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Introduction
The application of polymeric nanoparticles for the efficient 
delivery of pharmaceuticals has attracted growing interest 
of formulation scientists.1 The advantages of encapsulating 
pharmaceuticals in polymeric nanoparticles are: increased 
water solubility, controlled release, targeting to specific 
sites, higher cellular uptake, and improved permeability 
through biological barriers.2 Various methods have been 
reported for fabricating polymeric nanoparticles such as 
supercritical fluid technology,3 dialysis,4 emulsification-

solvent evaporation,5 emulsification-solvent diffusion,6 
and nanoprecipitation.7 Some obstacles of these methods 
are low loading efficiency, low particle yield, complex 
and multiple step production process, and the use of high 
amounts of surfactants as stabilizers.4 Another important 
problem is that most of the conventional methods result 
in aqueous suspensions of polymeric nanoparticles. 
However, these nanosuspensions should usually be 
converted to solid forms to improve their physicochemical 
stability and to formulate appropriate solid dosage forms 
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Abstract
Introduction: Modafinil (MDF) is used 
orally for the treatment of attention-deficit/
hyperactivity disorder and narcolepsy. It holds 
low solubility and high permeability; therefore, 
improving its dissolution properties by preparing 
nanoformulations can be a promising approach 
to enhance its oral absorption. Our aims were 
to prepare and characterize MDF-Eudragit® 
RS100 (MDF-ERS) nanoparticles by electrospray 
technique.
Methods: Electrosprayed nanoparticles were fabricated by varying MDF to ERS ratios and 
concentrations. The formulations were characterized by scanning electron microscopy (SEM), 
differential scanning calorimetry (DSC), powder X-ray diffraction (PXRD), and Fourier-transform 
infrared spectroscopy (FTIR). Release studies were performed on nanoparticles, physical mixtures, 
and raw MDF. The release data were fitted to different models to understand the mechanism of 
the drug release.
Results: Electrospraying of MDF and ERS solution resulted in the preparation of nonobeads or 
nanofibers, and the particulate characteristics of the obtained products were largely controlled 
by the polymer amount in the solution. PXRD and thermal analyses showed that MDF was an 
amorphous phase in the structures of nanoparticles. Using FTIR, no interaction was observed 
between MDF and ERS in nanoparticles. Nanoparticles showed biphasic release profiles and the 
order of dissolution rates was: nanofibers>MDF>nanobeads. The well-fitted model was Weibull 
model, indicating a Fickian diffusion as the main mechanism of release.
Conclusion: The results suggest that by optimization of variables such as solution concentration of 
MDF-ERS nanofibers and nanobeads with higher dissolution rates can be made by electrospray. 
Electrospray deposition as a simple, continuous, and surfactant free method is an excellent choice 
for preparation of drug loaded polymeric nanoparticles.
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oral delivery.27, 28

The aims of the current work were to design nanobeads 
and nanofibers of MDF-ERS by electrospray method and 
compare the release profiles of the prepared nanoparticles 
with raw MDF. In addition, the physicochemical 
characteristics of MDF loaded in nanoparticles were 
investigated using different solid state characterization 
techniques.

Materials and Methods 
MDF powder was purchased from Dipharma Francis 
pharmaceutical company (Baranzate, Italy). Eudragit® 
RS100 (ERS, molecular weight: 150,000 g/mole) was 
purchased from Degussa (Darmstadt, Germany). Methanol 
was supplied from Merck (Darmstadt, Germany) and 
acetone was supplied from Duksan (Ansan, South Korea). 
The remaining materials were of analytical quality. 

Preparation of nanobeads and nanofibers by electrospray 
deposition 
We utilized a single-nozzle electrospray system which 
has been described in detail elsewhere.15 Briefly, a metal 
collector was placed 10 cm below the spraying needle 
and a 20 kV voltage was applied between them. MDF 
and ERS were dissolved in a 1:1 mixture of methanol and 
acetone with drug to polymer ratios of 1:5 and 1:10. The 
total solution concentrations were 10%, 15%, and 20% 
(w/v). Then, the prepared solutions were injected using 
10 mL syringe at a flow speed of 2 mL/h via a nozzle tip 
with the inner and outer diameters of 0.159 and 0.311 
mm, respectively. The deposited solids on the target were 
collected after 24 hours. The studies were carried out at 
atmospheric pressure and room temperature.

