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ABSTRACT

Purpose To investigate the use of electrospinning for forming
solid dispersions containing crystalline active pharmaceutical
ingredients (APl) and understand the relevant properties of
the resulting materials.

Method Free surface electrospinning was used to prepare
nanofiber mats of poly(vinyl pyrrolidone) (PVP) and crystalline
albendazole (ABZ) or famotidine (FAM) from a suspension of
the drug crystals in a polymer solution. SEM and DSC were
used to characterize the dispersion, XRD was used to deter-
mine the crystalline polymorph, and dissolution studies were
performed to determine the influence of the preparation meth-
od on the dissolution rate.

Results The electrospun fibers contained 31 wt% ABZ and
26 wt% FAM for the 1:2 ABZ:PVP and |:2 FAM:PVP formula-
tions, respectively, and both APIs retained their crystalline poly-
morphs throughout processing. The crystals had an average
size of about 10 um and were well-dispersed throughout the
fibers, resulting in a higher dissolution rate for electrospun
tablets than for powder tablets.

Conclusions Previously used to produce amorphous formula-
tions, electrospinning has now been demonstrated to be a
viable option for producing fibers containing crystalline API.
Due to the dispersion of the crystals in the polymer, tablets
made from the fiber mats may also exhibit improved dissolution
properties over traditional powder compression.
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ABBREVIATIONS

ABZ  albendazole

APl active pharmaceutical ingredient
DSC  differential scanning calorimetry
FAM  famotidine

PVP  poly(vinyl pyrrolidone)

SEM  scanning electron microscopy
XRD  X-ray diffraction

A surface area for diffusion

C concentration in solution

Csat  solubility

D diffusion coefficient

¢ dissolution rate

g gravitational acceleration

diffusional path length
Or density of the fluid
JoS density of the particle

R radius of the particle
U viscosity of the fluid
Vs settling velocity
INTRODUCTION

Although several industries, including chemical, food, and
petrochemical, have made the transition from batch to
continuous manufacturing, the pharmaceutical industry
has lagged behind. The cost disadvantages of a batch pro-
cess have not been sufficiently high to overcome the regula-
tory and control challenges or the cost of developing new
continuous manufacturing technology for the production of
pharmaceutical products. Lately, however, a changing reg-
ulatory atmosphere as well as an increasingly difficult and
competitive market are driving investment into the develop-
ment of continuous manufacturing operations (1).
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Downstream pharmaceutical processing is one area with
a particular need for improvement. Going from purified
active pharmaceutical ingredient (API) to a final, formulated
product typically involves many costly drying, granulation,
blending and milling steps. Various continuous processes
have been proposed to decrease the number of powder
handling steps and provide efficient blending of API and
excipients including melt extrusion (2,3), thin film casting (4)
and electrospinning (5-9). Though a less-traditional tech-
nique, electrospinning has distinct advantages over extru-
sion and thin film casting. Because of the high surface area
generated during electrospinning, the evaporation rate of
the solvent is incredibly high, allowing for more efficient
drying at ambient temperatures than is possible with thin
film casting. In addition, no heat is necessary to blend
ingredients during electrospinning, as they are already well
blended in the liquid solution prior to spinning, making it
more applicable for heat-sensitive API than melt extrusion.

In electrospinning, fibers of 20-2000 nm diameter are
produced from a solution of a polymer, solvent and any
desired additives. With a traditional single needle electro-
spinning process, the solution is charged and pumped
through a needle, forming a drop at the tip. When the
charge repulsion forces overcome the surface tension forces,
the drop deforms into a conical form called the Taylor cone
and a jet extends from the tip. The fiber thins and dries as it
travels towards a grounded collection plate, resulting in a
non-woven mat of dried fibers (10).

This single-needle electrospinning approach, however,
has a low production rate, on the order of 1 mg solids/
min for the materials used in this study. This 1s insufficient
for application to an industrial manufacturing process, and
so we use a newer technology for the scale up of electro-
spinning, referred to as “free surface electrospinning” or
“needleless electrospinning.” In free surface electrospinning,
jetting occurs from a free liquid surface, such as a film on a
rotating drum, disk or wire spindle or from the surface of
gascous bubbles (11-20). This results in the formation of
multiple Taylor cones and jets and a high production rate,
on the order of 20 mg/min for the materials and equipment
used in this study. The free surface electrospinning tech-
nique has previously been adapted as a commercial unit and
is available through Elmarco (Liberec, Czech Republic).

