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Method for determining release rates of active principle
ingredients from at least one semisolid form

The invention relates to a method for determining in vitro release rate of at least

one active principle ingredient from at least one semisolid form.

Backeground of the invention

Dissolution testing in the pharmaceutical industry has been employed as
fundamental tool in the formulation design and quality control of finished products.
Although initially employed for solid oral dosage forms it has widened its concept and
application for semisolid dosage forms to be applied topically on the skin. In this special
dosage forms the test is usually referred and named as in vitro release testing (IVRT),
since the drug in dissolved state in the vehicle has to diffuse and be released by the
vehicle, becoming available to penetrate into skin.

In May 1997, FDA released a guideline entitled Scale-up and Post Approval
Changes: Chemistry, Manufacturing and Controls, In Vitro Release Testing and In-vivo
Bioequivalence Documentation for Non Sterile Semisolid Dosage Form (SUPAC-SS).
The guideline is dedicated to semisolid forms, such as creams, gels, lotions, and
ointments, intended for topical routes of administration. The vehicle composition and
design strongly influence the product performance and how rapid the drug will then be
released into the skin. An irn vitro release rate can reflect the combined effect of several
physical and chemical parameters, including solubility and particle size of the active
principle ingredient (API), and rheological properties of the dosage form.

Consequently, IVRT offer the possibility to avoid in-vivo bioequivalence testing,
for changes until Level 2 (changes which could have a significant impact on
formulation quality and performance of the product). The IVRT can answer to the
following issues: the formulation may undergo postapproval changes and thus need
approvals from regulatory affairs, do changes envisioned for the formulation influence
the release performance, assessment of the sameness between batches produced for
instance in different manufacturing sites, having predictive estimates in respect to the
in-vivo performance of a drug product before proceeding to biopharmaceutical
characterization, having a cost-saving formulation screening, reducing the number of

candidates for the next development phases.
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In vitro release of API from topical and transdermal products, and subsequent
permeation through a membrane, can be tested in a vertical diffusion cell (i.e. Franz
diffusion cell). In this apparatus, formulation is applied or put in contact with a
membrane that is in contact with a receiving medium. The receiving medium is sampled
as a function of time and API is quantitated to determine a permeation/flux profile.
Membrane materials include synthetic polymer, cadaver or animal skin, and tissue
constructs. The choice of membrane is driven by the purpose of the test (ie.
development vs. quality control) and robustness of the model. This technique is
applicable not only to externally applied topical formulations, but also to products that
deliver via the vaginal, rectal, buccal, or nasal routes. The membrane separates the
donor compartment containing the test product from the receptor compartment filled
with collection medium. Diffusion of the API from the semisolid product across the
membrane is monitored by assay of sequentially collected samples of the receptor
medium. At predetermined time points, an aliquot of medium is removed from the
receptor compartment for drug content analysis, usually by HPLC. The receptor
compartment is topped off with fresh medium after each sampling.

The Franz diffusion cell requires a manual positioning or assembly of the donor
compartment into the receptor compartment with the membrane separating both
compartments. Because of the membrane which is usually thin for IVRT (generally, a
thickness from 30 um to 200 um), this handling is difficult and time consuming; it may
end up with a scaling between compartments unsatisfactory giving rise to unreliable
results.

The Applicant recently discovered that replacing Franz diffusion cells by

microplates renders IVRT very easy to carry out, while achieving reliable results.

Summary of the invention

The present invention describes a method for determining in vitro release rate of
at least one active principle ingredient from at least one semisolid form, using a
composite multi-well microtitre plate, wherein ecach well comprises a donor
compartment and a corresponding acceptor compartment adapted to receive the donor
compartment, the bottom of the donor compartment is made of a porous membrane, the

method comprising:
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a. Placing an aliquot of a semisolid form comprising at least one active principle
ingredient in at least one donor compartment of the multi-well microtitre plate;

b. Placing an initial acceptor medium in the corresponding acceptor
compartment(s);

c. Inserting the donor compartment in the corresponding acceptor compartment, so
that the membrane in the bottom of the donor compartment is into contact with
the initial acceptor medium;

d. Collecting at at least two successive time intervals a sample of the acceptor
medium in the acceptor compartment;

e. Measuring the release rate of said active principle ingredient in each collected

samples.

