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Using USP I and USP IV for Discriminating Dissolution Rates
of Nano- and Microparticle-Loaded Pharmaceutical Strip-Films

Lucas Sievens-Figueroa,1,4 Natasha Pandya,1 Anagha Bhakay,1 Golshid Keyvan,2 Bozena Michniak-Kohn,3

Ecevit Bilgili,1 and Rajesh N. Davé1,5

Abstract. Recent interest in the development of drug particle-laden strip-films suggests the need for
establishing standard regulatory tests for their dissolution. In this work, we consider the dissolution testing
of griseofulvin (GF) particles, a poorly water-soluble compound, incorporated into a strip-film dosage
form. The basket apparatus (USP I) and the flow-through cell dissolution apparatus (USP IV) were
employed using 0.54% sodium dodecyl sulfate as the dissolution medium as per USP standard. Different
rotational speeds and dissolution volumes were tested for the basket method while different cell patterns/
strip-film position and dissolution media flow rate were tested using the flow-through cell dissolution
method. The USP I was not able to discriminate dissolution of GF particles with respect to particle size.
On the other hand, in the USP IV, GF nanoparticles incorporated in strip-films exhibited enhancement in
dissolution rates and dissolution extent compared with GF microparticles incorporated in strip-films.
Within the range of patterns and flow rates used, the optimal discrimination behavior was obtained when
the strip-film was layered between glass beads and a flow rate of 16 ml/min was used. These results
demonstrate the superior discriminatory power of the USP IV and suggest that it could be employed as a
testing device in the development of strip-films containing drug nanoparticles.
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INTRODUCTION

Most of the drug compounds currently being developed
exhibit limited bioavailability due to poor solubility (1,2). To
overcome this limitation, these compounds have to be further
processed, and in most cases their particle size is reduced (3–
7). As per the Noyes–Whitey equation, formation of finer
drug particles leads to an increase in dissolution rate, which
can be related to an increase in the drug bioavailability (8).
Early experimental work by de Villiers (9,10) shows the im-
portance of particle size and the state of agglomeration on the
dissolution for particles larger than 3 μm. As the particle size
reaches nanometer dimensions, this effect is further increased
as the surface-to-volume ratio increases very rapidly resulting
in a significant enhancement in dissolution rates and solubility
(11). Although it is well known that, theoretically,

nanoparticles are expected to dissolve faster than particles in
the micron range as per the Noyes–Whitney equation, some
researchers have observed either the opposite behavior or
lack of expected improvements. Previous work has shown that
the aggregation of the drug nanoparticles when incorporated
in a solid dosage form resulted in uncontrolled dissolution
rates (12). Work by Finholt indicated that the wetting behav-
ior of a hydrophobic drug would be compromised with de-
creasing particle size, resulting in the inability to properly
measure the dissolution rate (13). With nanoparticles, both
agglomeration and poorer wetting may be accentuated and
may affect their dissolution, hence generating a need for a
suitable dissolution method that can truly discern the nano-
particle dissolution behavior to better understand the extent
of improvements (13).

Drug particles with reduced sizes can be produced by
top–down approaches such as high-pressure homogenization
(14) and wet stirred media milling (WSMM) (15,16) or by
bottom–up approaches such as emulsion precipitation (17)
and supercritical fluid-based techniques (18). In order to show
the improvement in dissolution that could be achieved by such
particle engineering techniques, it is important that the disso-
lution method employed must be capable of discriminating
between particle sizes, particularly between nanoparticles
(less than 400 nm) and microparticles (>1 μm). Among the
different dissolution equipment available, the basket appara-
tus (USP 1) and paddle apparatus (USP 2) are typically used.
Recently, the flow-through cell (USP 4) dissolution apparatus
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has also received much attention because of its flexibility for
research and development. The flow-through cell dissolution
apparatus has been successfully used to study dissolution of
different solid dosage forms including tablets, capsules, pow-
ders, suppositories, dispersed systems, implants, and micro-
spheres (19–26). This dissolution technique has been proven to
be reproducible and robust, which is an important characteristic
for dissolution testing (27–29). The increased sensitivity of the
flow-through cell dissolution method related to particle size of a
poorly soluble drug powder has also been reported recently
(30,31). In the work by Heng et al. (31), the paddle, rotat-
ing basket, and flow-through cell from the USP, and a
dialysis method, were used to measure the dissolution rates
of cefuroxime axetil as a model for drug nanoparticles. The
flow-through cell was shown to be most suitable for disso-
lution analysis and performance evaluation of drug nano-
particles in powder form. It was also shown that the
dissolution profiles follow the Noyes–Whitney model: the
increase in dissolution rate as particles become smaller
results from the increase in surface area and solubility of
the drug nanoparticles.

