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Abstract Keywords

Context: In countries where research budgets are meager as Argentina, the tendency to
innovation and improvements in the designs prototypes “made in Argentina” marks a growing
trend adopted by researchers. This article presents a diffusion cell of original design, for release
studies of Active Pharmaceutical Ingredient (API) from classical topical dosage forms, also
includes the methodology for its optimization and validation. The objective was to evaluate
and validate a system designed and to compare it to the Franz cells system.

Methods: Parameters, reproducibility and robustness were performed included factors as,
stirring conditions, membrane stabilization treatment and temperature variation. Release and
retention on membrane assay were performed using two different APl and formulations.
Results: The method is reproducible and robust for the parameters tested. Release assays show
that no significative difference with the Franz Cells system. Our system allows the simultaneous
measurement of different parameters, representing an innovation on these methodologies.
The LMC was used for assays of in vitro retention on membrane and the values obtained were
reproducible and coincident whit values obtained for other authors.

Conclusions: The system designed and the methodology employed, are acceptable for in vitro
release studies. The device and method has the characteristics required.
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Introduction

The skin is a membrane selectively permeable to chemicals that
can be absorbed by this route to reach the systemic circulation.
The use of in vitro static diffusion cells to assess skin permeability
has evolved into an important research methodology, providing
key insights relationships between skin, active pharmaceutical
ingredient (API) and formulation'. Such testing is highly useful
not only for the design and development of novel formulations
but also for toxicity screening and quality-control purposes‘%*f’.
The control of substances diffusion for which pharmacological
effect is only topical such as sunscreen agents or escabicides
agents is possible by the use of in vitro release systems. It is
especially important that the measurement of diffusion through
membranes of substances by their chemical structure and
metabolic residues they produce, resulting in some manner
toxic to humans’®. Within this context, in vitro Franz diffusion
experiments has become into one of the most important methods
for researching transdermal drug administration. However, many
authors sustain that in general this type of testing, often yields
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permeation data that has poor reproducibility, even when
synthetic membranes are used as barriers, thereby eliminating
the variability associated to biological tissue’''. Chien and
Valia'? have compared the hydrodynamics of this cell to their own
design. They report that the architecture of the Franz cell does not
provide adequate solution to hydrodynamics, mixing efficiency
and temperature control that is required for quantitative perme-
ation evaluations. As there are no general directives regarding
which cells should be employed, researchers have designed their
own systems”’lg, although there does exist a general series of
considerations which must be taken into account to guarantee the
reliability of the release tests. The speed of liberation depends,
among other factors, on the temperature at which the test is
performed, on the type of membrane employed its integrity over
time and thickness. A very important and useful parameter is the
residence time on the skin of APIs and this cannot be measured
during diffusion experiments using Franz cells, due to their
design, which does not allow the disassembling of the semi
permeable membrane until the end of the experiment. This is a
determining factor in the assessment figure formulation design,
toxicity and quality control APIs require a long residence time on
the skin and where the risk of systemic distribution'®.

The aim of this study was to evaluate and validate a system
designed in our laboratory for research purposes and compared
with the traditional diffusion system: Franz Cells. Parameters
reproducibility and robustness were analyzed, included factors as,
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stirring conditions, membrane stabilization treatment and tem-
perature variation. Synthetic membranes were used, in order
to eliminate variability due to biological tissue. Synthetic
membranes exhibit superior permeation data reproducibility
as in vivo variables such as skin, age, race, sex and anatomical
site are eliminated®®. Furthermore, the commercial availability,
stability, interbatch uniformity and ease of usage make the use of
synthetic media highly desirable®'. As model drugs, we used
benzophenone-3 and permethrin which had been previously
reported as useful tools in studies of this type of evaluation® 2>,
Benzophenone-3, a common organic sunscreen in cosmetics that
can be adsorbed and it accumulates in the body after passing
through the kidneys, where it is metabolized*>*’. Skin permeation
and penetration of the organic and inorganic sunscreens; have
been deeply studied in order to determine their safety®®*’. Several
studies have confirmed the presence of benzophenone-3 and its
metabolites in human urine 48 h after administration skin in
cosmetic formulations®®*. Permethrin is an escabicides with
low toxicity associated, used to treat head lice, scabies and spread
in recent years for use in the treatment of malaria®> .
The control of substances diffusion for which pharmacological
effect is only topical such as sunscreen agents or escabicides
agents is possible by the use of in vitro release systems. It is
especially important the measurement of diffusion through
membranes of substances by their chemical structure and
metabolic residues they produce, resulting in some manner
toxic to humans.

This article presents an original diffusion system designed to
perform release studies, membrane retention studies and residence
time determination of API, it also includes the methodology
used for optimization and validation. To support the validation of
the method and equipment, parallel assays were performed using
a USP Franz Diffusion cell set, previously validated. In countries
where research budgets are meager as Argentina, the tendency
to innovation and improvements in the designs prototypes made
in Argentina marks a growing trend adopted by researchers.
In this sense, the design and validation of CML, is the subject
of a patent application (UNT-CONICET), Application Record
in INPI No: 20130102901. The device designed, has the three
characteristics required for direct transfer of technologies
(Law 24.481), novelty, inventive step and industrial applicability.

Materials and methods
Tested formulation

The selected formulations were: (1) a commercial sunscreen
cream containing benzophenone-3 (BZ-3: CAS No. 119-61-9) as
API'; (2) a commercial gel for scabies treatment containing
permethrin (Pm: CAS No. 52635-53-1) as single API. BZ-3 is a
hydrophobic molecule while Pm is a hydrophilic one.

