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DIALYSIS ADAPTER CELL AND METHOD OF USE

BACKGROUND

[0001] This application relates to a dialysis adapter cell and method of use, and
especially relates to the use of the adapter cell in a United States Pharmacopoeia dissolution
apparatus 4 for in vitro release testing of disperse dosage forms.

[0002] Drug delivery systems such as microspheres, liposomes, nanosuspensions,
microemulsions, and the like have been the subject of significant research and development
efforts. The advantages of these systems include the potential for controlled/modified
delivery, targeted delivery, localized delivery, decreased dose, reduced toxicity, and
protection of labile drugs (such as proteins) from degradation prior to and after
administration. Several microsphere, nanosuspension, emulsion and liposome formulations
have been approved by the United States Food and Drug Administration (FDA), and the
number of such products is likely to increase rapidly with the advances in protein and gene
therapeutics and the large number of new candidates with poor aqueous solubility.

[0003] In order to assure the performance and safety of these delivery systems, as
well as to assist in the product development process, in vitro testing methods have been
developed. In vitro release is an important indicator of in vivo product performance.
Accordingly, in vitro release tests are used for routine assessment of process quality control,
formulation optimization in product development, development of in vitro-in vivo
relationships (IVIVR), and the like. In addition, in vitro release methods can also be applied
for evaluation of scale-up and post approval changes (SUPAC), in cases where an approved
IVIVR exists.

[0004] A variety of methods have been used for in vitro release testing of these drug
delivery systems. Currently used methods for in vitro release testing from these dosage
forms can be broadly divided into three categories: 1) membrane dialysis methods (such as
dialysis sac, reverse dialysis sac, micro-dialysis, and Franz diffusion cells); 2) sample and
separate methods (such as vial/tube/bottle methods with centrifugation or filtration after
sampling); and 3) flow-through cell methods. These techniques are required to isolate the
dosage form from the release medium for analytical purposes. None of these methods use an
official United States Pharmacopoeia (USP) dissolution/release apparatus. In addition, the
procedures and apparatuses used can vary among laboratories. Due to this lack of a standard

method, results from different sources are usually not comparable. Morcover, some of the



WO 2010/099519 PCT/US2010/025717

methods mentioned above are subject to high variability and have limitations, such as
violation of sink conditions.

[0005] The lack of standard pharmacopoeial/regulatory tests for controlled release
parenteral products is a major obstacle in the development and regulatory process of the
products. In particular, the need for standards in in vitro release methods on colloidal
disperse formulations like liposomes, microemulsions, nanosupsensions, or other like systems

has not yet been met.

BRIEF DESCRIPTION

[0006] The above-described and other needs are met by a dialysis adapter cell
comprising a housing comprising a plurality of pillars extending between and attached to a
top plate and a bottom plate to form a hollow receptacle, wherein the top plate comprises an
aperture configured to provide access to the hollow receptacle; a dialysis membrane disposed
about the housing and sealingly engaged to the top plate and the bottom plate; and a platform
in physical communication with the bottom plate and configured to position the dialysis
adapter cell upright in a sample holder of a United States Pharmacopoeia dissolution
apparatus 4 flow-through cell.

[0007] Systems for in vitro release testing of a colloidal disperse system comprising
the above-described dialysis adapter cell are also described. In one embodiment, a system for
in vitro release testing of a colloidal disperse system comprises a United States
Pharmacopoeia dissolution apparatus 4 system comprising a dissolution medium reservoir; a
pump in fluid communication with the dissolution medium reservoir and a flow-through cell,
wherein the pump is configured to move the dissolution medium through the flow-through
cell; the flow-through cell comprises a sample holder mounted in fluid communication with a
filter system; and a dialysis adapter cell disposed in the sample holder and configured to
contain the colloidal disperse system, comprising a housing having a plurality of pillars
extending between and attached to a top plate and a bottom plate to form a hollow receptacle,
wherein the top plate comprises an aperture configured to provide access to the hollow
receptacle; a dialysis membrane disposed about the housing and sealingly engaged to the top
plate and the bottom plate; a platform in physical communication with the bottom plate
configured to position the dialysis adapter cell upright in the sample holder.

[0008] Methods for the in vitro release testing of a disperse dosage are also described.
In one embodiment, a method for the in vitro release testing of a colloidal disperse system

comprises placing the colloidal disperse system in a dialysis adapter cell, wherein the dialysis
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adapter cell comprises a housing having a plurality of pillars extending between and attached
to a top plate and a bottom plate to form a hollow receptacle, wherein the top plate comprises
an aperture configured to provide access to the hollow receptacle; a dialysis membrane
disposed about the housing and sealingly engaged to the top plate and the bottom plate; a
platform in physical communication with the bottom plate; placing the dialysis adapter cell in
a sample holder of a United States Pharmacopoeia dissolution apparatus 4 flow-through cell;
pumping a dissolution medium through the flow-through cell to contact the dialysis adapter
cell; and detecting a component of the disperse dosage form in the dissolution medium.
[0009] The above described and other features are exemplified by the following

figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components in the drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the embodiments described herein.
Moreover, in the drawings, like reference numerals designate corresponding parts throughout
the several views.

[0011] Figure 1 is a schematic illustration of an exemplary embodiment of a dialysis
cell adapter without the dialysis membrane disposed about the cylinder;

[0012] Figure 2 is a schematic illustration of an exemplary embodiment of a top plate
for the dialysis cell adapter of Figure 1;

[0013] Figure 3 is a schematic illustration of an exemplary embodiment of a dialysis
cell adapter including the dialysis membrane disposed thereon;

[0014] Figure 4 is a schematic illustration of an exemplary embodiment of a bottom
plate and platform for the dialysis cell adapter of Figure 1;

[0015] Figure 5 is a schematic illustration of an exemplary embodiment of a dialysis
cell adapter disposed in the sample holder cell of a flow-through United States
Pharmacopoeias dissolution apparatus 4 system;

[0016] Figure 6 is a graphic illustration of the effect of different flow rates on
dexamethasone release from solution using the dialysis adapter cell method;

[0017] Figure 7 is a graphic illustration of the effect of different flow rates on
dexamethasone release from suspensions using the dialysis adapter cell method;

[0018] Figure 8 is a graphic illustration of the effect of different flow rates on
dexamethasone release from non-extruded DMPC liposomes using the dialysis adapter cell

method;
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[0019] Figure 9 is a graphic illustration of the effect of different flow rates on
dexamethasone release from non-extruded DPPC liposomes using the dialysis adapter cell
method;