Though scale-up of electrospinning is possible with
approaches such as free surface electrospinning, a further
challenge prevents the technique from being applied to
pharmaceutical manufacturing. Due to the rapid solvent
evaporation during electrospinning, the drug is often pres-
ent in the resulting fibers in its amorphous form (7-9,21,22).
This can be advantageous for poorly water soluble drugs, as
the amorphous form often has a higher water solubility than
the crystalline form, but it also introduces physical stability
issues, with the amorphous API crystalizing over time (23).

For this technique to become generally applicable as a
manufacturing process, it must also be able to produce fibers
containing crystalline APL.

A few studies on electrospinning of API have found that
the API is in its crystalline form immediately after electro-
spinning (24-26). All three studies used a polymer that itself
crystallizes during electrospinning, either polycaprolactone
or poly(ethylene oxide). Natu e al. found that the API was
partially crystalline in only one formulation examined, that
with greater than 10% w/w API (25), and Ignatious et al.
determined that, at drug loadings higher than 35.9% w/w,
nabumetone exhibits a melting endotherm when analyzed
immediately after electrospinning (26). These studies have
demonstrated that obtaining crystalline API in electrospun
fibers is possible by spinning a solution of API and polymer;
however, the API is only partially crystalline and the con-
trolling factors are poorly understood.

In this work, we take an alternative approach to producing
fibers containing crystalline API and electrospin API crystals
suspended in a polymer solution. It has previously been dem-
onstrated that nano- and microparticles can be electrospun
starting from a dispersion of the particles in a polymer solu-
tion. The particles can be very small, 20 nm or less, as with
magnetite (27) and carbon black (28) or larger, 1-10 pm, as
with bacteria and viruses (29), clays (30,31) and polystyrene
beads (32,33). Though most studies on electrospinning of
particles have been done using a single needle apparatus, we
recently demonstrated that polystyrene beads of 1-10 um
diameter can be electrospun from PVP solutions using free
surface electrospinning (32).

We use free surface electrospinning to spin suspensions of
API crystals in a poly(vinyl pyrrolidone) (PVP)/ethanol so-
lution. If a solvent is chosen in which the API is insoluble,
the API will maintain its crystallinity during the electrospin-
ning process, resulting in electrospun mats containing crys-
talline drug dispersed within the polymer fibers. For this
work, we selected two poorly water-soluble APIs that are
practically insoluble in ethanol (34), albendazole (ABZ) and
famotidine (FAM), and chose PVP as the polymer due
to its acceptance as a pharmaceutical excipient and the
ease of electrospinning. We demonstrate that the API
crystals are entrained within the fibers, retain their crystalline
morphology during the process, and exhibit improved
dissolution rates when compared to compressed powder
tablets.

MATERIALS AND METHODS
Materials

PVP (1.3 MDa molecular weight), FAM and ABZ were
purchased from Sigma-Aldrich (St. Louis, MO) and
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American Chemical Society grade ethanol was pur-
chased from VWR International (West Chester, PA).

Electrospinning

To prepare the 1:2 APL:polymer electrospinning solutions,
8.6 wt% PVP was dissolved in ethanol and 4.3 wt% API was
added to the solution and suspended by stirring. Immedi-
ately prior to electrospinning, the solution was sonicated
using a Sonics Vibra-cell serial number 48265 T ultrasonic
processor with a tapered microtip (Sonics and Materials,
Newtown, CT) in order to ensure that the particles were
well-suspended at the start of the electrospinning process.
Sonication was performed three times for 40 s each time,
with at least 30 s delay between each at 40% maximum
amplitude to prevent overheating.

A schematic for the free surface electrospinning ap-
paratus is shown in Fig. 1. A wire spindle rotates
through the charged suspension bath containing the
API/polymer/solvent mixture. As the spindle crosses
the air/fluid interface, a thin layer of fluid is entrained
on the wire, which breaks into droplets due to Plateau-
Rayleigh instabilities (20). Under a sufficiently high ap-
plied electric field, the droplets jet and a fiber extends
towards the grounded collection plate (upwards in this
configuration). Electrospinning of each droplet continues
until the droplet is depleted or the electric field condi-
tion is no longer met. A detailed description of the
mechanism of free surface electrospinning can be found
in Ref. 20.

Key process parameters in free surface electrospinning
and their values for these experiments are listed in Table I.

