dx.doi.org/10.14227/DT050198P3

Techniques For Measuring

In Vitro Release From
aemisolids

Joel L. Zatz, Ph.D. and Judith D. Segers, M.5.
Rutgers College of Pharmacy
Piscataway, Nj

-Dedicated to the memory of Loretta Kralo-

Abstract

The SUPAC-SS guidance, which governs scale-up and
post-approval changes for semisolids, requires in vitro release
deata in certain instances of change i the amonnt of an excipi-
ent, batch size or manufacturing equipment, process or site.
The kinetics of diffusion of an active ingredient through a
semisolid tnto a liquid sink (the veceptor) ave measured; an
inert, porous wmembrane physically separates the two phases.
Several commercial instruments, some of which incorporate
automated transfer to an analytical instrunent, are available.

The principal experimental decisions involve selection of tem-
perature, membrane, receptor and tining of samples. These
shoutd be chosen to minimize undesived intevactions and nuke
diffusion throngh the semsolid rate-limiting, so that the
intrinsic velease is measured. Data treatment mvolves plotting
the amonnt released against the square root of time and using
the stope of the lincar plot as an index. Release profiles may be
altered by certain changes i manufacturing or formudation.

Introduction

In vitro release from semisolids may be visualized as a
counterpart to tablet dissolution. In both techniques, the
kinetics of drug release from a dosage form into a sink are
determined. The receptor solution for a solid dosage unit
may be simulated gastric fluid or a modification thereof, in
recognition of the fact thata tablet or capsule administered
orally spends some time in the stomach. Investigators may
control experimental conditions to search for an in vitro-
in vivo correlation usctul in further product development
and testing.

Experiments of in vitro release from semisolids attempt
to measure changes in important physical properties that
may be related to topical bioavailability. However, mea-
surement conditions do not usually mimic physiologic
reality. In particular, the in vitro release setup does not
include 2 membrane resembling the skin’y stratum
corneum, an essential determinant of skin penetration char-
acteristics, Therefore, in vitro release is not a substitute for
a clinical or bioavailability study. Instead, in vitro release
provides information dependent upon certain physical
attributes and should be considered an extension of other
physical measurements, such as rheology and particle size.

Pharmaceutical manufacturers are currently not required
to submit in vitro release data as part of an NDA or ANDA.
The SUPAC-SS guidance, which governs scale-up and
post-approval changes for non-sterile semisolids, requires
release data in certain instances of change in the amount of
an excipient, batch size or manufacturing equipment,
process or site. (A copy of the guidance may be obtained by
writing to the FDA Office of Training and Communica-
tions, Division of Communications Management, Drug
[nformation Branch HED-210, 3600 Fishers Lane,
Raockville, MD 20857,

It can be downloaded from:
hetpe//www.fda.gov/eder/guidance/index.htm.)

Lack of a significant difference in release, along with
stmilar results for other tests, is an indication that such
manufacturing changes have not materially altered product
attributes.

The elements involved in measuring in vitro release
from semisolids are:

a) the assay

b) the apparatus

¢) the conditions (temperature, membrane, receptor,
sample timing)

d) analysis of the data

Regardless of the apparatus used, the semisolid sample is
supported by a thin membrane which physically separates it
from a liquid (the recepror), into which the active diffuses.
The receptor is sampled periodically and assayed to give a
time-dependent release profile.

A reliable, reproducible, validated drug assay is essential
in generating the data on which all conelusions will be
hased. High performance liquid chromatography (HPLC)
is the method most commonly used, for both its accuracy
and convenience, although gas chromatography and other
techniques are possibilities in cases where an HPLC assay
is not suitable. Assay sensitivity is an important issue if the
rate of release is slow or the drug concentration very low, a
common occurrence with many modern topical products.

From theoretical considerations, a plot of the
amount released vs. the square root of time is
expected to be linear after an initial lag period.