Laboratory made cells

This system was comprised of a group of static vertical diffusion
cells (n=16 for this work) made entirely of glass. Each cell
comprised a donor vessel and an acceptor vessel with a horizontal
membrane as interface between them. The acceptor vessel having
a capacity of 10mL was filled with an acceptor solution.
A cellulose membrane acted as interface mounted above the
acceptor vessel in contact with the acceptor fluid. Then donor
and acceptor vessels were assembled using stainless steel tongs
as support. At this time, a calculated amount of sample could
be placed on the membrane. The entire equipment was placed in
a plastic container as support and then was inserted in an orbital
shaker. Constant temperature is achieved by using a stove. For this
work, four samplings were made (2, 4, 6 and 8 h), at each time,
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Figure 1. Individual Laboratory made cell. Donor vessel (A), acceptor
vessel (B), interface membrane (C) and stainless steel tongs (D).

four cells were withdrawn for measurements. Then a volume
of 2mL of acceptor solution of each of the cells were removed
and absorbance measurement were made (n =4). Each cell was
removed from the experiment after the readings. Figure 1 shows
an individual laboratory made cell (LMC). In addition to their
supportive function stainless steel tongs, also made it possible to
obtain a perfect match of the membrane with the equipment
(Figure 1). The vertical position provided a means to eliminate
air bubbles that might remain in the chamber receptor liquid
interface and distort the results, which was the main disadvantage
of this type of cell'*. A cellulose acetate membrane was used
(D9527 avg. flat width 43 mm (1.7 in; Sigma-Aldrich Chemical
Co., St. Louis, MO) previously soaked for 24h in the receptor
solution. This membrane was chosen for its compatibility with the
components of the semisolid formulation and of the receptor
phase. In our trial, diffusion cells with identical characteristics
were used, within a stove at constant temperature (FAL, Dique
Chico, Cordoba, Argentina).

Acceptor solutions

For BZ-3 assays, we used propylene glycol:water, (3:2) as
acceptor solutions. BZ-3 solubility in propylene glycol:water
mixture was found to be about 30 times that in water*".

For Pm assays, we used solution alcohol:propylene gly-

col:water (6:3:1) as acceptor solutions™®.

Validation of equipment and methods
Laboratory made cell dimension evaluations

Visual observations were used to classify the receptor cell bases
as either flat or convex. Distilled water was filled carefully to the
top of the compartment and the exact volume was recorded
(n=6). For measuring the internal diameters of the donor and
receptor cells, a pair of calipers was placed on the inside lip.
External diameter measurements of the receptor cells were
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Table 1. Robustness of the method.

AV (rpm)

T EH
(°C) (cm) 80 100 120 140
29 0 107.34+6.2 10821+92 108.43+8.7 110.13+4.7

4 10649+89 10521+£6.5 107.64+3.7 108.43+2.7
32 0 11445+56 11652+64 11631+58 114.87+5.3

4 11545+3.8 11524+44 11642+4.8 113.24+45
35 0 14378 £9.6*% 143.49+10.3* 142.67 +£7.2*% 145.78+10.2*

4 140.78 +7.9*% 144.49+9.8*% 145.87 +10.2* 145.81+9.6*

*Significantly different from control p <0.01.

performed by laying the caliper tips on the outside of the lip.
The effective diffusion area (EDA) was calculated for both
donor and receptor cells using the formula 7%, where r was
the mean of the internal radius of cells, donor and receptor.
The repeatability of measurements was calculated by using
one-way ANOVA.

Validation tests

All parameters on the validation were measured by BZ-3 as
API to diminish variation due to the change of drugs. Tests
for reproducibility and robustness were performed. These are
all included in the U.S.P. XXII directives for the validation of
analytical methods used to characterize dosage forms (Category
IIT; United States Pharmacopoeia, 1990). Once we conclude the
LMC validation, we used a group of 4 Franz Cells for diffusion
assays performed to compare our method with a validated known
method in this case we used BZ-3 and Pm.

Robustness. This parameter was verified by the study of BZ-3
diffusion in presence of small variations in the main factors that
would directly affect the results. These factors were: temperature
(29-35°C), agitation velocity (80-140rpm), quantity of sample
(0.15-0.25 g; data not shown), sample extraction height from
the base of the apparatus (0 and 4 cm) and operator (n=2). The
quantitative variation of each of the factors was based on those
alterations that might inadvertently occur during the test. The trial
was carried out during four consecutive days (Table 1).

Reproducibility. Once we determinate the optimal conditions
for the diffusion assay, the degree of reproducibility of the method
was tested for simultaneously set up four diffusion cells for each
sampling interval (16 for the entire assay), with an identical
sample quantity (0.2+0.01g), shaking speed (120rpm) and
temperature (32°C). The procedure was repeated six times. By
comparing the results of the four diffusion cells for each interval,
the degree of reproducibility was determined by calculate the
mean of six assays for each time and using an statistical
determination variation coefficient (VC%).