Although the use of the USP 1, USP 2 and USP 4 for
conventional solid dosage forms have been presented before
(19–26), there is usually a lack of standard regulatory tests for
new solid dosage forms, which represents a major obstacle in
their development (31). One of these new solid dosage forms,
pharmaceutical strip-film products, has received much attention
because of several advantages including rapid disintegration and
dissolution in the oral cavity and increased bioavailability (32–
35). In this work, we present a comparison between the basket
method and the flow-through cell dissolution apparatus for the
dissolution analysis of polymer strip-films containing dispersed
particles of griseofulvin (GF), taken as a model Biopharmaceut-
ical Classification System (BCS) class II drug, with the ultimate
goal of discriminating drug dissolution with respect to drug
particle size. Achieving 100% dissolution, albeit desirable, was
not the major goal of this study. We have recently developed a
novel process for transforming nanosuspensions produced from
WSMM into strip-films containing drug nanoparticles (36). It
was shown that a discriminating dissolution medium was re-
quired to study the effects of drug particle size on the dissolu-
tion. In the present work, we systematically study the dissolution
behavior of strip-films containing GF particles using a 5.4-mg/ml
sodium dodecyl sulfate (SDS) solution as recommended by the
USP (37). One disadvantage of using SDS solution as the disso-
lution medium for GF is that as the SDS concentration is in-
creased above the critical micelle concentration (CMC,
0.0082 M), the solubility of GF increases significantly (38).
Therefore, particle size dependence on dissolution rate (particle
size discrimination) is less distinct. Consequently, to be able to
discriminate strip-film formulations with different drug particle
sizes using SDS above the CMC, a more discriminating dissolu-
tion method that can achieve better size discernment is needed.
In this work, we propose to use the flow-through cell for
this purpose. In order to have an objective assessment of
the discriminatory behavior difference between the basket
method and flow-through cell dissolution methods, differ-
ent rotational speeds, and dissolution media volumes are
employed in the basket method, whereas different sample
patterns and dissolution medium flow rates are investigat-
ed in the flow-through cell dissolution method. This work

attempts to provide direction or guideline in the develop-
ment of strip-film technology, not only by performing
fundamental dissolution studies but also trying to explain
results providing possible mechanisms for dissolution
behavior.

MATERIALS AND METHODS

Materials

The drug molecule, used as an example, in this study was
GF (Sigma-Aldrich, Saint Louis, MO). SDS (Sigma-Aldrich,
Saint Louis, MO) and low molecular weight hydroxypropyl
methyl-cellulose (HPMC; Methocel E15LV; Dow Chemical)
were used as a suspension stabilizer. HPMC (Methocel
E15LV) was also used as a film former. Glycerin (Sigma) was
used as a plasticizer. All these materials were used as-received.

Preparation of Suspensions

Nanosuspensions

The GF nanosuspensions (226 g) were prepared by
WSMM. An HPMC concentration of 2.21% (w/w) and an
SDS concentration of 0.44% (w/w) were used based on previous
optimization studies (15,36). HPMC was dissolved in 200 g
deionized water using a shear mixer (Fisher Scientific Labora-
tory stirrer, Catalog No. 14-503, Pittsburgh, PA) running at a
fixed speed of 300 rpm for 30min. SDSwas then dissolved in the
HPMC solution and stirred for 15 min. 8.85% (w/w) drug was
then dispersed into the stabilizer solution with the shear mixer
running for 30 min.

GF suspensions prepared via mixing, as mentioned
above, were subsequently milled in a Netzsch wet media mill
(Microcer, Fine particle technology LLC, Exton, PA), which
operated in the recirculation mode. Zirconia beads with a
nominal size of 400 μm were used as the milling media and a
200-μm screen was used to retain the beads in the milling
chamber. Zirconia beads with a 50-ml bulk volume were load-
ed to the milling chamber (80-ml capacity). The GF suspen-
sion was loaded in the holding tank and pumped through the
milling chamber at a fixed speed of 126 ml/min using a peri-
staltic pump. The milling continued for 60 min at a rotor tip
speed of about 10.5 m/s. The final median particle size
obtained was 144 nm. The temperature inside the mill was
maintained at less than 32°C with the help of a chiller
(Advantage Engineering, Inc., Greenwood, IN).