Accordingly, the present invention presents several advantages: the wells can
have standard sizes, can be disposable, and, as a multi-well microtitre plate, it is very
casy to handle at a high screen rate. The present invention provides a cost and time
saving method for determining release rates of active principle ingredient from a

semisolid dosage form.

The present invention is particularly useful for semisolid forms, such as creams,
gels, lotions, and ointments, intended for topical routes of administration. The semisolid
forms are more particularly forms that are topically applied onto the skin or its

appendages (such as nails or hair).

Brief Descrintion of the Fisures

Figure 1: Picture of a composite 24-well microtitre plate (multi-well microtitre receiver
-or donor- plate and multi-well microtitre reservoir -or acceptor- plate) with a scheme of
one of its wells comprising a donor compartment with a formulation (50-250mg) and an
acceptor compartment, the bottom of the donor compartment is made of a synthetic
membrane, and the receptor (or acceptor) medium (600ul) is in the receptor

compartment.
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Figure 2: Fig. 2A: Dosage strength: Amount of metronidazole released (ug/cm?) by
square root of time (h'?) with different concentrations of metronidazole in creams. Fig.
2B: Viscosity: % API released by viscosity (Cps) of metronidazole containing gels.
Figure 3: Fig. 3A: % API released by time (h) with different amounts of applied
formulation (metronidazole containing cream). Fig. 3B: Flux (g/cm*h!?) by amount
applied (mg).

Figure 4: Fig. 4A: Amount of API released (ug/cm?®) by square root of time (h'?) with
IVRT Franz cells. Fig. 4B: Amount of API released (ug/cm?) by square root of time
(h'?) with IVRT microplate according to the invention.

Figure 5: Scheme of the runs made with IVRT Franz cells or IVRT Microplates. Wells
are represented with two different semisolid forms (R is the reference one and T is the
tested one).

Figure 6: T/R ratio values by number of T/R ratio (A: 24-well microplate according to
the invention; B Franz cells)

Figure 7: Automation: Amount of metronidazole released (ug/cm?) by square root of

time (h'?) with different 0.5 and 0.75 % metronidazole creams.

Detailed description of the invention:

The present invention therefore aims at determining in vitro release rate of at
least one active principle ingredient from at least one semisolid form.

The active principle ingredient (or APL or drug) can be any compound that has
an effective biological effect on a subject (i.e., a human and/or non-human mammal),
particularly on the skin or its appendages (such as nails or hair). The active ingredient
can be one ingredient or a mixture of active principle ingredients.

The semisolid form can be any formulation intended for topical routes of
administration to the skin or its appendages. The semisolid form can be sterile or
usually nonsterile. It includes semisolid preparations, such as creams, gels, lotions, and
ointments. Generally, there is no need for propelling agents to apply the semi-solid form
onto the skin or its appendages. In general, semisolid dosage forms are complex
formulations having complex structural elements or excipients. Often they are
composed of at least two phases (o1l and water), one of which is a continuous (external)

phase, and the other of which is a dispersed (internal) phase, such as emulsions. The
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active ingredient is often dissolved in one phase, although occasionally the drug is not
fully soluble in the system and is dispersed in one or both phases, thus creating a three-
phase system. The physical properties of the dosage form depend upon various factors,
including the size of the dispersed particles, the interfacial tension between the phases,
the partition coefficient of the active ingredient between the phases, and the product
rheology. These factors combine to determine the release characteristics of the drug, as
well as other characteristics, such as viscosity.

According to an embodiment, the sample semisolid form placed in the donor
compartments of the multi-well microtitre plate in step a) is different from a well to
another. According to this embodiment, at least two semisolid forms are each placed
preferably in at least two different donor compartments of the multi-well microtitre
donor plate, at least one is a sample semisolid form and the other one is a reference
sample semisolid form. Preferably, according to this embodiment, the active ingredient
present in the semisolid forms is the same (i.e. in terms of quality and quantity) from a
well to another.