Scanning electron microscopy (SEM)
A field emission scanning electron microscope (TESCAN, 
Brno-Kohoutovice, Czech Republic) was used to evaluate 
particle characteristics of the processed specimens. The 
equipment was operated at 20 kV acceleration voltage 
and 6–6.5 mm tip-to-target distance. The specimens were 
adhered to the aluminum stubs of SEM using adhesive 
tape. Prior to examination, a gold coating was applied on 
the surface of samples by utilizing a DST1 sputter-coater 
(Nanostructured Coating Co., Tehran, Iran).

Differential scanning calorimetry (DSC)
Melting point, glass transition temperature, and presence 
of solvents or water in the products of electrospray were 
investigated by means of a DSC 60 (Shimadzu, Kyoto, 
Japan). To this end, accurately weighed samples (3–5 
mg) were loaded on the sealed aluminum pans. Then, 
they were examined in the instrument operating at 20°C/
min heating rate and 25–250°C temperature range. The 
reference and calibration substances were aluminum oxide 
and indium, respectively. TA60 software was administered 
to analyze the resultant thermograms. 

for oral and pulmonary deliveries.8 To dry prepared 
nanosuspensions, one needs to follow additional time- 
and energy-consuming steps such as spray drying and 
lyophilization. Furthermore, there is a possibility for 
irreversible aggregation of dried particles.9

Electro-hydrodynamic atomization or electrospraying 
employs an electric potential difference for the creation 
of finely atomized charged droplets from a liquid flow.10 
In this technique, first, a solution containing the drug and 
carrier is prepared in a volatile and electro-conductive 
solvent. Then the resultant liquid is injected via a metallic 
nozzle where the solution is atomized as a fine spray due 
to the applied voltage (approximately 20–30 kV) between 
the nozzle and collector screen. While descending, the 
solvent quickly evaporates from atomized droplets and 
finally, solid particles deposited on the metallic screen.11

Electrospray deposition is a one-step, continuous, 
and versatile technique for fabricating homogenous 
particles in the size range of nano- to micro-meters.12 
The particulate properties of the electrosprayed products 
can be optimized through adjusting various electrospray 
factors such as solution concentration, flow speed, 
voltage, and tip-to-collector distance.13 Furthermore, 
this method can directly produce surfactant-free and 
solid nanoparticles and does not need further separation 
and drying steps. The technique has been utilized to 
produce the nanocrystals,14 nanococrystals,15 and drug 
encapsulated polymeric nanoparticles.16-19

Modafinil (MDF) is a wake-promoting medicine which 
has been approved to be used orally for treating attention-
deficit/hyperactivity disorder, excessive somnolence 
caused by narcolepsy, and reducing daytime sleepiness 
caused by irregular sleep-wake cycle or sleep destruction 
due to obstructive sleep apnea.20 MDF is poorly soluble 
in the aqueous medium and highly permeable through 
intestinal membrane; therefore, it is placed in class II of 
biopharmaceutics classification system.21 As low solubility 
of MDF in gastrointestinal fluids limits its intestinal 
absorption, therefore, enhancing the dissolution rate 
can lead to higher oral absorption of the drug. Various 
strategies have been applied to improve dissolution of 
MDF such as lipid based formulation21 and complexation 
with β-cyclodextrin.22,23 However, as far as we know, 
MDF loaded in polymeric nanoparticles have not been 
investigated to date.