Characterization

Scanning electron microscopy (SEM) was used to analyze
the morphology of the fibers. A Quorum Technologies

Grounded — — —
collection plate ——

Electrosplnnmg/’Cg spindle

LES

Charged liquid
suspension

Fig. I Schematic of the free surface electrospinning apparatus consisting of
a rotating wire spindle, a charged bath for the liquid suspension, and a
grounded collection plate.
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SC7640 high resolution gold/palladium sputter coater was
used to coat the samples and a JEOL 6060 SEM at 5 kV
operating voltage was used to obtain images.

Both X-ray diffraction (XRD) and differential scanning
calorimetry (DSC) were used to confirm the presence of
crystals and analyze the polymorph present in the electrospun
fibers. XRD was performed on a PANalytical X Pert Pro with
a reflection-transmission spinner PW 3064/60 sample stage
and a Cu X-ray source with a 1.54 A wavelength. DSC was
performed on a TA DSC Q2000 instrument using a 2-6 mg
sample in an aluminum sample pan. The materials were
heated at 10°C/min to 250°C and 200°C for ABZ and
FAM, respectively.

Particle size analysis was performed on the spinning
solutions prior to sonication, after sonication, and 1 h after
sonication. A Malvern Mastersizer 2000 with a Hydro
2000uP accessory was used to measure the particle size
distribution and the volume-based results were used for
the analysis. Three measurements were made per sample
and the average is reported in this work.

In order to determine the actual drug loading in the
electrospun fibers, samples were analyzed with a Perkin-
Elmer (Waltham, MA) double-beam Lambda25 UV-vis
spectrophotometer. A standard curve was prepared for
ABZ in methanol for concentrations from 0.005 mg/mL
to 0.05 mg/mL at an absorbance of 295 nm and for FAM in
methanol for concentrations from 0.002 mg/mL to
0.035 mg/mlL at an absorbance of 286 nm. PVP does not
absorb in the UV range and pure methanol was used for the
background spectrum. A known mass of electrospun mat
was dissolved in a known volume of methanol and diluted
such that the expected concentration of API fell within the
concentration ranges covered by the standard curves.
From the resulting measured concentration, the mass
of API in the original mat sample, and thus the weight
percent API in the electrospun mat was calculated.
Three measurements were made per API and were
averaged to give the reported value.

Dissolution

Tablets were made from electrospun material by weighing
out 150 mg material and pressing into a 9 mm tablet using a

Table 1 Parameters Used in Electrospinning Experiments

Parameter Value
Distance from apex of spindle 20 cm

to grounded plate
Applied voltage 30-35 kv
Rotation rate 8.8 rpm

Spindle type Wire electrode, 5 wires
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Gamlen Tablet Press model GTPL. Powder tablets were
prepared by weighing out 50 mg API powder and 100 mg
PVP powder, mixing for 1 min, and pressing into 9 mm
tablets using the same press with the same insertion depth.
The electrospun tablets were compared to the compressed
powder tablets for analysis. Market formulations of APIs
were not used for comparison because we aim to examine
only the effects of using the electrospinning preparation
method compared to a powder-based preparation method.
Electroprocessed materials may be further optimized for
better dissolution through the use of additional excipients
in the same manner as is done for a market formulation and
then the two may be compared.

Dissolution was performed using a Varian VK 7025
dissolution bath (Agilent, Santa Clara, CA) and a Cary 50
Bio UV spectrophotometer (Agilent, Santa Clara, CA). For
ABZ we used the standard USP method with 900 mL 0.1 N
HCI media, apparatus II, 50 rpm paddle speed and a
temperature of 37°C. For FAM we used the standard USP
method with 900 mL 0.1 M Phosphate buffer media, appa-
ratus II, 50 rpm paddle speed, and a temperature of 37°C.
Measurements were made every minute for 90 min by
probes inserted in the bath and connected to the spectro-
photometer by fiber optic cables.

RESULTS
Particle Size Analysis

The particle size distributions of the API crystals suspended
in the PVP/ethanol solution were measured prior to soni-
cation, after sonication and after standing for 1 h, approx-
imately the length of time to electrospin the mat for analysis.
The distributions for the ABZ and FAM suspensions are
shown in Figs. 2 and 3.