The slope of the linear portion of the curve is
an index of the release process and a logical

continued.. page 6
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In Vitro Release from Semisolids. . .continued
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Section [T below. Membrane materials which have been used include
nylon, cellulose, cellulose acetate, mixed cellulose ester, PVDE,
PTFE, polypropylene, polysulfone, acrylic copolymer, and vinyl met-
ricel. Membrane pore size is generally 0.45 pm but can vary. Receptor
medium temperatures typically used are 32, 37, or 25°C.

Sampling with replacement of the receptor medium is done at reg-
ular intervals, either manually or by means of automation (see Section
C. below). Appropriate sampling tme intervals vary with the active
component’s solubility in the receptor medium and membrane per-
meability, and must be determined experimentally. Typical sampling

intervals are 0.25, 0.5, 1, 2, 4, 6, and 8 hours, although a duration of
greater than 24 hours may be necessary. A more detailed discussion of

timing issues is given below in Section I11.

Samples of receptor medium are then assayed for the active ingre-
dient by the analytical method of choice; HPLC, UV spectroscopy,
and gamma scintigraphy are typical. Data analysis |n'inmri]v involves
plotting the cumulative amount of drug released per unit area of sam-
ple vs. square root of time. The resulting plot should be linear in
agreement with the equations of Higuchi?*2% for diffusion-controlled
release of drug present in suspension

Q=0 C, C:Dt"? ,Ci<<C, [Eq. 1]
or in solution
Q=2 Cy(D/m)l2 [Eq.2

where Q = amount of drug released per unit area of sample, C, =
initial concentration of drug in semisolid, C = solubility of drug in
semisolid matrix, D = diffusion coefficient of drug in semisolid, and
t = elapsed ume.

C. Procedures - Apparatus Specifics and Automation

A modified Franz diffusion cell (Crown Glass FDC-400) is illus-
trated in Figure 1. A similar cell is the Hanson 57-VC Vertical
Diffusion Cell. The cell body consists of a jacketed glass receptor
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Figure 1. Modified franz diffusion cell (FDC-400). (Reprinted courtesy of
Crown Glass Company, Inc.)

ml in volume (modified cells exist with slightly differ-
ent receptor volumes) and a glass sampling port. The membrane is
placed horizontally over the receptor chamber, the cell cap is applied

chamber, 12.5

over that, and the components are fastened together with a metal
clamp. The test formulation can then be applied in a controlled
amount with a syringe to the surface membrane through the top of
the cell cap, which is open to the atmosphere unless sealed by the
user. An alternative method of sample placement is to use a circular
template having a diameter matching that of the cell opening. The
template is used as a controlled-depth die into which the formulation
may be evenly filled on a flat surface using a spatula and then invert-
ed and placed on the membrane.

At the bottom of the receptor chamber a micro-magnetic stirrer is
placed. The entire cell is positioned in a multiple-cell drive unit which
drives the magnetic stirrer to agitate the receptor medium at a con-
trolled rate. The jacketed portions of multple cells are connected in
series with tubing to a circulating temperature-controlled water bath.

Automated sampling for systems using this type of cell is available
from Hanson Research as the Microette Topical and Transdermal
Diffusion Cell System. Fignre 2 is a schematic illustration of the auto-
mated system for one diffusion cell. At programmed time intervals,
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Figure 2. Hanson Microette Sampling System. {R[pumuhrmmw of
Hanson Research Cor Daration)

stirring of the receptor medium stops, a specified volume of fresh
medium is injected via a syringe pump, and an equal volume of sam-
ple is simultaneously forced out of the chamber, through sample
tubing and into precapped vials in a carousel. The stirring then
begins again. A wash cycle cleans the sample lines just before the
sampling oceurs.