According to another embodiment, the active principle ingredient contained in the
sample semisolid form placed in the donor compartments of the multi-well microtitre
plate in step a) is different from a well to another. According to this embodiment, at
least two active principle ingredients are preferably placed respectively in at least two
donor compartments of the multi-well microtitre plate, at least one is a sample active
principle ingredient and the other one is a reference active principle ingredient.
Preferably, according to this embodiment, the sample semisolid formulation is the same
(i.e. in terms of quality and quantity) from a well to another.

The amount of a semisolid form to be placed can vary in a large extent and
depends on the volumes of the donor compartments (or wells) and the surface of the
membrane. The amount of a semisolid form to be placed is preferably at least the
amount sufficient to cover the overall surface of the membrane. The amount of a
semisolid form to be placed of step a) is preferably from 50 to 250mg.

According to the method of the invention, the semisolid form is applied in the
donor compartment, the API diffuses through the membrane and is released into the
acceptor medium. The membrane is preferably a synthetic membrane. The membrane is

preferably selected as to provide an inert holding surface for the test formulation, but
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not a barrier, so that the API release would reflect the vehicle properties and not the
membrane rate-limiting properties. The membrane is preferably selected to have no
interaction, physical or chemical, with the semisolid form. Preferably, the nature of the
membrane is selected by one skill in the art as to have the less resistant to API diffusion
and consequently enhance sensitiveness of the method. According to a preferred
embodiment, the membrane is a filter, more preferably a microporous filter. The nature
of the membrane is preferably selected in the group consisting of: Polypropylene,
Polyethersulfone (PES), hydrophilic or hydrophobic polyvinylidenefluoride (PVDF),
Mixed cellulose esters (MCE), hydrophilic or hydrophobic polytetrafluoroethylene,
nylon, polycarbonate (PC), polyesters (PET), and polyethyleneterephtalate (PTFE).

According to an embodiment, the thickness of the membrane, preferably the
filter, is preferably from 30 to 200 um. When the membrane is a micropourous filter,
the size of the pores preferably ranges from 0.1 to 4 pum, preferably from 0.2 to 3 um
(such as 0.4 um).

According to the method of the invention, a 'sandwich' is formed at step ¢) from
a multi-well microtitre donor plate and a multi-well microtitre acceptor plate, also called
herein a composite multi-well microtitre plate, such that each formed composite well is
divided into two compartments (the donor compartments and the acceptor
compartments), separated by the membrane. The number of the wells generally ranges
from 6 to 96, preferably from 12 to 48, or is preferably 24.

According to an embodiment, the multi-well microtitre donor plate comprises a
hole near each donor compartment so that said hole allows collecting samples or
aliquots from the acceptor compartment.

Such composite multi-well microtitre plates are commercially available, for
instance they are sold by the Corning® Company, and more specifically the name of the
product is HTS Transwell® system. For instance, the HTS Transwell-24 System has an
array of 24 wells with permeable inserts connected by a rigid tray that enables all 24
Transwell inserts to be handled as a single unit. The individually packaged product
consists of two individually wrapped HTS Transwell-24 units loaded into open
reservoirs and includes two 24 well plates. The membrane can be for instance either
polycarbonate (PC) or polyester (PET), the pore size of the membrane (microporous

filter) is more specifically 0.4 um.
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The initial acceptor medium used in the present invention should allow a diffusion
for the API released from the semisolid form. The initial acceptor medium is preferably
an aqueous or hydroalcoholic medium. More specifically, appropriate acceptor medium
is aqueous buffer for water soluble API or a hydro-alcoholic medium for sparingly
water soluble API. The acceptor medium is selected by one skill in the art in order to
have solubility of the active ingredient in the medium. The volume to be placed in the
acceptor compartment 1s such that membrane in the bottom of the donor compartment is
into contact with the initial acceptor medium.

More specifically, the initial acceptor medium is placed in the acceptor
compartments only. Said medium or a part thereof is not placed in the donor
compartment and is therefore not used to initiate dissolution of the API, since the aim of
the method of the invention is to determine the release rate of the API that reflects
solubility and/or particle size of the API and rheological properties of the dosage form.