[0020] Figure 10 is a graphic illustration of the effect of different sample volume in
the dialysis adapter cell on release from a suspension;

[0021] Figure 11 is a graphic illustration of the comparison of percent release over
time from different formulations using the dialysis adapter cell method;

[0022] Figure 12 is a graphic illustration of the comparison of percent release over
time from the extruded and non-extruded liposome formulations of DMPC, DPPC, and DSPC
using the dialysis sac method;

[0023] Figure 13 is a graphic illustration of the comparison of percent release over
time from the extruded and non-extruded liposome formulations of DMPC, DPPC, and DSPC
using the reverse dialysis sac method;

[0024] Figure 14 is a graphic illustration of the comparison of percent release over
time from the extruded and non-extruded liposome formulations of DMPC, DPPC, and DSPC
using the dialysis adapter cell method;

[0025] Figure 15 is a graphic illustration of the comparison of percent release over
time from non-extruded DMPC liposomes using the dialysis sac, reverse dialysis sac, and
dialysis adapter cell methods;

[0026] Figure 16 is a graphic illustration of the comparison of percent release over
time from non-extruded DPPC liposomes using the dialysis sac, reverse dialysis sac, and
dialysis adapter cell methods; and

[0027] Figure 17 is a graphic illustration of the comparison of percent release over
time from non-extruded DSPC liposomes using the dialysis sac, reverse dialysis sac, and

dialysis adapter cell methods.

DETAILED DESCRIPTION

[0028] Disclosed herein is a dialysis adapter cell for use in conjunction with
compendial United States Pharmacopoeia (USP) dissolution apparatus 4. The dialysis
adapter cell renders the USP dissolution apparatus 4 suitable for in vitro release testing of
disperse dosage forms, such as nanosuspensions, liposomes, microemulsions, and the like.
Use of the dialysis adapter cell with the USP dissolution apparatus 4 eliminates the variations
associated with existing methods used for release testing of disperse dosage forms.

Specifications for the USP dissolution apparatus 4 have been set by the USP to eliminate
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variations in flowthrough testing with the apparatus. However, the sample cell of the USP
dissolution apparatus 4 is insufficient for disperse dosage forms since the small particles can
block and even pass through the filters in the cell. Using filters with smaller pore sizes with
the USP dissolution apparatus 4 cell also does not work, because undesirable backpressure
occurs in the system. The dialysis adapter cells described herein are designed to be used with
the standard sample holder cells, but are adapted to be suitable for dispersion dosage forms.
The dialysis adapter cell, therefore, has the potential to be adopted as a preferred component
in in vitro testing during formulation development and process quality control of disperse
dosage forms. As used herein, a “disperse dosage form” means a drug delivery vehicle
having two or more phases, wherein at least one of the phases is dispersed within another
phase. The dispersed phase can have an average particle size of 1 micrometer or less,
specifically 0.5 micrometer or less, even more specifically 0.1 micrometer or less. A
“disperse dosage form” may be formed by a variety of methods, and includes, without
limitation, colloids, emulsions, microemulsions, nanoemulsions, microsuspensions,
nanosuspensions, liposomes, cubosomes, inclusion complexes, nanospheres, nanocapsules,
nanochelates, and the like.

[0029] The dialysis adapter cell is configured for use with a standard sample holder
cell of the USP dissolution apparatus 4. There are several different types (e.g., sizes, shapes)
of sample holder cells used with the USP dissolution apparatus 4. The dialysis adapter cell,
therefore, is generically designed so that it can be adapted to fit with 12 millimeter (mm) and
22.6 mm sample holder cells. The dialysis adapter cell is configured to serve as an isolation
chamber for a disperse dosage form. A dialysis membrane is disposed around the isolation
chamber, such that the disperse dosage is held within the dialysis adapter cell, but the
dissolution media can flow into contact with and around the dialysis adapter cell, then
through the dissolution apparatus, carrying with it any solute(s) (i.e., active pharmaceutical
ingredient or other component) that have been released from the dispersed dosage form.
During disperse dosage form release testing, the dialysis adapter cell is disposed within the
sample holder cell of the USP dissolution apparatus 4. The dialysis adapter cell, therefore,
can have any shape configured to fit within a standard apparatus 4 sample holder cell; hold
the disperse dosage form; and permit flow of the dissolution medium through the adapter cell.

[0030] Figure 1 illustrates an exemplary embodiment of a dialysis adapter cell 10.
The dialysis adapter cell 10 is configured to be disposed in a standard apparatus 4 sample
holder cell, such as the 12 mm or 22.6 mm diameter sample holders. The dialysis adapter cell

10 comprises a receptacle, e.g., a hollow cylinder 12 having a top 14 and a base 16. Shapes
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other than a cylinder can be used. A plurality of pillars 18 connect the top 14 to the base 16
and form the receptacle, e.g., cylinder structure 12. While Figure 1 shows the dialysis
adapter cell 10 as having three pillars 18, the dialysis adapter cell can have any number of
pillars suitable to form the cylinder 12 without interfering with the operation of the adapter
cell, such as the flow of dissolution medium into the cell. The plurality of pillars 18 can be
formed of a material that provides rigid support between the top 14 and base 16, and that is
inert to the dissolution mediums typically used in dissolution testing. In one embodiment, the
plurality of pillars 18 are metallic wires.

[0031] The top 14 and base 16 are configured to seal the ends of the hollow
receptacle, and in Figure 1 are illustrated as circular plates. In another embodiment, the top
and base can have non-circular shapes that can be corresponding or different. Morcover, the
top 14 and base 16 can have a shape that corresponds to the overall shape of the receptacle 12
or the shapes can be different. Like the pillars, the top and base plates are formed of a
material that provides rigid support to the ends of the adapter cell cylinder, and that is inert to
the dissolution mediums typically used in dissolution testing. In one embodiment, the top
and base plates comprise polymers such as poly(ether ether ketone), poly(sulfone),
poly(vinylidene chloride), and fluoropolymers, such as polytetrafluoroethylene (PTFE). Each
of the top 14 and base 16 plates can further comprise a groove 20 disposed around the
circumference of the plate. As will be discussed in more detail below, the groove is
configured to engage an elastic, resilient member such as an O-ring, which can be used to
affix a dialysis membrane to the cylinder 12. Figure 2 is a top-down schematic view of the
top plate 14. The figure illustrates the circular plate and the attachment points 22 of the
plurality of pillars 18 to the top plate 14. In this embodiment, the top plate 14 further
comprises an aperture 24 configured to provide access to the interior of the cylinder 12.
After a disperse dosage has been placed in the dialysis adapter cell 10, the aperture 24 can be
sealed with a plug, lid, or the like. In one embodiment, the aperture 24 has a corresponding
lid (not shown), which can be latched to the top plate 14 with a fastener such as a hex screw.