Eudragit® RS100 (ERS) is a aminomethacrylate 
copolymer which has 4.5%–6.8% quaternary ammonium 
moieties.24 ERS has a very low solubility in aqueous 
medium over a pH range of 1.2–7.4 and only swells when 
comes into contact with aqueous medium; therefore it can 
be used as a carrier in controlled release systems. Besides, 
it is a positively charged polymer and exhibits strong 
mucoadhesive properties.25 Based on these properties, ERS 
has been utilized for developing nanoparticles of ibuprofen 
and naproxen for controlled ophthalmic delivery24, 26 and 
nanoparticles of gliclazide and cyclosporin for controlled 
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Powder X -ray diffraction (PXRD)
To investigate the effects of electrospraying with the 
polymer on crystalline structure of MDF, X-ray spectra of 
MDF, ERS, the blend of MDF and ERS, and electrosprayed 
samples were acquired by an automated X-ray diffraction 
analyzer (Siemens, model D5000, Munich, Germany). 
The measurements were carried out at the speed of 0.06°/
min, 2θ range of 5–30°, λ= 1.5405 Å, voltage of 40 kV, and 
filament emission amperage of 30 mA.

Fourier-transform infrared spectroscopy (FTIR)
To evaluate possible chemical interactions between MDF 
and ERS, FTIR scans of specimens were performed by a 
Bruker spectrophotometer (Bruker, Karlsruhe, Germany). 
About 1 mg of each specimen of MDF, ERS, physical 
mixture, and electrosprayed samples was blended with 99 
mg of anhydrous potassium bromide. Then, a transparent 
disk was prepared from the samples by using a manual 
press. The spectra were collected at the wave-numbers 
from 400 to 4000 cm-1 with the resolution of 2 cm-1. The 
final data were obtained from averaging 32 scans. 

In vitro drug release
Release profiles of the raw MDF, blends of the drug and 
polymer, and those of nanoparticles were determined by 
means of a Caleva dissolution tester (Dorset, England). 
Accurately weighted samples (equivalent to 10 mg of 
MDF) were introduced to media consisting 300 mL of 
phosphate buffer with pH of 6.8. The temperature and 
rotational agitation of paddle were optimized at 37± 0.2°C 
and 50 rpm, respectively. At fixed time points, samples of 
4 mL were collected and passed across 20 nm cellulose 
acetate membrane (Whatman, Kent, UK). To prevent 
change in volume, the withdrawn volume was then 

replaced with fresh buffer. The samples were analyzed by 
UV spectrophotometer (Shimadzu, Kyoto, Japan) at 222 
nm. The cumulative mass of released MDF was obtained 
with the help of a calibration curve. Data were presented 
as mean ± standard deviation of three experiments.

Drug release analysis
The DD-solver computer program was used for the 
quantitative assessment of the release data, as well as 
analyzing drug release kinetic.29 Dissolution parameters 
including the dissolution efficiency up to 120 min (DE120 

min) and the percentage of the drug dissolved for up to 
45 min (Q45 min) were calculated for studied samples. 
The release data were fitted into zero-order, first-order, 
Higuchi, Korsmeyer-Peppas, Hixson-Crowell, and Weibull 
models. Statistical criteria of the adjusted coefficient of 
determination (R2

adj) and the model selection criterion 
(MSC) were calculated and used for investigation of 
the goodness of fit of each model. The model with the 
highest R2

adj and the largest MSC was selected as the most 
appropriate model.

Results 
Particle size and morphology
In this paper, we assessed the effects of varying MDF 
to ERS ratios and their total amount in the solution 
on the properties of electrosprayed particles. Other 
variables, including electrospray parameters, polymer 
type, and the solvent were optimized and kept fixed 
during the experiments. Fig. 1 shows SEM images of the 
electrosprayed formulations. Electrospray of solutions 
with the concentration of 10% and drug: polymer ratios 
of 1:10 and 1:5 resulted in the preparation of spherical 
nanobeads with mean diameters of 165 and 190 nm, 

Fig. 1. SEM images of electrosprayed nanoparticles of MDF-ERS: (A-C) samples with the drug: polymer ratio of 1:5 and solution concentrations of 10% 
(A), 15% (B), and 20% (C), respectively. (D-F) samples with the drug: polymer ratio of 1:10 and solution concentrations of 10% (D), 15% (E), and 20% (F), 
respectively. All scale bars represent 500 nm.
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respectively (Table 1). However, nanofibers with smooth 
surfaces mostly in diameters between 40 and 150 nm and 
micrometer-sized in length were obtained by increasing 
the concentrations to 15% and 20%. Crystals of MDF 
were not observed on the surfaces of formed structures 
indicating formation of a homogenous phases between 
the drug and polymer.