Standard deviation

VC% was calculated according to: x 100"

mean

Diffusion assay. This assay was conducted using LMC.
Cellulose membrane was mounted between the half-cells (donor
and acceptor vessels) in contact with receptor fluid (propylene
glycol:water, 3:2) and equilibrated for 1h. The area available for
diffusion was 1.8+0.1cm®. Temperature fluid in the receptor
compartment was 32+ 1°C. The amount of sample was placed
in the donor compartment 0.2 +0.01 g. The entire assembly was
kept in an orbital shaker (120 rpm), each test had a total duration
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Figure 2. Comparative assay between Franz cells and Laboratory made

cells (LMC). Values of total amount of Benzofenone-3 diffused (ug/cmz;
CA Bz-3) during experiment time 8 h.
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Figure 3. Comparative assay between Franz cells and Laboratory made
cells (LMC). Values of total amount of Permethrin diffused (ug/cm?;
CA-Pm) during experiment time 8 h.

of 8h. At each time, four cells were removed from the system,
aliquots (2mL) of the receptor phase at specific time intervals
(2, 4, 6 and 8h), and was measured spectrophotometrically the
diffusion of API through cellulose membrane at a wavelength
(290 nm for BZ-3 and 219nm for Pm), that was unaffected by
other components of the formulations that might be released
together with the API. Cumulative amounts of API (pg)
permeated the unit diffusion surface (cm?) was plotted against
time (h; Figure 2 for BZ-3 and Figure 3 for Pm). In parallel, the
same conditions were reproduced on a USP Franz Diffusion cell
set and the data obtained were compared. All experiments were
performed in triplicate (n=12) and the results were expressed
as mean =+ SD. The flux (J/p) was determined from: the amount
of API diffused divided by effective diffusion area per hour,
according to literature® and the resulted expressed as: ug/cmzlh.

Retention on membrane assay

One of the most interesting advantages of the use of LMC was
the possibility of simultaneous tests, as mentioned above Franz
cells cannot be removed at each interval of measurement.

On these bases, we determined at each sampling interval,
retention on membrane of API (pug/cm?) assay.

For these propose, the membranes (n=4) retired at each
sampling interval were cut in pieces and submerged on 2 mL fresh
acceptor solution. Then, all the systems were agitated for 30 min
at 120rpm at 32°C, and spectrophotometrically evaluated at a
wavelength (290 and 219nm for BZ-3 and Pm, respectively).
Each test had a total duration of 8 h at each time (2, 4, 6 and 8 h),
four membranes were retreated of the system. Cumulative
amounts of API (pg) retained, by unit diffusion surface (cm?)
was plotted (Figure 3 for BZ-4 and Figure 5 for Pm). All
experiments were performed in triplicate (n = 12) and the results
were expressed as mean + SD.
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Residence time

The residence time of API, on the membrane was calculated as
the test time at which API concentration (ug/cmz) decreases
significantly on membrane retained values.

Statistics

One way ANOVA was used to determine differences between
systems by means of the computer program Origin 4.0 (Microcal
Inc., 1995; F test). To evaluate the statistical significance of the
results 7-test was performed (*p <0.01).

Results
Laboratory made cell dimension evaluations

Visual observations of LMC showed that some of the bases of
cell receptors were convex as a result of manufacturing variations.
The dimensions of the LMC Donor recipient determinate were
Volume 1.5+0.01 mL and EDA was 1.8 +0.1 mm? neither of
the measurements presents significant variability. The acceptor
recipient volume dimension was 10+0.01mL and EDA
1.8+ 0.1 mm?, this values measured with calipers, showed no
significant differences between them.

Validation tests
Robustness

The diffusion process was evaluated in presence of small
variations in different parameters (agitation velocity, sample
extraction height from the base of the apparatus and operator).
The values of diffused BZ-3 (ug/cm*/h) were always compared
to the values obtained at 32 °C. The different parameters did not
significantly affect the diffusion values (Table 1). However, there
was a significant difference in the values of BZ-3 diffused per
unit of time when the temperature was 35°C. When the same
experiment was performed with different sample quantities
(0.15 and 0.25 g) and operators (n=2), no significant difference
in the values of diffused BZ-3 was found (data not shown).

Reproducibility

When the reproducibility of the method was determined by
CV% values ranged between 0.47 and 1.00, with a uniform and
reproducible behavior of all the cells employed. These coeffi-
cients are within the range considered acceptable for situations
reproducibility of the analytical methods.

Diffusion assay

Figure 2 shows the evaluation of BZ-3 diffused (jg/cm?) using the
laboratory made cells (LMC) compared to a commercial Franz
cell set (n=4). No significant differences were found on the
values of CA-BZ-3 for the sampling at 2 and 4 h for the LMC
against Franz Cells. The total amount of BZ-3 diffused obtained
from LMC and Franz Cells was statistically different, being
665.7+7.6 (ug/cm®) and 601.9+16.2 (ug/cm?), respectively.
The values of diffusion Flux (Jp) of BZ-3 were calculated as
the amount of API diffused divided by effective diffusion area
per hour (ug/cm?/h) for LMC and Franz Cells. The values
obtained were: 0.0888 and 0.1181 ug/cmzlh for LMC and 0.0813
and 0.1108 pg/cm*h, respectively for Franz Cells. A lineal
correlation was obtained on the linear regression analysis giving
the equation: Jp=0.059+0.015t (R=0.998; p=0.001).

Figure 3 shows the evaluation of Pm diffused (pg/cm?) using
the laboratory made cells (LMC) compared to a commercial
Franz cell set (n=4). No significant differences were found
on the values of CA-Pm for all samples for the LMC against
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Figure 4. Benzophenone-3 retained on membrane (CAR-Bz-3;ug/cm?)
versus time (h).
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Figure 5. Benzophenone-3 retained on membrane (CAR-Pm; pg/cmz)
versus time (h).