For ABZ, the sonication greatly decreases the crystal
size. This is likely due to dispersal of aggregates rather
than crystal breakage, as SEM images of the ABZ
crystals show agglomerates of smaller crystals (Fig. 4a).
The FAM particle size distribution does not show a
strong change following sonication. This is likely be-
cause the FAM crystals are not present as agglomerates
in the powder, as can be seen in Fig. 4b. Following 1 h
of standing, both suspensions retain their particle size
distribution, indicating that the suspensions electrospun
will retain their particle size distribution throughout the
1 h electrospinning process used in this work.

SEM

The morphology of the electrospun fibers were examined by
SEM and the images are shown in Fig. 5. In both cases, the
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Fig. 2 Particle size distribution of 4.3 wt% ABZ crystals suspended in 8.6 wt%
PVP in ethanol (@) before sonication, (b) after sonication, (c) after | h.

API crystals present in the electrospun fibers are easily visible.
For the ABZ dispersed in the PVP mat, the crystals are present
in the fibers as small agglomerates as well as dispersed crystals,
which can be seen by careful examination of the roughness of
the fibers, particularly in Fig. 5c. FAM dispersed within PVP,
on the other hand, shows little agglomeration. It is interesting
to note that the FAM crystals are always distributed with their
longest side parallel to the fiber. This can be attributed to the
high shear forces during jetting (35).

Crystallinity

XRD and DSC were both used to examine the crystallinity of
the API within the electrospun fibers. For 1:2 ABZ:PVP, the
melting endotherm is broad with an onset melting point of
165°C, indicating that the ABZ is crystalline in the fibers
(Fig. 6). The onset melting point is depressed from that of
the crystalline ABZ as received, 190°C. The onset melting of
ABZ is consistent with that of Form I of ABZ shown in the
literature (36).

The first onset melting point for crystalline FAM as re-
ceived is 160°C, and based on the DSC results (Fig. 7), there is
a broad melting endotherm for the 1:2 FAM:PVP with an
onset at 150°C. This melting point corresponds to polymorph
B (37). There is a second melting endotherm for the crystalline
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Fig. 3 Particle size distribution of 4.3 wt% FAM crystals suspended in
8.6 wt% PVP in ethanol (a) before sonication, (b) after sonication, (c) after
I h.

material as received with on onset at 167°C corresponding to
polymorph A (37). This melting endotherm is also present for
the 1:2 FAM:PVP electrospun material with an onset at 167°
C. This indicates that both the crystalline material as received
and the FAM in the final electrospun fibers are mixtures of
polymorphs A and B.

XRD powder patterns were used to determine polymor-
phism of the APIs following electrospinning. Figures 8 and 9
compare the experimental powder patterns to the calculated
powder patterns from the Cambridge Structural Database.

Fig. 4 (a) ABZ crystals as
received, (b) FAM crystals as
received.

18mm

X1, 488

@ Springer

For ABZ, both the crystalline material as received and
the 1:2 ABZ:PVP electrospun powder patterns show the
same peaks as the calculated powder pattern for form I
(38) (Fig. 8). The powder patterns for the crystalline ABZ
as-received and 1:2 ABZ:PVP electrospun are also consis-
tent with the experimental powder patterns of the commer-
cial form (form I) as presented by Pranzo et al. (36). The
polymorphism of the ABZ was not affected by the electro-
spinning process.

The powder patterns for the crystalline FAM as
received and 1:2 FAM:PVP electrospun are mixtures
of polymorphs A and B (Fig. 9), as can be seen by
comparing them to the calculated powder patterns from
the Cambridge Structural Database for polymorphs A
(39) and B (40). Though many peaks are overlapping,
the presence of peaks at both 10.7° 2-theta and 11.7° 2-
theta confirm the presence of both polymorphs. Differ-
ences in relative peak intensities can be attributed to the
difference in sample preparation. The powder samples
were flattened onto the zero background plate in a
disordered manner, while the electrospun mat was laid onto
the plate with all the fibers parallel to the flat plate.

Loading of API in Fibers

The weight percent API in the electrospun fibers was deter-
mined using UV-vis spectroscopy. The average loading of
ABZ in the fibers was 31 wt% and the average loading of
FAM in the fibers was 26 wt%. Compared to the nominal
API loading of 33 wt%, both cases showed lower loading
than expected, and the reason for this will be addressed in
the Discussion section.