DSC studies
DSC thermograms were recorded to evaluate the thermal 
behavior of MDF loaded in polymeric nanoparticles. Fig. 
2 depicts the results of the DSC studies of MDF, ERS, 
physical mixture, and selected electrosprayed samples. 
The thermogram of MDF exhibited a characteristic 
endothermic peak at 167.6°C, associated with its fusion 
point and indicating its crystalline state. The thermogram 
of ERS exhibited a glass transition temperature at 58.4°C, 
indicating the amorphous nature of this polymer. 
The melting peak of MDF was still observable in the 
thermogram of the physical mixture but with a reduced 
intensity. This reduced intensity could be attributed to 
dilution of MDF by ERS, solubilization of the drug in the 

molten polymer, or heat induced interactions between the 
components.30 However, the melting peak of MDF was 
absent in theromgrams of the electrosprayed samples, 
which might indicate the transition of the drug from its 
crystalline to amorphous state, solubilization of MDF 
in the molten ERS, or heat-induced interactions of the 
polymer and drug. Similar phenomena have been reported 
in studies concerning electrosprayed samples of ERS and 
drugs such as azithromycin,31 triamcinolone acetonide,19 
and propranolol hydrochloride.32

PXRD analysis
This analysis was performed in order to investigate 
the effects of encapsulation of MDF in ERS matrix on 
the crystal structure of the drug. Fig. 3 shows X-ray 
diffractograms of the untreated MDF, ERS, the physical 
mixture, and selected electrosprayed formulations. The 
definitive peaks in the diffractogram of MDF at 2-thetas 
values of 12.4, 15.2, 17.6, 18. 7, 19.8, 22.7, 24.1, and 
25.9° showed the crystalline nature of the drug while no 
distinct peak was observed for ERS showing amorphous 
phase of the polymer. The diffractogram of the physical 

Table 1. Particle diameter and shape of the electrosprayed formulations

Particle shape Diameter (nm)* Drug to polymer ratio Concentration (% W/V) Sample

Nanobead 190.9±85.8 1:5 10 A

Nanobead+Nanofiber 47.7±10.8 1:5 15 B

Nanofiber 72.8±17.4 1:5 20 C

Nanobead 165.9±85.4 1:10 10 D

Nanobead+Nanofiber 58.7±19.6 1:10 15 E

Nanofiber 86.1±20.3 1:10 20 F

* Data are as mean ± SD.

Fig. 2. DSC thermograms of electrosprayed nanoparticles with the drug: polymer ratio of 1:5 prepared using solution concentrations of 20% (A) and 10% 
(B), physical mixture with the drug: polymer ratio of 1:5 (C), ERS (D), and MDF (E).
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mixture indicated MDF peaks with decreased intensities 
because of the presence of the polymer. Diffractograms 
of electrosprayed samples displayed halo patterns with no 
sharp peaks, indicating a drastic change in crystalline form 
of MDF. The results obtained by PXRD supported the 
data provided by thermal analysis. Similar findings have 
been reported for nano-formulations of azithromycin,31 
propranolol hydrochloride,32 and triamcinolone 
acetonide19 prepared by electrospray and using ERS as the 
polymer.