Franz Cells. The total amount of BZ-3 diffused obtained from
LMC and Franz Cells was not statistically different, being
469.66 + 10.5 (ug/cm?) and 459.41 + 8.57 (ug/cm?), respectively.
The values of diffusion Flux (Jp) of Pm were calculated as the
amount of API diffused divided by effective diffusion area
per hour (pg/cm?/h) for LMC and Franz Cells. The values
obtained were: 0.0728 and 0.0781 pg/cm?/h for LMC and 0.0713
and 0.0732 pg/cm?/h for Franz Cells, respectively.

Retention on membrane assay

Figure 4 shows the values of BZ-3 retained on membrane
(ug/cmz). The values obtained were: 1721.31+12.87 and
1682.5+11.60 for the first 4h of assay then the retention
decreases significantly to 456.7+11.43 and 459.9 +7.56 for 6
and 8h of assay, respectively.

Figure 5 shows the values of Pm retained on membrane
(pg/cmz). The values obtained were: 1561.22+14.26 and
1101 + 17.86 for the first 4 h of assay then the retention decreases
significantly to 791.22 +7.89 and 779.89 +7.55 for 6 and 8h of
assay, respectively.

Residence time

The residence time of BZ-3, on the membrane was 4 h, before
these time, the concentration retained decreases at 50% or less
(Figure 4). The residence time of Pm on the membrane was
also 2 h but the decrease of API concentrations starts at 4 h with
a 37.5% decrease of Pm retained on membrane (Figure 5).

Discussion

Visual observations of LMC showed that some of the bases of cell
receptors were convex this feature did not prevent a good mix
because the system has external agitation. The dimensions of the
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LMC, presents non significant variability. Furthermore, the values
of effective diffusion area (EDA) measured and showed no
significant differences between them. This allows us to state
that the recipients (donor and acceptor) of different pairs of cells
can be exchanged, without risk of introducing variations in
measurements.

The robustness of the process was verified by the study of
BZ-3 diffusion in presence of small changes in the main factors
that can directly affect the results. Within the parameters analyzed
to standardize the robustness of the method, the stirring speed
is considered in determining the validation. Stirring of the
receptor fluid is critical for the maintenance of both uniform
drug distribution and temperature equilibrium®'?. The time taken
to achieve such uniformity determines the minimum time for the
first sampling interval as well as times between subsequent
samples. It is noteworthy that inefficient stirring can occur when
there is fast stirring near the base of the receptor chamber but
negligible stirring in the upper parts of the chamber. This occurs
with Franz cells due to the agitation by devices immersed in the
acceptor solution can generate vortex effect, which is undesirable
due to its potential to disrupt the static fluid layer adjacent to the
membrane. On the other hand the presence of the side tube
in Franz cells for sampling liquid modifies the behavior of
local deviation causing sink conditions, the API is not evenly
distributed within the fluid receiver. This generates errors in the
interpretation of results when samples are taken at different
heights. LMC will not require a side tube to the sampling, as the
cells are removed at the time of measurement represents another
advantage because it does not need to enter calculations for
corrections due to dilution during data processing. In addition,
the external orbital agitation system, allows the flow to remain
uniform at all points acceptor system. Table 1 shows results
obtained during the validation process of cell robustness of the
equipment designed in our laboratory. When determined the
amount of BZ-3 diffused (ug/cmzlh) to different agitation speeds,
the tabulated values showed no significant difference between
them. Also, external agitation can correct errors due to sampling
inefficient agitation that modifies the flow rate within the
acceptor liquid as it moves away from the container base. This
assertion is demonstrated in Table 1 where at different stirring
speeds and sampling at two different heights no significant
differences were observed between values. Furthermore, LMC
also solves the problem of the vortex effect observed in Franz
cells, as it does not require the side tube for sampling. Another
factor commonly induce errors during the measurements is
temperature. Is a known fact that the healthy skin temperature is
32°C, which is why the in vitro release tests are carried out at
this temperature in general, attempting to simulate in vivo
conditions. Table 1 shows that there are significant differences
in the values of BZ-3 diffused (ug/cmzlh) when the test
temperature was 35 °C, showing that the release rate is affected
by changes in temperature of 3 °C or more above of the optimal T
work. This is explained by the increased fluidity of the semisolid
with increasing temperature, facilitating the release of the liquid
within the API to acceptor and the increase in solubility with
temperature. In this regard, an advantage of the system designed
in the laboratory LMC, is the strict control of temperature,
because the culture oven has a variability of +1 °C, so that in this
case, does not represent a limiting factor for release assays.
In parallel, we monitored the influence of variation of tempera-
ture on the Franz diffusion cells where the control is done
by circulating water by a double outer jacket connected to a
thermostatic bath. Systematic measurements of bath temperature
variations during the experiment showed at least 4+1°C,
this variation increases when the ambient temperature is 10°C
or more degrees below the assay temperature. The sample amount

In vitro release measurements on topical dosage forms 5

of 0.15 and 0.25 g, and the change in the operators during the test
did not significantly affect the measurements (data not shown).
Also determined the height parameter extraction, samples were
taken from the base unit (Ocm) and a height of 4cm from
the base. In this case, no significant differences were found in
concentrations of BZ-3. When the reproducibility of the method
was determined by CV% values obtained were within the range
considered acceptable for situations reproducibility of the analyt-
ical methods, with a uniform and reproducible behavior of all the
cells employed.