Dissolution

Tablets prepared from a powder mixture and electrospun
material were subjected to USP dissolution tests to compare
the release behavior of API for the two preparation methods. All
tablets tested had the same mass and were prepared using the
same insertion depth, meaning that the surface area and volume
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Fig. 5 (a) :2 ABZ:PVP electrospun fibers, (b) |:2 FAM:PVP electrospun fibers, () 1:2 ABZ:PVP electrospun fibers at higher magnification, (d) 1:2 FAM:

PVP electrospun fibers at higher magnification.

of the tablets is the same for all tested. The dissolution curves for
ABZ are shown in Fig. 10 and for FAM are shown in Fig. 11,
with error bars indicating the standard deviation of the 3
averaged data points.

For both ABZ and FAM, the electrospun formulations
showed marked improvement in the dissolution rate over the
compressed powder tablets.

DISCUSSION

In order for electrospinning of crystalline API to be usable
for pharmaceutical manufacturing, it must be able to be
scaled up and the resulting fibers must be well-understood in

Crystalline ABZ

1:2 ABZ:PVP Electrospun

«—— Endothermic Heat Flow

50 100 150 200 250
Temperature, Degrees Celsius

Fig. 6 DSC scans of crystalline ABZ as received and |:2 ABZ:PVP
electrospun.

terms of particle size, extent of dispersion, polymorphism
and dissolution properties. In this study, we addressed the
former by utilizing free-surface electrospinning to produce
suspensions of API in a polymer solution and to address the
latter, we characterized the fiber morphology, crystalline
properties and dissolution behavior of the final solid
dispersion.

Electrospinning API Crystals

We found that the suspensions were spinnable and resulted in
fibers with diameters of approximately 1-3 pm. However, for
the 1:2 FAM:PVP formulation in particular, the resulting API
loading was slightly lower than 33 wt%.

1:2 FAM:PVP Electrospun )
Crystalline FAM

<«—— Endothermic Heat Flow

50 100 150 200
Temperature, Degrees Celsius

Fig. 7 DSC scans of crystalline FAM as received and |:2 FAM:PVP
electrospun.
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ABZ Form | Simulated

Intensity

Crystalline ABZ

1:2 ABZ:PVP electrospun

5 10 15 20 25 30 35 40
2-theta

Fig. 8 A calculated XRD powder pattern of ABZ form | (38) and exper-
imental XRD powder patterns of crystalline ABZ as received and |:2 ABZ:
PVP electrospun.

In order to examine why the loading is lower than
expected, we calculated the settling velocity, v, as a function
of the particle radius using equation 1:

MgRQ (1)

2
v, = —
s=7 “

where pris the fluid density, py, is the particle density, p is the
viscosity, g is the gravitational acceleration and R is the
particle radius. The fluid density and viscosity used were
the same as 8.6 wt% 1.3 MDa PVP in ethanol used in a
previous study (32). The particle densities were taken from
the Cambridge Structural Database and were 1.56 g/cm (3)
and 1.38 g/cm (3) for FAM (39,40) and ABZ (39), respec-
tively. This velocity is based on Stoke’s law and thus is for
spherical particles. Though our particles are more plate-

FAM Form A Simulated

A M
FAM Form B Simulated

Intensity

Crystalline FAM Powder

1:2 FAM:PVP Electrospun

5 10 15 20 25 30 35 40
2-theta

Fig. 9 Calculated XRD powder patterns of FAM forms A (39) and B (41)
and experimental XRD powder patterns of crystalline FAM as received and
[:2 FAM:PVP electrospun.
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Fig. 10 Dissolution curves for 1:2 ABZ:PVP compressed powder tablets
(dashed line) and compressed electrospun tablets (solid line).

shaped, we use a spherical approximation here for
simplicity.

From the settling velocity, we determined the time re-
quired for a particle of a given radius to settle to the bottom
of the electrospinning bath. The distance between the top of
the fluid level when full and the lowest point of the wire
rotation 1s 0.8 cm. Since the particles are dispersed evenly
within the fluid at the start of the experiment, we assumed
that an average particle must travel 0.4 cm, or half the depth
of the bath.

Once the time required to settle is determined for a range
of particle diameters, we determined the smallest particle
diameter that we expect to settle out in 1 h, the length of our
experiment. For ABZ that is 82.5 um and for FAM that is
70.8 pm. The particle size distribution based on volume
percent is known for these solutions from the Malvern
results discussed previously, and we have determined that
0.1 vol% ABZ and 4.5 vol% FAM (0.14 wt% ABZ and
7.1 wt% FAM) 1s expected to settle out during the experi-
ment time, which are of similar magnitude to the difference
between the nominal and experimental API loading. These

100
90 F
80
70
60
50
40
30
20
10

0

=== Powder

Electrosplin

{

Q 20 40 60 80 100
Time {min)

Weight percent FAM dissolved

Fig. 11 Dissolution curves for 1:2 ABZ:PVP compressed powder tablets
(dashed line) and compressed electrospun tablets (solid line).