According to a particular embodiment, the time period for collecting a sample of
the acceptor medium in the acceptor compartment, according to step d), must not
exceed the time when more than 30% of the total amount of the API applied is released
into the medium, at the end of the experiment. This particular embodiment should avoid
receptor back diffusion into donor compartment.

According to an embodiment, according to step d) of the method of the invention,
a multiple sampling times (at least 2, 3, 4, 5, or 6 times) over an appropriate time period
is carried out, as to generate an adequate release profile and to determine thereafter the
API release rate. A 6-hour study period with not less than five samples, i.e., at 30
minutes, 1, 2, 4 and 6 hours is preferred. The sampling times may have to be varied
depending on the semisolid form. An aliquot (i.e. a sample) of the acceptor medium is
removed at each sampling interval, and preferably replaced with fresh aliquot (i.c.,
initial acceptor medium), so that the lower surface of the membrane remains in contact
with the acceptor medium over the experimental time period. According to an
embodiment, sample collection can be automated.

According to an embodiment, sample collection is carried out with a pipette or
needle. Automatic pipetting can thus be performed.

The composite multi-well microtitre plate is preferably occluded by a lid, to

prevent solvent evaporation and/or compositional changes of formulations.
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Aliquots or samples removed from the acceptor compartments are analyzed for
API content according to step ¢) of the method of the invention by high pressure liquid
chromatography (HPLC) or any other analytical methodology.

Measuring according to step ¢) of the invention is preferably carried out as
follows: A plot of the amount of released API per unit area (ug/cm?®) against the square
root of time (h!?) yields a straight line, the slope of which represents the release rate.
Measuring according to step ¢) can be automated.

This release rate measure is formulation-specific and can be used to monitor
product quality. The release rate of the biobatch or currently manufactured batch should
be compared with the release rate of the product prepared after a change. Accordingly,
the obtained release rates are generally compared with other release rates (obtained
previously or obtained in other wells on the same experimental run ot the same multi-
well microtitre plate) as to determine whether the different semisolid forms or the
different active principle ingredients have an impact or not on the obtained release rates
of APIs. More specifically, when two semisolid forms are placed in at least two
different donor compartments of the multi-well microtitre plate, where at least one is a
sample semisolid form and the other one is a reference sample semisolid form, the
obtained release rates of both compartments are compared with each other as to
determine whether the sample semisolid form is different from the reference semisolid
form.

An insteresting aspect of the invention is that the method can be automated and
computerized.

Other aspects and advantages of the present invention will become apparent upon
consideration of the following examples, which must be regarded as illustrative and

nonrestrictive.

EXAMPLES
Materials and Methods
HTS 24 wells micro-plates: HTS Transwell® -24 Well Permeable Support (Corning®),
with the following characteristics:
- Polycarbonate or Polyester(PET) - 0.4pm pore size - membranes sealed to each well

- 0.33cm? area/well
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- 24-well individual reservoir (or acceptor) plate
- 24-well individual receiver (or donor) plate with a hole for sample collection
- a lid to prevent evaporation of volatile excipients

This is illustrated by figure 1.

Vertical glass Franz diffusion cells system

Results

- HTS 24 wells micro-plates used for IVRT studies
The aim of this study was to qualify the microplates and assess their ability for the
evaluation of the release of an API from a semi-solid dosage form.
Dosage strength was followed with 0.1 to 0.75% (w/w) metronidazole creams by using
a composite 24 wells micro-plate according to the invention.
0.75% (w/w) metronidazole gel was used to assess the impact of the viscosity on the
release rate of API, by implementing the method according to the invention. Viscosity
was modified by adding carbopol 980 (0.2 to 0.9% by weight).
Also, the amount of applied formulations was studied by applying from 50, 75, 125 and

250mg of 0.75% (w/w) metronidazole cream.

Repeatability: N=6 and Slope CV <10%. (CV means Coefficient Variation)

The results are given Figures 2 and 3.

Figure 2A shows that the method according to the invention is highly sensitive to
dosage strength.

Figure 2B shows the impact of the viscosity on the release.