Figure 2 shows the evaluation of BZ-3 diffused using LMC
compared to a commercial Franz cell set (n=4). All parameters
were carefully controlled in parallel experiments. No significant
differences were found on the values of CA-BZ-3 for the sampling
at 2 and 4h for the LMC against Franz Cells. However, at the
same conditions, our system shows less variability on the
measurements CV 0.6% and CV 2.3%, respectively, even
though both are considered acceptable values, we can say that
our measurement system induces less variability in samples.
The total amount of BZ-3 diffused on both experiments was
statistically different, being higher on LMC assay. This difference
is due to the above factors, external agitation, controlled
temperature and its independence from sample quantity,
sampling height and operator. A number of reports have been
published indicating that sunscreens are absorbed through the
skin. Transdermal absorbed amounts of various sunscreens
were tested and calculated the Jp, which ranged from 0.5 to
130 ug/cmZ/hA'(MS. In this article, we calculate a Jp, of 0.1181 and
a 0.1108 ug/cmz/h for diffusion through membrane on LMC and
Franz Cells, respectively. These are below the range considered
as acute toxicity. These lower results may be due to the vehicle
of the commercial sunscreen cream, as many authors report
that the penetration can be affected by the vehicle*'*?. This poor
permeation represents an advantage over other previously studied
sunscreens containing BZ-3 as API. Figure 3 shows the evaluation
of Pm diffused (ug/cmz) using the laboratory made cells (LMC)
compared to a commercial Franz cell set (n=4). In this case,
we have chosen a gel formulation in order to extend the validation
of the method. No significant differences were found on the
values of CA-Pm for all samples for the LMC against Franz Cells.
The total amount of Pm diffused obtained from LMC and Franz
Cells was not statistically different, being 469.66 + 10.5 (ug/cm?)
and 459.41 +8.57 (ug/cm?), respectively. Although not found a
linear correlation between the Jp values, the values of CV% were
1.8 and 2.2 for LMC and Franz cells, respectively, showed that
in this case LMC induces similar variability in their measure-
ments to Franz system.

A disadvantage of the evaluation in vivo measurement
using urinary excretion to estimate dermal and skin penetration
is underestimated, as it cannot account for sunscreen that is
distributed in the tissues, metabolized to unknown metabolites or
excreted through other routes. Therefore, monitoring the in vitro
release and retention on membrane of API reduces measurement
errors due to metabolization. The possibility of performing this
measurement at each of the times of the assay is an advantage in
itself. Figure 4 shows the values of BZ-3 retained on membrane
(ug/cmz). The values obtained were: 1721.31+12.87 and
1682.5 + 11.60 pg/cm? for the first 4 h of assay then, the retention
decreases significantly to 456.7 +11.43 and 459.9 +7.56 ug/cm2
for 6 and 8h of assay, respectively. The values of BZ-3 were
considerably higher than diffusion assays right through cellulose
membrane. This is a result that is consistent with the statements
made for other authors®’.

Figure 5 shows the values of Pm retained on membrane
(ug/cmz). The values obtained were: 1561.22+14.26 and
1101 £ 17.86 for the first 4 h of assay then the retention decreases
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significantly to 791.22 +7.89 and 779.89 +7.55 for 6 and 8h of
assay, respectively. In this sense, the values obtained at 6 and 8 h
are steel on the range of escabicides action of Pm. The use of
LMC on these kinds of assays presents a double advantage:
the possibility of continuous monitoring of the amount of API
retained in membrane and the realization of other parallel in vitro
assays to support the claims made.

One primary requirement in pharmaceutical or cosmetic topic
use product is that an effective concentration of the particular
API is to be maintained at the site of application for a sufficient
period of time such that can act locally. The residence time is an
important factor to consider on design of new formulations
process. The residence time of BZ-3 on the membrane was 4 h,
before these time, the concentration retained decreases at 50%
or less (Figure 4). For Pm, the residence time was 2h after
that the concentration of API retained on membrane diminished
to 65% and less. However, Pm concentration at 8h steel
reaches active insecticide action. The parameter could be use
also, for determination of time of repetition of application of
the product.

Conclusions

The reproducibility of the results obtained on LMC provides
initial validation of this in vitro method. There are three
weaknesses in the use of Franz cells for quantitative assays
in vitro release: temperature, sampling and agitation (speed and
uniformity). The LMC solves them with external agitation,
constant temperature in oven and no side tubes for sampling.
For reproducibility test CV ranged from 0.47 to 1.00, with regular,
reproducible behavior of all the cells employed. These coeffi-
cients are within the interval considered to be acceptable for
situations of reproducibility for analytical methods. Robustness
was determined by introducing small variations on some param-
eters. External agitation can correct errors due to sampling
inefficient agitation. At 1h or more (in the stable state), the
method is robust for all the experimental factors analyzed except
for temperature; a difference of 3°C is sufficient to increase
the quantity of the API released. No corrections are needed for
sample dilution due to the absence of side tube in LMC.

Two different API and semisolids formulations were tested
using LMC and Franz Cells. When we compared the values of
API (ug/cmz) obtained not showed significantly differences
between methods.

By its design, our system allows the simultaneous measure-
ment of different parameters, representing an innovation on this
type of methodologies. The LMC was used for assays of in vitro
retention on membrane and the values obtained were reproducible
and coincident whit values obtained for other authors. From this
study, we conclude that the system designed and the methodology
employed is acceptable for in vitro release and toxicity studies
with classical topical dosage forms. The device designed, has the
three characteristics required for direct transfer of technologies,
novelty, inventive step and industrial applicability. The transfer
of technologies in developing countries is key pathways for
technological and industrial development. Our system made in
Argentina, responds to an economic necessity and a defined
government policy.