[0032] A dialysis membrane 26, as shown in Figure 3, is disposed about the cylinder
12. The dialysis membrane 26 is attached to the cylinder at the top 14 and bottom 16 plates,
and is sealed to the cylinder 12 with O-rings 28 that engage the dialysis membrane 26 to the
grooves 20 of the top and bottom plates. The dialysis membrane 26 is formed of a specific
material configured to allow the dissolution medium and dissolved dosage form to flow there
through, while also preventing the solid form of the disperse dosage to pass through the

membrane 26. Exemplary dialysis membrane materials include, without limitation, a
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cellulose material, such as regenerated cellulose or acetic cellulose, cellulose ester or a
macromolecular material, such as polyacrylonitrile copolymer or polymethyl methacrylate,
polysulfone, polyamide, polyacrylonitrile, and their co-polymers, polytetrafluoroethylene and
their derivatives.

[0033] The dialysis adapter cell 10 is fixed onto a platform designed to fit the
diameter dimensions of the intended USP standard apparatus 4 sample holder cell. Figure 4
illustrates a top-down schematic view of one embodiment of a platform 28. The platform 28
is attached to the bottom plate 16. The platform 28 can have any shape configured to hold
the dialysis adapter cell within the sample holder cell. The lower portion of a USP standard
apparatus 4 sample holder typically has a conical configuration. The platform, therefore, is
configured to set on the top of this conical configuration, thereby holding the dialysis adapter
cell above the conical portion of the sample holder cell. In the embodiment of Figure 4, the
platform 28 has a cross-shape with four platform legs that are configured to hold the dialysis
adapter cell centered and upright within the sample holder cell.

[0034] As mentioned previously, in one embodiment the dialysis adapter cell is
configured for use in conjunction with the standard 22.6 mm and 12 mm sample holder cells
for the USP dissolution apparatus 4. For example, when used with a standard 22.6 mm
diameter sample holder, the dialysis adapter cell has a diameter of about 9 mm, a total height
of about 33 mm, and a top and bottom plate thickness of about 3 mm respectively, for a total
adapter cell volume of about 1.7 milliliters (ml). When a smaller sample holder is desired,
such as a 12 mm diameter sample holder, the dialysis adapter cell is configured for the
smaller size of the holder. For example, a dialysis adapter cell for the 12 mm sample holder
can have a cell diameter of about 6 mm, a total height of about 48 mm, and a top and bottom
plate thickness of about 2.5 mm respectively, for a total cell volume of about 1.1 ml. The
dimensions of the dialysis adapter cell design as illustrated in Figures 1-4 can be varied to
correspond with the dimensions of other sizes of sample holders. The particular dimensions
of the adapter cell are simply adjusted accordingly based on the size of the desired sample
holder.

[0035] The USP dissolution apparatus 4 system was originally designed as an in vitro
dissolution method for controlled release oral powders, granules, and solid dispersions. The
system can be operated under different conditions, such as open or closed configurations, and
with different flow rates and temperatures. The diversity of available sample holder types
allows application to a wide range of dosage forms. Moreover, since the reservoir volume is

not fixed, the volume of the medium can be decreased to accommodate systems where the
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concentration of drug released would otherwise be below the detection limit, or increased to
allow ease of maintenance of sink conditions for poorly soluble compounds. The flexibility
of the USP dissolution apparatus 4 system makes it practical for use with the dialysis adapter
cell 10. The dialysis adapter cell 10 renders the USP dissolution apparatus 4 system suitable
for in vitro release testing of disperse dosage forms.

[0036] Figure 5 shows an exemplary embodiment of a USP dissolution apparatus 4
(flow-through) system 100 used in conjunction with the dialysis adapter cell described above.
This figure shows the USP dissolution apparatus 4 system 100 in a closed configuration,
meaning a finite amount of dissolution medium is recirculated through the sample holder cell.
It is to be understood that the dialysis adapter cell can be also be used when the USP
dissolution apparatus 4 system 100 is operated with an open configuration, wherein
dissolution medium is not recirculated, but rather flows through the cell, for example to a
fraction collector. The USP dissolution apparatus 4 system 100 comprises the dissolution
medium reservoir 102 in fluid communication with a pump 104. The pump 104 is configured
to pump the dissolution medium from the reservoir 102, through a flow-through cell 106 and
back into the reservoir. The pump 104 is separated from the dissolution medium reservoir
102 in order to shield the reservoir against any vibrations originating from the pump. The
flow-through cell 106 is configured to direct the dissolution medium through the sample
holder 108, where the controlled/delayed release formulation is located. The flow-through
cell can be formed of a transparent, inert material and comprises the sample holder 108
vertically mounted with a filter system 110. The filter system 110 prevents escape of
undissolved dosage particles from the top of the sample holder 108. The lower portion of the
sample holder 108, where the dissolution medium enters the flow-through cell, has a conical
shape. The conical portion of the sample holder 108 can be filled with glass beads 112, as
shown in Figure 5. In one embodiment, the glass beads are about I mm in diameter and are
disposed over a single larger glass bead of about 5 mm in diameter. The larger glass bead is
positioned at the apex of the conical portion to protect the fluid entry point of the flow-
through cell. The sample holder 108 is removable from the flow-through cell 106. A cell
holding cap and O-rings (not shown) are used to fix the sample holder and filter system 110
within the flow-through cell.

[0037] While standard USP dissolution apparatus 4 systems have a tablet holder for
positioning of special dosage forms, such as inlay tablets, the system 100 utilizes the dialysis
adapter cell 120 so that disperse dosage forms, can undergo in vitro release testing. The

dialysis adapter cell is disposed upright within the sample holder 108. The platform attached
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to the base plate of the dialysis adapter cell holds the adapter cell upright and centered above
the conical portion of the sample holder 108.