Figure 3A and 3B show that the amount of applied formulations impacts the release and
not the flux.

In view of these results, microplates can be used for API release studies from semi-solid

dosage forms.

- Comparative study: Franz cell versus micro-plates
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Comparison of the release profile of Metronidazole at 0.5 and 0.75% (w/w) from a

cream.
DIFFUSION CELL SYSTEM Franz | Micro-plates
cells 24 wells

Synthetic membrane Polycarbonate
Receptor medium volume (mL) =25 0.6
Receptor medium composition Water
Amount of formulation applied (mg) 750 125
Amount of formulation/unit surface area (mg/cm?) 375 380
Number of samples 6 6
Sampling time points 6 6
Study period (h) 3 3

The amount of formulation per unit surface area, considered as important for the
comparison study, was identical for the two systems, to get relevant results

The results are shown on figure 4A and 4B.

Ranking of formulations is identical between the two systems.

Micro-plates are slightly more sensitive to dosage strength vs. Franz cells.

Micro-plates can thus be an alternative to Franz cells for API release studies from semi-

solid dosage forms.

- IVRT using Franz diffusion cells (as recommended by SUPAC Guidelines)
versus IVRT using microplates

2 batches of commercial 0.75% Metrocream® were assigned to the Franz diffusion cells

and micro-plates as described by Figure 5. The experimental description shown on

Figure 5 was followed.

At the end of the 2 comparative release studies, the non-parametric statistical method

related to Wilcoxon Rank Sum/ Mann-Whitney rank test was applied to the slopes from
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Franz cells study and Micro-plate study, according to SUPAC Guidelines. The results
are shown on Figure 6 (T/R are calculated as defined by SUPAC-SS).

The T/R ratios distribution of the slopes falls within the limits of 75 to 133.33% (90%
of Confidence Interval according to the statistical method) and the T/R distribution

profile are quite similar between the two systems.

This example shows that micro-plates is an alternative to Franz cells for comparative

IVRT studies.

- Automation of the 24 wells micro-plate
Assess the automation of the methodology used for IVRT studies with micro-plates
using a TECAN® robot.
0.5 and 0.75% (w/w) Metronidazole creams were used.
The results are shown Figure 7.
Same ranking is obtained either by using automated (figure 7) or manual (figure 4B)

microplates
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Claims

1. A method for determining in vitro release rate of at least one active principle
ingredient from at least one semisolid form intended for topical routes of administration
to skin or its appendages, using a composite multi-well microtitre plate, wherein each
well comprises a donor compartment and a corresponding acceptor compartment
adapted to receive the donor compartment, the bottom of the donor compartment is
made of a porous membrane, the method comprising:

a. Placing an aliquot of a semisolid form comprising at least one active principle
ingredient in at least one donor compartment of the multi-well microtitre plate;

b. Placing an initial acceptor medium in the corresponding acceptor
compartment(s);

c. Inserting the donor compartment in the corresponding acceptor compartment, so
that the membrane in the bottom of the donor compartment is into contact with
the initial acceptor medium;

d. Collecting at at least two successive time intervals a sample of the acceptor
medium in the acceptor compartment;

e. Measuring the release rate of said active principle ingredient in each collected

samples.

2. The method of claim 1, wherein the sample semisolid form placed in the donor
compartments of the multi-well microtitre plate in step a) is different from a well to

another.

3. The method of claim 1 or 2, wherein the membrane is a synthetic membrane.

4. The method of anyone of claims 1-3, wherein the membrane is a filter, more

preferably a microporous filter.

5. The method of anyone of claims 1-4, wherein the nature of the membrane is selected
in the group consisting of: Polypropylene, Polyethersulfone (PES), hydrophilic or
hydrophobic polyvinylidenefluoride (PVDF), Mixed cellulose esters (MCE),
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hydrophilic or hydrophobic polytetrafluorocthylene, nylon, polycarbonate (PC),
polyesters (PET), and polyethyleneterephtalate (PTFE).

6. The method of anyone of claims 1-5, wherein the semisolid form is a cream, gel,

lotions, or ointment.
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