Declaration of interest

The authors declare no competing financial interest. This work was
supported by grant Consejo de Investigacion de la Universidad Nacional
de Tucuman Programa CIUNT N° 26/D453. The authors thank to
Consejo Nacional de Investigaciones Cientificas y Técnicas, CONICET,
for providing funds for the Pos Doctoral grants of PhD M.E. Sesto Cabral
and PhD A.N. Ramos.

Pharm Dev Technol, Early Online: 1-7

References

>1.

»2.

»>3.

>4,

»6.

>3

»o9.

>l

>12.

»13.

>14.

»15.

>16.

>17.

> 18.

>19.

20.

»21.

»22.

»23.

»>24.

»2s.

»26.

Franz TJ. Percutaneous absorption. On the relevance of in vitro data.
J Invest Dermatol 1975;64:190-195.

Franz T. The finite dose technique as a valid in vitro model for the
study of percutaneous absorption. Curr Probl Dermatol 1978;7:
58-68.

Farinha A, Toscano C, Campos R, et al. Permeation of naproxen
from saturated solutions and commercial formulations through
synthetic membranes. Drug Dev Ind Pharm 2003;29:489-494.
Shah V, Elkins J, Lam S, Skelly J. Determination of in vitro drug
release from hydrocortisone creams. Int J Pharm 1989;53:53-59.
Siewert M, Dressman J, Brown C, Shah V. FIP/AAPS guidelines to
dissolution/in vitro release testing of novel/special dosage forms.
AAPS PharmSciTech 2003;1:4-7.

PareraMorell JL, Contreras Claramonte MD, PareraVialard A.
Validation of a release diffusion cell for topical dosage forms.
Int J Pharm 1996;137:49-55.

Scheuplein RJ. Permeability of the skin. In: Lee DHK, Falk HL,
Murphy SD, eds. Handbook of physiology. Comprehensive
Physiology. New York: Oxford University Press; 2011.

Schlumpf M, Schmid P, Durrer S, et al. Endocrine activity and
developmental toxicity of cosmetic UV filters — an update.
Toxicology 2004;205:113-122.

Keshary PR, Chien YW. Mechanisms of controlled nitroglycerin
administration (I): development of a finite-dosing skin permeation
system. Drug Dev Ind Pharm 1984;10:883-913.

Fares HM, Zatz JL.. Measurement of drug release from topical gels
using two types of apparatus. Pharm Tech 1995;1:52-58.
Bharkatiya M, Nema RK, Bhatnagar M. Development and charac-
terization of transdermal patches of metoprolol tartrate. Asian J
Pharm Clin Res 2010;3:130-134.

Chien YW, Valia KH. Development of a dynamic skin permeation
system for long term permeation studies. Drug Dev Ind Pharm 1984;
10:575-599.

Martin B, Watts OM, Shoroot B, Jamoulle JC. A new diffusion cell
and automated method for measuring the pharmaceutical availability
of topical dosage form. Int J Pharm 1989;49:63-68.

Friend DR. In vitro skin penetration techniques. Int J Pharm 1993;
94:23-30.

Bosman 1J, Lawant AL, Avegaart SR, Ensing K. Novel diffusion cell
for in vitro transdermal permeation, compatible with automatic
dynamic sampling. J Pharm Sci 1992;81:1153-1156.

Parera JL, Contreras MD, Vialard A. Validation of a release
diffusion cell for topical dosage forms. Int J Pharm 1996;137:49-55.
Miron DS, Radulescu FS, Voicu VA, et al. Diffusional and
rheological evaluations as valuable quality control and in vivo
performance prognostic tools for topical drug products. Farmacia
2010;58:485-493.

Shiow-Fern Ng, Rose JJ, Sanderson FD, et al. Validation of a static
Franz diffusion cell system for in vitro permeation studies. AAPS
PharmSciTech 2010;11:1432-1441.

Gonzalez H, Farbrot A, Larko O, Wennberg AM. Percutaneous
absorption of the sunscreen BZ-3 after repeated whole-body appli-
cations, with and without ultraviolet irradiation. Br J Dermatol 2006;
154:337-340.

Michaels A, Chandrasekaran SK, Francis W, Meredith M.
Drug permeation through human skin: theory and in vitro experi-
mental measurement. AIChE J 1975;21:985-996.

Sato S, Wan Kim S. Macromolecular diffusion through polymer
membranes. Int J Pharm 1984;22:229-255.

Cross SE, Innes B, Roberts MS, et al. Human skin penetration of
sunscreen nanoparticles: in vitro assessment of a novel micronized
zinc oxide formulation. Skin Pharmacol Physiol 2007;20:148-154.
Mavon A, Miquel C, Lejeune O, et al. In vitro percutaneous
absorption and in vivo stratum corneum distribution of an organic
and a mineral sunscreen. Skin Pharmacol Physiol 2007;20:10-20.
Jiang R, Roberts MS, Collins DM, Benson HAE. Absorption of
sunscreens across human skin: an evaluation of commercial products
for children and adults. J ClinPharmacol 1999:48:635-637.

Franz TJ, Lehman PA, Franz SF, Guin JD. Comparative percutan-
eous absorption of lindane and permethrin. Arch Dermatol 1996;
132:901-905.