FTIR spectroscopy 
FTIR spectroscopy was utilized to investigate possible 

hydrogen bonding and other intermolecular interactions 
between MDF and ERS in the nanoparticles. Fig. 4 presents 
FTIR spectra of MDF, ERS, physical mixture and selected 
electrosprayed sample. The spectrum of MDF exhibited 
typical absorption bonds at 1034 cm-1 for sulfonyl group 
(S=O), at 1685 cm-1 for carbonyl (C=O), and a doublet at 
3316 and 3174 cm-1 for amide group (N–H) as reported 
elsewhere.22 In the FTIR scan of ERS, absorption bonds 
of C–H aliphatic and C=O groups were found at 2992 
and 1732 cm-1, respectively, as reported in the literature.32 
In the spectra of blend of the drug and polymer and the 
selected nanoparticle, main vibrational frequencies of 
MDF and ERS remained unchanged revealing that there 

Fig. 3. XRPD patterns of nanoparticles with the drug: polymer ratio of 1:5 prepared using 20% solution concentrations (A), nanoparticles with the drug: 
polymer ratio of 1:5 prepared using10% solution concentrations (B), physical mixture with the drug: polymer ratio of 1:5 (C), and MDF (D).

Fig. 4. FTIR spectra of electrosprayed nanoparticles with the drug: polymer ratio of 1:5 prepared using solution concentrations of 10% (A), physical mixture 
with the drug: polymer ratio of 1:5 (B), ERS (C), and MDF (D).
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were no interactions between the constituents of these 
specimens.

In vitro drug release studies
The ability of ERS nanoparticles to modify the release 
behavior of MDF was studied in phosphate buffer 
medium (pH 6.8). Fig. 5 demonstrates the release 
profiles of the pure drug, physical mixtures, and the 
prepared nanoformulations. The release profiles of the 
physical mixtures exhibited no meaningful difference 
compared to pure MDF. The percentage of dissolved 
drug within 45 minutes (Q45min) and dissolution efficiency 
(DE120min) were determined for of all of the samples 
and presented in Table 2. Nanofibers prepared from 
solutions with 20% concentrations showed the highest 
dissolution rate and the order of dissolution rates was as: 
nanofibers>MDF>physical mixtures>nanobeads.

To figure out the mechanism of MDF release from 
electrosprayed nanoparticles, the release data were fitted 
into six different models. As can be seen in Table 3, for 
all of the formulations, Weibull model showed the highest 
R2

adj and the largest MSC values, suggesting this model as 
the well-fitted model.

Discussion
Polymeric nanoparticles have been widely utilized to 
improve efficiency of delivery of pharmaceuticals by 

improving aqueous solubility and membrane permeability, 
protection from degradation, controlling release rate, 
providing targeted delivery, and intracellular delivery.2 
Despite these promising advantages, there are drawbacks 
such as low loading efficiency, low yield, wide particle 
size distribution, complex production process, and using 
high amounts of stabilizers in preparing drug loaded 
polymeric nanoparticles by conventional methods.4 In the 
current study, to overcome the dissolution issue of MDF, 
we prepared MDF loaded ERS nanobeads and nanofibers 
by using electrospray deposition method as a rapid, one 
step, continuous, and surfactant-free method.

The morphological characteristics of the electrosprayed 
formulations significantly influence their in vitro release 
and in vivo absorption.33,34 These particle properties 
are controlled by various formulation variables such 
as the nature of the polymer and its content and 
solvent characteristics (boiling point, conductivity, and 
viscosity).35 Other determining factors are electrospray 
process parameters such as applied voltage, nozzle to 
collector distance, nozzle diameter, and feeding rate of the 
polymer solution.36 

In the current work, the amount of ERS in the 
formulation solution dictated the formation of nanobeads 
or nanofibers by electrospray process. This finding was 
in line with the results of other studies concerning the 
relation between the polymer amount in feed solution and 
the shape of electrosprayed nanoparticles.19, 31, 37 Formation 
of nanoparticles with spherical shape for the solutions 
with concentration of 10% could be explained by its low 
viscosity and high surface tension.38 The interplay of these 
properties of the solution favored the break-up of liquid 
jet into spherical droplets and formation of nanobeads. 
On the other hand, solutions with higher polymer 
concentrations (15% and 20%) possessed higher viscosity 
and lower surface tension. The high viscoelastic force 
to surface tension force ratio resulted in the formation 
of thin jets instead of separate droplets.39 Studies have 
indicated that encapsulation in nanobeads can improve 
oral absorption of pharmaceuticals with low bioavailability 
such as paclitaxel,40 insulin,41 and azithromycin.42 On the 
other hand, nanofibers have high surface to volume ratio 
which can improve cellular uptake, loading capacity, and 
mass transfer properties.43 However, the release rate of 
the loaded drug from nanofibers should be appropriately 
optimized by manipulating the ratio of the polymer in 
blend.44