[0038] In operation, the disperse dosage form is placed in the cylinder of the dialysis
adapter cell 120. The dosage form can be inserted into the adapter cell through the aperture
and then the aperture can be covered with a lid that is locked into place. The dialysis adapter
cell 120 is then placed upright within the sample holder 108 and both components are placed
in the flow-through cell 106. The filter system 110 is in fluid communication with the
sample holder. The dissolution medium from the reservoir 102 is warmed to 37 +/- 5 degrees
Celsius (°C) (or to any required temperature) by passing through inline metallic coils
immersed in a thermostatic water bath and pumped through the bottom of the flow-through
cell 106. The pump 104 forces the dissolution medium upwards through the flow-through
cell 106 and into contact with the dialysis adapter cell 120. The pump can have a delivery
range between about 240 and about 960 ml per hour, with standard flow rates of 4, 8, and 16
ml per minute as per the USP. Other flow rates can be utilized depending upon the pump
used, for example, one pump can operate in range of 8-50 ml/min while another can operate
in a range of 1.5 — 35 ml/min. The pump preferably delivers a constant flow independent of
the flow resistance in the filter system 110. The pump delivers the dissolution medium
through the flow-through cell 106 to contact the dialysis adapter cell 120. The dissolution
medium can be recirculated through the system 100. Samples can be withdrawn from the
medium reservoir at specified time points after the dissolution medium is pumped through the
flow-through cell 106. Analysis is performed on each of the samples to determine the
presence of a component of the disperse dosage form therein for a given time. Each of the
samples can be replaced with fresh dissolution media.

[0039] Alternatively, where the dissolution medium is not recirculated, aliquots of the
dissolution medium over time after contacting with the dialysis adapter cell 120 can be
analyzed to determine the presence of a component of the disperse dosage form. Most
conveniently, the dissolution medium is collected in fractions, for example by a fraction
collector.

[0040] The invention is further illustrated by the following non-limiting Examples.
The Examples are merely exemplary and are intended to further explain and not to limit the

system and method disclosed herein.
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EXAMPLES

[0041] A dialysis adapter cell was designed as described herein; disposed in a
standard USP dissolution apparatus 4; and evaluated with solution, suspension, and liposome
dosage forms of dexamethasone to analyze the feasibility of the dialysis adapter cell for
controlled release testing. Each of the liposome dosage forms had formulations with different
release kinetics to determine the discriminatory ability of the dialysis adapter cell based
method described herein. In addition, in vitro release of dexamethasone from the liposomes
formulations was investigated with two of the current, commonly used controlled release
methods: dialysis sac (DS) and reverse dialysis sac (RDS). The results of these existing
methods were compared with the dialysis adapter cell (DAC) method described herein. The
dialysis-based methods were selected since they are more suitable for deformable
formulations such as liposomes. Sample and separate methods, another type of commonly
used method, poses two limitations: an artificially higher release might be obtained due to the
separation process as a result of vesicle fusion during high speed centrifugation or filtration
of smaller size particles during filter separation; and an erroneous release could result if the

separation method is of the same time scale as the release study.

Materials

[0042] Dexamethasone, sodium azide, sodium dodecyl sulfate (SDS), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffering agent, and sodium salts
were purchased from Sigma-Aldrich®. 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC), 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC), and cholesterol were purchased from Avanti® Polar Lipids, Inc.
Maxidex® ophthalmic suspension of dexamethasone (0.1% weight/volume (w/v)) was
purchased from Alcon® Laboratories.  Chloroform, acetonitrile, and methanol were
purchased from Thermo Fisher Scientific®. Spectra/Por” DispoDialyzer® Membranes (50
kilodalton (kDa) molecular weight cut off (MWCO); 2 ml volume) and Spectra/Por” Biotech
(50 kDa MWCO) cellulose ester dialysis membranes were purchased from Spectrum®
Laboratories. Water from a Barnstead Nanopure® water purification system was used for all

the examples.

Preparation of Liposomes
[0043] A thin-film hydration method was used to prepare dexamethasone-loaded
liposomes. A chloroform solution of lipid and a methanol solution of dexamethasone were

mixed in a pear-shape flask and evaporated on a Biichi® rotary evaporator at a temperature
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above the phase transition temperature(s) (Tm) of lipids to form a thin film (lipid:drug ratio -
1:0.2 molarity (M)). This film was dried overnight under vacuum for complete removal of
the solvents. The lipid film was then hydrated in 10 mM HEPES buffer, having a pH of 7.4
with 0.1% w/v sodium azide as a preservative at a temperature greater than the phase
transition temperature. The hydration was followed by vortexing for two minutes to a final
lipid concentration of 1.2 milligrams per ml (mg/ml). These vortexed vesicles were used as
large multilamellar, non-extruded liposomes (referred to as “non-extruded liposomes”
henceforth). For preparation of small extruded liposomes, non-extruded liposomes were
sonicated for 4 minutes using an Avanti® Ultrasonic cleaner bath sonicator (T>Tm), followed
by extrusion 11 times through a 400 nanometer (nm) polycarbonate membrane (T>Tm) using
an Avanti MiniExtruder® for size homogenization (referred to as “extruded liposomes”
henceforth). The non-entrapped dexamethasone was removed using the Amicon Ultra-15%
centrifugal filtration devices 30 kDa MWCO. Briefly, a 5 ml liposome suspension was added
to the upper chamber of the ultrafiltration tube and filtered to 500 ul by centrifugation at
about 3800 g (10°C) using a Beckman Coulter Allegra® X-15R centrifuge. Non-entrapped
drug filtered into the bottom chamber of ultrafiltration tube and the purified liposome

suspension was collected from the upper chamber.