Chatelain E, Gabard B, Surber C. Skin penetration and sun
protection factor of five UV filters: effect of the vehicle.
Appl Skin Physiol 2003;16:28-35.

RIGHTS LI N Hiy


http://informahealthcare.com/action/showLinks?pmid=1491329&crossref=10.1002%2Fjps.2600811204
http://informahealthcare.com/action/showLinks?pmid=123263&crossref=10.1111%2F1523-1747.ep12533356&coi=1%3ACAS%3A528%3ADyaE2MXhsFWktbg%253D&isi=A1975V973900011
http://informahealthcare.com/action/showLinks?pmid=16433806&crossref=10.1111%2Fj.1365-2133.2005.07007.x&coi=1%3ACAS%3A528%3ADC%252BD28Xjtlektrs%253D&isi=000234699400021
http://informahealthcare.com/action/showLinks?pmid=17035717&crossref=10.1159%2F000096167&coi=1%3ACAS%3A528%3ADC%252BD28XhtlWnurrM&isi=000242847500003
http://informahealthcare.com/action/showLinks?system=10.3109%2F03639048409041408&coi=1%3ACAS%3A528%3ADyaL2cXkslyktLY%253D&isi=A1984SW97300004
http://informahealthcare.com/action/showLinks?system=10.3109%2F03639048409040788&coi=1%3ACAS%3A528%3ADyaL2cXltFKlt7g%253D&isi=A1984SZ43300004
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2895%2904421-3
http://informahealthcare.com/action/showLinks?pmid=752458&coi=1%3ACAS%3A528%3ADyaE1MXksV2itbo%253D
http://informahealthcare.com/action/showLinks?pmid=10583038&crossref=10.1046%2Fj.1365-2125.1999.00056.x&coi=1%3ASTN%3A280%3ADC%252BD3c%252FltFWgsA%253D%253D&isi=000082936700024
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2895%2904421-3&coi=1%3ACAS%3A528%3ADyaK28Xktlemtrs%253D
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2889%2990153-1
http://informahealthcare.com/action/showLinks?coi=1%3ACAS%3A528%3ADC%252BC3cXhtVeitLjN&isi=000280430200012
http://informahealthcare.com/action/showLinks?system=10.1081%2FDDC-120018383&pmid=12737541&coi=1%3ACAS%3A528%3ADC%252BD3sXjsFCrtbo%253D&isi=000182618800011
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2884%2990024-3&coi=1%3ACAS%3A528%3ADyaL2MXhvFSqsLg%253D
http://informahealthcare.com/action/showLinks?pmid=8712839&crossref=10.1001%2Farchderm.1996.03890320049007&coi=1%3ACAS%3A528%3ADyaK28Xltl2rsrs%253D&isi=A1996VB37800006
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2893%2990005-Z
http://informahealthcare.com/action/showLinks?pmid=20842539&crossref=10.1208%2Fs12249-010-9522-9&isi=000288427400052
http://informahealthcare.com/action/showLinks?pmid=17230054&crossref=10.1159%2F000098701&coi=1%3ACAS%3A528%3ADC%252BD2sXltl2gt7k%253D&isi=000246593500005
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0378-5173%2889%2990361-X&coi=1%3ACAS%3A528%3ADyaL1MXkvVCjsr0%253D&isi=A1989AF09200008
http://informahealthcare.com/action/showLinks?coi=1%3ACAS%3A528%3ADC%252BC3cXlslWjtrg%253D
http://informahealthcare.com/action/showLinks?pmid=12566826&crossref=10.1159%2F000068291&coi=1%3ACAS%3A528%3ADC%252BD3sXovFahtA%253D%253D
http://informahealthcare.com/action/showLinks?pmid=15458796&crossref=10.1016%2Fj.tox.2004.06.043&coi=1%3ACAS%3A528%3ADC%252BD2cXotF2mtrg%253D&isi=000224669100014

Pharmaceutical Development and Technology Downloaded from informahealthcare.com by 186.124.162.62 on 10/16/14

For personal use only.

DOI:

»27.

»28.

»29.

»30.

»>31.

»>32.

»33.

>34,

10.3109/10837450.2014.908308

Benson HAE, Sarveiya V, Risk S, Roberts SM. Influence of
anatomical site and topical formulation on skin penetration of
sunscreens. Ther Clin Risk Manag 2005;1:209-218.

Okereke CS, Kadry AM, Abdel-Rahman MS, et al. Metabolism
of benzophenone-3 in rats. Drug Metab Dispos 1993;21:788-791.
Felix T, Hall B, Brodbelt JS. Determination of benzophenone-3 and
metabolites in water and human urine by solid-phase microextrac-
tion and quadrupole ion trap GC-MS. Anal Chim Acta 1998;371:
195-203.

Sarveiya V, Risk S, Benson HAE. Liquid chromatographic assay
for common sunscreen agents: application to in vivo assessment
of skin penetration and systemic absorption in human volunteers.
J Chromatogr B Anal Technol Biomed Life Sci 2004;803:225-231.
Hayden CG, Roberts MS, Benson HA. Systemic absorption of
sunscreen after topical application. Lancet 1997;350:863-864.
Gustavsson-Gonzalez H, Farbrot A, Larko O. Percutaneous absorp-
tion of benzophenone-3, a common component of topical sun-
screens. Clin Exp Dermatol 2002;27:691-694.