Complete automation of sampling and analysis has been accom-
plished by interfacing the Microette with Waters HPLC
systems? 2%, Sample withdrawal, transfer, and HPLC injection are
coordinated via the Waters system controller, which also contains the
HPLC methods programs for mobile phase composition and flow
rate, column temperature, detector wavelength and injector
Sample HPLC analysis takes place between
sampling times while the dissolution test proceeds con-
currently. Assay data acquisition and analysis are
performed by the unit’s networking computer system. A
complete, fully automated system can be achieved by

sequence.
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in Vitro Release from Semisolids. . .continued
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ditions. Drug solubility should be a minimum of ten times the
highest expected concentration within the receptor. Matching the
receptor to the external phase of the semisolid, where possible, lim-
its solvent diffusion. So does choosing a receptor that is completely
immiscible with the semisolid’s external phase. The analysis is most
conveniently accomplished by direct use of the receptor, e.g., by
injection onto an HPLC column. The desire for a convenient ana-
lytical procedure may influence the choice of receptor. In addition,
the receptor should be a highly fluid (non-viscous) material for rea-
sons that are explained below.

2. Membrane functions

The membrane provides physical support to maintain a constant
contact edge with the semisolid and prevent bulk transfer. It may
be possible to work with rigid semisolids without using a mem-
brane. The membrane should be inert toward hoth the receptor
and the semisolid. Potential membranes can be screened for drug
binding by passing a receptor liquid containing a low drug concen-
tration, comparable to that which will be encountered in the
experiment, through the membrane and assaying the filtrate to ver-
ify that no loss oceurs.

Perfect wetting of the membrane by the receptor is necessary to
ensure that air within the pores has been replaced completely by
liquid. A guide to the surface character of the membrane material
is a parameter called the eritical surface tension. If the surface ten-
sion of the liquid (receptor) is equal to or less than the critical

surface tension of the membrane surface, the contact angle is zero
and wetting is perfect. Critical surface tension values for many sub-
stances may be found in standard references.3! If the membrane floats
when it is thrown into a beaker of receptor, wetting is poor. Howey-
er, the converse is not necessarily true; a sinking membrane does not,
in itself, guarantee perfect wetting.

3. Membrane resistance to permeation

In a release experiment, drug migration from semisolid to receptor
occurs as a series of successive diffusional steps. Since the physical
properties of the product itself are of interest in this measurement,
diffusion through the semisolid must be the rate limiting step. Tt is,
therefore, important that the membrane and receptor be highly per-
meable to the drug.

The membrane, together with an unstirred layer at its surface,
olfers finite resistance to diffusion. The effect of this resistance on the
sensitivity of the release test to variation in several parameters was
recently explored.3? Simulated release data were generated using a
theoretical equation that took membrane resistance to permeation
into account, Reasonable values for drug concentration (10 mg/ml),
solubility (0.2 gm/ml) and diffusion coefficient (1 x 1070 em?/s) were
assumed and different values for membrane permeability were mad-
eled. The intrinsic release (release fully independent of the
membrane) was the standard for comparison. With relatively high
values of membrane permeability, the slope of the release plot
(amount released vs. the square root of time) was essentially the same
as the intrinsic release slope. At lower values of membrane perme-
ability, the release slope became significantly smaller and the
intercept with the abscissa, larger.

3.00E-4
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Figure 5. Simulated data showing vate of release as a function of
time for vairious membrane pevimeability cocfficient values. Model

parameters are those utilized in veference 32.

The contribution of the membrane to the release profile is greater
initially than after some time has elapsed. Over time, a diffusional laver
that develops within the semisolid becomes rate controlling. Fig, 5
shows how the slope changes incrementally over time. Slope values
increase with time, approaching a plateau value. The greater the mem-
brane permeability coefficient, the shorter the time needed to reach
the platean. A practical consequence of this pattern is that early time
points may have to be neglected in calculating the release
‘\]UI)L‘.