Example 1 — Dialysis Sac Method (DS)

[0044] The pore size of the dialysis membrane can limit the diffusion across the
membrane.  Therefore, a 50 kDa MWCO Spectra®/Por CE DispoDialyzer® dialysis
membrane was selected after screening different MWCO dialysis membranes for diffusion of
dexamethasone. Liposome suspensions were added to the Spectra®/Por CE DispoDialyzer®
50 kDa MWCO membranes. The dialysis sacs containing the liposome suspensions were
placed in 25 mm by 200 mm Kimax® glass culture tubes containing 50 ml HEPES buffer
maintained at 37°C in a New Brunswick Scientific shaker water bath and rotated at 50
revolutions per minute (rpm). One ml aliquots were withdrawn at each time point for release
estimation and replaced with fresh buffer. Dexamethasone was analyzed using High
Performance Liquid Chromatography (HPLC), which is described below. In case of
incomplete release, or if a plateau was reached, SDS was added to a final concentration of
0.5% w/v to disrupt the liposomes and confirm complete recovery. Addition of SDS is
indicated by an arrow in all of the following figures. The results were reported as mean +/-

SD (n=3).
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Example 2 — Reverse Dialysis Sac Method (RDS)

[0045] Release testing for this method was performed in glass tubes (Pyrex®; 38 mm
x 200 mm) containing 125 ml HEPES buffer maintained at 37°C in the New Brunswick
Scientific shaker water bath and rotated at 50 rpm. Spectra®/Por CE DispoDialyzer® 50 kDa
MWCO dialysis sacs containing HEPES buffer were placed in each glass tube. Liposome
suspensions were added to the medium outside of dialysis sacs. At each time point, a dialysis
sac was removed from each tube and one ml aliquot was withdrawn from the interior of
dialysis sac for release estimation. The buffer inside the dialysis sac was replenished with
fresh buffer after sampling. In case of incomplete release or if a plateau was reached, SDS
was added to a final concentration of 0.5% w/v for disruption of liposomes and estimation of
complete recovery. Dexamethasone was analyzed using the HPLC method. The results were

reported as mean +/- SD (n=3).

Example 3 — Dialysis Adapter Cell — USP Dissolution Apparatus 4 Method (DAC)

[0046] The dialysis adapter cell was designed as described above and shown in
Figures 1-4. The dialysis cell was used in conjunction with an apparatus 4 standard 22.6 mm
diameter sample holder cell. The dialysis adapter cell had a hollow cylinder with top and
base plates of cylinder made from PTFE (Teflon™). The circular Teflon® plates had groves
formed on the outer circumference to engage O-ring seals. The top and base plates were
supported by three metallic wires (pillars) that provided the framework for the adapter cell.
The top plate had an opening that could be closed with a screw. A cellulose ester dialysis
membrane was placed over the frame and sealed with the O-rings at the top and bottom
grooves. The dialysis adapter cell, with the dialysis membrane, was fixed on a cross-shaped
platform, which fit the 22.6 mm USP apparatus 4 sample holder cell dimensions. This final
assembled adapter cell was placed in the upright position inside the USP apparatus 4 sample
holder cells. The specific dimensions of the dialysis adapter cell were: height- 33 mm;
diameter — 9 mm; top and base plate thickness - 3.5 mm; total volume — 1.7 ml.

[0047] A Sotax™ CE7 USP apparatus 4 flow-through cell dissolution system
equipped with 22.6 mm diameter cells was used at 37°C. A 5 mm diameter ruby bead was
placed at the base of the 22.6 mm sample holder cell and 4 grams of 1 mm diameter glass
beads were added to fill the bottom conical portion of the sample holder cell. Formulations
(solution, suspension, or liposomes) were added to the dialysis adapter cell and the opening in
the top plate was sealed with a screw. The dialysis adapter cell was placed in the USP 4

sample holder cell (as shown in Figure 5) for the release studies. The effect of flow rate on
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drug release from suspension and liposome formulations was evaluated by varying the flow
rates between 8 and 16 ml/min. The USP apparatus 4 release studies conducted at a flow rate
of 16 ml/min were used for comparison of the dialysis adapter cell method with the DS and
RDS methods. At each time point, one ml samples were withdrawn from the dissolution
medium reservoirs of the USP apparatus 4. The samples were replenished with fresh
dissolution media. Dexamethasone was analyzed via HPLC. The results were reported as

mean +/- SD (n=3).

Dexamethasone Analysis — HPLC method

[0048] Dexamethasone was analyzed using an HPLC method. The method was
performed using acetonitrile/water/phosphoric acid (35:65:0.5 v/v/v) mobile phase with a
Zorbax® Rx Cl8 4.6 mm by 15 centimeter (cm) column at flow rate of 1 ml/min.

Dexamethasone was detected at 242 nm using a Perkin-Elmer® 785 UV-Vis detector.

Optimization Studies of the DAC Method

[0049] Increase in the flow rate from 8 to 16 and 20 ml/min did not appear to have
any cffect on the diffusion of dexamethasone solution from the dialysis adapter cell to the
dissolution media. At all flow rates, a majority of the drug had diffused out in 4 hours.
Figure 6 graphically illustrates the concentrations of the dexamethasone in the dissolution
medium at different flow rates for release from a solution. Figure 7 graphically illustrates the
effect of flow rate on dexamethasone release from the Maxidex®™ suspension. As occurred
with the solution, increase in the flow rate from 8 to 16 ml/min also did not have any
significant effect on dexamethasone release from suspension. Similarly, variations in flow
rate did not have an appreciable affect on the non-extruded DMPC liposomes (Figure 8) and
the non-extruded DPPC liposomes (Figure 9). It is noted that release from the non-extruded
DMPC liposomes was faster compared to that from the non-extruded DPPC liposomes at
37°C.

[0050] Turning now to Figure 10, the effect of sample volume on release rate from
the Maxidex® suspension is illustrated. The sample volume was reduced from 500
microliters (ul) to 250 ul. The profiles were evaluated at a flow rate of 16 ml/min. As can be
seen in Figure 10, reducing the sample volume of the suspension in the dialysis adapter cell
did not have a marked effect on the release rates. The normalized release profiles are shown
in the figure. The right/secondary y-axis of Figure 10 illustrates the effect of sample size on
concentration as a function of time. Equilibrium for the 250 pul sample was reached by 12

hours, whereas the 500 ul sample required 24 hours to reach equilibrium.
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[0051] The optimization studies for the DAC method showed that the release of
dexamethasone from the solution, suspension and liposome dosage forms was not flow rate
limited (Figures 6-9). This signifies that adequate agitation was obtained around the dialysis
adapter cell in the 22.6 mm diameter sample holder cell at both flow rates. Similarly, the
suspension sample volume in the dialysis adapter cell did not influence the percent release
(Figure 10), but the method was sensitive enough to show the difference in the time it took to
reach the plateau concentration for the higher sample volume (Figure 10; secondary y-axis).
The DAC method was also able to distinguish the drug release from the solution, suspension
and non-extruded DPPC liposome formulations of dexamethasone (Figure 11). These studies
illustrate the utility of the dialysis adapter cell in conjunction with the USP dissolution

apparatus 4 system for release testing of colloidal dosage forms.

