 100
may be made of several, for example, three parts. A semi-
permeable membrane may then be clamped between two
parts upon mounting and fixing the parts to each other. Each
part then basically forms a compartment. Such an embodi-
ment of the apparatus 1s 1llustrated in FIG. 10aq and FIG. 105.
FIG. 10a shows the individual three parts 101,102,103 of the
receptacle 100, which may be mounted to the apparatus
according to the invention with a first semi-permeable
membrane 4 clamped between first and second part 101,102
and with a second semi-permeable membrane 5 clamped
between second and third part 102,103. Each two parts of the
receptacle may be provided with clamping means (not
shown) for holding the two parts to each other and for
achieving a liquid tight connection between the two parts. To
support clamping, each part 101,102,103 1s provided with
circumfierentially running rims 1010,1020,1021,1030. In the
mounted state of the receptacle, shown 1n FIG. 105, each
two rims 1010,1020; 1021,1030 come to lie against each
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other, clamping the semi-permeable membrane along a ring
portion. Preferably, clamping means are provided to clamp
each two rim portions.

Preferably, the semi-permeable membranes 4,5 are plane
membranes. However, 11 the material of the membranes
allows, the membranes may also be pre-shaped, {for
example, concave or convex to simulate the geometry of
portions of an eyeball. Preferably, the forms of the semi-
permeable membranes 4,5 correspond to each other. While
vertically arranged membranes are preferably held in the
receptacle by clamping or other holding means, the first and
second membranes 4, 5 may also be supported by respective
first and second supports forming compartment walls as
described above with respect to FIGS. 8a-8e. Holders 24,25
may then be omitted.

A substance, for example macromolecules, may be
injected through the first opeming 17 1nto the first fluid 1n the
first compartment 1. It migrates to all sides. Due to gravi-
tational force, migration to the bottom of the first compart-
ment 1s preferred. However, the bottom being formed by a
closed receptacle wall does not allow diffusion of the
substance out of the first fluid through the bottom. Only
upon migration of the substance to the first semi-permeable
membrane 4, a diffusion out of the first compartment,
through the first membrane 4, into and through the gel
matrix in the second compartment 2, through the second
membrane and into the bufler solution 1n the third compart-
ment 3 occurs. Inlet 17, as well as the inlet and outlet 32,33
of the third compartment also allow the extraction of
samples for analysing purposes.

The mnvention has been described relating to specific
embodiments. However, further embodiments may be real-
1zed without departing from the scope of the invention. For
example, form and size of the apparatus may be adapted to
a specific application a substance shall be tested for. Espe-
cially, a geometry of the apparatus may be varied. For
example, compartments and membranes may be arranged 1n
an essentially flat manner, such that the apparatus 1s formed
by a stack of compartment separated by the membranes. The
geometry of an arrangement may also have influence on the
materials used 1n the method and apparatus according to the
invention. For example, 1n a flat configuration, a substance
may provide suilicient support for a membrane such that for
example a first support may possibly be omitted or limited
to small edge portions. In addition, the fluid or semi-tluid
material of the gel matrix may be replaced by a porous solid
material forming the barrier. For example, open-pored
ceramic or open plastic materials may be favorable when
combined with cell growth in the barrier material. Yet
further one membrane may be replaced by two or more
membranes having the same or different MWCOs.

The invention claimed 1s:

1. An 1n vitro method for analyzing the behaviour of
substances 1n simulated physiological environment, the
method comprising the steps of:

providing a first fluid, a gel matrix and a second flud;

separating the first fluid and the gel matrix by at least one

first semi-permeable membrane;

separating the gel matrix and the second fluid by at least

one second semi-permeable membrane;

injecting a substance into the first fluid;

letting the substance migrate from the first fluid through

the at least one first semi-permeable membrane,
through the gel matrix, through the at least one second
semi-permeable membrane and into the second fluid;
and
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determining clearance of the substance from the first fluid,

wherein the first fluid 1s vitreous humor and the second
flmid 1s a butfler solution.

2. A method according to claim 1, wherein the step of

determining clearance of a substance from the first fluid 1s

performed by measuring a substance concentration in the

first fluid, 1n the second fluid or 1n the first and 1n the second
fluad.

3. A method according to claim 1, further comprising the
step of varying the Molecular Weight Cut Off MWCO) of
the at least one first or of the at least one second semi-
permeable membrane, or varying the composition of the gel
matrix.

4. A method according to claim 1, wherein the injected

substance comprises molecules having a size 1n a range
between about 100 Da and about 400 kDa.

5. Amethod according to claim 1, wherein the at least one
first membrane has a Molecular Weight Cut Off (MWCO)
substantially corresponding to the Retinal Exclusion Limit
(REL).

6. A method according to claim 1, wherein the step of
injecting a substance into the first fluid comprises 1njecting
a substance via a substance delivery system into the first
fluid, thereby releasing the substance into the first fluid 1n a
delayed manner.

7. A method according to claim 1, wherein the substance
1s at least one of a macromolecule, a drug formulation, an
excipient, a protein or a combination thereof.

8. A method according to claim 1, wherein the bufler
solution 1s a physiologically relevant bufler solution.

9. A method according to claim 1, further comprising the
step of varying a viscosity of the gel matrix or varying a
concentration of a component of the gel matrix.

10. A method according to claim 1, wherein the injected
substance comprises molecules having a size in a range
between about 1 kDa and about 250 kDa.

11. A method according to claim 1, wherein the injected
substance comprises molecules having a size in a range
between 4 kDa and 150 kDa.

12. A method according to claim 1, comprising in vitro
testing a substance and determining data on stability or
bioavailability of the substance.

13. A method according to claim 12, wherein the sub-
stance 1s a drug formulation.

14. An apparatus for analyzing the behaviour of mol-
ecules 1n simulated physiological environment, the appara-
tus comprising

a first compartment for receiving a first fluid,

a second compartment for receiving a gel matrix, and

a third compartment for receiving a second fluid; the

apparatus further comprising

a first support for supporting at least one first semi-

permeable membrane, and
a second support for supporting at least one second
semi-permeable membrane, the second support being
arranged at a distance from the first support, wherein

the first support 1s arranged between the first compartment
and the second compartment, and

wherein the second support i1s arranged between the

second compartment and the third compartment,
wherein the first support forms a porous wall of the first
compartment and of the second compartment, wherein
the second support forms a porous wall of the second
compartment and of the third compartment, and
wherein a shape and size of the first support 1s adapted
to the form and size of a retina.
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15. An apparatus according to claim 14, wherein at least
one first semi-permeable membrane 1s arranged on the first
support and at least one second semi-permeable membrane
1s arranged on the second support, the at least one first
semi-permeable membrane having a Molecular Weight Cut
Off  MWCO) being smaller than or equal to the Molecular
Weight Cut Off (MWCO) of the at least one second semi-
permeable membrane.

16. An apparatus according to claim 14, wherein the
Molecular Weight Cut Off MWCO) of the at least one first
semi-permeable membrane substantially corresponds to the
Retinal Exclusion Limit (REL).

17. An apparatus according to claim 14, wherein at least
the first support has a concave shape.

18. An apparatus according to claim 14, comprising or
being made of glass.

19. An apparatus according to claim 14, further compris-
ing a cover for closing an opening of the first compartment.
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