A polymer solution (50 g) containing 10% (w/w) HPMC
and 10% (w/w) glycerin was added to the nanosuspension pro-
duced fromWSMM (50 g), mixed for 3 h using a dual-propeller
mixer (McMaster, Catalog No. 3471 K5, Los Angeles, CA)
attached to a motor (VWR OVERHEAD STIR VOS 16
V120) and left to rest until no bubbles were observed (36).
The final concentration of each ingredient and the drug particle
size are reported in Tables I and II, respectively.

Microsuspensions

GF (4.40 g, as received) and 0.24 g of SDS were added to
a polymer solution (100 g) containing 6.4% (w/w) HPMC/
5.2% (w/w) glycerin. The components were mixed as
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described above. The final concentration of each ingredient
and the drug particle size are reported in Tables I and II,
respectively.

Particle Size Distribution

The particle size distribution of suspensions was mea-
sured by laser diffraction in Coulter LS13320 (Beckman Coul-
ter, Miami, FL). A sample of the suspension (approximately
0.5 ml) was taken at the end of milling from the holding tank
of the mill while the suspension was being stirred. For the
purpose of diluting this sample, it was dispersed in 15 ml of the
stabilizer solution containing HPMC and SDS corresponding
to the formulation that was being milled, by stirring with a
pipette. The sample was added drop-wise until the polariza-
tion intensity differential scattering reached 40% for all the
samples.

Preparation of Strip-Films Containing GF Particles

The final viscous suspensions containing drug nano-
particles obtained from wet media milling or as-received
drug microparticles were then cast onto a stainless steel
plate using a Doctor Blade (Elcometer) with an aperture
of about 1,000 μm. The films were then dried overnight
in an oven (Gallenkamp 300 Plus Series, UK) at 42°C.
The theoretical amount of drug in the resulting films,
assuming the amount of water in the film is negligible,
accounted for approximately 27% (w/w) of the film
composition.

Characterization of Strip-Films Containing Particles

Film Thickness

The thickness of the different strip-films was measured
using a digital micrometer (Mitutoyo, Japan) with an accuracy
of 0.001 mm. Thickness was measured at four randomly cho-

sen different locations of the film and the average thickness
was calculated.

SEM

Field emission scanning electron microscope (FESEM)
LEO1530VP GEMINI (Carl Zeiss, Inc., Peabody, MA) was
used to observe the morphology and distribution of particles
in films. A small piece of the strip-film was placed on the
carbon tape for the cross-sectional analysis of the strip-films
using a double 90° SEM Mount. Samples were carbon coated
using a sputter coater (Bal-Tec MED 020 HR) prior to
imaging.

In vitro Dissolution Testing

Basket Method (USP 1)

A fully automated VK 7010 Varian Inc. (Santa Clara,
CA) was used coupled with a UV spectrophotometer Cary
50 from Varian Inc. (Santa Clara, CA). Samples were taken at
different time intervals and filtered using a 0.2-μm PTFE
syringe filter (Millipore Millex-LG) before testing. A wave-
length of 251 nm was used to quantify the concentration of GF
during the dissolution. Films with average thickness of 100 μm
were cut into 0.70 cm2 disk samples using a manual punch for
dissolution studies. The volume of the dissolution medium
(0.54% (w/w) SDS solution) was varied (500 and 900 ml).
The basket speed was also varied (50, 100, and 150 rpm),
while the temperature was maintained at 37±0.5°C. Six
samples were used and the average API release and
standard deviation were plotted as a function of time. All
these experiments were done under sink conditions.