Analysis of the Discriminatory Ability of the DAC Method

[0052] Dexamethasone release profiles (at 16 ml/min) from the solution, suspension,
and non-extruded DPPC liposomes formulations were compared to investigate the ability of
the DAC method to discriminate between formulation types. Figure 11 graphically shows
three distinct release profiles for each of the three formulations as a function of percent
release over time. As can be seen, drug diffusion from the solution formulation was the
fastest, while dexamethasone release from the Maxidex® suspension and the non-extruded
DPPC liposomes formulations were slower. Both the suspension and liposome formulations
released over a period of 24 hours, whereas diffusion from the solution formulation occurred

in 5-6 hours.

Analysis of the Discriminatory Ability of the DS, RDS, and DAC Release Methods for
Liposome Formulations

[0053] Dexamethasone release profiles at 16 ml/min from non-extruded and extruded
liposome formulations were compared for the Example 1, 2, and 3 release methods. The
discriminatory ability of the DS (Ex. 1), RDS (Ex. 2), and DAC (Ex. 3) methods was
evaluated using the liposome formulations of phospholipids DMPC, DPPC, and DSPC. The
physicochemical properties of these liposomes are known. The non-extruded liposomes of
DMPC, DPPC, and DSPC have different physicochemical propertics compared to sonicated
and extruded liposomes of the same lipids. The multilamellar non-extruded liposomes have
larger particle size and approximately twice the drug encapsulation efficiency. Moreover,
DMPC, DPPC, and DSPC liposomes have different phase transition behavior. The phase
transition temperatures of DMPC, DPPC, and DSPC are about 23.5°C, 41.4 °C, and 54.5 °C,
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respectively.  Therefore, different in vitro drug release profiles can be expected from
liposomes prepared using these three lipids at 37°C. In these examples, the non-extruded
liposomes showed slower release compared to the extruded liposomes of the same
phospholipid. A reliable in vitro release testing method, therefore, should be able to

distinguish between these formulation variants.

Dialysis Sac (DS) Method

[0054] The release profiles as a function of time for the DS method are shown in the
Figure 12 graph. Figure 12 graphically illustrates the release profiles for both extruded and
non-extruded liposome formulations of DMPC, DPPC, and DSPC. As can be scen in the
figure, the DS method was able to discriminate between the non-extruded and extruded
liposomes of the same lipid. The release profiles of the extruded liposomes were faster
compared to the non-extruded liposomes for all three lipids. For example, looking at the
DSPC lipids, the graph shows a clear discrimination between the extruded and non-extruded
formulations. The DSPC extruded liposomes had a much faster release in total duration than
the non-extruded form. This holds true for each of the lipids, but it is most distinguishable
with DSPC. Release profiles of the extruded DMPC and DPPC liposomes were similar,
while the extruded DSPC was slightly slower. Release from all the extruded liposomes,
however, was complete within 72 hours. The non-extruded liposomes showed an initial
faster release followed by a much slower release phase extending from slightly less than 200
hours for DPPC to greater than 900 hours for DSPC.

[0055] Among the non-extruded liposomes of the three lipids, the DS method was not
able to clearly discriminate between the release profiles of DMPC and DPPC liposomes.
Table 1 below provides the release percentages of all three liposomes for each release
method. At 12 hours, 68.8% and 64.2% release was observed from the non-extruded DMPC
and DPPC liposomes, respectively. Release from the non-extruded DSPC liposomes was the
slowest at 30.5% in 12 hours. The dexamethasone release profiles plateaued for all the non-
extruded liposomes. To achieve complete release, SDS at a final concentration of 0.5% w/v

was added to disrupt the liposome membranes.

Reverse Dialysis Sac (RDS) Method

[0056] The release profiles as a function of time for the RDS method are shown in the
Figure 13 graph. Figure 13 graphically illustrates the release profiles for both extruded and
non-extruded liposome formulations of DMPC, DPPC, and DSPC. As can be scen in the

figure, the RDS method was not able to discriminate between the release profiles of the non-
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extruded and extruded DMPC liposomes. As shown in Table 1, release from the non-
extruded and extruded DMPC liposomes at 12 hours was 76.4% and 77.6%, respectively.
Discrimination, however, could be observed between the release profiles of the non-extruded
and extruded DPPC and DSPC liposomes. For DPPC and DSPC, release from the extruded
liposomes was much faster (within 72 hours) compared to the non-extruded equivalent
liposomes.

[0057] The RDS method was able to discriminate among the release profiles of the
non-extruded liposomes of the three lipids. The dexamethasone release from the non-
extruded liposomes using the RDS method was fastest for DMPC liposomes (77.5% in 12
hours), while DSPC liposomes showed the slowest release (39.2% in 12 hours). Release
from the DPPC liposomes was intermediate (48.6% in 12 hours), releasing slowly after day 3
until completion. A plateau existed for the non-extruded DSPC liposomes that were not seen
for the other non-extruded liposomes. The DSPC liposome plateau occurred after 168 hours.
The addition of SDS increased the release from the non-extruded DSPC liposomes. Unlike
the DS method, release from the non-extruded DPPC liposomes was slower than the non-

extruded DMPC liposomes using the RDS method.

USP Apparatus 4 — Dialysis Adapter Cell (DAC) Method

[0058] The release profiles as a function of time for the DAC method are shown in
Figure 14. Figure 14 graphically illustrates the release profiles for both extruded and non-
extruded liposome formulations of DMPC, DPPC, and DSPC. As can be seen in the figure,
the DAC method was able to discriminate between the non-extruded and extruded liposomes
of the same lipid. Unlike the RDS method, release from the non-extruded DMPC liposomes
(70.4 % in 12 hours) was slower than that from the extruded liposomes (83.5% in 12 hours)
using the DAC method. Again, a faster release of dexamethasone was observed from the
extruded liposomes than the non-extruded, with most of the drug released in the first 12
hours.