A low membrane permeability also blunts the sensitiv-
ity of the release measurement to changes in important
parameters. Figure 6 shows the effect of changes in the
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In Vitro Release from Semisolids. . .continued

diffusion coefficient within the semisolid (D) and P, the permeability
coefficient of the membrane/stagnant layer on the release slope. An
ncrease in D of 50% results in an increase in the release slope of
approximately 22%, provided that the membrane permeability was
high. When it had a small value, the change in slope was much less.

w
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Figure 6. Effect of perturbation of two parameters, semisolid diffu-
sion cocfficient (D) and membrane permeabilivy coefficient (P) on
response of release measarements. Simuluated data from veference 32,

Iy, back diffusion of the receptor might alter drug solubility in the
semisolid. In an extreme example,*? octanol diffused from the recep-
tor into a cream, dissolving it completely. Attempts to assay the
semisolid for small amounts of receptor are likely o be fruitless.
\dditionally, accumulation of even low concentrations of a good drug
solvent in the interfacial region is likely to have a disproportionally
large effect on release.
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Figure 7. Effect of changes in ethanol concentration on neasured
release slope for rwo systems, a hydroalcobolic gel containing triamci-
nolone acetonide and @ cream containing oxiconazole nitrate.

Release slope should theoretically be unaffected by changes in the
membrane. This is only true when membrane permeability is rela-
tively high (Fig. 6). Furthermore, when there are changes in both D
and P, the response is dominated by shifts in P Figure 6 shows that

the membrane permeability determines the extent and direction of

the change in slope when D is raised by 50% and P is simultaneous-
ly decreased by 50%. When P is high to begin with, the change in
slope primarily reflects the change in D, a property of the semisolid.
When the membrane permeability is small, the change in D is large-
ly ignored and the slope decreases in value, despite the fact that D has
been raised.

Clearly, itis desirable to keep the membrane permeability as high
as possible. Some guidance in attaining this goal can be obtained from
equation 3, which defines the membrane permeability coefficient, P,

P = Dy Ka/th (Eq. 3)

In this equation, Dy, is the diffusion coefficient within the mem-
brane, K the membrane/semisolid partition coefficient, @ the
membrane porosity, T the membrane tortuosity and h the membrane
thickness. One goal in membrane/receptor selection is to maximize
the product Dy K® and minimize th. Therefore, the membrane
should be thin and highly porous (to make h small and @ large,
respectively). The receptor, which fills the pores, should be highly
fluid and have a high drug solubility (to maximize Dy, and K, respec-
tively).

4. [ fouf fg,f'."l}v ieceptor on release .\'."()'!J(‘

Ideally, the receptor should act as an inert sink to collect drug as it
diffuses from a semisolid. Theoretically, then, changing the composi-

tion of the receptor should have no effect on release as
long as both receptors maintain sink conditons. This is
not always observed in practice. The receptor may maodi-
ty the release rate by contributing to a diffusional
resistance (as described in the previous section). Second-
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Figure 7 shows the effect of ethanol concentration in the receptor
on release of two drugs from two very different systems. Triamei-
nolone was dissolved in a simple gel while oxiconazole nitrate was
suspended in a cream base. In both cases, raising the ethanol concen-
tration results in an increase in release slope. However the change in
oxiconazole release is much larger, perhaps reflecting the importance
of dissolution of some of this drug via back diffusion of ethanol.

In another dramatic example, various hydroalcoholic solutions
were investigated as receptors to study release of betamethasone
dipropionate from two creams which differed in mmpusii‘itm.H The
less potent product was released more rapidly into 60% ethanol, but
the order was reversed into 30% ethanol. As in the examples shown
above, an increase in ethanol content in the receptor produced an
increase in release slope. The effect of the difference in receptor
ethanol content on the product containing suspended drug was sig-
nificantly greater than the other cream. For the cream containing
suspended drug (less potent) the ratio of release slopes, 60% ethanol
I'L'L'C|nu|':3[l'%. ethanol receptor, wis 3.8: the cnrrus|mm|ing ratio for
the eream containing largely dissolved drug was 1.4,

From these examples, it is apparent that the release profile can be
markedly influenced by the choice of receptor fluid. Comparisons of
different formulations must be interpreted with caution. Validation
studies are required to confirm the utlity of any release protocol.

C. Timing issues

As was stated in the previous section, the early time values of
amount released may not represent the situation in which diffusion
through the semisolid is rate controlling. It may therefore be neces-
sary to ignore one or more data points at the beginning of the
experiment and use the remaining values to obtain the release slope.
This situation is illustrated in Figure 8, line 2.