Flow-Through Cell Dissolution Method (USP 4)

A fully automated flow-through cell dissolution appara-
tus (USP 4, Sotax, Switzerland) in a closed loop configuration
and with cells of an internal diameter of 22.6 mm (31,39) was
used. A Thermo Evolution UV spectrophotometer was used
to automatically measure the GF concentration using a previ-
ously generated calibration curve. A wavelength of 251 nm
was used to quantify the GF concentration during the disso-
lution process. A 0.2-μm filter (Pall HT Tuffryn Membrane
Disc Filters) was used for this study. The use of filters with
larger pore sizes than the drug nanoparticle has been pre-
sented before in the literature. For example, Liu et al. used a
0.22-μm filter for celecoxib nanosuspensions having a mean
diameter of 159±15 nm (40). Kakran et al. used 0.45 μm filter
for artemisinin particles with diameters between 100 and
360 nm. (41). The main purpose of the filter was to separate
large aggregates of drug particles (>200 nm) and clusters of
disintegrated film from the dissolution sample with the
assumptions that GF nanoparticles <200 nm dissolve relatively
fast. In fact, in our prior work we observed no appreciable
difference in dissolution between using 0.1 or 0.2 μm filters
(36). The temperature was maintained at 37±0.5°C during
testing. The flow rates of the dissolution medium through
the cells were 4, 8, and 16 ml/min. The dissolution medium
(0.54% (w/w) SDS solution, 100 ml) was circulated by pump-
ing it through each cell. Even though the volume of dissolution

Table I. Final Suspension Formulations (in Water) Used for Film
Formation

Materials
Microparticles
(%, w/w)

Nanoparticles
(%, w/w)

Griseofulvin 4.20 4.42
HPMC Methocel E-15LV 6.12 6.11
Sodium dodecyl sulfate 0.23 0.22
Glycerin 4.97 5.00

Table II. Particle Size in the Suspension for the Micro- and Nano-
formulations (These Values Correspond to the Distributions Pre-

sented in Fig. 3)

Microparticles (μm) Nanoparticles (μm)

d10 1.497 0.097
d50 5.031 0.144
d90 15.432 0.217
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medium used is between five to ten times less than what is
used in the USP 1 tests, sink conditions are still maintained. It
has been shown that the solubility of GF at the SDS concen-
tration used in this study is approximately 600 mg/l (38). In the
current experiments the concentrations employed (based on
the 0.54% (w/w) SDS solution volume used in the dissolution
studies) are approximately 20 mg/l, which is well below the
solubility limit. The use of less amount of dissolution medium
in the flow-through cell is hence justified, and in fact is a
potential advantage of this method compared with the basket
method. Six samples were used and the average drug release
and standard deviation were plotted as a function of time. The
drug release profiles of GF strip-films were constructed by
plotting the percent of dissolved drug as a function of time.
Strip-films with an area of 0.70 cm2 and an average thickness
of 100 μm were used for the dissolution test.

The equipment cell and dissolution process are described
in Fig. 1 and have been previously described by Bhattachar et
al. (30). The cell may be represented as the lower cone, a
cylindrical portion, and the filter head (30). Dissolution medi-
um enters at the bottom of the cone and exits through the
filter head. The filter head on top holds the 0.2-μm filter. The
cone is separated from the cylindrical portion by a #40 mesh
screen. The lower cone holds a glass bead 6 mm in diameter,
which serves as a check valve, preventing material to descend
into the inlet tubing. Strip-films were loaded into the cell using
six different patterns following the work presented by

Bhattachar et al. for powders (30). For powders, when the
glass beads are used, their approach involved mixing of the
powder with the beads. However, since strip-films are not
amenable to that level of mixing, their placement with respect
to the beads or a screen becomes critical. The configurations
chosen in our work were chosen so that the effect of sample
loading on the dissolution profiles of strip-films containing
drug particles may be investigated (see Fig. 2). As per previ-
ous studies, when the cell is operated without glass beads the
flow is described as turbulent while a cell with glass beads
produces a flow that is laminar (39). Irrespective of the exact
flow conditions, in our work, these patterns were chosen
expecting that they will result in the differences in the hydro-
dynamics, resulting in differences in dissolution. Additionally,
different film placements are intended to create different
modes of contact between the film and the flowing liquid.
The following patterns were used:

Pattern A Strip-film positioned in the cone section of the
cell without the 1-mm round glass beads; thus,
the flow is expected to be more nonhomoge-
neous, but film is not secured.

Pattern B Strip-film positioned on top of 1 mm round
glass beads (6.5 g), making the flow more ho-
mogeneous by increasing the pressure drop,
although the film is not secured.