[0059] The DAC method was also able to discriminate among the release profiles of
the non-extruded liposomes of the three lipids. At 12 hours, 70.4%, 61.1% and 43.8% drug
was released from the non-extruded DMPC, DPPC, and DSPC liposomes, respectively. The
non-extruded DPPC and DSPC liposomes did not release all their contents and reached a
plateau at day 4. Complete release was obtained following addition of SDS to the release

medium.
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Table 1
USP apparatus 4 — Dialysis
Liposomes | Dialysis Sac Reverse Dialysis Sac
Adapter Cell
Extruded Non-extruded | Extruded Non-extruded | Extruded | Non-extruded
DMPC 92.1£1.2 68.8+4.3 76.4£2.5 77.612.0 83.5£1.9 70.4£3.9
DPPC 96.3+1.2 64.243.6 88.240.6 48.612.2 92.940.6 61.1£1.5
DSPC 79.5+1.7 30.5£10.0 71.8+£1.8 39.243.2 81.2+2.4 43.842.6

Percent release at 12 hours from the extruded and non-extruded DMPC, DPPC, and DSPC liposomes (lipid:
drug — 1:0.2 M). Each value represents mean +/- SD (n=3).

Comparison of Release from the Non-extruded Liposomes by the 3 Methods

[0060] The release profiles of the non-extruded liposomes for each phospholipid
obtained using the three methods were plotted together for comparison. Figure 15 shows the
comparison of the release time from DMPC liposomes for each method; Figure 16 illustrates
the comparison for non-extruded DPPC liposomes; and Figure 17 illustrates the comparison
for non-extruded DSPC liposomes. As shown in Figure 15, initial 12 hour release from the
non-extruded liposomes of the low transition temperature lipid DMPC was faster from DS
and RDS methods than the DAC method, but slowed down at later time points. The higher
total release, however, was achieved with the DAC method. This higher release was
achieved without addition of SDS. In the case of the DS method, addition of SDS was
necessary to achieve complete release. Figure 16 compares the release profiles for the
intermediate transition temperature lipid DPPC. The release profile for the DS and DAC
methods appeared similar, while the RDS method showed a slower release. The trend was
the same for both total and initial release. Addition of SDS led to complete release for the
DS and DAC methods after reaching a plateau, while a complete release was observed using
the RDS method without addition of SDS. The release profiles for the high transition
temperature non-extruded DSPC liposomes are shown in Figure 17. Overall dexamethasone
release using the RDS and DAC methods had similar initial and total release, while the DS
method had a slower initial release and a lower total release. However, all three methods
produced a similar plateau level (DS about 48%; RDS about 49% and DAC about 48%) that
required addition of SDS for complete recovery from the DSPC liposomes.

[0061] As seen from the examples above, the dialysis adapter cell in combination

with the USP apparatus 4 is capable of providing a disperse dosage release test able to
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discriminate between different formulation variants. This is an essential aspect of in vitro
release methods when used for product development and quality control. As mentioned
previously, it has been observed that the non-extruded liposomes of DMPC, DPPC, and
DSPC have different phase transition behavior. Moreover, the physicochemical properties of
the three lipids as non-extruded liposomes are different than the sonicated and extruded
liposomes of the lipids. The multilamellar non-extruded liposomes have larger particle size
and approximately twice the drug encapsulation efficiency. Different in vitro drug release
profiles, therefore, were expected from liposomes prepared using these three lipids at 37°C.

[0062] In summary, only the DAC method was able to discriminate among the in
vitro release profiles from different liposome formulations (Figure 13). Discrimination
between the release from the non-extruded and extruded liposomes of all three lipids was
obtained using the DAC method. For each lipid used, dexamethasone release from the non-
extruded liposomes was slower compared to release from the extruded liposomes. In
addition, discrimination was also observed among the non-extruded liposomes of DMPC,
DPPC, and DSPC using the DAC method. The DS and RDS methods, however, could not
discriminate between the different liposome formulations. The DS method could not
discriminate between the non-extruded DMPC and DPPC liposomes (Figure 12) due to the
slower release of dexamethasone in the DS method from the DMPC liposomes compared
with the DAC and RDS methods (Figure 15). Therefore, sink conditions appear to be
violated in the DS method in the case of fast releasing formulations, which in turn led to
slower release from the non-extruded DMPC liposomes. This might be due to the inadequate
agitation in the DS method. The RDS method could not discriminate between the release
from the non-extruded and extruded DMPC liposomes (Figure 13). It appears that the higher
dilution in the RDS method masked the difference in the physicochemical properties of the
non-extruded and extruded DMPC liposomes. Therefore, both DS and RDS methods might
have limitations when used for iz vitro release testing of fast releasing formulations.

[0063] Further comparison of the DS, RDS and DAC methods for non-extruded
liposomes of the same lipid showed that the percent release for the DAC method was the
highest or similar to the next highest method (Figure 15). Moreover, release profiles obtained
using the DAC method showed low variation among the replicates. These results underscore
the robustness of the flow-through USP dissolution apparatus 4 in providing adequate
agitation and maintaining temperature uniformity in the sample holder cells. The dialysis
adapter cell utilizes these advantages of the USP dissolution apparatus 4. As such, the DAC

method presents a platform to mimic iz vivo conditions. Release conditions can easily be
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changed during a run to provide biorelevant conditions such as addition of serum or enzymes,
change in temperature or pH, and addition of a surfactant. It could also be possible to use this
method for formulations where a membrane dialysis based method is recommended at
present. For example, semisolid topical formulations for which a Franz-diffusion cell is
recommended.

[0064] To reiterate, the dialysis adapter cell and its method of use with the USP
apparatus 4 system has the discriminatory ability for in vitro release testing of liposomes and
other dispersed formulations. The DAC method was able to discriminate between liposome
formulations of different lipids. Discrimination was also achieved for the extruded and non-
extruded formulation variants of the same lipid. In addition, differences between solution,
suspension, and liposomes formulation were observed with the DAC method. Again, the
dialysis and reverse dialysis sac methods could not discriminate between all the formulation
variants. This dialysis adapter cell fulfills a need for a method based on a compendial
apparatus, because such a repeatable and discriminatory method can help in product
development; quality assurance; and regulatory process of disperse dosage forms.

[0065] Ranges disclosed herein are inclusive of the endpoints and all intermediate

29 ¢

values, and independently combinable. Furthermore, the terms “first,” “second,” and the like,

herein do not denote any order, quantity, or importance, but rather are used to distinguish one
element from another, and the terms “a” and “an” herein do not denote a limitation of
quantity, but rather denote the presence of at least one of the referenced item. The modifier
“about” used in connection with a quantity is inclusive of the state value and has the meaning
dictated by context, (e.g., includes the degree of error associated with measurement of the

29 &

particular quantity). Reference throughout the specification to “one embodiment”, “another
embodiment”, “an embodiment”, and so forth, means that a particular element (e.g., feature,
structure, and/or characteristic) described in connection with the embodiment is included in at
least one embodiment described herein, and can or can not be present in other embodiments.
In addition, it is to be understood that the described elements can be combined in any suitable
manner in the various embodiments. As used herein, the terms sheet, film, plate, and layer,
are used interchangeably, and are not intended to denote size. Further as used herein, a
dissolution medium is inclusive of a dissolution medium. All references are incorporated
herein by reference in their entirety.