Line 1 in Figure 8 exhibits curvature at larger values of the square
root of time. This pattern is anticipated when drug release exceeds



Amount Released

Square Root of Time

Figure 8. Anticipated velease patterns for two systems. 1, fast-
releasing gel; 2, slow-veleasing orutment.

approximately 35-43% of the semisolid’s initial content. At this point,
the assumptions underlying the equations which support a linear rela-
tion between amount released and the square root of time are no
longer valid. If release is quite rapid (e.g., dissolved low molecular
weight drugs in gel systems) curvature may be encountered in less
than three hours.

There is thus a time window during which release experiments
should be performed. Data should be collected at times after the influ-
ence of membrane and its associated stagnant layer disappears but
before excessive drug depletion from the semisolid occurs. Because of
significant differences in release patterns for dissolved vs. suspended
drugs and creams or gels vs. ointments, it is probably not possible to
develop a single protocol that applies to all semisolid products.

IV. Applications - Method Validation

The core of validation of an in-vitre release method is the ability to
deteet changes in the release slope that occur when formulation com-
position is changed (active ingredient concentration, excipient
composition and amount), when batches or sources of ingredients are
changed, or when method of manufacture is changed. As noted above,
the logical parameter for comparing release characteristies is the slope
of the linear portion of the amount released vs. square root of time
plot. Some recent examples of studies which show a relationship
hetween the release slope and product or method variables will now
he summarized.

A 1989 study of the release of hydrocortisone from creams used
Franz diffusion cells and a variety of synthetic membranes?. Release
profiles were compared by caleulating steady state flux rates
(ig/cm?/hr) from the linear portion (last three data points) of the
cumulative amount released per unit area vs. time curves. In experi-
ments with two brands of cream, for a given formulation, flux values
were not significantly different regardless of the membrane material
(polysulfone, pure cellulose acetate, cellulose with wetting agent, and
triton free cellulose), except for slightly slower flux values when a
glass fiber filter was used. When the two brands of cream were tested
under similar conditions, the flux values were found to be significant-
ly different. When different batches of the same brand were
compared, release profiles were found o be very reproducible for
both brands with no significant differences in flux values, In a subse-

quent communication’, it was proposed that “for the purpose of a

batch-to-batch test, or a comparison between innovator and generic
products, the slopes (of the amount released per unit area vs. square
root of time plots) would be meaningtul and accurate, and would
make efficient use of all the experimentally collected data.” This
commentary also cautioned against extrapolation of results of these i
vitro experiments to the @ vive situation. In 1991, the methodology
developed for hydrocortisone creams was applied to determine
release from lotions and ointments?”. In order to obtain detectable
levels of hydrocortisone in the receptor medium from the ointment
formulations, it was necessary to pre-treat a hydrophilic membrane
(cellulose acetate) with isopropyl myristate to impart mixed
hydrophilic and lipophilic properties to the membrane and thus
enhance release of hydrocortisone from the ointment. The study
found similar release slopes from cream and lotion but significantly
lower release slope from the ointment, which reflects the influence of
the viscosity on the diffusion coefficient of the drug between the vehi-
cle and the receptor phase. The authors pointed out that the
pharmacological response is actually greater from the ointment due
to development of skin hydration, and cautioned that “release charac-
teristics should not be compared across types of formulations, such as
creams, ointments and lotions. All comparisons should be done only
with similar formulations.”

A comparison of the release behavior of triethanolamine salicylate
from commonly used ointment bases with various additives (penetra-
tion enhancers), and from two commercial products, used a modified
Franz cell apparatus®®. These studies showed significantly higher
release from the experimental formulations than from the commercial
formulations. Apparent viscosity profiles of the formulations were
obtained but showed no elear correlation with drug release.

An evaluation of the release of griseofulvin from gels used Franz
diffusion cells*”. Significant differences in release slopes were found
among gels prepared using different solvents and different drug con-
centrations, with differences in release slopes directly proportional to
differences in drug concentrations for a given gel formulation.