Pattern C Strip-film positioned at the cone section; sand-
wiched between 3.5 g of 1 mm round glass
beads at the bottom and 3.0 g of 1 mm round
beads on top, leading to a more homogeneous
flow and securing the film.

Glass 
Microfiber Filter

Mesh Filter 
(when used)

Cone
6 mm diameter 

bead

Cylindrical 
portion

Pump

UV 
spectrophotometer

Dissolution 
Medium 
(37ºC) 

(100ml)

Flow -through cell

Fig. 1. Schematic diagram of the flow-through dissolution apparatus
(adapted from Ref. (30))

a b c

d e f

Fig. 2. Schematic diagrams showing the different patterns used for the
dissolution of films using the flow-through dissolution method (adap-
ted from Ref. (30))
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Pattern D Strip-film layered between 6.5 g of 1 mm
round glass beads and 2 g of 1 mm beads;
similar to C but with additional beads to fur-
ther promote a more homogeneous flow.

Pattern E One millimeter round glass beads not
added to the cone section by using a mesh
between the cone and cylinder sections.
Strip-film positioned between the mesh
and 6.5 g of 1 mm round glass beads. This
and the next configuration impart different
extent of pressure drop and flow homoge-
nization and allow to secure the position of
the strip-film in different ways.

Pattern F One millimeter round glass beads not added to
the cone section by using a mesh between the
cone and cylinder sections. Strip-film layered
between 3.5 g of 1 mm round glass beads at the
bottom and 3 g of 1 mm round glass beads on
top.

RESULTS AND DISCUSSION

Particle Size Analysis

Results for particle size analysis are presented in Fig. 3.
The suspension produced from WSMM showed a narrow
particle size distribution with all particles in the nanometer
size range. On the other hand, a wide range of particle sizes
was observed for the suspension prepared from as-received
GF (Fig. 3). Table II shows the diameters for the respective
population (10%, 50%, and 90% of particles). The suspension
produced from WSMM exhibited a median particle size of
0.144 μm while the suspensions made using as-received GF
exhibited a median particle size of 5.031 μm. Extensive char-
acterization of the dried GF nanosuspensions and GF-loaded
films via DSC, PXRD, and Raman spectroscopy suggested
that the crystalline nature of GF was largely preserved after
wet milling (42) and incorporation into films including subse-
quent drying (36).

Characterization of Particles in Strip-Films

Figure 4 shows SEM images for the cross-section of
strip-films. Particles with different shapes or morphologies
were observed for the microparticle formulation while
more spherical particles were observed for the nanometer
formulation produced using WSMM. For both formula-
tions, the particles appear to be dispersed, exhibiting sizes
that correspond to those in the original suspensions,
shown in Table II. While some of the particles in as-
received GF films appear to be agglomerated, in general
they are between 1 and 10 μm. On the other hand, for
films containing GF produced using WSMM, well-dis-
persed particles in the nanometer size range were
observed.

Dissolution Testing Using the Basket Method

The dissolution profiles for the basket apparatus us-
ing different agitation speeds are shown in Fig. 5 for both
formulations. The dissolution extent was observed to be
close to 100% in all cases. Increasing the agitation speed
from 50 to 150 rpm produces a slight increase in dissolu-
tion rate of strip-films containing GF microparticles
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Fig. 3. Particle size distribution of GF nanoparticles and microparticles
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b

Fig. 4. SEM images of film cross-section for a films containing GF
microparticles and b films containing GF nanoparticles
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(Fig. 5a). On the other hand, the increase in dissolution
rate of strip-films containing GF nanoparticles by increas-
ing the agitation speed is more pronounced. The increase
in dissolution rate with increasing agitation speed for
strip-films containing nanoparticles compared to strip-films
containing microparticles is attributed to the higher sur-
face area of the drug nanoparticles, which enabled a
better contact per surface area with the dissolution medi-
um. It has been shown before that since the flow agitation
from the rotating basket is very limited, convection plays
an important role as a dominant transport process (43).
Therefore, increasing the agitation speed will enhance
convective transport and assist in the deaggregation of
particles, resulting in an increase in dissolution rates. Sim-
ilar behavior was observed for the different dissolution
media volumes (500 and 900 ml) used.