[0066] While the invention has been described with reference to several embodiments

thereof, it will be understood by those skilled in the art that various changes can be made and

equivalents can be substituted for elements thereof without departing from the scope of the
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invention. In addition, many modifications can be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out this invention, but that the invention

will include all embodiments falling within the scope of the appended claims.
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CLAIMS:

1. A dialysis adapter cell, comprising:

a housing comprising a plurality of pillars extending between and attached to a top
plate and a bottom plate to form a hollow receptacle, wherein the top plate comprises an
aperture configured to provide access to the hollow receptacle;

a dialysis membrane disposed about the housing and sealingly engaged to the top
plate and the bottom plate; and

a platform in physical communication with the bottom plate and configured to
position the dialysis adapter cell in a sample holder of a United States Pharmacopoeia
dissolution apparatus 4 flow-through cell.

2. The dialysis adapter cell of Claim 1, wherein the top plate and the bottom
plate each comprise a groove disposed about a circumference of the plate, wherein the groove
is configured to receive a sealing member for sealing the dialysis membrane to the top plate
and the bottom plate.

3. The dialysis adapter cell of Claims 1-2, wherein the platform is configured to
fit the dimensions of the sample holder.

4. The dialysis adapter of Claims 1-3, wherein the top plate further comprises a
lid configured to correspond with the aperture and seal a disperse dosage form within the
housing.

5. The dialysis adapter cell of Claims 1-4, wherein the housing has a diameter of
about 9 millimeters, the top plate and the bottom plate have a thickness of about 3 millimeters
respectively, and the dialysis adapter cell has a total height of about 33 millimeters and a total
volume of about 1.7 milliliters.

6. The dialysis adapter cell of Claims 1-4, wherein the housing has a diameter of
about 6 millimeters, the top plate and the bottom plate have a thickness of 2.5 millimeters
respectively, and the dialysis adapter cell has a total height of about 48 millimeters and a total
volume of about 1.1 milliliters.

7. A system for in vitro release testing of a colloidal disperse system,
comprising:

a United States Pharmacopoeia dissolution apparatus 4 system comprising

a dissolution medium reservoir;
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a pump in fluid communication with the dissolution medium reservoir and a
flow-through cell, wherein the pump is configured to move the dissolution medium
through the flow-through cell;

wherein the flow-through cell comprises a sample holder mounted in fluid
communication with a filter system; and
a dialysis adapter cell disposed within the sample holder and configured to contain a

disperse dosage form, wherein the dialysis adapter cell comprises

a housing having a plurality of pillars extending between and attached to a top
plate and a bottom plate to form a hollow receptacle, wherein the top plate comprises
an aperture configured to provide access to the hollow receptacle;

a dialysis membrane disposed about the housing and sealingly engaged to the
top plate and the bottom plate;

a platform in physical communication with the bottom plate configured to
position the dialysis adapter cell in the sample holder.

8. The system of Claim 7, wherein a lower portion of the sample holder has a
conical shape.

9. The system of Claim 8, wherein the platform positions the dialysis adapter cell
above the lower portion of the sample holder.

10. The system of Claims 8-9, further comprising a plurality of beads disposed in
the lower portion of the sample holder.

11. The system of Claims 7-10, wherein the disperse dosage form comprises an
emulsion, microemulsion, nanoemulsion, microsuspension, nanosuspension, liposome,
cubosome, inclusion complex, nanosphere, nanocapsule, nanochelate, or a combination
comprising at least one of the foregoing.

12. The system of Claims 7-11, wherein the dialysis membrane is configured to
permit flow of the dissolution medium into the housing.

13. The system of Claims 7-12, wherein the sample holder has a diameter of about
22.6 millimeters.

14. The dialysis adapter cell of Claim 13, wherein the housing has a diameter of
about 9 millimeters, the top plate and the bottom plate have a thickness of about 3
millimeters, respectively, and the dialysis adapter cell has a total height of about 33
millimeters and a total volume of about 1.7 milliliters.

15. The system of Claims 7-12, wherein the sample holder has a diameter of 12

about millimeters.
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16. The dialysis adapter cell of Claim 15, wherein the housing has a diameter of
about 6 millimeters, the top plate and the bottom plate have a thickness of 2.5 millimeters,
respectively, and the dialysis adapter cell has a total height of about 48 millimeters and a total
volume of about 1.1 milliliters.

17. A method for the in vitro release testing of a disperse dosage form comprising:

placing the disperse dosage form in a dialysis adapter cell, wherein the dialysis
adapter cell comprises

a housing having a plurality of pillars extending between and attached to a top
plate and a bottom plate to form a hollow receptacle, wherein the top plate comprises
an aperture configured to provide access to the hollow receptacle;

a dialysis membrane disposed about the housing and sealingly engaged to the
top plate and the bottom plate; and

a platform in physical communication with the bottom plate;

placing the dialysis adapter cell in a sample holder of a United States Pharmacopoeia
dissolution apparatus 4 flow-through cell;

pumping a dissolution medium through the flow-through cell to contact the dialysis
adapter cell; and

detecting a component of the disperse dosage form in the dissolution medium.

18. The method of Claim 17, further comprising recirculating the dissolution
medium; and withdrawing a sample from the dissolution medium at a predetermined time.

19. The method of Claim 17, wherein the dissolution medium is not recirculated;
and further comprising collecting aliquots of the dissolution medium after contacting with the
flow-through cell.

20. The method of Claims 17-18, wherein the dissolution medium is pumped
through the flow-through cell at a flow rate of about 1.5 to about 50 milliliters per minute.

21. The method of Claims 17-20, wherein the colloidal disperse system comprises
an emulsion, microemulsion, nanoemulsion, microsuspension, nanosuspennsion, liposome,
cubosome, inclusion complex, nanosphere, nanocapsule, nanochelate, or a combination
comprising at least one of the foregoing.

22. The method of Claim 18, further comprising replenishing the dissolution

medium after withdrawing the sample.
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