In 1992, in vitro release of betamethasone valerate from two brands
of cream was measured using Franz cells and compared to in vive skin
blanching characteristics™. Tt was found that the release slope was
significantly greater from the higher blanching formulation, but the
authors cautioned that while “the correlation obtained between the in
vitro release and i vivo performance adds strength and validity to the
in vitra test...it should he emphasized that the release test is strictly a
quality control test to assure lot-to-lot uniformity and should not be
used to predict bioactivity.”

An in vitro release method for retinoic acid ereams using modified
Franz cells was developed and validated?”. Formulation physico-
chemical factors (drug concentration, internal phase droplet size
distribution, viscosity, and composition of emulsion internal and
external phases) were varied and compared for influence on drug
release from creams. Viscosity measurements were also
obtained but showed no correlation with release slopes.

The methad was shown to be sensitive to formulation
changes, with oil phase volume ratio showing the most
significant effect on drug release slope. Inter- and intra-
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In Vitro Release from Semisolids. . .continued

batch variation was found to be low with very reproducible
release slopes.

An i vitro release method for terconazole cream formulations
using modified Franz cells was developed and validated® . The
method was able to detect differences in drug loading, drug particle
size, and formulating technique. Release profiles were obtained for
eleven lots of the commercial cream product, and lot-to-lot variabili-
ty was found to be low.

Diffusion of hydrocortisone from a commercial ointment formula-
tion using Franz diffusion VanKel Enhancer
(immersion-dissolution type) cells was measured and compared!.
The authors reported higher cumulative release as well as greater
durability and ease of use for the Enhancer cell vs. the Franz cell.
However, the data were presented as plots of cumulative amount
released vs. time, and the “cumulative” amount released often actual-
Iv decreased from one time point to the next. No slope caleulations or
other mathematical treatment of the data were presented and the
conclusions were drawn solely based on the visual appearance of the
amount released vs. time plots.

Another study compared release profiles from gels of differing con-
centrations of triameinolone acetonide using Franz diffusion cells and

cells and

dissolution cellst!. In these experiments the release was found to be
rapid and linear with square root of time, with release slopes varying
in direct proportion to drug concentration in the gels. While hoth
tvpes of apparatus produced similar results, release slopes were slight-
ly higher and diffusion coefficients more consistent with the
dissolution cells. The studies also showed a decrease in release slope
proportional to an increase in membrane thickness.

In measuring i vitro release of betamethasone dipropionate from
petrolatum ointments using Franz cells® it was possible to distin-
guish between two different formulations containing the same
concentration of the drug. Methods used to obtain detectable, quan-
tifiable levels of drug in the receptor medium were also investigated.

Release of phenol from chtrnl:mlm ointments was studied using
the dissolution cell system®!!. Release characteristics were compared
to evaluate sensitivity of the method to changes in test parameters
(stirring speed, membrane type), formulation (active ingredient and
excipient levels), and manufacturing procedure, and to identify a cor-
relation between drug release and ointment rheology. Release slopes
were shown to be the same whether diffusion was through a nylon
membrane, a cellulose acetate membrane, or no membrane at all;
however, standard deviations were greatly reduced when a membrane
was used. At various stirring speeds (75, 125, and 200 rpm), release
slopes were shown to be the same; however, standard deviations were
significantly greater at 75 rpm. Release slopes varied proportionately
with drug concentration and changed significantly when excipient
levels and method of manufacture were varied. Preliminary rheolog-
ic characterization suggested a possible correlation between release

behavior and certain viscoelastic parameters. In general,
as the ointment viscosity or magnitude of the viscous
component of the viscoelastic material (*loss tangent”)
increased, release slope correspondingly decreased.
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APPENDIX - Equipment Suppliers
Crown Glass Company, Inc.
990 FEvergreen Drive

Somerville, NJ (08876

(908) 526-3115

Hanson Research Corporation
9810 Variel Avenue

Chatsworth CA 91311

(800) 821-8165

VanKel Technology Group
13000 Weston Parkway

Cary NC 27513-2228

(800) 229-1108
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