The dissolution of strip-films containing drug nano-
particles is expected to be faster compared to the dissolu-
tion of strip-films containing microparticles as per the
Noyes–Whitey equation. To corroborate this behavior,
both formulations were compared at the different

dissolution conditions as shown in Fig. 6. Interestingly, at
50 rpm, the dissolution of strip-films containing micropar-
ticles was slightly faster than the strip-films containing
nanoparticles (Fig. 6a). This behavior could be attributed
to the low shear in the basket, in which nanoparticles may
be in aggregated form in a viscous microenvironment that
slows down the dissolution. Similar behavior has been
seen before with powders, in which the basket method
did not generate adequate liquid flow past the surface of
the powder particles, hence resulting in the eventual for-
mation of aggregates inside the basket and the aggregates
subsequently adhering to the basket walls (25). In our
experiments, it was visually corroborated that the films
were adhering to the basket wall. Further studies are also
needed to understand and correlate the disintegration
effects in strip-films with different drug particle sizes. As
seen in Fig. 6b, the difference in dissolution between
nanoparticles and microparticles is reduced at high agita-
tion speeds (150 rpm). Based on these results, it appears
that the basket method is not suitable for the discrimina-
tion of particle size in strip-film formulations.
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Fig. 5. Comparison of dissolution profiles for a films containing GF
microparticles and b film containing GF nanoparticles using the USP I
dissolution apparatus with different rotational speeds (dissolution
media volume of 900 ml)
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Dissolution Testing Using the Flow-Through Cell Dissolution
Method

Results for the dissolution of films containing nanopar-
ticles using the different patterns can be seen in Fig. 7 (error
bars omitted for the sake of clarity) using a flow rate of 8 ml/
min. The dissolution cell is designed in such a way that when
the glass beads are used, a laminar and more homogeneous
flow is achieved due to the pressure drop imparted by the
beads (Fig. 2). When the beads are not used, the flow becomes
more nonhomogeneous (39). On the other hand, the screen
helps in holding the beads in place for some of the patterns
used and prevents large chunks of dosage samples to stick to
the filter located at the head. These variables are critical to the
variability in the dissolution. The dissolution behavior was
highly influenced by the position and pattern of the film in
the cell as expected from the different hydrodynamics
(39,40,43,44). The faster dissolution rate was observed for
pattern A at the beginning of the dissolution, which exhibits
a more nonhomogeneous flow (39,43,44), and then it
decreases mainly due to sticking of the films to the cell wall.
Pattern A also exhibited the lowest extent of dissolution
(83%) for the latter reason. This pattern also had the highest
variability associated to the nonhomogeneous flow of the
dissolution medium. The highest dissolution extent was
obtained using pattern B, which exhibited a more homoge-
neous flow (39). Pattern E gives the slowest dissolution rate
mainly due to the tortuosity associated with the large amount
of beads at the top of the strip-film. Patterns C, D, and F
exhibit similar dissolution profiles and variability, probably
due to similar flow properties across the cell.

The Noyes–Whitney relationship predicts a direct pro-
portionality between the dissolution rate and the specific sur-
face area. Hence, for the GF nanoparticles incorporated into
strip-films, as mentioned before a faster dissolution rate pro-
file should be observed. Two different patterns (patterns A
and C) were chosen to compare the formulation with different
particles sizes using a flow rate of 4 and 16 ml/min. These two
patterns provide sufficiently different flow patterns so that one
can investigate the impact of flow pattern on the dissolution
variability. Pattern C was also chosen since it provides a more

controlled dissolution compared to the other patterns, where
the film is easily secured and it is simple to assemble. Figure 8
shows the comparison of dissolution profiles for the two for-
mulations at different flow rates using pattern A. In general,
very high variability was observed for the different samples
mainly due to strip-films sticking to the wall of the cell and the
nonuniform velocity profile as there is little pressure drop.
Based on the mean value for the percent dissolved, the disso-
lution of strip-film containing nanoparticles was slightly faster
compared to the dissolution of strip-films containing micro-
particles at flow rate of 4 ml/min. This behavior is also true at
the higher flow rate of 16 ml/min. Although the trends of the
mean value of the percent dissolved are better than the results
using the basket method, the observed high variability makes
pattern A unreliable.