The release curves for all of the resultant nanoparticles 
consisted of a biphasic pattern; namely, the initial burst 
release and the subsequent plateau release. The burst 
effect could be explained by the high surface area of the 
nanoparticles as well as probable accumulation of the 
drug molecules on the polymer surface. Thus, dissolution 
and diffusion of the drug from the superficial layers 
account for the initial phase while drug release from the 
core of the nanofibers contributes to the plateau phase.42, 

Fig. 5. Release profiles for MDF, physical mixtures with the drug: polymer 
ratios of 1:5 (PM 1:5) and 1:10 (PM 1:10), and NPs with the drug: polymer 
ratios of 1:5 and 1:10 prepared using 10% and 20% solution concentrations.

Table 2. Dissolution parameters of the studied samples

Sample Q45 min (%) DE120 min (%)

MDF 63.8±6.2 56.6±5.3

PM 1:5 84.8±11.1 72.4±9.8

PM 1:10 58.3±14.4 49.9±9.7

NP 1:5 10% 49.7±1.1 42.6±0.7

NP 1:5 15% 58.8±1.2 51.9±1.1

NP 1:5 20% 76.7±0.9 66.6±0.3

NP 1:10 10% 39.1±2.3 37.2±1.7

NP 1:10 15% 71.6±4.0 60.7±2.6

NP 1:10 20% 77.0±1.4 67.4±1.0
PM: physical mixture NP: Nanoparticles, 1:5, 1:10: MDF: ERS ratio, 
10, 15, and 20%: the concentrations of applied solution, Q45 min: the 
percentage of MDF dissolved within 45 minutes. DE120 min stands for the 
dissolution efficiency up to 120 min.
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45 Burst release of MDF molecules from the surface of the 
nanostructures could provide a rapid onset of action for the 
drug and could be appropriate for promoting wakefulness 
rapidly and subsequent slow release of the drug from the 
nanoparticles could maintain the state of alertness during 
the day and effectively prevent occurrence of sleep attacks. 

Release profiles of the samples indicated that nanofibers, 
which resulted from higher solution concentrations, 
exhibited overall improvements in release rate compared 
with pure MDF and physical mixtures. These findings 
could be explained by assuming that in higher ratios of 
the polymer, drug molecules are more dispersed within 
the carrier networks.46,47 Furthermore, increasing the 
polymer amount may cause the formation of a more 
permeable matrix in which water can diffuse more freely, 
thereby increasing the dissolution rate. On the other 
hand, resultant nanobeads displayed a lower release rate 
compared to pure MDF and physical mixtures which 
could probably be the result of nanobeads coagulation 
due to electrostatic adhesion forces; thereby limiting 
the interaction between dissolution media and drug 
molecules and prohibiting fast and effective dissolution of 
the drug molecules.48 However, nanobeads can penetrate 
the gastrointestinal mucus due to their nanoscale size 
as studies have suggested for insulin nanostructures,49 
although cellular uptake of the nanobeads should 
be investigated to verify the permeability-enhancing 
potential of the nanoparticles.50

Weibull model is an empirical model that can be used 
to describe almost all types of release data.51 Despite 
non-physical nature of the parameters of this model, the 
magnitude of its shape parameter (β) can give information 
about the mechanism of drug transport within the 
polymeric network. For values of β <0.75, Fickian diffusion 
is the dominant release mechanism while a contribution 
of Fickian diffusion and swelling is predicted for values 
of β in the range 0.75–1.0. In β= 1, the drug release obeys 
first-order kinetics. Finally, values of β > 1 represent a 
complex release mechanism.52 Table 3 shows that in our 
study calculated β values for all of the electrosprayed 
nanoparticles were less than 0.75, suggesting Fickian 
diffusion as the main mechanism of the release of MDF 
from the ERS network. Other studies have also reported 
Fickian diffusion as the dominant release mechanism of 
piroxicam53 and triamcinolone acetonide54 through ERS 
matrices.