Vidal L, Chisvert A, Canals A, Salvador A. Sensitive determination
of free benzophenone-3 in human urine samples based on an ionic
liquid as extractant phase in singledropmicroextraction prior to
liquid chromatography analysis. J Chromatogr A 2007;1174:95-103.
Kurul E, Hekimoglu S. Skin permeation of two different
benzophenone derivatives from various vehicles. Int J Cosmetic
Sci 2001;23:211-218.

35.
»36.

»37.

»33.

»39.

40.

»41.

»42.

»43.

In vitro release measurements on topical dosage forms 7

Strong M, Johnstone PW. Interventions for treating scabies.
Cochrane Database Syst Rev 2007;3:54-58.

Currie BJ, McCarthy JS. Permethrin and ivermectin for scabies.
N Engl J Med 2010;362:717-725.

Bachewar NP, Thawani VR, Mali SN, et al. Comparison of
safety, efficacy, and cost effectiveness of benzyl benzoate, permeth-
rin, and ivermectin in patients of scabies. Indian J Pharmacol 2009;
41:9-14.

Ishaaya I, Casida JE. Properties and toxicological significance of
esterases hydrolyzing permethrin and cypermethrin in trichoplusia
ni larval gut and integument. Pesticide Biochem Physiol 1980;14:
178-184.

Sanna V, Peana AT, Moretti MDL. Effect of vehicle on diclofenac
sodium permeation from new topical formulations: in vitro and
in vivo studies. Curr Drug Deliv 2009;6:93-100.

Klein K. Encyclopedia of UV absorbers for sunscreen products.
Cosmet Toilet 1992;107:45-63.

El Dareer SM, Kalin JR, Tillery KF, Hill D. Disposition of
2-hydrox-4-oxybenzophenone in rats dosed orally, intravenously or
topically. J Toxicol Environ Health 1986;19:491-502.

Okereke CS, Abdel-Rahman MS. Species differences in the
disposition of benzophenone-3 after oral administration in rat and
mouse. Toxic Substances J 1994;13:239-251.

Hany J, Nagel R. Nachweis von UV-filtersubstanzen in muttermilch.
Deutsche Lebensmittel-Rundschau 1995;91:341-345.

RIGHTS LI N Hiy


http://informahealthcare.com/action/showLinks?pmid=15063329&crossref=10.1016%2Fj.jchromb.2003.12.022&coi=1%3ACAS%3A528%3ADC%252BD2cXivVCktrk%253D&isi=000220640200006
http://informahealthcare.com/action/showLinks?pmid=18498461&crossref=10.1046%2Fj.1467-2494.2001.00089.x&coi=1%3ACAS%3A528%3ADC%252BD3MXlvVyht7s%253D
http://informahealthcare.com/action/showLinks?crossref=10.1016%2F0048-3575%2880%2990109-1&coi=1%3ACAS%3A528%3ADyaL3MXhtFGqtrY%253D&isi=A1980LE60200008
http://informahealthcare.com/action/showLinks?coi=1%3ACAS%3A528%3ADyaK2MXjs12hsLY%253D
http://informahealthcare.com/action/showLinks?pmid=18360561&coi=1%3ACAS%3A528%3ADC%252BD28XhtFamsLrE
http://informahealthcare.com/action/showLinks?pmid=9310609&crossref=10.1016%2FS0140-6736%2805%2962032-6&coi=1%3ASTN%3A280%3AByiH2MnmsFY%253D&isi=A1997XX40100017
http://informahealthcare.com/action/showLinks?pmid=19418961&crossref=10.2174%2F156720109787048311&coi=1%3ACAS%3A528%3ADC%252BD1MXks1SqurY%253D
http://informahealthcare.com/action/showLinks?coi=1%3ACAS%3A528%3ADyaK2MXpvFagu78%253D
http://informahealthcare.com/action/showLinks?pmid=7902237&coi=1%3ACAS%3A528%3ADyaK2cXjs1ej&isi=A1993MA22600006
http://informahealthcare.com/action/showLinks?pmid=12472548&crossref=10.1046%2Fj.1365-2230.2002.01095.x&coi=1%3ASTN%3A280%3ADC%252BD38jhtFSiug%253D%253D&isi=000179751000018
http://informahealthcare.com/action/showLinks?pmid=20181973&crossref=10.1056%2FNEJMct0910329&coi=1%3ACAS%3A528%3ADC%252BC3cXisFOqsrk%253D&isi=000274845600010
http://informahealthcare.com/action/showLinks?crossref=10.1016%2FS0003-2670%2898%2900293-1&coi=1%3ACAS%3A528%3ADyaK1cXltVChs7c%253D&isi=000075956600009
http://informahealthcare.com/action/showLinks?pmid=17720175&crossref=10.1016%2Fj.chroma.2007.07.077&coi=1%3ACAS%3A528%3ADC%252BD2sXhtlGgurjF&isi=000252010000013
http://informahealthcare.com/action/showLinks?pmid=20177574&crossref=10.4103%2F0253-7613.48882&coi=1%3ACAS%3A528%3ADC%252BC3cXlsFOksA%253D%253D&isi=000264888300003
http://informahealthcare.com/action/showLinks?pmid=3783768&crossref=10.1080%2F15287398609530947&coi=1%3ACAS%3A528%3ADyaL2sXpslGhtQ%253D%253D&isi=A1986F320000012

	Equipment and method for in vitro release measurements on topical dosage forms
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Declaration of interest
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