Figure 9 shows the comparison of dissolution profiles for
strip-film containing GF nanoparticles and microparticles us-
ing different flow rates in pattern C. A more uniform velocity
field is expected due to the presence of the beads, which could
cause less variability in the dissolution. A lag time was ob-
served for the different samples and flow rates that could be
due to the slow disintegration of the film very early in the
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dissolution process. Using a flow rate of 4 ml/min did not show
much difference in the dissolution behavior for the two sam-
ples at low dissolution times (Fig. 9a). At 60 min, the strip-film
containing nanoparticles exhibit higher dissolution and extent
of dissolution (86%) compared with the strip-film containing
microparticles (56%). The difference in extent of dissolution
was enhanced by using a flow rate of 8 ml/min (Fig. 9b). The
strip-film containing nanoparticles exhibited higher dissolu-
tion and extent of dissolution (86%) compared with the
strip-film containing microparticles (47%). Although no major
difference in dissolution was observed at low dissolution
times, a discriminatory behavior in terms of the extent of
dissolution related to particle size was observed. Using a flow
rate of 16 ml/min resulted in the best discriminatory behavior
in the range tested in terms of dissolution rate while maintain-
ing similar extent of dissolution (Fig. 9c). In this case, the strip-
film containing nanoparticles exhibited faster dissolution and
higher extent of dissolution (84%) compared with the strip-
film containing microparticles (56%). The low dissolution
extent in films containing microparticles is related to the hy-
drodynamics presented in the USP 4. As shown in Figs. 1, 2, 3,
4, 5, 6, and 7, the extent of dissolution was almost 100% for
both micro- and nanoformulations. Films with identical for-
mulation and processing conditions were used in the dissolu-
tion tests whose results are presented in Figs. 1, 2, 3, 4, 5, 6, 7,
and 9. Also based on the error bars representing the standard
deviation, the variation at equilibrium dissolution is very sim-
ilar for both nano- and microparticle formulations.

The dissolution process depends on two consecutive
steps: liberation of the drug from the formulation matrix
(disintegration), followed by dissolution of the drug in the
liquid medium. The overall rate of dissolution depends on
the slower of these two steps. It has also been stated that the
dissolution of GF in SDS solution under laminar flow condi-
tions is a combination of diffusive and convective transport in
both free and micellar phases (38). Assuming the dissolution
of the drug in the surfactant solution (free and micellar) is the
rate-limiting step in the dissolution (not true at the beginning
of the dissolution process as it is controlled by film disintegra-
tion), the diffusive and convective transport controls the dis-
solution process. Increasing the flow rate increases the
dissolution for both formulations. On the other hand, syner-
gistic effects are observed for the films containing nanopar-
ticles as an increase in flow rate also helps in the
disaggregation of the nanoparticles, consequently producing
an enhancement in dissolution. It has been shown that the
sample location has an impact on dissolution (45,46). During
the basket rotation, the strip-film is randomly moving inside
the basket or could also be sticking to the basket wall, result-
ing in an uncontrolled strain rate on the film and therefore on
the drug particles. This produces negative effects on mass
transfer (which controls dissolution). On the other hand, the
strip-film location is preserved during the dissolution process
when using the flow-through cell and the medium flow is
always perpendicular to the strip-film. The strain rate is more
controlled, which could help in the disaggregation of particles
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Fig. 9. Comparison of dissolution profiles for films containing GF nanoparticles and film containing GF micro-
particles using pattern C with different dissolution medium (100 ml) flow rates in USP IVapparatus. Shown are a 4, b
8, and c 16 ml/min
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as better contact is achieved. The fact that better control of the
strip-film position can be obtained with the USP 4 could have
other effects on disintegration of strip-films. More in-depth
studies will be needed to better understand these effects.
Based on the results presented above, the flow through cell
dissolution method has proved to be more sensitive for
changes in dissolution parameters than the basket method
and also provides better discrimination of particle size of
poorly water-soluble drugs when such drug particles are in-
corporated into strip-films.

CONCLUSIONS

In this study, which is the first to systematically study
the dissolution of strip-films containing drug particles us-
ing the basket method and the flow-through cell dissolu-
tion method, the dissolution behavior of strip-films
containing GF microparticles has been compared to the
dissolution behavior of films containing GF nanoparticles.
The data presented shows that the flow-through cell dis-
solution method has better capabilities for the discrimina-
tion of particle size, which would be beneficial in the
optimization of poorly soluble drugs incorporated into
strip-film dosage form. Although GF is used as a model
drug in the results presented here, it is expected that the
flow-through cell dissolution would provide similar results
for other BCS Class II drugs.
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