Electrospun Fibers Containing Crystalline APls

245

values are merely an estimate, due to the assumptions of
spherical particles and the average distance traveled, but
they provide insight into the difference in the final API
loading in the fibers for the two APIs chosen for this study.
For this method to be applied to a large continuous process,
a stirring mechanism in the bath or a surfactant must be
used to keep the particles suspended.

Characterization of Electrospun Solid Dispersions

The crystal size, the extent of dispersion in the polymer and
the crystalline morphology are essential properties of the
clectrospun API/polymer mixture that will have an effect
on the dissolution of the APIs, and thus on the effectiveness
of the final formulation. Understanding these properties is
essential to the application of this process in a pharmaceu-
tical manufacturing line.

From both the particle size analysis of the spinning sus-
pension and the SEM images, we have determined that the
crystals in the electrospun fibers range in size from 0.1-
100 pm, with a volume percent-based mean of approxi-
mately 10 um. The crystal size distribution in the com-
pressed powder tablets is the same as that for the
suspension prior to sonication, and thus the crystals are
larger than those in the electrospun fibers. For ABZ in
particular, sonication treatment prior to electrospinning
decreased the measured particle size by breaking up aggre-
gates. The crystals are relatively small, and thus are
expected to enhance the dissolution rate through an increase
in the surface area, as predicted by the Noyes-Whitney

equation:
dm DA
= = (Ga = C) (2)

where % is the dissolution rate, D is the diffusion coefficient,
A 1s the surface area for diffusion, h is the diffusional path
length, Cg,, 1s the solubility and C is the concentration in
solution (41).

In order to take advantage of the small crystal size to
enhance the dissolution rate, the particles must be kept from
aggregating. Using electrospinning, this is done by trapping
the particles within the small polymer fibers. The SEM
images in Fig. 5 show that the particles are present and
separated in the polymer fibers. This occurs due to the rapid
solvent evaporation following the dispersion using sonica-
tion. Once in the dried solid form, the particles remain
dispersed until the polymer begins to dissolve during disso-
lution testing.

Further evidence that the APIs are well-dispersed within
the fibers comes from the DSC results. Though the Tg of
the polymer can give insight into the mixing level of a
polymer and additive, the Tg signal for the polymer was

too weak in this case to be measured for the mixtures.
Instead, we examine the melting endotherms of the APIs.
The depression of the melting points of the APIs and the
broadening of the melting endotherms indicate that the
APIs are well-dispersed within the fibers and form a partially
miscible blend with the polymer as the APIs melt during the
temperature ramp of the DSC experiment (42).

As predicted by the Noyes-Whitney equation and sup-
ported by the evidence of formation of a well-dispersed solid
mixture, the dissolution rate of the API from compressed
electrospun tablets is significantly higher than that of the
API from compressed powder tablets. As the highly
soluble polymer in the electrospun fibers dissolves, the
API crystals are released as individual crystals and the
exposed surface area is larger than that for agglomer-
ates of API in the compressed powder tablets, resulting
in an increased dissolution rate.

CONCLUSIONS

Nanofibers containing a well-mixed dispersion of crystalline
API and a polymer were prepared by electrospinning a sus-
pension of crystals in a polymer solution using a high-
throughput free surface electrospinning process. The final
loading in the fibers was 31 wt% and 26 wt% for 1:2 ABZ:
PVP and 1:2 FAM:PVP, respectively, and the APIs retained
their crystalline morphology throughout the electrospinning
process. Due to the small particle size and dispersion of the
particles in the polymer, the dissolution rate was enhanced for
compressed electrospun tablets when compared to com-
pressed powder tablets. This study proposes a novel process
for preparing solid dispersions of crystalline API v electro-
spinning and demonstrates that the APIs are well-dispersed,
retain their polymorphism, and have a high dissolution rate
compared to compressed powder tablets. With the advantage
that the process may be operated continuously and is powder
free, we see that electrospinning would be a viable option for a
downstream pharmaceutical manufacturing process.
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