Electrospray is a simple and versatile method for 
producing tailor-made materials for biomedical and 
drug delivery applications. The potential applications 
of this technique include preparing tissue engineering 
scaffolds,55 fabricating wound dressings,56 and delivery of 
variety of cargoes such as small molecule drugs, proteins, 
genes, viruses, nanomaterials and cells.57 The results of 
current study suggest that nanosizing and amorphization 
of MDF by electrospray technique may lead to improved 
oral bioavailability and in consequence better efficacy. In 

Table 3. Release kinetics of electrosprayed nanoparticles with different MDF: ERS ratios and solution concentrations (%w/v)

Kinetic model a 1:5-10 1:5-15 1:5-20 1:10-10 1:10-15 1:10-20

Zero-order

K0 0.308 0.340 0.364 0.326 0.374 0.381

R2adj 0.165 -0.178 -1.127 0.540 -0.270 -1.055

MSC -0.213 -0.617 -1.372 0.454 -0.681 -1.341

First-order

K1 0.011 0.018 0.036 0.010 0.026 0.038

R2
adj 0.834 0.878 0.892 0.966 0.962 0.939

MSC 1.403 1.647 1.605 3.069 2.824 2.178

Higuchi

KH 5.133 5.784 6.415 5.281 6.419 6.682

R2adj 0.853 0.734 0.313 0.946 0.659 0.369

MSC 1.525 0.872 -0.242 2.602 0.635 -0.161

Korsmeyer-Peppas

KKP 11.277 16.559 28.937 7.259 19.481 29.151

n 0.348 0.297 0.207 0.439 0.285 0.214

R2adj 0.930 0.909 0.848 0.952 0.851 0.878

MSC 2.197 1.876 1.205 2.653 1.401 1.416

Hixson-Crowell

KHC 0.003 0.004 0.004 0.003 0.004 0.004

R2adj 0.743 0.757 0.400 0.925 0.766 0.450

MSC 0.965 0.960 -0.106 2.268 1.011 -0.023

Weibull

α 11.060 7.218 3.524 25.452 9.384 4.042

β 0.512 0.481 0.393 0.696 0.627 0.452

Ti 4.104 4.504 4.680 3.709 4.450 4.393

R2adj 0.978 0.983 0.964 0.994 0.974 0.986

MSC 3.301 3.520 2.591 4.678 3.101 3.542

a K0, K1, KH, KKP, n, KHC, α, β, Ti: Parameters of the studied models, R2adj: The adjusted coefficient of determination, MSC: The model selection criterion (MSC).
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a recent study, we reported that electrosprayed nanobeads 
of carbamazepine, a water insoluble drug, could improve 
in vivo efficacy of the drug.58 As another example, 
Zhang et al11 showed that administration of core-shell 
electrosprayed microparticles of griseofulvin significantly 
enhanced the oral bioavailability of the drug. 

Conclusion
In this paper, we fabricated and characterized nanoparticles 
of MDF-ERS by using electrospray deposition method. 
Formed nanoparticles were as nonobeads or nanofibers 
depending on polymer concentration in the feed solution. 
The analyses showed that MDF acted as an amorphous 
phase in the structure of nanoparticles. In addition, no 
significant chemical interaction was observed between 
MDF and ERS in the structure of nanoparticles. 

Nanoparticles exhibited biphasic drug release profiles 
which could be optimized via adjusting electrospray 
solution properties including drug-to-polymer ratio and 
polymer concentration. Kinetic analysis of the release 
data indicated Fickian diffusion as the main mechanism 
of the transport of MDF through the polymer matrix. 
It is suggested that biodegradable polymers or even a 
composition of different carriers is attempted instead 
of ERS to optimize drug release properties. In addition, 
animal studies should be performed to determine the 
most efficient formulation and compare the selected 
formulation with that of conventional dosage forms.
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√ Nanoparticles exhibited biphasic drug release profiles 
which could be optimized via adjusting electrospray solution 
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